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ABSTRACT

These Proceedings contain papers presented at The Sudan Remote
Sensing Symposium and Workshop held in Khartoum, Sudan, from lIst to
11th October, 1979. This Symposium and Workshop were organized and
conducted jointly by the National Council for Research of the Demo-
cratic Republic of The Sudan (NCR), and the Visiting International
Scientist Program (VISP) at the Remote Sensing Institute, South
Dakota State University (RSI), Brookings, South Dakota.

The Symposium and Workshop is part of a training program
sponsored jointly by the government of the Democratic Republic of
The Sudan and the Directorate of Science/0Office of Science and Tech-
nology, United States Agency for International Development (AID) under
contract no. AID/ta-C-1468.

Also included are the reports prepared by the Sudanese scientists
during their training at RSI in Brookings.

It was realized that the new technology of remote sensing offers
the Sudanese scientists engaged in natural resources development and
management a promising tool in their endeavor for a fast study of the
vast area of their country, contributing to the process of progress
and development of The Sudan. The program was initiated to offer
practical trainiﬁg on the applications of remote sensing for natural
resources development &nd management. The Symposium and Workshop were
planned to convey the technology to a wide sector of Sudanese scien-
tists engaged in developing, managing or teaching natural resources.
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The presentations dealt mainly with the principles and
applications of remote sensing, together with studies carried

out in The Sudan applying remote sensing techniques.

The Editors
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NATIONAL COUNCIL FOR RESEARCH (NCR)
Program for the Remote Sensing
Symposium and Workshop
(1st Oct. to 11th Oct. 1979)

SYMPOSIUM

Monday 1st October

9:30 a.m.

1 -

10:30 a.m.

Opening Session (10 minute talks)
Session Chairman: Sayed Abdel Rahman Ahmed E1 Agib

"Welcome Address - NCR"
Professor Mohamed Osman Khidir, Secretary General
NCR

"Welcome Address - U.S. AID"
Mr. Harmon E. Kirby - Chargé D'Affaires - U.S.A.
Embassy, Khartoum

"General Sudan Training Summary & Welcome from RSI"
Dr. Donald G. Moore, Coordinator of International
Activities - Remote Sensing Institute, South
Dakota State University, Brookings, South Dakota

"The Role of NCR in Adopting New Technologies"
Professor Mohamed Osman Khidir, Secretary General
NCR

Refreshments and Poster Session

Tuesday 2nd October

£9:30 a.m,

5 -

6 -

Genera])Session (20 minute talks & 10 minute discus-
sion
Session Chairman: Sayed Abdel Rahman Ahmed E1 Agib

"Physical Basis of Remote Sensing"
Dr. Donald G. Moore, Coordinator of I.A. - RSI

"The History of Remote Sensing"
Ms. Mary DeVries, Computer Scientist and Training
Officer - RSI



7- “Landsat Views The Sudan"
Mr. Amazis Samuel Andrawis, Research Geologist and
Training Officer - RSI

8. “"How Do We Use Landsat and Remote Sensing"
Dr. Stanley Morain, Director of Technology
Applications Center, New Mexico
11:00 - 11:30 a.m. break and Poster Session
Session Chairman: Professor Mohamed Osman Khidir
g - "Maps as Fair Measure to A Country's Knowledge"
Dr. Hassan Mohamed Hassan, Director General,
Sur'vey Department
10 - "Remote Sensing Activities and Future Plans in Sudan"
Dr. Salah M. E1 Rabaa, University of Khartoum; and
Abbas Doka, Yousif Yagoub, Abdel Rahim Abdel Aziz
5:30 - 7:00 p.m. Poster Session

END OF SYMPOSIUM

WORKSHOP
Wednesday 3rd October
9:30 a.m. Specialized Technical Papers (30 minutes)

Session Chairmen: Dr. Ibrahim Hassan Mohamed, Amazis
Samuel Andrawis

1- "Landsat Program Specifications and Future Systems"
Ms. Mary DeVries, RSI

10:30 a.m. Break
11:00 a.m. 2nd Morning Session
2 - "Vegetation Mapping - Emphasis on Forestry in Southern
333?7 Yahia Bushara, Forest Administration

3 - "Interpretation Models for Using Landsat Data"
Dr. Donald G. Moore, Coordinator of I.A. - RSI



5:30

3

"Landsat Uses in Monitoring Vegetation in Various
Climatic Zones"
Dr. Stanley Morain, Director of Technology
~ Applications Center, New Mexico

"Land Use Mapping in Central Sudan"
Syd./ Yousif Yagoub, Soil Conservation and Land Use
Administration

Afternoon Session

"Method for Using Landsat Data in Regional Soil Mapping"
Dr. Donald G. Moore

"Application of Remote Sensing in Soil Mapping in Central
Sudan"
Syd./ Abbas Doka, Soil Survey Administration, Wad
Medani

"Landsat Interpretation Techniques Applied to Sudan"
Mr. Amazis S. Andrawis, Research Geologist and
Training Officer, RSI

Thursday 4th October

9:30 a.m.

10:30
11:00
10

11

12

Continued Specialized Technical Papers
Session Chairman: Dr. Ibrahim Hassan Mohamed

Morning Session

"Radar Interpretation and Application in Resource
Stirvey"
Dr. Stanley Morain

Break

Morning Session Continued

"Image Enhancement Techniques and Geographic Information
Systems"
Ms. Mary DeVries - RSI

"Remote Sensing and Cartography in The Sudan"
Dr. Hassan Mohamed Hassan - Survey Department

"The Use of Skylab Photography in Small Scale Mapping"
Dr. Ismat M. E1 Hassan - University of Khartoum



5:30 p.m. Afternoon Session

13 - "Geological and Hydrogeological Analysis by Remote
Sensing"
Mr. A. S. Andrawis - RSI

14 - "Hydrogeological Interpretation Using Landsat Data ‘in
Difficult Areas"
Dr. S. M. ET Rabaa - University of Khartoum

15 - "Geological Application of Landsat Data to Central
Sudan"
Syd./ Shadul Ahmed Shadul - Geology Department

Saturday 6th October

9:30 a.m. Continued Specialized lechnical Papers
Morning Session
Session Chairmen: Dr. Hassan Mohamed Hassan,
Dr. Ibrahim Hassan Mohammed .

16 - "Physical Basis of Monitoring Surface Water"
Dr. Donald G. Moore - RSI

17 - "Hydrogeclogical Application of Landsat Images in
Central Sudan"
Syd./A/Rahim A/Aziz - Rural Water Corporation
10:30 a.m. Break

11:00 a.m. Morning Session Continued

18 - "Radar Applications"
Dr. Stanley Morain - Technology Applications
Center
19 - "Satellite Observation of Desecrtification"

Dr. Donald G. Moore - RSI

20 - "Biowing Hazards in the Kordofan Province"
Syd. Yousif Yagoub

21 "Mapping and Locating Sand Dunes in the Kordofan

Province Using Landsat Data"
Syd. Abbas Doka
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22 - "Application of Remote Sensing in Urban and Regional
Planning"

"General Principles of Application"
Dr. Yagoub Abu Sinn, Geography Department,
University of Khartoum
"Khartoum Example"
Dr. Yagoub Abdalla Mohamed, Geography Department,
University of Khartoum

Sunday 7th to Tuesday 9th October

Practical Sessions: For participants only, to be sub-
divided into four groups:

1 - Soil Survey Group - Wad Medani

2 - Land Use and Vegetation Group

3 - Geology Group

4 - Water Resources and Survey Group

Wednesday 10th October

9:00 a.m. Field Trip
Thursday 11th October

10:00 a.m. Closing Session
Session Chairman: Dr. Ibrahim Hassan Mohamed

A - "Introductory Address"
Dr. Ibrahim Hassan Mohamed, NCR

B - "Farewell Address"”
Dr. Donaild G. Moore ~ RSI

C - Reports, Evaluation, and Recommendations from
Representatives of the Four Groups:
C1 - Sayed/Yahia Bushara,
Land Use and Vegetation Group
C2 - Sayed/Abbas Doka, Soil Survey Group
C3 ~ Sayed/Abdel Rahim Abdel Aziz,
Water Resources and Survey Group
C4 - Sayed/Shadul Admed Shadul, Geology Group

D - "Closinj Address"
Dr. Hassan Mohamed Hassan (on behalf of NCR)

Ref.  CSTR/12-D-6/3
Date: 29/9/1979









INAUGURATION

By
Sayed/Abdel Rahman Ahmad E1 Agib*

In the name of God The Merciful, The Almighty; we open this seminar
on remote sensing. I apologize for the :hsence of Sayed/Wadie Habashi,
President of the National Council for Research, who has a previous commit-
ment outside of Khartoum.

In this opzning session we shall listen to welcome addresses from
speakers representing the National Council for Research; “he Remote
Sensing Institute, South Dakota State University; U. S. Agency for Inter-
national Development and the American Embassy.

Now, I call upon Professor Mohammed Osman Khidir, Secretary General
of the National Council for Research, to give his welcome opening address

on behalf of The National Council for Research.

* Director, Council for Scientific and Technological Research; National
Council for Research; Khartoum, Sudan.



WELCOME ADDRESS

oy

Prof. Mohamed Osman Khidir*

Honorable guests and participants,
Ladies and Gentlemen,

It is my pleasure and privilege t. greet you all, and to extend to
our honorable guests, on behalf of the National Council for Research
and on behalf of the Government of the Democratic Republic of the Sudan,
a most hearty welcome to Khartoum.

I wish to seize this opportunity to thank the United States Agency
for International Development for financing this workshop and to thank
the staff of the Remote Sensing Institute of South Dakota State University
for their participation in the long process.of preparation for this work-
shop.

Aerospace technology, being a new field, hés led to the coordination
of efforts of scientists, and has imposed international cooperation to
promote the development of this technology. The convening of thi§ work-
shop at this time of universal recognition of the need for coordination
in applying aerospace technology to solve some of the many probiems that

face the earth is indeed most fortunate.

* Secretary General, National Council for Research, Khartoum
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The purpose of this gathering is to bring together experts in remote
sensing technology and resource scientis.s as well as planners and deci-
sion makers to discuss the ways and means of applying this new technolcgy
to the identification of the natural resources potentials in the Sudan.
We hope to achieve a practical exchange of information in order to
estabiish a basis for further development and application of this promis-
ing technology.

In attempting to develop its natural resources, Sudan will always
need a reliable, updated, continuous data base. Remotely sensed data
have proved to be an effective aid in resource identification, classifi-
cation and monitoring of a variety of earth resources, both renewable
and non-renewable. When combined with corventional techniques of informa-
tion collection and utilization, such data have greatly reduced the time
and increased the accuracy of -analyzing and inventorying resources, as
the data collection period is short, the quantity of raw information is
immense and the scope of the data is broad and repetitive.

In a country as vast as ‘e Sudan, the use of remote sensing tech-
nology is perhaps the only economically feasible way of surveying our
natural resources in several fields, e.g. agriculture, rangeland, forestry,
land use, soils, surface and ground water resources, soil degradation,
desert encroachment, geological surveys, etc.

The Sudan has taken serious steps in building its remote sensing
capacity. The National Council for Research (NCR) is in the process of
establishing a National Remote Sensing Center. Thus, we have started
with the most basic part of the process, that is to prepare the human
skills required. In fact, there are already some scientists and techni-

cians who have been trained abroad.
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The NCR, together with USAID, concerned Government Departments and.
the University of Khartoum have made the necessary preparations to make
the participation of the Sudanese scientists more effective. Some partici-
pants have been given a preparatory course in the fundamentals of remote
sensing techniques for a duration of one month so as to ensure better
understanding and contribution.

Once more, our most hearty welcome and our best wishes for a happy

and fruitful stay in The Sudan, and for a successful workshop.
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WELCOME ADDRESS

Harmon E. Kirby*

Mr. Chairman, Professor Khidir, Ladies and Gentlemen, members of this
workshop in remote sens:ng.

[L gives me great professional and peirsonal pleasure and satisfaction
to be here today and to participate in the opening of what promises to be
a very important workshop indeed. I say a personal pleasure and I might
elaborate on that first. It was about seven or eight years ago that I
was asked to participate in another workshob on remote sensing much 1ike
this one in New Dehli, India. At that time too, as is the case today,
USAID was participating in the snonsorship of a seminar on remote sensing,
and I found it most fascinating indeed.

Later on, when I returned to Washington for an assignment there, I
had the opportunity to engage in a number of seminars at a local university
on the subject of remote sensing. That increased my fascination for the
subject. Although in all honesty I am probably the Teast qualified person
technically here today, nonetheless, if you don't mind my saying so, I
yield to no one in my interest in this very important technique and tech-
nology.

I said that it gives me great professional satisfaction to be here
as well, on behalf of the U. S. Embassy in Khartoum and USAID-Sudan. We

are particularly pleased that AID is helping to support this seminar.

* Charge d'Affaires, U. S. Embassy, Khartouin
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The world nears a great deal these days about the new global agenda,
the new agenda that faces both th¢: developed world and the LDC's alike.

I think that we all recognize that two of the most important topics on
that new global agenda are first, how to assure adequate resources for
the economies of all our countries; and second, how the developed and
developing worlds can cooperate to insure that needed advanced technology
is transferred appropriately to the LDC's.

At this time, when the question of the availability of adequate re-
sources for all nations is very much in doubt, it is particularly the
deviloping countries which need very desperately the resources which will
make their economies run better and which will enable their governments
to insure the increasingly better life that all of their peoples are
demanding of them. |

The second item on the global agenda I mentioned is the transfer of
sophisticated technology from the developed countries to the developing
countries which are trying to find their place in the economic, social
and politicai world order. It seems to me that this seminar that you are
launching here today, and in which you will all be engaged over the next
twb weeks combines these two agenda items on this new global agenda in a
very interesting way. First of all, as we all know, the great promise of
remote sensing is that it will assist all nations on the globe, but par-
ticularly countries like The Sudan with, probably vast but untapped re-
sources, to study and measure exactly what the country's resource base
is.

It has become a cliche in the world to hear that The Sudan is doubt-

less rich in resources, but that becauss of lack of infra-structure it is



14

difficult to identify those resources and to develop a coherent and com-
prehensive plan for their appropriate exploitation. But to a very con-
siderable degree it seems to me that is what remote sensing is all about.
Here in The Sudan, remote sensing, via a satellite from outer space, will
study where your mineral and other resources are, where the deposits are
and their extent, and then will give some idea as to how these resources
might be used for the betterment of the people of this great country.

Remote sensing can also tell us a great deal about the fertility of
the soil, about rain patterns, water tables, and how the potentially
acable land in this country might be better used to feed the people of The
Sudan and of the Middle East and Africa. Sc, the remote sensing concept
is directed quite explicitly toward the resource needs of The Sudan.

The second item I mentioned is the transfer of technology, and of
course remote sensing is, as I have already suggested, one of the world's
most exciting and sophisticated new technologies. Indeed this seminar is
to a very considerable degree all about the question of transfer of this
technology from the developed west -- where it has been refined, and par-
ticularly in the United States if you will -- to the use in a country like
the Sudan.

It seems to me that this seminar itself suggests a useful model for
approaching transfer of technology problems. It seems to me that this
seminar suggests & sophisticated blend of the efforts of university sec-
tors in the two countries, i.e., non-governmental institutions and their
expertise, with the backing and support of the governments involved as
well. Here we have, on the one hand, participating in this seminar and
in its preparation the Goveinment of Sudan working through the National

Council for Research, and we have on the other the U. S. Governmert
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participating through funding from USAID. Then, of course, the seminar is
located here today at the University of Khartoum and many of the seminar
participants come directly from the Unjversity, with others coming from
the Nationai Council for Research. And last but not least, we have the
university from my own country, South Dakota State University, which has
done so much seminal work in the remote sensing field and in particular

in training people around the globe, including The Sudan, to use this
technolugy.

So, again it seems to me that we are all approaching this question
of the itransfer and training in this particular technology in a very
mature and sophisticated way. To summarize it again, we are blending
both governments' efforts with those of university experts from the two
countries, and this model might well prove adaptable elsewhere for the
whole question of transfer of technology. '

Mr. Chairman, I would 1ike, if I may, to conclude where I began by
telling you again how pleased I am at being asked on behalf of the U. S.
Embassy in Khartoum and USAID-Sudan to participate in this extremely
worthwhile seminar and to help get it launched in the proper direction.
Given the eagerness and the interest that I have already seen manifested
here this morning, I have no doubt that over the next 14 days your en-
deavors will be very useful and productive indeed.

I wish you well in your endeavors and look forward to hearing great
things both about the seminar and about the uses to which this grand
technology of remote sensing will be put in future on behalf of The Sudan
and on behalf of other countries that need the technology so badly and can

potentially use it to such great advantage. Thank you very much.
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WELCOME ADDRESS

Donald Moore*

Distinguished guests and conference participants:

It has been the pleasure of the Visiting International Scientist Pro-
gram (VISP) at the Remote Sensing Institute (RSI), South Daktoa State Uni-
versity, sponsored by the Directorate of Science/0ffice of Science and
Technology, United States Agency for International Development, to work with
the scientists and the administration of the Government of Sudcn. The project
entitled "Design and Implementation of a Training Program of Applied Technology
in Remote Sensing for Sudan - Contract AID/ta-C-1468 - had the following as
project objectives and guidelines.

Objectives:

* To provide administrative personnel with an understanding of the
economic and technological feasibility of applying remote sensing
technology to the resource and environmental problems of their
country or region.

* To help scientists interested in applying remotely sensed data
and aerospace technology design, implement, and administer
programs concerned with the exploration, development, management,
and conservation of their natural resources.

* To train scientists in laboratory and field techniques so they
may carry out projects of special importance to their regions.

* To provide the administrative and technical training required to
develop, implement, and maintain an operational remote sensing
program.

* Head of Visiting International Scientist Program and Assistant Director,
Remote Sensing Institute.
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Guidelines;

* Stress application of remote sensing, emphasizing practical appli-
' cation rather than academics.

* Employ data from home regions,

* Prepare illustrative materials useful at home in seminars and

‘ workshops for sharing the participant's knowledge with concerned
countrymen. :

* Supply a base of satellite photographic and digital data, inter-

' pretation maps, appropriate statistics, and development poten-
tials tc the host country for immediate use.

* Provide experience in using equipment and interpretation tech-

' niques with varying levels of equipment sophistication and
costs.

* Stress training to equip participants with skills to establish
‘ their own training pregram at home.

* Build liaison between visiting scientists and experts from
around the world in the field of remote sensing.

Personnel from the Remote Sensing Institute havevisited Sudan many
times. As most of you know we collaborated with you and Egypt to conduct

2 in the jungle area in southern

the resources inventory of over 160,000 km
Sudan. You are always a most gracious host and we have always enjoyed
working with your Administration and Scientific Staff.

We had the opportunity of working directly with nine of your tco
scientists during their tenure as Visiting Scientists at the Remote Sensing
Institute.

Their initial training included lectures and demonstrations defining
the technology and instrumentation of remote sensing. Practical image in-
terpretation exercises in the laboratory and the field were conducted for
experience in the interpretation methods usetul for Landsat, SKYLAB, and
aircraft images. A field trip through South Dagota, Colorado, and Nebraska

provided visits to many state and federal action agencies who are using

remote sensing in the United States.
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L~ndsat and SKYLAB data of the various spectral wavelengths and
available dates for Sudan were secured from the EROS Data Center, Sioux
Falls, South Dakota, the world archive of Landsat data products. These
transparencies, prints, and digital tapes were appropriately enhanced and
formatted for use and evaluation by the Visiting Scientists. The remainder
of their six-month visit included their study and evaluation of remote sen-
sor data in their respective disciplines. Where feasible, resource maps were
prepared. These preliminary maps were not solely based on remote sensing
interpretation since all the Visiting Scientists were well experienced in
the field and had excellent local knowledge of the area for which they were
evaluating. These preliminary maps can be used very effectively as the first
state of a multistage investigation for reconnaissance mapping. They are
meant to provide a broad overview of the whole or a large region of Sudan
and not to provide great detail for any one area. The original reports and
maps describing their activities are available from the authors and will be
published as a workshop proceedings. Many of the maps are displayed as
posters during this workshop. A condensed version of the reports is gener-
ally provided in this workshop by the authors.

During the training period and my various visits to Sudan, help was
provided for the conceptual development and initig] planning of the Sudan
Remote Sensing Center. I urge your serious evaluation of remote sensing as
it applies to your specific needs in acquiring basic resource data and in
monitoring changes in the Sudan landscape. This workshop has been designed
to present example interpretation techniques and to evaluate and apply those
techniques to Sudan. Through the nine scientists who have trained at RSI,

the most careful and capable evaluation for their specific discipline
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specialties has been completed., Please address questions on topics for
which you have specific cuncerii. to them or the other available specialists.

As your remote sensing center develops, continue to use these experts
to guide yourselves and your associates in appropriate techniques for the use
of the data. They are now very competent training officers and will be of
extreme value in advancing the techniques of remote sensing in Sudan.

Lastly, on behalf of the delegation from the United States, I extend
my sincere appreciation for your excellent hospitality and friendship, and
for arranging thic workshop. The opportunity of visiting Sudan and of

working with you is truly a pleasure.



THE ROLE OF THE NATIONAL COUNCIL FOR
RESEARCH IN ADOPTING NEW TECHNOLOGIES

By

Prof. Mohamed Osman Khidir*

Article 18 of the Permanent Constitution of the Democratic Republic
of the Sudan sfipu]ates that "The State shall endeavour to develop and
modernize the society through scientific planning and care for the
promotion of skills, scientific research and academic and applied studies".

The National Council for Research (NCR) was established in 1970.
Its act states that the main objectives of NCR are:

a) to encourage, organize and promote scientific research in its
various aspects with a view to achieve the objects of the
economic and social development within the framework of the
policy of the State.

b) to formulate a comprehensive policy for scientific research

and direct the plans, means and methods for the execution of
such policy in such manner as to ensure efficient and effective
utilization of the human and material resources available at
the units and organs of scientific research.

In a less industrialized setting like that of The Sudan, as well as

other developing countries, national institutes, 1ike NCR, entrusted

* Secretary General, National Council for Research, Khartoum
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with the formulation of science policy are bound ‘5 find a formidable
challenge in the adoption of new technologies, The success or failure
of these national bodies may be open to debate, but the role and responsi-
bilities of these bodies remain unquestionable. Such mandates arise, largely,
from near total dependence of the public on governmental agencies as undis-
puted custodians of their welfare and interests.

The benefits accruing to society from new technologies touch in one
way or another the 1ives of most people and often in an everlasting manner,
whether these technologies are remute sensing, semiconductors, solid state
microwave devices or higher yielding varieties of crop plants. It is,
however, the management of the benefits and the drawbacks as well as the
intrinsic features of these technologies that give impetus to the role of
national bodies 1ike NCR. Thus, the management of these technologies rests
on NCR because of the interdisciplinary character of these technologies.
In addition, these new technologies are often best adopted and transferred
within the framework of international cooperation and managed on regional
or global basis in order to give regional or international efforts an op-
portunity to supplement national endeavours, particularly when certain fields
1ike oceanography only lend themselves to regional and international endeavours.
The NCR is best suited to secure the necessary cross-national cooperation.

To fulfill its role as a government advisory body, promoter of re-
search and development and public trustee of consumer welfare, the NCR
must act as intermediary between potential clients and technology sources
and be able to forge a three-way linkage between development efforts and
old and new technologies. This task entails passing judgment and advising
the government on & host of issues. These include: ddentification of the

demand for the new technologies, location of potential users, determination
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of the level at which these new technologies ought to be introduced and
evaluation of the social, economic and environmental consequences of the
introduction of the new technologies.

However, in order to fulfill its task in the adoption of new tech-
nologies, the NCR is trying very hard to build its infrastructure. One
such infrastructure is the National Computér Centre; another is the
National Remote Sensing Centre (which will be the theme of one of Dr. El
Rabba's contributions to this workshop) and a third is the National
Centre for Technology.

According to its bylaws, the National Centre for Technology shall
assist in the transfer, adoption and development of techneciogy. The
establishment of this centre has been motivated by the ever-changing
nature of technologies and the need to avail to the development efforts,
on a constant basis, technologies that are not currently being applied
to development either through transfer, adaptation and adoption or through
evolution and promotion of indigenous technologies and innovations.

It is a fact that in the Sudan as well as in many developing countries,
intellectuals, policy makers and technology importers often have very
different perceptions of the technology that is appropriate to the country's
needs. For the technology exporters to be involved in determining what is
appropriate would, of course, be an unwarranted trespass on local autonomy.
The National Centre for Technology should aim mainly at increasing our ca-
pacity to generate technology indigenously. It should also link and inte-
grate the non-sectoral activities of science and technology in the sectoral
planning (for agriculture, health, industry, etc.) so that attempts in

generating technological progress can be intimately interwoven into the
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fabric of development. This task inyo]ves several activities:

1) ‘Advising on the choice of available technologies.

2) Cuilding a reliable data acquisition system on available
technologies and providing information on them to prospective
users.

3) Designing a delivery system for the diffusion and popularization
of technology.

4) Developing normative capabilities to assess incoming technolo-
gies and to secure legal protection for any technological
inventions or innovations.

5) Organizing seminars and courses on new and advanced technologies.

To conclude, broadly speaking, development is concerned with two

important goals: 1) satisfying the most basic needs: and 2) modernization.
Of course, science and technology are an indispensable part of the develop-
ment process. Yet, they are only two elements in a larger setting where
political, social and economic traditions and values may be more funda-

mental factors affecting change.
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THE HISTORY OF REMOTE SENSING

Mary DeVries*

Remote sensing can be defined as the use of electromagnetic energy
to measure the physical properties of distant objects. The term "remote
sensing" was coined by Evelyn Pruitt, formerly of the U. S. Office of Naval
Research, when sensors were developed which made it possible to observe in
regions of the electromagnetic spectrum which were beyond the range of human
vision and photographic sensitivity.

Photography has played an important role in the development of remote
sensing. The first photographs were reportedly taken by Daguerre and Niepce
and reported on by the former in 1239. One of the earliest attempts at
aerial photography was made in 1858 by Gaqurd Felix Tournachon who took
“bird's-eye" photographs of a French village from a captive balloon.

In 1860 James Black and Sam King ascended to an altitude of 630 m
in a balloon and successfully photographed parts of the city of Boston. L.
Cailetet of France, using an unmanned balloon equipped with a camera, devised
a method of recording the haight reached by the balloon by automatically
superimposing the image of an aneroid barometer on each exposure.

In 1903 Julius Neubronner, a photography enthusiast, designed and
patented a breast-mounted aerial camera for carrier pigeons. The camera
weighed only 70 grams and took 38 mm square negatives. Exposures were made

automatically at 30-second intervals by a built-in timing mechanism.

* Research Scientist, Remote Sensing Institute, South Dakota State
University, Brookings, South Dakota, USA.
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Kites were also used as platforms for aerial photography. E. D.
Archibald, an English meteorologist, is credited with making the first success-
ful photographs from kites in 1882. G. R. Lawrence, an American kite photo-
grapher, was able to obtain a photograph of San Francisco on the day of the
great earthquake «d fire in 1906. A Kkite was used to hoist a gigantic
camera to a height of 600 m above the city. The camera which Lawrence used
weighed more than the Wright Brothers' airplane and pilot.

Although many excellent photographs were taken from balloons and kites,
it was desirable to have a platform that was more navigable. The airplane
provided such a platform and, appropriately, the first recorded photographs
from an airplane were taken by Wilbur Wright in 1909 when he took motion
pictures over Centocelli, Italy.

Color film became commercially available in 1935 and among its first
users for aerial photography was George Goddard in 1937. Despite its early
state of development during World War II, color film was used to a limited
extent for purposes such as measuring the depths of underwater features in
support of amphibious assault activiti.s. An early form of color infrared
film was developed for camouflage detection late in World War II but was
not used operationally. The three-layer color infrared film used today re-
sults mainly from developments during the Korean War in the early 1950's.

The use of aerial photography for military purposes dates back to
early World War I and completely changed the tactics of war. A vast amount
of military information such as equipment, manpower and tactical movement
could be obtained by periodic aerial photography missions.

Radar, an acronym for radio detection End.ranging. is a technology

whose principles have been known since 1889, but has only recently found its
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place in the remote sensing realm. The term fradar? is commanly used to
describe the broad class of electromagnetic sensing systems which operate
in the microwave and longer wavelength regions. Initially radar was used
for (as the name suggests) detection and ranging purposes only. Airborne
image-forming radar is a relatively new development which is being extensively
used and investigated for remote sensing purposes. Sidelooking airborne
radar (SLAR) is perhaps the best known of the image-forming radar systems.
Contrary to popular beliefs, remote sensing by rocket is not new.
Patents were issued as early as 1891 and 1907 for rocket-type devices for
obtaining aerial photography. In 1946 space pictures were taken from V-2
rockets launched from White Sands Proving Ground. Systematic earth orbital
observations began in 1960 with the launch of Tiros I, the first meteorolo-
gical satellite. The Mercury and Gemini series of manned and unmanned space
flights provided evidence that space photography was valuable for earth
resources information, especially in the field of geology. This evidence
contributed to the development of the NASA Earth Resources Technology
Satellite (ERTS) system, later known as Landsat. This series of satellite to
date has provided nearly one-half million scenes of data. The three manned
SKYLAB missions (1972-1974) also rravided thousands of photographs and other
types of data of the earth's 4urface as part of the Earth Resources Experi-

ment Package (EREP).

Along with the development of aerial platforms (from balloons to
space stations) we have also witnessed the development of various types of
sensors. Today's scientist can choose from an array of sensors including

cameras (both panchromatic and multispectral), radar, and scanners.
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Present plans call for the continuation of the Landsat series of
earth resources satellites with new and improved sensors. A French satelli:
called SPOT (Syst;me Probatoire d'Observation de la Terre) is planned for
launch in 1984. The Space Shuttle, presently planned for Taunch in the
early 1980's, wii] be a reusable manned aircraft/spacecraft which will be a
platform for remote sensing operations and, in addition, will be capable
" of retrieving satellites from space for refurbishing and repair. These and
other systems hold promise for a bright and exciting future for remote

sensing.
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LANDSAT VIEWS THE SUDAN
by

Amazis Samuel Andrawis*

Since the launch of Landsat 1 on the 22nd of July 1972, many
coverages for the whole area of The Sudan have been acquired. The map
in Fig. 1 shows the approximate scene locations of Landsat imagery for
The Sudan. Applying the path and row system, The Sudan is covered by
paths from 182 to 193, and rows from 45 to 57. About 130 scenes cover
the whole area of the country.

Landsat 2 and Landsat 3 are still orbiting around the world. Most
of the coverage we have for The Sudan i5 that acquired by Landsat 1.
To have additional data acquired for Sudan, a request must be made to
NASA with rationale for the use of the data since the capacity of the
recorders aboard Landsat is limited, and the demand for new imagery is
high. One of the recent coverages is fhat taken in August 1978 for the
Gezira area to study the effect of the flood. The results of this study
are found elsewhere in these proceedings.

Landsat data can be obtained from the EROS Data Center at Sioux Falls,
South Dakota, in a variety of forms. It can be obtained as a photographic
product such as black and white negatives or diapositives of 9 inch or

2.25 inch size, as false color composite transparencies, oras black and white

*Research Geologist, Remote Sensing Institute, South Dakota State University,
Brookings, South Dakota.
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and color prints at various scales from 1:1,000,000 to 1:250,000. Also
the data can be obtained in a digital form on a computer compatible tape
(CCT). A1l these products, the use of each, advantages and methods of
interpretation will be discussed during this workshop.

To obtain Landsat imagery for a certain area, a computer list of all
the imagery available for that particular area must first be requested.
The EROS Data Center supplies this 1ist free of charge. It contains all
information about the imagery of a particular area. One selects from
the 1ist the most suitable imagery for one's purpose, - i.e. the date
of imaging, cloud cover percentage, the individual bands or a false
color composite, the scale of the prints - and then sends the order for
the images to the ERQOS Data Center.

We have a good coverage of Landsat imagery, and in different dates,
for our project area in Kordofan province. Al1 these images will be
available at the National Council for Research for use by the various
government agencies.

We will inspect some Landsat scenes for different parts of the
country and illustrate how to identify different ground features.
Detailed procedures for image interpretation will be discussed later in
the specialized Tectures.

Landsat scene no. 1109-07540, band 5 (Figure 2) shows the area
between E1 Obeid and E1 Nahud towns. It was possible to differentiate
between the sandy sheet, the Nubjan sandstone, and the shallow basehent
complex rocks, overlain by a thin cover of clays and sandy clays. Al-

though there is not much tonal difference among the three units, they
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were easily identified through other criterfa. The sand sheets are rough
in texture due to small scattered cultivation practices where it is more
clayey. Also, the sand sheets lack any drainage, since they are highly
permeable. The Nubian sandstone is mostly covered by a layer of coarse
sand and sandstone debris, occasionally ferrugenous, and clayey patches
are scarce; thus, cultivation is very sparse and consequently the Nubian
sandstone area has a smooth texture. Since the sandstone is moderately
permeable, the drainage lines are few and il1-defined. The slopes of
the southwestern edge of the Nubian sandstone have developed a deep

and irregular type of drainage. The clays overlying the crystalline
basement complex have a very low pgrmeabi]ity and thus, a well developed
and sharply defined drainage pattern.

Landsat scene no. 1213-07292, band 5 (Figure 3) shows an area in
the Red Sea Hills between Mohammad Qol village and Port Sudan. Several
ring structures are clearly visible. Some of the major linear features
are marked, which are mostly faults of the African Rift System.

Landsat scene no. 2319-07281, band 5 (Figure 4) covers most of the
Gezira and Managil agricultural schemes; E1 Guneid scheme can be seen at
the NE corner of the scene. Wind-~blown sand sheets and sand dunes are
predominant west of the White Nile and are progressively invadin§ the
fertile cultivable land of the White Nile Valley. An old delta (probably
pliocene) can be seen east of the White Nile. Its soil is unsuitable for
cultivation. Bore holes drilled in this area show the occurrence of
some gypsum beds. Wind-blown sands cover parts of the delta.

Landsat scene no. 2396-07561, band 5 (Figure 5) shows the area of
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Jebel Marra volcanic mass. The crater with the two Deriba lakes inside,
the basaltic sheets, and the volcanic plugs are all clearly visible. The
wind-blown sands produced the NE-SW striations in the eastern side of the
scene,

Landsat scene no. 2319-07284, band 5 (Figure 6) includes the area of
Khor Abu Habl alluvial fan west of the White Nile. This scene demon-
strates the process of desertification; the wind-blown sands are moving
southwards, covering the valuable agricultural lands. It can be seen on
the image that the sands have covered the northern half of the alluvial
fan, and have buried its tributaries. Tendelti town (marked E on the
figure) Ties on the northern buried channel. The longitudenal sand dunes
in the area marked A and those in the SW corner, south of Khor Abu Hab1,
have different orientations, which is due to its being formed by winds
from two different directions during different periods of time.

Landsat scene no. 2319-07275, band 5 (Figure 7) is for the Khartoum
area. The crystalline basement rock outcrops of the Sabaloka area
(marked "A" on the figure) are characterized by an abundance of linears,
fractures, joints, and faults which are influencing the trend of the
river channel. The Nubian sandstone outcrops (marked "B" on the figure)
can be easily recognized by their f]at-topbed horizontal plateaus with
well defined serrated edges. The Nubian sandstone outcrop of the
Merkhiyat Hills (marked "C" on the figure) looks different in shape and
darker in tone, as it is a different horizon in the Nubian series, with
more ferrugenous material, firmly cemented and more resistant to
weathering. The watershed line was accurately delineated by examining

the drainage systems which are clear in the scene. An index map of the

Landsat scenes acquired for the study area is shown in Figure 8.









39

36' 2‘7' 25° 29° 30° 3 32°
~—Path no. ~—__189 ~—-—_188 ——187 /=88
] — — 7410

/1091-07530 1180-07471

16 / 2159-07413 | 2158-07354 231h-07275 16"

x

o

3

3

°

A
N\{

/ | 2356-07331
/ KHARTOUM Z
/
f——
/ TTT—
wh 11072-07471 'V/_,S.
/l111o-o7593 1091-07532  [1180-07474 [ 1373707425 }KN
so/ 1236-07595 | 1289-07540 | 1216-07481 128307423 |
2394-07442 | 2357-07392 | 1324-07475 |

2336-07334
2356-07334

.\
1108-07482
*EL OBEID

1216-07484
1324-07481
2374-07335

14°

14°F /\
.

/'1110-07595 1109-07540
/' 1236-08002 1289-07542
13°L 51/ 2394-07445 2357-07395

KOSTI
1089-07422
1215-07425
2319-07284
21291-07105

-13°

12’1 1110-8002

12°

1109-07543 1054-07483 1089-07424

1200-08002 [ 1199-07544 Rasmapd 1107-07433"
1236-08008 | 1289-07545

1108-07484 1143-07433

54°92-07394 | 2627-07325 | 1198-07485 // 1215-07432

) 1216-07490 1197-07430

Ay

2319-07290

KADUGLI/ * 9356.07343

1110-08008 7 +, -
h\‘\\\\\\7ij 1109-07545
1236-08011 [ 1799.07550  [1054-07483

1
2394-07454 1 1989-07551 [ 1072-07483
2627-07332 | 1108-07491

1107-07433
1143-07433
1162-07472
1197-07433
2337-07292

10 +10°

53 1198-07491

. 2356-07345
. \\‘ s /l\\l . ) :
2¢° YA 28° 29° 30° ar 32°

I — 7 km
O 50 100 150 Z00

Fig. 8: Landsat index map for the study area.
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USE OF RADAR FOR VEGETATION ANALYSIS

By
Dr. Stanley A. Morain*

INTRODUCTION

Radar imagery became a focus of interest for vegetation analysis in
the mid 1960's, but is still the least well known of the present assort-
ment of sensors. However, radar imaging systems are unique. First, they
are active sensors transmitting a signal and receiving that portion reflected
from the surface. Secondly, because they do not rely on solar illumination,
ground coverage can be acquired when photographic and multispectral coverage
cannot. Thirdly, as a consequence of their long wavelength, they can obtain
imagery through thick cloud layers, and depending upon their specific wave-
length, through many xinds of precipitating clouds. Finally, because they

scan a range of viewing angles, they produce small scale imagery suitable for

reconnaissance mapping. The sum of these attributes makes radar the best
time independent sensor available.

Three kinds of vegetational information can be obtained from analysis
of radar data: (1) geographic pattern; (2) gross structure and physiog-
nomy; and (3) type identification. In all instances interpretations rely
on converging evidence derived from principles of geography, biology and
ecology; the interpreter's understanding of the principles of radar reflec-
tion from vegetation as well as his experience with the local environment;

and inference. Detection, followed by delineation and categorization, are

* Director, Technology Application Center, University of New Mexico,
Albuquerque, New Mexico.
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the fundamental steps in most remote sensing projects. How these steps are
carried out and the 1ines of reasoning used to interpret images are des-

cribed in the e.amples of this section.

PREVIOUS WORK

Single frequency radar has been evaluated in several studies for its
contribution to physiognomic mapping (Morain and Simonett, 1965; Howard
and Sapp, 1970; Hardy et. al., 1971; Daus and Lauer, 1971). The role of
radar has been further discussed as a tool for mapping phenological changes
(Morain, 1974) and for its contribution in mapping floristic and ecologic
categories (Morain and ...2s and Senger, 1974).

In a more quantitative sense, densitometric data have been used to
assist identification. Simonett, et. al. (1967), Schwartz and Caspall
(1968), Haralick, et. al. (1970), and Morain and Coiner (1970) all used image
density measures as a means of classifying field crops. This approach has
not been systematically explored for natural classes, however.

Beyond these analytical and philosophical endeavors there has been
virtually no attempt to develop interpretation keys. Both Hoffman (1960)
and Simpson (1966) discussed the question of radar interpretation keys,
but to date none have been constructed that have general utility. Morain
and Coiner (1970), Hardy, et. al. (1971), and Coiner and Morain (1971)
have produced prototype keys for crop and forest type identification. For
a general review of the interpretive state-of-art in all these topic areas

the reader should refer to the Manual of Remote Sensing (1976, Vol. II,

Chapters 17 and 22).
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INTERPRETIVE KEYS

Image interpretation keys for vegetation, crops and general land use
vary according to the nature of those phenomena and their appearance on
\imagery. In crop discrimination, for example, keys developed firom K-band
imagery have not employed image texture because this parameter does not
appear to aid interpretation. X-band imagery, however, does contain tex-
tural information, and in all frequencies studies for forest typing, tex-
ture is a major clue.

The use of keys to aid vegetation interpretation from radar was first
attempted by Morain and Coiner (1970) using fine resolution X-band
imagery. Field information was compared to image appearances to qualita-
tively determine the range of variation within and between fields. Then,
for each crop in several different growth stages, work sheets were pre-
‘pared to illustrate the variation. The work sheets constituted the base
for constructing the dichotomous key shown in Table 1.

Other kinds of keys can also be constructed using radar imagyery as a
base (Cciner and Morain, 1971). Collateral, error, associate, and matrix
keys are but a few of these, and they all have special purposes in vegeta-
tion analysis. The matrix key (Table 2) is particularly useful for identi-

fying and delineating forest types.

INTERPRETATION OF IMAGE TONE AND TEXTURE

Basically, there are three sensor/terrain interactions influencing

the strength of signal reflection from vegetation (manifested as image
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PROBABILITY* KEY FOR CROP TYPES AT GARDEN CITY . KANSAS :
for
OCTOBER
(Derived from Radar Imagery)
A. Field has a moderately high to high return (light grey to white on radar positive) (with respect to HH)
B. Fleld has a homogeneous** tone (with reference to HH)
C. Fleld displays a shift in tone from HH (lighter} to HV (darker)
D. Amount of tone shift 18 relatively unpronounced
E. HV tone is homogeneous =~====== e em———— - sugar beets; or w
EE. HV tone is not homogeneoug~==-==c~o=cw=c= -==-=== fallow
DD.Amount of tone shift is relatively pronounced
CC. Field does not display a tone shift HH (lighter) to HV (darker)
F. Field displays a tone shift from HH (darker) to HV (lighter)
G. Fleld has evident lineations- ———— e cut alfalfa.
GG. Field does not have evident lineations
FF. Flelds does not display a tone shift from HH (darker) to HV (lighter)
BB. Field does not have a homogeneous tone
AA. Field does not have a moderately high to high return
H. Fleld has medium low to moderate return (medium dark to medium light on radar positive)
1. Field has a homogeneous tone (with reference to HH)
J. Fleld has lineations parallel to long axis of fleld
K. Tone shift is evident from HH (dark) to HV (light) ======- maturing alfalfa (flood irrigated)
KK, Tone shift is not evident
JT. Field does not have lineations
L. Field displays medium coarse texture (particularly on HV image)----grain sorghum
LL. Fleld has no obvious image "texture" (rows L flight line)
M. Field has a moderate tone shift (HH to HV) =~===a=-= alfalfa > 12
MM. Field has an unpronounced tone shift--===-w-c-e-- wheat > 3"
II. Fleld does not have a homogeneous tone
N. Cultivation pattemn is observable (particularly on HV {mage) ~--emergent wheat
NN, Cultivation pattern is not observable
O. Boundary shadowing is observable===~=~cccmcccccacan.. mature com
00. Boundary shadowing is not observable
HH. Field does not have 'moderately low to moderately high return )
P. Field has very low return (very dark grey to nearly black on radar positive)
Q. Field has a homogeneous appearance======ewcccccacrcaccaa= recently tilled
QQ. Field does not have a homogeneous appearance
PP. Field does not have very low return

> L]

*

This key is experimental. It is based on only one look-direction (and for a narrow range of incidence angleg for
one flight during October 1969 ~ almost at the end of the growing season for that year, It is a probability key in
the sense that only the most likely, economically important crops are indicated for any given spot in the listing.
To use it the Interpreter must make a series of yes/no decisions until a logical end point is reached. For
example, the first decision relates to image tone: does the field have a high or moderately high return (A)

or does it not have such a return (AA) ? If the answer is AA, then for subsequent decisions, that portion of the
key above AA can be Iignored, and the interpreter's attention focused on material listed below AA. The second
decision would then be whether or not the field had a medium low or moderate return (HV vs. HH in the

key). The process continues in this fashion until no further choices can be made. Notice that, if the location
PP s reached, an error in judgment has been made. When this happens the entire process must be repeated.
Similar reasoning applies to points BB, DD, GG, FF, KK, OO, and QQ, though future revisions of the key may

provide information at these locations.
K1)
*Homogeneous" refers to the uniformity of return intensity within the boundaries of a given field, i.e., there is

no evident mottling of tone.
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COARSE
(TEXTURE)
Dark Medium Light

MEDIUM
(TEXTURE)
Dark Medium Light

HvV

FAINT
(TEXTURE)

Dark Medium Light

ABSENT
(TEXTURE)
Black Dark Medium Light

Table 2.
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VERBAL KEY TO THE VEGETATION OF
YELLOWSTONE NATIONAL PARK

COARSE MEDIUM HH FAINT ABSENT
(TEXTURE) (TEXTURE) (TEXTURE) (TEXTURE)
Dark Medium Light Dark Medium Light Dark Medium Light Black Dark Medium Light
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Matrix key for identifying natural vegetation using

2-polarization K-band imagery.

HH tone and texture form

the "X-axis"; HV tone and texture form the "Y-axis." The
intersections of these attributes define the location of
vegetation types within the matrix.
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tone). These can be divided intq those factors associated with micro
roughness and macroscale roughness. For vegetation analysis all three are
significant. At the finest scale of reference (microroughness) grey tone
is a function of the wavelength or frequency of the system being used and
the viewing angle. Just as there are different amounts of blue, green,

and red reflectance associated with vegetational phenomena (be they eco-
types, species, or whole communities) in the visible part of the spectrum,
there are also different radar reflectances depending upon system frequency.
Similarly, just as different types of vegetation have variable reflectances
depending upon solar elevation and azimuth, and viewing angle; they also
have different radar backscatter properties as a function of angle of
illumination (incidence). The terrain properties that determine observed
tones are leaf size, leaf area, leaf/twig ratio, percentage of ground
cover, and total scene moisture.

Mesoscale roughness is the "gross roughness envelope" and is directly
related to image texture. Consider a large parachute cloth dropped over a
vegetative surface: this results in smoothing the high frequency roughness.
In a forest, there would be large peaks and nulls resulting from the height
variability between tree crowns and the open ground or understory cover;
whereas, a shrub or grassland type would have considerably less amplitude.
Consider now their appearance on the image. For the grass or shrub types
there is little spatial variation in the envelope, so the resolution cells
might be almost identical in grey tone. In the case of the forest where
there is a possibility for substantial spatial variation, some cells might
have stronger average returns than adjacent cells. If the peaks and nulls
in the envelope are sufficientl large, the result would be areas of high

reflection juxtaposed with areas of low reflection on the image, thereby
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imparting terrain texture. The greater thg Yariabi]ity in the envelope, the
coarser the texture. Mature forests display coarser textures than young,
even-aged stands. As the amplitudes in the envelope diminish (grass and
shrub types) texture likewise diminishes.

System frequency and resolution most influence mesoscale roughness.
Frequency is important because the longer the wavelength, the greater must
be the amplitudes comprising the envelope. System resolution is important
because in envelopes of high roughness the finer the resolution, the more
prominent the texture. Since this is an averaging phenomenon the finer
the resolution, the greater the variability in average signals over a rough
envelope. On envelopes of low amplitude resolution is less important be-
cause the average grey tone is very nearly identical regardlzss of the area
over which the signals were averaged (slope variations not considered).

The terrain parameters that influence mesoscale roughness are associated
with plant community structures (height, spacing of plants, etc.).

Macroscale roughness is a complex image tone arising out of a combi-
nation of micro and mesoscale roughness superimposed on sloping terrain.
The influence of slope on image tone has been thoroughly discussed by
Lewis and Waite (1973) and MacDonald and Waite (1970). As far as radar
interpretation is concerned, the most important aspect of macroscale
roughness on vegetation has to do with its use for ecological surrogates.

To illustrate the above ideas a pine/fir forest in Oregon is considered.
The imagery shown in Figure 1 is K-band. Basically there are three types
of vegetation shown on the image. These three have different micro and
mesoscale propertias which can be interpreted in terms of grey tone and
texture. In addition, there is sufficient variation in slope that compli-

cations-are in an otherwise straight forward interpretation of grey tone.
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The area marked A is a white fir fqrest; that labeled B is a ponderosa
pine forest; C indicates chaparral shrub; and D represents areas of am-
biguity arising from slope influences.,

The fir forest has a decidedly darker tone than either of the other
types (both on the HH and HV image--effects of polarization are discussed
in the next section). Moreover, if one compares the mesoscale roughness
of the pine forest w#ith the fir type, there is a subjective notion of
less texture associated with the fir. The implication is that the gross
roughness envelope for fir has less amplitude than that for pine at this
resolution and frequency. Relative to the other types it would appear
that fir forest is neither a good surface scatterer (HH polarization) nor
a good volume scatterer (HV polarization), since this type is dark grey
on both images.]

The interpretation for ponderosa pine forest has been discussed in
Estes and Senger (1974, pp. 154-158). For present purposes it is discussed
in relation to the surrounding vegetation types. In this example the basic
tone of ponderosa pine and chaparral shrub communities is about equal.

This suggests that these two types have nearly the same surface roughness
and volume scattering properties. The only distinguishing features between
the types is their differing textures. The gross roughness envelope of

the pine forest is significantly rougher than that for the chaparral

]For this analysis we assume that differences in moisture between vegeta-

tion types are negligible. The imagery was obtained in the fall of 1976 after
a rather dry summer. In addition, the moisture in all these types may be
effectively masked from the radar signal by physiological adaptations such

as sclerophylly in chaparral. The reasons behind the darker tone of fir
forest are not immediately clear. Part of the explanation may be related

to the vertical orientation of the short needles. With such dense, verti-
cally oriented needles, surface scatter may be signficantly reduced rela-
tive to the surrounding vegetation tyeps leading to a relatively darker

tone on the HH image. '
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community. This difference can be seen in the accompanying ground photo-
graphs. For the pine forest, texture has the appearance of light and dark
grey speckle, whereas the chaparral type has decidedly less spatial varia-
tion in tone. The relatively brighter tone of pine forest in comparison
to fir may arise from the more random orientation of needles which are
assumed to be the basic scattering elements at the microscale.

Differentiation of the chaparral community is made possible by its
relatively uniqué radar backscatter properties. The greater variability
in orientation and size of leaves on the individual shrubs leads to rela-
tively high surface scattering and hence to a bright tone on the imagery.
In contrast to the other types, however, the envelope is much smoother
than for the forest types; hence, there is less image texture associated
with the chaparral. Both of these properties (relatively smooth envelope
and greater variability in leaf orientation) are illustrated in the photos
in Figure 5. A third and important property of the chaparral community is
the rather high contribution of volume scattering as evidenced by the
relatively high reflectances shown on the HV image (not shown here). In
most all respects there appears to be 1ittle difference in the reflectance
of pine Torest and chaparral, except in their textural renditions. Never-
theless, this important property is sufficient for the visual separation
of these two types.

There are some areas in this example that cannot be interpreted with
any degree of assurance. These are the areas marked D and are ambiguous
because of slope effects; some facing away from and others toward the re-
ceiver. On slopes where the basic grey tone has been influcnced by slope
but where it can neither be described as radar shadow or blooming, one

must rely on ecological surrogates to make the interpretation.
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EFFECTS OF POLARIZATION ON TONE AND TEXTURE

Given two polarizations (HH and HV) the HH will be dominated by
reflectances arising from surface scattering. The brightness on the radar
positive image (tone) will be due foremost to surface scattering of the
impinging signal. In general, this is referred to as surface roughness,
where "roughness" is defined in terms of wavelength. Return on the HV
image; in contrast, is primarily a function of "volume" scattering. By
"volume" we mean to imply that signals are able to penetrate to some depth
within the imaged scene. Independent of wavelength the ability of radar
signals to penetrate depends on polarization with the cross polarized
component (HV) containing most of the information on volume scattering.
Therefore, the brighter the return on HV imagery, all other factors being
equal, the greater the contribution from volume scattering and, by impli-
cation, the more heterogeneous tne imaged material. For homogeneous media
there should be little difference between HH and HV reflectances, whereas
for heterogeneous media there should be some contribution to the HV signal.

A couple of examples will suffice to illustrate the above points.
Figure 2 1s a K-band, two polarization (HH and HV) radar image of the
Point Loma Kelp bed off San Diego. A low-altitude oblique photo and a
ship-board photo is also included to better illustrate the aspect of kelp
in the water. On the HH image the configuration of the ke]p‘bed is clearly
detectable. The bright returns for the kelp area indicate a high amount of
surface scattering of the impinging signals. The reason for the more or
less continuous coverage of the kelp bed area is attributed to the rather

coarse system resolution (about 15 meters) and the averaging techniques
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environments.
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employed in converting the reflected signals to imagery. By comparison
on the HV image, which was obtained simultaneously, the kelp bed is much
less distihct—-on]y a "ghost" of the kelp bed is actually visible. This
illustrates that there is, indeed, a slight contribution of surface scatter-
ing to the HV signal but the important point is that there is almost no
volume scattering associated with the kelp. Radar signals cannot penetrate
water, therefore there can be no signal penetration and no contribution
from volume scattering. The result is that there is almost no HV signal
returned. To appreciate this the nature of kelp beds is considered.

The long stipes of kelp are attached to the ocean floor and are
1ifted into a vertical position by numerous pear-shaped floats. Each of
the pear-shaped floats is attached to a frond or leaf. These fronds float
to the surface but never emerge above the water surface; they are always
covered by a thin film of water. Consequently, the only portion of the
kelp that actually protrudes above the water, and is therefore the primary
contributor to the returned radar signal, are the pear-shaped floats and
small sections of the stipes. These are the elements that contribute most
to the radar reflectance. It has been argued by some that there is a con-
tribution to reflectance from the fronds, but this is clearly impossible
due to the specular reflecting properties of water at low antenna depres-
sion angles.

It is possible to increase the comparative reflectances between HH
and HY polarizations by amplifying the receiver gain; and therefore possible
to saturate the terrestrial portion of the HV image in order to enhance
the relative brightness of the kelp bed. Although these kinds of shifts
in receiver gain are feasible, they can seriously affect the interpreta-

tion because they are not usually calibrated or recorded. In Figure 2
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there was no apparent difference in the receiver gain for the two polariza-
tions as evidenced by the similarity of their grey scale ranges for the
land area. |

Figure 3, a pine forest in Oregon, is included to illustrate the
appearance of the area on the oblique panchromatic photograph obtained
simultaneously with the HH and HV images (Figure 4). To aid in the inter-
pretation typical views of the dominant vegetation tynes (ponderosa pine
and sagebrush/basalt) are provided (Figure 5). De%ails of the area and an
analysis using a variety of remote sensor data have been given by Cochran,
et. al. (1969) and Morain and Simonett (1965). Neither of these papers,
however, digcussed in specific terms why the HH and HV images are differ-
ent.

On the HH image there is no observable difference between the pine
forest and the sagebrush in terms of their average grey tone. By care-
fully examining the HH image one can, nevertheless, begin to regionalize
and segregate the forest from the non-forest. This is in part possible
because of the different image textures. The implication from the observa-
tion of tone (without texture) is that both of these vegetation types are
equally rough in terms of surface scattering. There are, however, signifi-
cant differences in their mesoscale roughnesses.

If one compares the HV pattern to the HH pattern, the following ob-
servation is made. On the HV image the relatively bright tone. of the
forested region compared to the non-forested indicates that there is a
significant contribution of volume scattering from the forest. Stated
another way, the forest is a better volume scatterer than the non-forest,
at least in this environment. Notice also that there is relatively little

difference between the two polarizations for the sagebrush type. Although
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Ponderosa Pine

Basalt/Sagebrush

Figure 5. Typical ground views of Ponderosa Pine and sagebrush with
basalt. See text for discussion.
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discrimination is aided by this difference, the radar imagery merely shows
that the forest category is a better volume scatterer. In another environ-
ment it could well be that the non-forest category as shown here would be
better vi.ume scatterer than some third category. The lesson is that radar
interpretation is environment dependent and only relative statements can be

made with regard to a given radar image or set of polarizations.
SUMMARY

These few examples by no means exhaust the considerations necessary
to completely interpret vegetation from radar imagery. They are intended
as an introduction to the lines of reasoning that can be employed to ex-
tract at least preliminary information and to explain the appearance of
selected types on imagery. There is still need to consider the relative
effects of moisture, depression angle, and frequency on radar reflectance.

As long as radar systems remain single frequency, we can expect to
view the landscape in virtual monotone, just as if we tried to image through
a narrow optical filter. In the case of radar we have reached a point
where basic parametric research is absolutely essential, if we expect
radar imagery to be used for identifying vegetational phenomena. In the
meantime we should continue to develop non-identification (mapping) types
of applications.

In the future, structural and physiognomic mapping from radar may be
feasible, but will depend on the availability of finer resolution sensors,
development of interpreter experience regarding the meaning of tone and

texture, and exploitation of radar penetration potential. Research has
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only begu.. to explore the contents and techniques of interpreting radar
imagery. The traditional approaches cited reflect the novelty of the

imagery and our inexperience using this exotic sensor.
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MAPS AS FAIR MEASURE TO A COUNTRY'S
KNOWLEDGE
By

Dr. Hassan Mohammed Hassan*

The national development of maps is the desire which necessity or
curiosity imposes on mankind to explore the earth's surface (and for that
matter, other planets), to move from one part to the other, or to better
know any particular part on the path of experiences and enquiry.

Historically the Egyptians were the earliest recorders of examples of
cartographic representations. To the Babylonians is attributed the high
distinction of having originated the division of the ecliptic into twelve
signs :ind later 360 degrees. The division of the day into 24 hours was the
outcome of their sexagesimal system of numeration. These were adopted by
the Greeks later in their geographical and astronomical studies. To the
Arabs during the middle ages is attributed the discovery of the mariner compass.

When Columbus set out to discover the eastern shores of India, he
didn't expect to find any land in the space occupied by the American continent
due to an error in Ptolemy's maps.

On the other hand, the history of thematic maps does not go as far
back as the astronomical and travel maps. The geological maps, for example,
were first known in 1815.

It is in maps of greater or lesser antiquity that it is possible to

trace with the greatest economy of effort the growth and spread of towns

*Director General, Survey Department, Khartoum
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and their decline, the growth of agriculture, industry of great states, the
survival or development of lines of communication, varying types of roads,
canals and railways. Erosion has caused both lands and towns to disappear
and on the other hand reclamation of land and silting up has considerably
altered coast lines and created new places. Rivers have changed their
courses and the boundaries of countries have been altered at_various dates.
Al11 these may be most advantageously examined on maps of one type or the
other.

Maps and nationality are like weave and woof. Most countries in their
prime development and civilization publish maps that show their culture in
every branch of knowledge. It goes without doubt that the more advanced
and complete the mapping of a country is, the more developed the country is
or will be.

It can be seen on the attached table that the highly developed countries
of Europe are almost completely covered with maps of different scales. It
is also seen that the underdeveloped countries of Africa and Asia are bare
of reasonable coverage of maps. As seen from the table, the Sudan maps
exist only at 1:100,000 and smaller scale and at even 1:100,000 the coverage
is less than 25%. Peru has only scanty coverage at 1:200,000 of less than
25%.

The relation between map coverage and the state development is not only
an academic relationship but it is actually the practical relationship
between the knowledge of the availability of resources and its exploration.
A11 inventories of natural resources must be based on maps that indicate
their extent and geographical location. Thus, maps are not only a fair
measure to a country's knowledge but also are the basis of the country's

development.



Albania
Austria

Belgium

British Isles

Bulgaria

Czechoslavakia

Denmark

Estonia
Finland
France

Germany
Greece
Holland

Hungary
Iceland
Italy
Latvia

Lithuania
Luxembourg
Malta
Norway

Poland
Portugal
Romania
Spain

Spitzbergen
Sweden
Switzerland
U.S.S.R.
Yugoslavia

TABLE 1
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1:253,440 AND LARGER SCALES
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:10,000
115,000
:20,000
:10,560

:20,000

:20,000
:20,000
:20,000

:20,000

:20,000
12,500

:20,000

—

EUROPE

:25,000

:25,000
:40,000

125,000
:25,000
:40,000
:250,000
125,000
:40,000
:25,000
:25,000
:25,000
125,000

125,000
:25,000

:25,000

125,000
125,000

:25,000

125,000
:25,000
:25,000

1

—

—r

—r el et —

:50,000
:50,000
175,000
150,000

163,360
:50,000

75,000
:50,000

150,000
:50,000
:50,000
:80,000
:50,000
:50,000
:50,000

175,000
:50,000
:50,000
150,000
175,000

150,000
:50,000

:50,000
:50,000
150,000

:50,000
:50,000
:50,000
150,000

50%-100%

—

—t e e cmd —) —) =S — p—d  c—

1:100,000

:100,000

126,720 g
:100,000

100,000
150,000

:100,000
:100,000

100,000
:100,000
100,000

:100,000
100,000

:100,000

:100,000

:100,000
100,000
100,000
:100,000
:100,000
100,000
:100,000
100,000
100,000
100,000
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:200,000
:200,000

250,000
:253,440

:200,000
:200,000

:200,000
:200,000
:200,000
:250,000
:200,000
:200,000
:200,000
:250,000
:200,000
:250,000
:200,000
:200,000

:200,000
:250,000

:200,000
:200,000
:200,000
:250,000

:200,000



OFFICIAL MAP SERIES (Contd.)

Algeria

Angola

Basutoland
Bechuanaland

Congo

Eqypt

Eritrea

Ethiopia

French Equatorial Africa
French West Africa
Gambia

Ghana

Ifni
Kenya

Liberia
Libya
Malagassi Republic
Mauritius
Mogambique
Mo?oqco
(Former French)
(Former Spanish)
Nigeria

Rhodecia,Zambia and Malawi
Sierra Leone

Somaliland (British)
Somaiiland (French)
Somaliland (Italian)
South West Africa
Sudan

Swaziland

Swaziland

Tanzania

.

Tunisia
Uganda
Republic of South Africa

Antarctica

1:10,000

AFRICA

1:25,000

1:25,000

1:25,000

1:50,000
1:50,000

1:50,000
+50,000
+50,000
:50,000
+50,000
150,000
150,000
150,000
162,500
:50,000
150,000

1:50,000

1:50,000
1:50,000
1:50,000
1:62,500
1:50,000
1:50,000
1:62,500
1:50,000

1:50,000

1:50,000
1:50,000

1:50,000
1:50,000
1:50,000
1:50,000

ANTARCTICA

1:25,000

1:50,000

1:100,000
1:100,000

125,000
:100,000
100,000
100,000
100,000
:100,000
100,000
125,000
:125,000

— el — — — — — —

100,000
:125,000
:125,000
:100,000
:100,000

:100,000
:100,000
:100,000
:125,000
100,000

— et el —) ol

1:125,000
1:100,000

1:100,000
1:100,000

:100,000
125,000
:100,000
100,000
100,000
:100,000

— et et el b ——d

1:100,000
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1:200,000
1:250,000

1:200,000
1:250,000

1:200,000
1:200,000
1:250,000

1:250,000

1:250,000
1:200,000
1:200,000
1:250,000

1:250,000

1:200,000
1:200,00N

1:250,000
1:250,000
1:200,000
1:200,000

1:250,000
1:250,000

1:200,000
1:250,000
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OFFICIAL MAP SERIES (Contd.)

ASIA
Aden 1:100,000 1:250,000
Borneo (British Terri-
tories 1:50,000
Burma 1:63,360 1:126,720 1:253,440
Ceylon 1:63,360 1:253,440
China 1:50,000 1:100,000
Cyprus 1:10,000 1:31,680
India . 1:25,000 1:50,000 1:126,720 1:253,440
1:63,360
Indochina (Former)
Cambodia 1:100,000
Laos 1:100,000
Viet Minh 1:25,000 1:100,000
Viet Nam 1:25,000 1:100,006G
Indonesia 1:25,000 1:50,000 1:100,000
Israel 1:20,000 1:50,000 1:100,000 1:250,000
Japan 1:25,000 1:50,000 1:200,000
Jordan 1:100,000 1:250,000
Korea 1:25,000 1:50,000 1:200,000
Lebanon 1:50,000 1:100,000 1:200,000
Malaya 1:25,000 1:63,360
New Guinea (British) 1:25,000 1:63,360 1:250,000
1:253,440
New Guinea (Dutch) 1:100,000 1:250,000
Pakistan 1:63,360 1:126,720 1:253,440
Philippine Islands 1:25,000 1:50,000 1:100,000 1:250,000
Siam 1:50,000 1:100,000 1:200,000
Syria 1:50,000 1:100,000 1:200,000
Turkey 1:25,000 1:50,000 1:200,000
U.S.S.R. 1:50,000 1:100,000 1:200,000
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CFFICIAL MAP SERIES (Contd.)

