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REGIONAL REMOTE SEMSING FACILITY

P OBox 18332 Tel: Nairabi 556400
Nairobi Kenya ] v Cable Landsat Nairobi

To: A1l participants in the Forest, Energy and
Environment Workshop Nairobi 7 - 11 November, 1981.

Subject: Regioﬁal Remote Sénsing Facility

Date: _December 7, 1981

The past four years have seen the development of the
Regional Remote Sensing Facility as an effective instrument
for resource technology transfer. This is an AID project
which, under REDSO/EA brings remote sensing training, usgr
assistance and services to the East and Southern Africa.ﬂegion.
The Facility, described more. fully on the following pages, is
now operational and its services are available to missicas as
well as government agencies. The Facility's considerable
data holdings provide information on natural resources on a
regional basis. This can be an effective source of data for
projects in the region which are concerned with forestry or
other vegetation cover, with energy (water for hydropower,
fossil fuel exploration), or with other natural resources
(rangeland, wildlife habita*t) that would bcnefit from the
.inclusions of appropriate remote sensing data in the planning,
implementation and monitoring stages.

i

The presentation of some eXamples during the Tuesday
session by Dr. Falconer and additional material on display
panels will give some idea of the applications of satellite
remote sensing to resource development projects. The full
range of possibilities only becomes apparent when you visit
our laboratories and data holdings at the Facility. This you
are cordially invited to do during the open house on Friday
afternoon or at any other time by special arrangement.

Either I or my staff wiil be pleased to answer questions and
discuss particular requirements during your visit.

I look forward to having you with us.

Sincerely

Merritll 1tz
Director
Best Avallabl 20 Pe sty
e Avallable Docusme?
a Joint project of REGIONAL CEMTRE FOR SERVICES IN SURVEYING AND MAPPING H@

and UNITED STATES AGENCY FOR INTERNATIONAL DEVELOPMENT ‘"l"'



REGIONAL REMOTE SENSING FACILITY

P OBox 18332
Nairobi Kenya

Tei: Nairobi 556400
Cable Landsat Nairobi

PROJECT SUMMARY

Background

The Regional Remote Sensing Facility was conceived and
designed by AID to support the transfer of those aerospace
technologies applicable to resource analysis, monitoring
and mapping. The U.S. Government has led the world in the
development of space related technologies which make such
monitoring and analysis possible on a continental regional
scale. This project is one that is specifically designed to
make the benefits of these technologiral innovations avail-
able to East African countries. The Facility can also
support and parftially execute development projects for AID
and other donors. 9

Host Organization Structure and Support:

The Regional Centre for Services in Surveying and Mapping
is an African Regional organization sponsored by UNECA but
financially supported by Kenya, Tanzania, Uganda, Somalia,
Malawi, Comoro, Zambia, Lesotho and Swaziland. It provides
building accommodation and administrative staff support,
shares technical equipment and has recently begun paying
the salaries of locally hired staff of-the Facility.

Through an arrangement with the Survey of Kenya it also

gives the Facility acczss to the surveying and map printing
capabilities of that organization. Active divisions of the
Centre are administration, library, calibration and maintenance,
printing and cartography, and geodesy. The Remote Sensing
Facility functions as a semi-autonomous division of the

Centre.

Training and Services Provided:

As of November 1981 the Remote Sensing Facility has
sponsored 13 three-week specialized short courses with a
total of nearly 300 participants from 14 ceountries in East
and Southern Africa. In addition four information seminars
have been held in the participating countries with a total
of over 200 attendees. Individualized training is regulary
carried on at the Facility. '

Over 100 projects in the region have been assisted with
Satellite imagery, aerial photography and/or technical
assistance in the form of image interpretation, specification
writing etec. Approximately 10,000 photographic images have
been produced in the Facility's photo laboratory. The
majority of these are reproductions for the Facility's
reference files but many specialized products have been
distributed to users in the region. Numerous experimental
maps, brochures, training illustrations and information
bulletings have also been produced.
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Physical Facilities:

--Modern classroom, briefing room and seminar room
equipped with all necessary audio visual aids.

--Satellite image and air photo analysis capability
supported by extensive reference files, multispectral
viewers, scale change equipment and varlous items of
photo interpretation and drafting equipment.

'--Modern photo laboratory capable of producing black and
white or color enlargements, color composites, mosaics
and other specialized reproductlons

~~Project support capabilities include aerial cameras for
pllot and sample surveys, geodetic satellite p031t10n-
ing equlpment, and equipment for various ground surveys
sampling and testing.

——Capability to provide staff consuitants for resource
surveys in forestry, agriculture, land use, rangeland
monitoring. geology, hydrology and others with the
required thematic and image mapping capability. Staff
also avai.. le for project design and monitoring.

Staff:

--Remote Sensing Facil. ; staff includes nine professional
/technical positions representing various disciplines and
four administrative and support staff.

-~The host organization provides technical support in
cartography, geodesy, printing and electronic/optical
equipment maintenance.