AMERICA
Alaska 1:63,360 1:250,000
Argentina 1:25,000 1:50,000 1:100,000 1:250,000
Bolivia 1:250,000
Brazil 1:25,000 1:50,000 1:100,000 1:250,000
British Honduras 1:50,900
Canada - 1:50,000 1:126,720 51:250,000
1:63,360 (1:253,400
Chile 1:25,000 1:100,000 1:250,000
Columbia 1:25,000 1:100,000
Costa Rica 1:25,000 1:50,000
Dominican Republic 1:50,000 1:100,000
Ecuador 1:25,000
Falkland Islands 1:50,000
Greenland 1:250,000
Guatemala 1:50,000 1:250,000
Guiana (British) 1:50,000
Guiana (French 1:50,000 1:100,000 1:200,2750
Guiana (Dutch) ' 1:100,000 1:200,000
Hawaii 1:24,000 1:62,500 1:250,000
Jamaica 1:50,000 1:250,000
Mexico 1:25,000 1:100,000
Nicaragua 1:150,000
Panama 1:20,000 1:25,000 1:250,000
Paraguay , 1:50,000
Peru 1:200,000
Puerto Rico 1:25,000 1:30,000
Salvador 1:50,000 1:200,000
United States 1:24,000 1:31,680 1:62,500 1:125,000 1:250,000
1:48,000
Uruguay 1:50,000
Venezuela 1:25,000 1:100,000 1:250,000
AUSTRALASIA
Australia 1:25,000 1:50,000 1:100,000 1:250,000
1:63,360 1:253,440
Fiji Islands 1:50,000
New Zealand 1:25,000 1:63,360 1:250,000

1:253,440
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REMOTE SENSING ACTIVITIES AND FUTURE PLANS IN SUDAN
S. M. E1 Rabaa*

When one talks about remote sensing in any country, he usually
gives some idea about the components of that country, such as its
physiography and climate. Thus, I will do likewise for The Sudan. The
Sudan is the largest country in Africa. Its area is over 2,500,000
square kilometers. This country has diverse climatic and natural
regions starting from the sandy desert in the north with almost zero
precipitation to tropical steppe in the far south. The Sudan has great
development potential. International agencies often call The Sudan
“"the bread basket of the future for Africa and the Middle East".' They
have good reasons to say this. We have exploited only very few of
our resources, whether renewable or non-renewable. One has to Took at
our real demands. I am not going to say how we are going to solve
a problem like this or the problems of development. We have an
opportunity to discuss the problem during this workshop, the theme
of which is "how to use a promising new technology in solving some
of our problems".

The demand of data for wise planning for resource development is
something that everybody agrees upon. These data include either
geographic or economic and institutional data. One can see that
remote sensing, of which you have a fairly good idea about its use,
is a suitable technique to solve the problem of resource surveys for

our vast region.

*Geology Department, University of Khartoum.



66

Indeed, Sudan started to adopt this new technology a long time
ago. The year the National Council for Research was developed in 1970
was also very glamorous for aerospace technology. At that time, in
1969 man reached the moon, and within the next year specimens from
the moon had been displayed all over the world and everyone was struck
by this new technology. One of the very first functions of the National
Council rfor Research was displaying moon rocks in The Sudan.

Later, The Sudan was the only country that made a proposal to
NASA in 1970 to include coverage of some parts of the country in NASA's
program. By 1971 Sudan had been selected as one of three countries
among the developing countries of Africa to start a pilot project using
Landsat data. Now anyone can make use of the data available from the
common mission of Landsat. |

By 1972, when the first products from Landsat became available,
the Ministry of Agriculture in Sudan, thfough the Canadian AID and
FAO, started to plan the first project using Landsat imagery.

So, in this connection, The Sudan is one of the very few developing
countries which has been selected for all the good reasons as a country
where experiments of application of remote sensing using Landsat
imagery were made. From that time, we started to have considerable
activity in this field. Much was bilateral activity between one
department and another. Some departments managed to build small
remote sensing capabilities through regional or foreign international

aid.
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During the period from 1973 to 1974 the agriculture project was
being executed. Since then, we started to have some specialists in a
number of disciplines with different levels of training on remote sensing
applications.

It is well known that The Sudan has applied aerial photography a
long time ago, long before most African countries. In the fifties,

The Sudan had some of the best personnel and the best instrumentation

in that field in Africa, and a good percentage of the country was covered
by aerial photographs. Many of the scholars went to aerial photography
courses and training. .

We ended up with many gcod experts on aerial photography. At the
same time we noticed that many departments started to establish sections
for aerial photo-fnterpretation such as the Geological Survey Department,
the Forestry Department, and the Soil Survey Department. So by the
time remote sensing became glamorous and was found to be a useful tool
that could be applied in Sudan, we were really in quite good shape
except we needed the training on the use of data acquired by Landsat
satellites.

This is ample economic justification for applying remote sensing
in our resource surveys. Taking into consideration the size of the
country and the type of information needed for resource development,
one might go in to detailed work to identify and map the resource
component, and such detailed work would be very expensive. We do not
know the outcome of planning such a detailed survey. If it does not
give any positive results, it would be a lost expense that a poor

country may not be able to afford.
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At the same time the reconnaissance type of work often done in
a developing country is the type of work that may miss potential
resources because one did not go into any detail. Landsat imagery
provides us with a new scale. Although the most common product of
Landsat imagery is photographic products at a scale of 1:1 million or
1:1/2 mi1llion, it can still be enlarged to the scale of 1:1/4 million.
The type of information in the Landsat iﬁage is a different type of
information which requires that our idea about "small scale" should be
changed.

Previously, anything above 1:60,000 scale was called "small
scale". Nowadays, Landsat imagery commonly produced at the half
miliion scale should be called very small scale because at this scale
one iﬁtegrates a lot of data. Vegetation is used to choose a geologic
feature or drainage may be used to choose a soil property. This
complex interaction and the use of integrated criteria may result
in getting information from the Landsat image which is much beyond the
scale that you often work with, say 1:1/2 million.

Now we have found a new scale that covers a large area and yet
yields more information than we used to get from what we previously
called "small scale", whether it was small scale photography or our
usual type of quarter million scale mapping. What is obtained from
the Landsat image might be called "comprehensive reconnaissance."

What is really obtained is more than would normally be expected from
the scale at which one is working. This is one way of getting data

which does not involve much money and does not deal only with the
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generélity. So, with less money one goes beyond the very general type
of reconnaissance. This is particularly useful for planning any further
detailed work without missing any potential area.

In a country like Sudan which is 2 1/2 million square kilometers
in area and has a very bad communications situation, remote sensing
technology is ideal and there is really no need for further justification
for developing this technology in Sudan.

In regard to the institutional aspect, the most basic part of
building a remote sensing capability is training the people of the
country on the use of this technology. The beauty of this technique
is that it enables updating of data. It's the only technique that
provides for continuous monitoring of.the earth's surface every 9 or
19 days. A certain area can be seen next season, next year, or after
several years. For this reason there is a need for local capabilities
to be always available for continuous monitoring of the changes that
takes place and to make full use of the technique.

A good mosaic was made last year for the Sudd region. Next year
it might be useful to see what changes have occurred. The same might
be repeated the year after. There are a lot of dynamic type of
problems that need Sudanese capabilities to monitor. For this
reason emphasis must be placed on the development Gf human skills,
which is an essential part of such techniques.

I would like to state very sincerely that we are very fortunate
to be associated with the Remote Sensing Institute of South Dakota

State University. I myself have been there to experience their



70

training. Six Sudanese scientists in six different disciplines were
trajned at the Remote Sensing Institute. HNow, those six scientists
are training others as you see in this workshop.

Therefore, a plan for training the people was the basis for
fulfilling the institutional requirements. Some other aspects of the
institutional requirements which must be considered are the type of
setup and where it should be Tocated. I will delay discussing these
points for a while until I show you how our own specialists who have
been trained at the Remote Sensing Institute look at remote sensing
and, very briefly, the type of information they can obtain.

Mr. Chairman, if you permit, I would like to introduce Abbas
Doka, Yousif Yagoub and Abdel Rahim Abdel Aziz. They are examples
of the people who were trained in South Dakota and will give us
an idea about their training and the work they did in their respective

disciplines.
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Abbas Doka M. Ali*

I will give a very short review of my project which demonstrates
the application and the value of remote sensing technology in
monitoring natural resources, especially soil resources in central
Sudan. During the workshop I will speak in detail about the methods
we applied, the results which we came to, and the products which we
obtainted.

From the visual interpretation of the Landsat imagery and the
compilation of ail the data obtained we ended up with a soil map
showing the different soil associations and another map for the
different landscapes of central Sudan. The soil map was interpreted
for different land uses for traditional and rain-fed agriculture,
showing the potentiality of these soils in that part of the country.

The technique proved to be useful. Moreover, it enables us to
show the decision-makers where the regions with good potentials are,
to concentrate in their developing strategy for the country. For
example, we show them, through certain maps, the suitability of the
various soils for different crops. We show them the areas of soils
with low potential for the time being. Later on, with more money and
further studies and treatment, these poor soils can be developed.

A report comprising all this information in the form of maps,
diagrams, and tables constituted the final product of my study

concerning the soils in central Sudan.

*Soil Survey Administration, Ministry of Agriculture, Food, and
Natural Resources, Wad Medani, Sudan.
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Abdel Rahim A/Aziz*

During our six-month training course at the Remote Sensing Institute,
South Dakota State University, we started by getting acquainted with the
different techniques of applying remote sensing in the different fields.
My field is water resources on which I concentrated during my studies.
Besides having lectures, practicing the techniques, and going on some
field trips, we started on a project to study an area in central Sudan.

The area we studied lies between latitudes 12° and 17° north and
extends from the White Nile to the east to longitude 2£” 15' to the
west.

I made up broad objectives for my study. The first objéctive was
to find out if Landsat can serve as a field and base map. At the
present time we do not have reliable topographic maps. Such maps are
very important for those people working in rural areas for water
resources. The only available maps are guarter million topographic
sheets which were drawn in the thirties and before. Therefore, it is
time to start correcting and updating maps of water resources. The
second objective was desertification and was prompted by the interest
of the Committee of Desert Encroachment to study the areas affected
by desert encroachment.

The first objective was fulfilled by studying Landsat imagery of
1972. Because the main concern of the study was water resources, I

concentrated on the selection of the imageries acquired after the

*Rural Water Corporation, Khartoum.
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rainy season because during the rainy season the region is mostly
cloudy and difficult to interpret. Right after the rainy season, the
cloud cover is much less, the drainage system is clearly seen, and the
depressions are filled with water.

To satisfy the second objective I intended to interpret imageries
of 1976 and then to compare the imageries of 1972 with those of 1976
in order to study the effect of desertification on the area and to
quantify water resources in terms of the past and current water losses.

I started by using different bands for my interpretation. The area
of our study comprises 342,000 square kilometers. Except for the small
water courses with inappreciable flow (locally known as "Rigeilat"),
the entire drainage system was delineated and the whole area was
divided into four basins.

By delineating these 4 basins, I was able to identify easily the
water courses and the tributaries feeding each of them. This is
especially important since we, the people from Rural Water Corporation,
face a lot of difficulties due to the meandering of water courses. 1
might state that we have many structures which we erected some years
ago and due to the diversion of the courses are now left without water.

So, by interpreting Landsat imageries, one can easily update the
drainage map and can easily check the water courses and their trend of
meandering before 1nsta111ﬁg any structure for water storage or for
the control of the meandering stream.

On Landsat. imageries we can easily differentiate between clear
and turbid water; however, we still need a device by which we can

quantify the sediments suspended in water.
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Yousif Yagoub*

One of the objectives 6f my study at the Remote Sensing Institute,
South Dakota State University, was to use Landsat data for determining
the land use patterns in central Sudan. Actually it is fortunate that
in land use mapping there is not a single classification system that
could be applied at all times and in different conditions. For example,
one can always map man's activities on the earth's surface and call it
a land use map,'provided that it gives meaningful information.

The area for which we conducted this survey was in central Sudan
where the main activities are shifting cultivation in the form of
small crops ranging in area from an acre to a few acres. The other
activity is the nomadic movement of cattle over the area.

Another objective was the evaluation of the visual interpretation
of Landsat imageries for monitoring land use, as well as signs of
desertification in the area. For our study we used black and white
prints and color composites at a scale of 1:500,000. During our
interpretation we were confronted with some difficulties which I will
mention later during the workshop.

Generally, our study resulted in two classification levels. The
first classification level comprised those classes which are distinctly
seen on the imagery because of their high contrast in relation to their
surroundings. This includes, for example, the reserve forests, the

dwelling centers, and the mechanized crop production schemes in

*Soi1 Conservation, Land Use and Water Programming Administratioi;
Ministry of Agriculture, Food, and Natural Resources, Khartoum, Sudan.
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Southern Kordofan. Other land use practices were actually not clearly
defined on the imagery, but because of our background information about
the area we were able to recognize and delineate them. The major
geographic units were easy to delineate, such as the major river systems
in the area, the clay plains, the sand dunes, and the sand sheets. We
could interpret the land uses in these different physiographic units
because of our previous knowledge of their relationship.

Someone may ask about the significance of this kind o+ map.
Actually, there is not a single up-to-date map or >Jdequate information
about the land use of that area. We consider the map which we produced
to be a base for making a land use map which will help to delineate
or to select sample areas for more studies. 'These maps which we
prepared from Landsat data are very useful for regional planning.

The other factor which we also considered is the cost and the
time involved. In one month we mapped an area of 194,400 square
kilometers, which is covered by six Landsat scenes. A Landsat image
costs about U.S. $25.00. If this cost is compared to the enormous
cost of aerial photography you can actually realize the importance

of using Landsat data for such studies.
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Salah M. E1 Rabaa

The presentations of the three preceding speakers, are an example
of the results that can be obtained even with a simple and a short
period cf training. Indeed, the training process is still going on,
on a department-individual basis; but we all have one aim, which is to
develop the remote sensing capavilities in Sudan.

Concerning the institutional setup, we are fortunate to have the
National Council for Research (NCR) in charge of the remote sensing
activities in The Sudan. Prof. Mohammed Osman Khidir talked to you
about the role of the NCR in this manner. Indeed the role of NCR
solved a lot of problems. We have one institution (the NCR) in charge,
and thus can coordinate and make policy. This is very important,
particularly when dealing with matters that need coordination.

The whole intent of the activity plan is to establish a place
in which all remote sensing scientists, technicians and those
assaciated with remote sensing, or just simply resource surveyors,
can come together and work together. One of the most significant
applications of remote sensing data is the integrated study of those
data. That makes them superior to most other methods of surveying
since it does not serve one discipline, but many different disciplines.
To fulfill the institutional condition i* is necessary to have a
center to look after these activities, simply Lecause it is a
coordinating, policy making, and training committee in which almost
all relevant government departments and educational institutions are
well represented. The chairman of the committee is the secretary

general of the NCR.
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The setup we are proposing is that the NCR, under the umbrella
of the National Committee, coordinates the work of foreign, regional
and international agencies, and also coordinates with the government
and semi-government departments. Proposals can be sent to the national
committee by departments, and aid can be offered to those government
departments through the National Committee.

The National Center consists of three components: a service
component, a training component, and a research component. The
National Center will train people for the government and coordinate
with the government by having government personnel work for the center
on different projects. The National Center will work closely with the
Survey Department as it is the department that acquires data,
especially aerial data. Thus, there are a lot of complementary
technical services that the National Center and the Survey Department
will share.

The NCR has several different agencies, some of which will work
closely with the National Center. One ef these is the National
Computer Center (when established). The National Center will start
with simple, though effective, interpretation and data analysis:
procedures but should be capable in the future to use the computer.

By that time we hope that the NCR will have the National Computer
Center already in operation.

The NCR has already established a documentation center. One job

of the National Center i3 to disseminate information and data to users.

This can be done througih the documentation center or sometimes directly.
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The National Center was given the responsibility of information
dissemination in order to solve a loi of traditional problems. When
these remote sensing activities started there was a lot of bilateral
work between departments and other agencies and no one knew what the
other was doing. It was not unusual to find four or five experts
coming from abroad doing very similar studies in connection with
different departments or even with individuals. The coordination
activities of the National Committee have eliminated this duplication.

The director of the National Remote Sensing Center is the secretary
of the National Committee. Thus, there will be a very strong link
between the National Committee and the Natioral Remote Sensing Center.
The director is the chairman of the executive body for the Remote
Sensing Center itself. The center consists of what we call "Chief
Investigators” or "Main Researchers" who will cover relevant disciplines
such as soil, hydrology, geology, cartography, land use, and agronomy.
Thus, the chief investigators will cover the disciplines that use the
technology. Some government departments méy have little remote
sensing capability themselves, but this capability will be enhanced
by their coordinator working with the chief investigators.

The chief investigator is a discipline-oriented person.
If he is a soils man, I would call him "the permanent ambassador" of
the soils department at the Remote Sensing Center. If he is in land
use, I would call him "the permanent ambassador" of the land use
department. Thus we escape the problem that often arises in this

situation concerning who should be doing what. The director of the
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Remote Sensing Center will be a U.N. project manager vor the for the
first few years until it is completely turned over to the government.
The Remote Sensing Center can be justified by looking at some
problems which exist in this country. If we consider monitoring of
desertification it will justify by itself a remote sensing center.
If we realize that there will be tremendous environmental changes
after the establishment of the Jonglei canal and that it will need
continuous monitoring, that is reason enough. If you look at the
state of our regional maps for the whole or parts of the country at
-his time - the soil map, ecology map, geological map, etc. - they
are so simple and are really outdated. The cost of "‘ndating or making
a nev. soil map or ecologic map for The Sudan is almost the same as
the cost of establishing this Remote Sensing Center. Again, having
a Center and National Committee requires a lot of foreign, regional
and international cooperation. Without this central agency, the
coordination and cooperation with those foreign bodies will he really

ineffective.
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THE LANDSAT SYSTEM AND OTHER EARTH RESOURCES SATELLITES
Mary DeVries*

The Landsat Satellites

The Landsat series of earth resources satellites (Figure 1) has
been providing valuable data for both the researcher and operational user
since July 23, 1972, when the first of the series was launched. Although
a life-expectancy of one year was originally projected, this satellite
(Landsat-1) remained operative until January 6, 1978.

Two additional satellites (Landsat-2 and Landsat-3) were launched
January 22, 1975, and March 5, 1978, respectively. Both satellites
are presently operative, although Landsat-2 was deactivated for a period
of time (November 5, 1979 to May 4, 1980) because of attitude control
problems. Landsat-3 experienced a high occurrence of line-start
anomalies between January and June, 1980 and is presently being used
conservatively to prolong its Tifetime.

The satellites are in orbit 920 km above the earth's surface.
They encircle the earth every 103 minutes, or 14 times per day, and
pass over the equator at approximately 9:30 each merning. The entire
globe, except the poles, is covered every 18 days. In general, when

two satellites are in operation their orbits are staggered by nine days.

Landsat Sensors

Two types of sensors are included in each of the Landsat satellites.
The first of these is the Return Beam Vidicon (RBV) system. This
camera system was originally included because of its geometric accuracy.

The RBV systems aboard Landsat-1 and 2 consist of three cameras, each

*Research Scientist, Remote Sensing Institute, South Dakota State
University, Brookings, South Dakota, U.S.A.
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Figure 1: The general configuration of Landsat - 1, 2 and 3. From NASA
Landsat Data Users Handbook.
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imaging an area of 185 x 185 km per scene. The first camera, RBYV 1,
samples the 0.475 to 0.575 um region of the electromagnetic spectrum.
RBV 2 and RBYV 3 sample in the 0.580 to 0.680 um and 0.690 to 0.830 um
regions respectively (Figure 2). Unfortunately, the RBV sensors on
both Landsat-1 and 2 were shut down soon after Taunch because of the
power drain they imposed on the system.

The RBV system aboard Landsat-3 differs from that aboard Landsat-1
and 2 in that it is a two camera system, each sampling in the 0.505 to
0.750 um region (Figure 2). Each RBV scene images an area 98 x 98 km.
Thus, four scenes are required to cover the same area as that covered
in a scene from Landsat-1 and 2, but the spatial resolution is improved
by a factor of two.

The second sensor system aboard the Landsat satellites is the Multi-
spectral Scanner (MSS) system. This scanner system, which utilizes a
rotating mirror to reflect the incident electromagnetic waves to the optical
sensors, was chosen for its radiometric accuracy. Four regions of the
visible and near infrared portions of the electromagnetic spectrum are sampled
by the MSS system aboard each of the satellites. The first MSS sensor,
MSS 4, samples in the 0.5 to 0.6 um (green) region. MSS 5 samples the
0.6 to 0.7 um {red) region and MSS 6 and 7 sample in the 0.7 to 0.8 um
(near infrared) and 0.8 tc 1.7 .m (near infrared) regions respectively.

A fifth sensor, MSS 8, which saiples in the 10.4 to 12.6 um (thermal
infrared) region is included on Landsat-3 (Figure 2). An area of 185 x
185 km is imaged for each MSS scene. The spatial resolution of MSS 4, 5,
6, and 7 is 79 m while that of MSS 8 is reduced to 237 m.
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Landsat Receiving Stations

Landsat data are transmitted directly to the receiving station
when the satellite is within the line of sight for that station. If the
satellite is not within the transmitting ranée, the data are recorded
on onboard tape recorders for transmittal later when the satellite comes
into range. At the present time, only the Landsat-3 onboard recorders
are operational, however.

Presently there are operational receiving stations in the United
States (Maryland, California and Alaska), Canada, Brazil, India, Iran,
Italy, Japan, Sweden, Argentina and Australia. Landsat receiving
stations are planned for China, Thailand, Upper Volta and Zaire (Figure
3).

A diversity of Landsat products is available from the various stations.
In addition to maintaining a data base of U.S. Landsat data, the EROS Data
Center (the U.S. Department of the Interior data archivﬁ? and dissemin-
ation center located near Sioux Falls, South Dakota) also maintains
information on non-U.S. Landsat data holdings. Users wishing to purchase
data which were received at non-U.S. stations should, however, order from
that station (or agency) directly. Users should be aware of the fact

that data formats may vary from station to station.

Landsat Data Flow

The transmission of Landsat data to one of the three U.S. receiving
stations is the initial step in t* mplex series of steps which results

in the generation of master rep~o. 1ible data products. A simplification



Figure 3:

Approximate receiving ranges of worldwide Landsat ground stations.
Users Notes", May, 1979,
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of the present process for the generation of standard Landsat MSS data
products is shown in Figure 4.

Data acquisition takes place when the Operations Conirol Center
at NASA/Goddard commands the MSS to acquire data over selected areas.
These data are transmitted immediately if the satellite is within
transmitting range of one of the three U.S. stations, or are recorded
and transmitted Tater if not within the transmitting range. The station
receives the data via tracking antennas and records it on wideband
video tape (WBVT). A commercial domestic communications satellite
system (Domsat) is used to transmit the data in the WBVT format from
the Alaska and California stations to NASA/Goddard.

At NASA/Goddard the WBVT data are pre-processed 1o a digital form
and output to a high density tape (HD(). The pre-processed digital
data are then input to the Master Data Processor (MDP) for radiometric
and geometric corrections. The MDP also creates the annotaticn data which
will appear on each image when reproduced.

The data on the HDT which is generated by the MDP are transmitted
to the EROS Data Center (EDC) via Domsat. The digital data microwave
transmissions are received by an antenna at‘EDC and re-recorded on HDT
The data are now ready for processing by the EDC Digital Image Processing
System (EDIPS).

A micro-processor, which is part of EDIPS, is used to generate a
histogram of pixel values for each scene from the HDT data. This
histogram calculates the total number of pixels occurring at each of

the 128 intensity levels for each MSS band of the scene. Algorithms
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for haze removal and for the mapping of ihage grey levels to preassigned
film density levels using a logarithmic 1ookup table are also applied by
EDIPS. The digital data are then formatted for input to an on-line laser
beam recorder which produces the film version of the Landsat data.
Magnetic tape recorders are also on-line in EDIPS for creating computer
compatible tapes (CCTs).

The EDIPS-produced film and the fully processed HDTs received from
NASA/Goddard are maintained at EDC for product generation and disseminatior.
CCTs are produced upon user demand from the HDTs.

If no major problems are encountered at any point, a throughput time
of 12 days can be expected for the total process from acquisition to
archival for standard products. The throughput time will vary greatly

if nonstandard products are involved.

Landsat-D

The next satellite in the Landsat series is Landsat-D, which will
be known as Landsat-4 after successful launch (Figure 5). It is presently
scheduled for launch in late 1981. However, it may be launched soonek.
with a modified sensor package if both Landsat-2 and 3 cease operations.

Landsat-D will have a nominal orbital altitude of 705 km and a
descending equatorial crossing at about 9:30 to 10:00 a.m. It will
maintain a 16-day cycle of repetitive coverage.

Two sensor systems are scheduled to be aboard Landsat-D, each of
which will cover a ground area of 185 x 170 km per scene. The first

of the sensor systems is the MSS system, which will be similar to that
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aboard Landsat-3. The second system is a seven-band sensor called the
thematic mapper (TM) which will have an instantaneous field of view (IFOV)
of 30 meters in contrast to the 80 meter MSS IFOV. The TM spectral coverage
is shown in Figure 5.

The Landsat-D MSS data will be relayed to NASA/Goddard via the new
Tracking and Data Relay Satellite System (TDRSS). This system, which is
scheduled to be operational in 1982, will consist of two geosynchronous
communication satellites and an Earth station and will be used by all of
the NASA orbiting satellites. Landsat-D data wi'l be relayed to one of
the geosynch:onous communication satellites and then to a single ground
station at White Sands, New Mexico. From there the data will be
retransmitted via Domsat to NASA/Goddard. The MSS data will be
radiometricaily corrected at NASA/Goddard and relayed to EDC via Domsat.
At EDC the data will be geometrically corrected and further processed
for archival and dissemination. Final plans for <ihe processing of TM

data are not firm at this time.

Other Earth Resources Satellites

While the Landsat series of satellites is perhaps the best known
of the earth resources satellites, several others exist or are in the
planning stage. Among these are HCMM, Magsat, SPOT, MRS, Stereosat,
Mapsat and the Space Shuttle. |

The Heat Capacity Mapping Mission (HCMM) satellite was launched
in 1978 for the purpose of establishirg the utility of thermal infrared

remote sensor-derived temperature measurements of the Earth's surface
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taken within a 12-hour interval at times when surface temperature
variation is at maximum. These day/night temperature differences are used
for the determination of thermal inertia, i.e. the property of material
to resist temperature changes as incident energy varies over a daily
cycle. <

The HCMM spacecraft orbit is sun-synchronous with a 620 km orbital
altitude and a nominal ascending equatorial crossing time of 2:00 p.m.
The sensor aboard the spacecraft is the Heat Capacity Mapping Radiometer
(HCMR) with a visible (0.55 to 1.1 um) channel and a thermal infrared channel
(10.5 to 12.5 um). The resolution of the visible channel is 0.5 km and the

resolution of the thermal channel is 0.6 km. The swath width is 716 km.

A magnetic field-sensing sate]life called Magsat was launched into
lTow-altitude polar orbit by NASA on October 30, 1979, for the purpose of
gathering information about regional anomalies in the Earth's magnetic
field. Magsat provides both scalar and vector measurements on a broad
scale on a repetitive basis. The principal sensors aboard Magsat are
a Cesium-vapor total field magnetometer and a three-axis fluxgate
magnetometer. To reduce the effect of the spacecraft's own magnetic
field, the sensors are located at the end of a 6.1-meter extendable boom.

The French government is presently planning to Tlaunch a new satellite
in 1984 called le Systeme Probatoire d'Observation de 1a Terre (SPOT) or,
translated literally, the Earth Observation Test System. Its proposed
first mission will be to collect image data for land use investigations.
On this mission, SPOT will carry two identical, scanning-type, High

Resolution Visible instruments operating in the visible and near infrared
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portions of the spectrum. The swath width wj]] be 60 km and the resolution
will be 20 m or 10 m, depending on whether the sensors are operating in

the multispectral or panchromatic mode. A pointable mirror will make

it possible to obtain stereoscopic image pairs. The 822-km altitude orbit
will be near-polar and sun-synchronous with a descending equatorial
crossing at 10:30 a.m. and a 26-day repetitive cycle.

The Multispectral Resources Sampler (MRS) satellite is being planned
by NASA to utilize linear array technology. This technology involves the
use of an array of fiber optics which are aligned across the satellite's
ground track and "pushed" along the satellite's path. The MRS is
basically designed as a research instrument to provide higher temporal,
spatial and spectral resolution. It will thus facilitate research in a
variety of application areas. The MRS is presently awaiting funding for
the multilinear array.

Another future satellite which will utilize this new linear array
technology is Stereosat. Stereosat is being designed to provide world-
wide stereoscopic coverage using a single-instrument system equipped with
three high-resolution, line-scanning cameras. Two of these cameras would
be pointed fore and aft at equal angles from the third vertical-pointing
camera. The three dimensional stereoscopic imagery is useful for
determining the earth's structural forms for applications such as
petroleum exploration and geologic mapping. The orthographic data
obtained by the vertical camera could be correlated with Landsat-D
thematic mapper data. A sun-synchronous, 705-km altitude orbit with a
9:30 a.m. descending node is currently proposed along with a swath width of

61.4 km, a 48-day repetitive cycle and 15 m resolution.
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Mapsat, a mapping satellite which is presently in the conceptual
design stage, would be capable of acquiring stereo multispectral Earth
images using solid-state technology to minimize the use of moving parts.
The Mapsat sensor would operate in three spectral bands which are nearly
coincident with Landsat bands 4, 5, and 7 and would have a spatial
resolution as great as 10 m. The difference between Mapsat and other
imaging systems being proposed, such as MRS, is the manner in which the
sensors are pointed. The Mapsat sensor would be in a fixed convergent
stereoscopic system whereas the MRS sensor would have been pointed
mechanically.

The Space Shuttle, which is expected to be operational in the
early 1980's, will be a reusable manned aircraft/spacecraft which will
be capable of a large variety of missjons. Befcre each Taunch a mission
payload is installed in the payload bay of the Shuttle. Each mission,
which will typically last from seven to 30 days, will involve a diverse
array of instrumentation. Among the Shuttle missions will be those
with earth resources objectives. In addition, present plans call for
Landsat-D and follow-on earth resources satellites to be retrievable
by the Shuttle. This will reduce costs as well as allow for repairs

to be made in case of malfunction.
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VEGETATION MAPPING - EMPHASIS ON FORESTRY
IN SOUTHERN SUDAN
By

Yahia I. Bushara*

This presentation will deal with vegetation mapping with special empha-
sis on a particular experience in mapping the vegetation of the "Sudd" re-
gion of thé southern Sudan. Before describing how the vegetation was mapped,
I will begin with the application of remote sensing in crop inventory, for-
estry, agricultural crops, or any parameter of the land surface relating to
vegetation which may be measured.

Nowadays everything is getting very expensive, and man-power is the most
expensive element. Referring to time; if you wish to engage specialized offi-
cials in a survey, they will be very costly for the time spent on accomplish-
ing the task. Likewise, every assessment that is to be made by man with the
aid of ipstruments applying new technologies, the more time spent on doing
the job, the more expense you have to pay.

Vegetation mappirg is pursued for various reasons. For instance, we may
make a vegetaiion map o7 a certain part of a country for ecological reasons
to see what kind of vege.ction and plant associations are present. We may
wish to assess certain parameters of interest to us concerning the vegetation.
For instance, we may wish to assess the sorghum crop for a certain year or
the timber crop in a particular tract of forest. We have various parameters
which we use to assess them. Referring to forest inventory, the conventional

method is to have a map of the tract. Take a sample according to intensity

* Forests Administration, Ministry of Agriculture,Food, and Natural Resources,
Khartoum.
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and according to the area that is specified. Eventually, one knows the
parameters to be assessed and then applies the abpropriate statistical sam-
pling method and goes into the field, collects the data, processes it, and
comes up with the final assessment. This conventional method is very lengthy
and 1in under-developed countries Tike Sudan, it is very time consuming and
therefore very expensive due to the lack of ramification of roads, if any

roads exist at all, so accessibility is very difficult.

Remote sensing is helping in this sense. If we have aerial photo-
graphs of the tract, the matter simplifies and in a mosaic of the tract,
you have the whole area to be Tooked at, and the individual photographs can
be studied under the stereoscope. This enables you to divide broadly the
area into similar or different regions and to stratify the area. At the
same time one can Tocate the sample sites on the aerial photographs in
much Tess time than the conventional method of ground reconnaissance.
Aerial photographs, if they are taken together with ground reconnaissance,

are less costly procedure than pure ground reconnaissance.

Aerial photography is still not inexpensive. If you cover 50% or even
30% of the area by aerial photography, ycu have an enormous quantity of aerial
photographs to deal with and the office time spent on the "nterpretation and
the revision of information from these will be rather Tong. The longer the
time spent on any one job the more costly it will be.

Landsat imagery is a step higher. You can view an enormous area in Just
one frame, 185 x 185 kilometers. It offers a better look at the whole area
and an overall idea about the whole tract. For this purpose, the view from
Landsat is better than from stereo-pairs of aerial photographs or from a

mosaic, because the mosaic will be enormousiy large and it may have to be
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dissected into parts. Ground reconaaissance becomes very accurate as one
can go on doing the ground check according tc the specified preliminary in-
terpretation.

Aerial photography is a next step because on it trees can be viewed in
three dimensions. The height of the frees can be measured, the percentage
coverage of the crowns can be determined, and in some cases even the diameter
of ‘the trees can be measured. There are various criteria by which one can
. actually do measurements using the air photos. This is of course accurate
enough for most uses but not as accurate as actually going into the field,
felling the tree, and measuring its height, diameter and assessing it.

On Landsat imagery one can see all of the tract or a great part of it
in one or a few scenes. It is not possible to see as much of the details
as may enable you to conduct certain kinds of measurements. For instance,
it is not possible to define a single tree on an image.nor to measure its
height. A1l you can see are similar areas represented on the imagery by their
tone, and from this we assess our parameters on the basis of the area. So
the area is very essential to assess the amount of yield that may be obtained
from a certain crop to say it is so much in units per hectare. That is not
sufficient unless the area is known which is cccupied by that cover type. So
in the inventory, knowing the area is very important and fundamental in the
assessment of the parameters. Aerial photographs are helpful in area assess-
ment. Also, satellite images are helpful in the_assessment of the areas of
the various cover types, providing we are able to interpret the imagery and
delineate the areas cf the various cover types. So, to assess the areas of
the various cover types, as in the case of forest inventory, the area can

be stratified and samples taken from each cover types. Aerial photographs
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for sample areas can be cotained for each cover type instead of photographing
the whole area since the various cover types are delineated. From the aerial
photographs one may come down to a smaller area and take ground samples.
Then you can relatz the measurements back to the area and will thus be able
to come out with an assessment of the parameters whatever they may be, crop
yield, timber volume, fuel wood volume, or pasture carrying capacity.

This is a brief discussion of the use of remote sensing in the assess-
ment of parameters with reference to vegetation. Remote sensing offers a
great reduction in time and labor in assessing parameters. This new tool is
cost effective, and that is what we are after; to reduce the cost of all the
operations so that our return is higher.

A practical experience of vegetation mapping using Landsat data was con-
ducted in Southern Sudan, namely, the area of the Jonglei Canal Project.
When this matter was introduced several years ago, various information was
needed about the area as it existed at that time. Needed was information
about the geology, the soils, drainage, vegetation and all other aspects.
This experience which will be discussed is only one part of the total survey,
that of vegetation mapping. The material used in mapping the Jonglei Canal
area, whose location map is shown in Figure (1), are large scale, 1:250,000
topographic maps, and a Landsat mosaic of the area, (Figure (2)), at the
scale of 1:1,000,000 in black and white. The material available was this
mosaic, and also 1:500,000 scale, black and white enlargements of the same
frames used in the mosaic. There were also 1:1,000,000 color composite
prints for the different seasons of wet and dry. A field trip was made through
the area, going by road from Malakal to Jﬁba. Also, reconnaissance flights

at a low altitude in a small aircraft for a few transects were made covering
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the area, making yisua] obseryations of the ground surface. So, this is a
kind of multistage study using Landsat imagery, air reconnaissance, and
ground survey. There were no aerial photographs available.

A fair knowledge of the vegetation was essential in the interpretation,
as the interpreter knows what expectations are there. The use of the infra-
red band (band 7) together with the other bands gf the multispectral scanner
was very usefui for the study of each vegetation unit by comparing the dif-
ferent signatures it gives on each band. Band 4 1ies within the visible
green portion in the e]ectromagnétic spectrum, band 5 in the visible red,
while bands 6 and 7 are in the near infrared portion. It is known that
green vegetation gives very high reflectance in the infrared portion of the
spectrum so that if you have a band 7 image you expect vegetation to register
as very bright in comparison with other features on the surface of the earth.
If you have a color composite the green vegetation will be registered in
band 7 which is printed in red, so vegetation will appear in various shades
of red in contrast to other surface features around it.

Making use of the ground reconnaissance and aerial reconnaissance does
require an experienced interpreter; a preliminary map was prepared and then
a final vegetation map was produced. Due to its size it is not presented
in this paper.

A1l dense green vegetation as registered by band 7 of the scanner will
register very bright. The course of Bahr E1 Jebel from Juba down to Malakal,
and the White flile down to Kosti, is mostly covered with floating water
hyacinth so what we see is not the water surface itself but the plants that
are floating on the water surface. In the swamp area, known as the "Sudd

region", we find floating islands of all kinds of hydrophytic plants or
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weeds iike papyrus and Umm Tuba covering the whole surface of the water.
So, it was very easy on this map to delineate the hydrophytic areas or areas
with water covered by floating plants. The black spots within the white
areas are the open waters not covered by green plants. Water appears very
dark in band 7 because it does not reflect the infrared radiation but ab-
sorbs it so it appears dark. If this were a color composite the same inter-
pretation can be made but with different colors.

In Figure (2) the texture is sort of p’' .d or rough in the clayey
soil (flood plains). The lateritic soil has a different type of vegetation.
Grass gives us a smooth image texture and the black spots are burnings.
This was in November ard the white areas are unburned areas. The "Imatong
Mountains" are very densely covered with green vegetation and grasses and
show white. The "Kinetti River" which expends itself before it reaches
"Bahr E1 Jebel" into a swampy area and shows as a white Tine due to the vege-
tation near and in the channel. It is very much covered by water hyacinths
so you can even delineate the boundaries of the swampy area in this part.

This resulting map is a preliminary map because not all the material
was available and not much time was available for office interpretation.
Moreover, the ground and air reconnaissance were rather 1imited. But still,
you can see that a considerable amount of information was extracted from this
mosaic which was compiled from thirteen Landsat imageries. Through careful
interpretation we were able to guess approximately what was there on the
ground within a period of about three weeks.

In about three weeks we came out with an approximate map for an enormous
area. This would not have been possible if we were to use the conventional

methods of ground reconnaissance, as in some places you may not even be able
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to get access due to the swampy nature of the Sudd region. If we were to
use aerial photographs, it would have taken a longer time, and we would
have had to spend a lot more money for the photos and for more office and

laboratory work to produce such a map.
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IMAGE INTERPRETATION MQDELS FOR
LANDSAT DATA INFORMATION EXTRACTION
Donald Moore *

ABSTRACT

The Landsat image provides an interpreter a two-dimensional spatial
display representing the land surface; Differences in land surfaces are
presented on the image in the form of image tones, textures, and patterns.
Landsat also offers a new dimension of temporal or time changes. Due to the
satellite altitude of sensing, in contrast to aircraft altitudes for which
we are accustomed, the scales and resolutions of the data are considerably
different. However, the same interpretation procedures apply to either
aircraft or satellite images for extracting information. The interpretation
of images is based upon the ability of an interpreter to recognize image
features for which he correlates the image feature to known land surface
characteristics. This paper illustrates models for interpretation that
can be used by the interpreter to understand the data provided in an image

(or images) for extracting useful information.

* Head of the Visiting International Scientist Program, Remote
Sensing Institute.
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INTRODUCTION

The interpreter must relate image features of tone, texture, and pattern
to conceptualized landscape models for delineating and describing the mapping
units. He does this by his field experience and knowledge of landscapes to
&eve]op concepts, i.e. if certain areas should be bright or dark in tone;
that cultural practices associated with agriculture yield a rough image texture
versus the smooth jmage texture for surface water; or that a well integrated
drainage pattern indicates permeable surficial materials versus poorly
integrated or no drainage for other material characteristics. The ex-
perienced image interpreter has excellent knowledge of the relationship of
landscape to large-scale pancromatic photography but if he has no experience
with the multidate, multispectral, small-scale Landsat image he must rede-
fine his interpretation models. OCften the interpreter does not fully utilize
the "multi" of Landsat because too much information is available and he has
difficulty in assimilating all the information into a model for interpretation.
This paper provides brief examples of simple interpretation models and rationale
for their use for the glacial landscape of eastern South Dakota. The models
are site specific and transferability is limited as differences in climate,
vegetation, cultural practices, and the many variables occurring spatially
affect the resultant reflectance as captured by Landsat. However, the
beginning stages of any survey relies upon models such as the following
fo be generated and used when selecting appropriate imagery and when inter-
preting the data.

SPECTRAL INTERPRETATION

A simple model based upon.spectra1 data from Landsat can be applied

to surface water. Two features of surface water are normally observed in

Landsat; that of its identification, location, and area measurement, and
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secondly, that of turbidiyby mineral or biologic materials. The basic physics
of 1ight penetration in water yields information to establish an interpretation
model: Figure 1 illustrates the anticipated depth of penetration of the sun's
energy for the various Landsat spectra. The maximum penetration of light energy
in pure water occurs in MSS 4 decreasing through bands MSS 5, 6, and 7.

Examples of photographic images in Figure 2 illustrate the same
concept. The white reflecting bottom of the swimming pool can be observed
through the water in the shorter, "red", spectral region and can not in
the Tonger, "infrared", region. Note the visibility of lines on the bottom
of the pool in Figure 2a.

If absorbing, refiecting, and/or scattering substances are dissolved
or suspended in the water, their spectral properties will influence the
scene reflectance. This property, in addition to the depth penetration of
various wavebands, provides a method of multi-spectral interpretation
using the Landsat data. To locate surface water bodies, the MSS-7 infrared
spectral region will define the boundaries due to the high scene contrast
between water and the surrounding landscape. If substances tt .t reflect and
scatter the incoming radiation are present in the water body, which would
yield tonal contrasts between "clear" water and "natural or turbidf water,
the substances would have to be on the surface or very near the surface of
the water to be observed in the infrared bands. Whereas, the red and green
bands could reveal differences at greater depths. For clear water, the
greatest potential depth penetration of the 1ight energy in the spectral
regions available for the Landsat data would be in the MSS-4 images. There-
fore, the greatest potential for bathymetric mapping would occur in MSS 4
or 5. A comparison of different water bodies in the same scene may then

lead to a ranking of those which are more turbid than others. Multidate
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observations may indicate to the biologist or other intarpreter reasons for
the turbidity differences.

The interpreter can use these general relationships on data as presented
in Figure 3. The Landsat data can be interpreted for an initial stratifica-
tion of lakes for subsequent detailed ground-based sampling. Using this
procedure, a sampling program can hopefully be developed to include the
widest variation in lake characteristics. A group of lakes (Figure 3) in
the northern portion of the"Prairie Coteau"in eastern South Dakota is used
for the example.

Note that for MSS 7, the lakes appearuniform in film deusity. If
surface area is not used in the stratification, then proceed to MSS 6. Lake #1
appears different than #2 + 11 and should be set in a separate class. In
M™< 5, lakes #2, 3, and 5 appear different than #4, 6, 7. 8, 9, 10, and 11.
Proceeding to MSS 4, and first comparing #2, 3, and 5, note that #2 and 3
appear separable from #5. Next in comparing #4, 6, 7, 8, 9, 10, and 11,
the film density exhibits a contrast between lakes #4 and 11 versus #6, 7,

8, 9, and 10. The stratification is summarized in Table I.

In summary, for a stratification based only on reflectance differences
in the Landsat spectral regions, five separable lake classes were developed
using only a visual analysis technique. If a ground-based sampling program
were developed to study five lakes, which hopefully would include large
differences in lake characteristics, this procedure would be helpful for
selecting lakes with widely differing physical and chemical qualities. One
lake from each of the classes should be selected. The same screening proce-

dure could be used to locate sampling points in turbidity plumes, river



Table I. Lake stratification based on reflectance as recorded on the Landsat multi-spectral data
presented in Fig. 3.

Spectral Band Lakes Classified into Separable Classes*
MSS 7 Class A
1,2,3,4,5,6,7,8,9,10,11 (no stratificatien)

MSS 6 Class Al Class A2

#1 #2,3,4,5,6,7,8,9,10,11
MSS 5 Class Al Class A2a | Class A2b

#1 #2,3,5 #4,6,7,8,9,10,11
MSS 4 Class Al Class A2al Class A2a2 Class A2bl Class A2b2

#1 #2,3 #5 #4,11 #6,7,8,9,10

Final Classification

Resultant CLASS I CLASS 11 CLASS 111 CLASS 1V CLASS V
pratl-  n #2,3 #5 #4,11 #6,7,8,9,10

* Numbers denote specific lakes as identified in Fig. 3.

8ot
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discharges, etc. The jinterpreter, unless very familiar with the area, does
not know exactly what is causing the difference but he does know that differ-
ences exist and he can design his sampling program accordingly,

Emergent vegetation in the shallow prairie potholes can be easily
identified using a multi-spectral interpretation. Prints of MSS bands 5 and
7 are shown in Figure 4, The emergent vegetation (lakes 1 and 2) is as
highly reflective in the MSS-7 band as the surrounding landscape; whereas,
in band 5 the vegetation appears similar to the water. Therefore, viewing
the two spectral regions identifies both open water and potholes which are
filled with emergent vegetation. Merging the reflectance anomalies of vege-
tation with those of water are therefore required. As we increase the
complexity of the landscape, the models become more comp]ex.

LANDSCAPE ANALYSIS MODELS

A model has been developed and applied for locating shallow glacial
aquifers in Eastern South Dakota. Specific cropping patterns are prevalent
for the different types of geologic materialsrepresented in eastern South
Dakota. Experience indicates that only rarely can aquifers be delineated
by Landsat interpretation solely on the basis of landform recognition in
this area. This is because the topography of eastern South Dakota is
flat and the land is under heavy cultivation. The newcomer to this area
is usually amazed at the flat countryside which is covered by a patchwork
of fields. Aquifer identification must be made, therefore, by recognition
of land-use features associated with aquifers. A typical landscape model
of the region is shown in Figure 5. The outwash terrace and alluvium

are the features to map for aquifer location,
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About 50% of the land surface of eastern South Dakota is pasture while
the remaining 50% is cultivated and is roughly divided equally among alfalfa,
corn, and small grain. Morainal areas tend to have high percentages of grain
and low percentages of alfalfa; whereas, terraces and flood plains have high
percentages of pasture and alfalfa and low percentages of corn and grains.

One reason is that flood plains are normally wet in the spring and hence

early row crops are not planted because tillage operations and planting are
difficult in regions of wet soils. Deep-rooted phreatophytes, such as alfalfa,
are well-adapted to this environment. They require no early spring tillage

or harvesting and can beneficially use water from the shallow water tables.
Remote sensing identification of aquifers underlying major valleys is possible
by observing these and other land-use patterns associated with the flood
plains. A spectral model for the landscape in Figure 5 must be generated
reflecting major seasonal reflectance variations for the various landforms.
This model is presented in Figure 6.

Flood plains are (2) used for rangeland in boggy (high water table)
areas, or (b) are planted to crops including corn and alfalfa. In the spring
they generally have Tow infrared reflectance where plowed, moderate reflect-
ance where they are rangeland, or high reflectance where they are planted
in alfalfa. In the fall, flood plains generally have moderately high reflect-
ance. They are most easily recognized by their irregular, elongaged patterns
and by the irregularity of field patterns on the immediately adjacent uplands.

Outwash terraces (e.g. those with >1 m (3.3 ft.) of loess cover which
stores water) are plowed in the spring and have very low infrared reflectance.

In the fall they have high reflectance. However, these terraces are evident
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only with considerable scrutiny, and are difficult to distinguish from
other geologic features such as a ground moraine.

The spectral analysis which permits delineation of flood plains and
their associated outwash aquifers from areas of till involves many factors.
In general the aquifers have:

(1) Lower infrared reflectance in late spring imagery. This is

caused by the cultural practice of plowing more of the flood plain
in the late spring exposing the consistent dark-colored "A"
horizon which has a high organic matter content.

(2) Elongated outline, caused by the orientation of the valley;

dendritic tributaries may be present.

(3) Small elongated down-valley patterns within the valley, caused

by tree-covered channels, oxbows, and abandoned channels.

(4) No knob and kettle topography such as found in end or stagnation

moraines.

(5) Meandering streams visible within the larger valleys.

(6) Serrated pattern along the edge of the valley, caused by stream

meanders.

The spectral model for aquifer identification is especially required
when selecting appropriate dates of Landsat imagery for analysis. Figure 7
is a September Landsat coverage and has relatively uniform land cover over
all the landforms. These data have little value for aquifer identification.
Figure 8 shows the same area in May when differential land cover allows
interpretation of landforms which provides the key to Tocation of outwash
aquifers. Compare the spectral information io the cross-sectional and plan

views of Figure 5. Recent alluvium (A), terraces, (B), slopes, (C), and
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upland morainal deposits (D), are all easily intepreted from the May Landsat
data. The aquifers underlie A and B. Figure 9 illustrates the resulting
aquifer interpretation for the"Prairie Coteau"and region to the south when

this model is applied.
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CONCLUSIONS

Landsat data provide a valuable tool when used by an experienced

interpreter who understands the landscape in question. Many data users make
the early mistake of acquiring Landsat in spectral regions and during a
season where theinterpretation is difficult since 1ittle scene contrast is
available for interpretation. If appropriate data were available optimizing
contrasts  the interpreter would then consider Landsat as a valuable asset.
The time required to order and receive data while in the survey phases does
not allow mistakes in ordering the wrong data. A model must be developed,
the data ordered responding to model predictions for a spectral assessment
of scene features in question, and the data ordered accordingly. Any data
reorders take more time than is normally available.

The models are site specific and must be developed for the region in
question. Often in regional surveys, various models must be developed to reflect
climatic and landscape changes within the region. The radiance measured by Land-
sat is a function of the reflectance at the land surface. If vegetation occurs
on the surface, Landsat depicts the vegetation. Likewise, if weathered
geologic deposits occur at the surface, the reflectance is from that weathered
surface and not from the hard rocks underlying. Therefore, the interpreter
must utilize his knowledge of Landsat and of the landscapes in question to use
seasonality and multispectral to his advantage rather than as a disadvantage.

This can only be accomplished through modeling.
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Typical Landscape Model of Eastern South Dakota
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Fig. 5 - Idealized sketch showing geology and land forms on the
Prairie Coteau in Eastern South Dakota. The cross
section has a vertical exaggeration of about 20x.
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IR Reflectance Related to Hydrogeology
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Fig.6 . Schematic cross section and plan views showing the theoretical
infrared reflectance and patterns associated with aquifers.
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RADAR USES FOR NATURAL RESOURCES
INVENTORIES IN ARID ZONES

Stanley A. Morain¥
ABSTRACT

Although it is believed that imaging radar systems will serve an ancil-
lary role to photography in remote sensing of desert environments, the scope
of their usefulness should be closely reviewed. Normally the atmosphere
over arid lands is cloud free and contains little moisture, hence photographic
sensing in both the visible and infrared spectral vegions is greatly enhanced.
Spectacular photographs obtained by Gemini and Apollo spacecraft over the
Sahara, the southwest United States and Australia testify to the potential
of photography in acquiring resource data from these localities. Degradations
result, however, from high albedos, which reduce contrast ratios; dust and
haze, which reduce contrast and scatter short wavelength signals; color
ambiguity, which confounds the task of terrain identifications; and earth-
sun relations, which influence the quality of data received. Moreover, one
should note that most arid lands are poorly known, remote, only partially
photographed from aircraft altitudes, and very sparsely mapped. Under these
circumstances radar, employed simultaneously in space, might prove highly
useful in landform inventories and studies of broad vegetational distributions.
Other critical information pertaining o soil moisture variations, saline

and mildly saline situations and certain geologic structures may be obtained.

* Director, Technology Application Center, University of New Mexico,
Albuquerque, New Mexico.
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Lastly, the superiority of imaging radar to record continuous broad swaths
of terrain should facilitate resource inventories by providing a preliminary,

though non-metric, mapping base.

INTRODUCTION

Remote sensing of Earth's natural environments has progressed rapidly
in the past decade. 1In 1972 the first earth resources satellite (LANDSAT)
carrying scanner and camera systems was placed into polar orbit. Their
primary task was to record and monitor both physical and cultural terrain
features to provide data for thematic maps and land use inventories. Also
in '72 the first microwave experiments from space were performed on Skylab I.
Although the prime effort in Skylab was directed at sea-state and radiometric
temperature determinations, tasks were designed for terrain investigations
as well. Both active and passive microwave sensors were on-board but their
ground resolutions were so gross (ca. 10 km/side of the resolution cell)
that detailed terrain applications were not possible. Eventually it is
hoped that fine resolution imaging radars will be added to satellites for
resource inventories from space.

It has been argued that imaging radars will serve an ancillary role to
photography in sensing dry environments (Simonett, et al., 1969a). Normally
the atmosphere over arid lands is cloud free and contains little moisture;
hence the number of hours available annually for conventional and infrared
photography is much higher than would normally be experienced in either the
humid low latitudes or in high latitudes. Spectacular photographs obtained
by Gemini and Apollo spacecraft over the Middle East, Australia and the

southwestern United States testify to the potential of photography for
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acquiring resource data from these regions (0SSA, 1970). Figure 1 is an
enlargement of portion of an Apollo 6 photograph of the Tucson area taken
with a hand-held Hasselblad camera in April 1968 from a height of 217 km.
Aside from minor red saturation related to time (about 7:45 a.m.) and film
type, the image is of very high quality. Data losses can occur, however,
through the combined effects of high albedos with dust and aerosol concen-
trations in the atmosphere. These phenomena tend to reduce image contrast
and scatter short wavelength signals (Figure 2). In addition there are film
and terrain related color ambiguities which confound the job of terrain
identification (Artsybashev, 1962; Simonett, et al., 1969b). Considering
that the arid lands of the world constitute almost 36% of the land area, are
poorly known, remote, sparsely mapped, and largely unphotographed from
aircraft altitudes, it is important to investigate sensors which are inde-
pendent of solar illumination and most weather conditions.

The following account outlines the basic principles behind radar
imaging by reviewing the system and terrain parameters effecting data out-
put; then proceeds to give examples of arid land studies conducted by the
author and others from the Remote Sensing Laboratory, Center for Research

at Kansas University.

RADAR SYSTEMS
For terrain sensing the basic radar equation (1) states that the power
returned (Pr) to the receiver from any scattering element is a function of
the transmitted power (Po)’ the gain of the antenna (G), the wavelength
of the

P, = oGZPo)\ 2 [f(o ¢)]4
(4 =)°R% 1)
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transmitted energy (»), the backscattering coefficient (g) for that el:ment,
some function of fhe f]ook" angle (g ) and the beam width (), and the

distance (R) to the target. In this equation each of the sensor parameters

can be precisely controlled so that the only terrain variable is . For areas
which are large and homogeneous in relation to the wavelength of the system
being used, the backscatter equation can be rewritten in terms of a back-
scattering cross-section defined as ¢°, a dimensionless ratio which incorporates
beam width (¢) and pulse length ()) into an areal average. It is this value,
o®, that is central to radargrammitrists as the best terrain descriptor in

the active microwave region.

Parameters which affect the magnitude of o can be divided conveniently
into those which influence the dielectric properties of the terrain, such as
moisture and salt content; and those pertaining to system and terrain geometry.
Our knowledge of the contribution of complex dielectric to Backscatter from
terrain is scanty and as a consequence geometric properties usually become the
main issue in interpretation. It is likely that, as systems become more re-
fined, and as the reflectivity/conductivity properties for various entities
become known, the ability to separate dielectric influences from roughness
influences in the environment will be enhanced. For the present it is
generally true that the larger the dielectric constant, the larger will be
o®. Most natural solids have constants less than eight. However, at K-band
frequencies (see appendix A) Moore (1969) has calculated that water approaches
30. For this reason we should expect moisture to be a predominant influence
on radar return from the ground.

Typical geometry for a side-looking airborne radar (SLAR) system is

whown in Figure 3 as it might have appeared over Tucson, Arizona (compare
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Figure 5). For a fixed cell size ¢® has angular dependencies which are a
function of the roughness, volume scattering and resonances determined by
object geometry. "Smooth" surfaces (those which have scattering facets less
than ca. A/10 apart) are characterized by specular-like reflection; that is,
at all incidence angles other than 0° they reflect signals away from the
receiver and appear as dark grey or black on the resulting imagery. In optics
an approximate analogy would be to shine a flashlight onto a mirror in a
darkened room. If the light is aimed directly into the mirror (zero inci-
dence) an intense bright spot will appear; at all other angles the return
will be much diminished. "Rougher" surfaces (those with scattering facets
between A/2 and 2\ apart) behave more nearly as isotropic scatterers; con-
sequently they have a nearly constant return as incidence angle is increased.
Carrying through with the analogy, it would be as if the observer shined the
flashlight onto a projector screen instead of a mirror. Differences in
arising through variations in polarization are not well documented, but in
theory rougher surfaces have greater depo]arizing potential. At small o°

angles of incidence depolarization will be least (MacDonald and Waiter, 1970).

In Figure 4 backscatter curves taken from unpublished NRL data are
presented for a portion of the New Mexico desert. Two frequencies (X- and
S-band) and four polarizations (HH, HV, VV, VH) are compared over a 90 degree
sweep of viewing angles (8). For the X-band frequency with a wavelength
between 2.8 and 4.8 cm the like-polarized components (HH and VV) are indis-
tinguishable, as are the cross-polarized returns (HV and VH). The difference
between the cross and 1ike terms however is about 10 db. Theoretically this
suggests that different terrain informationcould be obtained by imaging in

the two modes. In this particular case, however, the trend of the two curves



130

is so similar that 1ittle new information is obtained by comparing them. At
the S-band frequency (7.7 to ca 19 cm), on the other hand, non-linear differ-
ences occur between all four polarizations and these probably pertain to
ground properties. Since S-band is a lower frequency than X-band, one would
expect better surface penetration, and this may be the the explanation sur-
rounding differences displayed in Figure 4. In addition, by increasing the
wavelength, surface roughness properties change accordingly. By linking
imaging radars that employ widely separated frequencies it may be possible
in the arid zones to delimit hardpan, shallow stone lines, sand depths, or
a host of other surface.and near subsurface phenomena. For these kinds of
studies the absence of moisture in the environment is a definite advantage.

A final but critical parameter of interest to radar users is resolution.
The average resolution of data contained in this report is 50 feet. Much
finer data can be obtained by converting from so-called "brute force" to
"synthetic aperture" systems. In optical terms this is equivalent to in-
creasing the focal length of the camera. The overwhelming advantage for
radar is that, even from space altitudes, fine resolution can be maintained.
Thus by narrowing the swath width in a synthetic aperture system, data of
finer resolution than that presented here are anticipated from space. More-
over, since orbiting platforms are more stable than ai~craft, image distor-

tions and other degradations caused by air turbulence should be reduced.

ARID ZONE APPLICATIONS
Initially, space oriented resource inventories will focus on such broad-
scale topics as soil, vegetation, geology (geomorphology), drainage and

hydrology (including irrigation) and agriculture. As thematic maps and other
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land use information become availavle for these interests, more comprehen-
sive management and development schemes can be implemented. It is therefore
important to appreciate the role radar ~ata might play in some of these
initial surveys. The following sectic.is deal specifically with soil, vege-
tation and hydrologic mapping cawabilities.

Soil Mapping

Several investigators have reported on the scope for soil studies using
radar data as a base. Simonett (1968) was able to distinguish four soil
associations in Woods County, Oklahoma near the dry/subhumid boundary.

These were largely restricted to uncultivated areas such as badlands, salt
plains, floodplains and terraces. On adjacent cultivated land soil texture
patterns were masked by complex crop geometries and variable moisture
patterns. Barr (1969) found that regional engineering soil types could be
identified by inference combined with recognition of repetitive patterns.

In his study areas it appeared that brute force systems yielded higher
quality data than synthetic aperture radar, but given the present state-of-
the-art in these type systems this is not surprising. Since there was little
penetration at the wavelengths used by Barr, the reflecting surface was found
invariably to be the first surface intercepted by the signals. In desert
regions that surface is usually a combination or rock o bare soil and

desert shrub. The Tow density of plants per unit area together with a wide
range of soil textures over short distances, leads one to suspect that signi-
ficant soil information might be derived from the radar frequencies.

Figure 5 is a reproduction at original scale of Ka-band imagery
A = .8-,9 cm obtained over Tucson in November, 1965. The valley region is

devoted largely to irrigated agriculture and, as Simonett found, the soil
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pattern is mostly obscured. Large areas on the alluvial fans and smaller
areas along the valley (particularly adjacent to the Santa Cruz River)
reveal a pattern closely resembling that mapped by the USDA Soil Survey
(Young, et al., 1931). Vegetation throughout the uncultivated area corsists

of creosote bush (Larrea divaricata), scattered mesquite (Prosopis juliflora)

and burroweed /Haplopappus tenuisectus). It is improbable, therefore, that

the patterns 5n the imagery are due to definable plant communities. In Figure
6a boundaries have been delineated from the radar by combining information
from the 1ike (HH) and cross (HV) terms. Once delineated, the areas could
be categorized through reference to the preexisting soil survey map compiled
in 1931. A complete set of texture types including broken and stony land,
coarse textured pebbly and sandy soils, silt loams, ioams and clay loams
resulted from this categorization. Highest returns on Figure 5 are observed
for the stony and pebbly soils especially those in the near and medium radar
range; that is, at lower incidence angles. These surfaces are apparently
behaving as isotropic scatterers, perhaps because of the angularity of the
sand grains comprising the surface and the comparability of their size to
that of the transmitted wavelength. Generally, as texture becomes finer,
radar return diminishes: Tloams, clays, and clay loams image as medium to
cark gray tones, while silt loams image almost black. The apparent anomally
of silt 1oéms imaging darker than clay loams in what is otherwise a consis-
tent trend may be explained by the fact that, in this area, the Gila silt
Toam characteristically melts together to form a smooth surface reflecting
the bulk of radar signals away from the receiver.

The patterns on Figure 6a can be compared with a simplified version

of the USDA soil map illustrated in Figure 6b. The major difference between
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Soil Boundaries Northwest of Tucson, Arizona
(derived from K-band SLAR)
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them is that the cultivated area has expanded since 1931, Most of the ex-
pansion has involved soils of the Gila series. The overall correspondence
in pattern is striking and suggests that interpreters knowledgeable about
local soil-vegetation-topography relationships could produce reconnaissance
or semi-detailed soil maps from radar. Much research still needs to be
done, however, to define o° for various soil textures and conditions, as
wei] as moisture contents, at specified frequencies and viewing angles.

Consistency of radar backscatter is, of course, an important issue in
mapping any terrain phenomena. It is encouraging, therefore, that exactly
the same texture/backscatter trend has been observed and mapped near Tule
Mtn. in the Trans-Pecos of southwest Texas. In this locality broken and
stony land was separable on the basis of terrain texture and drainage patterns.
Very gravelly loam representing the Reeves series imaged in medium grey tones,
and, as texture became finer in the Ector and Rio Grande series, backscatter
intensity diminished.