Future ".ans and Prospects:

As the ministries in East and Southern Africa that are
concerned with renewable resources become aware of the
technologles available for monitoring these resources, theve
is an 1ncrea51ng demand for training and technical assistance
in remote sensing. The Facility plans to gontinue its
training and technical assistance program at an expanded
level. Specialized training in agriculture, land use
monitoring, range management, water resources and others will
continue. Anticipated changes in the training program include
a gradual shifting of financial respon51b111ty from the
Fac111ty to the participants or their sponsoring agencies and
the introduction of extended training courses. Beginning in __
CY 1982, the participants or their sponsors will assume
reopon31bility for travel to and from Nairobi. Later there
may be a gradual assumption of per diem and training costs.
The first extended training course is planned for March
thrcugh August 1982 and will feature the monitoring of
renewable resources. It will be a project oriented course
designed to train participants in association with ongoing
progects in their home countries after a period of orientation
in Nairobi
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__ Another change in Facility activities in the near future
will be an increase in project activities. The Regional
Remote Sensing Facility presently holds the largest
collection of Landsat imagery in Africa. This is supported
by an extensive collection of maps, air photos and other
reference material. The Facility's multidisciplinary staff
has expertise in many resource application areas and has
access to consultants in other areas as needed. It is
hoped that this expertise along with the reference material
and analysis equipment of the Facility will be utilized in
the implementation of resource development projects of AID
and other donors.
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THE REGIONAL REMOTE SENSING FACILITY

PROVIDES THE FOLLOWING SERVICES:
[0 TRAINING 0 Information seminars

[0 Short courses
O Courses in U.S.A.

0 USER SERVICES . O Landsat data browse file

O Ordering assistance

0O Analytical equipment use and instruction
O Data products

[0 Newsletter

O PROJECT WORK 0 Demonstration projects

[0 Project design assistance
O Landsat image products

The Photographic Laboratory supports these services with
O Training materials
OO Precision-scaled enlargements
0 Custom enhancements of Landsat data




€I TRAINING

to September 1980

O Short courses
O Information seminars

O Graduate studentnowin U.S.A.

193 short course participants
have come from 12 countries
in the region

Courses given:

O Agriculture (2)

O Cartography

[0 Forest/range

[0 Hydrology

O Regional planning
[0 Teaching (2)

[0 Vegetation/soils

45
25
22
17
32
35
17




REGIONAL REMOTE SENSING FACILITY, NAIROBI, KENYA, SHORT COURSE PARTICIPATION
BY DISCIPLINE AND COUNTRY OF ORIGIN

MARCH, 1979 - DECEMBER 19814.
- (NUMBER OF PARTICIPANTS) ~**
Agriculture |Forestry |Geology | Hydrology Cartography | Transport Teaching with Totals
/Land Use /Range Engineering| Remote Sensing

Botswana 20 1 1 i 1 23
Burundi 1 1 2
Ethiopia 2 1 2 2 8
Kenya 39 11 5 7 14 /] 6 86
Lesotho | 1 3 4
Liberia 2 2
Malawi 2 . 2.
Mozambique 2 2 . 4
Rwanda 1 1
Somalia 1 1
Sudan 4 3 1 2 6 5 21
Swaziland 1 1 6 8
Tanzania 14 3 1 3 . 5 17 52
Tunisia 1 1
Uganda 2 1 Y 3 6 16
Zambia 5 5
Zimbabwe 5 1 .6

88 22 11 . 17 50 19 . 35 o242

Botswana.

attendance,
b/Remote Sensing information seminars lasting three to five days have been held in Kenya,
" Tanzaaia, Swaziland and Uganda to groups numbering approximately 50 each.

'L
A

NOTES: a/Agriculture and Land Use category includes four courses, one of
Cartography category includes two courses.

which was held in Gaborone,
All others represent single course



1982 TRAINING PROGRAMME

Missions are requested to bring these opportunities
for training in remote sensing to the attention of relevant
government departments.

1. Remote Sensing*for Geology February 1 - 19, 1982

This course will be of three weeks duration and will
include two field excursions. The emphasis will be on
geological mapping and exploration. Participants are
encouraged to bring to Nairobi maps and reports relating to
a particular area of their home country. They can then make
their project work of direct relevance to their field area.

Participants must arrange their own travel to and from
Nairobi, including all visas and taxes. The Remote Seniing
Facility will provide travel from the airport, to and from
the ‘hotel to the classrooms, tuition, field travel and
accommodation (bed and breakfast). A small daily allowance
(150 Kenya Shillings) is also paid to cover meals and
incidentals. The Facility accepts no responsibility for
medical insurance and is not liable forcosts or damages arising
from accidental death or injury. Applications for places on
this course should be forwarded immediately to the Training
Programme Manager, Remote Sensing Facility. P.0. Box 18332
Nairobi, Kenya. Applicants should normally hold a degree or

~diploma in geology and have five years or more post graduate
experience.

2. Natural Resources Extended Training-
Nairobi March 15 - 27, August 8 - 12, 1982.

This course will begin in Nairobi on 15th March and
there will be two weeks of classroom sessions. Participants
will then return to their own countries to undertake project
work. The project work shouid emphasize resource monitoring,
particularly vegetation monitoring. Participants will be
selected by arrangement between the Facility and participating
agencies rather than directly with individual participants.
Project work undertaken in the participants own countries will
be chosen in consulitation with the sponsoring agency which
must agree to support the work with all in-country requirements
and not transfer the participant until the course is completed.
Topics Will be in the area of natural resources.

At the conclusion of the project work there will be a
final session in Nairobi. All arrangements in Nairobi will be
as stated for the geology course above. The participating
agency is expected to furnish in- country support for the
participants and for the supervision and consultation provided
by the Remote Sensing Facility.

/2.,



3, Teaching with Remote Sensing Data - August 23-
September 3, 1982 Nairobi.

‘This course is intended as a follow on from the course
given in 1980. Participants will be given the opportunity to
create materials for use in teaching in the context of their
accumulated experience with remote sensing courses. Preference
will be given to participants from the previous course but
places will be available for .other teachers using remote
sensing data at the college or university level.

Arrangements for tinis two week course will be as
stated for the geology course above.