Vegetation Mapping

Vegetation patterns have been observed on radar imagery from a wide
variety of eavironments. In only a few cases however have desert communities
bsen identified directly rather than as a surrogate related to soils or topo-
© graphy (Morain and Simonett, 1966). The reason, primarily, is that desert
communities are gnerally low and sparse. Consequently, their backscattering
cross-sections are complicated by "noise" from lithology, soil surfaces,
moisture contents, and possibly by salinity patterns. This is precisely the
kind of problem confronting interpretation of coarse resolution color space
photography. For this and other reasons it is widely agreed that unambiguous

identification of area-extensive terrain categories can seldom be achieved
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by a single sensor without the aid of local surrogates, perhaps not even then.
Given a basic pattern such as that in Figure 6a local interpreters could make
sound judgments regarding the distribution of plant communities.

Figure 7a,b shows two aspects of the desert vegetation in Escalante
Valley, southwestern Utah. The region is largely characterized by great

basin sage (Artemisia tridentata) but in lower lying and more saline localities

shadscale scrub (Artiplex confertifolia) becomes the dominant type. In mois-

ter, less saline situations a variety of grasses form the association and on
the upper slopes of the alluvial fans, juniper woodlands occur. The sagebrush
type is uniformly low but has a variable density. In more open areas a sandy
(pebbly) surface is often exposed to radar signals, but in denser stands there
may be relatively little return contributed by soil--especially at higher
incidence angles where objects protruding from a flat surface intercept most
of the impinging signal.

From the radar imagery it is possible to delimit the shadscale scrub
community, the larger localities of grass, and, by inference, the area domi-
nated by sagebrush (Figure 7c). Juniper woodlands cannot be confidently
Tocated due to their association with rough topography. Preliminary field
investigations have confirmed that plant cover more than soil differences
influence the radar return from this area, though a more detailed examina-
tion might show equal dependence. Unquestionably the soil and vegetation
patterns are highly correlated. Figure 7c suggests that the most important
influences on backscatter from desert terrain are height and density of
vegetation and soil texture. If so, significant differences in image texture,
tone and polarization should be observable in places such as central Australia

where huge areas are dominated by mulga scrub (Acacia aneura), spinifex plains

(Triodia spp.) or mixtures of the two. The bluebush deserts of South Australia
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consisting mainly of Kochia should be analogous to the great basin sage of
North America.

As a second example of mapping potentia] for vegetation, Figure 8 shows
a high altitude area north of Flagstaff, Arizona. Within the region three

vegetational zones are known to exist; pine forest (mainly Pinus ponderosa);

grassland; and juniper woodlands. From the preceeding discussion one would
expect to find clear cut boundaries attending such grossly different height
and density phenomena, at least at higher incidence angles. Inspection shows
that this is indeed the case. The variations are so great in fact that image
textures as well as tones can be delineated and categorized. For areas of
pine forest (see Figure 9a) a definite "popcorn" texture is observed on the
original imagery. Since both polarizations display nearly the same tone and
texture, it appears that ponderosa forests have little depolarizing potential.
"Texture" is a complex ccmbination of phase relationships between trees of
varying height and resonances associated with needle spacing. Phase may be
particularly important in mature stands where scattering facets facing the
receiver are added in time phase (giving a bright spot on the imagery) and
those facing away from the receiver are subtracted (giving a dark spot).

On enlarged versions of the cross and 1ike polarized components, intri-
cate patterns of tone and texture can be recognized, then categorized
according to known ecological relationships and image appearance. Figure 9a
demonstrates the capacity for mapping not only the broad structural groups,
but several subgroups as well. Although the cross polarized image is not
shown in Figure 8, the addition of this information permits a few houndaries
only marginally distinguishable on the HH to become clear. The technique is

analogous in photography to adding a different film-filter combination.
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Fig. 8 K-band like polarized imagery of the Kendrick-Humphreys Peak
area, Arizona. Tones and textures represent broad plant commu-~
nities.
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Presumably, if the full complement of polarizations and viewing directions
were available, highly reliable delineations could be made. The reasons

why some plant communities depolarize signals more than others are not fully
known. Some preliminary statements can be found in Morain (1967) and Morain
and Coiner (1970).

Detection of Moisture Related Phenomena

By definition moisture is the most precious resource in desert areas.
Any information pertaining to it would be valuable input into problem solving
and development schemes. It has already been demonstrated that radar imagery
can serve an important function in drainage basin analysis (McCoy, 1967) and
two important conditions particularly favor its use in desert environments:
1) the relative absence of vegetation, which, if dense enough, can obscure
surface configuration and drainage details, and 2) the enhancement of terrain
features arising from radar highlighting and shadowing. Using enlarged
imagery ‘McCoy has shown that data for stream length, stream order and basin
size comparable to that calculable from 1:24,000 topographic maps can be de-
rived. These data are not presently extractable from space photography be-
cause of inadequate ground resolution. Even without this limitation the
similarity of albedos between desert washes and surrounding countryside would
hinder their extraction. Figure 10 illustrates the potential for radar
drainage studies in a highly complex region around Tule Mtn., Texas.

Aside from drainage studies, radar sensors have been shown by MacDonald
and Waiter (1970) to be sensitive to gross soil moisture variations when
viewed in the near radar ranje. Extending their results, it may be possible
to identify moisture regions in the desert immediately following rainfall.
The addition of moisture to fine textured soils, which, when dry, image in

dark tones, should increase their backscattering cross section. In contrast,
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coarser textured sQils haying rapid internal drainage and faster drying rates
(and which already approach isotropic backscattering characteristics) may
show only minor changes with additional moisture. By monitoring the time
required for various o® to return to typical dry values, subtle patterns of
moisture persistence in the landscape might be detected. Examination of
imagery obtained over the Trans-Pecos during a mild storm in November 1965
.appears to lend support to this hypothesis.

Another interesting possibility involving tandem radar systems operating
in widely separated frequences (or for a single system with a sweep frequency
like that being developed at Kansas) might be in mapping atmospheric rainfall
patterns and comparing them to simultaneously obtained ground moisture patterns.
The first task would employ a high frequency system sensitive to rainfall while
the second would use a lower frequency able to penetrate rainfall rate of a
known amount.

CONCLUSIONS

The versatility of radar sensors and their demonstrated ability to
supply data for selected mapping problems warrants their consideration for
inventory programs of arid zones. Among their advantages are: 1) independence
from solar elevation which, for passive photographic sensors, severely in-
fluences reflectance properties of terrain phenomena; 2) independence from
haze, dust and other attenuating materials in the atmosphere; 3) the ability
to maintain fine resolution even from space altitudes by electronically con-
trolling the length of the antenna; 4) the ability to image continuous swaths

of terrain to obtain a preliminary mapping base~--albeit non-metric; 5) the
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potential with long wavelength systems for conducting studies of hardpan
and other near subsurface phenomena; 6) the sensitivity of medium and fine
recolution systems to structural differences in vegetation, and 7) their
sensitivity to terrain moisture conditions.

Further research must follow to ascertain the relationships of o°
to frequency, polarization, complex dielectrics, and incidence angle. Our
Timited investigations indicate that low angles are best for detecting differ-
ences in soil texture and moisture, while higher angles are more sensitive to
vegetation height and density. It is not anticipated that radar sensors,
either SLAR or spaceborne, will replace photography as a primary data source,
but the unique contributions of active microwave sensing for resource inven-
tories in deserts should be vigorously pursued. Perhaps radar will prove to
be more valuable than at first suspected and will fulfill a supplementary

rather than merely ancillary role to photography.
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APPENDIX A
Radar Band Frequency Range Wavelength
GHz Range (cm)
P 2 - 4 133.3 - 76.9
L 4 - 1.5 76.9 - 19.3
S 1.5 - 3.9 19.3 - 7.69
C 3.9 - k.2 7.69 - 4.84
X 6.2 - 10.4 4.84 - 2.75
K (General Designation) 10.9 - 36.0 2.75 - 0.83
Ku Approx. 12.5 - 18.0
K Approx. 18.0 - 26.5
Ka Approx. 26.5 - 40.0
36.0 - 46.0 0.83 - 0.65
v 46.0 - 56.0 0.65 - 0.53
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ABSTRACT

The use of Landsat data in reconnaissante disaster assessment was
evaluated for the 1978 Gezira Flood of Sudan. The authors concluded that
Landsat data are beneficial fora rapid assessment of large-area flood damage
if high quality, cloud-free data are available in a timely manner. They
are best used in stratifying zones of varying levels of apparent damage.
After quantification of various themes of damage by ground or Tow-flight
aircraft observation, the Landsat interpretation provides a data base to
extend the point observations into a map. The mapping units are measured to

quantify the assessment.

* This work was performed under contract AID/OFDA-147-79-03 with the Office
of U. S. Foreign Disaster Assistance, Agency for International Development,
Washington, D. C. and published at the Fourteenth International Symposium on
Remote Sensing of the Environment, April 1980, San Jose, Costa Rica.
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INTRODUCTION

Heavy rains fell on parts of the Sudan in July 1978 resulting in
widespread floods. The fezira agricultural scheme in central Sudan was
heavily damaged. This irrigated agricultral scheme 1ies between the Blue
Nile and White Nile, forming a triangle with Khartoum at the apex, and
Kosti and Sennar at the base (Fig. 1). It covers an area of about
one-million hectares in the vast flat clayplain between the two rivers.
The Gezira agricultural scheme is Sudan's economic backbone, since cotton,
the nation's major foreign currency earner, is grown there.

The Gezira province received 370 mm of rain in two days, two and a
half times its 150 mm average annual precipitation. The flat terrain
and Tow permeability of the heavy clay soil, together with the irrigation
water already brought to the fields just before the rains, created an
environment very prone to flood damage. The malfunctioi.ing of the limited
surface drainage system helped cause the water to remain ponded on the
soil for a long period of time after the rains had ceased (Gezira Board

Annual Report 1978-1979).

According to preliminary reports, about 500,000 people were affected;
150,000 became homeless. One hundred villages were completely destroyed,
and 220 villages were badly damaged. A low-altitude aerial photograph
of a flooded village in central Gezira Scheme is shown in Fig. 2. As
most of the houses were built of clay, they collapsed easily when soaked
by the flood (Fig. 3). About 600,000 hectares of crops, mainly cotton,
were flooded. Large portions of the irrigation canals were destroyed
and thousands of tons of fertilizers and pesticides already applied to
the soil were washed away. Several thousand head of livestock were drowned
(verbal communication with P. F. Krumpe, and news releases in Sudanese

newspapers).
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It was reported that the areas most affected by the flood were
the northwestern parts of the agricultural scheme known as the
"Managil Extension". The general slope of the scheme trends towards
the northwest to the Managil Extension.

The whole Gezira area was inaccesible for several weeks after the
flood. Most of the ro:ds in the area are not paved and become impassable
when wet. This situation resulted in the lack of timely data concerning
the flood.

In response to the Sudan Government's appeal for international
help, the Office of U. S. Forcign Disaster Assistance (OFDA) participated
in the efforts of relief and rehabilitation for the disaster stricken
area. Meanwhile, OFDA decided to use the Sudan flood as an example
to study the applicability of Landsa£ data in assessing flood damage.

Several studies have been published on the applicability of Landsat
data for flood disaster assessment. The work of Myers and Waltz 1972,
Benson and Waltz 1973, Deutsch et al 1973, Moore and Rusche 1974,
Deutsch and Ruggles 1978, and Thillaigovindarajan 1978, offered the

authors good guidelines in this study.

OBJECTIVES
The objective of this study was to evaluate Landsat data for flood

disaster assessment for the Gezira or a similar flood.

AVAILABLE DATA
Two post-flood Landsat coverages were obtained (Fig. 4). The

first was on the 4th and 5th of August 1978 and the second was on the
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13th and 14th of August 1978. The first had considerable cloud cover.
The second had only a slight cloud cover. Both coverages were utilized
in this study.

Ground information concerning damage caused by the flood was generally
not available. Meither the Sudan Gezira Board's annual report for
1978-1979 nor the records of the Sudan Gezira Board and the Ministry
of Irrigation contained the typs of information that could be used in
this study. This was partially due to the inaccessibility of the whole
region for several weeks after the flood. Several maps for the area
were obtained from the Sudan Survey Department which were helpful for
delineating village locations, roads, topography, and irrigation
canals.

The infcrmation collected by interviews from officals of the Gezira
Board and other offices, as well as from local people witlin the flooded
area, was of a generalized nature and was not the result of a documented

survey.

INTERPRETATION

Landsat data for the scenes shown in the index map (Figure 4)
were obtained in the form of photographic negatives and diapositives in
the four bands, as well as computer compatible tapes (CCT's) for scenes
30162-07303 and 30161-07251. Prints in the four bands as well as
false color composites were studied and compared.

The final interpretation and compilation of results was made

on an overlay on a false color composite mosaic for the study area at
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a scale of 1:250,000, using August 13 and 14 images.

On the false color composite, surface water and saturated clays
were ddentifi~d by different shades of bluish colors ranging from dark
blue to pale bluish white. The surface water occurred in cultivation
benches, formed ponds in low lying areas, and accumulated along the
sides of breached irrigation canals. It was possible to identify
breaches indirectly through the accumlated water along the side of
the canal. The breaches were caused either by the flood or by man
in an attempt to drain water through the irrigation canals; however
they brought in more water than they drained (verbal communication with

Gezira Board officials).
Through visual interpretation and guided by the apparent remaining

flood water on the surface and the areas of saturated soil, the whole
area was classified into three categories.

(1) Highly damaged

(2) Moderately damaged

(3) Slightly damaged

The total area of each of the three damage levels was determined
from the map (Fig. 5) reduced from a 1:250,000 original map. From
existing maps, villages in the area were plotted on an overlay, super-
imposed over the map of damaged areas, and the number of villages in
each of the three damage categories was determined. By multiplying
the number of villages in each category by the average population per

village, the approximate number of people affected was obtained (Table 1).
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FIG.5 Classitication map of damaged areas.
(Map reduced from a 1:250,000 original.)



TABLE 1: EXTENT OF FLOOD DAMAGE AS DERIVED FROM INTERPRETATION

1 Agricultural? Number of3  Number of
Extent of Damage Area in Hectares Villages People
Affected Affected
High damage 235,730 133 115,311
Moderate damage 574,200 214 186,538
Slight damage 517,430 184 159,528

1- The three damage levels shown are estimates derived from the
apparent remaining surface waters and saturated soil identified

in the Landsat scenes.

2- Some agricultural areas included did not belong to the Gezira

agricultural scheme.

3- The numbers indicated for villages affected were based on
villages plotted on maps published by the Sudan Survey Department.
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RESULTS

A damage estimate map is shown in Fig. 5. The southeastern part
of the area, south of Wad Medani,developed a number of turbid water
pools due to its irregular topography (Fig. 6). The rest of the irrigation
scheme area is generally flat with a gentle slope towards the northwest.
Flood waters accumulated in the cultivation benches, with the depth
decreasing from the northwestern bank towards the southeast,
followed by a zone of saturated soil (Fig. 7). A low-altitude aerial
view of the flooded cultivation benches is shown in Fig. 8.

A temporal composite according to procedures by Deutsch et al 1973
and Deutsch and Ruggles 1978 for the area west of Wad Madani was prepared
by superimposing an August 4th Band 7 positive scene printed in cyan
and an August 13th Band 7 positive scene printed in magenta. On the
resulting composite we found that:

(1)  Areas covered by water on both dates were dark violet to blue.

(2) Areas covered by water on August 4 and saturated soil on
August 13 were magenta to red.

(3) Areas of saturated soil on August 4 and water on August 13
vwere blue.

(4) Areas of saturated soil on both dates were blue to magenta.

The composite showed a slight diminishing of flood water surface area
between August 4 and August 13. A tracing of the temporal composite is
shown in Figure 9 showing the different areas mentioned above, marked with
the same corresponding number,

It was difficult to conduct a meaningful classification using

digital analysis due to the wide range of conditions ranging from wet
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soil to completely flooded areas, together with a variety of crops
in different stages of growth emerging from the water, or lying on the

saturated soil.
CONCLUSIONS

Landsat data are a useful tool in the assessment of damage caused
by floods. The data provide @ fast, but approximate picture of the degree
of flood damage,.and the Timits of the areas affected. More accurate
results can be obtained if the study is supported by proper ground data
collection for sample areas in the flooded region. The value of Landsa:
data for flood studies is increased if the following conditions are

fulfilled:

A.  Cloud-free coverage is obtained during the peak of the flood,
or immediately after.

B. Data are processed and delivered to the investigators within
a few days of acquisition.

C. Ground data are collected simultaneously with Landsat
coverage or very close to it.

D. Pre-flood Landsat dita are available for the region,
or otherwise during the same season in the previous year.

E. Damage assessment is conducted using historig demographic,
topographic, and other available data.

The use of Landsat is appropriate to stratify the region in question

into "apparent damage" levels. The stratification can be used to extend



163

the lTimited ground samples to make large area estimates.
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LAND USE MAPPING IN CENTRAL SUDAN
Yousif Yagoub*
ABSTRACT

fa area in central Kordofan province was studied. The objective was
to evaluate the use of Landsat data for mapping land use and monitoring
desertification.

Imagery of the post rainy season, around November, was the best for the
purpose. It showed enough contrast among crop lands, pasture, and regions
affected by desertification. By visual interpretation, and aided by
existing information, it was possible to obtain a preliminary land use and
land potential map of the region. It was also possible to identify areas
affected by desertification associated with blowing sands, land misuse, and
overgrazing. The recognition clue was the high reflectivity of both bare
lTands and wind blown sands, combined with their patterns as dunes.

Several maps were constructed showing the degree of suitability of

land for each of the traditional crops of the region.

* Soil Conservation, Land Use and Water Programming Administration;

Ministry of Agriculture, Food, and Natural Resources, Khartoum, Sudan.
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USE OF LANDSAT IMAGERY
FOR DETERMINING SOIL POTENTIAL: EXAMPLE
FOR JONGLEI PROJECT, SUDAN
A. A. Klingebiel

INTRODUCTION

It is essential to have an inventory of the soil, water and related re-
sources of a country if the potentials for producing food and fiber are to
be known. Before plans can be made for producing more food and fiber, it is
necessary to know where this can be done, what kinds of limitations may be
encountered, and the prospects of successfully and economically overcoming
the 1imitations. Production can be increased by finding new lands not now
used or by improving the management of those areas now in use.

Soil scientists are knowledgeable about those soil properties that in-
fluence plant growth. They have studied the relationship of soil texture,
soil depth, soil permeability, soil wetness, soil slope, and the chemical and
biological properties to the kind and amount of plants that can be grown. By
identifying and locating the different kinds of soil (there are thousands of
different kinds of soil in the world) on a map, a soil scientist can make
specific recommendations about the potential of the different soils for vari-
ous uses.

Techniques and methods have been developed through the use of Landsat
imagery whereby an evaluation can be made of the soil potential for producing

food and fiber for individual countries or for broad areas within countries.

* Soil Scientist and President of Soils and Landuse Technology, Inc. (SALUTE).
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This involves the use of -all applicable resource data as it relates to the
soil potential. To carry out such a project efficiently and effectively it
is necessary to complete specific tasks in an orderly manner as set forth
in this text.

The methods and procedures that were developed by Klingebiel and Myers
(1974 and 1975) to evaluate soil resources were designed to locate those
areas that have good, fair, and poor soil potential to produce food and fiber.
The information was designed for use in regional and national planning. The
following is a brief summary of the steps followed in developing soil poten-
tial maps in The Sudan and in other countries.

1. Obtain Landsat imagery for both "wet" and "dry" seasons.

2. Prepare overlays on clear plastic of existing resource maps (soils,
geology, topography, climate, vegetation, land use, infrastructure, etc.)
at the map scale to be used.

3. Prepare photo interpretation keys to interpret tonal differences
observed on the imagery.

4. Synthesize (presently) available data and maps and prepare a
first draft soil map for use in aerial reconnaissance and field studies.

5. Compile yield and related data by kinds of soil (and/or by loca-
tion) for making soil interpretations.

6. Develop criteria and assumptions to use in making soil interpre-
tations.

7. Use a small aircraft to fly at low altitudes over the entire area

to observe, record and relate tonal differences on imagery to actual aerial

observations.
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8. Reconnaissance ground check by car and on foot to describe domi-
nant soils and observe soil behavior under different uses and management.

9. Reconstruct the preliminary soil map (prepared in the office)
using information obtained in aerial and ground reconnaissance.

10. Describe mapping units and major components of units.

11. Record in tabular form selected soil properties for each of the
major soil components, including factors which 1imit their use.

12. Prepare a table of yield estimates for selected crops under de-
fined levels of management for major kinds of soil.

13. Prepare interpretive maps from soil maps and interpretatiaons.

14. Prepare recommendations regarding actions needec to achieve soil

potential.

RESOURCE INFORMATION AND MAPS

Imagery
The first step in the preparation of a resource inventory of a country

is to order the most recent and best quality Landsat imagery available. A
great deal of information is available on this subject so an "in depth"
presentation will not be made here. It is important to know that imagery
at 1:1,000,000 and 1:500,000 scale are generally best for soil surveys of
entire countries or large areas within countries. Images at this scale have
good resolution and are easy to handle in the field. In addition, many
other resource maps are made at this scale. It is important to remember
that Landsat imagery at larger scales (1:250,000 and 1:125,000) have no

more detail than the 1:1,000,000 scale imagery. There is only more paper
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and usually the features on these larger scale images are not as clear as
on the smaller scale images. Also the interpretations that can be made are
the same for both scales.

More accurate interpretations can be made if both black and white
(bands 4, 5, 7) and false color composite imagery is obtained. In addition,
it is best to get two sets of the false color composite imagery - one of the
dry season and one of the wet season (or one for the growing season and one
for the dormant season). Color transparencies at 1:1,000,000 scale are
especially good when used with a 1ight table.

When a large quantity of imagery is to be used, it is best to consult
with someone knowledgeable about satellite imagery before making purchases.
Satellite imagery at a scale of 1:1,000,000 should always be purchased
regardless of'the other scales needed. This scale of imagery can be used

directly with navigation maps at the same scale.

Navigation Charts

It is important to have a map at the same scale as the Landsat imagery
that shows topography as well as cultural features such as roads and towns.
The Defense Mapping Agency, Aerospace Center, St. Louis Air Force Station,
St. Louis, Missouri 63118, USA, makes such maps at 1:1,000,000, 1:5,000,000
and 1:9,000,000 scales. The 1:1,000,000 scale map is ideal to use as a base
for preparing clear plastic overlays of landscape and cultural features to be
used with Landsat imagery. These maps are among the most accurate available
in the world and no project should be completed without using them as one

of the resource maps.
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Other Resource Maps

Copies of soil maps, geology maps, vegetative maps, land use maps and
other maps that may be useful in interpreting the Landsat imagery should
be obtained. These maps should be reduced or enlarged to the scale of the
imagery. Important data from these maps should then be traced on clear
plastic and overlayed on the imagery to help interpret the meaning of the
different tonal patterns observed on the imagery. Some tonal differences
on the imagery cannot be explained with the resource maps and must be checked
on the ground. Of course all resource inventory maps prepared from Landsat
imagery must be checked on the ground for accuracy with the interpretations

altered where necessary.

Climatic and Hydrologic Data

Climatic data should be obtained that will be representative of all
major soil or landform areas of the country. Monthly averages for precipi-
tation and temperature are essential. Other related data such as evapotrans-
piration, frequency of flooding, etc. are very useful. A isohyetal map can
be prepared on clear plastic and overlayed on the imagery to help make soil

interpretations.

Agricultural Experiment Station Data

Agricultural Experiment Stations or other research and survey organiza-
tions should be located on the imagery. Data obtained from these stations
should include the following: (1) soil map of the area, (2) kinds of crops
grown, (3) yields obtained under different levels of management, (4) re-
sponse to use of fertilizers, soil drainage, irrigation, cropping sequences

or other management practices, and (5) evidence of erosion and experiences
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with practices to reduce erosion. If these stations are not available,
the same kind of data should be obtained from the better farmers in the
area. These data will be used later in the study when the soil interpreta-

tions will be developed.

PREPARATION OF FIRST DRAFT OF SOIL MAP

Mosaic of Study Area

A mosaic is now made of the study area using the best color imagery at
1:1,000,000 scale. Clear plastic should be placed over the imagery so that
lines can be drawn without marking up the imagery. A special pen called
"Sharpie", made by Sanfords in the USA, is especially adapted for use on
ciear plastic. A second set of these same images should be available for

use as individual maps in the field and in the aircraft.

Photo Interpretation Keys

A careful study of the imagery will show different image tones, textures,
and patterns. Photo interpretation keys need to be prepared for use in
synthesizing the basic resource data and in interpreting the differences
observed on the imagery. The task is to relate color tones, tonal chara;ter-
istics and geometric patterns to specific and consistent diffarences on \
the ground. Landforms, vegetation, drainage patterns, geology, and soil
color are all clues used to relate the differences observed on the imagery.
These observations are recorded to help make interpretations from the imagery.

By placing some of the plastic overlays prepared earlier from soil,
geology, vegetation, topography and land use maps over the imagery it will

be possible to identify the reasons for some of the differences observed.
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Just being able to separate on the map major differences in topography,

soil wetness, salinity or different kinds of vegetation is a first step in
preparing a first draft of a soil map. As many different kinds of delinea-
tions on the map as can be observed should be made, labeling those areas
having identical tonal color and patterns with the same symbol. Delineations
§hou1d be large to enough to be labeled with a symbol. The multidate ob-

servations will aid in recognition of various surface features.

Classification of Map Units

A standard soil classification should be adapted (FAO, Soil Taxonomy -
USA, French) for use as a basis for the delineations shown on the soil map.
Phases of some segment or segments of a classification system (order, sub-
order, great group, subgroup, fami]y,'association of series) should be used.
Phases important to the use and managemént of soils such as soil depth, tex-
ture, coarse fragments, slope, soil reaction, permeability, wetness, and
flooding are all important enough to delineate.

Each different symbol that appears on the map is called a mabping unit.
The composition of mapping units at this scale (1:1,000,000 and 1:500,000
or 1:250,000) commonly have more than one kind of soil in them. Each of the
components of a mapping unit (where more than one kind of soil is in a unit)
needs to be described and an estimate made of the percent of that soil in
the map unit. The mapping unit itself is given a symbol and a name. Cri-
teria need to be established setting forth the 1imitations of the various
~lasses of the soil properties that are used to describe the mapping units
and components of units. This applies specifically to such items as soil
depth, permeability, soil reaction, soil drainage, soil texture and coarse

fragments, soil wetness and flooding. Criteria and limitations for these
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phase classes can be found in.the o1d USDA Soil Survey Manual, in the New
Soil Taxonomy, and in the report prepared by the Remote Sensing Institute,
South Dakota State University in 1978 entitled "Soil Resources of Southern
Sudan and Potential for Agricultural Development". Table 1 from that report
shows how selected soil properties for components of mapping units can be

recorded.

PREPARING A FIRST DRAFT OF THE INTERPRETATIONS OF SOILS

After the mapping units and their components have been described, soil
interpretations are made showing their potential for various uses. These
interpretations are based on the estimated soil properties set forth in
Table 1, on data from the Agricultural Experiment Stations, on farmer ex-
periences and on the climatic data applicable to the different soil areas.
Criteria and limitations of the various rating classes used in evaluating
the soil potential for various uses also need to be developed. Examples of
the kind of ratings and evaluations that can be made may be found in the
Remote Sensing Institute report referred to earlier and in FAO Soils Bulletins
22 and 32. An example of the kind of interpretive table that can be prepared
is shown in Table 2.

Soil interpretations are made by kinds of soil within limited climatic
zones. By knowing the kind of soil, a set of soil properties are assigned
to that soil (Table 1). By knowing these properties, predictions of soil
behavior can be made by experienced soil scientists. Soil behavior is directly
related to properties such as soil wetness, flooding, droughty soils and
hazards of erosion, etc. Soil depth controls the rooting depth of plants.

Actual experiences that have been recorded or observed on specific kinds of



TABLE 1:

Selected Soil Properties for

Sedimentary Clay Soils (Estimated)*

Component| Area Soil Soil} Soil Coarse} Perme- Soil Soil Avail. Soil Reaction Relative
Map Unit of Slope | Depth| Texture | Frag- { ability| Drainage| Wet- | Flood-] Water —pH Sodic | Produc- Native Reference
Symbol Unit Ha | % % Class B | ments Class Class ness ing Cap. [A B A IB tivity |Vegetation | Materials (1)
IA #N1 (4) 80) 0-1- VD cC |C 0 'S p-SP 2 3 7.8 > 8.4 1 2 p Tall Grass {P1-F1,1,21
iz  (4) 20f 0-2 VD [ 0 VS p-sp 2 3 7.5 7.8 1 1 p Tall Grass | P3,5-F1,16
18 i (4) 100{ 0-2 VD c |cC 0 'S Sp-p 3 2 3 7.5 7.5 1 . 1 p Grass-Trees| P2-F1,3
1C n o (4) 70| 0-2 VD sic(C 0 S sp 2 2 6.8 7.8 1 1 F Tall Grasec | P6-F2,3,4
2 (4) 30f 0-2 VD c jc 0 VS SP-Pp 4 3 7.8 > 8.4 1 2 p Tall Grass | P1-F1,1,21
ID fl (4) 60} 0-2 vD L |CL 0 M-vS (2) Md-SP 2-3 2 2 7.2 7.6 1 1 F Trees-Grass| P8-F4,21
§2  (4) 40} 0-1 VD cC |C 0 'S pP-vpP 4 4 3 7.4~ 7.8 1 1 p Grass-Trees| P7-F4,23
IE 2 -1100f 0-1 VD c |cC 0 Vs p-vp 4 4 3 7.8 > 8.4 1 2 P-VP 1Tall Grass | 0-Imagery
Topo. Maps
1 F #l 35{ 0-2 vD L BiC 0 M-VS (2} 1t1-S? 2-3 3 2 7.2 7.6 1 1 F Grass-Trees| F2,6
#2 65 0-1 VD c |cC 0 S-vs P-vp 4 4 3 7.4~ 7.8 1 1 p Tall Grass | F2,7,8
I1G - 40! 0-1 VD SicjC 0 5-VS Sp-p 2-3 2-3 2 6.8 - 7.5 0 1 F-P Grass-Trees| F2,12,13
#2 60{ 0-3 D-MD}| L {C@ O M-VS (3] W~ 2 2 2 6.0~ 7.0 0 1 F Trees-Grass| F2,19
I H # 50{ 0-1 vD c |C 0 Vs P 4 4 3 7.8 > 8.4 1-2 P Tall Grass | F3,17-F4,18a
¥2 50| 0-2 VD c Jc 0 ys p 4 4 3 7.5 7.8 1-1 P Tall Grass
I1I il 80| 0-2 VD c |C c Vs Ve 4 4 3 3 3 P-VvP |Tall Grass | F3,19
£2 20§ 0-2 VD cLjcC 0 S-VS P-VP 3 3 3 1 2 p Tall Grass | F3,19
(1) P - refers to profile descriptions (ground crew); F - refers to flight notes from aircraft; O - refers to other references
(2) very slow permeability at 70-85 cm from surface
(3) Laterite common
(4) Soil properties measured or evaluated in field

* A portion of Table 15, pagei79, "Soil Resources os Southern Sudan and Potential for Agricultural Development",

Report SDSU-RSI-78-11 to Permanent Joint Technical Commission for Nile Waters, Khartoum. Sidan 1978.

o—l
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Table 2: Soil Potential for Sedimentary Clay Soils

, Potential Suitability For Use (1)
Comnonent Area Potential Rainfed Agriculture Irrigated Agriculture
“Map uUnit of Work- Seeding Mechan- | Erosion | Low Level ] High Level [ Major Soil High Level | Major Soil | Reference
Symbol Unit Ha % | ability | Establish.| ization | Hazard Mgt. Mgt. Limitations Mat. Limitations| Materials (2)
1A i 80 3 4 3 1 SC S3 wavc (s2) (3) av P1-F1,1,21
#2 20 3 3 1 sC S3 Wve (sz) av P3,5-F1,16
I8 #1 3 4 2 1 S3 S3 vC (s2) tv P2-F1,3
IC # 70 2 3 l 2 1 ‘S3 S2 ve - (S2) tv P6-F2,3,4
#2 30 3 4 3 1 SC S3 wiave (s2) fav P1-F1,1,21
ID ) 60 1 1 1 1 53 s2 fp s2 tp P8-F4,21 .
i2 - 40 3 4 3 1 SC S3 wiv -- - P7-F4,23
1E N 100 3 ] 3 1 N1 N wiv -- -- 0-Iagery
Topo. Map
IF ] 35 2 2 1 1 S3 S2 fp (s2) tp F2,6
#2 65 3 4 3 1 sc s3 wiv’ (s2) iv F2,7,8
16 ¥l 40 3 3 2 1 S3 s2-3 W (s2) tp F2,12,13
§2 60 1 1 1 1 S3 S2 f S3 tp F2,19
I H # 50 3 4 3 1 SC S3 wiav (s2) jav- F3,1"-F4,18a
#2 50 3 4 3 1 SC S3 wiv (s2) iav
Il i g0 3 4 3 0 | N wiav -- -- F3,19
#2 20 2 3 2 0 SC S3 way - - F3,19
(1) Ratings apply to a majority of the area for the component of the map unit
(2) P - refers to profile descriptions (ground crew); F - refers to flight notes from aircraft; 0 -~ refers to other references
(3) Ratings in () are for paddy rice
*From Table 16, page 84, "Soil Resources of Southern Sudan and Potential for Agricultural Development". =
Report SDSU-RSI-78-11 to Permanent Joint Technical Commission for Nile Waters, Khartoum, Sudan, IS

1878. -
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soil within a set of climatic conditions can be projected to other soils
having similar soil properties and climatic conditions. The advantage of a
soil map is that it provides the vehicle for showing the location and extent
 of these different soils.

Soil interpretations that are made from the resource deta listed
earlier are based entirely on the soil properties and their relation to
climate. Economic factors such as roads, distance from markets, and avail-
ability of water for irrigation (except in desert areas vhere no known
water is available) are not a part of the criteria used in determining
potential. Climate, however, is a very important factor. Economic factors
are considered along with the physical factors as a first step in the
planning stage. This second step is essential before construction plans
or the decision to develop an area is made. A feasibility study to deter-
mine the economic success of the project must be made. The interpretive
maps and data show those areas where the soil potential for a particular
use is good, fair or poor. The interpretive data help to pinpoint the

areas that reed further study.

FIELD PROCEDURES

Aerial Reconnaissance

The preparation of the first draft map and interpretations has now
been completed. It is now time to check the work by low altitude flights
over the area for identification of broad landscape features and for checking
on the ground for validating the properties of soils and observing the kind

and amount of plant growth.
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Field studies and reconnaissance aircraft flights are essential parts
of the satellite interpretation procedure, the classification of soils and
the estabiishment of photo interpretation keys. Preferably the aircraft
flights should precede the ground check, since observations provide a general
comprehension of many features that comprise the final product and also
dictate many of the ground check points that require attention on the field
sfhdy trip.

Prior to making the aerial reconnaissance, a navigation chart (map)
for the study area at 1:1,000,000 scale is placed on a firm backing and
covered with clear plastic. After a careful study of the imagery, a deci-
sion is made regarding the areas to be observed from the aircraft. Straight
lines are then placed on the clear overlay over the navigational chart
starting at the airport and going to areas that can be identified easily
from the air and that go over the areas to be viewed. The careful prepara-
tion of these flight lines is essential so that the pilot and the observers
know where they are at all times. Observations are meaningless if you do not
know where you are. The same kind of plastic overlay with flight lines is
placed over the imagery.

A small aircraft, flying at an altitude of about 1,000 meters above
the ground surface and at a speed of about 120 nautical miles per hour,
provides a very suitable platform for the purpose. False-color infrared
Landsat imagery at 1:500,000 scale is ideal for making both the aerial and
ground study; however, most people prefer the 1:1,000,000 scale imagery for
the aerial survey because it is the scale of the navigation charts used to
locate roads, streams, towns and other cultural features. The two maps are

often used simultaneously during the aerial flights. Photographs are taken
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from the aircraft (35 mm) to show the relationship of the landscape with
the other features observed on the imagery. Color-infrared fiim is used as
well as high speed color film. Pictures are keyed by number to specific
areas on the imagery.

Notes from observations made from the aircraft regarding vegetation,
Tandscape features, land use and kinds of soil are recorded by numbers
Beginning with one. The location of the observation is identified by number
on the plastic overlay that is over the imagery in the same order as it is
recorded in the note; recorded. At the end of the flight the data recorded
can be studied and boundaries on the map adjusted to coincide with the new

observaticns made.

Ground Check

A subsequent ground check is an essential part of the photo interpre-
tation procedure. This consists of traversirg the area so that representa-
tive soils within each delineation can be studied. The dominant scils are
classified and observations made of the vegetation, terrain, and other
features important in the use and management of the soil. Soil interpreta-
tion and photo interpretation techniques are integrated to determine the
most useful utilization of land resources.

In completing the ground check, it is important to ground inspect repre-
sentative areas of each of the major map units. Due to the time constraint
and the kinds of data that can be obtained from small-scale maps (called
4th order in the USA system of c]gssification), the major portion of time
should be spent in those areas having the greatest potential and little

time in the poor soil and climatic areas.
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It is important in this phase of the work to locate and study any agri-

cultural experiment station data that may-be available for the study area.
By correlating soils and climate to plant growth and management, predictions
can be made and data projected to other areas having similar soils and cli-
mate. The same is true for information that is obtained from people that
live or work in the area.

=~ Because of the nature of the survey, emphasis is placed on a broad over-
view of landscape features and on compoyition of the map units in terms of
percentage of area having good, fair, or poor potential for a particular use.
The time spent on making the map and the detail of the ﬁapping will depend
on the effort to be expended. The more time spent on field checks the more
reliable will be the results. As stated earlier, the main task to be accom-
plished at these smaller scales is to determine the location and extent of
the areas within the study area that have good, fair, and poor potential for
a specific use. The followup studies that should come after this study
should be concentrated in those areas that have good potential for use. More
detailed evaluations can be made on larger scale maps to show more specifically
the kind and degree of soil limitation for use. These more detailed studies
will also give a more specific answer to the amount of the different kinds

of soil in the area.

COMPLETION OF STUDY

Soil Map

The product of the aerial observations and field studies is a final

soil map resulting from synthesizing the background material with all of
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the observations and data obtained in the air and on the ground. Final des-
criptions of each map unit are prepared and soil proparties and soil inter-
pretation tabtles are completed to conform with the mapping units shown on
the final soil map.

Final adjustments are made in the soil boundariesAto conform with
observations made from field checks. A soil legend is prepared for the map.
that portrays two levels of generalization. The first commonly refers to
broad landscape, geologic or soil features. At the first or broadest level
not more than six to eight different kinds of units are shown. Under each
of these broad units the more detailed mapping uﬁits are shown. There are
many examples available to show how a legend should be prepared. The USA
Soil Taxonomy, and the RSI report on Soil Resources of Southern Sudan are
sources of information on legends.

Soil descriptions of mapping units and components of mapping units
need to be corrected and updated based on the field checking. The table of
selected soil properties (Table 1) needs to be corrected for the final

report.

Interpretations

Interpretation maps are produced from the final soil map. Predictiuas
can be made about the soil potential for range use, land capability, erosion
hazard, soil wetness, soil depth, soil slope, suitability for irrigation,
suitability for growing specific kinds of crops and many other :es. With
these interpretive maps, decision makers can weight the alternatives for
using the soils in different ways.

The value and use of this study is dependent largely on this last sec-.

tion that deals with making predictions about "the potential of the various
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soils for specific uses. Using the basic soils map, the estimated soils
property table (Table 1), the interpretations table (Table 2) and the criteria
developed for making soil interpretations (RSI report for Southern Sudan),
interpretive maps can be prepared similar to those on the following pages.

By knowing the kind of soil, their properties, their location in the
jandscape, and the climate, it is possible to make hundreds of different
kinds of interpretations. Specific interpretations such as yields for
specific crops under defined levels of management to general suitability
for farming, forestry or range can be made. To do this, however, it is
essential to obtain "hard data" or experiences by kinds of soil within the
study area or from areas that have similar soil and climate conditions.

The soil maps with accompanying interpretations are intended to give a
broa& picture of the potential soil resources of a region or country. They
can be used to provide a guide for more detailed study of those areas that
have good or fair potential for development. If specific works of improve-
ment such as drainage or irrigation are planned more detailed soil studies
are needed. These soil maps will focus the efforts for future development
on those areas that have the greatest potential for development and improve-
ment. They will also pinpoint the kinds of soil limitations that need to
be overcome if the area is to be developed or improved. Please see atta;hed
example interpretations for the Jong’:’ area of Southern Sudan.

The data obtained from these ki:«: <+ studies will provide decision
makers with more reliable information about the soil potential of a region
or country to produce food and fiber. The method described here can be
employed at a reasonable cost and completed for an area in a relatively

short time. These methods have been used successfully in several countries.
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The following figures are interpretations made using mosaic (Figure 1)
of 167,474 km2 of the Southern Sudan. This "dry—seasonf mosaic is prepared
from 14 different Landsat scenes which are photographically tone-matched for
easier tonal analysis from scene to scene. The original was in color.
Mosaics for both wet season and dry season were prepared. Procedures as
described in this paper were followed for the survey resulting in the gen-
eyg]ized interpretive map in Figure 2. (Original scale was 1:500,000).
Various facets of the landscape or soils map can be displayed such as Figufe 3
(Map of Soil Slopes) or Figure 4 (Map of Soil Wetness During the Growing Sea-
son). Interpretive maps of soil potentials and limitations for rainfed
agriculture can be presented as in Figures 5 and 6. These data can then be
interpreted as in Figures 6, 7 and 8 for potentials for rainfed agriculture,
irrigation agriculture, or engineering uses, respectively. These final in-
vestigation products are those which are of value in the p]anning‘and pro-
ject design. Further descriptions of the procedures and results are presented
in "Soils Resources of Southern Sudan and Potential for Agricultural Develop-
mentf, Report No. SDSU-RSI-78-11, presented to the Permanent Joint Technical

Commission for Nile Waters, Khartoum, Sudan.
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Legend

Level Sedimentary Clay
Plain Soils (IA,B,C,D,F,G,H,I)

Permanent or Seasonailly
Flooded Lowlaids
(11A,B,C,IIIA)

Recent Alluvium (IIIB,C,D,E,F)
Undulating and Rolling
Uplands (IVA,B,C,D,E,F.G.H,I
J,K,L,M,N)

Hilly and Steep Uplands
(VA’B’C!D’E’F’G)
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Map of soil slopes.
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Legend

0 - 2% Slope
(A11 I,II&III Soils except
IIIE,F)

2 - 5% Slope
(I1I1E,F,IVJ,0)

5 - 15% Slope
(IVA,B,D,H,I,K)

15 - 30% Slope
(IVA,B,D,H,I,K)

30 - 50% Slope
(VA,C,D,E,G)
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Legend

Well to Excessive
(A11 IV except K8H and all V)

Moderately Well
(ITIC,C,F,IVK,N)

Somewhat Poorly
(1A,8,C,D,G,IIID,E,)

Poor
(II,F,H)

Very Poor
(1IC)

Swamp - Open Water
(11A,B,IIIA)

Soil classes of drainage
conditions in growing
season.

Map of soil wetness during the growing season.
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Legend
[1] Good. Moderately Suitable.
(I1118B,C)
[2] Fair. Moderately and
Marginally Suitable.
3 (1¢,D,G,IIID)
' (3] Poor. Marginally Suited
W B and Unsui ted.
/ (IA,B,F,H,IIIE,F,IVJ,N)
5
2 [4] Very Poor. Unsuited and
{L Marginally Suited.
(IT,IVI,K,L,)
3 S A [5] Extremely Poor. Unsuited.
(A11 II, A1l IV except
I,K,L, and A11 V)
3
2 5
] d
o3
2
b 1
Ratings apply to common
2 cultivated crops. Rice
¢%9' 1 has a separate rating.
3

Figure 5. Interpretive map of soil potential for rainfed agriculture.
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Legend

[1] Soil Moisture and Fertility
2 Deficiency (IIB,C)

Very Slow Permeability
Dense Clay, Moisture
Deficiency, Sodium.
(IA,B,C,D)

Very Slow Permeability
Dense Clay, Wet, Seasonally
Flooded (IF,H,I)

Slow Permeability, Clayey,
Seasonally Wet (IG,IIID,IVN)

Flooded Seasonally,
Permanently Wet.
(IIA,B,C,IIIA)

Shallow Depth, Sloping,
Seasonally Wet
(ITIE,F)

Shallow & Moderately Deep,
Sloping, Clayey (IVK,L)

Shallow, Sloping, Low
Ferility, Coarse
Fragments

(A11 IV except K,L,N)

Very Shallow, Stesp, Stony
(A11 V)

Figure 6. Map.of interpreted soil limitations for rainfed agriculture.
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Legend

Good
(1118,C,)

Fair
(ID,G,IIID)

Poor
(IC,F,H,IIIF,IVJ)

Very Poor
(IA,B,C,AII IV except J)

Extremely Poor
(AII II,IIIA and all V)

Interpretive map of soil potential for irrigation of common

cultivated crops.



Figure 8.

4 3
3
3 4
2
C::?Sts ; )
649

[1]

[2]

[3]

[4]

189

Legend

Good
(SM;GM / A2-4)*

Fair
(SM3;SM-SC / A2-4)
IIIB,C,F and IVK,L,N

Poor
(CH /A7)
A11 I Soils and IIID

Very Poor
(OH;CH / A7)
A11 II Soils and IIIA

* Unified / AASHO
engineering
classification
systems, USA

Interpretive map of soil bearing qualities for engineering

uses.
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HOW TO APPLY LANDSAT IMAGERY FOR GEOLOGIC MAPPING,
MINERAL EXPLORATION, AND HYDROGEOLOGY
by
Amazis Samuel Andrawis*

INTRODUCTION

As geologists realized the value of Landsat data in geologic
mapping, mineral and oil exploration, hydrogeologic investigations, and
other branches of geologic sciences, they became the main users of
Landsat imagery in their studies.

Vast parts of the worlc are still not surveyed geologically, others
are only roughly studied. Now is the time to apply all available tools
and technologies to speed up and to up-date the geologic information of
these regions. This will help overcome, to some extent, the threatening
shortage in natural resources.

The world-wide and repetitive coverage of Landsat imageries provides
a unique tool in the hands of geologists in different specializations.
This tool helps them go far beyond the limited capabilities of traditional
methods of survey in regard to time, cost, and accuracy.

In an ideal case where maximum information can be extracted from
Landsat imagery, most or all of the following conditions should be satisfied:

1) The geologist should be well trained in field work to be able

to recognize and relate all features he traces on the imagery.

2) He should also be knowledgeable about the characteristics of

the different bands of the multispectral scanner (MSS) of

* Research Geologist, Visiting International Scientist Program, Remote
Sensing Institute
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Landsat and what is the expected effect concerning reflectivity
of the different surfaces in the area.

3) It is preferable that the interpreter has worked in parts of
the region he is studying, or other areas of similar nature.

The first approach to interpretation is to prepare a landscape
model of image features to be identified for interpretation.
An individual must be knowledgeable of the specific area to
prepare sucih a model.

4) Imageries of appropriate quality and of the proper season should
be available for the area of study. The conceptual model or
interpretation key can be used for selecting appropriate dates
of imagery based upon surface vegetation or hydrologic changes
which aid in the interpretation.

5) Some data should be in hand for parts ¢f the study area, or the
area around it. These will help in checking the versatility of
the interpretation keys applied.

6) The area to be studied should not be concealed under a thick
cover of vegetation or superficial deposits. If seasonal
coverage aids in reducing the vegetative effect, then appropriate
seasonal data should be acquired. In some instances a bio]ogfca]
model can be of advantage to use the vegetation occurrence and

distribution as an aid to understanding the geoiogy.
COLLECTION OF DATA

To achieve the maximum possible accuracy in the final product of
the study, it is essential to collect all available data on the area of

study. The data may include:
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1) Topographic contour maps of the area

2) Geologic and structural maps of the area or parts of it

3) Soils, land use, vegetation, and drainage maps of the area

4) Mineral occurrence map of the area

5) Operational Navigation Chart (ONC) of the area (particularly
useful in the control of 1:1,000,000 mosaics)

6) Available reports dealing with subjects related to the

purpose of study.
SELECTION OF IMAGERY

A computer printout of available Landsat imagery of the area should
be obtained from the EROS Data Center, Sioux Falls, South Dakota or your
regional center in Nairobi. Going through the list you should mark out
the imagery that covers your entire area, preferably with extra coverage all
around. In your selection you should consider the following:

1) Select imageries of the best quality and minimum cloud cover

2) Get one set of images for the wet season and another for the

dry season

3) Get one set of images with close dates of acquisition and with no

gaps between images to use in making a mosaic of the area

4) Imagery of certain dates or certain seasons may be ordered to

serve a specific purpose of the study as a function of changes
in the surface

5) If temporal changes are to be studied, a sequence of dates has

to be decided on for the selection of imageries



193

TYPES OF IMAGE PRODUCTS TO USE

The selection of the type of image formats to be used depends

mainly on the equipment available for interpretation, the degree of

accuracy required, and the amount of time and funds allocated for the

study.
1)

Computer Compatible Tapes (CCT) can be obtained for use in
highly éophisticated and costly computers designed for the
interpretation of digital data.

Diapositives of the four bands (4, 5, 6 & 7) in a 55 mm format
are used with the color additive viewer (such as the IZS) to
create different combinations of color composites of the scene.
These can be directly interpreted on an overlay on the screen or
photographic shots can be taken to be used later for interpre-
tation.

Contact prints from a 9" x 9" negative of a scale 1:1,000,000

or enlargements to scales of 1:500,000, 1:250,000 or larger may
be obtained from black and white individual bands.

False Color Composites (FCC) can be generated from bands 4, 5 &

7 (or other combination of bands) by printing through blue, green

and red filters, respectively, and the suitable enlargement may

be obtained.

PROCEDURE

Geologic interpretation of Landsat imagery can be successfully done

using a simple magnifying lens and a set of different Landsat prints by

following these steps:
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Compile all useful data on an overlay(s) of the same scale as your
Landsat prints. The most appropriate scale is 1:500,000 for
individual scenes, and 1:1,000,000 for mosaics but this is dependent
on your application needs.

Put the overlay on the different individual bands and the false
color composite one at a time, and compare on each the features
you identify on the print and the data on the overlay, together
with your own knowledge about the area.

Now you can develop your interpretation keys from step number 2
using differences in tone, texture, lineaments, drainage density
and pattern.

Lineaments can be more visible if viewed from a Tow angle while
rotating the print.

More features can be revealed by comparing imageries of the wet
and dry seasons due to the differences in vegetation growth or
variable degrees of moisture in different formations or along
faults and fractures.

Make your interpretations on an overlay by tracing geologic
boundaries, 1inear features and structures from the different
prints you have.

Prepare a mosaic for the whole area using 1:1,000,000 scale prints,
either color or band 5 or 7. It is preferable that the mosaic
covers a slightly larger area than the study area. This is
particularly helpful in the study of major structures and faults,
Transfer your interpretations of the individual scenes onto an

overlay for the mosaic, reducing it to the scale of the mosaic by
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using the reflecting projector or a pantograph. Then add the
extra features you recognize on the mosaic as major structures
and Tong lineaments.

9) Mark on your preliminary map the points that have to be checked
in the field, and make notes about them and the expected
possibilities.

10) Make a comprehensive field check by visiting all uncertain and
problem locations. Record all your observations and measurements.

11) Prepare your final maps and report in the office.

For Regional Gewulogic Mapping:

Prepare your geologic map by identifying the different geologic
units and the relationships among them. Construct a geologic column
for the area. Describe each unit and its main characteristics on the
imagery of the different bands, and its main identification clues.

Draw all structures (it might be drawn on a separate map if it will
be too crowded to have both geology and structures on one map), faults
(and any displacement that might be noticed), folds, fractures and joints,
ring dykes, batholights, and domes. From your structural map identify the

sequence of tectonic events.

For Mineral Exploration:

Plot ¢a your geologic and structural maps all the know locations
of mineral occurrence. Find the relatjonship between mineralization,
geology, and structures. You can then locate éreas of high mineralization

potential.
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For Hydrologic Investigation:

Trace all the drainage systems of the study area. Delineate tﬁe
different basins and sub-basins and measure their areas. Notice any
feature that might have a hydrologic indication such as a stream that
narrows or fades out downstream indicating a great amount of seepage or
a valley that might have dense vegetation to a certain point after which
the vegetation becomes scarce which indicates the existence of an under-
ground barrier. The study of dry season and wet season imagery will help
locate areas of high moisture content.

Locate all wells and bore holes on the map, examine their yields and
the static water level in each, and compare these data with the hydrologic
characteristics of the geologic formations. Calculate the amount of
recharge from the data you have about precipitation, catchment area, and
runoff. Tabulate your results, and delineate the areas of high ground

water potential.

Map Finalization

The initial map prepared by the accumulation of available historic
data and by Landsat interpretation provides an excellent base for optimizing
field observations. Field observations by low-level aircraft reconnaissance
flights and on-ground inspection can be planned using the previous inter-
pretations. A1l apparent geologic boundaries and other properties must be
field checked to assure that anomalous interpretations of artifacts in the
image have not been mapped and to fully characterize the surficial geologic
materials. The preceding steps and conditions should be accomplished and the

data compiled and analyzed to guide the drilling program for studying the
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subsurface. Adequate injtial map estimate will save time and costs in this

final and most expensive drilling phase.
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IMAGE PROCESSING AND INFORMATION SYSTEMS
Mary DeVries*

Introduction

Remotely sensed data are generally available to users in either
an image or computer compatible tape format. Information is obtained
from image (analog) data by a procass called interpretation. The
unaided human eye is, without doubt, the best image interpretation
tool available. However, several other devices and techniques have
been developed to aid in image interpretation. Some of these are
discussed in the initial portion of this paper.

Analog data are defined as being continuous, whereas digital data
are discrete or numeric. Thus, techniques for processing digital data
must differ from those for analog data. Some digital processing
techniques which are frequently utilized are described in the second
portion of this paper.

The final portion of this paper addresses the geographic information
system concept. Such a system is useful for the integration of remotely

sensed data with other geographically oriented types of data.

Analog Processing

Three types of analog processing are discussed in this section.
They are photographic processing, density slicing and color additive

viewing. The discussion concerning these processing techniques will

*Research Scientist, Remote Sensing Institute, South Dakota State
University, Brookings, South Dakota U.S.A.
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be heavily oriented toward Landsat data because of its current popularity among
remote sensing scientists.

Photographic Processing

Two types of photographic processing which are frequently employed
are the generation of false color composites (FCCs) and contrast enhancement.
False color composites are generally associated with multispectral data,
such as that from Landsat. A Landsat FCC is typically produced by using
the MSS 4 (green) black and white transparency in conjunction with a blue
filter, MSS 5 (red) with a green filter and MSS 7 (near infrared) with a
red filter to expose the three layers of color film. Imagery of the same
scale for different dates can also be composited for temporal change analyses.
Photographic contrast enhancement is a technique which results in
greater density differences among scene features for the purpose of increased
image interpretability. The technique involves identifying the density
range of the image and "stretching" that range over the entire dynamic range
of the film. Contrast-enhanced FCCs are generated by enhancing each of the
individual black and white band transparencies before compositing them.

Density Slicing

Density slicing is an analog processing technique which separates the
film density range of an image into several black and white or color levels.
A typical density slicing system consists of a 1ight table, a vidicon camera
and a color monitor. Although mary density slicing systems are capable of
32 or more levels, the number of levels actually used is generally less due
to the combination, elimination or reassignment of levels. This manipula-
tion of density levels is done to reveal the desired image information such

as soils, vegetation or surface water information. By assigning different
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colors to similar image density levels, the differences are made much
more apparent to the interpreter. Thus the density slicer can be thought

of as an electronic tool to enhance the contrast among image tones.

Color Additive Viewing

A color additive process can be used to produce FCCs, as opposed to
the "color wubtractive" photographic method. The color additive method
involves positioning each continuous-tone black and white transparency in
front of a light source. Each image is projected *° »>ugh a filter (red,
green, blue or none) onto a common screen. As is the cace using the photo-
graphic method, various band/filter combinations can be used to achieve the
desired effect. Temporal FCCs can also be generated. An advantage of the
color additive method is that several combinations can be viewed in a short
period of time and the optimum combination can then be chosen for hardcopy.
A typical color additive viewing system consists of 1ight sources, filter
wheels, a projection screen, f:;1m holders, registration controls (x, y and
rotation) and 1ight intensity controls.

Digital Processing

Digital image data are generally acquired directly as computer compat-
ible tapes (CCTs). However, it is possible to generate digital data from a
film transparency using a densitometer or image digitizer. This type of
digital image data is generally considered to be of inferior quality because
of the many variailes associated with the film.

The term "pixel" is often used to refer to a basic unit of digital
data. For the Landsat system, a pixel is an integrated radiance value for

a 57 x 79 meter area. Raw pixel values typically range from zero to 127.
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Three general areas of digital image processing will be addressed in
this paper: preprocessing, enhancement and classification. Again, the discussion

will be oriented toward Landsat data.

Preprocessing

Digitil image data in their raw form may require preprocessing to
correct systematic data anomalies. Radiometric and geometric corrections
are often applied to Landsat data. Radiometric correction is necessary for
anomalies such as striping and bad data lines. Stripfng is ~aused by using
incorrect gain and offset values to standardize detecto:r sensitivity and is
characterized on an image by systematic 1ight and dark lines across the
image. The striping effect is corrected by calculating new gain and offset
values for each detector. Bad data lines often occur because of transmis-
sion losses or sensor saturaticn. Among the algorithms which have been devised
to correct the bad data lines are repeating the previous data line and averag-
ing the previous and following data lines.

Geometric correction is necessary because of distortions which are
caused by factors such as the earth's rotation, non-uniform mirror velocity,
sensor delays and orbit and attitude variations. Geometric correction involves
two steps, the first of which is the determination of the correct spatial
location of each pixel in a corrected image. The second step is the deter-
mination of new digital values for the pixels in the corrected image.
Enhancement

As is the case for analog image eniancement, digital image enhancement
is performed for the purpose of making an image more interpretable. Among
the many available enhancement techniques are contrast enhancement, edge

enhancement, band ratioing, and data transformations.
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Digital contrast enhancement is analogous to photographic contrast
enhancement. A histogram of pixel values for the band(s) to be enhanced
is generated for the area of interest. The range of pixel values for that
area is determined and that range is then expanded to cover the entire
dynamic range of the system. Various algorithms for expanding the data
are available.

Edge enhancement is a digital processing technique to enhance bounda-
ries between features which exhibit subtle differences in brightness (pixel)
values along their edges. This technique is especially valuable for terrain
applications such as structural geology (location of fracture and fault
zones) and hydrology (drainage network analysis).

Band ratioing is an enhancement technique which is often used in con-
junction with multispectral data such as Landsat MSS data. Ratioing involves
dividing the brightness value in one band by the brightness value in
another band on a pixel by pixel basis throughout the scene. After ratioing,
the data are scaled to cover the dynamic range of the system (usually 0-255)
for maximum contrast. Three ratioing techniques which are commonly used
are: (1) ratioing two individual spectral bands (e.g. MSS4/MSS5), (2)
ratioing the difference to the sum of the bands (e.g. (MSS5-MSS7)/(MSS5 + MSS7)),
and (3) ratioing each band to the sum of all the bands (e.g. MSSE/(MSS4+
MSS5 + MSS6 + MSS7)). Because ratioing occurs on a pixel-by-pixel basis,
exact registration among the bands is necessary.

Band ratioing is actually a type of data transformation. Various
ratio combinatiohs have proven valuable for vegetation analysis and for
reducing the effects due to topography. Other types of data transformations

are canonicalanalysis and principal components analysis. Both techniques
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involve transforming the multispectral data into a series of uncorrelated
axes. ‘Canonical analysis uses data that have already been assigned to
classes (training data). The data are transformed into a set of uncorre-
lated axes in such a way as to maximize the variance between classes and
minimize the variance within each class.In principal components analysis
the data have not been previously assigned to classes and are transformed
in such a way that the first axis accounts for as much of the total vari-
ance as possible, the second axis accounts for as much of the remaining
variance as possible, etc. In addition to being transformation techniques,
canonical analysis and principal components analysis can also be ‘thought
of as supervised and unsupervised classification techniques, respectively
(see next section).

Classification

The ultimate goal of digital image processing is to extract useful
information from an image. Preprocessing and image enhancement techniques
are preliminary steps to this goal. Information which is extracted from
an image is often classified into useful themes or categories. Two basic
classification strategies exist: supervised and unsupervised. Supervised
classification schemes utilize a priori or training information, whereas
unsupervised classification schemes use only the statistics of the data
to govern the analysis.

Two of the most common supervised classification techniques are the
parallelepiped and maximum 1ikelihood algorithms. The training data are
used in the parallelepiped method to determine the spectral (pixel value)

limits for each of the spectral bands for each class of data. Thus a
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spectral fvo]ume? is defined for each class of data, Each pixel in the
area to be classified is then assigned to one of the classes based upoﬁ
the "volume" in which it fits. The maximum likelihood method uses the
training data to generate a set of statistics {means and covariance)
which is used to determine which class each pixel of data most likely be-
Tongs to.

| Unsupervised classification examines all of the pixels (or a random
sample) for statistical relationships to determine "naturé]" groupings or
clusters of data. It is then the interpreter's responsibility to attach
physical meaning to the clusters.

Geographic Information System

It is often desirable to integrate remotely sensed data with other
resource information into a spatially-oriented data base. Because of the
large amounts of data involved it is necessary to automate the process.

The geographic information system described below is one of many which are
presently available.

Data which are input to the geographic information system may origi-
nate from a variety of spatially-oriented sources. Both already existing
thematic maps and those interpreted from remote sensing imagery can serve
as input. The basic questions which must be resolved prior to the input
of data concern the cell size and the map projection which will be used.
Factors such as the complexity of the input maps and the limitations of
the sensor resclution need to be considered when the cell size is determined.

The process of digitization of the resource input data involves coding

on a row-by-row basis those columns where a boundary condition exists.
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Row and column numbers are determined from a grid which has been computer-
plotted at a scale to fit the map. When the digitization for a given input
resource map is completed the encoded data are error checked in two steps.
The first step involves a computer run which checks for obvious coding
errors. Once these errors are eliminated the second error check is imple-
mented which involves the generation of a computer plotted map at the

same scale as the original input map. Any discrepancies between the two
maps are corrected and, if desired, the two-step error-checking loop may

again be entered.

Additional interpretations may be made from each input resource map.
For example, basic soils data which have been entered into the geographic
information system can be interpreted for slope classes.

An additional feature of the geographic information system is the
theme overlay capability which is extremely valuable when the interaction
among various types of resource data need to be analyzed. Any combination
of resource data sets which are spatially registered énd have the same
cell size may be overlaid.

Several options are available for output of the results from any
of the operations mentioned above. Computer-plotted maps can be drawn at

any scale desired, frequency and areal information can be tabulated, and

color film products can be generated.
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REMOTE SENSING AND CARTOGRAPHY
IN THE SUDAN

by

Dr. Hassan Mohammed Hassan*

I. Need for Image Maps

The Sudan is the largesi country in Africa. Its area is approximately
2.5 million square kilometers. It stretches from a tropical rain forest
in the South at about 4° north latitude up to the Sahara Desert on the
tropic of cancer at 22° north of the equator. The Sudan has nine neighbors.
It borders Egypt and Libyva on the north, Chad and Central Africa on the
west, Zaire, Kenya and Uganda on the south and Ethiopia on the east. It
shares borders with Saudi Arabia across the Red Sea.

For a country that size, image maps are not only desirable but almost
inevitable. It is extremely expensive to have complete coverage of such
a huge country with line maps of reasonably large scale or even medium
scale. That explains why the only total coverage we have of the Sudan is
at 1/250,000 scale; and even at that scale it requires some 170 sheets of
1° by 1° 30' to cover the whole country. These map sheets which are
available are really more or less considered to be sketches and are not up to
international standards of 1/250,000 maps. As a matter of fact they were
printed at the turn of the century with methods and procedures available
at that time. They were mostly compiled from reports and diagrams supplied
by British army officers who were not well versed on the subject of survey-

ing. For lack of any other maps of better quality in most of the areas,

* Director General, Survey Department, Khartoum.
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these maps are still in use, That is why it was thought that updating these
maps through the use of Landsat images can never be overstressed. The
Sudan 1is considered by most experts, including the United Nations and the
World Bank, to be one of three countries in the world that is the future
bread basket of the world. It is estimated that there are more than 200
million acres in The Sudan suitable for agriculture. Of these only 15
million acres are in use today. That means there is more than 90% of

the arable land still virgin. Though these estimates are considered
fairly accurate, they are still to be proved. Without Landsat images it
is almost as difficult to actually assess these lands as to put them in
production.

II. Present Status of Mapping

As was mentioned earlier, the only total coverage we have of the
whole country is at 1/250,000 scale and smaller and even those are not
really up to international standards. The survey department has recognized
this fact and is thinking seriously of doing something about it: It was de-
cided that some type of a base map be adopted for the whole country which
will be suitable for most map users. Scales 1/25,000 and 1/50,000 and larger
were ruled out as base maps because it would require a huge number of
sheets to cover the whole country. The government does not have the finan-
cial resources or the man power to gdopt that type of base map. Again
the economic development is moving so fast that those types of maps will
be out of date before they are put to real use. A 1/100,000 scale was
adopted as the base map. Even at that scale it would require 920 map

‘sheets for total coverage. It was also decided that larger scales,
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1/50,000 and 1/25,000 and larger, should be used only in areas which are
thought to have high economic potentials.

Up to now only about 15% of the country is covered by 1/100,000 scale
maps (see figure 1). Those are mostly in the northeast and center of the
country. There also exist some 100 odd sheets at scales 1/25,000 and
1/50,000 that cover some areas that are economically valuable or strategi-
cally important (see figure 2).

With regard to cadastral lands and records of individual holdings,
there exist lar~ge scale maps that record these rights but most of these
maps are based on local grids and projections.

ITI. Status of Geodetic Control

The country is traversed from north to south by the famous arc of the
30th meridian that stretches from Cairo to Cape Town. This arc nearly
divides the country in two. The 12th parallel chain also traverses the
country from west to east. This chain also stretches from the coast in
West Africa to the coast in East Africa. Numerous other chains of first
and second order triangulation form a close mesh covering the northeast
and the central parts of the country. The southeast and the southwest
are sparsely covered with geodetic control. Only the north west part of the
country is bare of any control as it is also bare of any evidence of 1ife.
This area is part of the Sahara Desert. Precise level lines follow the
triangulation net very closely (see figure 3). Recently Doppler observa-
tions were introduced in the country. Some 20 stations were observed
in different parts of the country. Most of them were observed on old

first order triangulation stations in order to check the conventional
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net in order to readjust it. A proposed Doppler net has already been
accepted by DMA (the Donor Agency). This net is supposed to form a mesh
of 200 kms on a side. The field work for this proposed net is supposed to
start next October. It is intended to observe tellurometer traverses
between these Doppler stations to complete the control mesh of the whole
Sudan.

IV. Availability of Landsat Imagery

Although The Sudan does not own a receiving station and though there
is no operational receiving station on the continent, yet there is at
least a complete coverage of the whole country from Landsat 1 and 2. This
coverage is mostly with less than 10% cloud cover. This is mostly due to
the cloud-free skies that prevail most of the year in Sudan even though
some regions of the country are considered within the tropics. I am not
sure if there is any coverage from RBV of Landsat 1 and 2 of reasonable
quality. I have come across some scenes of The Sudan on RBV on Landsat
3 which were of excellent quality. I am not certain of the total extent
of this coverage. |

During the Skylab mission two small strips of photographs were taken;
one was on the west side of the country and the other more or less on the
central part. I don't think that each strip exceeds 200 kilometers in
length, yet these could be very useful for studying those areas.

Seasonal coverage exists but is not as available. This is mainly due
to the fact that there is not yet any line of sight receiving station to
relay this information directly. The availability of tape storage on the
satellite governs the availability of seasonal coverage. VYet it is possible

to find more than one date of coverage in different bands and from different
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seasons to give reasunable information for environmental studies using
Landsat images.

The Sudan Survey Department obtained one complete coverage from MSS
on Landsat 1 some years back. Although this coverage is not of a single
band or date, we find it very useful despite its sporadic nature. It is
particularly useful to our navigators in the survey plane where they
find it more dependable for flight planning than our old 1/250,000 maps.

V. Proposal for Image Mapping

It has already been realized thatlour 1/250,000 maps (the only total
coverage we have) does not satisfy the users. It has also been realized
that it will take us at least 30 years (provided that we have the funds)
to complete the coverage at 1/100,000 scale. It is worth mentioning that
according to recent prices it will cost on the average about $60,000 per
sheet. Noting that the whole Sudan is to be covered by more than 920 sheets
at that scale, the total cost of a complete coverage will run to over 55
million dollars. I am quite sure that the Sudan government will not ven-
ture to go into such a project - at least not in the near future. The first
reason is that they do not have the funds to tie up in the project although
it is admitted to be very important; secondly, it will still take at least
30 years to finish the project provided that everything is available.

The Survey Department has realized these facts and have put out a
program fo solve this problem. The program involves keeping 1/100,000
mapping going at about 20 sheets per year mostly through aids from the
United Nations and friendly nations. Together with this the department

entered into an agreement with the Defense Mapping Agency of the United
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States (DMA) and the United States Geological Survey (USGS) by which these
American agencies will assist the department in updating the 1/250,000

maps through the use of Landsat images. This agreement is to take effect
this year and is to continue until all of the 170 sheets of 1/250,000 scale
have been updated.

The project involves the use of existing 1/250,000 scale maps together
with any large scale coverage that is available. It also involves the use of
all available cerial photographs plus flying selected areas to reduce the
amount of ground truth required. The project will make use of all the
geodetic control that exists in the country and will supplement that by
the use of Doppler satellite stations. These Doppler observations are
included in the project; the stations will be observed where no ground
control exists or where the control is rather sparse.

It nay be worth mentioning that we have participated in such an
exercise with IGN of France. The technical feasibility of the project was
determined through a pilot project in the Khartoum area (this can be seen
at the poster session). The Landsat images were processed by an electronic
system called System 101. The pilot project was indesed impressive. However,
it was found that a single sheet of 1/250,000 scale will cost the Sudan
about $15,000.00. Although the project was technically very sound and
attractive, it was economically impossible to implement due to lack of
funds.

The DMA/USGS/Sudan project is hoped to give results which are similar
to those of the IGN project with 1ittle o, nr financial oblication on

the part of The Sudan.
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THE USE OF SKYLAB S-190B PHOTOGRAPHY
FOR SMALL-SCALE MAPPING

By

Dr. Ismat M. E1 Hassan*

SUMMARY

The application of the Skylab Earth Terrain Camera (S-190B)
1:946,000 scale photography for small scale mapping was investigated.
The paper describes the procedure used in making the measurements on
the Skylab imagery. An analytical absolute orientation was performed
and the results proved that the photography could be used for mapping
at 1/100,000 scale and smaller.

INTRODUCTION

The manned Skylab project was planned and implemented by the
U.S. National Aeronautics and Space Administration (NASA), the
satellite or space station being launched into a circular orbit of
435 km above the earth on May 14, 1973. Six optical and electronic
remote sensing systems or devices were mounted in the satellite for
the Skylab earth observational program. These systems formed the
Earth Resources Experiment Package (EREP) and comprised the following:

(1) Multispectral Photographic Camera (S-190A)

(2) Earth Terrain Camera (S-1908B)

*Faculty of Engineering, University of Khartoum.
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(3) Infrared Spectrometer (S-191)

(5) Microwave Radiometer (S-193)

)
(4) Multispectral Scanner (S-192)
)
(6)

L-Band Radiometer (S-194)

The photographic components of EREP are the first two items listed.
The objective of these two cameras was to photograph various parts of the
earth's surface over the whole spectral range for which photographic
. emulsions are available, i.e. from the blue end of the visible part of
the spectrum to the near infrared. High resolution photography with
sufficient spectral definition was required to simplify the work of
specialists in interpreting and analyzing the photography.

The first item is the S-190A multispectral photographic system.
It consists of six Itek 70 mm film cameras each with its optical
system, shutter and film transparent assembly, but sharing a common
mount or platform and synchronized so that all six shutters are
operated simultaneously. The focal length of each camera is 6 in.
(152 mm), giving a film negative scale of 1:2,850,000. The image
format is 57 x 57 mm so that the ground coverage produced by a single
frame is 163 km sqaure. The second part of the photographic system
is the S-190B Earth Terrain Camera (ETC).

The object of this paper is to give an account of the
investigation which has been carried out into the application of

the S-190B photography to the production of small scale maps.
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The S-190B Camera

The S-190B camera was built by Actron Industries, Inc. under
contract to /i.5A (McLaurin, 1972). The body of the camera is a
modified Hycon KA-74 43connaissance camera equipped with a bi-
directional focal plant shutter and vacuum film flattening. Internal
Motion Compensation (IMC) is achieved by rocking the entire camera
in its mount during the exposure. This allows the use of quite long
shutter speeds (1/100, 1/40, 1/200 sec.) which allows finer grained,
higher resolution film to be used than might be expected from a fast-
moving satellite. This IMC system can be set to operate within a
range of 0 to 25 mrad/sec.

The camera was equipped with a lens having a focal length of
18 in. (460 mm), a maximum aperture of f/4 and a maximum radial
distortion of + 10 ym. The format size of 11.5 x 11.5 cm at the
Skylab altitude (H=435 km) covers a terrain area of 109 x 109 km
at the scale of 1/945,000.

The S-190B camera was to provide high resolution color infrared
or monochrome photography within the field of view of the smaller
scale, lower resolution S-190A camera. The three Kodak films used

with the S-190B camera are given in Table 1.
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Camera

Type Description Wavelength
(um)
50-242 High resolution colour 0.4 to 0.7
FK-3414 High reso]utioh Panchromatic 0.5 to 0.7
EK 3443 Colour infrared 0.5 to 0.88

The on-axis resolution estimates of the second generation

S-190B photographs, as determined by Welch (1976) are shown in

Table 2.

Table 2. Resolution Estimates for Second-Generation
S-190B photographs (Welch, 1976)

Film/Duplicating Film

Resolution Estimates

Ground Resolution

(L/mm for 1.6:1 target (m)
contrast
3414/2430 60 - 70 15
50-242/2447 35 25
50-131/2447 30 30
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The image frame of the S-]QOB camera is a part of the
removable film magazine, hence the principal point cannot
be precisely located and therefore analytical applications
will be Timited. The S-190B has a limited field of view of
14°,  When the camera is operated for 60% overlap, the base:
height ratio is only 0.10; thus, the use of the S190B for
stereoscopic height determination will be especially limited.
PHOTOGRAPHY:

The photography used in the test consisted of a strip
of three photographs exposed on the 50-242 high resolution
colour film. Second generation film transparencies made
from the original film were used in the actual test. These,
together with the small scale maps covering the area, were
very kindly made available by professor R. Welch of the
University of Georgia, U. S. A. The three photographs used -
Nos. 01334/5/6 formed two stereomodels with a 60 percent
longitudinal overlap., The photographs have good illumination
and high resolution throughout the format. No clouds were
present nor was there an excessive amount of haze so that the
observation conditions were good.

‘TEST AREA AND GROUND CONTROL:

The area covered by the photography was the central part
of the State of I1linois in the U. S, A, This area extends
from 39°30'N to 40%45'N in latitude and from 88°15'W to
90°0'W in longitude.
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The small-scale map coverage for the area comprised
33 maps at 1/24,000 and 25 1/62,000 scale. A1l these maps
had been produced by the U, S. Geological Survey (USGS),
being plotted on a polrconic projection and compiled to
U. S. National Accurac: Standards.

Mirror stereoscopes were used to select and identify
suitable control and check points on the Skylah photography
which could also be accurately located on these maps. Road
intersections were found to be the most suitable points and
a series of these were selected to give a set of control and
check points which were fairly evenly distributed over the
stereomodel. A careful sketch was made for each point so
that it could be identified easily when measuring its photoco-
ordinates.

A Hoag streit coordinatograph of 0.1 mm scaling resolution
was used to measure the positions of 98 ground control points
(of which 14 points were in the common area between the two
models). The measurement of position was performed three
times for each point. The mean measured rectangular coordi-
nates (in mm) were then transformed to geographical coordi-
nates by direct linear interpolation bhetween the ticks at
2'30f intervals of lavitude and longitude on the 1/24,000
scale maps or 5'00" intervals on the 1/62,600 scale maps.

According to the U. S. National Map Accuracy standards, :

the accuracy of these points is + 0.3 mm on the map scale.
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Therefore, pqintS‘measured on the 1/24,000 scale maps will have
an accuracy cf + 7.2 metres on the ground, and points measured
on the 1/62,500 scale maps will have an accuracy of + 18.75
metres on the ground.

For model 01334/5, 10 points were measured on the 1/24,000
scale maps and 50 points were measured on the 1/62,000 scale
maps. For model 01335/6, 22 points were measured on the
1/24,000 scale maps and 30 points. were measured on the 1/62,500
scale maps. The elevations of the points used were the spot
height values on the printed map sheets given to the nearest
foot (0.3m).

MEASUREMENT OF PHOTO-COORDINATES

Since the highest possible accuracy in the measured
photo-coordinates was required, and because the principal
distance of the S-190B photography (18 in, 460mm) could not
be accommodated by conventional stereoplotting machines, a
high precision stereo comparator was used for the measure-
ments.

The stereometor measures the x-coordinate of.the left
hand photograph (x') and the y-coordinate of the right hand
photograph (y?) together with the parallaxes in x and y i.e.
px and py. Since the measuring ranges in the x' and y"
directions are 0 to 280mm, the two different formats‘of the
test photographs were easily accommodated. The film trans-

parencies were clamped to the holders by means of swivel
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brackets. Glass cover plates were used to ensure the flat-
ness of the transparencies and to keep them from sliding
about. The values of x', yﬁ, px and py were measured with a
resolution of 2 ym using rotary shaft encoders attached to
the lead screws which are used as driving agents, The
measured values were automatically recorded in digital form
on punched paper tape using a Facit 4070 punch and in printed
form using a teleprinter. |

' In metric cameras, the fiducial marks defining the
principal puint are located (i) in the corners of the camera
focal plane, (ii) at the midpoints of the sides of the focal
plane or (iii) the principal points are marked directly on
the register glass (in the case of reseone cameras). The marks
are normally a part of the focal plane and thus remain in a
fixed position relative to the camera lens.

In the case of the S-190B camera the image frame is a
part of the removable film magazine and hence even this is not
a fixed position relative to the camera lens. However, the
S-190B camera has a series of holes drilled around the peri-
meter of the image frame. These holes created photographic
images having an approximate diameter of 330 pgm. Four holes
situated at the four corners of the frame were selected to
serve as fiducial marks (Fig. 1). The measuring mark was
centered in each of the circular holes. The photocoordinates
for each of the fiducial holes were then recorded to deter-

mine the coordinates of the geometric centre.
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Because of the very small scale of the photos (1/945,600),
attempts were made to use the highest possible magnification in
the comparator (14 x), but it proved difficult to observe due
to the poor resolution of the measured points at this setting.
The magnification was therefore reduced 'to 9 x which gave an
acceptable compromise between resolution and magnification.

Two sets of observations were performed for each point and

the mean was taken. %
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Fig. 1. The Photocoordinate System and the
Fiducial Holes.

DATA PROCESSING

Since the lens distortion is insignificant (maximum+ 10 um)
and due to the fact that the atmospheric refraction at camera
altitudes above 40 miles is relatively negligible no attempt
was made to refine the image coordinates.

The data processing starts by a relative orientation
program which comprises an interrelated geometric fitting of
each pair of overlapping photos independent from ground control

data. The positions of all the test points in each of the



225

two models were determined in a three-dimensional coordinate
system,

Since the computations require the ground positional data to
be in a common three-dimensional coordinate system, and in order
to compensate for the presence of the earth curvature in the
data, the geographic positions and heights of all the test
points were processed through the secant plane coordinate
transformation program to obtain secant plane coordinates for
each point. In this program, the geographic positions and
elevations are first transformed to an orthogonal geocentric
coordinate system having its origin at the centre of the
earth as defined by Clarke 1866 Spheroid. The geocentric
coordinates are then transformed to a secant plane coordinate
system in which the secant plane intercepts the earth's sur-
face near the edges of the test area, so that most of the
terrain objects will have a positive Z (elevation) coordinate.

The model coordinates were then transformed to the secant
plane coordinate system using an absolute orientation pro-
gram. The program solves for the absolute orientative para-
meters and then transforms the model coordinates to ground
coordinates making use of a minimum of two planimetric and
three height ground control points. In this test four full
control points (plan and height) were used in the solution

for each of the two models.
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In this test the ground coordinates of the test points,

measured from the 1/24,000 or 1/62,500 maps and transformed

to the rectangular secant plane coordinate system were used

as known values.

coordinates and their known values were determined.

Discrepancies between computed ground

These

were then used to determine the root mean square errors

(RMSE's) of the residuals at the check points, given in

Table 3.

Table 3 RMSE's of the Residuals at the Check Points

Model No. No. of Check M M M
. X y pl z
Points (m) {(m) | (m) |(m)
(um) | (um) | (um) |[(%.H)
01334/5 56 16.1{26.5| 31.0 {102.7
17 |28 33 0.24
01335/6 48 26.3/14.5| 30.0 | 95.6
28 |15 32 0.22




DISCUSSION OF SKYLAB RESULTS

The results obtained for planimetry in the present test
are reasonably satisfactory. The figures of 30 to 31 m. (cor-
responding to 31 to 33 ym at photo scale) must be considered
in the context of the circumstances prevailing in the test.
The ground resolution of S-190B colour photography is estimated
at 30 m. and the accuracy of the untargeted test points is
estimated to be up to 20 um at the photo scale. Also the
radial Tlens distortion (+10 ym maximum) has not been corrected.
Therefore, the results obtained appear to be reliable and
acceptable.

The major factor affecting height accuracy is the B/H
ratio. The height accuracy to be expected from a particular

test could be determined using the general parallax-height

formula:
dh = _H Jh
f.B/H
‘Where dh = error in height
dp = residual parallax

B = air base
H = flying height
If one estimates the precision of the parallax measurements
(db) to be 10ym (which could result from observational errors,
uncompensated radial lens distortion and film deformation and
errors in ground control), the corresponding height error (mz)

on the ground for the S-190B photograph (B/H=0.10, H-435 Km, f=460mm)
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would be + 96 m or 0.22% H. Thg mean height accuracy achieved
in this test was * 99m (0.23%H) which is reasonably close to
the expected value,
CONCLUSIONS

The NATO standard specifications for topographic maps at
1/600,000 and larger stipulate a standard errog of Mp] =+ 0.3 mm.
On this basis the planimetric accuracy obtained for the S-190B
photography (+ 30m.) in the test conducted above would allow
its use for plotting planimetric detail at the scale of
1/100,000 with just sufficient accuracy to meet mapping speci-
fications and at smaller scales such as 1/250,000 and 1/500,000
with more than adequate accuracy. Such maps would replace those
maps which are largely based upon observer's notes and sketch
maps used in areas such as the Himalayas and Tibet, Southern
Sudan, Southern Ethiopia and the Libyan desert.
| There is 1ittle doubt however that, unlike planimetry,
the heights as measured on the S-190B photography are in no
way useful to even the smallest topographic mapping. As Petrie
(1974) has pointed out, contour intervals of 20 to 25 m are
not uncommon even in small scale series and there no hope of
reaching such figures with photography of the S-190B type,
A more definite answer as to the possibilities of heighting
and contouring from metric space photography will come from
the NASA-LFC and ESA-Zeiss RMK flights to be made with the
space Shuttle in 1980 and 1981. - These have the more favorable
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B/H ratios required for the task, but even then it is
doubtful if the required accuracy can be reached.
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HYDROGEOLOGICAL INTERPRETATION USING
LANDSAT DATA IN DIFFICULT AREAS

By
Salah M. E1 Rabaa*

My topic concerns water resources in what the Sudanese geologists
call "difficult areas”. A simplistic view of the problem follows. For
ground water resources to be available, you need a source of water, a
mechanism to gather and concentrate water, a place for water to be
stored, and a method to exploit and use the stored water. The source
of water is from precipitation, whether local or carried to the area
by flow. The water is gathered by what the hydrologist calls precipi-
tation catchments, runoffs, infiltration or permeation zones. The
porous medium that has spaces between solid particles for water to
accumulate is called the aquifer or reservoir. To hold the water in
the aquifer against the force of gravity, you must have a layer which
is impermeable to the flow of water and we cail this impermeable rocks.
If all these conditions exist, then a water supply is stored and can
be made available for use.

If one or more of these conditions does not exist, it can make
an area a difficult area for ground water occurrence. These difficult
areas are typical in Sudan. Sudan is mostly flat with some inselbergs
of rock outcrops. Most of the conditions that make water difficult to

find are the conditions associzted with types of crystalline rocks that

*Geology Department, University of Khartoum. Figures and maps not
available.
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we refer to as "basement complex". Because they are not very permeable,
they do not pass water. They are not porous and do not store water
unless they are highly fractured, jointed or decomposed.

" Those basement complex areas usually are defined by Sudanese
geologists as difficult areas. This contrasts with sediments, especially
thick sediments where the water level or water table is within it, when
it is always easy to dig a well and get water. A typical basement complex
terrain is a solid outcrop and a weathered pediment. The soils can be
clayey or sandy. It depends on the history and their position. Many
of the residual soils in the basement areas, especially older ones, are
clay. Clay weathers from the felspars of the basement through hydration.
If they are not washed away, they remain. But if they are washed away,
you are left with the sandy particles.

If we introduce some other factors; here at Jebel Uweinat there is
basement rocks and it is a difficult area. Here in the central Sudan
between latitudes 10° N up to 16° N, there are also basement areas
which we will see later in the geological map of Sudan. In the equatorial
region in the south there are also basement areas which we can call
difficult areas because of our definition. - If our aim is to make water
available, then the difficult areas would have possibly another meaning.

I would 1ike to consider in particular those difficult areas in
three land use plans. We must define the need for water. Is it needed
for a particular job? Less water is needed for a soldier on the frontier
than for a mine working in the Red Sea hills. In the southern Sudan, the

precipitation is much beyond the 800 mm. isohyet. In this condition you
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have plenty of surface water and the region should not be called a
difficult area because the surface hydrologist can readily get water.
In only a few conditions where you are afraid of surface water pollution
or a site must be placed in a strategic location such as a gas station
on a highway, some wells may be needed.

These are areas that the international committee call difficult
areas from another point of view. They are areas of desertification
hazards. They are also areas that by some are considered already
affected by severe desertification.

Unfortunately, I do not have the right map to show the vegetation,
animal population, and mechanized agriculture in Sudan. The§e are the
most productive areas. At the same time, they are economically high
potential areas. These areas are not only difficult for water but
difficult for other things. Most of the decline in productivity is in
our geological difficult areas as well. Why does desertification occur
along the margin of this area? Such an area includes our "supposed"
defense front against desertification.

In this diagram, I put the basement as difficult areas and the
sedimentary areas as without difficulty. In the sedimentary area, we
normally find water, once a few conditions are satisfied. The basement
area is very marginal and water may be found in small amounts arbund
the basement outcrops in lenses in the coarse pediments, or in most
cases the well would not bring any water.

If you look from the development point of view, this contact which

is either basement/sandstone is a very popuiar contact in Sudan. The
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Nubian sandstone often is covered by reworked sands or "silicious" soil.
Another is the "cotton" soil covering the basement. So in one place we
have a suitable agricultural area without water and in another area

we have a sandy area with plenty of water. It is common that one lives
here and cultivates there. The people live on the margin of the sand-
stone where they can have plenty of water and they go to the agricultural
area carrying their water supply.

There are a few conditions that will make it possible for a basement
to contain water; The most significant is to increase the permeability
of the basement by having fracturing. Fracturing is a planar feature
showing in two dimensional Landsat data as linecments. The pediments
surrounding the basement often contain water. Almost any basement in
Sudan in the pediment has a village with a well. The last type of
waterbearing basement is a buried channel that is due to erosion of
the basement and subsequent filling with another material which is
poraus. These are exceptional cases where water can be obtained from
a difficult area. Different features may be expressed on Landsat data
such as fractures where controlled drainage is expressed. The buried
channel might show on the surface as a type of controlled drainage.
Therefore, the interpreter must know the terrain well and develop a
model for interpreting the surface features to relate to the subsurface.
Having this model in mind, you can proceed with the interpretation of
Landsat. For example, lineaments by definition are linear features
on the surface. They can be present for many reasons. A narrow

resistant bed will appear.as a line in the Landsat image. A dyke can
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appear also as a line. Systems of fractures appear as lines. However,

a very important fracture with no dipping in an undulating terrain may
not appear as a lineament. F-F2'-F3' on the diagram is a proper fracture,
but it will be eroded because of its inclination. The lineament
represents the intersection of two planes. One of these planes is the
surface of the earth and the other is the plane that makes the lineament.
When the attitude is vertical, whatever the terrain, the lineament will

be a straight 1ine. But with a changing topography, all those that

have no attitudes will not appear as straight lines.

Let us discuss what features can be associated with lineaments,
that of fractures. This is a single case that there is a fracture and
water perm .tes along the fracture until it stands somewhere. Fractures
can cause erosion of the area and in the end you get a valley along the
trend of the fractures. It is not necessary that we see the fracture.
You can see indirectly an erosional feature along a relatively less
resistant part of the rock. That is an indirect indication of a fracture.
It might develop a good stream. Usually we call this type a controlled
drainage system because it usually forms into a linear feature itself.
This is because it is controlled by the trend of the fracture. These
fractures may indicate an area of special rocks buried under alluvial
deposits creating high permeability. A special type of tree may grow
along the linear zone. Now this linear forest becomes a biogeologic
indicator. A very famous tree in Sudan is "Dom Palms" which is found
Tinearly oriented and which reflects a buried channel. Perhaps this

channel is due to erosion along a fracture.
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One example that I have used in this study is land use pattern.
The fields that the human has made are often placed where well yields
are good. A linear arrangement of the fields for the most exploited
land often coincides with a fracture. You can see that in the area
around ET Nuhud systems of villages lie on a straight line. The simple
explanation is the inhabitants must drink water, so each village must
have a well. There is a geologic feature that made those wells in
alignment.

Salt deposits also indicate infiltration and by capillarity,
evaporation and deposition, they can often be in a linear feature. One
can see this west of the Nile near Dongola. Another feature is permanent
animal tracks. Animal tracks in an area of high precipitation will
follow buried channels because the areas of high infiltration do not
become sticky. The animals can walk over the region without getting
stuck. In a dry season in an arid land this area supports more
vegetation, and they keep grazing along those lines until it is over-
grazed. These are only indicators and do not always have a 1:1
correlation but in exploring for subsurface water, we must use any and
all possible indicators to guide our drilling programs.

Lineaments that display an intersection of a fractqre with the
earth's surface are something that are related to a very regular
system. We call this "the stress systam". It is the force that is
displayed by a magnitude and direction. The most important part to
concentrate on is the direction. A force operates in three dimensions

and its operaticn is usually in reference to the earth's crust. If you
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apply a stress, then things separate just 1like pulling each other.

The line of separation is a regular line. It does not occur only in

one place. It is repetitive and all these geological structures are due
to tectonic processes resulting from an application of stress. The
structure is the result of interaction between energy and matter;
between the stress and the rocks. A1l geological structures are regular
structures as they are controlled by regular forces defined by magnitude
and direction. The most important geological process operate over very
large areas, such as the American continent separating from Europe over
a distance of 25,000 miles. These stresses do not exhibit themselves
within a small scale. So you can pick a piece of fracture here and

you can relate it to a piece of fracture there. The fractures may be
separated by a hundred kilometers.

Let us give an example of the forces that may produce more than one
set of fractures. You should realize that geological processes producing
fractures that give us lineaments are regular processes throughout large
regions. Now with lineaments one has to be very careful and many geologists
make mistakes. This is a fracture and this is the intersection with the
surface so this is a lineament, and this is another lineament. Where the
Tineaments intersect is thought as a beautiful place to have a well. Indeed
those two Tlineaments are intersecting lineaments. There are two surfaces
intersecting along a line. This inclination regulates the depth from the
surface to which we should drill and some of the intersections look the
same because they trend in the same way.

According to this principle, if they are parallel and regular,
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you do not know how they behave. This is one thing the geologist must
understand in the field. The third dimension of what they see as a linea-
ments is the knowledge sought. If they are repetitive or you can see
an exposed outcrop, you can assume the third dimension easily. In
other cases lineaments become very difficult to interpret and the
lineament section can be very steep. The geographic trend is then
calculated with difficulty and to locate a well is quite a tricky business.
To use Landsat data for your problem, try to use, as much as
possible, different bands and different dates because it is not only
geology that is going to be an indicator of water supply, say the channel
or the fracture. An indicator can be vegetation if in an area with
relatively more moisture producing flourishing vegetation. You need
to view the image in the band where vegetation is better. A striking
feature will be observed if healthy vegetation is on a line as if it were
man-made. These linear features will attract your attention.
For example, I will illustrate a few points of interest. This
general area is Nubian sandstone, but Took at the surrounding area
which is comparable in brightness to the Nubian. They are not similar
materials but by projection of this as a geological structure, both
areas will be included in one mapping unit. It must not be a different
basement but is simply a different rock type. It can not be Nubian
sandstone because it starts to support more vegetation (represented by
the red color), and it starts to have a drainage pattern that is not as
simple as the one in the Nubian sandstone. The area is different berause
a nearby basement adds to the clay content of the soil which supports

better vegetation while both areas are in a similar precipitation range.
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Also you can see some of the basement structures start to expose. This
is termed a near-surface basement. A hydrologist may map the area all as
sandstone which would support wells. This image shows that the basement
is covered by sandstone but it is thin since the basement exhibits an
influence on the surface as indicated by the vegetation. It would
therefore not be an appropriate place to establish a bore hole. Also,
observe the drainage. At certain locations the drains become rounded.
The drainage goes over a fold hinge. If you follow a rock or fold Tike
this and connect it and go along this fold hinge you get a real fold.

The core of the fold can easily support a well. A geologist can interpret
this through the changes in drainage patterns.

This type of controlled drainage is not the fracture type. These
are drainages that cut through a crestal part of a fold. Because they
are usually areas with a high amount of fracturing in the top, there is
a linear erosion around them. A fold also occurs when you push up a rock
from both sides. The fold extends along the axis and then breaks.
-Usually there is a perpendicular fracture system which is referred to
as the axial trend of the fold. A feather type of controlled drainage
results.

Along a major rectangular drainage system shows small white areas
on the Landsat image. They appear well on band 5 and also on band 7.
Along these drainage 1ines you find areas of intensive land use. Band
4 indicates the villages better, and you find many villages are located
here. I used these two interpretation features as indicative of
Tinearity. Both wells and extensive Tand use could be used to extend

the drainage system. This explains why the people found this a better
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area to cultivate and why they located their villages on these two
lines.

With knowledge of local practices and a model of tne landscape, the
surface of the earth as viewed from Landsat can provide indicators
of subsurface water. Many additional examples of regions in Sudan
can be displayed but these previous examples provide a general

methodology for establishing interpretation models.
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GEOLOGICAL APPLICATION OF LANDSAT DATA TO CENTRAL SUDAN

By
Shadul Ahmed Shadul#*

ABSTRACT

The objective of the study was to evaluate Landsat data for geologic map-
ping, and particularly for updating the geologic map of Sudan.

Many parts of the country are inaccessible. The geologic work done in
other areas was not tied together. The major part of the geologic studies
made did not agree with one another due to the different purposes of the sur-
veys; difference in personal opinion; or difference in the extent of detail

and accuracy.

2 of The Sudan by the tradi-

Mapping of the whole area of 2 1/2 million km
tional method and available capabilities will not be completed before 20 years.
Meanwhile, the pressing need for development and the exploitation and prbper
mdnagement of all of the country's resources requires a reliable geologic map
of the country immediately.

Landsat data proved to be a useful tool in the production of a corrected
geologic map of the Sudan at a scale of 1:2,000,000. It helped to correct

several geologic boundaries, and revealed a number of unknown features and

structures.

* Director, Geological Survey Administration, Geological and Mineral
Resources Department; Ministry of Industry and Mining; Khartoum, Sudan.
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PLANNING THE USE OF REMOTE SENSING
FOR RESOURCE ASSESSMENT AND MONITORING

Donald G. Moore*

ABSTRACT

Landsat data offer a unique opportunity to rapidly conduct small-scale
reconnaissance mapping of large regions in a timely and cost-effective manner.
Landsat data are effective when used appropriately but are of no benefit and
are even detrimental if used where the scale is not appropriate, where ade-
quate provisions fbr larger-scale aircraft or ground data are not included,
where they are not available, or where adequate planning for information needs
and methods of analysis is not employed. To use the data most effectively, a
general understanding of data characteristics and of planning and survey steps
is necessary. This paper provides a general outline of procedures for incor-
porating Landsat into a resource survey/monitoring program. The procedures
must be altered as conditions and information needs vary but those presented

are procedures which have been successfully applied in other studies.

INTRODUCTION
Landsat data have been successfully used as a tool for large-area
reconnaissance inventories for many types of landscapes. The multidate,
multispectral views of the earth's surface from Landsat are generally

available worldwide. The synoptic view and recent coverage features of the

* Head of Visiting International Scientist t.agram, Remote Sensing Institute,
South Dakota State University, Brookings, South Dakota, USA.
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imagery provide an excellent data base for map compilation and for land-
scape interpretations. Interpretation of resources information from the

data relies on the same principles as air photo interpretation. The useful
image characteristics are tone, texture, and pattern. Advantages of Land-
sat are (1) the near-urthogonal viewing angle which allows uniform land
surface illumination over the entire scéne, (2) the cartographic accuracy
associated with the high altitude of the satellite and narrow viewing angle of
the sensor which reduces parallax, (3) the multispectral view, including
reflective infrared (beyond 0.9 um to 1.1 um) which is not captured by film
in cameras but can be captured by the Landsat electronic system, and (4) the
ability to acquire inexpensive multidate coverage. These characteristics

are advantageous for large-area, reconnaissance coverage since one image
covers approximately 34,000 kmz. The same coverage with traditional aircraft
images would require large numbers of prints. Therefore, image analysis and
preparation costs are greatly reduced.

The characteristics that provide an advantage in small-scale mapping
provide a disidvantage if large-scale mapping is required. The data work
well at scales of 1:250,000 and smaller but have serious limitations if larger-
scale interpretations are required. Each picture element or pixel is
=0.4 hectare; therefore, if a scene feature highly contrasts with its
surroundings (i.e. salt flats, surface water, irrigated crops gruwing in
an otherwise soil moisture deficient area), the spectral analysis for each
0.4 hectare pixel can be pursued. Therefore, for specific applications,

Landsat can be used for acquiring detailed information even with its

synoptic regional view. This paper will not discuss the use of the
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return beam vidicon cameras (RBV) of Landsat, since only limited worldwide
data are availabie and the data are typically not used for landscape
analysis, but rather for cartographic map updates.

The following sections will attempt to document the steps and time
required to conduct a large-area, small-scale inventory. The procedures must
be adjusted according to the region, available roads, and many other factors,
but can be used as a general guide for planning. At key points in the flow
charts are provided descriptions concerning management or technical deci-
sions which must be made. If the proper planning is conducted and if the
information needs are appropriate, Landsat can be a very helpful tool to
accelerate timing and decrease the costs of your surveys. If these condi-
tions are not met, the project may be very frustrating.

The survey needs are assumed to be a 1:500,000 land resources inven-
tory of =200,000 km2. It would be an integrated survey of vegetation,
soils, surface water hydrology (including surface drainage), and surficial
geology (both surface exposed structures and surficial matarials). Again,

I emphasize that these procedures must be tailored to the particular lotation
and personnel. However, they have been previously used for inventories and
provide an initial planning base for your use.

GENERAL PROGRAM STEPS

The steps for the inventory can be grouped into four major categories
as listed in Figure 1. Each of these steps has many work statements which
must be planned i~dividually and often fall within the timing of a previous
category. Time required for the survey is a function of the complexity of the

terrain, efficiency of field personnel, administrative support available, etc.
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Define Information Needs

1 Month

|

Prepare Data Base

5 Months

Field Survey
6 Months

Data Correlation,
Generalization, and Review

3 Months

Figure 1. Major steps in resources inventory and probable timing
for each step.
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The definition of information needs involves necessary coordination
of many sectors of government and the society. The information to be
acquired must have a final use which reflects a need. This use defines
the scale, legend, type and amount of ground data, and thematic products
which require generation. If the need is for generalized land capability
maps at 1:500,000 scale, Landsat can provide the necessary data. If the
need is for counting rural housing units of a country, then Landsat can only
play a small part in the investigation. An informed interpreter may be
able to associate the number of housing units with the productivity of the
terrain and derive a statistical estimate, but the accuracy will be a
function of the validity of the correlation. However, Landsat data may
provide a role in stratifying the landscape into census tracts, thus
improving the efficiency and accuracy of the ground or aircraft sampling.
Preparing the data base in a timely manner and securing the most
interpretable data are critical to succesful operations. Landsat data are
available from the United States at the EROS Data Center, Sioux Falls,
South Dakota in a variety of image types and formats. Data may also be
available from a regional center in your area. The data base mosaic may
require special processing and attention as defined by terrain characteristics.
This will be discussed later. The important point is that an individual
who has an understanding of Landsat technology and of the area to be
inventoried should be involved in determining data selection and processing.
The field survey is a combination of low-altitude aircraft observa-
tions (or analysis of stereopairs of aerial photographs) and traditional field

checking, sampling, and analysis. The low-altitude observation allows the
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resource scientist to describe the composition of the mapping units,
e.g. the percentage composition of different soils within the association,
the percent cahopy cover of forests, or the species of trees.

The aircraft checks update the delineations from the image interpre-
tations. Certain landscape units may not be visible in the Landsat data
but their delineation is required for an accurate inventory. Using Landsat
data and topographic sheets (if available)as the base map to c¢ mpile visual
interpretations and aircraft observations works well to update the original
interpretations. Landsat data are an excellent navigation guide when given

to an experienced pilot.

Data correlation and product generation follow traditional techniques.
The Landsat data can be printed as a map base for delineations. This allows
the user to see details within mapping units which are not delineated at
the map scale thus offering interpretations of resources other than the
theme displayed on the map, creating interest in viewing the map, and
assessing the validity and rationale for the image interpretation.

DETAILED PROGRAM STEPS

Specific work statements can be defined to accomplish the four major
~steps listed in Figure 1. We are again preparing for a hypothetical,
multidisciplinary, 1:500,000 inventory of 200,000 kmz.

Step A: Define Information Needs

1. Liaison with potential users: Since an integrated survey can

satisfy information needs for many disciplines, definite economies to scale
are derived by making exact definitions of user needs for the survey during
the planning stages. Having all users involved in defining the survey

needs will also promote use of the investigation results.



2. Prepare legend: The legend should be a function of information

required, not information that can be derived with Landsat data bases. The
Tegend should be defined as a taxonomic system which can offer interpreta-
tions for the mapping units based on your and other experiences.

3. Determine necessary scale: The scale should be defined based

upon user needs. In general, the larger the scale the higher the total
costs. If detailed information is required, do not try to force Landsat
data beyond its useful scales. In general, the detail on the original
1:1,000,000 transparency is that available and enlarging only makes the
mapping units larger and does not provide added detail. If greater detail
within the broad units derived from Landsat is required, two approaches can
be used. The interpretation procedures of Landsat tied to aircraft and
ground observations generate a mapping unit composition estimate which
provides added detail in the form of statistics. For example, a specific
soil mapping unit contains two different soils, each of which are defined
and estimated. You know that a certain percentage of each soil is present
but it is not documented where within the mapping unit each soil is located.
If the location is important, the next level in terms of larger-scale
mapping will be required. Landsat small-scale mapping can still play a
very significant role even though larger-scaled information is required.

The second approach is to use the Landsat data base for the general
overall survey to locate the specific areas which need larger scale mapping.
The exact area is thus defined for inventory planning. The proximity of
the area to roads, government facilities, flight navigation aids, etc. is

documented along with the precise size and Tocation of the area for collecting
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aerial photography of only the vagions in question. A stratification such
as this provides an advantage for ground sampling if actual counts of Tive-
stock, people, crop fields, etc. are the necessary output. Stratification
to optimize sampling using area-frame sampling techniques provides maximum
efficiency and accuracy when expanding .the ground sample estimates to the
total population. Why count corn fields for a region if there are no

corn fields in the area. Landsat data are operationally used for these
stratifications. |

4. Define output format of investigations: Output formats should

be defined early in the investigation and adhered to throughout the investi-
gation. If the data will be used in a specific form, they should be
acquired in that form. This avoids redrafting maps and altering statistics
to a usable form. The ultimate justification for a resources inventory is
the use of the data. If the format of the resulting data is not readily
usable, organizations will tend not to use the data.

5. Define useful thematic interpretations: A soil map has little

use until the soil data are interpretted thematically as a land potential

map for some specific use. For example, using the data to determine
irrigability would requirz2 different soil testing than using the data for
road engineering purposes. If the survey is specifically designed to

locate regions with high potential for growing deep-rooted crops, field

data collection efforts should be concentrated in those regions, once they
have been generally located. In short, the data should be acquired spatially

and thematically to yield maximum information for your needs.
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Step B: Prepare'Déta Base .

1.  Training personnel: Requirements for traditional survey personnel

are well known and will not be discussed. The major training required

for those who have not used Landsat data is (1) to understand the Landsat
system, including data processing and enhancement techniques, (2) to adjust
interpretation skills from the large-scale panchromatic or color photography
to the small-scale Landsat multispectral data, and (3) to develop an appro-
priate procedure for taking full advantage of multidate data. Other skills
such as mosaicking cartography, etc. are normally available within various
departments. The additional necessary training can be provided during the
first few months of the investigation without impeding the speed of the
investigation. We, Visiting International Scientist Program personnel,

have collaborated with many other countries on surveys and have used the
first six months for training in the various aspects of remote sensing
while preparing the data base providing initial interpretations as outlined
in Step B. This approach offers custom photographic laboratory facilities,
digital processing capabilities, interpretation equipment, and experienced
personnel. If these facilities are available within your country or are
offered by a regional facility, acquiring resident advisors who have the
necessary background and experience may be appropriate and sufficient to
fi1l your needs.

2. Acquire historic maps and statistical data: Prepare all historic

maps as transparent overlays for the 1:500,000 mosaic, Compile statistical
data in a format such that information can easily be extracted. Often these

data can be summarized in a map form. It is essential to use all existing
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information together with Landsat to make the best possible initial inter-
pretation. Often historic surveys were conducted without the benefit of
using aerial photography as a base map for expanding ground sample point data
and thus the spatial aspects of the historic maps have considerable error.
However, the ground observations and detailed descriptions provide an excel-
lent data source for aiding your initial interpretations of the Landsat

data.

2. Conduct initial aircraft reconnaissance or locate resource

scientists who have been in the field for the area in question: Interpreting

imagery is a process of recognizing, in a two-dimensional photographic
format, those. landscape features with which you are familiar on the ground.
Therefore, your field experience in the area will have an impact on your
ability to interpret the image. Well-experienced interpreters can transfer
their observations in other areas to the interpretation of your area. How-
ever, differing cultural practices often obscure or change those image
features used in interpretation which may limit this transferability.

Often these cultural practices yield information on landscape differences
because man normally adapts his practices to landscape properties. If

you develop an understanding of this relationship, these practices as
reflected in the image can be used advantageously.

4, Deve]qp interpretation models: As previously described, we

recognize in an image those landscape features which we can mentally
correlate with ground features. With the advent of multispectral and
multidate data, it is to our advantage to doqument in the form of reflectance
models the various land surface features we expect in the area. For

example, if we wish to assess soil color as an interpretation, this can best
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be accomp]ished when the soils are fallow. To locate jrrigated crops in
water-deficient enyironments, acquire data when the crops haye a full,
green canopy and contrast with the surroundings. If surface drainage or
standing water are important, acquire data during seasons when water 1is
present. If changes in surface water are important, acquire multiseason
data to maximize the difference between wet and dry. If the crown
coverage of sparse forest is to be interpreted, select a season when the
understory grass is dormant and the trees are in full canopy. The MSS
band 5 data fall in the chlorophyll absorption band so the greater the
amount of active growing vegetation, the lower the reflectance. This
effect generally reverses in Bands 6 and 7. This simple generalization
offers a basis for associating seasonal terrain reflectances to the Landsat
image tones.

An experienced resource scientist should document the types of land-
scapes and vegetation anticipated (if any), should describe the phenologic
stages of the vegetation, and should deve1ob seasonal reflectance models
for the mapping units he expects to encounter. These models ¢hould also
document other interpretation keys on a seasonal and spectral hasis, e.qg.
surface drainage, surface water, soil brightness, etc. The models will
be used for selecting data and later for image interpretation.

If advanced knowledge of the landscape is not available, often the
interpreter acquires "wet" and "dry" season data for land surfaces which
have vegetative cover. Regions which are not at the equator and have
relief features to be observed should be imaged at the lowest possible
yearly sun elevations adding the third date of data.

The development and use of interpretation models should be described

in a Tong book, not a section of a short paper. However, this step is



252

essential for optimal use of any remote sensing technique. Hopefully, this
sketchy outline gives an idea of mgthods necessary tb develop your own
model. A1l models are site specific and must be developed for your specific
area and application.

5. Assess Landsat Data Availability: Landsat data are archived at the

EROS Data Center (EDC), Sioux Falls, South Dakota in an easy retrieval system.
They are noted as per quality, cloud cover, date, and other necessary
information. A search of all data which are archived anq available for
distribution for a specific area is easily procurred at no cost by specifying
date, location, quality and cloud cover constraints. The type of data

(MSS or RBV) should also be specified. Skylab data are also available at

EDC. If data for your country are available through a regional center,

you should contact them to determine what is available. The row/path

system allows you to plot the approximate frame coverage on a map for
indexing.

6. Acquire appropriate multiseason data: The interpretation model

~discussed in Step 4 should be used to define the type and season of data
which will provide the greatest information. Data from at least two

seasons should be obtained. Centers such as EDC provide imagery in both
digital and photographic formats. Photographic products can be purchased
with standard enlargement factors. The scale of their sphotographic products
is not exact and often varies with satellite pass. Also, differences in
atmosphere and sun elevation on different dates cause different image

tones (and different interpretability). EDC provides standard processing,
rather than scene-specific processing which optimizes interpretability

for each scene. EDC has many thousands of images to process and can not
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individually process data for maximizing contrast and interpretability. Therefore, a
custom laboratory for photographic tone adjustment for tone-matched mosaick-
ing and for specific tailoring of image tones to cover the total dynamic
range of the film is essential. Tone matching between adjacent images
allows across scene analysis of tones for interpretation and offers a
cosmetically attractive mosaic for data background when publishing maps.
Enhancing or "stretching" tonal contrast in the scenes allows the inter-
preter to detect smaller changes in actual scene reflectance on the image
display. The custom photo laboratory can enlarge the images so that adjacent
images are the same scale, and can control enlargement to a base map for
determining the scale. If you do not have a color photographic laboratory,
the custom Taboratory at EDC is available and/or many other laboratories
provide custom processing specifically oriented to remote sensing needs.

Digital processing is often used to display the Landsat data in its
most interpretable form. Where landscapes are extremely dark or bright,
the standard photographic image is not sensitive to scene reflectance
changes. The data are recorded m the computer compatible tapes and can be
reprocessed into an image which is superior to the standard product. Many
pfocessing algorithms have been invéstigated and used effectively. An
experienced remote sensing specialist can help in deciding whether or nct
to incur the additional costs. Only a few speciality laboratories are
equipped to handle such processing. Today's costs are about $3,000 per
scene, which seems high but amounts to only $0.08 per square kilometer.
If the step reduces field or reconnaissance flight time, the cost may be

returned by increased efficiency and accuracy in the image interpretation.
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7. Prepare 1:500,000 scale mosaic: The base mosaic should be

controlled as well as possible with existing controlled maps. The mosaic
will be used for interpretation purposes and for mapping unit delineations.
Mosaics of at least two seasons should be prepared. The overlays of
historic data and the field experiences of the interpretor should be used
with the multidate mosaics and the interpretation model to make initial
delineations and mapping unit definitions.

8. Prepare field sheets at 1:250,000 scale: The same mapping unit

delineations as on the base mosaic should be transferred to 1:250,000
prints for field use.

Step C: Field Survey

1. Define and order survey equipment: The types of equipment are

a function of the local area and of the specific outputs of the survey.
This equipment must be ordered early to avoid delays, especially if the
source is international and not local.

2. Establish testing laboratories: This again is a function of the

type of data to be acquired. For reconnaissance mapping often simplistic
testing methods can be conducted in the field with only a few samples sent
for accurate Taboratory analyses results which are then correlated to the
simpler field methods.

3. Aircraft reconnaissance: The purpose of aircraft reconnaissance

is to (1) adjust delineations of mapping units conducted in the laboratory,
(2) assure that no mapping units which were not spectrally apparent and
were consequently not interpreted from the Landsat data were omitted,

(3) add delineations of map units as necessiry to original interpretation,

and (4) define the composition of the mapping units. Our experience
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has been that a multidisciplinary team should be involyed with these observa-

" tions at a flight altitude of abcut 1,000 meters above ground level. Recent

aerial photography can often replace a large portion of the flight time.
Recent Landsat data is excellent as a navigation chart for correlating

aircraft position to the ground. Prints of 1:1,000,000 data should be

used for easy handling in the aircraft. Approximately four hours of flight

time are required per Landsat image. This, however, varies significantly

with the complexity of the terrain, the experience of the fnterpreter of

the original mosaic, and the effectiveness of Landsat for spectrally

capturing the landscape on an interpretable image.

4. Ground data collection: The mapping unit distribution and compo-

sition as determined from the previous steps of the survey define the sites
for ground data collection. Each major variation in components of the
mapping unit should be described with detail on the ground. Samples and
info.mation are recorded according to need to allow the final interprétation.
Approximately two field man weeks per Landsat scene per discipline should

be budgeted. This.is highly variable and depends on the Tocation of

roads, complexity of data needs, and the terrain.

5. Adjust interpretations on the 1:250,000 field sheets: Adjust

original interpretations as appropriate after the aircraft and ground
observations have provided new information.

6. Conduct laboratory analyses: As required.

Step D. Data Correlation, Generalization, and Review

1. Compile corrected 1:250,000 field sheets to 1:500,000 base map.

2. Prepare statistical and tabular summaries: As appropriate to

describe observations.
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3. Combine new data with other available data types: i.e. yield

trials, borehole observations, etc.

4. Prepare thematic intérpretations: A map of soils, geology, etc.

is not valuable but the interpretations of that map by experienced disci-
plined scientists are the products desired for use.

5. Prepare a report describing methods and observations: Full

documentation of procedures and results are especially required when using
any new technique. Skepticism of any new technique is always encountered
when individuals do not fully understand what the technique is and how it
is used. Therefore, complete documentation on procedures is essential

for acceptance and understanding of the final products.

6. Prepare final maps and duplicate: Maps displaying the spatial

distribution of mapping units with accompanying legend of the resources
or thematic interpretation maps should be printed using Landsat data as a
map background. This background provides additional information to the
user whether or not it is associated with the map theme.
SCHEDULING

A general scheduling of steps is provided in Table 1. Many steps
must be conducted simultaneously for assuring uninterupted procedures.
These are a function of the specific area, government, logistics available,

etc. but are presented as a general guide.



TABLE 1. SCHEDULING OF TASKS

WORK STATEMENTS

Start £ Months 12 Months 16 Months

Step A. Define information needs (month 1)

1.

2
3.
4.
5

Liaison with potential users

Prepare legend

Determine necessary scale

Define output format of investigations
Define useful thematic investigations

Step B. Prepare data base (months 2-7)

ONOOTRDWN —

Train personnel

Acquire historic maps and statistical data
Conduct initial aircraft reconnaissance
Develop interpretation models

Assess Landsat data availability

Acquire appropriate multiseason data
Prepare 1:500,000 scale mosaic

Prepare field sheets at 1:250,000 scale

Step C. Field Survey (months 8-13)

—
.

(=] HWMN

Define and order survey equipment

Establish testing laboratories

Aircraft reconnaissance

Ground data collection

Adjust interpretations on 1:250,000
field sheets

Conduct laboratory analyses

.Step D: Data correlation, generalization, and

1.

w N

D N~

review (months 14-16)

Compile corrected 1:250,000 field sheets to
1:500,000 base map

Prepare statistical and tabular summaries

Combine new data with other available data
types

Prepare thematic interpretations

Prepare final report

Prepare final maps and duplicate.

LS¢
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SUMMARY
A1l surveys have a planning phase. The planning is conducted initially

with only limited information and the plan must be altered as the survey
progresses. Effective planning is the key to successfully completing an
inventory in a timely and cost-efficient manner. Frustrations develop

when appropriate planning was not conducted. Plans and schedules are a
function of many variables so they are only general guidelines. The plan
presented in this document is only an outline of the major considerations
necessary for a successful inventory. A well-coordinated group of ex-
perienced specialists can change the initial plans as necessary to com-

plete the survey.
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GENERAL PRINCIPLES OF APPLICATION OF REMOTE SENSING
IN URBAN AND REGIONAL PLANNING
Mohamed E1 Hadi Abu Sinn*

I will discuss the use of remote sensing in urban and regional planning.
I intended to introduce a new element in this study by introducing the cul-
tural landscape, that is tn say, the features which are normally put on the
land by man. It is well known that is a very dynamic phenomenon and that
urban center towns will exist in a very few years. Irrigated agriculture
will be coming in a very few years and therefore will present very serious
problems to planners because of the speed of change. The planners must act
very quickly to follow up on these changes which are normally very swift.
These problems can be summarized as follows: 1) how to detect the changes
in land use patterns at either the regional or the urban level, 2) the magni-
tude and direction of that change, and 3) the socioeconomic impact of that
change which is really the core of the whole setup.

Planners actually need very accurate and up-to-date information about
these changes. But for what objective? The basic objective is effective
land use decision. Unless there is accurate, up-to-date information, one
cannot follow the land use changes and assess the trend of the change in
terms of time, in terms of area, and in terms of money.

The last and very important thing is the ability to establish a model

for the prediction of the land use and the use of the resources. This is

* Geography Department, University of Khartoum
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emerging from twg major points: (The dynamic or increasing rate of popula-
tion, particularly in the third world countries, and (2) the increasing needs
of these populations. In the past planners detected or acquired this informa-
tion by what we call the ftraditiona]f means of acquisition of information.
"Traditional" methods, however, continue to be very important and supporting
elements because sometimes some information cannot be acquired without them.
For example, "traditional" methods are valuable for assessing population
dynamics population density, housing, and transportation.

Historically, aerial photography was a breakthrough in the acquisition,
storage, and presentation of informationat regular periods of time. Landsat
is a second major breakthrough which has proved to be very essential for plan-
ning purposes. Landsat data provide a very fast tool for the detection and
monitoring of change. It is a system that acquires and transmits information
to certain ground stations in such a way that there is a continuous flow of
information at regular intervals or when needed.

A very important contribution of Landsat for planning is that it shows
an area or a city within the regional context, which is very essential. You
cannot plan by studying a single point. Rather you must look at the city
as a component of a set of variables; this is the kind of data that Landsat
supplies to us.

Thus the regional context of Landsat for planners is very essential
because, definitely, the interest of planners is to minimize the land use
friction in a way which meets the first objective stated. One of the draw-
backs of Landsat, particularly in the area of urban studies, is that indi-
vidual objects cannot be clearly detected because the area of a Landsat

picture element (pixel) is 0.4 to 0.45 hectare. Thus, it is impossible to
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detect single houses or single trees, It is also difficult to study features
which cannot be seen or do not have a detectable signature on the image.

A 1ot of work is done in the area of enhancement, One of the enhance-
ment procedures improves the quality of the photographic product by stretch-
ing the tones of the area in which we are interested to cover the full tonal
range, thus providing more contrast among the different scene features. How-
ever, the enhanced product does not provide increased resolution for details
such as single houses and trees.

There are usually two or three features which you need to identify to
detect the trend of change in an urban setup. There are features which can
be detected from Landsat imagery, such as aggregates of commercial areas,
industrial areas, residential areas of different classes (1st order, 2nd
order squatter settlements), and recreation areas.

The second feature which can be recognized on Landsat imagery is
urban land use changes, that is to say the encroachment of the built-up
areas into agricultural land. For example, you can recognize an area that
was a vorest and then cleared for industrial expansion.

Some of the important features which may be indirectly detected from
Landsat imagery are: house quality, density of population, and ethnic
structure. A1l these changes may be identified by associaticon. That is to
say, if you have a residential area of a specific tone or signature on the
image you can identify this as a 1st class, 2nd class, new or squatter
settlement. So, by association you can have an idea of the income of the
people. If an area can be identified as a squatter settlement you can con-
clude from this that this is a Tow income area.

It should be borne in mind that it is very important to collect some

ground truth for the verification of interpretation. But the use of Landsat
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imageries might minimize the extent of data collection. For example, if
one is investigating the income standard in Khartoum, th- use of Landsat
imagery will minimize the cost and time required to make a survey on income
or quality of housing. The detectable features could be identified in the
image by spatial characteristics of pattern, shape and texture. One can
identify, for example, an industrial area by the pattern of the buildings
and the high reflectance from a large built-up area. A new residential
area appears gray on the image because of teh sparse vegetation cover.

There are two ways to detect land use changes within the regional
concept. The first one is the rationing method, which compares imagery of
the same area for different dates to see whether the urban area is horizon-
tally expanding and encroaching on agricultural land. Another method is the
digital method in which image data for each date are computer-classified.
"he classification results are then compared and analyzed for both -the extent
and direction of change.

The possible uses of the Landsat products resulting from after these
techniques include: (1) a map of land use changes, both urban and regional.
A map indicating the changes and the direction of these changes at regular
intervals can be prepared so that the necessary actions can be téken accord-
ingly. (2) a time dimension map showing how much change has taken place
at various time intervals. This is one of the advantages of Landsat, i.e.
supplying a continuous flow of information. (3) tabulating the aggregates of
spatial changes which took place in the study area. So if a change map of
The Sudan is drawn from Landsat imageries, it will be readily apparent which
region is experiencing the most rapid change and planning can take place

accordingly.
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An important aspect is the spontaneous detection of hazards like the
Gezira flood, and the impact of that heczard in retarding development.

Finally, one might review the value of the end product to users.

There are many agencies and individuals at different levels that would be
very much interested in this end product. At the single city level, for
example, this end product is very useful for detailed analysis and for
assessing the urban economy, the urban ecology, and the urban environment.
We can also obtain information about the spatial extent of a city's growth
whether it is growing vertically and/or horizontally, and what is the impact
of this growth on transportation and on the encroachment over agricultural
lands. Going up a step from the city to the regional level, Landsat data
are valuable for obtaining an overall picture of the region.

Finally, at the national level, the National Coordinating body can use
this end product to construct a model for future planning. Thus, at all
these levels Landsat data are valuable for planners. However, one must keep
in mind that ground truth is very essential and that a balance must be

maintained between remote sensing and "traditional" methods.
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KHARTOUM AREA EXAMPLE OF URBAN AND REGIONAL PLANNING
USING REMOTE SENSING TECHNIQUES
Yagoub Abdalla Mohamed*

Looking at a town, any town which is the consequence of interactions
between physical factors and cultural-historical factors, the satellite
images or air photographs provide dependable, as well as economic resources
and also quick, obtainable information. Looking at the three towns of
Khartoum, Khartoum North and Omdurman, vou cannot appreciate the morphology
of a town unless you view its historical development, its colonial history
or the computed history.

Looking at the pattern of Omdurman one can see that it was influenced by
its history during the Mahdia period. The streets and the planning of the
town during that period affected its growth.

Khartoum, contiguous to it, is a new town. During the colonial time
the diagonal grid pattern of the streets was laid out and later the railway
provided a kind of ringroad south of the town hindering its growth southwards.

By simple visual interpretation of Landsat false color composites of
the Khartoum region, we can derive certain information from the image; you
can see the physical Timits of the town, the Blue Nile, the White Nile,
the green belt, the agricultural areas, and the Sunt forest to the west on
the flood plain of the White Nile.

After scanning the general features, we move point by point. First,
we have to know something and then understand it. You can locate the air-
port and the features asséciated with the airport in that area such as the

buildings. Then also we can see the built-up areas. Some areas are red

* Geography Department, University of Khartoum.
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indicating vegetation. In Khartoum the vegetation is mainly within the
eastern section of Khartoum, in the Hai E1 Matar area, and the first class
area to the south. In these areas the people who are economically well off
can afford to grow trees, which are easy to identify in the Landsat imagery.

Thus, we start by studying the image point-by-point, beginning with the
obvious features and progressing to the unknown ones. By this method, vou
can obtain information about the general direction of growth using Landsat
imagery.

What factors influence or 1imit the growth of a town in a certain direc-
tion? For many years the airport was a kind of barrier to growth. Of
course people now have moved to these other areas beyond the airport.

The green belt may also provide another barrier to expansion. We know
that as a result of squatter shanty towns, people are now 1iving beyond the
green belt and as I mentioned earlier as far as the Sunt forest to the west
on the flood plain of the White Nile. The same thing also goes on with
Omdurman and Khartoum North, and you can see the direction of growth. The
growth of the shanty towns is evident at the edge of both towns. Of course
with the advancement of these squatter settlements, the original city of
Khartoum is not just expanding outward to its surrounding area. The town is
interacting with its surrounding area. There is high demand for housing in
densely populated areas and people are therefore encroaching on agricultural
land. In a number of areas there has been a change from agricultural land
settlement areas.

Other features which you can detect from Landsat are the aggregates,
residential areas, industrial areas and the agricultural areas to the east

at "Hillit Kuku" village and "Belgravia" dairy farm. Moving from the
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general idea about the aggregates (industrial, commercial, etc.), we must
move further to the vegetative aspect. Of course you can associate a settle-
ment with green vegetation. Vegetation may indicate that a residential area
is a high class area. It is very important to identify the various types of
areas; to be able to locate the high classed areas and the low classed areas,
second classed areas, and shanty towns. It is also very important to supple-
ment and complete the picture of Landsat. If advanced techniques are avail-
able, such as the "Image 100" and computer compatible tapes, they will also
provide additional information and dimensions to the study of urban growth.

(Figures not available.)
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CLOSING SESSION ADDRESS
Dr. Ibrahim Hassan Mohamed*

This is the final session of this symposium and workshop. It has
been a successful one, and for that we thank the US/AID and the staff
of the Remote Sensing Institute, SDSU, Dr. Moore, Dr. Morain, Mr. Andrawis,
and Ms. DeVries for their participation and assistance in this workshop.
Indeed, I think we have acquired a good knowledge and background of this
new technology. The technical papers were very illustrative and showed us
the benefits of space technology for the survey of natural resources. The
épeakers illustrated how we can interpret the different imageries which will
be provided from the National Remote Sensing Center at NCR. These imageries
that have been provided by RSI through US/AID are available for anybody
wanting to borrow them and will be located in the documentation center of
the NCR. I hope we can put them in a final binding so that anybody can
Took at and borrow the series of iiiageries needed.

I also thank the participants, the instructors, the Sudanese scientists
who participated in the preliminary course before this workshop and also
in the workshop, for the fruitful discussion along with all the participants
from the different departments, units and universities.

To conclude, I am going to ask the representative of each of the
different four groups to give us a brief account of the practical exercises,
their evaluation of the workshop, what they think for further future planning,
along with any other suggestions and recommendations. Before presenting the
four heads of the groups, may I ask Dr. Moore to give us a brief account

on his views on this workshop.

*Assistant Diregtor, Council for Scientific and Technological Research,
National Council for Research, Khartoum.
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FAREWELL ADDRESS

By
Donald G. Moore*

On behalf of Mary, Stan, and Amazis, I would 1ike to thank NCR for being
an excellent host and for cosponsoring this workshop. Our sincere apprecia-
tion is extended to the U. S. Agency for International Development for their
participation in and sponsorship of this collaborative project. To the Suda-
nese speakers, you have presented your evaluations of Landsat technology and
have served effectively as team leaders in your respective disciplines very
well. I personally charge you with continuing your role in transferring
this remote sensing technology to your peer scientists in your respective
departments. To the workshop participants, I can truthfu]]y say that you
have been one of the most eager and informed groups that we have ever worked
with in a workshop. If our explanations were not in sufficient detail or
clarity, you immediately asked questions or provided comments to establish
further discussion. It has been a pleasure working with you. I hope you
feel you have benefited from the workshop as much as we feel that we have
benefited from the past two weeks. As you know, part of our team visited
the Soils Department at Wad Medani. We found them to be just as enthusias-
tice and receptive as you have been.