4. Remote Sensing in Hydrology Extended Training
Nairobl October 25 - November 5, 1982 and January/
February 1983.

: %)

_ This course will begin with two weeks of classroom
instruction in Nairobi followed by project work in the
participants' home country. It will feature groundwater
exploration and the monitoring of surface water by remote
sensing methods. During the field work some supervision
and consultation will be provided by the Remote Sensing
Facility. There will be a concluding session in Nairobi.
Applicants from appropriate agencies will be selected in the
same manner as for the natural resources -course above.

“General Notes:

(A) Background: All training coursesare intended to
provide insight into the application of remote sensing in
specialized professional areas. Participants are expected to
have a college degree in the appropriate application area and
several years of practical experience. Short Course participants
may be at the operational or managerial level. Extended course
participants are expected to be assigned to specific projects
with data collection or supervisory duties.

(B) Financial Arrangements: Training costs, training
materials, hotel accommodation and subsistence for the
participants are provided by AID through the Remote Sensing
Facility. Beginning in CY 1982 all travel to and from Nairobi
by the participants will be paid for by the participants or
their sponsoring agencies. Travel and per diem for Facility
staff int connection with the extended training courses will be
paid by the Facility but any local transport and other logistic

support for staff or participants is the responsibility of the
participating agencies.

(C) Applications: Persons interested in applying for the
geology or teaching materials course should submit their
applications to the Training Program Manager of the Facility
including present occupation and responsibilities, other Bio
data and certification by the employer that such training is
sanctioned and travel to Nairobi is approved. Details of
application for extended courses contained in(sepbels—and)
the Facility Newsletter.
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2 CONSULTANTS
Dr. A. Colvocoresses
Alden Warren

25 PARTICIPANTS

1 Botswana
1 Burundi
1 Ethiopia
9 Kenya
3 Sudan
4 Swaziland
3 Tanzania
3 Zambia

Participants
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CARTOGRAPHY SHORT CO
Nairobi, May 1979 .

— U.S. Geological Survey
— U.S. Geological Survey

.l ﬁporlmenlal map
producl 1:1,000,000
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Nairobi, May 1979

4 CONSULTANTS

Dr. P. Bock
Morris Deutsch
Dr. B. Haack
Wiillam Smith

University of Connecticut
U.S. Geological Survey
Ball State University
Spectral Data Corporation

17 PARTICIPANTS

1 Ethiopia
7 Kenya

3 Lesotho
2 Sudan

1 Swaziland
3 Tanzania

Fieldwork

Participants

HYDROLOGY SHORT COURSE

Landsat image 1:500,000




)] FOREST/RANGELAND SHORT COURSE
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\ ) i | Co-sponsored by KENYA RANGELAND
ECOLOGICAL MONITORING UNIT

4 CONSULTANTS

Or. D. Carneggle U.S. Geological Survey
Dr. H. Epp KREMU

Dr. M. Gwynne UNEP

Dr. J. Ulliman University of Idaho

22 PARTICIPANTS Participants
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1 Rwanda

1 Somalia
3 Sudan

1 Swaziland
3 Tanzania
1 Uganda

-
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CHvis| REGIONAL DATA RESOURCES

August 1980

LANDSAT IMAGERY
555 Scene locations

4000 Reference prints

6000 Analytical images

SKYLAB & AIRPHOTOS

400 Frames for training
and project work

MAP COVERAGE

National map collections
Aeronautical charts
Hydrograph:ic charts
Small scalz regional series

FUTURE DEVELOPMENT

Quarterly update of imagery
Map acquisition :
Additional color imagery
Computer enhancement collection

DATA USAGE

500 Enquiries processed
100 Orders placed




REQIONAL REMOTE SENSIN

G FACILITY, NAIROBI, KENYA, LANDSAT IMAGE, REPRODUCIBLES
HOLDINGS AS OF DECEMBER, 1981

Total per

Country Number of  Colour B+W U-band BW Browse file

Scene Transparencies Positive sets Multiband units (single band country
Locations ' Negative negative & print)
Botswana 39 121 75 1 587 T84
Burundi -U 13 15 Yy 11 43
Ethiopia 67 154 60 23 | 769 1006
Kenva 35 153 314 78 363 908
Lesqtho y 21 8 1 81 11k
Malagasy 41 68 - 1 198 267
Malawi 12 27 85 1 63 176
Mozambique 52 76 79 5 . 363 - 523
Rwanda Y 12 21 2 14 49
Somalia 4 62 32 37 433 564
Sudan 125 179 63 36 ' 3107 3385
Swaziland y " 6 2 40 52
Tanzania ug 151 220 43 " be3 877
Uganda 1l y7 85 12 55 199
Zambia u6 67 i 2 284 400
Zimbabwe 27 39 154 35 135 363
Indian Ocean

Islands 73 6 12 1 X 57 76
555 1203 1276 284 7023 0786

In addition to reproducible holdings

IRRIAIE I

well over 2000 Landsat prints are on file in every day use.

ANVTIZUAS 40 dVN 39ViNI 3UTIALVS TVINGRINIdAE



S| ANALYTICAL EQUIPMENT

4

includes:

Zoom transferscope

Multispectral color additive viewers
Densitometers

Parabolic (map-correcting) projector
Scale change equipment

Stereoscopic miscoscope

Planimeters

Full range of photographic equipment

ANVIZVMS 20 dYN JOVAI JLTIZLYVS TYANINIEEdE
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through August 1980

RENEWABLE RESOURCES

[1Vegetation/habitat mappingd 1

2 Agricultural development
O Surface water resources
O Desertification

GEOLOGY
] Geological mapping 6
1 Soil and land potential surveys 11

] Ground water exploration

ENGINEERING
[1Highway planning

0 Photo-based map production 11

3| % |IN THE REGION

UPPORT TO OVER 75 PROJECTS

e

Project locations




©|PROJECT WORK
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ROJECT

Landsat image

Exisling Survey of Kenya map sheel New map -

1:250,000
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Conducted by the University of
Nairobi, Kenya Forest
Department, Kenya Rangeland
Ecological Monitoring Unit and
RRSF