For many of you, this has been your first acquaintance with satellite

or Landsat remote sensing. Most of you who are resource scientists have an

* Head of Visiting International Scientist Program and Assistant Director,
Remote Sensing Institute.
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excellent working knowledge of air-photo interpretation and use. The inter-
pretation of small-scale data from satellite uses the same principles as
interpreting large-scale data with which you are accustomed. There is no
magic to the interpretations. Many use fancy machines and "mystical" approaches.
As you have seen throughout the workshop and in your working groups, these
fancy and expensive techniques are normally not required to extract useful
information from the data. What is required is to have a carefully prepared
Landsat data product in the hands of a skillful interpreter who is knowledge-
able about the terrain. The Landsat products for almost complete coverage

of The Sudan are available through NCR and you are the most qualified experts
on Sudan to conduct interpretations for The Sudan. If vou need any help, the
Sudan scientists who were at RSI or other institutions for training are
locally available to discuss your specific applications and interpretations.
Please use their experiences for your benefit.

Keep in mind that Landsat is a tool for your use in acquiring information
for which you and the Government of Sudan have a need. Landsat is at a satel-
lite altitude and the data are small scale. If you have needs for information
at large scale, Landsat is not suited for your appiication except perhaps
to make stratifications for large scale sampling. Do not try to force the
data where the data are not suited. If you need data at small scales over
large regions, Landsat is the best available data source at this time. After
you have fulfilled all of your large area, small-scale mapping needs, future
generations of satellites promise data which will be useful at a larger scale
than Landsat provides. Satellite remote sensing is only in its infancy and
the next few years should provide us with the benefits of improved spatial,

spectral, and temporal resolution.
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My final comments are to urge you to evaluate the Landsat data in
your programs. Do not rely totally on Landsat data to acquire your informa-
tion; for disbanding traditional techniques for another technique, that of
Landsat, without a thorough evaluation within a specific program would be
“fool hardy". Evaluate Landsat within your existing program to determine
what information you can acquire that could not feasibly be acquired using
traditional methods and what traditional techniques are replaced concerning
cost and accuracy comparisons of both systems. Use techniques such as those
presented in this workshop. Do not give up after looking at one band at
one scale for one date. You have many data types available through NCR.
If you need help in interpretation or in determining the appropriate data,
ask one of the Sudanese who have had more experience than you for their
advice and comments. You, the administrators and scientists of The Sudan,
have a responsibility to acquire and use scientific information for an ex-
tremely large country. Landsat and other remote sensing data may help you,
if the tool is used properly, in your service to the People of Sudan. Again,

thank you for allowing us to share with you an excellent workshop.
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CONCLUDING ADDRESS OF
LAND USE AND VEGETATION GROUP

Yahia Bushara*

I would like first to thank the Natjonal Council for Research for
arranging this workshop, and the Remote Sensing Institute of South Dakota
State University for initiating the program, training some of us, bringing
all the materials, and presenting several lectures which we have actended.

Speaking about the pre-workshop training course, I believe everybody
was enthusiastic and attendance was full. There are some points which we
should not miss. Some shortcomings actually existed because the pre-
workshop training did not have a specific program for lecturing about
vegetation, geoluyy, or other disciplines. There wasn't much cocrdination
and material available so that the training was theoretical with very
Tittle practical handling of the imageries, photographs, and instruments.
The color additive viewer (IZS) is still not functioning properly and we
hope it will be fixed and will be available for all of us to use.

However, regarding vegetation and land use, I believe that a good
introduction was given to the group during the pre-workshop training
course. Later, almost all aspects were fully .overed by Dr. Moore,

Dr. Morain, Ms. DeVries, and Mr. Andrawis from the Remte Sensing Institute.
As you have all seen they have beaut:ful and explanatory slides. I think
everybody gained by the good experience and we now have a good idea about

remote sensing.

*Forester, Forests Administration, Ministry of Agriculture, Food and
Natural Resources, Khartoum.
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One point one may stress is that it is always wise if you are doing
remote sensing and working with an image which covers a very large area
to have people with more than one specialization work on that image. A
multidisciplinary team investigating one area is more efficient than a
one discipline approach, such as one doing vegetation studies only or
some other specialist doing only a soil survey.

Moreover, field checking always brings up many points when there is
more than one specialist. They discuss problems which arise and try to
solve them using a multidisciplinary approach. Preparation of a map for
representation of the land surface can be made by many specialists in
different disciplines much better than by one scientist in one

specialization.
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CONCLUDING ADDRESS
SOIL SURVEY GROUP

Abbas Doka*

On behalf of the Soil Survey Administration at Wad Medani and the
Soil Group, I would 1ike to express our thanks to the National Council
for Research (NCR) and in particular to Dr. Ibrahim Hassan for his
great efforts before and during the symposium. Many thanks are extended
to Dr. Donald G. Moore, Dr. Stanley Morain, Ms. Mary DeVries, and Mr.
Amazis S. Andrawis for their valuable lectures and discussions. Also,
I would like to “Fank them again for their visit to Wad Medani.

The Soil Survey Group attended a two-day workshop organized by
the Soil Survey Administration in cooperation with the NCR and the
Remote Sensing Institute, South Dakota State University. During this
time valuable lectures were given, followed by a very interesting study
tour, ending with a short visit to the Gezira Scheme Headquarters at
Barakat.

Although there were valuable discussions and comments during the
two days of the workshop, we did not have enough time to come up with
final recommendations. Nevertheless, I will summarize the discussions
and the comments agreed upon by the participants:

1. A library containing all publications pertaining to remote
sensing and its applications should be established at the Remote

Sensing Center at Khartoum.

*Soil Survey Administration, Ministry of Agriculture, Food and Natural
Resources, Wad Medani.
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The Soil Survey Administration is about to complete the
generalized soil map of The Sudan using Landsat data; this is

a good achievement which is highly appreciated. Such a vital
effort should be supported by the National Remote Sensing Center
when established and should be given top priority.

Facilities and equipment should also be available at Wad Medani
to help the different departments in applying remote sensing
techniques, such as simple equipment for visual interpretation (a
considerable number of departments are now using Landsat imageries).
In-depth training for all the soil scientists who are applying
remote sensing is essential to help them in soil surveys and
particularly in conducting the regional soil mapping aiming

towards a soil map for the whole country.

The symposium and the Soil Survey Group workshop was very useful.
The lectures were informative and the discussions were interesting.
The multidisciplinary and interdisciplinary scientific background
of the participants is very much appreciated and it should be
emphasized on any future study or conferences on remote sensing.

Thank yoau.
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CONCLUDING ADDRESS
WATER RESOURCES AND SURVEY GROUP
By
A.Rahim A/Aziz*

I would 1ike first to thank the NCR for looking after the training
course, especially under such conditions when the center is still not yet
established. I do realize that it is very difficult for somebody before
being established in the basic requirements for the center, say at least to
have offices and with such a start. This is greatly appreciated and I
think that Dr. Ibrahim has done a good job for motivating this start.

Secondly, I should 1ike to thank the staff of the Remote Sensing Insti-
tute of South Dakota State University for the training we had during our
stay for six months there. Even though it was a very short period of study
for such a field of science, they did a lot in giving us many lectures in
different disciplines, and still i1l now we have many contacts with the
staff in different fields to follow the progress and receive the latest
Titerature in the field of remote sensing.

As for the training, I think it is a good start for intreducing the
science of remote sensing. Based on my moderate experience in remote sensing,
I found that the application cf remote sensing is of great help for one's
field of interest or discipline. For example, in the field of soil science,
forestry or water resources, it will give many chances to evalute one's
knowledge and to deal with a newly advanced science with respect to his own

field.

* Hydraulic Engineer, Rural Water Corporation, Khartoum
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Of course, I can not say the training was ideal because of its short
period, but at least it gave us a good introduction to the field of remote
sensing and one can extend his interest by reading the Titerature and study-
ing the available imageries.

As for my recommendations, it is too difficult for the time being to
say exactly what is the necessity. Unless we establish a proper center for
remote sensing I cannot say much except some recommendations for immediate
necessities. For example, if we can ask for coior composite images (MSS)
coverage for the area between 10°N and 18°N latitudes for the time being
since this is an area of immediate development for Sudan. If we can have the
coverage by the time we have an established center for remote sensing or at
least extend the training course with the workshop to have such coverage
especially for the participants to extend their interpretation in their
different fields.

Secondly, I think some basic photographic laboratory equipment is neceé-
sary. For example, image enlargement equipment, and some flexible arm ring
magnifiers. I think these are important until we have an established center.

After the establishment of the center I think many recommendations will arise.
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- CONCLUDING ADDRESS
GEOLOGY GROUP

Shadul Ahmed Shadul*

In fact in our section, I feel it might be good if the participénts
would give their own opinion about the course and the workshop. It
might be good even for the othér participants to give their opinion
other than these summary statements.

I feel by this workshop two goals have been achieved: the first
is to introduce this new technique of remote sensing to all natural
resource scientists; second, is to bring together different scientists
from different natural resource disciplines to work together. This
is a new type of approach to solve natural resource problems. An
example may be one natural resource problem as desertification or any
other topic. By putting the thoughts arnd efforts of all different
scientists a§ a group, the approach might help a lot in solving our
problems by looking at the problems from different angles.

Another aspect of remote sensing is this new technique of remote
sensing using Landsat imagery only recently introduced and we would
like to extend the knowledge of this technique even to a lower standad.
This technique might be given not only to scientists from different
disciplines of natural resources but even at the secondary school

(high school) level because this new technique is frequently mentioned

*Director, Geological Survey Administration, Geological and Mineral
Resources Dept., Ministry of Industry and Mining, Khartoum.
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in the media; on the television, the newspapers. We would like every-
body to have some idea about this new technique so as to follow what
is going on, the applications of this technique, and then try to make
use of it.

We feel in the field of geology that it is very helpful for us
here in The Sudan because we have a very large country and can not
cover it with our traditional methods. There are several remote areas
that we can not work in under the present conditions, such as the vast
desert to the northwest, and the jungle in the south which is not safe
to work and to examine each type of rock. We have limited funds and
Timited manpower to work at this time, so we need a 1ot of time to
survey the whole country. By using this technique, this will minimize
our field work and our main job in the field will be limited to the
checking of certain locations in our Landsat interpretation. This will
give quick results and that might help in future planning to make a
detailed study ir complex areas, difficult areas, or areas of interest.

In the Geological Survey Administration we have about 40 scientists
and geologists that are trained in remote sensing. We were trying to
establish a separate remote sensing unit in our department, but we feel
that it might be more useful if we can vz 4 National Remote Sensing
Center under the NCR to serve all inte: = o departments, which wiil
bring together scientists from different disciplines, making available
to them all the necessary equipment and material, and to provide a
place to give a short training course and to work together in groups.
This would be of much help and would minimize our spending in such a

unit rather than having a unit for remote sensing in every department.
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The plan is to establish a central remote sensing center to serve
all disciplines. We will support the efforts and cooperate together in
starting a remote sensing center until it is well established and carries
fully all its responsibilities.

This remote sensing symposium and workshop is a good start for a
further effort. It might not be an ideal thing but it is a good start
and we hope that it introduces the technique and brings all of the
interested scientists together. Communication is getting easier between
the different departments as all of them now speak the same language.
This is the first step for establishing this center. I hope that soon

we will see this center going steady and well established.
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CLOSING ADDRESS

Dr, Hassan Mohamed Hassan*

On behalf of the National Council for Research and on behalf of the
Sudanese participants, whether lecturers or students, we wish to thank those
from very far away who offered a helping hand in giving this very wonderful
experience and very nice and well organized workshop with the 1imited capa-
bilities we have. I think it is a great experience and with one, very
important, element which Sayed Shadul touched upon, is that if this workshop
has done nothing more, it has at least brought us together. People of all
different disciplines working on a common goal, that of understanding re-
mote sensing. This was almost impossible to do without this workshop. So
on behalf of the National Committee of Remote Sensing which has been as an
ad hoc committee for a long time, trying that we could bring about something
like this. This is the first symposium and workshop we have put together
and it is a very good experience for us, even putting together a lecture.

I think al1 concerned did a very good job and should be complimented.

The general assessment of the workshop; I think it was a very good
experience and I think people learned many things, both the students and the
lecturers. Everybody heard different things we never knew before and we saw
something we never hoped to see in a country 1ike ours. Anyway, as a general
assessment of the workshop, I think it was a very good experience and we have

learned a lot.

* Director, Surveys Department, Khartoum.
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The 125 instrument was assembled for the workshop and some of the stu-
dents have used it as well as some of the staff. It is not a secret tr say
that this instrument has been in Sudan for almost two years. This is the
first opportunity for the instrument to be actually used, so I think there
have been several benefits from the workshop other than giving lectures to
people and giving them new knowledge.

From the cartographic point of view, for me being the Director of Survey,
we have expressed cartographic activities a 1ot and we have shown what we
have in The Sudan in the field of cartography. We have also shown them
what we need in Sudan and I think every participant here from different dis-
ciplines was interested to know about cartographic information. I think
again this is another benefit of the symposium that people knew what kind of
mapping was available and what the necessary steps are to conduct this
mapping.

In this respect I would like to say something personal - this is maybe
my last day as the Director General of the Survey Department and it may be
tomorrow that I will be a lecturer in the university. So being a lecturer
in the College of Engineering and Architecture I think we have already
started a regular course of remote sensing in the four year curriculum of
the B.Sc. degree in surveying. So, I think and hope, other departments in
the University will follow the same. We hope through the Department of
Surveying, at the University of Khartoum, we will promote remote sensing in

the other departments of the university.
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I should Tike to say a few words about the National Remote Sensing
Center. It has been almost two years now working on this idea, talking about
it, and I should 1ike to say that the dream has come to reality and we expect
very soon, maybe before the end of this year, that we will start putting down
the instruments, and sit down and do some work. The project document is al-
ready out. The financial support, which is the most important part is already
out, and this symposium of ours, a similar symposium, has put together the
technical staff whiéh we could use from all the different disciplines from
all the different departments. So I don't think there is any problem with
starting the National Remote Sensing Center and hopefully before the end of
the year, or maybe in the beginning of next year we will have a National Remote
Sensing Center. The experience we gain from this workshop will give us better
workshops and better symposia to come.

In this respect I would like to thank Dr. Moore because he willingly
has accepted to take the project document of the NRSC and look at it and
give us his opinion as to the contents of that document and we hope very soon
to hear from him. We hope that very soon that the United Nations will be in
action, and we will be in action.

We were hoping and this might be very good news for the participants to
give a short exam by the end of the workshcp. I would like to announce that
it has been decided that our people here are responsible enough. They have
learned a lot and do not need exams, and we do not need to know more than that
they already have learned a lot.

I would like also to mention that though you are not given exams, you
will get certificates, and Dr. Moore and his group have accepted willingly
that they are going to give each member of the group a certificate stating

that he has participated in the remote sensing workshop in Sudan.
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The real assessment of the workshop is not our idea. We have been work-
ing in remote sensing for a long time and we know that you gained a lot, but
the real assessment is from you, from the participants, how much you gained
in this one month and half of experience. It is a very short time, with very
limited resources, but still I thank all the lecturers and demonstrators. I
think a1l of us tried to give what we have and we hope that we did give it
fn the right way. That is why I will give the floor to two of the partici-
pants to comment on what they learned, what they think went right, and what

they think went wrong.

Moawia E1 Badawi, Soil Survey (Participant):

I think it was a very good experience. Right from the beginning I
noticed that there was a lot of overlap in the lectures, so I might say it
lacked coordination between the lecturers who taught us in the pre-workshop.
But again I expected to do a 1ot of manual work, but unfortunately I found
that most of the information we had was limited to the theoretical part.

These are the main points I wished to point out.

Musa Al Ahmar, Forests Department (Participant):

It was noticed that all participants in the pre-workshop and the work-
shop courses attended punctually and with great enthusiasm. Evervone
had the willingness and desire to Tearn about remote sensing.

we received plenty of papers, and took a Tot of notes, all of which we
read carefully and understood.

The first remark was that we did not have much practical work. We did

not practice working on all of the instruments we learned about. If we had



284

had all these instruments available, and practiced working on them, we could
have benefited more from what we learned from the lectures and the notes.

The second point is that the course was too short. The whole course lasted
for forty days, during which we had the pleasure to attend and learn about remote
sensing. We were hoping that the period of the course will be extended so
that we can get more knowledge and more experience.

We also hope that most of us will have the chance in the future to go

abroad to attend more advanced courses on remote sensing.

Dr. Hassan Mohamed Hassan:

I think that these two participants represent the group very well. I am
sure that the time was very short and we were in need of instruments. We
have tried to put together these instruments for demonstration and most of
the group did see the instruments, but the time was so short., and there was
a lack of facilities to give everybody a practical training. But as I said,
this is the first workshop and we expect that in other workshops the people
will be more involved. It is expected that* when the participants go back to
their particular departments they will get more involved in remote sensing.
When the Remote Sensing Center opens, its doors will be open to everybody.

It is a national center for remote sensing. It will be open for any depart-
ment, and any interested person to come and do his work. That is why we are
interested in having this center in the National Council for Research, because
it will be an impartial place for anyone in any discipline to come and do his
work.

Finally, I would like particular.y to thank the visitors from the Remote

Sensing Institute, South Dakota State University, Dr. Donald Moore and his
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group, for the very precious time they spent with us, We all really enjoyed
it. We had a very nice experience; we have seen lots of things we have not
seen before, and we thank them for their time they spent here in Sudan. We
hope that The Sudan has given them the welcome they expected. 1 thank Mr.
Amazis Samuel who participated with both the Sudanese and Americans.

I thank them again for participation and I thank them for publishing
the proceedings of this symposium, and I hope to see it on the shelf very
soon. Once again I thank Dr. Moore for looking at the project document
given to him by the National Council for Research.

I would 1ike to thank U. S. AID for the financial support and all the
help they extended to us.

I would 1ike also to thank all the Sudanese <epartments for participating
in the symposium and the workshop and for giving their participants free
time to attend this wonde:rful experience and we hope that we will return
back to our departments with a 1ittle more knowledge and be a little more
useful to them than we nave already been.

I would Tike to tharnx the University of Khartoum for giving us this
place, and for the place for the poster session.

Last but not least, I would like to thank the participants because
without them we would not have had a workshop. I think they did a very good
Jjob, especially for the attendance. I have never seen a group so punctual
in my life. This shows their interest in remote sensing. I thank them for
being so punctual, so interested and so cooperative, and I hope that they
will get more chances for more participation in remote sensing zither inside
or outside the country.

Finally, I thank all of you and declare this meeting adjourned.
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REMOTE SENSING FOR MONITORING SOIL RESOURCES AND AREAS
AFFECTED BY DESERTIFICATION IN CENTRAL SUDAN

Abbas Doka M. ATi*

ABSTRACT

An integrated study using Landsat data for monitoring areas affected
by desertification in Central Sudan (Figure 1) was proposed as a frame-
work project for six Sudanese professionals who attended the training
program at the Remote Sensing Institute, South Dakota State University,
U.S.A. The training program was part of a joint effort between the
Agency for International Development (AID) and the Mational Council for
Research (NCR), Sudan, with the objective of establishing a Remote
Sensing Center in Sudan. This study demonstrates the value and use of
Landsat imagery in mapping soil resources in Central Sudan.

The study first broadly outlines the major landscape units and
describes the climatic zones and their relation to the geographic setting.
Next, the study was divided into two parts. The first part describes the
soils, their limitations and potential for agricultural development. The
second part shows how areas of high soil blowing potential can be Tocated
and how stabilized and active sand dunes can be identified by using
Landsat imagery. With this perspective, the study provides basic infor-
mation on the land resources and the physical environment which so areatly
affect the land use of Kordofan.

The area was divided into five climatic-zones, from the dry desert in

the far north to the dry monsoon climate in the southern part of the Study

* S0il1 Survey Administration, Wad Madani. Report prepared while in training
at the VISP at RSI.
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Central Sudan, Remote Sensing for Monitoring Soils for Desert-
ification Study. Original scale of 1:1,000,000 covering region
between 11900*N - 16°30'N latitudes and 28930'E - 32030°E long-
itudes. .

An example area of the map at the original scale is on the
following page. The original map is available from the author.
The map Legend is:

NUMBER OF | UNIT AREA
MAP
LANDSCAPE UNITS IN
fYymeol COMPONENTS
PER  UNIT FEDDANS
N - NORTHERN  PLATEAUS  AND  P¢DIPLAINS
N1 Rocky Platsaus 2 112 380
N2 Piedmonts 3 4508 440
N3 Sandy  Plaing 2 4540497
NI Sandy  Pediplains 2 1648 199
N4 Recky tends 2 2104 450
NS Reg Areas 3 3986187
N6 High  Dunes; Suul.d.uon I 1302608
NiO Wedi B Mk Basin 2 1966383
N2 Weds E!  Muhbes Basin 2 98
Q " SANDY Qoz LANDS
Qa1 Sand ~ Sheet and Low ODunes 2 5353291
Q2 High Dunes; Arid Climate H 6142 214
a Llongitudenal . Dunes 3 1121349
Q4 l'ru:uv":cl Dunass L 783439
Qs-Qs! Sand Dunes ond <C,ay Plain Complex 1.2 1632 059
Qe Bobanvsa. Khowi  Sandy Peneplain 2 688170
a8l El Nuhud. Aby Zabad  Ploreau , 2 ' 480828
Q2! High  Dunes; Semi.desort ) 1804 291
T 00Z TRANSIIINNAL {DEFLATION) AREA
n Wadi €I Gallah Bauin H . 1858 502
12 Khor Abu  Hobil Western Basin; Sondy 2 1394 774
4 Khor Abu  Habi! Northern Basin; Loamy 2 92 390
U NUBA UPLANDS
un lebel  Piedmant Quiwash 3 848 357
u2 Dlslo:lpd Platecus 3 1552992
ul Talodi  Psneplain Py 223 484
]
[T} Dilling Upland Plain 2 1926128
us lagwa . &l Berdab Plain 3 2465432
us Eastern Intermediate Clay Ploin, Undulating ] 2443898
ue North  Eostern Undulating Clay  Ploin 3 498923
o Mabila cClay  plain ‘3 2498 919
un Jebel  El Diee Cloy Plain ! 399 384
L FLAI  CLAY  pLajNs
3} Eastern  flat  Clay Ploin 2 3821 304
12 Southern Clay - Plain; nearly Flat 2 215033
A SEASONAL  WATER  COURSE  atiuvium
Al .
Khor Abu Habil Flood Ptain 3 1413207
A2 Wadi Bl Gallah  Flooed Plain 3 27649
A3 Southern ond Eostern Finad Plaing 3 442 087
R RIVERAIN ° LANDS  (WHITE NiLE)
RN hi ]
Yhite Nile lood Plaia 2 153 609
Rt
White Nile Upger Terrgce 2 153608
H MOUNT
UNTaINS ANO M o b 1978 490

————
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Area. Agriculture is related to these climatic zones and to the soils and
geomorphic conditions in these zones. Most of the dry areas i the desert
and semi-desert are used for extensive grazing mainly by camels and goats,
but in the arid zone cattle and sheep are also grazed. There is no water

available for irrigation. MNearly two-thirds of the area has a semi-desert

or dry monsoon climate. Both traditional and modern (mechanized) forms
of agriculture are common here, together with grazing of cattle, sheep,
goats and camels.

The major Tandscape map (Figure 2) shows 15 landscape units, each of
which exhibits certain geomorphological characteristics, and contains,

Tike or unlike soils forming a homogeous association different from those
occuring on other landscapes. Moreover, each association has some
characteristics of practical significance to agriculture that made separate
delineations necessary. The different components of each association were
also aescribed regarding the soils of each area.

The Timitations and potentials of the land associations and compenents
forr traditional and modern agriculture aredesigned for broad regional
planning and not for detailed planning. Traditional agriculture is possi-
ble on coarse textured soil distributed in the semi-desert or arid climatic
zones. Hills and ridges that occur in cropped areas are bare and have no
agricultural value. Modern and traditional rainfed agriculture is possible
on the dark cracking clay soils. These soils occur in the southern
Kordofan under semi-and/or dry monsocn climate and have consicerable
potential for rainfed agriculture. Very shallow soils on rough, steep,
stony Nuba uplands are grazed or left under natural vegetation. They

are unsuited for cultivated crons.



Ve~ ULEWN =

LEGEND

- Hills and Mountains (shaded)

— Northern Sand Plains

- Northern Sandy Peneplairs

— Northern Piedmonts and Reg. areas
—~ Nuba Piedmonts and Dissected Plateaus
- Recent Alluvium Plains

- Northern Pediplains and Basins

- Nuba Upland Clay Plains

- Qoz Lands (sand dune areas)

- Tramsitional Zone

— Intermountain Clay Plains

~ Dilling Dissected Uplands

- Low Flat Clay Plains

- White Nile Flood Plains

- Sand Dunes and Clay Plain Complex

(Or1g1na] scale of all maps in this report

t 1:1,000,000.)

p———

-18°

FIG. 2 MAJOR LANDSCAPES AND SOILS

79 10 n 31

12

173

33
f

£6¢



294

INTRODUCTION

Arid and semi-arid regions (Figure 4) cover extensive areas of Central
Sudan. They are located between the desert peripheries at the north and
regions of wetter climate (dry monsoon) at the south. Drought resistant herbs,
grasses and low shrubs are supported by the 1ight rainfall at the northern
part which is inhabited by nomadic people who herd camels, sheep and aoats.

The central part of the region is occupied by vast areas of 0oz lands
(sand dunes) which receive more rainfall than the northern parts. These
iands form one of the most productive rainfed agricultural areas in the
Sudan. Crops Tike seasame, groundnuts and mij]et are grown here in iddition
to the production of "Gum Arabic". Gum Arabic js the main cash crop which
is produced from Acacia Senegal trees growing in most parts of these lands.
The abundant short to medium grasses with scattered shrubs and small trees
provide good grzing lands for camels, sheep and cattle.

The clay plains and uplands are located at the southern nart of the
region and receive the highest amount of rainfall in the region. Traditional
and modern rainfed agriculture are widely practiced in this area to produce
dura and cotton. The natural grassland on clay plains and on Qoz Jands
providesmost of the grazing lands which in turn give the highest contribution
of animal production in Sudan.

Due to the combined pressure from man and changes in weather upon the
land of this region, the grazing and the aaricultural lands are now
experiencing a decline in productivity (lower carrying capacity for animals
and reduction in crop production) and an increase in environmental deteriora-

tion due to soil blowing resulting in a reduction in people's standard of
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Tiving. This problem is now known worldwide as desertification. Desertifi-
cation is the process of an impoverishment of terrestrial ecosystems under
the impact of man. It is the process of deterioration in those ecosys tems
that can be measured by reduced productivity of desirable plants, undesirable
alternations in the biomass and diversity of the micro and macro fauna and
flora, accelerated soil erosion and increased hazards for human occupancy
(Dregne 1978).

The UN Conference on Desertification (Kenya 1977) concluded that the
desertification in arid regions is a man-made problem. Drought agqravates
the condition but is not the cause. As the problem is of worldwide concern,
much effort has been devoted to define it, locate the areas affected, study
the causes and its impacts. Recently Landsat data were introduced as a new
tool to study desertification in different parts of the world (Myers et al.,
1978; Dalsted and Worcester, 1978). The Soil Survey Administration in Sudan
(Wad Medani) produced a soil map based on Landsat imagery covering six
provinces in central and eastern Sudan. Soil potential for ariculture was
also studied (SSA reports No. 81 and 80, 1976).

Many articles have been written in Sudan discussing the problem and
suggesting some solutions but in addition to these efforts, a practical
approach needs to de developed. The process of desertification can be
halted and reclamation procedures initiated only if there is a physical
assessment of the process involved, an estimate of the magnitude of the
problem along with locating the potential areas for reclamation (Myers et al.,
1978). The main objective of this study was to integrate soils and climate
with geology, hydrology, forestry, land use and range management. The

ultimate objectivewas to provide a basis for studying desertification and to
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show the effectiveness of using Landsat data in that respect. A soil map
will provide a base for making estimates and projections for determining

the source, location, extent, and degree of desertification.
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GENERAL DESCRIPTION OF THE
STUDY AREA

The study area (Figure 1) is located in Central Sudan between latitudes
10945' and 16935' north and it extends from the White Nile to Tongitude
27915' west. The area includes the western parts of Khartoum, White Nile
and most parts of North and South Kordofan Provinces. The study area is
one of the largest potential areas in the country affected hy deserti-
fication.

The area is highly populated as compared with other parts of the
country. Most of the population is in rural areas. Some people are
nomadic cattle and camel herders and a few live in the main towns and
villages where water is available. District administration centers are
Tinked by motor tracks of varying quality. Most of them become closed during
the rainy season. The railway from Khartoum to western Sudan passes across
the central part of the study area. Some of the main cities are served by
scheduled airflights from Khartoum. Lorry and bus services move products
and people along the main lines of communication. A modern system of
tele-communication connects the main towns of the provinces.

Rainfed agriculture is widely practiced all over the region but decreases
toward the northern part of the area. Due to the inadequate rainfall,
shifting cultivation is practiced on sandy soils to produce seasame, dukhn and
groundnuts. Cotton and dura are produced on clay plains at the southern
part of the region. It is also considered as one of the important regions
for its high animal production.

Fifteen landscape units shown in Figure 2 consisting of thirty eight

soil associations were identified in the study
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area. MWithin the thirty-eight (38) soil associations, eighty-two (82) soil
components have been identified and described in Table 29. The major land-
scapes (Figure 3) are the Northern Plateaus and sandy plains, the Qoz land,
the transitional or deflation areas, the seasonal water courses of alluvium,
the Nuba upland clay plain, the White Nile alluvium and the hills and the
mountains.

The northern plateaus and the Nuba uplands at the southern part occupy
the highest physiographical position in the region. The transitional areas
and the Qoz lands which 1ie between the two highest physiographic areas
occupy an intermediate position. The flat clay plains and the White Nile
alluvial valley occupy the lowest physiographical position. Numerous
seasonal water courses collect their water from the northern plateaus, the
transitional zone and the Nuba uplands. Due to the differences in climatic
conditions, these seasonal water courses carry more water and have wider
alluvial plains at the transitional and Nuba uplands. Hills, mountains and
the rocky plateaus are associated with the northern plateaus and the Nuba

uclands.
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CLIMATIC ZONES IN THE STUDY
AREA
GENERAL CHARACTERISTICS OF THE CLIMATE

The climate ranges from semi-desert to dry monsoon with over 500 mm
of precipitation in the south. The climates have certain features in
common such as very high temperatures late in the dry season, warm winters
and summer rainfall mainly from May througt October. Two air movements
determine the general nature of the climate; one, a very dry air movement
from the north that prevails throughout the year but lacks uniformity;
twa, a major airflow of maritime origin that enters from the south and
carries moisture and brings rain. The extent of penetration into the
region by the airflow from the south determines the annual volume of rain-
fall and its monthly distribution. The average monthly rainfall for
selected stations is shown in Table 2 and indicates a decrease of rain-
fall as one moves from south to north.

Considering the average annual rainfall and the resulting vegetation,
the region has been divided broadly into four major climatic zones (Van de
Kevie, 1976). These zones are shown in Figure 3 and a brief description
of them is given below. A separate legend for the ciimatic zones is shown

in Table 2.

Semi-desert Zone:

Summer temperatures are very high, and although winters are warm, cold
winds are common. There is a considerable daily and annual temperature
range. The average rainfall increases from 100 mm in the north to about

200 mm in the south. It is less than 50% of the potential evapotranspiration



TABLE 1

SOME CLIMATIC DATA FOR SELECTED STATIONS

WITHIN THE REGION

Stations Mean monthly and annually rainfall (mm)
Annual Water Humid Growing
Potential Surplus Months Season
Evapotr. 2 3 (Rainfed)

JIFIMJAI M| g ol Al s o NI D Annual 1

Khartoum{ 0} 0| 1| 1] 4| 8| 64| 79| 19| 5{ 0 0 181 2,274 0 0 0

E1 Obeid| 0| 0| 0] 2{24] 40[110[128] 67| 16 0j0 387 1,823 10 1 3

Kosti 01071323} 53[116/[145] 57| 28] 1| 0 427 2,190 0 0 2

El Nuhud | 0| 0} 0] 5(27| 46| 98136 86( 23| 1|0 422 1,681 7 1 3

Kadugli | 0f 2| 1(15(86 108167 (157 [140| 82| 61 0 764 1,337 202 5 7

Source - Soil Survey report No. 81.

LOE
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TABLE 2

LEGEND FOR MAP SHOWING CLIMATIC ZONES IN THE STUDY AREA
(See Figure 4)

Symbo1 Climate Humid Dry Growing Ave. Mean Max. Mean Min. Diagnostic
Menth Month  Season Annual Temp. 1in Temp. in Characteristic
Rainfall Hottest Month Coldest
(mm) Month
D3.1 Semi-desert, 0 12 0 100-225 40-42 13-16 RW 0.2 EW
summer rain TC 13
cool winter
Al1.2 Arid, summer 0 10-11 1-2 225-400 40-42 18-13 RW=0.5-1.0 EW
rain, cool : TC 13
winter
S1.1 Semi-arid 1 9 3 400-750 39-40 13-17 RW 1.0 EW
summer rain, TC 13
warm winter
M1.1 Dry monsoon, 3-5 5-7 5-7 750-1000 36-41 17-20 R 0.44 E
long dry Ln=0.1-0.2 E
season warm
winter
RW = Average Rainfall in wettest month in mm TC = mean minimum temperature of
R = Average annual rainfall in mm coldest month in OC
EW = Average potent1a1 evapotranspiration in wettest month Tw = Mean maximum temperature in
(Penman) in mm. hottest month in OC
Ln = Leaching rainfall (surplus of rainfall over Humid month = Month in which rainfall
potential evapotranspiration in humid months) exceeds potent1a1 evapotransp1rat10n»
Dry month = month in which rainfall is less than half the Growing season = 12 minus number of &

potential evapotranspiration dry months.
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in all months but (unlike the desert climate) has at least one ionth when
the rainfall exceeds 20% of the evapotranspiration. The variation in annual
precipitation is great. The relative humidity is low for most of the year

(15-45% at 1200) and strong winds and dust storms intensify the drought.

Arid Zone:

Thi: climatic zone occurs in a narrow belt south of the semi-desert
zone extending southwards up to a line crossing approximately Bara town.
Here the average annual rainfall varies from 225 to 400 mm. There is no
month in which the average rainfall exceeds potential evapotranspiration-
"humid month", though there is at least one month in which rainfall exceeds
50% of the potential evapotranspiration-"intermediate month". Most of the
area has summer rains and a cool winter. The rainfall is in June through
August. The mean maximum temperature of the hottest month is May with
400 to 42° C and the mean minimum temperature of the coldest month is

January with 8° to 13° C.

Semi-arid Zone:

This climatic zone covers the largest area in the region. The average
annual rainfall varies from 400 mm to 750 mm which is less than 44% of the
annual potzntial evapotranspiration. In at least one month the average
rainfall exceeds the potential evapotranspiration "humid month" and
one or two "intermediate" months. The growing season ranges from two to
four months. The mean maximum temperature of the hottest month (April ar May)
is 399 to 40° C and the mean minimum temperature of the coldest month
(December or January) is 8% to 139 C. The rainfall occurs during the

summer months.
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The most important rainfed developments, including mechanized farming
and animal production,in the Sudan at this time lies in this zone. In Qoz
lands, sorghum, millet and 01l seeds are produced using traditional methods
of cultivation. Southwards in the clay plain areas (Soil Areas 13 and 14),
away from the margins of Jebel Piedmonts, governmental promotion of
agriculture, especially mechanized cotton cultivation has encouraged

settlement.

Dry Monsoon Zone:

This climate occurs between the Eastern and Western Jebels of the Nuba
Mountain ranges and includes low lands of the southwestern corner of
Kordofan. The average annual rainfall ranges from 600 mm to 850 mm. There
is a pronounced dry season. Three to four months are "humid" and a grazing
season of five months exists. The average water surplus in the "humid"
months is 10% to 20% of the annual potential evapotranspiration. The
growing season is about five to six months which is suitable for many
rainfed crops. The relative humidity is higher in the rainy season and
the potential evapotranspiration is markedly lower during most of the year
than in the semi-arid climate. This is of importance for plant growth,
because even heavily irrigated crops wilt during the day in the drier
climates because they cannot 1ift enough water to meet the neéd for
transpiration. The grass firing method of cultivation "Harig" is popular
because less weeding is needed after sowing and the total labor requirement

is less.



306

METHODS

Characteristics of LANDSAT Imagery

The Landsat satellite circles the globe in a near polar, sun-synch-
ronous orbit at altitudes of 920 km. Although Landsat carries a return
beam vidicon camera, the principal source of data has been the multi-
spectral scannar (MSS). The MSS records reflected energy from the earth
in four distinct spectral bands: band 4 has a wavelength range of 0.5-0.6
microns; band 5, 0.6-0.7 microns; band €, 0.7-0.8 microns; and band 7, 0.8-
1.1 microns. The band 4 corresponds approximately to the green-yellow-
orange portion of the electromagnetic spectrum, band 5 to the red portion,
and bands 6 and 7 to the reflected near infrared. Each Landsat scene covers
an area of 185 by 185 km. or 34,225 square kilometers (about 8 million feddans).
Landsat scenes are available in 9 inch by 9 inch transparencies and
70 mm. chips. In addition, computer compatible tapes of each scene are
available. Either positive or negative contact and enlargement prints can
be made from transparencies. In addition, false color composite transparencies
can be prepared by registering and projecting two or more of the bands
through appropriate color filters. Transparencies may be viewed directly
over a light table and/or contact or enlargement color prints can be made.
If a "color additive viewer" is available, each band can be projected
through a different filter and enlarged for a visual display to select the
appropriate combinations of bands and filters for the specific enhancement

desired.

LANDSAT Imagery and QOther Data Used

Fourteen Landsat color composites (1 = 1,000,000 scale) were used to
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produce an uncontrolled stick down mosaic covering the study area. The
color additive viewer (IZS) available at the RSI was used for the enhance-
ment needed in the visual interpretations. A general soil man was prepared
from visual interpretations made on Landsat imagery. Pattern analysis was
the method generally adopted for such interpretations and the pattern
elements used were landform, drainage, erosional features, image color
or tone and any other special features that may be present. This method
combined with soil properties taken from.fie1d surveys in Sudan, topo-
graphic and other resource data allowed for a recognition of the geo-
morphic units in relation to geographic location.

Each soil association was delineated and the main components within
each mapping unit described. The percent of each main comporent within a
mapping unit was determined from field observations and Landsat data. The
mapping units were divided into several components so that more specific
interpretations could be made for each unit.

Good quality, cloud free Landsat scenes from a single pass could not
be found, so it was necessary to utilize several passes. Some scenes
were used which differed in dates, 30 to 60 days, and although this was
undesirable, it could not be avoided.

The resulting maps are presented in Figures 5 and 6. The original

maps were at a scale of 1:1,000,000.
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DESCRIPTION OF MAJOR LANSDCAPES
AND SOIL ASSOCIATIONS

HILLS, MOUNTAINS AND ROCKY PLATEAUS

H - Hills and Mountains

The entire unit consists of hills, inselbergs and low ridges of
North and South Kordofan. At the North they are of Nubian sandstone
formations and basement complex rocks. The basement complex hills are
higher and steeper than the Nubian sandstone hills. Under desert and
semi-desert climatic conditions there is no soil formation and they
are bare rocks.

In South Kordofan the unit consists of steep to very steep hilly
areas of granites, syenites, gneisses and other metamorphic igneous
rocks of the basement complex. Many trees are growing on skeletal
soils, within these hills.

Unit H is unsuited for rainfed agriculture and grazing potential
is very Tlow.

N1 - Rocky Plateaus

Component #1 70% - Consists of sandstone outcrops, boulders and
stones. They are occupying higher physiographic position of very
rough surfaces. Narrow seasonal water courses have their origin
from such areas.

Component #2 30% - This component is nearly level or gently
sloping sands or loamy sands lacking a diagnostic horizon. The soils
are generally deep and in some places there is a concentration of
stones or boulders. They have yellow to red color, non calcareous
neutral in reaction and subject to wind erosion.

The associatior (NI) provides poor grazing lands only for camels.
The main problems are dryness and stoniness.

NORTHERN SANDY PLAIN AND DUNE FORMATION

N3 ~ Sandy Plains

Component #1 90% - The soils are derived from wind-sorted sand
materials and they are mostly yellow red, reddish brown, coarse
textured, non calcareous and neutral in reaction.

Component #2 10% - These soils are derived from residual material
(Nubian Sandstone and Basement Complex rocks) and they are dark
brown to dark grayish brown. Textures of the upper horizons are
generally clay loams overlying gravelly sandy clay materials. Some
of these soils are slightly calcareous and have mildly alkaline reaction.
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The Tow rainfall in unit N3 limits vegetation mainly to sparse
grasses and shrubs on the desert zone and stunted trees on the semi-
desert areas. A1l the soils of this unit are used for grazing. They
are too arid for anything but very poor (desert zone) and poor (semi-
desert zone) grazing for camels and goats. The soils require measures
against wind erosion.

Analytical data of pit KR 94 for Component #1.*

N31 - Sandy Pediplains

Component #1 75% - The soils surround some areas of Nubian
sandstone outcrops and they are gently sloping. They are generally
deep, coarse textured, non calcareous and neutral in reaction.

They have very low water holding capacity, and are subject to wind
erosion.

Component #2 25% - It is the stony phase of tha association.
The stones and the boulders are most probably co-associated from
the Nubian sandstone outcrops. The soils have the same characteris-
tics Tike component #1.

Unit N31 is of no agricultural potential. It is too arid ex-
cept for poor grazing.

*For sample site locations see Figure 6.
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TABLE No. 3
LOCATION: N. Kordofan PROFILE NO.: yp oq
DATE OF SAMPLING: :
DATE OF ANALYSIS:
EC MEC
Sample Depth pH mmhos CaCO3 MECHANICAL ANALYSIS : | Sat
No. cm Paste H20 KCL £m 2Zmm | CS| FS1Si| C %
791 0-10 7.6 7.9 10,18 68| 261 3|3 | 20
792 10-35 7.5 7.7 | 0.2 55 35 5{ 5 { 21
793 35-75 7.7 3.1 0.2 51 331 3f 7 117
794 75-120 7.8 3. 0.29 571 34| 2| 7 1 21
i ] EXCHANGEABLE CATIONS ' .
Sample N C C/N MEQ/10J G. CEC | Base ESP SAR
No, % % Ma | K Ca | Mg Sat.
791 0.05 0.0 {0.2 1
792 0.0 0.0 [0.1 )
793 0.0 0.0 (0.1 ]
794 0.0 |0.1 1
Ll > [{45 R )
- SOLUBLE CATIOMS AND ANIONS EE Be BULK
Sample MEQ/L IN SATURATION EXTRACT S 22 |DENSITY |
No. Nat [ KT | Cat+] Mg+ | C17] S04~ |HCO3™[C03™ | S 2 S 25 (03atdry
[l > OO
< WU [E5]
791 0.3 1.2 101 |1.0] lo.8 [o0.0
792 0.3 1.3 0.2 [ 1.2 0.6 | 0.0
793 0.4 1.5 1 0.2 [0.8 0.6 | 0.0

794 0.5 2.1 10.2 {1.0 0.7 10.0
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N6 - High Dunes, Semi-desert

The entire unit consists of high sand dunes without any marked
differences in soils between the dunes and the inter dunes. The soils
are very deep brown, to yellowish red, sand or Toamy sand textures.
They are non calcareous, mostly neutral in reaction with extremely
Tow organic matter content.

The Timitations are very Tow moisture availability, very Tow
productivity status and high susceptibility to wind erosion. These
lands are unsuitable for grazing or agriculture.

Q4 - Transversal Sand Dunes

This unit is of minor extent. The sand dunes are aligned east-
west and the relief is rolling, without soil profile development.
They are deep, excessively drained, coarse textured, neutral and
non calcareous. They have dark brown sands underlain by strong
brown loamy sands.

The unit is uncultivated and seldom used for seasonal grazing.
The Timitations are very low available moisture, very low productivity
status and high susceptibility to wind erosion. They are unsuitable
for agricultural use and have poor grazing potential; they should be
kept under natural vegetation to protect them against wind erosion.

Analytical data of profile KR 121 represent this unit.

3. NORTHERN SANDY PENEPLAINS

N2 - North Kordofan Piedmonts and Peneplains

Component #1 65% - This unit is gently sloping and dissected
by seasonal water courses (wadis). It comprises a sequence of fans,
piedmont aprons and terraces. The soils are dark brown and brown
silt loam is over clay loams or silty clay loam. They are mildly
alkaline in reaction and non to slightly calcareous.

Analytical data of profile KR 93 represent this component.

Component #2 25% - Reddish brown loamy sand soils have been
developed by Toose materials deposited by wind. They are non calcareous,
have low water holding capacity and low cation exchange capacity.

This association (N2) is used only for grazing. The main
lTimitations are moisture shortage due to dry climate and in some
places due to the sandy nature of the soil. Since the area receives
Tow rainfall, there are no possibilities for improvement beyond
poor grazing for camels and goats.

Component #3 10% - Rocky and stony lands with no potential.
4. NORTHERN ROCKY LANDS

N4 - Rocky Lands

Component #1 80% - They are gently sloping and dissected areas.



TABLE No. 4

N. Kordofan
DATE OF SAMPLING: March 1976
DATE QOF ANALYSIS:

LOCATION:

SOIL ANALYTICAL DATA

PROFILE NO.:
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KR 121

EC MEC !
Sample Depth pH mmhos | CaCOg | MECHANICAL AMALYSIS : Sat}
No. cm Paste H20 KCL cm 2mm | CS} FS| Si| C %
917 0-5 7.1 7.3 1 6.810,39 0.2 531 34 8] 5 (22
918 5-30 7.3 7.5 1 6.7 | 0.19 0.2 56| 35| .4 5 21
919 30-55 7.4 7.6 | 6.7 | 0.15 0.6 60 32| 2] 2 120
920 55-80 7.5 7.7 1 6.7 | 0.18 55 361 3| 6 ! 22
921 80-120 7.7 7.9 1 6.9 |1 0.23 0.4 661 26| 3| 5 {21
! EXCHANGEABLE CATIONS
Sample N C C/N MEQ/100 G. CEC | Base ESP SAR
No. % % Ma | K Ca | Mg Sat.
917 0.0 0.4 5
918 0.0 0.2 4
919 0.0 |0.2 4
920 0.3 0.2 4
921 0.0 0.1 4
T
|
ul > [{E5 I |
SOLUBLE CATIONS AND ANIONS EE oe BULK
Sample MEQ/L IN SATURATION EXTRACT S = =28z |DENSITY |
No. Na*t | KT | cat+| Mg*t*| C1- S04~ |HCO3™ C03' 2 |EES 03atdry
S b= D>~ C t
< L) (&) |
917 0.54 10.3 1.4 2.5 (0.0
918 0.54 0.0 1.0 0.5 10.0
919 0.45 {0.13 1.5 1.1 {0.0 |
|920 0.54 10.13 1.0 1.4 (0.0
921 0.54 (0.0 1.4 1.4 0.0




TABLE No.
LOCATION:

5

N. Kordofan
DATE OF SAMPLING:
DATE OF AMALYSIS:

SOIL ANALYTICAL DATA

PROFILE NO.: "

315

R 93

EC MEC

Sample Depth , pH mmhos | CaCO5| MECHAMICAL ANALYSIS :| Sat
No. cm Paste H20 KCL cm 2mm ! CS| FS} Siy C 7
786 0-15 8.0 8.5 0.22 8 2 135 (19 117 |29 35
787 . 15-30 8.0 8.6 0.29 7 1 1§33 |21 |14 {30 34
788 30-55 7.9 8.4 i.8 5.5 23 136 {21 {12 |31 44
789 55-80 7.9 8.5 2.2 7.0 7 137 |20 |13 |31 45
790 80-120 7.9 8.4 2.2 5.0 4 133 (22 {14 |31 49
! EXCHANGEAB!.E CATIOMS
Sample N C C/N MEQ/100 G. CEC | Base ESP SAR
No. % % Ma | K Ca ! Mg Sat.
786 0.16 0.3_11.1 29
787 0.12 0.3 _10.7 25
788 0.1 0.7 _10.5 27
789 0.05 1.6_10.4 27
790 1.1 _10.4 27
|
!
|
ol > [[SS R |
SOLUBLE CATIONS AND ANIONS E= BE BULK
Sample MEQ/L IN SATURATION EXTRACT S= 287 |DENSITY |
No. Na* Cat+| Mg*t| C171 S04™~ |HCO3™|CO3™ |G £ [SE = (03atdry
S = PO
[=l%)] |45 ]
786 0.5 1.3 0.0 0.9 1.3 _10.0
787 1.7 1.1 0.0 1.5 1.5 0.0
788 7.2 7.5 2.5 1.5 0.6 (0.0 |
789 8.6 8.6 2.8 (4.0 1.0 (0.0
790 9.0 9.0 2.0 1.3 0.8 0.0
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The landscape consists of flat topped sandstone ridges, mostly
unweathered bed rock as well as areas dominated by masses of
Toose boulders.

Component #2 20% - These soils are wind sorted sand materials

arong the rocks. They are coarse textured soils, neutral in reaction
and non calcareous. Much of the land is unsuitable for grazing.

5. NUBA PIEDMONTS AND PLATEAUS

UT - Jebel Piedmont Out-wash

Component #1 50% - These soils are characterized by having a
dark reddish brown, massive or weakly developed surface horizon
underlain by dark reddish brown to dark red, B horizon of clay
accumulation. Lower subsoil is gravelly clay loam to gravelly
clay with fragments of weathering rocks. The soils are non-
calcareous and strongly to slightly acid in reaction.

Component #2 30% - It consists of a dark reddish brown Toam
to silty clay loam surface horizon underlain by a dark reddish
brown clayey B horizon. The soils are moderately deep, well drained,
non-calcareous and acid to slightly acid in reaction.

Component #3 20% - It is a stoney and shallow phase of a less
red color soils which have a subsurface horizon of clay accumulation.
Soil characteristic 1ike Component #1.

In unit UT land use is extensive grazing with few small and
scattered fields beside the villages. Main limitations are shallow-
ness and stoniness of the soils, Tow soil moisture storage and soil
erosion. These lands are unsuitable for agricultural use, grazing
potential is low.

Analytical data of Pit Kr 36 for Component #1.

U2 - Dissected Plateaus

Component #1 50% - The soils are very deep, well drained, have
dark reddish brown surfaces underlain by a dark red B horizon of
clay accumulation. The soils are well developed, non-calcareous,
and strongly to slightly acid in reaction.

Analytical data of Pit KR 12 represent Component #1.

Component #2 35% - The soils are deep, reddish brown loam under-
Tain by a dark reddish brown clayey B horizon. They are non-calcareous
and acid to slightly acid in reaction.

Component #3 15% - They are dark clay soils occupying a different
physiographic position. Generally they are deep and moderately
well drained, non-calcareous and mildly alkaline to neutral in
reaction.
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This soil association (U2) is dominated by extensive grazing.
There is scattered small Timited rainfed agriculture (Component #3).
Agricultural potential is marginal. Over-grazing should be avoided
to protect the lands against water erosion.

U3 - Talodi Peneplain

Component #1 65% - These soils are formed on gently sloping
plains. They are deep, well drained, non-calcareass and neatral in
reaction. The surface horizon is dark brown, hard, sandy loam
underlain by dark brown moderately structured clay loam to clay
subsoil.

Analytical data of Pit KR 23 represent Component #1.

Component #2 35% - Consists of deep, well drained, non-
calcareous soils, slightly acid in reaction. They have a dark
brown, sandy loam to loam surface horizon, underlain by a yellow-
ish red, clay loam, weakly to moderately structured subsoil.

In this land association (U3) the land use is extensive grazing
with shifting cultivation of dura and millet on a small scate. The
soils of this association are low in fertility and the water holding
capacity is low. Agricultural potential is marginal and the grazing
potential is low to moderate.

6. RECENT ALLUVIAL PLAINS

Al - Khor Abu Habil Alluvium Flood Plain

Component #1 60% - They are very dark gray to nearly black
cracking clay soils. They are deep, poorly drained non-calcareous
and mildly alkaline to neutral in reaction. They have a very high
clay content and have a cation exchange capacity of 50-60 meq/100 g.

Component #2 25% - The soils are very dark grayish brown
cracking clay. They are deep, moderately well drained, non-calcareous
and mild  to neutral in reaction. The clay content is high but witha
rather Tow cation exchange capacity.

Component #3 15% - The soils have been developed on reworked
material, transported by a main tributary water course draining into
the wide Khor. The soils are deep, non to slightly cracking, non
calcareous, mildly alkaline with sandy clay to clay texture.

In Khor Abu Habil (A1) part of the ‘land is used for irrigated
cotton and dura. Agricultural potential is variable but the main
problem is low available moisture and weeds.

A2 - Wadi E1 Galla Flood Plain

Component #1 60% - It consists of a deep, very dark grayish
brown cracking clay. They are moderately well drained, non-calcareous
and mildly alkaline in reaction. Dense vegetation of tall tree
undergrowth dominates this unit.



"TABLE No. 6
LOCATION:

S. Kordofan

DATE OF SAMPLING: May 1975
DATE OF ANALYSIS: September 1975

SOIL ANALYTICAL DATA

PROFILE NO.:
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KRO 12

EC MEC
Sample Depth pH mmhos | CaCO5| MECHANICAL ANALYSIS : | Sat
No. cm Paste | Ho0 | KCL cm 2mm | CS| FS} Sij C %
509 0-12 65 6.6_16.0 10.45 37133123 7 24
510 12-28 5,56 16.3 /4.6 10.34 39128123110 24
511 28-50 6.1 (6.5 15.3 10.24 36126122117 27
512 50-70 8 8.4 0.9 40 112 118 130 41
i EXCHANGEABLE CATIONS .
Sample N C C/N MEQ/100 G. CEC | Base ESP SAR
No. % % Ma | K Ca | Mg Sat.
509 oo ln313.410.4 4
510 0.2 0.1 | 2.3]1.5 4
511 0.2 0.1 |4.811.4 10
512 1.5 0.3 [21.215.8 16
j SOLUBLE CATIONS AND ANIONS EE == | oBUK
Sample MEQ/L IN SATURATION EXTRACT S+ 272 |DENSITY |
No. Na¥ | K | Ca*+| Mg™*| C17] S047-|HCO3™|CO5™ | & £ S E= 03atdry
g5 _ES
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Analytical data of Pit KR 56 represent Component #1.

Component #2 40% - The soils are dark gray tc nearly black
cracking and slightly cracking clay soils. They are deep, moderately
to poorly drained soils, non-calcareous and mildly alkaline in
reaction.

In Wadi E1 Galla (A2) grazing is the main land use. Agricultural
potential is variable and waterlogging is the main limiting factor.



TABLE No. 7
LOCATION:

DATE OF SAMPLING:
DATE OF ANALYSIS:

SOIL ANALYTICAL DATA

S. Kordofan Province

May 1975
Qppfpmhnr 1978

PROFILE NO.:

320 -

KR 36

EC MEC
Sample Depth pH mmi0s | CaCO3 | MECHANICAL ANALYSIS : | Sat
No. cm Paste Hgo KCL cm 2mm | CS] FS| Si| C %
579 0-9 6.9 | 7.2 16,6 |1.05 31118137114 | 32
580 0-18 6.0 | 6.2 155 (0.8 27112140121 | 38
581 18-40 6.0 16,2 15.5 10,7 190 9142130 | 41
582 40-60 6.3 16.5 15.7 10,35 141 7143136 | 46
583 60-100 7.0 1 7.1 16.3 |0.51 19] 6139136 | 43
' EXCHANGEABLE CATIONS
Sample N C C/N MEQ/100 G. CEC | Base | ESP SAR
No. % % Ma | K Ca | Mg Sat.
579 0.0 11.7 |5.6 1 1.5 9
580 0.0 {1.0 |5.2 | 3.2 11
581 0.0 |0.3 {5.8 | 5.7 1
582 0.2 {0.3 19.7 | 4.7 {15
583 0.2 10.3 [13.7] 5.8 {20
ul > {46 I |
SOLUBLE CATIONS AND ANIOMS EE o BULK
Sample MEQ/L IN SATURATION EXTRACT S DS [DENSITY
No. Na* | K* | Cat*| Mg**| C17] S04~ |HCO3™|CO3™ |G 2 |SES ;03at|dry
2z k3 |




TABLE No. 8
LOCATION:

S.
DATE OF SAMPLING:

SOIL ANALYTICAL DATA

Kordofan Province

DATE OF ANALYSIS:

May 1975
Septemher 19785

PROFILE NO.:
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KR

23

B

MEC

Sample Depth , pH mmhos | CaCO4 | MECHANICAL AMALYSIS : | Sat
No. cm Paste H20 KCL cm 2mm | CS| FS] Sij C %
536 0-15 7 7.1 16.3 10.2 18122140 ) 20 45
537 ._15-30 €.5 7.0 | 5.7 10.24 12113137138 45
538 30-60 7 7 5.6 10.27 10118137135 49
539 60-85 6.8 17.3 15.9 10.37 18| 31| 26 | 25 40
540 85-100 7.2 | 7.5 } 6.2 | 0.42 46117 [ 2116 35

! EXCHANGEAB'.E CATIONS
Sample N C C/N MEQ/]OO G. CEC | Base ESP SAR
No. % % Ma Ca | Mg Sat,
536 4.1 106! 9.9] 3.0 18
537 2.1 10.5 1 9.6{ 8.8 23
538 3.7 0.4 110.3| 6.0 22
539 2.6 (0.3 ] 7.71 3.0 18
540 5.0 (0.2 { 5.4 2.2 11
w > (&5 2 |
SOLUBLE CATIONS AND ANIONS EE m&e BULK

Sample MEQ/L IN SATURATION EXTRACT S - 287 |DENSITY |

No. Nat [ K¥ | Ca*t+| Mg**| C17] S04~~ [HCO3™[CO5™ |5 £ [EE = (03at dry
26 B3
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A3 - Southern and Eastern Flood Plains

Component #1 60% - It consists of dark brown to very dark grayish
brown non to slightly cracking loamy and clay Toam soils. The soils
are non-calcareous and usually have a neutral reaction. Most probably
they are formed by the seasonal streams draining the hills.

Component #2 30% - They are very dark grayish brown cracking
clay soils. They are deep, non-calcareous and mildly alkaline in
reaction.

Component #3 10% - These are stratified soils with sandy loam
to clay texture. They are deep, well drained, non-calcareous and
mildly to slightly acid in reaction.

At the southern and eastern flood plains (A3) the lands are
marginally suitable for rainfed agriculture, but moderately
suitable for grazing.



SOIL ANALYTICAL DATA
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TABLE No. 9
LOCATION: S. Kordofan Province PROFILE NO.:
DATE OF SAMPLING: May 1975 KR 56
DATE OF ANALYSIS: Septembher 1975
EC MEC i
Sample Depth pH mmhos | CaC0O5 | _MECHANICAL AMNALYSIS : Sat |
No. cm Paste HZO KCL cm 2mm | CS| FS| Sij C o
629 0-8 5.6 | 5.7 4.7‘ 0.2 21 4117177 79
630 8-30 7.2 0.11 3] 4115175 { 70
631 30-60 7.3 0.1 31 4115178 | g5 |
i
|
|
] EXCHANGEABLE CATIONS ! , .
Sample N C C/N MEQ/]OO G. CEC | Base ESP SAR
No. % % Na Ca | Mg Sat.
629 {0,109 1.6 14 10.2 1,2 116,819.6 34 l
630 {0.580 0.9 16 10.2 0.9 9.1 lo.0 38
631 10.039 0.551 15 (0.5 {1.1 9.21|14.4 36
T
|
[ - Ko
SOLUBLE CATIONS AND ANIONS EE be BULK
Sample MEQ/L IN SATURATION EXTRACT S = 2E72 |DENSITY |
No. Na* | K* | Catt| Mg**] C17| SDg~- [HCO3™|CO3" | S 2 S =5 [03atdry
gh BES

-1
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7. NORTHERN CLAY PEDIPLAINS AND BASINS
N5 - Reg. Areas

Component #1 65% - They are deep sandy soils formed on wind
blown materials. They are non-calcareous, neutral to slightly acid
in reaction. They have no diagnostic horizon with low capability
status and very low water holding capacity. They are subjected to
wind erosion.

Analytical data of Pit KR 87 represent this component.

Component # 2 35% - They are inter-plateau valleys formed by
alluvial infills of hill water courses. Outwash material eroded
into rocky pavement is the source of "regs." Stones are concentrated
on the surfaces which are sometimes covered by "desert varnish."
The soils are stony, shallow to moderately shallow, brown colored,
with clay loam surface horizon over gravelly sandy clay loam subsoil.
They are slightly calcareous and mildly alkaline in reacticen.
Analytical data of profiles KR 84, KR 97 represent this
component.

Component / 3 10% - These are Basement Complex rock outcrops
and small ridges scattered in this landscape association.

The soils of this unit (N5) are used for grazing. The main
limitations are moisture shortage and the stony and sandy nature
of the soils. There are a few possibilities for improvement
beyond poor grazing. Currently they are suitable for agriculture,



SOIL ANALYTICAL DATA
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TABLE No. 10 )
LOCATION: M. Kordofan PROFILE NO.:
DATE OF SAMPLING: February 1976 KR R4
DATE OF AMALYSIS: March 1976
EC MEC
Sample Depth pH mmhos | CaCCq  MECHAMICAL ANALYSIS :| Sat
No. cm Paste H20 KCL cm 2mm | CS|T FS| Sij C Y
751 0-15 8.1 | 8.7 0.25 3 54| 341 7| 5 21
752 15-30 7.8 | 8.1 0.36 5 | 52}33] 6] 9 | 22
753 30-40 7.3 | 7.7 1.1 19 56| 25| 6] 13 23
754 40-70 6.4 | 6.8 4.0 64 501 14{ 3| 33 32
755 70-110 5.9 { 6.3 0.74 2 751 8| 6] 11 28
! ' EXCHANGEABLE CATIONS
Sample N C C/N MEQ/]OO G. CEC | Base ESP SAR
No. % % Na Ca | Mg Sat.
751 0.03 0.5 |0.2 | 2.47 0.7 1
752 0.02 0.5 0.2 | 3.2{ 0.5 1
753 0.06 0.2 {0.2 | 2.3l 1.5 3
754 0.13 0.9 |0.3 | 3.7] 3.4 5
755 0.5 {0.1 | 1.5] 1.3 5
T
|
wl >= 14 B |
SOLUBLE CATIONS AND ANIONS e e BULK
Sample MEQ/L IN SATURATIO“I EXTRACT S 25 [DENSITY |
No. Na® | KT | Cat+| Mg**] C17{ 5047~ [HCO3™[C05™ | & 2 [SES (03atdry
S = PO
<L [&5]
751 3.6 1.6 10.2 |1.0 1.6 {0.0
752 2.7 2.0 0.2 |1.7 1.2 10.0
753 5.4 1.2 |6.6 |1.7 1.3 10.0
754 1.2 21.5 {16.8 [ 1.0 0.9 |0.0
755 1.3 3.1 [0.6 {1.0 0.6 |0.0




TABLE N
L CATION

SOIL ANALYTICAL DATA

1

N. Kordofan

DATE OF SAMPLING: February 1976
DATE OF ANALYSIS: March 1976

PROFILE NO.:

326

KR 97

MEC

EC
Sample Depth , pH mmhos | CaC05 | MECHANICAL AMALYSIS :| Sat
No. cm Paste| H,0 | KCL cm 2mm { CS] FS} Siy C %
= ]
803 0-8 7.0 7.3 1 6.7 0.23 4 50{ 41y 5[ 4 26
804 8-30 6.7 7.1 0.25 1 53 291 11| 7 20
805 30-45 6.6 6.8 0.25 2 33| 201 94 38 32
806 45-75 7.2 7.5 0.29 | 2.8 9 35| 13] 14} 38 38
807 75-115 7.3 7.6 0.32 | 2.8 5 471 15{ 13} 25 34
f EXCHANGEAR'.E CATIONS
Sample N C C/N MEQ/]OO G. CEC | Base ESP SAR
No. % % Ma Ca | Mg Sat.
803 0.08 0.0 _10.0 1
804 0.06 0.0 0.1 2
805 0.12 0.0 10.1 8
806 0.05 0.0 }0.1 9
807 0.0 10.0 5
!
| l
H ul > Q0
SOLUBLE CATIONS AND ANIONS EE o2 BULK
Sample MEQ/L IN SATURATION EXTRACT = gﬁéf_- DENSITY
- - - [sa] (el ——
No. Na* | K™ | Cat+| Mg**| C17] S04~ |HCO3™ |CO4 éﬁ SEX 03at jdrv
(=% ] (45}
803 0.27 1.6 10.4 10.3 1.0_10.0
804 0.38 1.4 10.6 | 1.5 0.9 _10.0
805 0.45 1.6 10.6 [1.0 0.7 10.0 !
806 0.45 1.7 {0.9 (0.9 0.8 10.0
807 0.45 1.7 (0.6 0.9 0.6 10.0
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N12 - Wadi E1 Mahbas Basin

Component #1 65% - The soils are deep, well to moderately well
drained, calcareous to strongly calcareous, with moderately alkaline
reaction. The surface horizon is mainly dark brown, with loamy texture
and slightly calcareous over a loamy to sandy clay loam, calcareous
subsoil, underlain by a hard strongly calcareous substratum. They
have a cambic and a calcic horizon.