Landsat provided the data for the
Nandi-Kakamega Forest area

& KENYA FORE OJECT

o BY™ a2t e AR At Tan
AT ESS i R N R T R W S O N
YN - R LA :'»5-3 #7 0 aNG
OZe | i g At

e B9 '\I(; \
B Y g'f e
S .‘.4;‘,*_ .5 gz“ ..

ks
o)

.i
¥

Air photo showing change
within the North Nandi-lorest

r’J KAKAMEGA NANDL FOREST 1926




SELECTED LIST OF USERS ASSISTED BY AND/OR
.. RECIPIENTS OF IMAGERY FROM THE FACILITY.

USER
UNESCO

Rwanda Government

OXFAM

Department of Geology
University of Nairobi

Ecosystems Ltd, Nairobi

East African Power &
Lighting Company

British High Commission
and Government of
Mozambique

Norwegian Church Aid

City Services Corporation
USAID - REDSO

Clark University, USA.

H.P. Gauff Consulting
Engineers

Sudan Wildlife Conservation
Program

Department of Geology
University of Dar es Salaam
Ministry of Works, Power
and Communications -
Swaziland

Department of Conservation
and Extension, Zimbabwe
Tana River Development
Authority, Kenya

International Laboratory
for Research on Animal
Diseases

PROJECT

Hydro-geological Mapping
Dodoma, Tanzania

Kagera River Swamps Mapping

Water Availability in refugee
camps in the Horn of Africa

Ground Water Resources Survey
in Central Ethiopia

Soil Erosion Mapping
Shinyanga, Tanzania

Geothermal Energy Exploration
Rift Valley, Kenya.

Geological Survey Cabora Basa
Dam area, Mozambique.

South Sudan Water drilling

- project .

Petroleum Exploration Kenya
Coast

Zambezi middle dam environmental
impact.

Nyeri District, Kenya
development planning

Garissa -Garsen Road
Alignment Kenya

Boma Park Planning, Sudan.
Geologic Mapping, Dar es Salaam
District

Monitoring irrigated lands

Land use and land pressure
index mapping

Tana River integrated land
resources survey.

Insect Distribution survey
Kenya Coast.



USER

World Bank
International Livestock
Commission for Africa
UNEP-GEMS

Desert Locust Control
Organization

Makerere University
Uganda

Ministry of Environment
% Natural Resources,
Kenya.

New York Zoological
Society.

Western Sudan Agricultural
Research Project

Ministry of Agriculture
Botswana

Surveyor General of
Swaziland

Forestry Commission,
Zimbabwe

Government of Malawi

Surveyor General Office,
Zambia.

PROJECT

Agriculture project planning,

Western Somalia

Ecological mapping, South
Ethiopia )

Malagasy Forest Study
Ecological Mapping

Wetland mapping for Rice
Projects

Baringo Afforestation site
planning

Flood mapping in the Sudd, -
Sudan.

Soil and vegetation mapping
Reconnaissance soil survey.
Photomapping project

Forest Surveys

Flood Mapping

Cartographic Work

1;})
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Iimage reproduction services

Mosaic constiruction
ised enhancements and enlargements
ourses an

Special
Support for training C d technical assistance

On-the-job training
.“""- s T ke

Standard product 1:1 ,000,000

Specialised enhancemant




&) LANDSAT DATA CAN BE PROCESSED
x FOR SPECIAL PURPOSES

Wi
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Wet season 1: 1 000 000 Speclnllzad vagetation enhancomenl 1:250,000 Water detall 1:500,009
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MAPPING WITH LANDSAT DATA.

Because the Landsat satellite is in orbit at 930 km
above the earth it provides a view of the earth which'is
approximately equivalent to that of an oblique mercator
map projection. There are several detailed analyses of this
but, in general the Landsat data can be thought of as useful
picture maps. Computer processing of the data can make a
picture map fit any given map projection and at scales of
1:100,000 or smaller the fit is very good.

Experimental work done by the 17.S. Geological Survey
with satellite data has provided excellent photo-maps of

large areas such as the State of Florida, the Yemen Arab
Republic and others. The U.K. Directorate of Overseas

Surveys has published maps of Antarctica pased on Landsat data
and in co-operation with the Regional Centre for Services in
Surveying and Mapping and the Regioral Remote Sensing Facility
has recently produced an experimental 1:1000000 scale map

for the Tabora sheet (Tanzania) of the International Map of the
World.

In the Eastern African region the demand for maps for
use in development project work 1t consideratle. Many users
of the Regional Remote Sensing Facility find that the Landsat
data are sufficient to meet their maps needs and often Landsat
data provide additional information about geology, vegetation

or other natural resources.

The Remote Sensing Facility has undertaken a series of
experiments with Landsat data used in pndto—mapping work. In
addition to the 1:1000000 scale map prepared in collaboration
with the Directorate of Overseas Surveys, the Facility has
prepared a2 1:250,000 experimental sheet of South Horr.
This was done :n association with the Survey of Kenya. The
Mapping Centre is embarking on 2 program of photo-map work
supported by the newly acquired doppler positioning equipment
and in association with this the Facility is involved in
producing map corrected Landsat data.

This correction is done by the Environmental Research
Institute of Michigan which also produced a colour mosaic of
Landsat data for the Kingdom of Swaziland. The Swaziland
mosaic has been matched to existing Survey of Swaziland data
and experimental maps produced at 1:1,000,000 and 1:250,000
scale. Photographic work at the Facility has produced a
simulated natural colour product which seems to find ready
acceptance from cartographers.