Analytical data of Pit KR 83 represent this component.

Component #2 35% - They have dark reddish brown clay loam
surface horizon over a thin textural B horizon which overlies a
gravelly sandy clay upper substratum. These soils are slightly
calcareous and have a moderately alkaline reaction.

The soils of Wadi E1 Mahabas (N12) are dominated by drought
resistant trees and grasses. Land use is extensive grazing.
Currently the agricultural potential is Tow. Limitations are
dryness, shallow soils, and wind erosion hazards. Agricultural pro-
duction is not envisioned and grazing potential is moderate for
camels and goats, but marginal for cattle and sheep.

Analytical data of Pit KR 78 represent this component.



SOIL ANALYTICAL DATA

TABLE No. 12 328
LOCATION: PROFILE NO.:
oaTe oF SaPLIRESE D ruary 1976 KR 87
DATE OF AMALYSIS: March 1976 :
EC MEC
Sample Depth pH mmhos CaCO3 MECHANICAL AMALYSIS :] Sat
No. cm Paste| H,0 | KCL cm 2mm | CS| FS} Sij C %
762 0-5 7.9 1 0.3 10.62 2 16201231 50 4 | 19
763 5-30 7.9 lo.2 | 0.3 1 lealz2al 71 5 1 17
764 30-55 7.7 1 0.0 0.34 2 lellozl 2110 | 17
765 55-96 7.0 | 0.2 0.65 4 |s59i25l10] 6 | 10
] EXCHANGEABLE CATIONS | ‘ 4
Sample N c /N MEQ/]OO CEC | Base | ESP SAR
io. % A Ma Ca Mg Sat.
762 0.04 1.0 0.3 2
763 0.01 0.0 [0.2 2
764 0.02 0.3 lo.2 2
765 0.02 0.0 lo.? 2
i > ({5 ]
: SOLUBLE CATIONS AND ANIONS EE S BULK
Sample MEQ/L IN SATURATION EXTRACT S5 2S5z [DENSITY
No. Nat [ KT | Ca*+| Mg**| C17] S047-|HCO37|CO5™ | S & |SE= 03atdry
O = PO
< V) (45 ]
762 0.9 3.6 (0.7 13.0 " 11.6 lo.0
763 0.7 2.0 0.7 |1.0 1.5 10.0
764 0.3 2.4 0.3 |2.0 2.0 [0.0 |

765 1.1 4,1 (1.4 11.0 2.0 10.0




TABLE No.
LOCATION:

13

N. Kordofan
DATE OF SAMPLING: February 1976

DATE OF ANALYSIS: March 1976

SOIL ANALYTICAL DATA

PROFILE NO.:
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KR 83

EC MEC
Sample Depth pH mmhos | CaCO3 [ MECHANICAL AMALYSIS : | Sat
No. cm Paste HZO KCL cm 2mm | CS| FS| Si4 C %
747 0-20 8.0 (8.6 0.35 1 7.2 25130021124 | 35
748 20-50 8.0 | 8.6 0.33 | 8.3 291 26115130 1 39
749 50-75 7.9 8.7 0.87 | 8.0 27126114133 | 47
750 75-100 8.1 |8.8 0.97 25.7 5 130f23]16/31 48
' EXCHANGEABLE CATIONS
Sample N C C/N MEQ/100 G. CEC | Base | ESP SAR
No. % % Ma | K Ca | Mg Sat.
747 0.40 1.4 [1.2 27
748 0.38 1.4 l0.4 29
749 0.33 2.3 10.3 3]
750 1.6 0.2 26
ul > [140 |
SOLUBLE CATIONS AND ANIONS e = BULK
Sample MEQ/L IN SATURATION EXTRACT S 25z [DENSITY
No. Na* | K™ [ Ca*+| Mgt*| C17| S04~ |HCO37|CO5™ | S £ S S :03atdry
S = b !
< N (48]
747 2.7 2.4 0.1 | 2.0 1.5 0.0
748 | 2.7 1.5 {0.5 |0.5 2.3 10.0
749 7.2 3.6 0.3 |1.0 1.9 10.0
750 9.0 3.8 0.2 (0.2 1.5 |0.0




TABLE No. 14
N. Kordofan

LOCATION:

DATE OF SAMPLING:
DATE OF ANALYSIS:

SOIL ANALYTICAL DATA

330

PROFILE NO.:

KR 78

MEC

EC
Sample Depth _ pH mmhos CaC03 MECHANICAL AMALYSIS :} Sat
No. cm Paste H20 KCL cm 2mm | CS| FSySi| C %
723 0-2 7.9 | 8.1 0.51 (2.8 1 169123] 4 4 16
724 2-20 8.1 |8.5 0.43 13.3 12 1521291 8111 22
725 20-45 8.0 18.5 0.68 14.8 2 39i 411 8112 24
726 45-65 8.0 | 8.5 0.85 | 4.0 6 1441371 7118 24
! EXCHANGEAB' E CATIONS
Sample N C C/N MEQ/100 G. CEC | Base ESP SAR
No. % % Ma | K Ca | Mg Sat.
723 0.243 3.0 (0.5 6 50
724 0.203 3.0 (0.7 12 25
725 0.190 2.5 10.4 15 17
726 0.144 3.0 |0.2 16 19
727 5.0 10.1 7 71
i
Ll > (ST |
SOLUBLE CATIONS AND ANIONS 5 me BULK
Sample MEQ/L IN SATURATION EXTRACT cHA 288 _D_E[i_S_I_T_Y_
No. Nat | K¥ | Cat+| Mg**| €17} S047- |HCO3™|C05" |G 2 |SEX (03atdry
GS= PO
< U (&)
723 0.6 3.5 | 1.1 2.1 3.0 0.0
724 0.8. 3.4 10.2 |1.5 0.7 0.0
725 1.3 5.0 [ 0.2 |1.3 1.5 0.0
726 1.6 5.8 /0.8 |2.5 1.5 0.0
727 5.4 16.7 {2.8 {3.0 1.4 0.0




SOIL ANALYTICAL DATA :
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TABLE No. 15
LOCATION: PROFILE NO.:
DATE OF SAMPLING:
DATE OF ANALYSIS: KR 30
EC MEC
Sample Depth pH mmhos | CaCO5| MECHAMICAL AMALYSIS :| Sat
No. cm Paste H20 KCL cm 2mm | CS| FSy) Sij C %
559 0-9 7.8 | 7.9 0.28 | 6.5 415127164 | 7
560 9-40 8.3 | 8.3 0.33 | 6.5 315127165 | 72
561 40-90 8.6 | 8.6 0.38 | 6.0 3|15 125|67 | 69
562 90-120 8.7 0.95 | 6.7 3|5 ]| 25|67 | 81
563 120-150 8.8 0.30 | 7.0 314]26)67 1 9
i EXCHANGEABLE CATIONS
Sample N C C/N MEQ/100 G. CEC | Base | ESP SAR
No. % % Na | K Ca | Mg Sat.
559 0.074] 1.01 13 {10.2 |1.0 69
560 0.048} 0.90 | 18 {1.1 |0.7 69
561 0.83 2.2 10.6 67
562 5.0 |0.5 51
563 6.0 |0.4 66
L > [L& 2}
SOLUBLE CATIONS AND ANIONS EE e BULK
Sample MEQ/L IN SATURATION EXTRACT S =2 29z [DENSITY.
No. Na* | K¥ | Cat+| Mg™| C17| S04~-[HCO3™|CO5™ | S & EE5 (03atdry
25 ES

562 7.2
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N10 - Wadi E1 Milk Basin

Component #1 65% - They are moderately deep to shallow dark brown
soils with weak to moderate subangular blocky structure underlain by
a massive gravelly clay substratum. They are non-calcareous and have
mildly alkaline reaction.

Component #2 35% - The soils are deep, well drained, non-calcareous
and neutral in reaction. They are characterized by having a dark brown,
Toamy sand to sand loam, upper horizon with a weak subangular structure
over a dark brown sandy Toam subsoil and a sandy loam massive substratum.

Land use in Wadi E1 Milk Basin (N10) is extensive grazing.
Agricultural potential is poor and grazing potential is low to moderate
provided that there is available water for livestock.

8. NUBA INTERMEDIATE CLAY PLAINS
U8 - Eastern Intermediate Clay Plains

Component #1 55% - The soils are deep, very dark gray and brown
cracking clay soils. They are poorly drained non-calcareous and
moderately alkaline. Below the granular surface layer they have a
moderate to strong blocky structure overlying a coarse subangular
blocky layer. In general the subsoil is massive. Pressure faces
and slikensides are common in such soils. The clay content ranges
between 50 - 60%.

Analytical data KR 30 represent this soil.

Component #2 25% - They are developed on recent colluvial-
alluvial materials. They are dark brown colored non-cracking soils
with sandy loam textured surfact horizon overlain by a sandy clay
loam or clay loam weakly structured cambic horizon. They are non-
calcareous and neutral in reaction.
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Component #3 15% - The soils are developed on low ridges and
residual parent materials. The soils are yellowish red to dark red,
non-calcareous, slightly acidic and have strong to moderate structure.
Generally they are moderately deep to shallow with sandy loam and
Toamy horizons overlying clay to gravelly clay subsoils.

Component #4 5% - These are Basement Complex rock outcrops
scattered all over the association.

In unit (U8) the land use is extensive grazing with scattered
rainfed fields (dura, millet). The main limitations are poor manage-
ment practices (traditional) on the cracking clay areas and low
permeability status and low water holding capacity of the reddish
soils. The soils are moderately suitable for rainfed agriculture
and for grazing of livestock.

9. (Q0Z SANDS
Q1 -- Sand Sheet and Low Dunes

Component #1 70% - The soils are very deep, dark yellowish bruwn
or dark brown overlying dark brown to strong brown subsoil. They
are excessively drained, with Tow water holding capacity, Tow organic
matter and low cation exchange capacity. They have a loamy sand
texture and they lack structural development. They are non-calcareous

and slightly acidic. i
Analytical data of profiles KR 102 and KR 70 represent this component.



SOIL ANALYTICAL DATA

TABLE No. 16

LOCATION:  N. Kordofan
DATE OF SAMPLING:

PROFILE NO.:
KR 102
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DATE OF ANALYSIS:
MEC
Sample | Depth |__ pH CaC04 | MECHAHICAL AHALYSIS : | Sat
No. ___cm Paste| H,0 | KCL C %
824 0-20 6.8 | 7.1 2 5 | 25
825 20-55 7.1 | 7.416.5 2 6 | 24
826 55-100 | 7.0 | 7.4 6.4 2 6 | 23
" ' EXCHANGEABLE CATIONS
sample | N c | o MEQ/100 G. CEC SAR
No. % % Na Mg
824 0.12 0.0 3
825 0.03 0.0 4
826 0.0 5
| SOLUBLE CATIONS AND ANIONS EE =me | osuk
Sample MEQ/L IN SATURATION EXTRACT SS 2Sp- |DENSITY
No. Na* | K* | Catt| Mg** HCO3™|C0;™ | S 2 S 25 03atdry
S = D- O
(=li%] nogdb}
824 0.4 0.9 0.2 0.7 0.0
825 0.5 0.9 0.2 0.6 |0.0
826 0.6 0.9 | 0.0 0.3 [0.0




TABLE No.
LOCATION:

17

N. Kordofan
DATE OF SAMPLING:

SOIL ANALYTICAL DATA

PROFILE NO.:

235

KR 70

DATE OF ANALYSIS: '
EC MEC
Sample Depth , pH mmhos | CaC05 [ _MECHANICAL ANALYSIS :| Sat
No. cm Paste H20 KCL cm 2mm | CS|T FS|Si| C %
699 0-23 7.5 7.8 0.23 54 [38] 31 5 24
700 . 23-40 7.7 {7.9 0.23 60 1331 21 5 25
701 40-62 7.5 {7.8 0.18 511401 3| 6 22
i ! EXCHANGEAR'.E CATIONS
Sample N o C/N MEQ/]OO G. CEC | Base ESP SAR
No. % % Na Ca | Mg Sat.
699 137 | 0.137 1 10.0 [0.2 2 0.0
700 0.05 0.0 (0.2 3 0.0
7001 0.031 0.0 0.2 3 0.0
Ll > [ &y |
SOLUBLE CATIONS AND ANIONS EE M BULK ‘
Sample MEQ/L IN SATURATION EXTRACT <o géf_' DENSITY |
- - -l xaa (aed —
No. Na* K* Cat+ Mg"’* Ci 504 HC03 C03 §E S § < i03at dY‘V
699 0.3 1.4 | 0.0 0.9 0.9 10.0
700 0.4 1.4 1 0.0 (1.0 0.9 .0
701 0.3 1.4 | 0.3 |0.8 0.6 10.0
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Component #2 30% - The soils are deep yellowish red loamy sand
to sandy loam, non-calcareous and sTightly acid in reaction. They show
some profile development. Cyclical changes in rainfall associate with
cycles of erosion and deposition may explain the presence of such
transitional soils on some surfaces which appear to have been stable
for Tonger periods.

Unit Q1 is widely distributed in north central Kordofan. The relief
is nearly flat to very gently undulating. Land use 1ds traditional
rainfed agriculture, dukhn, sorghum, groundnuts and seasame. In drier
areas (north) extensive grazing is dominant. Main limitations are
moisture availability, low fertility status of the soils and wind
erosion hazards. Most of the unit has a marginal agricultural potential
for rainfed farming. With improved soil and plant management practices,
low to moderate yields of the main crop could be expected. Grazing
potential varies from low to moderate but overgrazing is common
particularly around villages and watering sites.

Q2 - High Dunes; Arid Climate

Component #1 100% -~ The relief is somewhat rolling and landscape
is occupied by very deep coarse textured (sand and loamy sand) soils.
Essentially these soils have similar characteristics to the dominant
soils of unit Q1. In these sandy soils, extremely small changes,
either alterations, translocations or additions are apt to produce
some visible color changes. The soils of this unit have been mapped
separately from the sandy soils based on relief and land use differences.
Less than 20% of this landscape occurs in the arid belt.

Rainfed agriculture in the form of shifting clutivation is also
practiced but on Tesser scale than in the low fixed dunes areas. Main
limitations are low available water, low fertility status and short
growing season. Shifting cultivation includes millet, seasame and water
melons. In arid areas there is very little cultivation { millet, water
melons) and crop failures due to drought are frequent. The agri-
cultural potential is marginal and grazing potential varies from low
to moderate. Improvement of traditional agriculture, though difficult,
may be attempted by improving crop management practices and introducing
suitable crop rotations.

Analytical data of Profile KR 98 represent this unit.

Q3 - Longitudinal Dunes

Similar to Q1 except 60% of the area consists of deep, dry, longi-
tudinal dunes that are moderately high with low potential and subject
to soil blowing. The soils between the dunes commonly have low to
moderate potential.
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TABLE No. 18
LOCATION: N. Kordofan PROFILE NO.:
DATE OF SAMPLING: February 1976 - KR 98
DATE OF ANALYSIS: March 1976 . )
EC MEC i
Sample Depth pH mmhos CaC03 MECHANICAL AMALYSIS : [ Sat
No. cm Paste H20 KCL cm 2mm | CS| FSy Sij C %
808 0-15 7.4 1 7.6 | 6.7 | 0.27 56 371 41 3 21
809 15-65 6.9 7.2 0.2 52{ 39! 316 23
810 65-110 6.9 7.1 0.15 521 401 2] 6 21
; ! EXCHANGEABLE CATIOMS _ '
Sample N C C/N MEQ/]OO G. CEC | Base ESP SAR
No. % % Na Ca | Mg Sat.
808 0.05 0.0_10.0 2
809 0.63 ¢ 0.0_10.0 2
810 0.0 10.0 2
i > K 1
SOLUBLE CATIOMS AND ANIONS EE e BULK
Sample MEQ/L IN SATURATION EXTRACT S = 287 |DENSITY
No. Nat | K™ | Catt| Mg**| €17} S04~-|HCO3™|CO3™ | &S £ S=5 {03at|dry
Sk PO
(=) (4]
308 0.27 1.5 0.2 {0.7 0.8 10.0
809 0.36 1.5 (0.1 ]0.9 0.7 10.0

810 0.36 1.2 10.08 {0.8 0.5 (0.0 |
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Q21 - High Dunes; Semi Desert

Essentially these soils have similar characteristics like Q2.
They have been mapped separately based on relief and land use. They
have rolling relief and the dunes are higher than in unit Q2 and the
inter-dune space is less. The soils are very deep, excessively well
drained and highly susceptible to wind erosion. They are non-calcareous,
slightly acidic in reaction without any horizonation development. Land
use is extensive grazing only. They are currently unsuitable for
rainfed agriculture. Overgrazing should be avoided. The grazing
potential is low.

Analytical data of Profile KR 74 represent this unit.

10. TRANSITIONAL ZONE
T1 - Wadi ET Galla Basin

Component #1 60% - These soils are characterized by having a
deep, dark reddish brown, hard coarse loamy surface horizon overlying
a dark red, fine loamy sub-surface horizon of clay accumulation.

They are non-calcareous and the soil reaction is slightly acid.

Component #2 40% - The soils are deep, yellowish red without clay
accumulation and having a very low cation exchange capacitics, low
fertility status, low moisture availability and susceptibility to
erosion. The land use is mostly seasonal grazing with small scale
shifting cultivation, the main crops being sorghum, grourd nuts and
karkadeh. The agricultural potential of these soils urder present
management is marginal. Grazing potential is low to moderate.

Analytical data of Profile KR 57 represent this component.
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TABLE No. 19 339
LOCATION: N. Kordofan PROFILE NO.:
DATE OF SAMPLING: KR 74
DATE OF ANALYSIS:
EC MEC
Sample Depth pH mmhos CaC03 MECHANICAL ANALYSIS : | Sat
No. cm Paste H20 KCL cm 2mm | CS| FS| Sij C %
705 0-20 7.4 |7.7 1 0.26 64 127 | 4| 5 23
706 20-40 7.4 {7.8 | 0.25 67 |25 31{ 5 23
707 40-60 7.2 {7.5 0.20 68125 | 21| 5 24
‘ EXCHANGEABLE CATIONS | .
Sample N C C/N MEQ/1OO G. CEC | Base ESP SAR
No. % % Na Ca | Ma Sat.
705 0.1763 2.0 10.3 4 50
706 0.0842 0.3 | 0.2 4 7
707 0.0562 0.3 10.2 4 7
Ll > (&5 2 |
: SOLUBLE CATIOMS AND ANIONS EE b BULK
Sample MEQ/L IN SATURATION EXTRACT S o B |DENSITY
No. Na* | K™ | Cat+| Mg**| C17| S04~ [HCO37|CO5™ | & |SEX 03atdry
(Lo 38 o - O
< W - O
705 | 0.1 1.4 0.4 0.9 ~ 11.0_Jo.0
706 1.0 1.4 10.3 0.6 0.8 l0.0

707 0.1 1.3 (0.2 |0.7 0.8 10.0
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TABLE No. 20 340
LOCATION: S. Kordofan Province PROFILE NO.:
DATE OF SAMPLING: May 1975 KR 57
DATE OF ANALYSIS: September 1975
EC MEC
Sample Depth pH mmhos | CaCO5 | MECHAMICAL ANALYSIS : | Sat
No. cm Paste HZO KCL cm 2nam | CS|{ FS| SiT C %
632 0-3 5.7 |6.0 5.1 [0.16 27 154 | 15! 4 23
633 3-20 4.7 |5.4 (4.1 |0.13 30 152 | 1312 26
634 20-40 5.4 16.0 {4.9 |0.39 30 145 1 13112 26
635 40-60 5.1 |5.7 {4.7 10.69 39 136 1 10115 27
; i EXCHANGEABLE CATIONS
Sample N C C/N MEQ/100 G. CEC | Base ESP SAR
No. % % Ma | K Ca | Mg Sat.
632 0.5 0.311.210.6 2 1100
633 0.2 [0.3]1.110.4 2 100
634 0.2 0.7 12.511.1 4 85
635 0.2 |0.712.5(1.1 7 63
Ll > {45 2 |
SOLUBLE CATIONS AND ANIONS EE e BULK
Sample MEQ/L IN SATURATION EXTRACT SJ 2gr [DENSITY |
No. Nat [ K | Ca**| Mg¥**| C17| S04~~|HCO3™|CO5™ |G 2 |SE 03at|dry
g5 ES
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T2 - Khor Abu Habil Western Basin

Component #1 70% - The soils are deep, dark red with a loamy
surface horizon over a loamy subsurface horizon of clay accumulation.
The soils are well drained, non-calcareous and acid to meduim acid
in reaction. The unit is gently sloping and slightly dissected by
seasonal water courses.

Analytical data of Profile KR 03 represent this unit.

Component #2 30% - They are characterized by having a dark brown,
sandy surface horizon underlain by a yellowish red loamy sand subsoil
and upper substratum. The soils are deep with coarse texture and a
very weak, if any, profile development. They are somewhat excessively
drained, non-calcareous and are generally medium acid in reaction.

T3 - E1 Obeid O1d Peneplain

Component #1 55% - The soils are deep, moderately well drained
with subsurface horizon of clay accumulation. They are characterized
by having a yellowish red, loamy sand thin upper horizon overlying
a dark reddish brown, sandy clay, structural B horizon. Soii reaction
is acid in upper horizons, becoming mildly alkaline with depth. Color
of the substratum varies from dark grayish brown to olive brown.

Analytical data of Profile KR 02 represent this unit.



SOIL ANALYTICAL DATA

" TABLE No. 2] 34z
LOCATINN: N. Kordofan PROFILE NO.:
DATE OF SAMPLING: ' KR 03
DATE OF AMALYSIS: }
EC MEC
Sample Depth , pH mmhos | CaCO | MECHANICAL AMALYSIS :| Sat
No. cm Paste| H,0 | KCL cm 2mm | CS1 FSy Sij C %
838 0-3 5.2 |5.6 -10.17 31 153 {1 4] 12 26
839 . 3-20 4.3 |5.4 0.13 29 151 { 51 1% 29
840 20-60 4.8 |5.4 0.18 27 153 1 5.1 15 29
841 60-100 5.7 6.3 0.18 27 |51 | 6] 16 27
842 100-115 6.0 [6.7 0.15 27 146 | 9 | 18 30
843 115-145 5.9 |6.6 0.13 23 151 {1 7119 32
; [ EXCHANGEAB! E CATIONS
Sample N C C/N MEQ/]OO G. CEC | Base ESP SAR
No. % % Na Ca | Mg Sat.
838 0.06 0.0 {0.3 5
839 0.08 0.0 10.3 ' 8
840 0.06 0.3 10.3 9
841 0.06 0.3 _10.2 10
842 0.3 10.3 1. 15
843 0.3 10.4 15
(& Iy |
SOLUBLE CATIONS AND ANIONS EE e B}JLK
Sample MEQ/L IN SATURATION EXTRACT < géf_ DENSITY |
- - - o o —_— \
No. Na* | K | Cat+| Mg**| €17} S04 |HCO3™ |CO4 gé S :03at dry
838 0.6 1.2 0.1 10.7 0.3 0.0
839 0.3 0.9 0.0 {0.3 0.1 0.0
840 0.5 0.9 0.3 {0.7 D.3 0.0
841 0.6 0.9 0.2 {0.8 D.4 0.0
842 0.8 0.8 0.1 1.0 PD.5 0.0
843 0,3 1.0 0,1 10,8 b 0.0
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TABLE No. 22
LOCATION: N. Kordofan PROFILE NO.:
DATE OF SAMPLING: KR 02
DATE OF ANALYSIS: -
EC MEC
Sample Depth pH mmhos CaCO3 MECHANICAL ANALYSIS :} Sat
No. cm Paste H20 KCL cm 2mm | CS} FSy Si; C %
832 0-10 6.8 17.0 0351 2.6 331511 6.1 10 25
833 10-20 5.6 16.3 0.11 | 4.6 37 145 1 6 | 12 24
834 20-50 6.7 |7.5 0.11 1 4.7 31141 1 6 | 22 30
835 50-80 8.7 [9.0 0.3 3.6 27 112 1101 21 35
836 80-100 8.2 19.1 0.39 | 3.2 29 138 { 9 1 24 49
837 100-130 8.4 |9.1 0.39 | 3.0 27 141 { 8 | 24 28
EXCHANGEABLE CATIONS ' .
Sample N C C/N MEQ/100 G. CEC | Base ESP SAR
No. % % Na | K Ca | Mg Sat.
832 0.11 5.3 |0.3 5
833 0.11 0.3 0.3 7
834 0.09 0.6 0.2 17
835 0.13 1.4 10.3 18
836 1.8 0.4 20
837 2.5 (0.4 20
Ll > 1% I |
: SOLUBLE CATIONS AND ANIONS =R &IE BULK
Sample MEQ/L IN SATURATION EXTRACT S22 282 |DENSITY |
No. Na* [ K¥ | Ca*+| Mg**| 17| S04~~ [HCO37|CO5™ [ & 2 [EES 03at dry
S PO
<L (8]
832 1.4 1.4 0.2 | 0.9 0.4510.0
833 0.5 0.5 10.0 |10.4 0.3 0.0
834 0.6 0.5 10.0 |0.4 0.2 P.0O
835 2.5 0.6 10.1 10.7 1.4 0.0
836 3.8 0.9 (0.2 1.0 2.3 0.0
837 3.3 0.7 10.0 11.0 2.0 p.0
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Component #2 45% - The soils have a dark brown, sandy loam surface
horizon underlain by a dark reddish brown, samy clay, well structured
B horizon. They are non-calcareous and mildly alkaline in reaction.

In soil association (T3) the main Timitations are low available
moisture, soil erosion hazards and the hard consistence of the soils.
Land use is extensive grazing with scattered rainfed fields. Agricultural
potential is marginal; grazing potential is Tow to moderate.

Q6 - Babanuse - Khowi Sandy Peneplain

Component #1 70% - The soils consist of deep well drained non-
calcareous, acid to neutral in reaction. They have a yellowish red
Toamy sand top soil with a massive or weak subangular blocky structure
underlain by a dark red sandy loam, weakly to moderately structured
upper subsoil. The Tower subsoil, generally below 70 cm is finer in
texture.

Analytical data of Profile KR 105 represent this unit.

Component #2 30% - The soils are dark red, deep well drained,
non-calcareous and slightly acid in reaction. They have an argillic
horizon of clay accumulation below the sandy loam surface.

This soil association (Q6) is extensively used for grazing
with few localized rainfed farms. The limitations are Tow fertility
status of the soils, Tow moisture availability. Agricultural
potential is marginal and grazing potential is moderate provided
water is available.

Q61 - ET1 Nuhud - Abu Zabad Sandy Plateau

Component #1 80% - This unit is dominated by many buried seasonal
water courses due to wind and water erosion. The soils are covered by
vegetation. The soils have deep, yellowish red sandy loam top horizons
underlain by dark red sandy Toam. They are weakly developed, non-
calcareous and slightly acid in reaction.

Analytical data of Profile KR 108 represent this unit.

Component #2 20% - The soils are deep, well drained dark red Toamy
soils. They are non-calcareous, slightly acidic and have a horizon of
clay accumulation after the loamy surface. They are characterized by
having Tow fertility, and Tow water holding capacity.

The land use in this unit (Q61) resembles that of Q6. The unit
is extensively used for grazing. The limitations which are fertility
status of the soils, Tow water availability makes the agricultural
potential marginal and grazing potential moderate.
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TABLE No. 23

LOCATION: N. Kordofan

DATE OF SAMPLING: March 1976
DATE OF ANALYSIS: April 1976

PROFILE NO.:

345

KR 10

EC MEC
Sample Depth pH mmhos CaC03 MECHAMICAL AMALYSIS :] Sat
No. cm Paste H20 KCL cm 2mm | CS| FS| Si{ C A
849 0-20 6.4 [ 6.6 16,01 0,23 53 13A £l 5 29
850 20-45 4.1 1481371017 29 133 | 5l13 | 25
851 45-70 4,0 14,4 13,7 10.47 R4 129 4113 26
852 70-120 4.1 14,5 13,7 10.24 49 |32 5.1 158 28
] EXCHANGEABLE CATIONS
Sample N C C/N MEQ/100 G. CEC | Base ESP SAR
No. % % Ma | K Ca | Mg Sat.
849 0.3 Q.2 11.1 Ny _+ 2
850 0.3 lo.311.010.5 4
851 1,0 _10.4 11.1 1.0 5
852 0.6 _10.4 11.0 1 1.5 5
u.l>- KD
SOLUBLE CATIONS AND ANIONS EE Be BULK
Sample MEQ/L IN SATURATION EXTRACT S22 28 _DE\ISITY
No. Nat | KT | Cat+| Mgt*| C17| SO4™~|HCO3™|C03™ | & < &2 03at |dry
S = PO
< V) [45]
849 0.5 0.3 1.3 0,6 10.0
850 0.4 0.2 0.1 0.3 10.0
851 0.8 0.2 0.3 0.2 10.0
852 0.6 0.0 0.0 0.3 10.0Q
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11. NUBA MOUNTAINS CLAY PLAINS

U0 - Habila Clay Plain

Component #1 55% - The soils are deep, very dark grayish brown
cracking clays. Cracks are up to 10 cm on the surface and reach 70 -
80 cm in depth. They are non-calcareous, neutral in reaction and the
clay content generally is 40 -~ 55%. This unit is gently undulating.

For chemical and physical analysis consult soil survey reports
SSD 31, 34, 57 published by Soil Survey Admin. WAD-MEDANI - Sudan.

Component #2 30% - They are very deep, very dark gray or nearly
black cracking clay soils. They are occupying low lying areas and
have darker color if compared with soil of component #1. They are
non-calcareous, neutral to mildly alkaline in reaction.

Component #3 15% - They occur on small, slightly higher areas,
weathered ridges or near basement rock outcrops. They have loamy
surface horizons overlying a fine textured B horizon. They are
non-calcareous and have an acid soil reaction. Colors range from
brown to red. They are characterized by their low water holding
capacity and low fertility status.

In uni: (U10) the land use is grazing and rainfed agriculture.
Most of the agriculture is mechanized; cotton and dura are the main crops.
There is still a large potential for rainfed agriculture in this unit.
The unit comprises moderately suitable lands for mechanized rainfed
agriculture and for grazing.

U1l - Jebel E1 Daier Clay Plain

It has a gently sloping relief toward Khor Abu Habil. The soil
has a sandy clay, slightly cracking surface. They are very dark
grayish brown, non-calcareous and they are slightly alkaline. They have
high clay content and slikensides and pressure faces at lower depth.

The land use is grazing and rainfed agriculture. The soils have
marginal potential for mechanized rainfed agriculture and they are
moderately potential for grazing.
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TABLE No. 23 347
LOCATION: N. Kordofan PROFILE NO.:
DATE OF SAMPLING: Margh 1976 KR 108
DATE OF ANALYSIS: April 1976
EC MEC
Sariple Depth . pH mmhos CaC03 MECHAMICAL AMALYSIS :| Sat
No. cm Paste H20 KCL cm 2mm | CS| FS|1 Si| C %
860 0-15 4,0 14.4 136 10.18 30 |44 9| 17 28
861 . 15-30 3.8 14.3 13.7 10,78 31 143 6! 20 30
862 30-70 3.8 14.3 13.6 10,34 29 145 5l 21 32
863 70-100 3.9 14.5 13.6 10,25 28 143 7122 32
864 100-120 4.0 14.3 ]3.6 10.31 29 140 9| 22 34
| EXCHANGEAB'.E CATIONS
Sample N C C/N MEQ/]OO G. CEC | Base ESP SAR
No. % % Ma Ca | Mg Sat.
860 1.5 10.511.0!0.9 5
861 0,6 10.411.311.68 5
862 0.6 l0.411.0'0.A 6
863 0.6 10.410.810.7 6
864 0.6 10.4]0.810.8 7
Ll > (&b I |
SOLUBLE CATIONS AND ANIONS - i et BULK
Sample MEQ/L IN SATURATION EXTRACT S~ 2E: [DENSITY |
No. Na* | KT | Cat+| Mgtt| C17| S04~ [HCO3™|CO3™ | & < =2 03at|dry
S = PO
< U (4]
860 0.5 0.0 1.2 0.5 10.0
861 0.9 0.0 1.5 0.5 {0.0
862 0.5 0.0 0.9 0.3 0.0 |
863 0.6 0.0 1.0 0.4 10.0
864 0.5 0.0 0.8 0.6 0.0
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U6 - Lagawa E1 Berdab Plain

Component #1 50% - The soils are deep, very dark gravish brown
cracking clays. They crack deeply and have a well developed sub-
angular blocky structure in the top 30 cm., massive or subangular
below. The soils are non-calcareous, and mildly to moderately
alkaline 1in reaction,

Analytical data of Profile KR 54 represent this unit.

Component #2 35% - The soils are developed on low ridges and
gently sloping piedmont areas near the Jebels (hills). They consist
of deep well drained sGils with loamy surface horizon over a fine clayey
subsurface horizon of clay accumulation. They are non-calcareous
and medium acid in reaction.
Analytical data of Profile KR 51 represent this unit.

Component #3 15% - The soils are deep, very dark grayish brown
to nearly biack cracking clay soil, occupying depressional sites.
They are non-calcareous, and medium acid in reaction with clay content
more than 50%. They have deep cracks, moderately developed structure
at the top and massive below.

Analytical data of Profile KR 53 represent this unit.

A high percentage of this unit (U6) is used for grazing. Dark
cracking clay soil, are used for traditional and mechanized rainfed
agriculture. The main limitations are heterogenity of soil pattern
distribution, low water hold capacity for the reddish soils, and water-
logging at the depressional sites. The agricultural potential varies
from marginal to moderately good. Grazing potential is good.
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TABLE No. 25 349
LOCATION: S. Kordofan Province PROFILE NO.:
DATE OF SAMPLING: May 1975 KR 54
DATE OF AMALYSIS: <Sentamher 1975
' EC MEC
Sample Depth pH mmhos | CaCOy | MECHANICAL ANALYSIS : | Sat
No. cm Paste H20 KCL cm 2mm ! CS| FSpSi| C %
621 0-5 7.2 0.39 8118 | 28| 51 59
622 5-30 7.2 0.32 8114 | 26 52 63
623 30-60 7.4 0.42 8 (12 27} 53 62
624 60-90 8.3 0.6 81131 26| 53 67
, EXCHANGEABLE CATIONS ’ .
Sample N C C/N MEQ/1OO G. CEC | Base ESP SAR
No. % % Ma Ca | Mg Sat.
621 0.05 | 1.35 | 22 0.5 0.7 31
622 0.04 | 0.86 | 21 ]0.5 1.5 31
| 623 0.03 { 0.65 | 19 ]0.5 0.6 28
624 0.67 1.3 0.6 34
W > 1O 1
: SOLUBLE CATIONS AND ANIONS £ me BULK
Sample _MEQ/L_IN SATURATION EXTRACT S B2 [DENSITY
No. Na* | K™ | Ca*+| Mg**| C17| S04- |HCO3™ ;7 1&2 FEX .03at |drv]
S =0 |
< N (48]




TABLE No. 26

LOCATION:

SOIL ANALYTICAL DATA

S. Kordofan Province

DATE OF SAMPLING: May 1975
DATE OF ANALYSIS:

September 1975

350

PROFILE NO.:

KR 51

EC MEC
Sample Depth pH mmhos | CaCO3 | MECHAMICAL ANALYSIS :| Sat
No. cm Paste 4520 KCL cm 2mm | CS] FS| Si| C %
610 0-10 5.11 5.7 1 4.3 1 0.12 56| 20| 17| 7 23
611 10-25 4.9 1 5.6 1 4.11 0.1 58| 15| 16/ 11 27
612 25-35 4.9 1 5,51 3.9] 0.1 56| 121 15| 17 28
613 35+ 4.7 | 5.3 1 3.71 0.1 47! 8| 14] 31 44
! EXCHANGEABLE CATIONS
Sample N C C/N MEQ/100 G. CEC | Base ESP SAR
No. % % Na | K Ca | Mg Sat.
610 0.052 | 0.741 14 0.0(0.2}1.6 ] 0.9 4 67
611 0.043} 0.59 1 13 0.010.211.6 | 0.8 6 43
612 0.048 | 0.51 4§ 11 0.210.311.91 1.3 8 43
613 0.057 | 0.34 6 0.2 10.512.01 1.0 13 30
L
ud > 1~ 1
SOLUBLE CATIONS AND ANIONS EE e BULK
Sample MEQ/L IN SATURATIOM EXTRACT = ggﬁ; DENSITY |
No. Nat | KF | Cat+| Mg**| C17] S04~ |HCO3™|CO5™ | S E S == (03atdry
26 ES




SOIL ANALYTICAL DATA

TABLE No. 27 351
LOCATION: 5. Kordofan Provi PROFILE NO.:
DATE OF SAMPLING: pMay 1975 (R 53
DATE OF ANALYSIS: <pontombhar 1978
" EC
Sample Depth , pH mmhos MECHAMICAL AMALYSIS :| Sat
No. cm Paste H20 cm 2mm FS1 Sij C %
618 0-10 6.1 1] 6.4 0.15 3 | 32| 61 68
619 10-45 6.3 | 6.6 0.13 3| 32| 61 58
620 45-90 6.7 | 6.7 0.15 3| 32| 61 59
v ] EXCHANGEABILE CATIOHNS
Sample N c C/N MEQ/100 G. CEC ESP SAR
No. % % Na | K Ca | Mg
618 0.067 11.2 17_10.5 29
619 0.060 ] 1.1 17 _10.5 36
620 0.12 |} . 0.5 32
wl > ot
SOLUBLE CATIONS AND ANIONS =E be BULK
Sample MEQ/L IN SATURATION EXTRACT S 28z |DENSITY |
No. Nat | K™ | Ca*t| Mg*t S04-" |HCO3™|CO5™ | & & S Z 5 (03at dry
25 ES
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U9 - North Eastern Undulating Clay Plain

Component #1 65% - The soils are deep, moderately well drained
cracking clays. They are very dark grayish brown, slightly calcareous
and medium alkaline in reaction. They have a moderately developed
Structure at the top horizons and massive below. They are characterized
by having pronounced gilgai, potholes and common CaCO, concretionrs.

Analytical data of Profile KR 0 represent this unit.

Component #2 25% - They are deep, non cracking clay soils.
Generally they have a very dark brown grayish color and weak to
moderately developed horizons. They are non-calcareous and mildly
alkaline in reaction. The texture of the top horizon is clay loam
or sandy clay loam becoming clay below the top horizons.

Analytical data of Profile KR 41 represent this unit.

Component #3 10% - The soil in this unit is characterized by
slightly cracking dark grayish brown clay loam surface horizon over
a silty clay subsoil. They are deep, moderately well drained, non-
calcareous and mildly alkaline in reaction.

Rainfed agriculture and grazing is the land use in unit (U6). The
main limitation is the low rainfall. Agricultural potential is
moderate for short cycle crops and marginal for cotton. Grazing
potential is moderate.



TABLE No.
LOCATION:

DATE OF SAMPLING:
DATE OF ANALYSIS:

28

SOIL ANALYTICAL DATA

S. Kordofan Province

Waydagar 1975

PROFILE NO.:

353

KR 40

EC MEC
Sample Depth pH mmhos | CaC05 | MECHANICAL ANALYSIS :| Sat
No. cm Paste HZO KCL cm 2mm | CS|{ FSy Sij C o
584 0-3 8.5 Jo.28 | 8 21311337 | s5
585 2_1§ 8.7 C.26 10 21241281 48 65
586 15-30 9.2 0,34 9 2 121 126 |51 55
587 30-50 9.3 0.49 i 131 8128 |81 55
588 50-90 9.3 0.5 i 1118 {29 152 59
[ EXCHANGEABLE CATIONS .
Sample N C C/N MEQ/100 G. CEC | Base | ESP SAR
No. % % Na | K | Ca | Mg Sat.
584 0.08610.90 14 102 117 30—
585 lo.o7aloge | 12 g2 lgs 39
586 | 0.046] 0.57 .1 12 12.7 1 0.3 42 7
587 | 0.041{0.43 | 11 {59 0.3 38 16
588 0.52 4.8 {0.3 43 1
Ll >=- [[&s 2 |
: SOLUBLE CATIONS AND ANIONS EE o BULK
Sample MEQ/L IN SATURATION EXTRACT S B2 (DENSITY
No. Na¥ | K¥ [ Cat+| Mg**| C17] S04~-|HCO3™|CO5" |G & S E X (03atdry
o5 B8 |




SOIL ANALYTICAL DATA

TABLE No. 29 354

LOCATION: S. Kordofan Province PROFILE NO.:

DATE OF SAMPLING: May 1975 KR 41

DATE OF ANALYSIS: September 1975

EC MEC

Sample Depth pH mmhos | CaC04 | _MECHANICAL AMALYSIS :) Sat
No. cm Paste H20 KCL cm 2mm | CS}| FS} Si| C %
589 0-4 7.5| 7.6 6.44 1 126 140 |33 54
590 4-30 8.0 0.23 1 118 |43 |38 56
591 30-44 8.0 0.27 1 116 |41 {42 56
592 44-80 8.4 0.6 1 {12 {40 |47 55

EXCHANGEABLE CATIONS
Sample N C C/N MEQ/100 G. CEC | Base ESP SAR
No. % % Ma | K Ca | Mg Sat.
589 10.05310,51 | 10 10,2 [1.1 22
500 10.04910.39 | 9 10,2 10,5 29
| 591 10.03210.18 | 6 0.2 10.4 30
|
592 0.37 0.2 10.5 29
bt o= Q1
SOLUBLE CATIONS AND ANIONS EE oo | BULK
Sample MEQ/L IN SATURATION EXTRACT S2 By |DENSITY
to. Nat | K¥ | Cat*| Mg**| C17] S04~ |HCO3|CO3™ |G S S == |03at|dry
2h ES

592 5.4
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12._ DILLING DISSECTED UPLAND

—

U5 - Dilling Upland Plain

Component #1 90% ~ They are deep, moderately well drained Toamy
soil with a very dark grayish brown surface over dark brown clay Toam
and clay B. horizon. The soils are non-calcareous and medium acid
to moderately alkaline in reaction. Small seasonal water courses
have a Tot of dissection throughout this sloping unit.

Analytical data of Profile KR 05 represent this unit.

Component #2 10% - These are developed on eolian sand deposits
basement rock outcrops. They have yellowish red color, coarse texture
with a textural B horizon. They are non-calcareous, slightly acidic
in reaction with a moderately well developed profile. They are
susceptible to wind and water erosion.

In unit (U5) extensive grazing is the main land use. Low rain-
fall, and erosion are ths main limitations. Agricultural and grazing
potentials are marginal,

13. LOW FLAT CLAY PLAINS

L1 - Eastern Flat Clay Plain

Component #1 95% - The soils are well developed vertisols with
high clay content and ape strongly cracking. The soils have a very dark
grayish brown color, non-calcareous and mildly alkaline in reaction.
These soils are developed on alluvial deposits similar to other
clays of the central clay plain.

Analytical data of Profile KR 31 represent this unit.

Component #2 5% - This component is considered as an inclusion to
mapping unit L1. They are small inselbergs of basement complex with
rocky lands.

In this mapping unit (L1) of the eastern flat clay plain land use
is rainfed agriculture and grazing. Agricultural potential is marginal
to moderate for traditional and mechanized rainfed farming respectively.
Main Timitations is the physical properties of the clays (workability).
Selection of the appropriate sowing-date is a Timiting factor in
such areas.



SOIL ANALYTICAL DATA

356
TABLE .No. 30 PROFILE 10
LOCATION: pdof .
DATE OF SAMPLIoRa) ?52%“"“ | KR 05
DATE OF AMALYSIS: entem er 1975 . _
EC MEC
Sample Depth _ pH mmhos | CaCO5| MECHANICAL AMALYSIS : | Sat
No. cm Paste| Ho0 | KCL cm 2mm | CS]FS|SijC %
614 0-5 7.2 | 7.3} 6.1 0.19 g | 9 (33 |50 53
615 5-25 7.0 { 7.4} 6.0 0.18 81 9132151 55
616 25-40 7.1 | 7.7 0.21 8! 813351 58
617 40-60 8.1 0.3 91 7 |30 |54 58
l EXCHANGEABTE CATIONS
Sample N C C/N MEQ/]OO G. CEC | Base | ESP SAR
No. % % Na Ca | Mg Sat.
614 |0.051 |0.82 16 10.2 0.6 PO 12.6_! 43
615 10.048 |0.78 1510.5 |0.407.7 | 13.0 | 39
616 |0.046 | 0.62 13 {0.5 {0.4 P0.7 | 11.1 | 41
617 |0.036 |0.61 16 |1.1 [0.4 p3.4 | 10.4 | 43
Ll > [ Iy |
SOLUBLE CATIONS AND ANIONS EE 5E BULK
Sample MEQ/L IN SATURATION EXTRACT g = Eé; DENSITY |
- - - - | — \
No. Na* | K™ | Catt| Mg*¥| C17| S04~ [HCO3™ |CO5 gE BES 03at {dry




TABLE No. 31

LOCATION:
DATE OF ANALYSIS:

SOIL ANALYTICAL DATA

S. Kordofan Province
DATE OF SAMPLING: May 1975

September 1975

PROFILE NO.:

357

KR 31

EC MEC
Sample Depth pH mmhos CaCO3 MECHAMICAL ANALYSIS : | Sat
No. cm Paste| H,0 | KCL cm 2mm | CS| FS| Si| C %
564 0-8 7.6 8.0 0.26 5.0 100 7 (24 [59 58
565 8-28 8.5 0.32 6.0 8l 7 124 {61 59
566 28-146 8.5 0.21 6.0 9| 6 |24 61 59
567 46-70 8.6 0.30 6.0 8l 7 |24 |61 62
568 70+ 8.6 0.65 6.0 8] 6 |25 161 64
; EXCHANGEABLE CATIONS .
Sample N C C/N MEQ/]OO G. CEC | Base ESP SAR
No. % % Na Ca | Mg Sat.
564 0.052 10.93 17 |1.1 10.3 83
565 0.036 |0.64 17 10.5 0.3 46
566 0.042 |0.57 14 {1.1 10.4 44
567 0.035 [0.47 13 {2.7 10.3 38
568 0.51 3.6 |0.4 41
ul > [[ & ]
: SOLUBLE CATIOMS AND ANIONS £ ujag BULK
Sample MEQ/L IN SATURATION EXTRACT ; gg g;:;& __DENSIH_
No. Nat | K™ | Cat+| Mg™+] C17| SO, |HCO3™ |CO3 G2 |SE5 03atdry
< U7 (8]
568 4.1




358

L2 - Southern Clay Plain

Component #1 90% - The unit has been distinguished from L1 component
#1 because it is most probably related with Bahr E1 Arab and Bahr El
Gazal alluvium. They are deep, moderately well drained, very dark
grayish brown and very dark gray cracking clays. They are non-calcareous
and mildly alkaline in reaction. In some places a thin layer of very
fine sand occurs on the surface.

Component #2 10% - These are deep, moderately well drained non
cracking soils occupying gently sloping smooth convex sites. They have
a sandy clay and clay loam to clay textures. They are non-calcareous,
mildly alkaline to neutral in reaction.

Grazing with Timited rainfed agriculture is the main land use.
Wetness and workability are the main limitations. The agricultural
potential is moderate and grazing potential is good.
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14. WHITE NILE ALLUVIUM
RN - White Nile Flood Plain

Component #1 85% - The soils are brown, somewhat poorly drained,
having silty clay loam or silty clay textures. Due to the prolonged
flooding and saturation conditions, the soils are distinctly mottied.
The soils are non-calcareous and mildly alkaline.

Component #2 15% - These are inclusions of coarser textured soils
developed along the flood plain. They are deep, excessively well
drained, non-calcareous slightly acidic in reaction,

On such flooded s0ils (RN) irrigated agriculture is praticed
by controlling the flood. There is need to improve the present
irrigation systems, increase yields, and grow a greater variety
of crops.

RT - White Nile Upper Terrace

The region comprises the riverlain lands along the White Nile
that are almost flat sloping towards the river. The soils are dark
gray, slightly cracking clays. They are poorly drained and slowly
permeable. Although there is a wide range of clay content, the clays
are not generally heavy. The soils are moderately to strongly alkaline,
becoming less alkaline towards the south. They are mostly calcareous,
often saline and mainly sodic. The Tlow cracking capacity of the
terrace soils north of Kosti is attributed to the structural deteriora-
tion by contamination with wind blown sands.

Limited traditional rainfed cultivation and grazing is the only
land use. They are unsuitable for rainfed mechanized agriculture.

15. SAND DUNES AND CLAY PLAIN COMPLEX

Q5 - Tendelti Sand Dunes and Clay Plain Complex

Component #1 70% - These are recent sand deposits covering the
subrecent clay plain. They have soils similar in appearance to those
on longitudinal sand dunes., They are loamy sand in texture and have
a yellowish red top soil over a dark red subsoil and substratum,

They are non-calcareous, neutral to slightly acid in reaction.
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Component #3 5% - These are slightly cracking, deep, very dark
grayish brown soils, occupying depressional sites. They are poorly
drained, non-calcareous and neutral in reaction.

Land use in unit (Q5) is a mixture of rainfed agriculture (low
scale) and seasonal grazing. Rainfed agriculture is marginal and
grazing potential is low.

Q51 - Kosti Clay Plain and Sand Dune Complex

Component #1 60% - They have similar soil characteristic to Q5
component #2 but occupying the major part in this unit.

Component #2 40% - They have similar soil characteristic to Q3
component #1 but occupying less area in this unit.

In this unit the noncracking clay soils are dominating. Agricultural
potential is marginal and the grazing potential is low. The main
limitation is the erosion hazard. Urgent conservation measures should
be used to protect the remaining clay soils.
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Agricultural Potential

Introduction

The factors which determine the potential for specific kinds of land
use include environmental conditions such as climate, hydrology, topography
and soil conditions as well as economic and social factors, such as price
of produce, distance to markets, transport facilities and skills of the
population,

This report is mainly concerned with the physical factors which in-
fluence agricultural potential. The many physical characteristics of
the land can be grouped in a limited number of land qualities concerning
their influence on the suitability of land for a specific kind of land
use (FAO; 1974; Van der Kevie, 1976). Land qualities considered are soil
fertility, soil workability, erosion hazards, possibilities for mechaniza-
tion and seedling establishment. These qualities were evaluated utilizing
all laboratory data and field observations of the soil units.

For a broad, qualitative evaluation of the agricultural potential of the
study area, the potential land suitability of a 38 soil associations for
traditional and rainfed agriculture is given in Table 32. The symbols
used to indicate different suitability levels are those of the new land

evaluation system proposed by FAO (FAO, 1974a; Van der Kevie 1976).

Land Suitability Classes

Definitions of the land suitability symbols are given below.

ST1-Highly Suitable Land

Land which is (or is expected to be after improvements) highly productive



Table 32

SELECTED SOIL PROPERTIZS AND RELATED DATA

e R A A e A L T ey - s—
ymbo1 Unit dans | 7% % Class AlB ments Class Class ness Cap. ! A B A B (mm) | MoisE [Dry | Low [ Hed. 11
N1 #1 -394008) 30| 5 - 10| SH-MD S| LS 3 VR E 1 4 1 7.1 8.3 {0.1 0:5 100-150 | 6-9 |[10-§ 200 120 40 .
#2 919353|70; 40% Rock Oyt Créps ) 100-150 | 6-9 |10-9 200§ 120 49
N2 Al 2930486165 1 ~ 3 | MD-D L] cCL 3 M Md 1 2 7.2 8.0 0.2 1.0]100-150| 6-9 |10-5 2001} 120 40
#2 112711025, 2 - 5 D S| LS 3 VR £ 1 4 7.6 8.4 0.2 0.5{100-150] 6-9 |10-4
#3 450844} 10/ Rocky pnd Stonfy Lapds 100-150| 6-9 |10-§
N3 il 14086627{90] 1 - 2 D S| LS 1 VR E 1 4 7.5 8.5 0.2 0.3/100-200] 6-9 |10-4 200} 120 40
#2 454070) 10| Scatteyed Rock|Out Lrops 100-200| 6-9 {10-9§
H31 #1 11251149175 2 - 5 MD SCL | GSC 2 M MW 1 3 7.6 8.8 0.2 0.4] 150 6-9 |10-35 200] 120 40
#2 417050 25 Scattefred Rock| Out Crops 150 6-9 ! 10-1
N4 #1 11683560{ 80 Rocks fnd Disspcted| Areal (Sand Sténe Ridges) 100-150} 6-9 |10-5 215| 110 35
#2 429890 20 2-5 SH S| LS 4 VR E 1 4 6.9 8.310.24 1.85/100-150] 6-9 [10-5
N5 #1 12591003;68 0 ~ 2 D SCL | SC 1 M M 2 3-21 6.6 7.9 ‘0;3 2.0] 200 6-9 110-5] 230¢ 100 3
#2 21195850130 2 - 4 SH SL | GSCL 2 MR W 2 4 7.8 8.81 0.3 2.3] 200 6-9 [10-5
#3 199308 § Rock (ut Crops{ Assolciated With Sahds at Sorle Places - 200 6-9 (10-5
N6 #1 11302608 10p 5 - 18 wvp S| Ls 0 VR E 1 4 7.0 8.0 0.2 0.3/100-200 6-9 [10-5{ 230} 100 30
N10 :: 12:;’21:: z: Z: 2 :: :zt Gzt ; : :: 1 3| 76 8.8) 0.2 3.00150-200 6-9 fo-5| 230| 100 | 30
» 1 4 7.2 8.7 0.2 2.2 150-2001 6-9 [0-5
N12 71 11377877168 0 - 1 D L|scL 1 M MW 2 2 8.0 9.0} 2.0 14.0 100-200 | 6-9 j0-5 2301] 100 30
#2 741934 3§ 1-2 MD L | GCL 2 M Mil-w 2 3 3.0 8.81 2.0 10.0!100-200 6-9 10-5

29¢



Table 32 (Continued)

SELECTED solIL PROPERTIES ANp RELATED DATA

i e _hree T e TS textne | Fot® e [ ot ot [ oerr e Uy . T —
Symbol [ “ypit | Feddans | « ' < Class ‘TE ments | Class Clasg ness | Cup. [ A TTW ;‘:li)p.T%?E;%ry Llo'::d Fviéecli‘:'%?&
Q #1 37A7304}70] 2 - 5 | ED S{Ls 0 —_R SE 2 | a4 | 6.8 7.6 10.15 ,18/200-400 | ¢.g 10-5] 260| 80 20
#2 1605988, 30, 0 -2 D LS] SL 0 MR WE 3 4 6.8 7.5 .15 .2 200-400 6-9 10-5
Q2 #1 6162814!100 10 - 25 ED S LS 0 VR E 1 4 7.2 74 0.2 0.6{200-400 6-9 10-5| 210 120 30
Q3 #1 672810' 60] 5 - 15 ED LS| SL 0 VR E 1 3 5.9 20 0.18 .21 400~-750 5-9 10-41 21c1 120 30
#2 | 3924731' 35 2 -5 ED S LS 0 VR E 1 4 4.7 5.8 10.15 . 181400-7590 5-9 n0-4
#3 5606 ‘ 5 0 - 2 MD SCIScL 0 MR MW 3 4 6.8 7.8 10.2 0.5{400-750 5-9 10-4
Q4 #1 76343%100] 5 - 15 ED S LS 0 VR E 1 4 7.1 7.5 |0.15 .39]200-400 6-9 10-5[ 200 120 40
Q5 #1 766665 700 2 - 5 ED LS| LS - VR E 1 3 6.5 7.5 10.15 0.2}200-400 6-9 10-5 2101 120 30
#2 273809 25/ 0 -J.5 D CL] ¢ 0 MS SKkP 4 3 7.0 8 0.2 0. 3] 200-400 6-9 [10-5
#3 5476 8 0-1 D SC C 0 MS P 4 3 7.0 8.0 j0.2 . 0. 3§ 200-400 6-9 110-5
Q51 Fl 5225 60 0 -1 D SCLU ¢ ] MS P 4 3 7.0 8.0 0.2 0. 3} 200-400 6-9 110-5 2101 120 30
#2 215053 4d 5 - 15 D LS| SL 0 R A SE 1 3 6.5 7.5410.15 .2{200-400 6-9 (10-5
Q6 #l 48172 74 1 - 5 D LS SECL 0 MR W 2 3 4.0 6.410.17 0.24 400-750 5-9 {10-4f 260 80 20
#2. 204451 3d 0 - 2 D Scy sc 0 M MW 3 3 3.8 4.1 0.27 2.1 400-750 5-9 |10-4
Q61 #1 368663 80 1 - 5 D Sy scL 0 MR W 2 3 3.5 40 0.3 2.0j 400-750 5-9 (10-4] 250 80 20
#2 9216% 20 2 -5 D LS sL 0 R R 1 3 4 0.5 0.'2 0. 3 400-750 5-9 }10-4 _
Q21 #1 1608292100 10 - 25 D S |S/LS 0 VR E 1 4 7.0 7.5 10.2 0.5]200-200 6-9 [10-5 2001 120 40 -
*
w
bt ]




Table 32 (Continued)

SELECTED SOIL PROPERTIES AND RELATED DeTA

Map L:nmnon- Area Soil Soil Soil Course | Perre- Soil Soil | Avail. Soil Reaction Total Climate
Unit ent of Slope Depth | Texture Frag- labitlity Drainage | Wet- | Water PH EC Precip.[Soil (Mo.) Wind vel. (days
Symbo1 Unit | Feddans | o p4 Class [T AJB | ments Class Class ness Cap. N B A 8 (nm) [Moist | Dry] Low]Ved. Hi
1 #1 995390160} 2-5| D |sL|c 0 MR b 2 | 3-2) 3.8 4.0|.13 .69/400-750] 5-9 |10-4 285| 60 | 15
#2 66359340 1-2| D | si|scL 0 MR W 2 3 14757 .18 .78/400-750| 5.9 fo-4
T2 #1 976342 (700 0 - 2 D LS |scL 0 R/MR SE/W 2 3 4.8 571.13 .18 400-750| 5-9 f10-4 260] &g 20
f2 - 418432 '30/ 2 - 5 v} S LS 0 VR E 1 4 4.8 581).15 .25 400-750| 5-9 [10-4
Té fl 45310 55/ 1 .2 D Is/SL| scC 0 M MW 2-3 3 5.6 8.9].3 1.7{400-750]| 5-9 10-4| 260] 80 20
#2 37071 45 0 - 2 D BL/SC| sc 0 M MW 2-3 3 6.2 7.81.19 .37 400-7501 5-9 f10-4
Ul #1 433179 {50l 1 - 5 SH/MD | L GCL/6E 3 ‘HR W 2 4 6.5 7.21].2 .3 [400-800| 5-10 h7-4 310 40 10
#2 259907 (30 1 - 2 MD/D L/sCL| C 2 MR MW 3 3 6.9 7.21.3 .5 |400-800| s5-10 11-4
#3 173272 | 20 2 - 8 SH SL |GC 4 MR W 2 4 6.9 7.21.18 .2 400-800) 5-10 11-4
u2 fl 776494 {50, 1 - 3 MD L ICL/C 1 MV- MW 2 3 6.6 8.41}.2 .9 1400-800) 5-10 fi1-4 310 4o 1e
12 543547 3 1 -5{ Mp/D |scL c 2 M MW/W 2 - 3 .0 7.5].2 .5 1400-800} 5-10 11-4
#3 232949115 2 - 5 SH SL }ascL 1-2 MR . W 2 4 6.0 7.51.2 .5 1400-800| 5-10 }11-4
u3 #1 151766 | 65) 0 - 2 D SL |CL/C 0 M W/MA 2-3 2-3 5.0 7.51.2 .5 |700-900] 4-10 10-3] 335| 20 5
#2 8172035 0 - 3 D SL/L} CL 0 M W/MW 2-3 2-3 7.0 7.5].2 .4 17006-900} 4-10 10-3
Us N 713363{90] 0 - 2 D CL {cL/C 0-1 MS Sp/p 3 2 7.0 7.21.2 .3 |400-750| 5-9 fho-4 310 ' 40 10
#2 79262110 2 - 5 D/MD SL | CL 0-1 MS spP 3 3-2 6.8 7.21.2 .3 |400-750 | -5-9 -l0-4 - .-_ S -
ué n 1232710 {500 2 - 5 D C c 0 S R/S.P 3 3 6.0 7.0(.13 .15 400-750 [ 5-¢ J0-4 310f 40 10
#2 862902 .3 0-2 MD SCL | cL 1 M W/ MW 2-3 3 5.2 6.3].12 .3 400-750 | 5-9 1%p-4
#3 369815119 0 - .8 D c c 0 VS i vp 4 3 56 76' M1 .2 400-750 " 5-9 10-4

v9€



Table 32 (Continued)

SELECTED SOIL PRCPERTIES AND RELATED DATA

Map
Unit
Symbol

us

U9

u10

un
L

L2

Al

Soil

G9¢

Compon-|___Area Soil Soil Soil Course | Perme- Soil Avail. | Soil Reactfon Total Climate

ent of Slope Depth |_Texture | Frag- Jability | Drainage | Wet- | Water | PH EC Precip.ySoil (Mo.) MWind Vel. {days)
Unit | Feddans § < 1 Class ments Class Class ness Cap. A ] A B (mm) | Moist {Dry] Low| Med. |Hi
#1 7355143 |551 2 - 5 EQ c c 0-1 S/VS P 3 3 7.8 8.3 |.3 Z H00-750 | 5-9 10-4;260 | 80 20
f2 615974 2512 - 5 D SL | SCL 0-1 M MW 2 3-2 6.5 8.0 {.3 .5 #00-750 | 5-9 [|10-4
#3 369585 (15|12 - 5 MD L CL 1 M MW 2-3 3 6.5 7.8 (.3 .7 M00-750 | 5-9 |10-4
#4 123195 5] Rock Oytcrops
N 454300 :65)2 - 5 vD c c 0-1 S P 3 3 7.0 8.8 1.3 .5 K00-750 | 5-9 |10-4]260 | 80 20
#2 174731 125} 1 - 2 Vb L |CL 0 M MW 2 1-2 56 88 1].3 .9 J1‘00-75() 5-9 |10-4
#3 69392 10]1-3 D CL |} SIC 0 M/MS SP 2-3 3 7.0 8.2 |.3 .8 400-750 | 5-9 |[10-4
# 1484406 [551 2 - 5 VD c c 0-1 S Sp/p 3 3 2.0 8.0 {.5 .8 W00-8001] 5-10 [11-4310| 40 10
#2 809676 30{.5 -1 VD c c 0 S P 4 3 7.0 8.5 .3 .7 M00-800 | 5-10 {11-
#3 404838 1511 - 2 | MD/SH | SCL} CL 1-2 M MW 2 3 5.0 6.5 | .3 .5 |00-800{ 5-10 {11-4
il 399384 jo0| 0 - 2 D SCj ¢C 0-1 MS- SP 3 3 7.0 8.0 |.3 .2 M00-750 | 5-9 [10-4/285| 60 15
il 3636715.- 951 0 - 2 VD c c 1 S . SP 3 3 8,2 8.8 | .4 .7 H00-750 [ 5-9 ]10-4 235100 25
#2 191090 5| Scatterled hillg and [rocky] 1ands
fl 193548 |50 0 - 2 vb s¢/g C 0 S P 3 3 5.9 6.5 |.2 .3 B00-750 | 5-9 J10-4{230 | 25 5
2 21505 1011 -2 MD SCL {CL 0-1
n lewrees lolc-s | v 1 g "::“ v: j ; :; 5.3 |.2 .3 hoo-750 | 5-9 ho-4
2 sz bslo - S S T - v ) : 6 7.0 |.1 .2 400-750 | 5-9 0-4{235 {100 | 25
#3 211981 511 -2 D LS SL 1 MR SE 3-2 ; U I el badl i

- 45 53 |.1 .2 400-750 |5-9 }o-a




Table 32 (Continued)

SELECTE" SOIL PPOPERTIES AND RELATED DATA

ﬂg?t 62:2‘32} res S?g;; nglzlw _T_eig_:;r]f_e_ Eglajgfe al’:?m; Drg(i)ril;ge 32:- G;:;l- 33” Reactlgrd Pl‘e)z?;. Soi‘l (bck])j;')natgind' V’el. (days)
Symbol | ynit | Fedduns | 2| g Class |~ ATB ments | Class Class | ness | Cap. A B { A B (mm)  |'Moist |Dry | Low|Fed. |Hi
A2 #1 13825 %0 0 - .51 wp C c 0 S P 4 3 5.9 7.2 1.15 .2 [400-750] 5-9 fo-4 285 | 60 15
#2 11060 LO 0-1 D SCL fL/C 0-1 MS sp 3-4 3-2- 5.5 7.5 {.1 .2 {400-750 5-9 fl0-4
A3 #1 385253 Ot 0 -1 VD SCL fL/sce o MS MW 3 3-2 |6.5 7.2 {.4 .95 400-750| 5-9 l0-4}310 | 40 10
#2 192626 BO| 1 - ¢ VD C C 0 é/VS P 3-4 3 6.2 7.6 |.4 1.05{400-750] c.g 10-4
#3 64088 10 0 - 2 VD SCL |sC 0 MS/S SP 3 3-2 16,5 7.2 |.4 .9 1400-7501{ 5-9 10-4
RN 1 130569 B5| 1 - 2 VD CL|C 0 3 P 3-2 2 7.0 8.0 J2.0 4.0 {200-400 6-9 10-4{235 100 25
£2 23042 15] 0 -1 VD c c 0 S/VS P 4 3 6.0 7.2 {.1 1.8 }200-400] 6-9 10-4
RT n 855605 flooj 1 - 3 | D/vD C c 0 S/Vs P 2 3 7.0 8.8 (4.0 8.0 |200-400] 6-9 10-4 1235 1100 25
HM fn 1978490 [100] Mountafns, insélber Js and rock outcrops 170 }150 40
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for the defined land use type and yields high benefits, amply justifying
the required capital and current inputs. There are no significant limita-
tions that will reduce yields or increase recurrent costs for production

or conservation.

S2-Moderately Suitable Land

Land which is (or is expected to be after improvements) moderately
productive for the defined land use type and yields moderate benefits, which
are sufficiently high to justify the required capital and recurrent inputs.
There are moderately severe limitations likely to reduce yields and/or

increase recurrent cost for production and conservation.

S3-Marginally Suitable Land

Land which has (or is expected to have after improvgments) a low
productivity for the defined land use type and yields benefits that are
just high enough to justify recurrent costs and capital inputs. These
are limitations which in aggregate are sufficiently severe to reducg

yields and/or increase recurrent costs for production and conservation.

N1-Currently Unsuitable Land

Land with very severe limitations which at present cannot be corrected
economically and which preclude successful sustained use in the defined manner.

N2-Permanently Unsuitable Land

Land with very severe limitations precluding any possibility of
successful use of the land for agricultural production.
The definitions given above are very broad and permit only a comparative

assessment of potential land suitability for any of the two land use types.
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No subdivision according to kind of 1imiting factors could be made at this
scale of generalization on the soil map. However, in the tables of the land
potential for use, the soil associations were divided into components with
land suitability subclasses or major soil limitations. The components

and interpretations were based on field observations and evaluation of

soil properties data. Predictions on some areas could be made with reason-

able accuracy. On others we could only make estimates.

Land Suitability Subclasses (Major Soil Limitation)

Subclasses are subdivisions of the classes reflecting the kind of the
major.limitations to profitable land use which determine the class level.
They also reflect the general direction of required improvements and so
distinguish lands that differ in the nature of their management re-
quirements. The sequence of the letters follows the severity of the limita-
tions, the most severe limitations show first.

The following Timitations were recognized:

c - climate limitation caused by adverse climatic conditions
(climate too wet or too dry or adverse temperature regime)

t - unfavorable topography 1imitation due to unfavorable relief (macro or

micro) or relative elevation limiting its use

e - erosion limitation caused by erosion hazards or past erosion damage

w - wetness Timitation due to waterlogging caused by a high water table,
slow permeability or slow surface drainage or combination of these

a - alkalinity Timitation due to alkaline soil reaction and high exchangable

sodium

1 - inundation Timitation caused by inundation (flooding) of the land from rivers
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moisture deficiencies due to 50i1 conditions

fertility limitation due to Tow chemical fertility
vertisolic Timitation due to a high content of swelling clay

surface gravel stones limitation due to the occurence of gravel or stones

covering the surface, hampering cultivation and seedling establishment.

physical soil deficiencies limitations due to adverse physical soil

properties (other than mentioned under v)

depth and stoniness limitation due to shallowness or stoniness or both,

restricting root development
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Suitability for Different Land Use Tvpes

A land use type or land utilization type is a system of land use, land
management and farming. Many types are possible but to be practical any system
should be suitable to the current social, economic and physical conditions
within the region under consideration. Traditional and modern (mechanized)
land use types have been chosen as other studies will cover the rest of the

main land use types in the study area.

LV - 1 Rainfed Traditional Agriculture

In this type of land use all cultural operations are undertaken by
manual Tabor. Before cultivation and sowing, the land is cleared of grass,
bush and trees, but they are not ubrooted, and branches and grasses are
burned. Instead of ploughing, the soil is only superficially hoed.

Sowing is done by broadcasting or by planting in holes made by the hoe or
by a digging stick (seluka). Small seeded crops like seasame are always
broadcasted. Dura is mostly planted in holes. Harvesting is done by hand.

Most generalized systems of traditional rainfed agriculture practiced
in the region are shifting cultivation mainly in the Savanna belt; "harig"
{burning) cultivation in Nuba Mountains region, and "terus" (bunds) in the
arid parts of the province (small extent). Crop rotation is normally not
applied due to abundance of land.

Rainfed agricuiture is practiced throughout the area except in semi-
desert and dese:t areas. There is a little cultivation in the arid areas
because crop failures due to drought are frequent. The heavy clay soils
are not very suitable for traditional agriculture as they are difficult to
work and may be subject to waterlogging in the wetter areas. In addition,
hazard§ such as plant diseases and poor soil management practices cause low

yields.
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Improvement of traditional agriculture, though difficult, should be en-
couraged by improving extension services to show the farmers how to use

animal drawn implements for ploughing, sowing, weeding and the Tike.

LV - 2 Rainfed Modern Agriculture

Modern rainfed agriculture using tractor drawn disc-ploughs, seed
drills and some mechanical harvesters is found in the clay plains of South
Kordofan Province (U10). This type of land use is found in large mechanized
crop production projects in which the land has been cleared and divided
into holdings of 1000-1500 Feddan (Mechanized Farming Corporation) or to
much smaller holdings of 5-10 feddans (Muba Mountains Agricultural Production
Corporation). Dura, cotton and sesame are the main crops of this land use
type.

Land suitable for such crops (dura, cotton, seasame) is found in most
of the South Kordofan clay plains. In the wetter parts, mechanzied
cultivation becomes marginai (especially for dura, seasame) due to pro-
longed waterlogging. It is probably feasible to improve part of the lands
that are subject to waterlogging by the control of runoff and provision of
superficial drainage, which may be achieved by excavating some of the Khors
(seasonal water course channels) to increase their capacity to absorb peak
discharges. Appropriate timing of sowing is another possibility. Soil
and water practices are required for sustained mechanized agriculture on the
undulating clay plains.

The cracking clay soils are moderately fertile with sufficient available
potassium and phosphorus, but with a Tow nitrogen content. Crop rovation
and fallowing to restore fertility are essential management practices and
application of nitrogen fertilizers may prove economically beneficial as well.
Lands occupying higher positions in the semi arid zone are better suited for

seasame.
These data for the test site are summarized and presented in Figures

7,8 and 9 and Table 33.
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Table 33

SOIL ©.IMITATIONS AND POTERTIALS

Map Component ;\rea Seedling Work Potentizal Erosion | Fertility | Potential Suitability for Use
Unit of || Establishment Ability | Machanization | Hazard Rainied Aariculture
Symbol Unit Feddans | % . fraditional]¥odern] Major SoiT
_Limitations
M # 394008 {30 1 3-4 3-4 4 4 N2 N2 m,g,e,d,f
#2 919353 |70 4 4 4 4 4 N2 N2
N2 #1 2930486 165 1 3-4 2-3 3 3-4 N2 N2 m,g,e,d,f
#2 1127110 |25 1 2-3 3-4 4 4 N1-N2 N2 m,e,g,d
#3 450844 |10 4 4 4 4 4 N2 N2
N3 #1 4086627 {90 1 1 3 4 4 N2 N2 m,e,f
#2 454070 110 4 4 4 4 4 N2 N2
N31 #1 1251149 |75 3 3-4 3 3 3-4 N2 N2 m,g,e,d
#2 417050 {25 4 4 4 4 4 N2 N2
Ng N | 1683560 [80 4 4 4 4 4 N2 N2
#2 420890 {20 1 3-4 3 4 4 N1-N2 N2 m,g,d,e
N5 #1 2591009 |65 3 2-3 2 3 2 N1 N2 m,g,e
#2 1195850 ;30 3 ‘2-3 3-4 3 2 N2 N2 m,g,d,e
#3 119308 5 4 4 4 4 N2 N2
N6 # 1302608 |100 1 1 3 4 4 N2 N2
N10 #1 1213131 |65 3-2 2 3 3 3 N1 N2 m,g,d,t,e
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Table 33 (Continued)

SOIL LIMITATIONS AND FOTENTIALS

Map Cecriponent Area Seadling Hork Potential Ercsion | Fertili ty ! Potential Suitability for Use
Unit of I Establishment { Ability Mechanization | Hazard Rainfed Aariciulture
Symbol Unit Feddans | % Traditional Piodern Major St.ﬁT
_ _Limitations
#2 653224 |35 3-2 3 3 3 3 N1 N2 m,g,d,e
N12 #1 1377877 {65 3-2 2-3 3-2 2-3 2-3 N1 N2 m,g,e
#2 741934 |35 3-2 2-3 3 2-3 2-3 N1 N2 m,q,d,e
Ql £1 3747304 |70 1 1 3 3-4 3-4 S3 K1 n,f,e
1 4 1605988 (30 1 1 3 3 3 S3 N1 m,.f.e
Q2 #1 61<221° |1ng 1 1 4 4 4 N2 N2 t.,e,m
Q3 #1 672810 [eo 1 1 4 4 n2 N2 t,e,r,f
#2 302473 - |58 . 1 1 3-4 3-4 3 3 | ni,e,t,f
#2 s€oee 5 3 3 3 3 3 L N1 p.e,t
) #1 763439 100 1 1 4 4 4 N2 N2 t,e,n,f
Q5 #1 766665 |70 1 1 4 4 4 N1 Rl e, t,m,f
#2 273809 |25 3 3 2 3 3 N1-53 S3 e,w,p,t
#3 54762 5 3 2 3 1 3 N1-s3 S3 v
Q51 # 522580 |60 3 3 2 3 3 N1-S3 S3 ,w,p,t
2 215053 |40 1 1 3 3 3 N1 N2 e, t,m,f
Q6 #1 481720 |70 1 1 3 2 3-4 S3 N1 f.t,e

9.t



Table 33 (Continued)

SOIL LIMITATICNS AND POTENTIALS

Map Component Area Seedling Work Potential Erosion | Fertility | Potential Suitability for Use
Unit of Establishment Ability | Mechanization | Hazard ainted Agrjculture
Symbo1 Unit Feddans | % Traditional|Hodern] Wajor SoiT
_Limitations
#2 204451 30 1-2 2 2-3 2 3-4 S3 N1 f,e
Q61 i1 368663 80 1-2 2 2-3 2 3-4 S3 N1 f,e
#2 92166 20 1 1 3 2 3-4 S3 Ml f,e
Q21 #1 608292 {100 1 1 4 4 4 N2 N2 t,e,m,f
n n 995390 | 60 1 1 3 2-3 4-3 53 NI | m,f,ew
#2 663593 40 1 1 3 3 4 S3 N1 m,f,ew
T2 #1 976342 70 1-2 1 3 3-4 2-3 S3 N1 e,m,f,p
#2 418432 30 1 1 3 3-4 3 LX] N1 e,m,f,p
13 fl 45310 55 2-3 2 3-2 3 2-3 S3 N1 e,m,f,p
#2 37071 45 3 3 2 .3 2-3 S3 N1 e,m,f,p
ul #1 433179 50 3-2 2-3 3 4 3 S3 N2 d,e,f,t
#2 259907 30 3-2 3 2 3-4 2 S3 N1 t,e
#3 173272 20 3 3-4 4 4 3 N1 N2 g,d,e,t
u2 #1 776494 50 3 3 3 3 3 N1 N2 e,f
#2 543547 35 3-2 2 2-3 2-3 2 N2 N2 e,f
#3 232949 15 2 3-4 4 3-4 3 N2 N2 g,d,e
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Table 33 (Continued)

SOIL LYMITATIONS AND POTENTIALS

Map Component Area | Seedling Work Potential Erosion | Fertility | Potectial Suitability for Use
Unit of Establishment | Ability | Mechanization | Hazard Rainfed Agrjculture
Symbol Unit Feddans | % Tradit.onal|bodern] Major Soivl
_Limitations
U3 ] 151766 |65 2 2 3 2-3 4 N1 N2 f,e
#2 81720 35 2 2 3 3 4 N1 N2 f,e
us il 713363 |96 3 2-3 2 2-1 2 N1 S3 Paw
#2 79262 10 3 2 3 3 2 N1 S3 d,t,g,p
us ] 1232716 {50 3 3 2 1 2 N1/S3 S3 v
#2 862902 {35 2 2 3 2-3 3-4 N2 N2 f.m,e
#3 369815 |15 3 3-4 3 1 2 N2 N1/S3 { w,v
us #1 1355143 |55 3 3 2 1 2 N1 S3 VoW
#2 615974 |25 3-4 3 3 2-3 2 N1 N | p
#3 369585 {15 3-4 3 3 2-3 2 Nl N1 P
#4 ‘ 123195 5 4 4 4 4 4 N2 N2
u9 #1 454300 |65 3 3 2 1-2 2 N1 S3 t.p
#2 174731 |25 2 2 2 2 2 N1 S3 P
#3 €93921 |10 3-2 2-3 2 2 2 N1 S3 P
uto #1 1484406 |55 3 3 2 1 2 N1 S3 v,e
#2 809676 |30 3 3-4 2-3 1 2 N1 S3 W,V,e
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Table 33 (Continuation)

SOIL LIMITATIONS AND POTENTIALS

\Map Component Area Seedling Work Potential Erosion | Fertility | Potential Suitability for Use
Unit of T || Establishment | Abii ity | Mechanization | Hazard W
Symbol Unit Feddans | % - Traditional|¥iodern) Maior SoiT
_ _Limitations

#3 404838 15 2 2 3 2 4 N2 N2 f,mn,d
un fl 399384 100 3 3 2 1 2 N1 S3 e,p
Ll #l 3630715 |95 3 3 2 1 2 N1/s3 S3/s2 | v

#2 191090 5 3 3-4 2-3 1 2 N1 S3 W,V
L2 i 193548 90 3 3 2 1-2 2 N1/S3 S3

7 21505 |10 3 3-4 2-3 1 2 N1/53 S3 | w,i,v

Al 2] 847925 60 3 3-4 2 1 2 N1 S3 W,i,v

#2 353302 25 3-2 2-3 3 2 2-1 Nl N2 t,w,i

#3 211981 15 1 1 3 2 2-1 Nl N2 t.w,i
A2 i 13825 60 3 3-4 3-4 2 2-1 N1 . N2 t,w,i,v

#2 11060° |40 3 3 3 2 2-1 N1 N2 | p
A3 #1 385253 60 2 2-3 3 2 2-1 N1/S3 N1 t,p

#2 192626 30 3 3 2-3 1 2 N1/s3 N1 t.w

#3 64088 10 2 2-3 3 2 2-1 N1/S3 N1 Paw
RN #l 130569 85 2 2 2-3 2 1-2 S2 Nl T.W

#2 23042 15 3 3 2-3 1 2 S2 N1 1,W,p
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Table 33 (Continued)

SOIL LIMITATIONS AND POTENTIALS

Map Component Area | 1 Seedling Work .Potential Erosion | Fertility | Potential Suitability for Use
Unit of Establishment | Ability | Mechanization | Hazard ainfed Agriculture
Symbol Unit Feddans | % Traditional]Hodern] Major SoiT
_Limitations
RT #1 855605 100 3 3 2 1 2 S3 53 8,5,p
HM #1 1978490 |100 4 4 4 4 4 N2 N2

08¢
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CONCLUSIONS

Development Possibilities

A summary of the main conclusions regarding development possibilities

of the region is indicated in the following paragraphs.

1.

Development strategy should be first concentrated on developing
the potential for rainfed aaqriculture in areas containing the
highest concentration of class S2 land and class S3. (fiqures

6 and 7). These two classes are respectively moderately suited
and marginally suited for rainfed crop production. A11 un-
cultivated areas should be managed for maximum pasturé and

wood production.

The northern part of the region which 1ies in the desert and
semi-desert consist of land that have a Tow grazing potential,
There does not seem to be much potential for improvement

of land for grazing. The dry climate and scarcity of drinking
water impose strong limitations.

Lands located in the central part of the study area, mostly
within the semi-arid climate zone, have a Tow

to moderate overall potential for traditional rainfed agri-
culture and grazing. Currently a small part is dry farmed

and the higher proportion is used for extensive grazing. Yields
from main crops (dukhn, dura, seasame, groundnuts) are low because

of the sandy nature of the soils, low fertility and low available

moisture. Some improvement {s possible by improviny shifting culti-

vation practices, introducing crop rotation and deferred grazing. The
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"Tongya" system of land rotation is advised by which cultivation
gets both cash crop and "gum" garden and simultaneously aids
soil conservation. Precautionary measures to protect arable
Tands should be investigated both technically and economically.

4. Llarge capital inputs would be required for full deve]opﬁent of
the cracking clay soils on the southern part of the area for
mechanized crop production (providing machinery for mechanization,
construction of roads, storing water for human and livestock
use); but improvement can be made in the presently established
schemes by application of known technology. Soil surveys and
feasibility studies are recommended to be carried out. Other
studies could include land rotatior and crop diversification.

In general terms, these soils are moderately suitable for
common crops of the area (dura, cotton, seasame, etc.).

It is clear than many more surveys and studies, not only of technical

nature, but particularly in the field of sociology and economics, will
have to be made before specific development can be started. Some studies to
be made are:

1. Detailed soil survey and feasibility studies on potential
rainfed lands.

2. Urgent studies on desertification in northern and central parts
(3 Qoz lands) to show the magnitude of the problem with Tocating
the potential areas for reclamation or land conservation practices.

3. Expansion of studies on crop yields, tec. Crop statistics should
be developed and applied at a wide scale and the records be made

available to all workers in agricultural development.
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4. A study of different livestock cystems throughout a wide area
to identify present constraints on production and possibilities
for improvements.

5. Studies of underground water and trial drillings in order to
find suitable reservoirs that may be tapped for drinking water
for 1ivestock and people.

6. Investigation of the possibilities for crop diversification in
the rainfed areas and how crops other than the present major

crops could be used in the rotation.
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Landsat Data for Monitoring Soil Resources

Landsat imagery provided a quick and inexpensive means of establish-
ing baseline information that was used in conjunction with other
data (geologic and vegetation maps, climatological records, etc.)

to produce soil maps. Remotely sensed imagery can be a valuable

aid in mapping soil resources.

Imagery is not, however, the only tool needed to compile accurate,
meaningful soil maps. The interpretation process may be enhanced
and time efficiency improved, by incorporating other resource data.
Depending upon the detail required and/or the area to be mapped,
different scales and types of imagery are required. Landsat

imagery is useful for broad soil association level mapping, but does
not have the resolution required for finer, more specific mapping.
Both types of imagery are valuable for specifying areas on the
ground that may require intensive field mapping.

Landsat is a very useful tool in locating and mapping aeolian
geomorphic areas in central Sudan (Qoz lands) and areas of active
sand dunes.

Repetitive coverage of Landsat pruvided a unique method for measuring
and locating changes in different natural resources (e.g. desert
encroachment-flooded areas).

Landsat imageries were also very useful in updating information

on topography (e.g. Some hills and drainage channels were far out of

place on the topographic map series of the Sudan 1:250,000).
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APPLICATION OF LANDSAT FOR DETERMINATION
OF LAND RESQURCES AND DESERTIFICATION MONITORING

Y. Yagoub Mohamed and M. Fadl Elmoula Idris*

ABSTRACT

This report is the result of a joint program between The Sudan Govern-
ment and U. S. AID. The program was aimed at training Sudanese personnel to
study the use of remote sensing for acquiring resource information in their
home country.

The report describes the study which has been carried out at the Remote
Sensing Institute. It comprises the following:

A. Use of Landsat data for determining different land use classes,
vegetation associations, and signs of desertification.

B. Evaluation of land resources based on the existing regional soil
map.

The study evaluated the use of Landsat as an economic and timely tool
for collecting general resource information. Making use of the imagery tonal
variations and contrasts, it was possible to determine the major physio-
vraphic Tandscape, as well as the general distribution of the associated
types of land use and major vegetation associations. For the purpose of
regional planning such information will be sufficient. However, small details
and information to the types of crops and the understory vegetation could
not be derived because of the scale and resolution limitations. This limita-

tion should not be Tooked at as a serious disadvantage that hinders

* Land Use and Soil Conservation Administration, and Range and Pasture Adminis-
tration, Khartoum. Report prepared while in training at the VISP at RSI.
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its application, since the technology is most useful for regional planning

and as a supplementary tool for aerial photography. For more detailed studies
of selected areas, therefore, aerial photography of the appropriate scale
should be used instead of Landsat imagery. The Landsat imagery can be best
used to select areas for more detailed photography which will optimize the
benefit from that photography.

Signs of desertification in the form of bare dunes were easily recog-
nized and mapped; however, the rataz of the advance of the phenomenon in the
period 1972 and 1976 could not be visually detected. Applying more advanced
data analysis techniques, i.e. the Image 100 supported with ground truth
might sometimes Tead to a better evaluation because of its ability to enhance
the tonal contrast. It is regarded as a useful tool for small details classi-
fications. The second part of the report consists of evaluation of agricul-
tural resources based on the soil information obtained from the field, with
the use of Landsat imagery as a base map. A further step was made for the
evaluation of soil blowing hazard. The approach involved rating the relevant
soil properties such as: wetness, texture, slope and percent plant residue
cover, by assigning to each of these properties an érodibi1ity factor and
accordingly classifying the soil mapping units for blowing at the critical

wind period.
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INTRODUCTION

a) Desertification and its causes

Desertification is the degradation of the biological productivity of
Tand and the consequent reduction in plant composition, cover, reduced
carrying capacity of the Tand and reduced crop yield. There are three
schools of thought as to the causes of this phenomenon: -

--Long term climatic changes in the geological sense

--Weather fluctuations

-~Human factor

The climate and weather factors as causes of desertification, have
been subject to considerable debates and theories. The evidence is
conjectural because of the lack of intensive and detailed records, and

that of the complexity of the interrelated factors.

However, it is beyond no doubt that the over exp]oftation of the land
by man and his animals, in an attempt to meet the demands of the rising
populations has brought about these desert-like conditions; although this
ecological upset has been going on for decades, it has only recently
become acute and wfde-spread in the country. Because of the continuing
shortage of the world food supply, the problem has drawn man's attentions;
but still very Tittle practical work pertaining to monitoring desertifi-
cation and assessing its rate of advance has been made. There is need
for research in this field because the problem is of the Sudan's main
concern and since the country's economy is predominantly agricultural.

The main misuses that have brought desertification in the Sudan are over-

grazing particularly around water points, the irrational cultivation,
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wood cutting and deforestation, uprooting of shrubs for fuel and the
burniﬁg of grasslands, forests and shrublands.

This misuse of land has resulted in soil deterioration especially
in the Qoz country and the Gardud clays where land has been cultivated to
exhaustion or its vegetative cover overgrazed. A certain amount of the
surface protecting material becomes loose and subject to soil blowing
hazards. The wind blowing of this fine material results in the denudation
of tha original soil and formation of bare su. sace crusts which buries
the fertile soil downwind by the transported fine and sandy particles.

The signs of desertification in the form of bare active unstable
dunes and surface crusts have long been observed in‘the region. In the
clay plain where the grazing pressure is released especially during the
growing season due to the unfavorable climatic conditions, the vegetative
cover is maintained .and consequently the rate of soijl degradation is low.
In both the Qoz country and the Gardud clays overgrazing and occasional
accidental fires have resulted in the disappearance of the palatable
perennial grasses and herbs and the domination of the fire-tolerant

annual plants together with other fibrous undesirables.

b) Objectives:
The study was meant to fulfill the following:-

1. To evaluate the use of Landsat for determining land use, vegetation
communities and for monitoring signs of desertification and land
misuses of thé area.

2. To evaluate the susceptibility of the soils to soil blowing hazard,

including plant residue cover, during critical wind period.
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3. To determine the soil suitability for presently grown crops
based on the existing generalized soii map that has been
prepared by A. Doka(Paperby Doka in this same proceedings.)

4. To estimate and relate: Ground cover, vegetation composition,
herbage production, range condition, potential for improvement,
to the components of kinds of soil under average to below

average and above average rainfalls for the major climatic zones.

c) Materials:-
The following materials and equipment were used:

A set of false color composite prints (MSS 4,5,7) at the scale

of 1:500,000.
Black and white paper prints for bands 4,5,7 at the scale of

1:500,000.

Available reports and some ground truth data, refer to 1isting

of names of publications used.

Magnifier, optical pantograph, additive color viewer, and
drafting and cartographic materials for imagery interpretation
and map production.

Soil map (by Doka) of the study area based on Landsat imagery

interpretation.

A Tist of predicted plant cover of the soil components at the

critical wind period (refer to Table 1 in the appendix).
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GENERAL DESCRIPTION OF THE AREA

a) Location:-
Bounded by Latitudes 10°40' and 16°50' N
Longitudes 28°40' and 32°30' E.
The area is covered by twelve Landsat scenes. However, preliminary land
use and vegetation maps were restricted to the southeastern part of this
area covered by six Landsat scenes. Please refer to the location map in

Figure 1.

b) Climate:-

This area is exposed to » tropical continental type of climate which
is characterized by a dry ur.form air movement from the north. This dry
air movement prevails thruughout the dry season. A major air flow %rom
the south determinec the annual rainfall and its monthly distribution
during the raiay season.

The annual rainfall ranges from 75 mm in the extreme north to 850 mn
in the south. There are two distinct seasons, a short wet season (July -
Nov.) and a dry season (Nov. - July). Temperatures are warm throughout
the year. The mean of daily maximum temperatures of the hottest month
(June) range from 43% C in the extreme north to 40° C in the extreme
south. The mean minimum temperature of the coldest month (January) ranges
from 8° C to 13° C.

According to the average annual rainfall and the resulting vegetation,
the region has been broadly divided from north to south into four climatic
zones, these are the desert and semi-desert, the arid, the semi-arid and

the dry monsoon zones. Refer to climatic zones, Fig. 2,
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FIG, 1 LOCATION MAP OF STUDY AREA
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c) Soils (Figure 3.)

The area broadly comprises the following main superficial deposiis:-

1.

The cracking clays: The dark-cracking clays are locatad in the
southern reaches. They are part of the central clay plain of
the country.

The sandy soils (locally known as Qoz sands) are located north
of Latitude 1193,

The non-cracking clays. They are locally known as "Gardud" and
occupy the transitional zone between the cracking clay: and

the Qoz sands.

For details refer to A. Doka's report no. 1 (Literature cited)

d) Vegetation

From the nor+ih to the south the region comprises three latitudinal

belts which are closely correlated with the climatic zones as follows.

Please note the vegetation map in Figure 4.

1.

The desert zone: With the exception of drought-resistance

stunted bushes and herbs along the water courses and drainage
iines, the desert is virtually devoid of vegetation.

The semi-desert zone: There are three characteristic associations

of vegctation in this zone namely - the semi-desert grassland

on sand, - Acacia tortilis-Leptadenia and Acacia Mellifera -

Commiphora africana. Associated understory vegetation is mainly

of Panicum turgidum, annual Aristida species, Chryzopogon aucheri,

Tetrapogon species and Blepharis Linariifolia.

Low rainfall woodland savannah: This belt has a composition of

grasses, herbs, bushes and trees. Its two major subdivisions
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Map Symbol Landscape Units

Northern Plateaus and Pediplains

N1 Rocky Plateaus

N2 Piedmonts

N3 Sandy Plains

N31 Sandy Pediplains

N4 Rocky Lands

N5 Reg Areas

N6 High Dunes; Semi-desert
N10 Wadi E1 Milk Basin

N12 Wadi E1 Muhbas Basin

Sand Sheet and Low Dunes

Q2 High Dunes; Arid Climate

Q3 Longitudenal Dunes

Q4 Transversal Dunes

Q5-Q51 Sand Dunes and Clay Plain
Complex :

Q6 Babanusa-Khowi Sandy
Peneplain

Q61 E1 Nuhud-Zabad Plateau

Q21 High Dunes; Semi-desert

Qoz Transitional (Deflation) Area

Tl Wadi ET1 Gallah Basin

T2 Khor Abu Habil Western
Basin; Sandy

T3 Khor Abu Habil Northern

Basin; Loamy

Map Symbol Landscape Units

Nuba Uplands

Ul Jebel Piedmont Outwash

u2 Dissected Plateaus

u3 Talodi Peneplain

us Dilling Upland Plain

ué Lagwa-E1 Berdab Plain

us Eastern Intermediate Clay
Plain; Undulating

U9 North Eastern Undulating
Clay Plain

u1o0 Habila Clay Plain

ull Jebel ET1 Dier Clay Plain

Flat Clay Plains

L1 Eastern Flat Clay Plain
L2 Southern Clay Plain; nearly
Flat

Seasonal Water Course Alluvium

Al Khor Abu Habil Flood Plain

A2 Wadi E1 Gallah Flood Plain

A3 Southern and Eastern Flood
Plains

Riverain Lands (White Nile)

RN White Nile Flood Plain
RT White Nile Upper Terrace

H Mountains and Hills

Fig. 3 (continued) Soil Legend. Note same lTegend applies to Figures 2 and 4. (After A. Doka)

96€
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according to soil are:- (a) Low rainfall woodland savannah

on sand: On the stabilized sand dunes and sand sheets, the

dominant associations are - Acacia senegal, Acacia senegal-

Combretum cordofanum, Dalbergia melanoxylon-Albizzia amara -

Terminalia and sclerocarya birrea (on the soil mapping units

(Q1,Q2,Q3,Q5,A51,A6 and Q61). The understory cover associated

consists of Eragrostis tremula, Cenchrus biflorus,

Aristida pallida, Zornia gluchidiata and Andropogm gayanus.

(b) Low rainfall woodland savannah on clay - This subdivision

of the Tow rainfall woodland savannah includes a wide range of
vegetation associations in the clay soils (U1,U2,U3,U5,U6,U8,
u9,u1o,u11, and L2,L3).

Areas with less than 600 mm rainfall are dominated by Acacia mellifera and

above 600 mm rainfall Acacia seyal-Balanites agyptiaca association alternates

with grassland areas. Sloping range sites are dominated by Combretum

hartmannianum-Angoeissus sclerocarya while on the jebel pediments Boswellia

papyrifera, Combertum- sclerocarya -Lannea-Lonchocarpus Laxifiorus predominate.

On the plateaus the characteristic association is Anogeissus leiocarpus-

Combretum hartmanianum. The understory cover of the drier sites consists

of Sorghum purpuresericum, Cymbopogon species, Pennisetum pedicellatum, and

Hyparrhenia species. In addition to the above mentioned, the wetter sites

also consist of Rottobelia exaltata, Brachiaria obtusiflora, Pennisetum

ramosum andAndropogon gayanus as understory vegetation.

e) Land use
To the north of latitude 14°13° N the region has no importance for

agriculture except as grazing area for camels, sheep, goats and cattle.
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The Qoz sands are the main centre for production of gum arabic from

Acacia seneqal tree, rainfed sesame, ground nuts, millet and sorghum.

Shifting cultivation is practiced and the individual's holding ranges from
9-15 feddans. The uncultivated sands provide most of the grazing land for
camels and cattle.

The clay soils in the southern reaches are utilized for traditional
and mechanized rainfed agriculture. The main crops are sorghum, cotton,
sesame and groundnuts.

The White Nile upper terraces in the extreme eastern part of the

region are under irrigated mechanized cotton production.
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DETERMINING-PHYSIOGRAPHY-LAND USE-
VEGETATION & DESERTIFICATION MONITORING

1. Landsat imagery interpretation for determining land use -

a) Background information

With the exception of the White Nile terraces in the extreme eastern
part, the region is under uncontrolled communial grazing of camels, cattle,
sheep and goats. This grazing practice has contributed to t'e present
state of overgrazing. Traditional rainfed, shifting cultivation of
sorghum millet, sesame, groundnuts and cotton is practiced around dwelling
centers concentrated near drinking water sources. The Qoz sands are
heavily cultivated, because of their easy workability, by using conventional
methods. Cultivation on the Gardud soil is mainly confined to sandy of
loamy sand soils.

Rainfed mechanized sorghum is produced on large scale on the clay

plain of the southern part of the area.

b) Imagery interpretation for land use

A land use map was prepared using visual imagery interpretation (see
appendix fig. A). The interpretation involved delineation of the main
physiographic units and the type of land use practiced on each of these

units.

The classes that have been identified and mapped are briefly
described as follows:

A: The Qoz sands

Al Dense traditional cultivation. These are the light colored areas

on the Landsat imagery found mainly on the dunes and around the

villages. The villages are clearly seen as dark spots.
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Nearly bare unused dunes: These ridges are located in the northern
part of the area - they had distinquished ragged surface

indicating wind blown sands.

B The clay pediplain (Gardud)

B1

B2

The grazing bushland: These are areas used for wet season grazing,
They reflect relatively dark tones with numerous drainace

ways in contrast to the sands.

Areas as B1 have some scattered small sand pockets that are

predominantly cultivated.

C The clayplain

Cl

c2

C3

The mechanized schemes in the clay plain were easily distinguished
because of the regular shape and size of field boundaries.
Forested grazing grasslands: This unit represents most of the
clay plain, a more detailed classification could not be derived
due to the uniformity of reflectance.

Burned lands: These are black fire scars on the clay plain as

a result of burning forest and grassland.

F Flood plain

F1

F2

This represents the dry season browsing land along the main
flood plains.
This represents Essmeih irrigated scheme on Abu Habil flood plain.

It was recoonized because of its location, tone, and uniformity.
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H1 & H2 Hills & Pediments: These are commonly used as browsing

lands. Hills reflect a mixture of dark black and dark red
tones because of bare rocks and vegetation. The pediments are
of light tones because of the sparse vegetation and colluvial

materials.

Discussion

This physiography and land use map is fairly informative and can be
used as a base for more detailed surveys. In using Landsat data some of the
detail is lost due to the scale and resolution limitation. A close
correlation between the physiographic landscape and type of land use
practiced was observed. This was evident in the Qoz sands where the dense
cultivation was concentrated on the Tongitudinal dunes and in the Gardud

country where the cultivation was confined to the sand pocket.

2. Mapping Vegetation Communities

Using the procedure followed for the }and use mapping a vegetation
map was prepared. It is of a reconnaissance nature since it was difficult to
trace boundaries among the different vegetative associations. Riparian
vegetation along the seasonal streams was distinct because of the dark
reflectance indicating active growth, montane vegetation could also be
delineated taking advantage of the physiography. Other vegetation
associations on the sands and clays shown on the map are based on personal
knowledge and experience rather than on the use of tonal variations

because of the complexity of the imageries tones and textures. Herbaceous
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cover needs to be determined from f. 1ld surveys. Please refer to the

vegetation map in Figure B in the Appendix.

3. Determination of Signs of Desertification

Imageries over the area for the years 72, 73 and 1976 were examined
to monitor signs of desertification and misuse of land. Signs of
desertification of bare or nearly bare active dunes were clearly observed
on some of the scenes, Figure 6. However, it was difficult to
Judge whether there was an increase or decrease in the size of these dunes
in the period 1972 to 1976.

Land misuse in the form of burned grassland which is a desertification
contributing factor was evident, Reference is made to the 1976 scene

compared to the 1972 scene of the same area, Figure 7A and B .
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PREDICTION OF RANGE RESOURCES OF THE SOIL COMPONENTS

Through the use of Landsat imagery and use of limited ground studies
and measurements, estimates were made by kinds of soils within the major
climatic zones for: present ground cover, composition of vegetation,
forage production kilograms per feddan, range conditions and potential for
improving the carrying capacity under different range conditions, at

average precipitation, below average and above average precipitation.

Criteria Used for Estimation

1. Background Information

Ground cover is an important attribute of vegetation quantity. It
is expressed in percentage ground cover and is used to measure changes
in vegetation, resulting from fluctuations of climate, effects of grazing
and responses to other management practices. Percentage of ground cover
and percentage of vegetation composition have direct effect on the quantity
and quality of herbage yield of the range sites and on the hazards of
soil blowing. Based on ground cover, composition and herbage oroduction,
carrying capacity and range condition can be assessed.

Carrying capacity is the term used to define range use in terms of
livestock grazing - or in other words "the maximum number of animal units
which can graze each year on a given range area for a specific period
without causing a downward trend in forage production or quality and a
degradation of soil condition".

Hence the determination of carrying capacity requires adequate range
resources information, pertaining to vegetation composition, percent

ground cover and amount of forage produced.
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Range condition is simply defined as the state of range health, obtained
when relating the present site situation to the potential to which it is
capable. Classification of condition is based on the thaory that vegetation
is the product of its environment - of a cause and effect relationship.
Factors of direct importance to range vegetation are edaphic, climatic
and biotic.

2. Range sites situations

(a) The Qoz sands (refer to soil map, fig. 3, Q 1,2,3,4,5,51,6,61

Normally a balanced vegetation of trees, bushes, perennial and annual
grasses and herbs characterizes the sand soils. With changes in climatic
conditions, advent of overgrazing, fire or excessive cultivations,
particularly around water sources, drastic change occurs as regards
to ground cover and vegetation composition. Since the sand soils are deep,
coarse-textured and highly permeable thay readily absorb all the water that
falls on them.

Usually revegetation of denudad sites commences, but with an increase in
the percentage of undesirable (low vaiue as grazing) nlants, because
animals tend to seiect the most desirable plants allowing the undesirable
ones the chance to prevail.

Potential for improvement of plant composition, ground cover and
herbage producZion in the sands can practically be achieved thrcugh natural
reseeding and or artificial reseeding practices, in which case efficient
grazing control is a prerequisite to revegetation, through the adoption of
rotational or rest rotational grazing systems.

(b) The Gardud (non-cracking clays)(T1,72 and T3)

Under ecologically balanced conditions the gardud soils support a

distinct vegetation in equilibrium with the nrevailing environmental
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conditions. The equilibrium soon becomes upset with overgrazina or i171-
timed grazing (during the active growing period) coupled with seasonal
accidental fires. When retrogression factors oberate, bare compacted spots
become the prominant feature. A change in vegetation components take place
and mainly plants which are fire-tolerant and rejected by the grazing
animals become the dominant in the plant community.

Potential for imorovement in the gardud soils is great, because it
only requires fencing deterjorated areas and with or without artificial
reseeding revegetation normally commences when conditions are favorable,
Mechanical cultural practices that help to improve water infiltration rates
result in good ground cover, composition, yield and carrying capacity.

Practices such as thinning the profused bush thickest (Acacia mellifera and

Acacia nubica) which sometimes prohibits the establishment of understory

vegetation, offer a aood opportunity for more arasses and herbs to regenerate.
These soils are being used as wet season grazing by cattle nomads,

resulting in severe reduction in the range condition. Signs of overgrazing

and erosion (water-caused) are evident.

(c) The Clay Plain (dark cracking clays)(u1,2,3,5,6,8,9.,10, & 11,

L1,L2,A3.)

The dark cracking clays of the clay plain produce a dense vegetation of
overstory and understory covers. The proportion of perennial grasses and herbs
is higher because of the higher rainfall and the soil characteristics. The
grazing resources are almost entirely deferred during the active growing
season. The fact that they are mostly grazed during the dry period, when
most of the plants are dormant, confirms that signs of overuse are only

confined to scarifice areas on the proximity of population centres.
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An immense potential for improvement is possible, by using the
following practices:- Establishment of grass-legumes mixtures, incorporation
of forage production in the machanized farming scheme, and control of range
fires set by the nomics.

(d) The semi-des 'rt arazing resources of the mappina units N1-N31

The browse speci.s are utilized very heavily during the growing period
while camel nomads are on their migrations. In years of low rainfall much
damage is inflicted on the understory vegetation.

Only fencing deteriorated areas can be considered to achieve the
potential improvement. WNater spreading and soil pitting practices can be
attempted where soil characteristics are favorable and water is available.

(e) The semi-desert (mapping unit N3)

Vegetation, if thare is any, is confined to the fringes of seasonal water
courses and drainage Tines. Carrying capacity can be improved only in very
limited areas where the soils are receptive, flat. Water spreading can be
attempted in years of good precipitation.

3. Data Development

Data were developed by components of the major kinds of soils in the
study area for the following:- percent ground cover, percent vegetation
composition, herbage production in kg/Fedd., potential herbage production
in kg/Fedd., percent utilization, allowable forage kg/Fedd., range
condition classes and ground cover at critical erosion hazard period under:-
average precipitation, below average and above average precipitation.
Information was used from the soil survey data, limited range inventory data
and from personal knowledge and experience, Estimates were made using the

following criteria,
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Out of eight recording exclosure (potential) sites and their
surrounding open ranges, only two sites fall in the arid zone, six in the
semi-arid, with one in the clay plain. The fo]]owing ratios were obtained
when relating the production of the open range sites to the exclasure

(potential) production.

Zone Ratio of Production Potential
Arid zone (sand) 1.0 | 2.0
Semi-arid (sand + gardud) 1.0 2.0
Semi-arid (clay plain) 1.0 1.03
Dry monsoon (estimated) ' 1.0 1.03
Semi-desert & desert (estimated 1 2

% Ground cover

A procedure for estimating percent grduhd cover for below and above

average precipitation was developed.
The estimated average is reduced by 10% for below average precipitation,

and increased by 10% for above (10%).

% Composition Average +10 (for above and below)

Production (production on the sands and gardud) of the -

Desert, semi-desert, arid, semi-arid climatic zones were estimated
to average #50 kg/Feddan Tor above and below average precipitation.

Semi-arid and dry monsoon climatic zones on the clays was estimated

to average 1100 kg/Feddan for above and below average precipitation.

% Utilization (UT) assumed to equal the percentage of the desirable plants
contribution in the vegetation composition.

Allowable kg/Feddan: Estimated production x % UT
100
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or Estimated production x % of desirables (contribution in the dry matter)
100

Assuming
Animal unit (AU) live weight = 800 1b. or approx. = 360 kg.

Daily animal requirement (maintenance) = 3% of the live weight

Daily animal unit requirement of dry matter: 360 x 3 = 10.8 kg
100

approx. 11 kg/Au/day
Au. monthly requirement (DM) 30 x 11 = 330 kg.

Carrying capacity (Fedd./Au/Month = 330
AlTowable forage kg/Fedd.

Range cu.dition (%) Allowable forage/Fedd - 9
Estimated potential kg/Fedd. ’

Range condition class - according to the following rating

= Poor 1% 25%
= Fair 26% 50%
= (ood 51% 75%
= Excellent 76% 100%

According to this method Tables 2 to 7 in the appendix have been
prepared showing the estimates in the rangelands of present carrying capacities,
range conditions. These need to be modified to meet the needs of the study

by actual field measurements.

4. Definitions of rangeland carrying capacity classes

Refer to Figure 8 and 9.
1 - High 0.5 - 1.0 Feddans per animal unit month.

The soils in this class are largely clays (U1, U2-3,5,6,8,9,10,11,L1,
L2, & A3) that occur in the semi-arid and dry monsoon climatic zones. The
natural vegetation is characterized by having a dense canopy and ground
cover of perennial grasses and herbs predominate. The grazinag resources
are entirely deferred during the active growing season. Grazing takes

place during the 5-7 month dry season.
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PRECIPITATION .

FIG.8 RANGELANDS CARRYING CAPACITY BY KINDS OF SOILS
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2 - Moderately high 1.0 - 3.0 Feddans per animal unit month

These soils are largely sandy and Toamy (A1,Q3a and Q6b) and occur
in the semi-arid and arid climatic zones. Seasonality of water availability
Timits use to wet season and during migrations grazing. High grazing

pressure near villages and water places oresents a problem to good grazing

management. Feed resources consist of Acacia senegal-Combretum, Acacia

seneqal-Leptadenia Associations on the stablized sand dunes and sand
sheets and their associated grass cover.
3 - Moderate 3.0 - 8.0 Feddans per animal unit month

The soils inthis class occur in (Q1,2,3A,5,5b,6a,921,T1,T2,T3,

Al, A2) landscapes of the semi-arid, arid, and semi desert climatic zones.
Grazing takes place on these soils in both seasons (9-10 months) by the
camels and cattle nomads respectively. For this reason the range is over-
grazed and is low in production. Heavy grazing pressure around water
points is a prominant feature and the pressure decreases with distance
away from water.

4 - Low 8.0 - 15.0 Feddans per animal unit month.

The soils in this class occur in the jandscapes (R4, N6, nL2 and N31)
of the arid zone while the bulk falls in the semi desert climatic zone.
The soils are unstable sand dunes and subject to overgrazing and soil blowing.
Vegetation cover consists of sparse bushes and grasses. Most of the feed
for animals (browsers) using the area comes from browse plants and occurs
during 2 to 3 months grazing period during years of favorable moisture.

5 - Very Low. 15.0 - 30.0 Feddans per animal unit month.

The soils in this class occur in the lTandscapes (N1,2,3,4,5,6 & N10)

of the desert and semi desert climatic zones. The grazing resources are

very sparse. The landscapes consist of dry sands and loamy sands
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lacking diagnostic horizons which are subject to severe soil blowing. Over
60% of the feed is provided by browse plants. These areas are used for
grazing only during very Timited periods of 30 days or less and only when

adequate precipitation uccurs.
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LAND SUITABILITY CLASSIFICATION

Using the information in the soil report and the authors' knowledge
of the area, a general land suitability classification of the soil components
was made for several existing rainfed land utilization tyoes. Sorghum,
millet and groundnuts have been selected for this classification because
of their importance as food and cash crops. The latter two are traditionally
cul tivated using manual labor. Sorghum is cultivated under both traditional

an? modern systems, a brief summary of each is given as follows:
1 (a):

Rainfed traditional systems

In this type of crop production all of the operations are done by
simple hand tools. Prior to cultivation the 1and is cleared of grass,
trees and shrubs. This clearing is in the form of cutting branches of
trees and burning them together with the dry grass and stubble. Sometimes
this step is delayed until the beginning of the rainy season and germination
of the weeds. The dry grass and the newly growing weeds are burned.

Sorghum, millet and ground nuts are sown by burying the seeds in
holes made by hand tools (Seluka or Toria). Shifting cultivation is
practiced and crop sequences, instead of a proper rotation system, is followed.
The three crops are grown on most soils in the area except in the desert and
semi desert zones.

Difficulty is encountered in harvesting ground nuts in the clays,
because these soils are hard when dry. Water logging conditions are sometimes
another 1imiting factor in the clays.

The sandy soils, unless carefully managed are subject to soil blowing.
1 (b):
Rainfed mechanized sorghum

Modern machinery is used for sorghum in the clays of the southern part

of the area. The rotation adopted is sorghumycotton,and fallow. No fertilizer
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is applied since the use of fert:lizer in most cases can be marginal.

However, the clays are relatively more fertile than the sandy soils in the

area.,

2. Suitahility Classifications

To determine the agricultural potential of the area, a land suitability
classification was made by evaluating the soil components in relation to
the four land utilization types: rainfed traditional millet, ground nut,
sorghum and modern mechanized sorghum. Each comoonent was evaluated according
to its properties, The crop requirements shown in Table 8, and
the influencing environmental factors are accordingly classified for each
of the four land use types. The soil properties considered for classification
were slope, depth, texture, permeability, internal drainage, nH, fertility,
erogipn hazard and workability. Based on the above, the components were
grouped into four land suitability classes: $1,52,S3 and N. These classes
are defined as follows:

S1=Highly suitable: Lands that are highly productive for the specific

land use type. They are very responsive to good management and have no
limitations that reduce yield or increase cost for production or conservation.

S2= Moderately suitable: These are moderately productive lands for the

specific land use type and yield moderate benefits which are sufficiently
high to justify the required capital and recurrent input. Moderate to
severe limitations are 1ikely to reduce yields and increase recurrent costs
for production and conservation.

S3=Marginally suitable: Lands that have (or expected to have after

improvements) a low productivity for the defined land use type and yield

benefits that are just high enough to yustify recurrent costs and capital
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input. There are limitations which when grouped together are
sufficiently severe to reduce yield and/or increase recurrent costs for
production and conservation.

N=not suitable: Lands that have severe soil limitations that cannot

be corrected economically and that make them generally unsuitable for the
specific land use type.

3. Results of Classification

The final suitability classification for each soil component is shown
in Table 8 in the Appendix. The classification indicates both potential and
current suitability.

‘A general suitability classification of the soil mapping units for each
Tand utilization type was then established. This was based on evaluating
the average suitability of the mapping unit after weighing the combined
qualities and Timitations of the different soil cbmponents. This classification
was superimposed on the soil map to indicate the high potential lands and
the poor potential areas for each of the four utilizations Figs. 10,171,172 and 13
and table 8 in the appendix.

Resorti:g to yield data in some of the Tocalities and the soil
properties, an estimation of yield of the presently grown crops was made for
all of the soil components, Table 9 of the Appendix. This step was meant
to be a further evaluation of the component. The estimates indicate the
expected yields under traditional agriculture, improved traditional
agriculture, modern agricuiture, the presently area cultivated and the
potential for cultivation.
4. Discussion

Land suitability classification is an approach that considers all the

details about the physical, human and environmental factors that have their
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CURRENT SUITABILITY FOR TRADITIONAL GROUNDNUTS

FIG. 10
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CURRENT SUITABILITY FOR TRADITIONAL MILLET

FIG. T
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FIG.12 CURRENT SUITABILITY FOR TRADITIONAL SORGHUM
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FIG. 13 CURRENT SUITABILITY FOR MECHANIZED SORGHUM
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direct effect on the use of land. The classification presented in this

report is general, because it is based on a general soil map and limited
information, However, it can be considered as a step for planning of

more detalled surveys in future.
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EVALUATION OF SOIL BLOWING HAZARD

1. General Consideration

Soil blowing is a serious problem in the more arid section of the
Sudan. Low precipitation and high wind velocities duking the dry season
together with sandy soils and overgrazing all contribute to this problem.

In evaluating this phenomenon a number of factors have to be
incorporated. Surface soil properties, plant residue cover, presence
of natural barriers, wind forces and direction and the critical wind
period are most important. It is recognized that 1imited data were
available in making estimates on soil blowing. However, based on research
data related to the soil blowing (literature cited no. 8-0, 10, 11 page)
and by using Timited data from Sudan on climate, soil and vegetation
studies and ground studies made by the authors, a method was developed for
estimating the soil blowing h-zard in the study area. The method is
briefly described as follows:

tach of the selected soil properties, namely surface texture and
moisture, plant residues cover, critical wind period, topography and
tree canopy were evaluated according to hazards of soil blowing (refer to
Table 10 in the Appendix).

The soil textures were assigned erodability factors ranging from zero
for coarse fragments and permanently wet soil to 10 for dry sands. The
erodability factor for the plant residues cover ranged from 1 for very good
cover (more than 40%) to 10 for poor cover (less than 15%). The factor for the

critical wind period ranged from 1 for the short period (less than 20 days) to



426

10 for the very long period (over 90 days). The factor for topography
and tree canopy ranged from zero for the high topography (mountains and
dense forests) to 10 for the none level to gently sloping with 5%

canopy.

2. Classification for soi] blowing hazard

According to the above evaluation based on grading the properties

for soil blowing the components were grouped into four classes shown

below:

Class Erodibility factor
A None to slight hazard 0-15

B Moderate 16 - 27

C Severe 28 - 33

D Very severe 34 - 40

The components were classified at below average and above average

rainfall. Based upon the average properties of their components, the soil
mapping units were accordingly classified for soil blowing hazard. This
classification was superimposed on the soil map to indicate less susceptible
areas to blowing and areas that are subject to severe blowing and need

immediate protective measures, refer to Fig. 14 and Table 11 in the Appendix.

3. Definition of classes

Class A None to slight

Soils that are not likely to be subject to severe blowing hazard under
the prevailing conditions. These include the alluvial soils of the flood
plains, the white Nile terraces, the hill and the heavy clays in the

extreme southern part of the area.



427

FIG.14 SOIL BLOWING HAZARD

LEGEND
30 0 30 60 90 120
NONE TO SLIGHT W R —
KM
[T MODERATE
== SEVERE

| VERY SEVERE




428

Class B Moderate

Soils that are or will be moderately blown and unless carefully
managed under the present land use practices will be subject to severe
blowing.

Class C and Class D

Soils that have already been or will be severely blown; unless immediate

measures are taken.

Discussion

This method of grading soil properties as a base for classifying the
soils for blowing hazard was done on personal judgement after consulting
some of the research work in the United States. The method can be Tooked
at as an approach that needs to be further improved and supported by
research findings and by consideration of all other factors that influence
soil blowing. These factors include the surface soil structure and surface

sealing.
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RECOMMENDATIONS

The Sudan is a country of one million square miles and has 1imited
funds and a Tlack of up-to-date information about its natural resources.
This information is basic for planning. For an economical method to
acquire resource information to meet the urgent needs for development,
the authors recommend that the country should pursue the application
of remote sensing techniques, particularly Landsat data. The technology
bears special advantages that make it unique and most applicable for
urgent economic reconnaissance surveys, which are basic for further
detailed surveys. Some of Landsat advantages are:

1. The repetitive coverage offering the opportunity to monitor
and watch the advancing desert and other changes of the resources.

2. The synoptic view is another most important advantage to a
large country like the Sudan where there is a need for recognizing
large scale change of natural resources that are difficult by other
means. A close association with the technology is justified by its more
future prospects because of its continuing process of improvement in

respect to scale and resolution.
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Landsat Interpretation for Physiography and Present Land Use-

Fig. A.
Central Kordofan, Sudan. Original scale of 1:500,000 covering
region between 11°00'N - 15030'N Tatitudes and 29900'F - 32000'E
longi tudes.

An example area of the map at the original scale is on the fol-
lowing page. The original map is available from the author. The
map Legend is:
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A THE QO0Z SANDS Ar  DENSE TRADITIONAL CULTIVATION
A2  LIGHT TRADITIONAL CULTIVATiON
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B2  UNDIFFERENTIATED GRAZING &
CULTIVATION
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Fig. B.
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General Vegetation Map of Central Kordafan, SudanO Original scale
of 1:500,000 covering region between 11°00'N - 15°00'N latitudes
and 29900'E - 32900'E longitudes.