The accompanying copy of the experimental 1:1,000,000
map of Swaziland (reduced from 1;250,000) gives an overall
impression of the value of Landsat data in a photo-map product.

At the 1:250,000 scale the map has been considered to be useful
for development work, as it illustrates many items more clearly
than a topographic map. However, the photo-map does not show
height very clearly and does not convey clearly the major place
names j communications networks and stream pattern. In the
1:1,000,000 reduction reproduced here, the type is far too

small because of the reduction from 1:250,000.

2.
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Overall the photomap product based on Landsat data
gives 2 good visual impression of the landforms and the major
natural regions of an area. Irrigation projects are particular-
1y visible on the Swaziland map and so too are major differences
in land-use. Forestry plantations are also well defined. Such
experimental photo-map products appear to offer a useful view
of an area and can pe used in conjuction with conventional
maps to address many questions about the distr.bution of
natural resources.

Continued collaboration between the Regional,Centre for
Services in Surveying and Mapping, the Surveyor-Gereral of
Swaziland and the Directorate of Overseas Surveys is expected
to result in the publication of a 1:250,000 scale map of
Swaziland in 1982. Other experimental work is proceeding for
areas in Uganda, Tanzania and Kenya. The Survey of Kenya is
negotiating with the Regional Centre for Services in Surveying
and Mapping to establish a programme of Landsat photo-mapping
in the North-East of Kenya. gimilar Landsat photo—mapping is
to be done in the Sudan under an agreement between the Defence
Mapping Agency and the Sudanese Government. For Inany purposes
the speed with which Landsat photo-maps _can pe produced

makes them valuable for large area development projects

especlally in the arid and semi-arid lands.






REMOTE SENSING

OF

NATURAL RESOURCES

IN

FASTERN AFRICA

GRASS FIRES IN

SERENGET! NATIONAL PARK

Managing Director, F

TANZANIA
b

Yy
Dr. Michael Norton-Griffiths
cosystems Ltd., Nairobi

formerly of the Serengeti Research Institute, Tanzania

Serengeti National Park, Tanzania, is
the home of perhaps the last truly vast
assemblage of wildlife anywhere in the
world. Some two million wildebeest,
accompanied by a quarter of a million
zebra, still make their timeless migration
in response to the patterns of rainfall
and the seasonal flushes of fresh green

grazing.
The lush open grasslands of the
Serengeti  Plains support the wilde-

beest, zebra and some millions gazelle all
through the rainy scason. Once the
Plains dry out, the wildebeest and zebra
move first to the west and then swing
north into Kenya. The gazelle feave the
Plains last, trekking slowly westwards
into the acacia woodlands in the west of
the Serengeti.

In addition to these threc million
migratory animals are at least half a
million residents, animals who occupy the
same general arca year round and who
make much smaller scasonal rmovements.
And it is these residents, rather than the
vast migratory herds, that provide the

P.O. BOX 18332 NAIROBI KENYA
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bulk of the food supply for the predators
of the Serengeti.

Grass fires play a subtle — but
all-pervading — role in the Serengeti eco-
system. On the one hand, grass fires burn
off old standing hay so that the next
rainfalls are immediately followed by a
flush of the tender, green grass favoured
by the migratory grazing herds. However,
the fires also inhibit the growth of woody
vegetation by burning the sensitive young
trees and bush back to ground level.

This dual role of fire — beneficial to
the grazers, potentially unbalancing to
the vegetation dynamics of the eco-
system, and detrimental to the food
supply of the browsing animals — has
been one of the major management pre-
occupations of Serengeti National Park
for the last decades. The subtle inter-
actions between grazers, browsers, fire
and  vegetation dynamics are now
becoming understood after considerable
long-term monitoring.

In the carly 1960s, the now dominant
wildcbeest were at very low numbers,

REGIONAL REMOTE SENSING FACILITY

trapped by sporadic outbreaks of rinder-
pest, Grass fires were widespread and ran
wild throughout the park, burning back
woody vegetation and converting wood-
lands to more open grassland habitats.
Rinderpest was cradicated in the carly
sixties by veterinary programmes among
the cattle population surrounding the
naticnal park. By the mid sixties the
wildebeest population (and those of
other rinderpest-susceptible species such
as buffalo) were erupting. In the decade
1960-1970, wildebeest increased four-
fold, from two hundred thcusand to
eight hundred thousand, and currently
number some two million, With this
eruption came a greatly increased grazing
pressure, to the extent that grass fires
effectively vanished from the ecosystem
by the mid 1970s — there was inadequate
grass left at the end of the growing season
to support widespread fires. By the mid
seventies the first evidence of an eruption
in the populations of browsing species
was cvident, Woodland regeneration was
widespread, and woodlands were once



March — mid wet season

In this Landsat view of the area around
the south-western part of Serengeti
National Park all vegetation components
show a strong response to the wet season
rainfall. The deeper red areas are the
acacia woodlands, the lighter areas the
heavily grazed grasslands of the western
Serengeti Plains.

Landsat scene No, 2150307013
5 March 1979

June — early dry season

This portion of a Landsat scene shows ex-
tensive burning in the south-western
woodlands of the Maswa Game Reserve,
which abuts the Serengeti National Park,
an arca little utilized by grazing wildlife.
Small fires are evident in the central and
northern parts of the sub-scene. These
are fires lit by the national park staff to
create a mosaic of burned and unburned
areas, thus preventing the spread of hot,
damaging wildfires later in the dry scason,

Landsat scene No, 2153-07173
24 June 1975

e

July — mid dry season

In this view the portion of the Landsat
scene shows where extensive fires have
swept through the woudlands of the park.
The unburned areas to the east and north
are the heavily grazed grasslands — there
is inadequate grass remaining to support
firc. In contrast, the western boundary of
the burned areas corresponds exactly to
the boundary of the park and the Maswa
Game Reserve. West of this boundary the
density of small-holder settlement and
domestic stock preclude burning.

Landsat scene No. 137307233
31 July 1973

more recolonizing their former areas.

The continuous monitoring of the
extensiveness and impact of fires on the
woodland-grassland dynamics in Serengeti
National Park is of fundamental impor-
tance to the management of the park —
not only to predict the outcome of
contemporary trends but also to devise
and refine management policies.

Landsat images play a vital role in this
long-term monitoring, for they clearly
show the seasonal pattern of fires and
their extensiveness throughout the park.
Furthermore, historical series of Landsat
jmages show the frequency with which

the different vegetation components are
burned.

The three sub-scenes of the south-
western part of Serengeti National Park
reproduced to the right show how
effective Landsat imagery is in providing
this information in a highly cost<ffective
manner. The three sub-scencs demon-
strate the seasonal patterns of grass fires
in this part of the Serengeti, even though
they have been drawn from different
years, Using such information it is
possible to proauce maps of the extent
of fires each year and to note the
Jocations of the forest fires. Such in-

formation, apart from providing basic
knowledge, also assists in the planning of
fieldwork and ground or lightaircraft
survey. Because Landsat data provide
information on a large area at a specific
time they are ideally suited to the
management of extensive parks such as
the Serengeti.

REGIONAL REMOTE /7S
SENSING FACILITY !
NAIROBI KENYA

P.O. Box 18332 Phone: 556400 ext 203

P



REMOTE SENSING

OF

NATURAL RESOURCES

IN

EASTERN AFRICA

FORESTRY

RESOURCES
b

Y
Dr. Allan Falconer and Dr. Barry Haack

_ANDSAT DATA FOR FORESTRY

Since the launch of Landsat 1 in july
1972 satellite images have been gathered
showing natural resources of the carth’s
surface. An outline of the satellite pro-
gramme is given on the back of this leaf-
fet. The satellite images show consider-
able detail about the locacon and extent
of farest cover in the East African region.
The examples described below provide an
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indication of the direct uses that can be
made of the Lanusat data for forestry
purposes. {n the examples below the
Kenyan case illustrates the change in
forest as a result of increased demands for
more agricultural land and forest pro-
ducts. The Tanzanian example shows the
progress of a development project utili-
zing the forest resource and the Swazi-
land example shows how the satellite
images reveal the changes occurring in a

managed plantation situation.

Other issues of sateflite images for
forestry purposes include the mapping
of riverine and coastal forests and the
delineation of natural forest with some
discrimination  between major  forest
types. Thus satellite data .re capable of
providing information about the extent
and nature of forest cover for a resource
inventory project as well as showing
changes over time.


http:loca,.on

KENYA

In 1980 KREMU (Kenya Rangeland
Ecological Monitoring Unit), a division
of the Ministry of Environment and
Matural  Rcsources, Government of
Kenya, undertook a review of the
forested arca of the whole country, This
nationwide survey was intended to pro-
duce a complete inventory of existing
forests, to assess the depletion of indi-
genous forest and to establish base data
for monitoring future charges. The
results of this study showed that the
standing forest was now less than the
forested area d~termincd by the previous
survey. In some cases individual forest
stands had been reduced by miore than
half. The example opposite shows change
in the Kakamega-Nandi Forest as visible
on Landsat images. The scenc on the left
shows the forested area in dark red tones

on 1 February 1973 (Landsat scene No.
1193-07232) and the scene on the right
shows the same area on 16 May 1979
(Landsat scene  No, 21485-06595).
Some arcas on the 1973 scene had
been completely removed by 1979, The
scale of the images is 1:500,000 so cach
image shows an arca of approximately
50 x 52 km. The survey based its initial
work on the use of satellite images;
where cloud cover obscured the scene
aircraft data were used. Ficld checking of
areas using light aircraft was also a feature
of the survey. The value of the satellite
images was that they significantly
reduced the time taken to complete the
work as well as provided a permanent
record of forest areas at given times, The
regional scale of the satellite images made
them casy to utilize for such large-area

inventories, and the detail they contain is
sufficient for precise field checking.

The information above was extracted
from reports by R, Doute, N, Ochanga
and H. Epp of KREMU, which under-
took this work in association with the
Regional Remote Sensing Facility. Per-
mission .0 refer to this work, given by
M.. David Andere, manager of the
KREMU project, is gratefully acknow-
ledged.

TANZANIA

Changes in vegetation patterns in arcas
of smaller trees and bushland also show
clearly in satellite images. The centre pair
of images shows part of a scene with this
type of vegetative cover south of Tabora
in western Tanzania. The image on the
left is from 19 August 1973 (Landsat
scene No, 1392-07295) and on the right
from 25 june 1975 (scene No. 2154-
07190). These images, at a scale of

1:500,000, arc approximately 50 kilo- -

metres along cach side. They document
variations in climatic/moisture conditions
and also extensive changes in land cover
brought about by man's activities,

The August image has a lesser amount
of red tones which would occur from
green vegetation. This lack of red tones
indicates relatively dry conditions. The
various dark tones are fire scars in various

levels of regeneration, The small scattered
light tones south-west of the image centre
are probably settiement patterns, There is
no evidence in this scene of active land
management practices; however, drainage
patterns are very cvident,