An example area of the map at the original scale is on the
next page. The original map is available f-om the author. The

map Legend is:
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TABLE 1

ESTIMATES OF % GROUND COVER AT CRITICAL PERIOD (MAY --- JUNE)
UNDER BELOW AVERAGE, AVERAGE, ABOVE AVERAGE PPT

Comp. Texture Below Average Above Remarks
Average Z Average
3 %
Q1 1 S 15 20 25 Acacia tortilis/leptadenia ass. grazed during wet part of the dry
2 L 10 15 20 season-termite and bush fires problem.
Q21 1 S 10 15 20 Semi-desert grassland on sand-used during migrations,bare sites are
common in the northern parts.
Arid Zone
Ql 1 S 5 15 20 Acacia Senegal, Acacia Tortilis-Teptadenia-used curing migrations, trade
2 LS 0 10 15 cattle both during -et and dry seasons, areas arcind villages-water
yards are overgrazed.
Q2 1 S 5 15 20 Fixed dunes/acacia senegal/acacia tortilis/leptadenia-numerous watering
points, heavy cultivation
Q4 1 S 1] 5 10 Fixed dunes/acacia senegal/acacia tortilis/leptadenia-numerous watering
points, heavy cultivation, transverse dunes with or without canopy
cover. Active dunes are seen.
Q5 1 LS 10 15 20 Sand ridges/interridges-reduced ground cover-transit use.
2 CcL 15 20 25
3 . SC 10 15 20
Q51 1 SCL 5 10 15 Close to major towns, disturbed and overgrazed.
2 LS 5 10 15
Semi-Arid
Q1 1 S 0 + 10 15 Heavy cultivation, overgrazing, fires, termites-near watering sites-
2- LS 5 10 15 underuse in areas, lacking year round water supplies.
Q3 1 LS 15 20 25 Longitudinal dunes-seasoned grazing-heavy cultivation and overgrazing
2 S 10 15 20 confined to village and wateryards vicinities.
3 SC 15 20 25

8eY



ESTIMATES OF % GROUND COVER
UNDER biLOW AVERAGE, AVE

TABLE 1

AT CRITICAL PERIOD (MAY --.. JUNE)

RAGE, ABOVE AVERAGE PPT

Comp. Texture . Below Average Above Remarks
Average % Average
Q3b 1 LS 5 10 15 Longitudinal dunes south of Umruwaba-densely populated, heavy cultivation/
2 S 0 5 10 disturbance.
3 SC 5 10 15
@B 1 LS 10 15 25 Clay main/deposited sand used during migrations and part of the dry season
2 cL 15 20 25 .
3 SC 15 20 25
Q6a 1 LS 5 10 15 Heavy use throughout the dry season-short grass, lack of perennials-
2 SCL 5 10 15 overgrazing is prominart near watering sites.
Q6b 1 LS 20 25 30 Moderately used during migrations/woodland savannak/with a higher
2 SCL 20 25 30 " proportion of perennial grasses. High canopy cover approx.> 60%
Q1 1 SL 10 15 20 Cattle {nomadic) wet season grazing area-(hamaraya s0il) subject to water
2 LS 10 15 20 erosion where the cultivation grazing pressure is reduced,
T 1 SL 5 10 15 Overused during early and late wet season.
2 SL 5 10 15
T2 1 LS 5 10 15 High density of undesirable bushes-heavily used during the growing season,
2 S 5 10 15
3 1 LS 0 10 15 Acacia thorns, broad-leafsd association-heavy use-cultivation/year round
2 SL 0 10 15 grazing.
u 1 L 20 30 40 Seasonally used, high bush density-fire problems,
2 L 20 30 40
3 SL 20 30 40
uz 1 L 15 25 35 Almost deferred during the active growing season-used during seasonal
2 SCL 15 20 25 migrations.
3 SL 10 15 20

6EY



TABLE 1
ESTIMATES OF % GROUND COVER AT CRITICAL PERIOD (MAY --- JUNE)
UNDER BELOW AVERAGE, AVERAGE, ABOVE AVERAGE PPT

Comp. Texture Below Average Above Remarks
Average 4 Average
%
Desert
N3 1 S
2 R 0 5 10 Sparse under stony vegetation only along drainage lines and wadies-
stunted bushes provide browse for camels. Use is only during wet
season.
Semi-Desert
N1 1 S 0 10 20 Grass and herbs cover is only confined to underbushes and low sites
2 receiving more moisture.
N2 1 L 0 10 20
2 S 0 10 20
3 Rock
N3 N 0 5 15 Browse species are evident-soils degraded-visible bare sites are
2 Rock common, dunes are formed.
N4 1 R
2 S 0 10 15 Widely scattered bushes- soil is heavily disturbed.
N5 1 SCL 0 10 15 Patchy ground cover with widely scattered bushes.
2 SL 0 10 15
3 R
N6 1 S 0 10 15 Unstable undulating dunes.
N10 1 SCL 5 mn 20 Heavy sand blowing , water courses have been reported to be buried by
2 SCL 5 10 20 sand.
N12 1 L 5 10 20 Dense acacia bushes associated with drought resistant ground cover: spp.
2 L 5 10 20 Extensive camel grazing, mainly browsing.
N31 1 SCL 5 10 20 Extensive browse species-acacia mellifera/drought resistant ground
2 P cover, &

ov



TABLE 1
ESTIMATES OF % GROUND COVER AT CRITICAL PERIOD (MAY --- JUNE)
UNDER BELOW AVERAGE, AVERAGE, ABOVE AVERAGE PPT

Comp. Texture Below Average Above Remarks
Average 4 Average
% %
us 1 CL 15 20 25 Low grazing pressure, dense stand of acacia senegal/balanites allesnaiec
2 SL 15 20 25 with acacia mellifera-good mixture of annual and perennial grasses.
- Burning is frequent.
ue 1 c 20 25 . 30 Woodland savannah-acacia senegal/balanites/albizzia-dalbergia-high percent
2 SC 15 20 25 of perennials-low grazing pressure-burning is practical
3 C 20 25 30
vg 1 20 25 30 Clayplain-acacia senegal/balanites alternates with open grasslands. High
2 10 15 20 percent of perennials, dry season grazing area. Dense canopy cover of
3 15 20 25 thorn and broad leafed trees and bushes-grass burning is practical,
intensity to inform forage quality
u 1 10 15 20 Annual grasses and herbs dominate the ground cover-dense canopy cover-more
2 5 10 15 browse species, early dry season grazing.
3 10 15 20
Uit 1 20 25 30 Woodlands/Thornlands used during migrations and part of the dry season.
Al 1 15 20 25 Wadi bottom and fringe of dense acacias and other browse bushes and trees,
2 10 15 20 used during dry season.
3 15 20 25
A2 1 15 20 25 Wadi bottom and fringe with acacia thickest-scattered annual grasses-
2 10 15 20 grazed during migrations.
A3 1 25 30 35 Flood plain-grazed only during the 2nd part of the dry season-green
2 30 35 40 perennials predominate
3 25 30 35
T 1 20 25 30 . Flat clay plain used late in the dry season-more perennial grasses.
2
L2 1 20 25 30 Flat plain, high perennials percentage used during the dry season.
2 20 25 30

Lbt



TABLE 1

ESTIMATES OF % GROUND COVER AT CRITICAL PERIOD (MAY -~- JUNE)
UNDER ZLOW AVERAGE, AVERAGE, ABOVE AVERAGE PPT

Comp. Texture Below Average Above Remarks
Average 4 Average
% %
Dry Mansoon
vz 1 20 25 30 Plateau of mixed flora with high percent of perennials-used during dry
2 25 30 35 season, game animals,
3 20 25 30
U3 1 20 25 30 Plain of mixed flora with high percent of perennials-dry season grazing
2 20 25 30 only.
ug 1 25 30 35 Clay plain of dense acacia senegal/balanites/grasslands-high percent of
2 15 20 25 perennials, dry season grazing area, burning is intensively practicai.
3 20 25 30
Ul0 1 20 25 30 Clay plain with dense stands of acacia senegai/baianites, acacia mellifera
2 20 25 30 cadaba cary, dry season grazing-where there are mechanized cultivated sites
3 15 20 25 canopy cover is reduced.
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DATA MEASURED ON 8 DIFFERENT EXCLOSURE SITES

TABLE 2

Exclosure Physiographic' Soil Soil Climatic Recorded Vegetation Grazing Veg. Ground Production Remarks
Recgrd1ng des of site Unit + Lext Zone PPT at Association Pressure Compos. Cover present poten.
Site Component the site H. M. L. D. _UN. % kg/f edan
MAZRUB High Dunes Q2b-1 S/LS Arid
(225-400) 280 Ac. Senegal/ M 54 46 80 270 427 Dry &
lept./Ac. tortilis wet
Erogro Cenchrus season
biflerus. grazing
site
UM HIGLIG Sand Sheet
and low dunes Q1b-1 S/LS Semi-Arid
(400-750) 400 Ac. Senegal, H - 65 35 55 90 260 Seasona
Combretum, Arist. with
Eragrostis village
stock
grazing
MAHBUB Sand Sheets & Qlb-1 S/LS 300 Albizzia, - - 58 42 70 320 340 Seasona
low dunes Combre tum/ razing
Dalbergia ?wet
Eragrostis/ season)
Cenchrus,
Androbogan
ENNUHUD Sand Sheet Q1b-2 SL/SL 400 Terminalia H - 60 4o 70 45 200 Year
low dunes Short Savannah Round
Boscia guirea/ Grazing
Acacia Senegal
Abu LAOTA Longi tudinal Q3a-1 LS/LS 360 Acacia Senegal/ - - 65 35 70 280 420 Seasona
dunes Combretum, Bala/ camel
Erogrostis/ grazing
Cenchrus
ELKHUWE I Sandy Peneplain Q6a-1 LS/LS/SCL 375 Combre tum H - 93 7 85 50 370 Year
Cordofanum, round
Terminalia grazing
Eragrostis/
Zornia short
savannah
JEBI DAGO Northern Basin T3a-1 LS/SL 400 Acacia Mellifera H - 97 3 50 25 338 Wet pat
Loamy Ac. Nubica/ of dry
Boscia/Balaniles season
grazing

Evy



TABLE 2

DATA MEASURED ON 8 DIFFERENT EXCLOSURE SITES

Exclosure Physiographic Soil Soil Climatic Recorded Vegetation Grazing Veg. Ground Production Remarks
Recording des of site Unit + Lext Zone PPT at Association Pressure Compos. Cover present poten.
Site Component © the site H. M. L. D. UN. % kg/f edan
SESABAN Dilling Usa-1 cl/c 570 Acacia seyal - - L 73 27 60 900 927 Transi-
upland Balanites/less tional
plateau perennials zone

D stands for desirable plants (plants liked by animals)
UN stands for undesirable plants (plants rejected by animals)

H High grazing pressure
M Moderate grazing pressure
L Light grazing pressure

Production is obtained from open rargye
Potential Production is obtained from recording site
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TABLE 3

TENTATIVE RANGE SITES GROUPING

General Soil

Range Sites Groups Characteristics
Soil Cl. Zone PPT Soil Components Depth Texture Drainage Vegetation Associations
R S.Desert 100-200 N1b+N2c+N31b+N3b CL-SCL/ Scattered bushes, sparse grasses and herbs, suitable for
N4a+N5c grav. camels and other browsers.
S 100-150 Nla+N2b,N3la N4b+ SH S/LS E Stunted bushes on degrad. soils, moving dunes, bare soil,
Nb6a MD-D devoid of ground cover. Provide poor grazing for camels
in good years.
L 100-200 N2a+N3b,NSa+NSb SH SL-L/ MW-W Scattered bushes and sparse ground cover - provides poor
MD/D grSCL grazing.
L 100-20"  N10a+Ni10b+N12a+ SH SCL/ MW Heavy sand blowing, sparse scrub, acacia mellifera,
N12b MD.D gr,SL Aristida camel and sheep grazing, wind erosion observed.
S Arid 200-400 Qla+Q1b+Q2a+Q2a+ ED SL S(E) Acacia senegal, Combretum Eragrostis - grazing seasonal,
Q3a+Q3b+Q4a+Q5a+ LS/SL Heavy grazing in populated areas and water yards. Grazed
Q51a+Q51b+Q61b by cattle (wet season) and all classes (dry season).
L 200-400 Q33+Q61b+Q6b MD-D SC-SCL MW-W Acacia senegal - Balanifes, Eragrostis and Cenchrus biflorus
. SCL and Acacia mellifer. Combritum, Terminalia Dalbergia heavily
grazed during the wet season and the dry season.
C 200-400 Q51a+Q56+Q53 VD SC-CL SWD Sand ridges of highly reduced ground cover - Transitional
C grazing supports Acacia senegal, Combretum, Boscia -
Acacia mellifer.
R S.Arid 40C-750 UB4+L1.2 Rocky
S T2.2 D _§§ E Acacia mellifera/Acacia nubica. Wet season grazing - overused.
L
S Al1.3 D LS SE Acacia senegal Balanites -provides browse feed.
SL
L T1.1,T2,U1.1,2,72.1, SH SL-CL Open savannah, Acacia/Bolonites association - pedimais
T3.1,2,U2.1,2,U3.1,2, MD-D gr.CL vegetation flood plains, clays
U62,U8.2,3,U9.2,U10.3,
L22, A3.1,U1.3,U2.3
c U5.1,6.1,6.3,08.1,9.19.3 D C-CL SP p Acacia soya Balanites/Acacia mollifera - grass lands.
10.1,2,11.1,L1.1,L2.1 Cc-LC

A2.1,2,A3.2,3,A1.1

St



TABLE 3
TENTATIVE RANGE SITES GROUPING

General Soil

Range Sites Groups Characteristics
Soil Cl. Zone PPT Soil Components Oepth Texture Orainage Vegetation Associations
R S.Desert  100-200 N1b+N2c+N31b+N3b CL-SCL/ Scattered bushes, sparse grasses and herbs, suitable for
Nda+N5¢ grav. camels and other brawsers.
S 100-150 Nla+N2b,N31a N4b+ SH S/LS E Stunted bushes on degrad. soils, moving dunes, bare soil,
N6a MD-D d2void of ground cover. Provide poor grazing for camels
in good years. '
L 100-200 N2a+N3b,N5a+N5b SH SL-L/ MW-W Scattered bushes and sparse ground cover - provides poor
MD/D grSCL grazing.
L 100-200 N10a+N10b+N12a+ SH SCL/ MW Heavy sand blowing, sparse scrub, acacia mellifera,
N12b MD.D gr,SL Aristida camel and sheep grazing, wind erosion observed.
S Arid 200-400 Qla+Q1b+Q2a+Q2a+ ED SL S(E) Acacia senegal, Combretum Eragrostis - grazing seasonal,
Q3a+Q3b+Q4a+Q5a+ LS/SL Heavy grazing in populated areas and water yards. Grazed
Q51a+Q51b+Q61b by cattle (wet season) and all classes (dry season).
L 200-400 Q33+Q61b+Q6b MD-D SC-SCL MW-HW Acacia senegal - Balanifes, Eragrostis and Cenchrus biflorus
SCL and Acacia mellifer. Combritum, Terminalia Dalbergia heavily
grazed during the wet season and the dry season.
C 200-400 Q51a+0Q56+Q53 VD SC-CL SWD Sand ridges of highly reduced ground cover - Transitional
C grazing supporis Acacia senegal, Combretum, Boscia -
Acacia mellifer.
R S.Arid 400-750 U84+L1.2 Rocky
S T2.2 D S E Acacia mellifera/Acacia nubica. Wet sezson grazing - overused.
LS
S Al.3 D LS SE Acacia senegal Balanites -providas browse feed.
SL
L T1.1,72,U01.1,2,72.1, SH SL-CL Open savannah, Acacia/Bolonites assocation - pedimais
73.1,2,02.1,2,U3.1,2, MD-D gr.CL vegetation flood plains, clays
u62,U8.2,3,U9.2,U10.3,
L22, A3.1,U1.3,U2.3
c U5.1,6.1,6.3,U8.1,9.19.3 D C-CL SP P Acacia soya Balanites/Acacia mollifera - grass lands.
10.1,2,11.1,L1.1,L2.1 c-LC

A2.1,2,A3.2,3,A1.1
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TABLE 4
ESTIMATES OF CARRYING CAPACITY & CONDITION AS RELATED
SOIL UNITS AND CGMPONENT AT AVERAGE, BELOW AVERAGE & ABOVE AVERAGE PPT

AVERAGE PPT. . _BELOW AVERAGE PPT. ABOVE AVERAGE PPT.
S & S
A . N . O . .
) (8] N > o [8] N > e o [$) N -y e
Q 3 o— +L Q b= o— eyl Q =] o— =
<+ ho) P © — [-1 =] — O L o -— Q — O O © — Q w— O
& 25 2 e Sl 835l 2 .15 5 - | 8% 3| 2.5 2 .| BE
Ma g o zg I;-.‘E; S %w g:’ 1o 74 a. o D © O [ S } 1+ "4 a. o DEQ o O o>
Ungt 2le jE.] & .*]138R|8Z Condition|| E .] . & | .>® |&&L |8 | condition|{ E .| .&] . 32 {3 | Condition
El< o8 ieSsla =51 .21 2 CQasslf 88| asla —ol .9l OQasslinslas|h —o| .2 % Class
Symbol} S |2 & |42|4 < T | ou we | wa |w <x jouw o | s | a2 | ow
DE/SERT
N3 1 190 |50 125 40 10 33 20 Poor 0 0 0 0 0 - 150 75 50 38 8 |25 Poor
2 |10 Rocky
SEMI-|DESERT,
N1 ; 30 |50 k25 50 12.5} 26 |25 Poor - - - - - - - 150 75 60 45 17.3 {30 Fair
70 Rocky
N2 1 {65 ;80 |40 50 20 16.5 |25 Poor - - - - - - - 180 90 60 54 6.4 |30 Fair
2 %5 60 {30 40 12 R7.5 |20 - 160 80 50 40 25 Poor
3 0 Rocky
N3 1 90 |60 30 40 12 R7.5 20 - - - - - - - - 160 80 50 40 8 25 -
2 110 Rocrcy
N4 1 {80 Rocky
2 {20 |50 |25 50 12.5 126 25 - - - - - - - - 150 75 60 45 7.3 30 Fair
N5 1 |65 |80 |40 40 16 }120.6]20 - - - - - - - - 180 90 50 45 7.3 {25 Poor
2 130 180 {40 40 16 ]20.6]20 - - - - - - - - 170 85 50 43 | 7.3 |25 -
3 |5 Rocky )
N6 1 |3 ]100(50 50 25 {13.6 {25 - - - - - - - - 200 190] 60 60 |5.5 |33 Fair
N10 1 (65 |60 |30 30 9 |37 15 - - - - - - - - 160 80 40 32 |10 20 Poor
2 35 |60 |30 30 9 37 15 - - - - - - - - 160 80 40 32 {10 20 -
N12 1 {65 (100 }50 60 30 I N 30 Fair - - - - - - - 200 100} 70 70 {4.7 |35 Fair
2 135 {100 {50 60 30 1N 30 - - - - - - - - 200 100 | 70 70 14.7 {35 - A
-9
~J




TABLE 4 (cont'd)

AVERAGE PPT. BELOW AVERAGE PPT. ABOVE AVERAGE PPT.
5 § S
A . N . -1 5 .
v | v N > ol o N Dy e ©i o ~N Dy .
@ S o + @ 3 o 4 @ 3 — o
3 O Rl ~— U o or— O . el — (] — O O o ~— (] — 0
= [T o - — 2 0= D~ o or- . (5 -y Q ~ o o — 0=
a = O | S + Fa) [ B o] | S <+ 0 . O N + on | S <+ LD . © ~.
Map S|3 [B¥198 | |28]52 . 2% 3% |2 |23 |22 oy 2182w £3] 52 ‘e
Unit ald L= . Yy . 8o | 8% Conditionf| .E . ox . ou. O Condition Sol s . ouw | o<l Condition
smol| & |« |32 |82 |& |25 |8 | ¢ vess) BB 5515 |23 |cE|r oes|BE|E5|8 25|08 ]S e
N3] 1 175 |100 |50 50 25 ]13.6 |25 Poor - - - - - - - 200 100 | 60 60 5.5 |30 -
qQ 1 |70 250 {125 |60 75 4.4 {30 Fair §| 150 75 50 38 8 25 Poor {{350 175 | 75 123 | 2.8 |35 Fairt
2 |30 {300]150 |65 98 3.4 133 - 200 100 | 55 55 6 28 Fair |[l400 200 | 75 150 2.2 |38 -
Q21 1 100 {250 125 |50 63 |5.0 |25 Poor {| 150 75 40 30 1 20 Poor |{350 175 | 60 105 | 3.0 |30 -
ARIID Z2JONE
QN 1 70 | 400 | 200 {60 120 (2.8 |30 Fair || 300 150 | 50 75 4.4 |25 - 500 250 | 70 175 1.9 |35 -
2 {30 |180f 90 |65 59 15.6 {32 - 80 40 | 55 22 15.028 Fair [|280 140 | 75 105 | 4.4 |38 -
Q2 1 100 | 540 270 |65 175 j1.0 (32 - 440 220 | 55 121 (2.7 |28 - 640 320 | 75 250 1.3 {38 -
Q4 1 100 } 100 } 50 70 35 [8.1 35 - 0 0 0 0 0 0 Poor }|200 100 | 80 80 4.1 j40 -
Q5 1 70 1150175 75 56 |6.0 |37 - 50 25 65 16 21.0132 Fair |{250 125 | 85 106 | 3.0 {40 -
2 |25 |160 |80 75 60 [5.5 |38 60 30 65 20 16.5 | 33 - 260 130 | 85 110 3.0 42 -
3 |5 150 175 80 60 (5.5 |40 50 25 70 18 18.0}13.6 - 250 125 | 90 113 3.0 45
Q51 1 160 }200 (100 {70 70 14.7 |35 100 50 60 30 N 30 - 300 150 | 80 120 | 2.8 J0O
2 140 (250 {125 |75 94 3.5 |37 150 75 65 50 6.5 |35 - 350 175 | 85 150 | 2.2 W45
SEMIFARID
4] 1 70 | 640 320 |65 208 11.0 |33 Fair || 540 270 | 55 148 2.3 |28 740 370 } 75 277 11.2 |37
2 130 90 | 45 75 34 9.7 |38 - - - - - - - 190 95 85 80 4.1 |42
* Q3a 1 {60 |560 280 |65 ‘182 |1.8 |34 460 230 | 55 127 (2.8 |28 - 660 330 | 75 248 | 1.3 (38 -
2 135 |500|250 |70 175 }11.9 |35 - 400 200 | 60 120 (2.8 |30 - 600 300 § 80 240 | 1.4 o -
3 |5 440 1220 |75 165 |2.0 |38 - 34n 170 { 65 110 | 3.8 |30 - 540 270 | 85 235 | 1.4 43 -
Q3b 1 j60 |180 {90 60 54 16.0 |30 - 80 40 50 20 165 |25 Poor ||280 140 | 70 98 3.5 |35 -
2 |35 [150 175 50 38 8.6 |25 Poor { 50 25 40 10 33 20 - 250 125 | 60 75 4.4 130 - 3
3 |5 12001100 |60 60 [5.5 |30 Fair || 100 50 50 25 13.2 | 25 - 300 150 | 70 105 | 3.0 I35 -
Q5 1 70 [300 [150 |80 120 (2.8 |40 200 100 | 70 70 4.7 {35 Fair ||400 200 | 90 180 | 1.8 l45
Z |25 [350 |175 |60 105 13.0 |30 250 125 | 60 63 5.0 |25 Poor 450 225 | 70 158 | 2.0 |35 -
3 1|5 250 |125 |60 75 14.4 |30 - 150 75 50 38 8.0 |25 - 350 175 | 70 123 | 2.8 |35 -



AVERAGE PPT. BELOW AVERAGE PPT. ABOVE AVERAGEL PPT.
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Q6b 1 70 1600 | 300 | 70 210 | 1.6 | 35 Fair }500 250 |60 150 2.2 130 Fairs }700 {350 80 280 11.2 145 Fair
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2 120 300 | 150 | 75 113 | 2.9 {37 Fair |1200 100 165 65 5.0 |33 - 400 J200 85 170 §1.9 143
T 1 60 1300 | 150 | 80 120 2.8 |40 Fair {200 100 (70 . {70 4.7 135 - 400 1200 "1t 90 180 | 1.8 {45
2 40 250 | 125 {70 88 3.7 | 35 Fair {150 75 60 45 7.3 130 - 350 Q75 80 140 (2.3 |40
T2 1 70 {150 { 75 -} 80 60 5.5 |40 Fair |50 25 70 18 18 38 - 250 1125 90 113 3.0 [45 -
2 130 {200 | 100 | 85 85 3.9 {43 Fair ({100 50 75 38 18 38 - 300 (150 95 143 } 2.3 {48 -
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AVERAGE PPT.

BELOW AVERAGE PPT.

ABOVE AVERAGE PPT.
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2 25 517 550 |80 440 {0.75 (85 Ex. 460 | 450 70 318 1.0 71 Good 670 {1650 }90 585 ]0.56 |87 -

3 10 620 |600 |70 420 0.8 |68 Good || 515 | 500 60 300 1.0 {58 Good 720 1600 |80 560 (0.6 |78 -
ull 1 100 E70 550 |70 385 0.7 |67 Good | 460 {450 60 270 1.2 (60 Good 670 {650 |80 520 0.6 |78 Ex.
Al 1 60 350 175 |65 114 3.0 32 Fair J| 250 125 55 69 4.8 (27 Fair 450 225 75 170 1.9 38 Fair

2 PS5 100 {200 {75 150 [2.2 38 - 300 }150 65 98 3.5 |33 - 500 250 |85 213 {1.5 |43 -

3 15 00 | 200 75 150 2.2 38 - 300 150 65 98 3.5 33 - 500 [250 |85 213 1.5 {43 -
A3 1 qN 720 600 |80 560 0.6 78 Ex. 620 600 70 420 (0.8 |68 Good 885 {800 |90 720 0.45 |88 Ex.

2 30 70 | 650 75 488 0.7 73 Good 570 | 550 65 358 (0.9 63 - 770 750 |85 638 (0.5 83 -
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Average Precipitation,

Range Condition Classes As Related To Soil Components And
Below/Above Average Precipitation

Range Condition Class/Condition Trend

Texture Average Below Above
] Precipitation
Desert
N3 1 90 S Poor Poor Poor
2 10 Rocky
Semi-Desert
Nl 1 30 S oor Poor Fair
2 70 Rocky
N 1 65 L Poor Poor Fair
2 25 S Poor Poor Poor
3 10 Rocky
N3 1 90 S Poor Poor Poor
2 10 Rocky
N 1 80 Rocky
2 20 S Poor Poor Fair
N5-1 65 SCL Poor Poor Poor
2 30 SL Poor Poor Poor
3 5 Rocky
N6 1 100 S Poor Poor Fair
W01 65 SCL Poor Poor Poor
2 3 SCL Poor Poor Poor
N121 65 L Fair Poor Fair/UW
2 35 L Fair Poor Fair/UW
N311 75 SCL Poor - Fair
2 25 Rocky
Fair Poor Fair/UW
Q 1 70 S Fair Poor Fair/UW
2 30 L Fair Fair/Down W
Q21 1 100 S Poor Poor Fair
Arid
Q1 1 70 S Fair Poor Fair/UW
2 30 LS Fair Fair/Down W Fair/UW
Q2 1 100 S Fair Fair/Down W Fair/UuW
Q4 1 100 S Fair Poor Fair/UW
Q5 1 70 LS Fair Fair/Down W Fair/UW
2 25 CL Fair Fair/Down W Fair/Ud
3 5 SC Fair Fair/Down Fair/UW
Q511 60 SCL Fair Fair/Down W Fair/UW
2 40 LS Fair Fair/Down W Fair/UW
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Range Condition Classes As Related To Soil Components And

Average Precipitation, Below/Above Average Precipitation

Range Condition Class/Condition Trend

Texture Average Below Above
% Precipitation
: Semi-Arid

QqQ 1 70 S Fair Fair/DW Fair/UW

2 30 LS ‘ Fair Poor Fair/U4
Qa1 60 LS Fair Fair/DU Fair/UW

2 35 S Fair Fair/DW Fair/U

3 5 SC Fair Fair/Di Fair/WM
Q3b1 60 LS Fair Poor Fair

2 35 S Poor Poor Fair

3 5 SC Fair Poor Fair
B 1 70 LS Fair Fair Fair/UW

2 25 CL Fair Poor Fair/UW

3 5 SC Fair Poor Fair/UW
QBal 70 LS Fair Poor Fair

2 30 SCL Fair Fair/DW Fair(s)
Qb1 70 LS Fair Fair/DW - Fair/UW

2 30 SCL Fair Fair/DW Fair/U4
Q61 1 80 SL Fair Fair/Di Fair/UW

2 20 LS Fair Fair/DW Fair/UW
T 1 60 SL Fair Fair/Dd Fair/UW

2 40 SL Fair Fair/DW Fair/UW
2 1 70 LS Fair Fair/DW Fair/UW

2 30 S Fair Fair/DW Fair/UW
T3 1 55 LS Fair Fair/DW Fair/UW

2 45 SL Fair Fair/DW Fair/UW
Ul 1 50 L Good Good/DW Excellent

2 30 L Excellent Good Excellent

3 20 SL Excellent Good Excellent
Uz 1 50 L Good Good/DW Excellent

2 35 SCL Good Good/DW Excellent

3 15 SL Good Good/ Dt Good/UW
us 1 90 CL Good Good/DW Excellent

2 10 SL Excellent Good Excellent.
U6 1 50 C Good Good/DW Excellent

2 3 SC *Good Good/DW Excellent

3 15 c Good Good/DW Good/UH
Ug 1 55 C Good Good/DW Good/UW

2 25 SL Good Good/DW Good/UW

3 15 L Good Good/DW Excellent

4 5 Rocky - - -
U9 1 65 C Good Good/DW Excellent

2 25 L Excellent Good Excellent

3 10 CL Good Good/DW Excellent

Uil v 100 SC Good Good/DW Excellent
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Range Condition Classes As Related To Soil Components And

Average Precipitation, Below/Above Average Precipitation

Range Condition Class/Condition Trend

Texture Average Below Above
% Precipitation
Al 1 60 C ) Fair Fair/DW Fair/U4
2 25 LS : Fair Fair/DW Fair/UW
3 15 LS Fair Fair/DH Fair/UW
A2 1 50 C Fair Fair/DW Fair/UW
2 50 SCL Fair Fair/DW Fair/Ud
A3 1 60 SCL Excellent Good Excellent
2 30 C Good Good/DW Excellent
3 10 SCL Excellent Good Excellent
LT 1 95 C Excellent Good Excellent
2 5 Rocky
L2 1 90 SC Excellent Good Excellent
2 10 SCL Excellent Good Excellent
Dry Monsoon
2 1 Ko L Excellent Excellent Excellent
2 35 SC Excellent Good Excellent
315 SC Excellent Good Excellent
U3 1 65 SL Good Good/DW Excellent
2 35 SL Excellent Good Excellent
U8 1 55 c Good Good/ W Good/UW
2 25 SL Good Good/DW Excellent
3 15 L Excellent Good Excellent
U101 55 c Excellent Good Excellent
2 30 C Excellent Good Excellent
3 15 SCL Excellent Good/UW Excellent
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N4 50 25 12 ! 300 150 120 u10 720 700 595
N5 80 40 16 E 12 175 100 75
N6 100 50 25 " T3 175 85 75
H10 60 30 10 Ul 700 680 550
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N31 100 50 25 us 930 900 660

. A
Ql 275 130 85 U6 650 630 440
Q21 250 125 65 R us 750 760 475 Table For: Herbage Yield Classes*
] 400 200 120 U9 525 500 450 Estimated Production (Kg/Feddan) per year
I

Q2 540 270 175 Class Production
Q4 100 50 35 D un 570 550 385 High > 750
05 150 75 56 Al 350 175 115 Moderate 500 - 750
051 225 110 85 A2 400 200 145 Low 200 - 500
Q1 640 320 200 A3 720 700 560 Very Low < 200
03a 525 250 175 L1 770 750 600 -
03b 170 90 54 L2 770 750 630 I
Q5 300 150 120
Q6a 100 50 40




TABLE 5
ESTIMATES OF GROUND COVER, VEGETATION COMPOSITION & FORAGE
PRODUCTION OF THE SOIL UNITS & THEIR COMPONENTS UWDER

1- Average
2- Below .
3- Above Average PPT
g Ground Cover ' Vegetation Composition Production
Map S % % kg/Fedd.
Unit 8 Belaow Above Below Average Above Below Above
Symbol S Texture Average Average Average D Uu b UlN D UN | Average  Average Average
DESE Q T
N3 1 S 20 30 40 30 70 }40 50 |50 50 - 25 76
2 Rock - - - - - - - 1- - - - -
SEMII-DESERT
N1 1 S 20 30 40 40 60 |50 50 |60 40 - 25 ‘ 75
2 Rock - - - - - - - 1- - - - -
N2 1 L 25 35 45 40 60 |50 50 |60 40 - 40 90
2 S 20 30 40 30 70 |40 60 |50 50 30 80
3 Rock - - - - - - - |- - - - -
N3 1 S 25 35 45 30 70 |40 60 150 50 - 30 80
2 Rock - - - - - - - |- - - - -
N4 1 Rock - - - - - - - |- - - - -
2 S 10 15 20 40 60 |50 50 {60 40 - 25 75
N5 1 SCL 15 20 25 30 70 (40 60 |50 50 - 40 90
2 SL 15 20 25 30 70 |40 60 |50 50 - 40 90
3 R
1 - Ground cover{ } Averagp +10% = Bbove & b-lol average fround cover
2 - Coaposition |} Average| +10% = % above and bklow average compositjon
3 - ,’I;oduction H Estimated avorage| +50 kgs = apove & belpw average production
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Table 5 Continued, Page 2

g Ground Cover Vegetation Composition Production
Map S % % kg/Fedd.

Unit =3 Below Above Below Average Above Below Above
Symbol 8 Texture Average Average Average D u D UN D UN { Average Average Average
N6 1 S 15 20 25 40 60 {50 50 | 60 40 - 50 100
N10 1 SCL 5 10 15 20 80 {30 70 | 40 60 - 30 80

2 SCL 5 10 15 20 80 |30 70 | 40 60 30 80
N12 1 L 10 15 20 50 50 |60 40 | 30 70 50 100
2 L 10 15 20 50 50 |60 40 | 30 75 50 100
N31 1 SCL 30 40 £J 40 60 |50 50 {60 40 50 100
2 Rock - - - - - - - |- - - -
Q1 1 S 40 50 60 60 40 |50 50 |70 30 75 125 175
2 L 50 60 70 55 45 |5 35|75 20 100 150 200
Q21 1 S 40 50 60 40 60 |50 50 | 60 40 75 125 175
ARID [ZONE
qQ 1 .S 40 50 60 50 50 |60 40 {70 30 150 200 250
2 LS 40 55 70 55 45 |65 35175 20 40 90 140
Q2 1 S 70 80 90 44 56 |54 46 | 64 36 220 270 320
Q4 1 S 20 30 40 60 40 |70 3C | 80 20 - 50 100
Q5 1 LS 40 50 60 65 35 |75 25 | 85 15 25 75 125
2 CL 50 60 70 65 35 |75 25 | 85 15 30 80 130
3 SC 55 65 75 70 30 |80 20 | 90 10 25 75 125
Q51 1 SCL 50 60 70 60 40 |70 30|80 20 50 100 150
2 LS 50 65 80 65 35 |75 25 1 85 15 75 125 175
SEMI-ARID [ZONE
Q1 1 S 60 70 10 48 52 |58 42 | 68 32 270 320 370
2 LS 60 70 80 50 50 |60 40 |70 30 - 45 95
Q3a 1 LS 60 70 80 55 45 |65 35175 25 230 280 320
2 5 50 60 70 60 40 |70 30180 20 200 250 300
3 SC 40 50 60 65 35 |75 25185 15 170 220 270
Q3b 1 LS 30 40 50 50 50 |60 40170 30 40 90 140
2 S 20 30 40 40 60 | 50 50160 40 25 75 125
3 SC 40 50 60 50 50 | 60 401 70 30 50 100 150
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Table 5 Continued, Page 3

g Ground Cover Vegetation Composition Production
Map g % % kg/Fedd.
Unit = Below Above Below Average Above Below Above
Symbol S Texture Average Average Average U D UN D UN | Average Average Average
Q5 1 LS 50 60 70 70 30 |80 20 |90 10 100 150 200
2 CL 55 65 75 50 50 |60 40 170 30 125 175 225
3 SC 60 70 80 50 50 {60 40 |70 30 75 125 175
Q6a 1 LS 75 85 95 83 17 |93 7 |98 2 - 50 100
2 SCL 75 85 95 85 15 |90 10 |95 5 25 75 125
Q6b 1 LS 70 80 90 60 40 (70 30 |80 20 250 300 350
2 SCL 85 90 95 65 35 |75 25 |85 15 275 325 375
Q61 1 SL 40 50 60 70 30 {80 20 {90 10 75 125 175
2 LS 30 40 50 65 35 |75 25 |85 15 100 150 200
T 1 " SL 40 50 60 70 30 |80 20 |90 10 100 150 200
2 SL 40 50 60 60 40 |70 30 {80 20 75 125 175
T2 1 LS 40 50 60 70 30 |80 20 |90 10 25 75 125
2 S 50 60 70 75 25 |85 15 |9 5 50 100 150
T3 1 LS 40 50 60 87 13 (97 3 197 3 - 25 75
2 SL 40 50 60 75 25 |85 15 {95 5 - 40 90
Ul 1 L 70 80 90 65 35 {75 25 |85 15 550 650 750
2 L 75 85 95 70 30 |80 20 190 10 600 700 800
3 SL 75 85 90 70 30 |80 20 |90 10 575 675 775
u2 1 L 60 70 80 60 40 |70 30 |80 20 650 750 850
2 SCL 75 85 85 60 40 (70 30 |80 20 700 800 900
3 SL 65 75 85 55 45 |65 35 {75 25 675 775 875
us 1 CL 50 60 70 63 37 173 27 |83 17 800 900 1000
2 SL 60 70 8u 70 30 {80 20 |90 10 850 950 1050
L] 1 C 60 70 80 55 45 165 35 |75 25 600 700 800
. 2 SL 70 75 80 55 45 |65 35 |75 25 650 750 850
3 L 70 80 90 60 40 |70 30 {80 20 700 800 900
4 Rock
u6 1 C 50 60 70 60 40 {70 30 |80 20 500 600 700
2 SC 60 65 70 60 40 |70 30 |30 20 550 650 750
3 £ 50 60 70 60 40 |70 30 |80 20 500 600 700
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TABLE 6

RANGELAND PRESENT & POTENTIAL GROUND COVER & PRODUCTIVITY

458
PPT
Map Component | “Growing | Present Pot. Productivity
Unit season G. Cover G. Cover Kg/Fedd
Symbo] p mm 4 % Present Pot.
DESERT| ZONE
N3 1 90 100-200 25 50
2 10 100-200
SEMI-DIESERT
N1 1 30 100-150 30 40 25 50
2 70 100-150
N2 1 65 100-150 35 45 40 80
2 25 100-150 30 40 30 60
3 10 100-150
N3 1 90 100-200 35 45 30 60
2 10 100-200
N4 1 80 100-150
2 20 100-150 15 25 25 50
NS 1 65 200 20 30 40 80
2 30 - 20 30 40 80
3 15 -
N6 1 100 100-200 20 30 50 100
N10 1 65 150-200 10 20 30 60
2 35 150-200 10 20 30 60
N12 1 65 100-200 15 25 50 100
2 35 100-200 15 25 50 100
N31 1 75 150 40 50 50 100
2 25 150 - - - -
Q 1 70 200-400 50 60 125 250
2 30 200-400 60 70 150 300
Q21 1 100 200-400 50 60 125 250
RID Z T NE
Q 1 70 | 200-400 50 60 200 400
2 30 200-400 55 65 90 180
Q2 1 100 200-400 80 90 270 540
Q4 1 100 200-400 30 40 50 100
Q5 1 70 200-400 50 60 75 150
2 25 200-400 60 70 80 160
3 5 200-400 65 75 75 150
Q51 1 60 200-400 60 70 100 200
2 40 2G0-400 65. 75 125 250
EMI-DESERT
Q1 1 70 200-400 70 80 320 640
2 30 200-400 70 80 40 80
Q3a 1 60 400-750 70 80 280 560
2 35 400-750 60 70 250 500
3 5 400-750 50 60 220 440
Q3b 1 60 400-750 40 50 90 180
2 35 400-750 30 40 75 150
3 5 400-750 50 60 100 200
-Q5 1 70 200-400 60 70 150 300
2 25 200-400 65 75 175 350
3 5 200-400 70 80 125 250




Table 6 Continued, Page 2

PPT
Map Component Growing Present Pot. Productivity
Unit season G. Cover G. Cover Kg/Fedd
Symbol 3 mm % p4 Present Pot.
Q6a 1 70 400-750 85 95 50 100
2 30 400-750 85 95 75 150
Qéb 1 70 400-750 80 90 300 600
2 30 400-750 85 95 75 150
Q61 1 80 400-750 50 60 125 250
2 20 400-750 40 50 150 300
Tl 1 60 400-750 50 60 150 300
2 40 400~750 50 60 125 250
T2 1 70 400-750 50 60 75 150
2 30 400-750 60 70 100 200
T3 1 55 400-750 50 60 75 150
2 45 400-750 50 60 100 200
ul 1 50 400-800 80 90 650 670
2 30 400-800 85 95 700 720
3 20 400-800 85 95 675 800
u2 1 50 400-800 70 80 750 770
2 35 400-800 85 95 800 825
3 15 400-800 75 85 775 800
us 1 90 400-750 60 70 900 930
2 10 400-750 70 80 850 ° 980
us 1 50 400-750 60 70 600 620
2 35 400-750 65 75 650 670
3 15 400-750 60 70 600 620
us 1 55 | 400-750 70 80 700 720
2 25 400-750 75 85 750 770
3 15 400-750 89 90 800 825
U9 1 65 409-750 60 70 500 515
2 25 400-750 65 75 550 517
3 10 400-750 60 70 600 620
un 1 100 400-750 65 75 550 570
Al 1 60 400-750 50 60 175 350
2 25 400-750 60 70 200 400
3 15 400-750 60 70 200 400
A2 1 50 400-750 65 75 200 400
2 50 400-750 70 80 225 450
A3 1 60 400-750 70 80 700 720
2 30 400-750 60 70 650 670
3 10 400-750 75 85 750 770
L 1 95 400-750 80 90 750 770
1.2 ] 90 400-750 80 90 750 770
2 10 400-750 85 95 775 800
RY MONSOON
u2 1 50 400-800 80 90 800 825
2 35 400-800 75 85 750 770
3 15 400-800 75 85 725 800
us3 1 65 700-900 80 90 850 875
2 35 700-900 80 90 825 850
us 1 55 400-750 75 85 750 770
2 25 400-750 80 90 775 800
3 15 400-750 85 95 800 825
4 5 400-750
u1o 1 55 400-800 80 90 700 720
2 30 400-800 80 90 700 720
3 15 400-800 85 95 725 745
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TABLE 7
SOIL COMPOMENTS %, RANGE OF RAINFALL, FOR AVERAGE, RELOW AND ABOVE AVERAGE & THE RANGE CHARACTERISTICS

+ a
o E
Map g 8
Unit cé- 5 Range of PPT.
Symbol S | e PPT Below Average Above . Remarks
DESERT zZpDNE
N3 1 90 100-200 + 1 150 > Natural vegetation consists of widely scattered bushes with or without sparse
1 10 ground cover, provides poor grazing for browse animals in years of good
rainfall
SEMILFDESERT zloNE
N1 1 30 100-150 +~| 125 -+ Plateau of scattered bushes and sparse ground cover, highly subject to wind
2 70 100-150 erosion - provides poor browsing.
N2 1 65 100-15 +~ | 125 - . Natural vegetation is acacia bushes and other browse Spp. - provides only
2 25 ? " " " " browsing in years of good precipitation - subject to run-off.
3 'l 0 ] n " n "
N3 1 90 100-200 | 150 + Sandy plains, stunted bushes and Sparse grass cover, supports only camels and
2 10 100-200 +1 150 + other browsers.
N4 1 80 190-15 +1 125 -+ HWith scattered rock outcrops - unsuitable. Consists of bare sands.
2 20 1] " [} [[} n
NS 1 65 200 “1 200 + Stony, with widely scattered Acacia desert scrub - poor grazing even for
2 30 " o " camels and goats. Thirsty.
3 s L) 1] "
N6 1 100 | 100-200 +| 150 + Unstable undulating dunes, with sparse vegetation cover - provides poor grazing
v during migrations. Bare dunus are found.
N10 1 65 150-200 +1 175 + Heavy sand blowir * -~ most of the wadies and streams are barried with sand
2 35 " " " " blown particles, supports, sparse desert scrub vegetation - Extensive camel o
grazing - highly subject to misuse. b
N12 -1 65 100-200 “1 150 + Semi-desert vegetation of Acacias and drought-resistant grasses/herbs. only
2 3F " " u " for extensive camel grazing. Subject to wind hazaris.




Table 7 Continued, Page 2

) a
[~ E
Unit :‘ b= fange of PPT.
Symbo1 S | a PPT Fsiow Average Above Remarks
N31 1 75 150 « 1 150 + Scatterad vegetation on sands - unsuitable for grazing.
q1 1 70 200-400 + | 300 - Acacia tortilis - leptadenia associated with grass - mainly wet season grazing.
2 30 - - "
Q21 1 100 | 200-400 + 1 300 -+ Semi-desert land/scattered bushes on sand, used during migrations
ARID|ZONE
qQl 1 70 200-400 + . 300 -+ Acacia senegal/Acacia tortilis, leptadenia, cenchrus, Eragrostis Association
2 30 1] 1) 1

used during migrations and in both wet and dry seasons grazing - Acacia
senegal with Combretum Assoc. exist.

Q2 1 100 | 200-400 + | 300 -+ Fixed dunes supporting Acacia senegal, Acacia Tortilis, Balanites - Many
watering sites exist heavy grazing around water sites - migratory, vii -ge
and commercial stock use the unit - yrar round.

Q4 1 100 wow " Transversal dunes with scattered Acacia bushes, wighly subject to wind erosion -
unsuitable for agriculture and grazing.
Q5 1 70 woon " Sand ridges of highly reduced ground cover, in the proximity of urban areas -
2 25 woun " Trasional grazing - originally it was a clay plain.
3 5 n o "
Q51 1 60 woon " Clay plain covered with sand deposits, supports Acacia senegal, combretum.
2 40 v ou " Acacia mellifer and Cadaba. Seasonly grazed.

SEMItARID| Zo0N|E

Q1 1 70 200-400 < | 300 -+ Heavy cultivation, continuous use on Acacia senegal, Eragrostis Association
2 30

Q3a 1 60 400-750 + | 575 + Longitudinal ‘dunes of dunes and interdunes - Acacia senegal, Bolanites,
"2 35 v " Eragrostis, Cenchrus in dunes and Acacia mellifera - Cadaba, boscia - in
3 5 “ . " interdunes i~ seasonal nomadic use - overgrazing around water and villages.

L9¥



Table 7 Continued, Page 3

4 a
c E
 Map 2 1S
Unit é— “ Range of PPT.
Symbol S »e PPT Below Average Above Remarks

Q3b 1 60 400-750 «1 575 + Densely populated, overused ridges and interridges - much cultivations on
2 35 v " " " the dunes - grazing is confined to fallow fields and inter clayey dunes -
3 5 woon " " " Acacia mellifera and Balanites

Q5 1 70 200-400 “<| 300 + Clay plain covered by sand deposits - used during migrations - combretum,
2 25 vou " " " Boscia, Acacia mellifera and Balanites.
3 5 " [} n n L]

Qb6a 1 70 400-750 “1 575 -+ Combretum cordofaium, Terminalia - Albizzia - Cenchrus, Eragrostis, Zornia,
2 30 oo " " u Heavily used by ali classes of livestock during the dry seasons - perennial

grasses absent.

Qéb 1 70 400-750 “] 575 + Terminalia - Albizzia Association - with perennial grasses. Used during
2 30 v " " " migrations - moderate use.

Q61 1 80 400-75 | 575 + Combretum - Terminalia Albizzia - Dalbergia - heavy use during wet season.
2 20 1] " u u n

T1 1 60 400-750 1 575 -+ Open woodland savannaly overused early and late wet season.
2 40 11 " 1] [1] [1]

T2 ] 70 400-750 +1 575 -+ Bushed grazing land (Acacia mellifera - nubica, wet season grazing - overused
2 30 wow " " " Many browse species in the area.

T3 1 55 400-750 «1 575 - Bushed grazing land with many browse - but heavily used during thz growing
2 45 woou " " " season. - Plenty of watering sources during the rains - natural pools - eroded

. sites are seen.

ut 1 50 400-800 +1 600 - Jebel pediment vegetation - subject to soil damage when grazed during the
2 30 voo. " " " rains - dominant are annuals and herbs - early dry season grazing - plenty
3 20 woon " " " of browse species.

u2 1 50 400-800 +| 600 -+ Varying flora of broad leaved and thorny trees and bushes - much browse
2 35 vwoou " " " species - grazed only during migrations. High % of perennial grasses.
3 15 “©o" " " " Buring is heavily practiced to improve rank forage quality.

us 1 90 400-750 +| 575 -+ Acacia seyal/Balanites with a low % of perennials - Transitionally grazed.
2 10 voom v u " Low grazing pressure.

Us 1 50 400-750 «] 575 + Hoodland savannah, of varying flora - high % of perennials - Transitional %
2 35 v a " " grazing - Low grazing pressure - many browse species. n
3 'I 5 n 1] n [1] n .




Table

7 Continued, Page 4

o a
[~4 E
Map g 8
dnit E; S Range of PPT. -
Symbol S | e PPT Below Average Above Remarks
us 1 55 400-750 +1 575 * Open wood land savannah on clay plain (Acacia seyal Assoc.) Asscciated with
2 25 v " " " foalatable perennial grasses - more burnins is practical. Low grazing
3 15 won " " " pressure - used only during migrations and dry seasons.
4 5 " o n n 1]
ug 1 65 400-750 1 575 + Annuals dominant Associates with Acacia seyal/Balanites/Acacia mellifera -
2 25 “oo. " " " dry season grazing and during migrations.
3 'lo 1] " [1] [ u
un 1 100} 400-750 *1 575 + Woodland savannah, used during migrations and dry season
Al 1 60 400-750 «] 575 > Wadi buttom and frings - provides mainly browse - Acacia spp. used during
2 25 vwoon " " “ dry season.
3 'l 5 u n il " 1]
A2 1 50 400-750 “1 575 - Wadi-buttom and frings - bushy with annual grasses - used during migrations.
2 50 . 113 [{ 1] n n
A3 1 60 400-750 «| 575 + Flood plain used during dry season - varying flora - perennials dominate -
2 30 wou " " " high grazing potential.
3 'IO " [} " n 1)
L1 1 95 400-750 *1 575 * Flat clay plain - open savannzh, high % of perennials - used only in late
2 5 woow " " " dry season.
L2 1 90 400-750 «| 575 > Flat clay plain - good mixture of perennials/annuals - dry season grazing.
2 'lo n n n 113 1]
ORY MONSOPN
U2 1 50 400-800 “! 600 * Plateau supports mixed flora - high proportion of perennial grasses. Used
2 35 vwou ‘: " " during migration and dry season. Many browse species.
3 'l 5 u n L n [1}
U3 1 65 700-900 «} 8G0 + Plain supporting woodland savannah vegetation with high % of perennials and
2 35 “woon h " " browse dry. season grazing - much burning s practiced.

€9



Table 7 Continued, Page 5

o o
= E
Unit é ‘S Range of PPT.
Symbol S | ae PPT Below Average Above Remarks
us 1 55 400-750 +« | 575 > Clay plain of open woodland vegetation - high perennials % ~ dry season
2 25 won : ': :: grazing - burning is practiced to improve forage quality. Low grazing pressure.
2 ]g " n (1] 1] [1]
u1o0 1 55 400-800 +1 600 > Clay plain of mixed flora - woods alternating with grasslands, high % of
2 30 woon " " " perennials - region for mechanizel rainfed farming. Burning - early dry
3 15 w oo » " " season grazing.
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1. Soil Properties Influencing Soil Blowing

Table 1G.

Soil Erodibility

Surface Soil Properties Factor
Coarse Fragments 0
(over 50% cover)

Het Soils 0
(permanent)
Cracking Clay Soils 1

Medium & Fine Textured Soils 2
(other than cracking clays)

Coarse Textured Soils

Sandy Loams 4
Loamy Sands 7

2.

Dry Sands 10

Amount of Plant Residues on Surface Soil

(Percent of Soil Cover During Critical Period)

Class Percent of Cover
V. Good More than 40% soil cover
Good 25-40% soil cover

Fair 15-25% soil cover

Poor Less than 15% soil cover

Soil Erodibility Factors for Surface Cover

V. Good - 1
Good - 3
Fair - 7
Poor -10

Criteria Used In Evaluating Soil Blowing Hazard

3. Length of Critical Scil Blowing Period
Erodibility
Class Length Time Factor
Short Less than 20 days 1
(dry monsoon)
Moderate 20-50 days 4
(semi-arid)
Long 50-90 days 7
(arid)
Very Long Over 90 days 10
(desert-semidesert)

4. Barriers That Reduce Wind Velocity

Soil Blowing Hazard Rating

Erodibility
Class Factor
None to slight 0-15
Moderate 16-27
Severe 28-33
Very severe 34-40

(Evaluation of Landscapes and Vegetative Barriers)

Class

Description

Erodibility

High

Moderate

Low

None

Mountains-Dense Forest-Het
& moist >40% canopy 0

Level to undulating-Frequent
trees-Shrubs 20-40% canopy; 3
Rolling to hilly-moderate amt.
tall veg. 15-25% canopy -

Rolling to hily-occasional to
sparce tall veg. 5-15% canopy; 7
Level to gently sloping-
occasional to moderate amt. tall
vea. 10-20% canopy

Level to gently sloping; none 10
to sparce low vegq. <5% canopy
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TABLE 12
WIND SPCED IN M.P.H. AT THE CENTER OF THE STUDY AREA “ELOBEID TOWN"

Month Annual Average Maximum Maximum Gust Critical Periods Predicted Speed at
* Critical Period

January 9.1 23 32

February 9.5 25 35

March 10.1 29 47 Whole of March 24
April 7.1 26 40

May 7.0 24 61 Mid May to

Jure 8.8 30 - 69 Mid June ] 25
July 10.4 27 74

August 7.9 28 67

Septemter 5.5 ° 25 58

October 6.5 23 51

November 7.8 25 32

December 8.7 21 33

*1 At these periods serious erosion occurs beca'use of high wind speed, drought and poor vegetative cover.

2 All soils in the different climatic zones within the study area are subject to erosion hazards at these same critical periods.
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MAPPING AND LOCATING AEOLIAN FEATURES
(SAND DUNES) AND AREAS OF HIGH WIND POTENTIAL
USING LANDSAT DATA
Abbas Doka M. Ali*

ABSTRACT

Sand dunes and other aeolian features in central Sudan (Qoz lands)
are the result of interactions between the wind and earth's surface.

Landsat is a very useful tool in locating and mapping aeolian geomorphic
features. These features with other topographic features can be used to
infer wind directions and other wind characteristics. Interpretations of
Landsat show the presence of: (1) a wide natural darrier; the plateaus
and the mountains at the northern part of north Kordofan; (2) three "wind
corridors" across this natural barrier; (3) smaller wind channels within
and around these corridors, and; (4) very distinct shapes of other
aeolian features wichin these corridors.

A recent study in the USA determined that the source area of many sand
dunes is located wiere stably-stratified air flows over a blockinrg
topographic barrier, accelerates to supercritical speed, near the downwind
base of the barrier, and then experiences a hydraulic jump. In the hydraulic
jump area, the strong turbulence erodes the soil material for deposit down-
stream as dunes. Deflation occurs in the area of the hydraulic jump (Ronald
W. Marrs and et al. 1977).

Interpretations of Landsat imagery revealed that most of the dunes in
this area are most probably created due to the wind blowing across the natural
barrier a long time ago. Most of these dunes are now stabilized with the

exception of some areas of active dunes due to their location along the

* Soil Survey Administration, Wad Medani. Report prepared while in training
at the VISP at RSI.
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"wind corridors" (Hamrat E1 Wozz, E1 Obeid and Rahad) or due to man's abuse
of land in some localized areas.

Integrated studies utilizing the combination of image analysis, aircraft
data, meteorological data and field observations are recommended for this area
to determine different wind characteristics, sand flow patterns and horizontal

wind movement so as to locate areas which need urgent conservation measures.

INTRODUCTION

This study demonstrates the application of remote sensing techniques
to Tocate areas affected by desertification in centra] Sudan. Some proﬁects
were established in this are: either to study land degradation in certain
areas or to demonstrate some conservation practices and some of their schemes
are meant for the settlement of the i:omads. In recent years, land degradation
and/or desertification severely affected the natural resources in central
Sudan, making 1ife very difficult for the large number of people in the area.

A new tool is needed that can help in locating different geomorphic
aeolian features and to indicate sites of high wind energy or active dunes
over all the region. Landsat imagery has been suggested for monitoring and
mapping the processes of desertification. By interpretation of Landsat in
this study we can assess the magnitude of the problem and conclude many in-
ferences, however, some other field observations are needed to confirm these
results. Repetitive coverage and uniformity over time are the main valuable
characteristics of Landsat that enable to a great extent the study of
desertification which is a gradual phenomenon. Present techniques (e.q.
photographic enhancement, digital analysis, etc.) should be tried in studying

this problem.
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Besides the interpretation of Landsat imagery for locating and mapping
the sand dunes, a study based on the repetitive coverage of Landsat was
carried out to datect the horizontal movement of the sand dunes at Abu
Habil area. The methods used to measure sand encroachment at this area
were not sophisticated because at this stage we are thinking of direct
methods to test the applicability of Landsa: data for this study. Later
on, more complicated methods are most probably needed for detailed studies.

This area is considered one of the largest potential areas in the
Sudan affected by desertification, so it was taken as a first priority.

Some other areas in eastern, western and northern Sudan are also affected

by desertification and the studies can be extended to cover these areas.

The goal of the work reported in this paper Was to investigate (1) the
applicatility of Landsat imagery for locating and mapping areas affected

by desertification in central Sudan; and (2) the possibility of studying

the magnitude of the horizontal movemement of the dunes (desert encroachment)
through time.

Future studies for the assessment of desertification in tha northern
and central part, should be based on the 5011l map. By studying the relation-
ship between land cover types, soil moisture and wind velccity for each
soil, we can determine soil blowing, or the susceptibility of the fragile
soils to soil blowing. An interpretive soils map showing the susceptibility
of the different soil units to wind erosion could easily be drawn from such
results. Carrying capacity for different soil units can also be investigated.
I think this is the most practical way towards identifying areas which need

urgent conservation measures.
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PROCEDURES

Mapping, Locating Sand Dunes and Aeolian Features:

Many depositional and deflational aeolian features are being mapped
from Landsat imagery. Field observations—provide a check of the interpreted
features and relationships. These interpretations should provide an
estimate of the regional occurence of such features, and allow a determination of
whether or not aeolian are typical of high wind areas under various physio-
graphic and climatic conditions.

Sand areas could easily be delineated on Landsat imageries. The
sandy areas appear as yellowish white tones separated by dark green
interdunal areas on the false color composite. Longitudinal and Transversal
sand dunes could be easily located by their very distinct alignment. The
wind corridors or the gaps within the natural barrier are very clear,
through which wind blown materials are carried by the wind into the area.
Some aeolian features are very clear within these wind corridors
(E1 Obeid scene, Kagmar and Sodri scenes). Small wind channels could easily
be seen and mapped. Water channels, and intensive land use on some places
could easily be detected. _

Fine textured and/or def]ation areas were easily mapped as many seasonal
water courses are confined to these areas. Hills in the north and center of
the area which are rocky and particularly bare, have dark green to blackish

color tones.

Investigating the Possibility of Measuring Desert Encroachment Using

Landsat Data

Step 1 55.8 mm transparency chips, band 5 and 7 of Landsat image 1108-
07482, 8 Nov. 1972 and 2374-07335, 31 Jan. 1976 of Xhor Abu Habi1l



Step 2

Step 3
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area (figure 1) were selected to investigate the above mentioned
objective using the "additive color viewer" (IZS) for better en-
hancement and to compare if there was any horizontal movement within
the Tongitudunal sand dunes in these areas during the time indicated
on the two scenes (three years). The two scenes were not scanned

in the same month and although this was undesirable, it could not

be avoided given the data available. Bands 5 and 7 were chosen
because the unconsolidated sandy materials with nearly flat relief
(northern sandy plains) give a high reflectance on these bands and
are easily separated from residual parent materials of erosional
landscape (northern pediplains) consisting of broad basins, scattered
ridge tops and seasonal stream courses, which appear as darker zones
(Pacheco & Hashim SSA Report No. 81, 1976).

Two positive transparencies (scale 1:3,369,000) of the two dates

of the same scene were obtained from EROS Data Center in Sioux Falls.
These 70 mm chips were displayed on the color additive viewer. By
doing so, we were able to enlarge the scale of the chips from
1:3,369,000 to 1:500,000. These en]argeﬁents were carried out to aid
in detecting small changes in the Tongitudinal dunes, if any.

The positive transparencies (18.5 x 18.5 cms.) of scale 1:1,000,000
were used in this step. A portion of these transparencies wes

fitted into a projector (m-354 transparency cartridge projector)

and displayed on the wall with 15X enlargement. This enlargement
was controlled by drawing vertical and horizontal Tines 1 c¢cm x 1 cm
on a blank transparency and inserting it with Landsat chips in the

cartridge. When displayed on the wall, we measured the distances to
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15 cm x 15 cm. The scene should be displayed accurately by checking
and adjusting the vertical and horizontal distances on the wall. The
wall was used because it is stable if compared with the conventional
screen. The projector was stopped for some minutes during the display
to eliminate the expansion within the projector due to the high
temperature which will lead to enlarging the displayed figure by a
few millimeters than the adjusted one at first. Example interpre-
tations are provided in Figures 2, 3, and 4.

Step 4 Using the CCT of the same scene (ID No. E-1108-07482, 1972) a small
area of longitudinal sand dunes was chosen for preparing a digital
map showing the longitudinal sand dunes and the background features.

RESULTS

1. A map was prepared showing the location of different aeolian
features and active sand dunes. (Fig. 5)

2. A map was prepared showing the "wind corridors" and the active
sand dunes areas within the central potential areas (Fig. 6).

3. No horizontal movement was detected within the longitudinal sand
dunes, however, some other changes (burning, some new sandy
islands inside Abu Habil stream) were detected.

4. The longitudinal sand dunes were very clear in the digital map
prepared by the Computer Compatible tapes (CCT).

CONCLUSIONS

1. Landsat imagery has proven to be very useful in locating and
mapping dunes ard other aeolian features. Color compcsite images
combining bands 4, 5 and 7 are most useful for mapping dunes because
of the color distinction between the active dunes, alluvium, pedi-

ments, clouds and surrounding rock formations.
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Landsat data have greatest advantages over all other data forms
regarding their availability and its ability to display on a broad
regional scale, such features as dunes, field shape, size and re-
lTationship to regional topography and wind characteristics.

Small scale characteristics are difficult to distinguish from
Landsat. Accurate measurement of dune size, spacing and their
changes through time is difficult for many areas of small dunes
with minor changes.

Other sophisticated methods should be used with Landsat . imageries
within Tong periods (6 years or more) to measure the horizontal
changes or sand encroachment.

Three "wind corridors" and areas of active dunes were located in
the area.

Different aeolian features are indirect indicators of wind
characteristics.

Shapes and distribution of some dunes are controlled by

geologic outcrop patterns and others appear to be dominantly
controlled by wind pattern.

Aeolian features are found in areas of high wind, but are not
solely a function of wind. Topography, surface materials,
vegetation, land use, temperature, precipitation and other factors
also influence their development.

Future investigations should utilize the combination of image analysis,
air-reconaissance, field observations and other studies on geology
(e.g. sand mineralogy) and meteorology (e.g. wind characteristics),
etc. in studying the characteristics of aeolian features and their

effects on the area.
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10. The characteristics of Landsat justify its use as a regional

tool to be applied in natural resources studies.
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HYDROLOGY AND DESERTIFICATION STUDY OF CENTRAL SUDAN

A/Rahim A/Aziz Mohamed*
INTRODUCTTON

Sudan is the largest country in Africa with an area of 2.5 million
square kilometers. Its population is about 15 million. It has common
borders with Uganda, Zaire, Kenya, Ethiopia, Egypt, Libya, Chad and the
Central African Empire (Fig. 1).

The northern parts of Sudan have insufficient rainfall in many pai'ts
of the country is compensated to some extent by the White Nile which
originates from Lake Victoria in Uganda, and the Blue Nile which originates
from Lake Tana in Ethiopia. The two Niles join at Khartoum, the capital,
to form the River Nile which flows northward to Egypt. The area lying
between the White and Blue Nile is considered the most productive area
for irrigated cotton production. The topography of the country is mainly
flat with the exception of a few mountainous areas over 3,000 meters above
mean sea level.

Estimated censuses show that the population has grown from 10.3
million in 1955 to 14.1 million in 1973, at a growth rate of about 2%
per year during 1he last 1% years. The population is mainly agricultural

and the majority »f the people live in rural areas.

Desert Encroachment:

In Sudan, man has played a great part in speeding up desert encroach-
ment. Among the many factors affecting desert encroachment, the following
are considered to be the major ones:

1. Highly variable and unpredictable rainfall with extended
periods of drought.

* Rural Water Corp.: Ministry of Agriculture, Food and Natural Resources,
Khartoum. Report prepared while in training at the VISP at RSI.
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2. The thunderstorm characteristic of the rainfall with
unbalanced distribution over time.

3. Overpopulation and overcultivation with subsequent Towering
of the water table.

4.  The non-uniform distribution of watering points creates
overgrazing around them.

5. Burning of shrublands, grasslands and forests.

6. Irrational cultivation and cultivation in marginal areas.

7. Uprooting shrubs for cultivation.

8. Woodcutting and deforestation.

A UNEP/UNESCO reccnnaissance team repnrted that sand from the exten-
sive Libyan desert and Jebal Abyan Plateau is being blown southward in
a broad point by the steady northern winds. A typical example, Wadi
Howar, which flows in a northeastern direction from Darfur Province to
the Toop of the Nile in the Northern Province, is being buried over its
whole length and large portions have already been transformed into sandy
deserts. The whole length of the Nile between Delgo and Karima (that
is the greater part of the east-west loop) is subject to serious sand
encroachment along the north facing bank. Even large areas of irrigated
agricultural tand on alluvial soil have been abandoned due to sand
accumulation, with an average depth of 7 cm. This phenomenon of buried
wadis and khors due to moving sand dunes will be discussed more elaborately
later.
General Objectives of the Program as Outlined

By the Sudanese Technical Committee for Desert
Encroachment Control:

In Sudan, before coming to participate in the training program at the
Remote Sensing Institute, Brookings, South Dakota, U. S. A., the

Sudanese Technical Committee for Desert Encroachment Control outlined the
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proposed program as follows:

The major objective of this proposed program, in addition to training
the selected participants in interpretation of imageries, is for monitor-
ing desert encroachment in order to determine its progress. More important-
ly, it is to quantify desert encroachment in terms of past and current land
resources and water losses, and to develop an identification index of
different imagery patterns so that the technique can be used to sustain
an overall inventory of the western savannah, still considered a "gap"
in our present Sudan resource inventory.

The results of this training were expected to be the following:

1. Develop vegetation, soil, hydrological and landuse maps of
areas selected and, if possible, the adjoining areas.

2. Quantitatively monitor. desert encrvachment.
3. Determine areas lost to the desert.

4. Delineate areas currently affected by the problem of sand
dune movement.

5. Estimate the change in drainage systems in the area due to
sand dune movement.

Objectives of the Program as Outlined by the Author:

From the author's point of view, the project under consideration
has two broad objectives:

1. First objective: It is worth mentioning that until now, no
attempt has been made to renew the topographical maps of rural
areas in the Sudan. Rural water resources people on their
everyday surveys and investigations for water sources mainly
rely on the topographical maps which are based on triangulation

surveys carried out in 1936.
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The only renewal achieved in this field was carried out by
the United Nations Special Fund during the period (1961-1965).
The United Nations Special Fund Project, executed by FAQ,
helped the Sudan Government develop data on the land and water
resources of the Kordofan Province Savannah Belt. The area
covered by the aerial photo survey is only 66,000 square
kilometers. This is a small percentage compared with the total
area of the country amounting up to 2.5 million square kilometers.

The ultimate goal of the study is to map surface drainages,
watersheds and depressions for the erectién of necessary water
points: Hafirs, reservoirs, and water spreading structures, etc.
As a consequence of the above mentioned mapping, delineation of
surface drainages and depressions will give many clues to the
evaluation of groundwater, especially in the basement complex
formations. These maps will be produced from the interpretation
of 1972 Landsat I imageries.
Second objective: A second interpretation will be made from the
1976 imageries of Landsat 1 and 2 to produce hydrological maps
of the same selected area. Then a comparison will be attempted
between the 1972 and 1976 maps so as to quantify desert encroach-
ment in terms of past and current water resources and water losses.
This second objective is mainly meant to satisfy the fourth and
fifth objectives outlined by the Technical Coordinating Committee

for Desert Encroachment Control.
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The Geography of the Study Area

Location:

The Study Area lies between latitude 11° 52' 30" and 17° 00' 00" N,
and traverses the Sudan beginning at the White Nile on the east and
ending at longitude 28° 15' 00" to the west. An additional strip at
the south western corner of the Study Area was added so as to
include the remainder of Wadi E1 Ghalla watershed left outside the
Study Area. The Study Area is covered by ten Landsat imageries and
cc:sists of approximately 342,250 kmz.

The Area comprises the provinces of Northern Kordofan, Khartoum,
the northern portions of the Southern Kordofan, the White Nile, and

the Southern portion of the Northern Provinces.

Climate:

Rainfall over the Study Area is characterized by marked season-
ality, wide variability, and general unreliability.

Average annual rainfall ranges between 100 mm. in the extreme
norther portion »f the area, to about 500 mm. in the southern portion.
Rainfall isohyets run from east to west following the latitudinal
pattern (Fig. 2).

Rainfall is controlled by the nature and behaviour of the Inter-
Tropical Convergence Zone (I.T.C.Z.), which 1tself is controlled
by the atmospheric pressure conditions over and in the vicinity of the
African Continent. A1l rains occur when the I.T.C.Z. is lying either
within or to the north of the project area. However, due to the nature

of the I.T.C.Z., variations in rainfall exist over the northern part
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of the area. Consequently, the rainy season of the southern parts of
the area occurs from July to September, while August is considered the
rainy month of the extreme northern parts. These months receive more
than 75% of the mean annual rainfall, a reflection of the very marked
seasonality of rainfall over this part of the Sudan. The monthly average
rainfall during this period varies between 150 mm in the extreme south
to less than 25 mm in the extreme north. The coefficients of variation
of the annual rainfall means vary between 20% in the south to more than
150% in the north. For the largest part of the area, the annual co-
efficients of variation range hetween 100% and 150%, clearly indicating
the variable nature of annual rainfall which is illustrated in Fig. 3.

Using Penman's formula for determining potential evapotranspiration,
the annual evapotranspiration was estimated as 1,900 mm over the extreme
southern part of the region and increases rapidly northward to a maxi-
mum of over 2,500 mm in the extreme northern part.

The entire region suffers from a large water deficit which tends to
increase from south to north. The mean annual water balance is minus
2,250 mm over the extreme rorthern part of the region. Also, large
water deficits characterize the entire region except perhaps for the
extreme southern margin where a temporary monthly balance may be achieved
between water supply in the form of rainfall and water loss in the form

of potential evapotranspiration.

Water Resources:

Topographically, the Study Area lies in the Nile Basin. It is a

wide open plain with occasional rocky inselbergs standing up from it.



FIGURE 3. Annual Rainfall at Selected Stations in the Study Area

Source: Sudan Meteorological Service
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water potentialities can be divided into two broad divisions:

(1)
(2)

Surface water resources and,

Ground water =esources.

(1) Surface Water Resources:

The surface drainage of the Study Area is essentially internal.
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Except for the occasionally scattered "regebat" which are channels

having no appreciable flow, the whole Study Area is mainly divided into

the following four basins; Wadi E1 Ghalla, Wadi Shelengo, Khor El

Berdab, and Khor Abu Habil.

The interpretation and mapping of the above mentioned basins were

carried out using the 1972 Landsat I imageries. The following facto

were considered during the procedure of the interpretation:

1.