The June image records a time of
wetter conditions, indicated by the ex-
tensive red tones: green vegetation, Some
small hurned areas can be seen in the
nortin and east portions of this scene as
can the drainage patterns, The small light-
toned settlement arcas are more visible
because of their contrast with the red
tones and appear to have expanded. The
most obvious change is lincar systematic
cutting of brush over some 400 square
kilometres in the south-west,

The changes in vegetation conditions
both due to moisture variations and due

to activities removing vegetation are very
obvious on these images. The repetitive
and large-area views from Landsat can be
very useful to planners and administrators
in identifying arcas for development
projects and by providing a permanent
record of progress which is also useful for
monitoring the impact of the projezts,

SWAZILLAND

The forest industry of Swaziland
serves a major export market., Timber
products come from extensive plan-
tations which have been developed since
1950. A total of 120,000 hectares of
forest lands including natural forest and
plantation areas is devoted to the forest
industry (6.9 per cent of the country). In
1979 a questionnaire survey indicated
that 99,573 hectares of forest existed in
plantations and a 1979 study based on
Landsat images alone shows a total of
110,388 hectares of plantation forest.
The discrepancy between these figures is
of the order of 10 per cent, an acceptable
variation between these data sources,

On the facing page the bottom two
images show the Pigg's Peak Plantation in
north-western Swaziland. Each image is
approximately 50 x 52 km, The image on

the left was collected on 8 September
1972, the image on the right on 19 June
1979. The changes in this seven-ycar
period are clearly visible., Because the
plantations are managed and trees
harvested by clear felling of individual
stands the cieared areas are casily seen on
satellite images. The forests show in red
tones and the cleared or newly planted
areas in blue-green tones. For pine forest
this occurs on a 20-30 year cycle and for
eucalyptus forest a 10-20 year cycle. The
newly planted trees do not cover much of
the ground arca and so may appear in
blue-green tores on the satellite images.
Howe rowth proceeds the tree
cover ine. +< the arcas show change
from blue-grce. to red colours in the
images. This change is visible in the pair
of images opposite.

The images presented here show that
monitoring of plantation programmes can
casily be done using satellite data. Esti-
mates of cut area are readily obtained,
and in managed plantations where stands
are of uniform age, the arca may be
related directly to volume. Thus pro-
ductivity of plantations may be
estimated. In 1979, 900,000 cubic metres
of roundwood were harvested, the pine
being used for pulpwood and saw logs,
the cucalyptus for mining timbers, pulp-
wood and poles.
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LANDSAT DATA FOR FORESTRY
IN EASTERN AFRICA

Recent  studies indicate that the
world’s forests are being depleted at the
rate of 20 million hectares each year.
Much of this loss is in the tropical region
and in Africa projections of currentrates
of forest cutting indicate that 40 per cent
of the present forest cover will disappear
by the year 2000. The demand for
additional land for food production
accounts for a substantial loss of forest
each year. This demand is usually regu-
jated and documented in agricultural
development  projects. However, a
growing demand for fuelwood for
burning as firewood or for conversion to
charcoal is less casy to regulate and
monitor.

The costs and the logistical support for
monitoring this informal cutting of fuel-
wood by on-the-ground jnspection are
prohibitive, However, acrial surveys can
produce the necessary information in
reliable form. It is frustrating to finance
acrial surveys of large arcas over which no
substantial change has taken place. Thus
the uce of Landsat data can give a very
effcctive overview of major changes in
forest cover. On the basis of such an
overview, sciected survey flights can be
planned to produce the necessary detail
for arcas of significant  change.
Supporting light-aircraft obscrvation or
ground survey can then be directed to
areas of change and the cost effectiveness
of such work greatly increased.

For most countrics in the Eastrrn
Africa region the nced 10 assess present
forest cover can be casily met t.sing
Landsat data in a photo-print form.
Comparisons between Landsat scenes
of different dates reveal information
about changes in forest area and about
progress of regrowth in plantations. An
overall view of the forest resourcc can be
rapidly and cheaply obtainec in this way.

Experimental work in various western
countries using computer analysis of
satellite data is producing interesting
results. Such work can indicate age or
specics differences between certain types
of forest cr.er and zan be used 10 assess
forest resources over large arcas. This
produces statistics that can be more
accurate than those derived from the
visual inspection of photo prints. For
many purposes, it is more cost effective
to provide photographic prints to existing
staff, who can then relate these to
survey photography and ground data.
individual national programmes in Africa
are in most cases concerned with small
numbers of satellite scencs and at the
present time most needs can be met from
photographic processing of the satellite
data.

Many items of importance to foresters
are also visible on satellite images. Such
things as geological structures, some soil
types and the major terrain units can be
rapidly napped from Landsat images.
Thus afforestation projects or rapid
mapping of areas for forestry develop-
ment can be assisted with such infor-
mation. Using the satellite images as a
base for planning soil surveys, terrain
mapping and field deployment, including

the planning of survey flights, can be a
most  effective  lnw-cost strategy  in
development.

In summary, Landsat data provide a
picture map of forest resources. This is
a low-cost large-arca picture which can
form the basis of country-wide [lorest
mapping. Such mapping can be achicved
rapidly and with acceptable accuracy but
is limited by cloud cover, especially in
coastal regions, Becausc the satellite
remains in orbit, pictures are taken in a
time sequence. Therefore comparison
between pictures can show change. In
addition the satcllite data indicate the
vigour of vegetation growth and can be
valuable indicators of disease Of sLress in
forest growth. Fire damage can also be
casily mapped over large areas.

THE LANDSAT SYSTEM

The satellites in the Landsat series
orbit the carth atan altitude of approxi-
mately 930 km. From this altitude the
satellites view 2 swath of the carth's
surface 185 km wide. Each day the
satellite makes 14 orbits of the carth, and
on the 18th day the orbit pattern repreats.
Therefore, every 18 days Landsat views
the entire carth's surface between 810N
and 819S. The systems on board the
satellites do not penetrate clouds. Most
places are cloud free on two or more
occasions each year ard since the launch
of the first Landsat satellite in 1972 the
whole of the Eastern African region has
been viewed by the satellite on at least
two cloud-free occasions. The overall
average of cloud-free images per area is
SIX.

The images gathered by the satellite
are made up of individual measurements
of reflected energy for 0.4 hectare areas
of the carth’s surface. These measure-
ments are gathered row by row in a
scanning system and transmitted to earth
where they are received at ground
stations, recorded and then reassembled
1o make “pictures’’ of the carth’s surface.
A standard Landsat image views approxi-
mately 35,000 sq km of the surface of
the carth, The measurements collected to
make these images are taken in four parts
of the electromagnetic spectrum and are
measurements  of green-yellow light
referred to as band 4), orange-red light
band 5), invisible infra-red energy (band
6), and a further step in infra-red encrgy
{band 7). Precise definition of these
bands is as follows:

band 4 500-600 nanometres wavelength
band 5 600-700 nanometres wavelength
pand 6 700-800 nanometres wavelength
band 7 800-1100 nanometres wavelength

The measurements in the infra-red are
not measurements of heat but are
measures of reflected infra-red  energy.
Healthy vegetation is highty reflective in
these infra-red bands o information in
bands 6 and 7 indicates vegetation re-
sponse. If information from bands 4, 5
and 7 is used projecting band 4 in blue,
band 5 in green, and band 7 in red,
vegetation shows in red tones. This

combination of colours is referred to as
the standard false<olour composite and is
the combination used in the illustrations,

On board the Landsat satellites there
are other sensor systems; however, the
majority of the available data is of the
type described here.

REGIONAL REMOTE SENSING
FACILITY

Because of the value of remote sensing
data in natural resources studies and the
need for such studies in Africa, the
Regional Centre for Services in Surveying
and Mapping included a remote sensing
division in its plans. The Regionz| Centre,
set up under the auspices of the UN,
Economic Commission for Africa, is
designed to provide specialized services
in surveying and mapping under the
motto ‘'mapping for development'’. The
United States Agency for Internat.onal
Development  (AID) entered into an
agreement  with the Regional Centre,
which provides support for the remote
sensing division.

The Regional Remote Sensing Facility
is the remote sensing division of the
Mapping Centre, It provides advice,
services and support for users in the
Eastern Africa region. The Facility pro-
duces copies of satellite images from
an extensive library of photographic
transparencies and can create scaled en-
largements, map overlays and photo-
graphically enhanced images 1o mect user
requirements, There are charges based on
a cost-recovery policy for the photo-
graphic  products. The Facility also
provides a programme of subsidized
training courses in remote sensing and a
subsidized consultant service for investi-
gators wishing to utilize remote sensing
data. A limited amount of work is
also done on a co-operative basis with
natural resources projects in the region:

For further details write to:

Regional Remote Sensiug Facility
P.0. Box 18332

Nairobi, Kenya

Telephone: Nairobi 556400
Cables: LANDSAT NAIROBI

REGIONAL REMOTE /7
SENSING FACILITY |
NAIROBI KENYA G
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REMOTE SENSING AND
HYDROLOGY

Over large arcas of the earth the identi-
fication, evaluation and monitoring of
water resources are of vital importance.
Agricultural development, rangeland
management  and urban or regional
planning are dependent upon the avail-
ability of adequate water supplies. In
many cases these water supplics are a
function of the hydrology of alarge area.
The data from Landsat, providing vicws
of large areas on a repetitive basis, can be
yery important in the examination of
certain hydrologic features. Major hydro-
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logic applications are ground-water explo-
ration, flood monitoring, surface-water
inventory,  water quality analysis,
irrigation monitoring, the detection and
mapping of wetland areas, and the
mapping of some coastal features and
reefs.

important in many hydrologic appli-
cations is Landsat's ability to detect open
water. The principles of air photo inter-
pretation can be applied to the Landsat
images to delincate open water casily,
providing low-cost and rapid mapping
of floods, rivers and surfacc-water bodies.
In addition data from Landsat reveal
turbidity patterns in larger water bodies

AL REMOTE SENSING FACILITY

as well as floating vegetation and shallow
water arcas, Where water is in association
with vegetation, as in wetlands or
swamps, the Landsat data provide some
detail of the variation in the vegetation
and a ready means of mapping the
vegetated area. In other cases, arcas of
ground-watef secpage are revealed by the
presence of vegetation, and ground-water
movement may be inferred from the
patterns of geological structure and rock
type evident in the Landsat image.

The examples given here deal with
aquatic vegetation, characteristics  of
surface water in lakes, and flood damage
assessment.



MALAW!
LAKE CHILWA

The two portions of Landsat images
opposite are of Lake Chilwa in southern
Malawi. The image on the feft is from
8 October 1973 (scene 1442-07084) and
on the right from 11 August 1979 (scenc
21662-06523). These images are at a
scale of 1:500,000 and are about 50
kilometres on cach edge. Lake Chilwa is
a shallow lake from which a considerable
amount of fish are caught.

The interesting comparison between
these two images is the location of
chlorophyll-rich green vegetation in and
near the lake. Because of the method
of this Landsat data coilection and
processing, such vegetation appears as red
or pink. In the 1973 scene, much of the

lake has the red colouration indicative of
green vegetation which is probably an
algac bloom, In the 1979 scene, there is
no evidence of vegetation in the main
portion of the lake but considerable
evidence along the shoreline.
Interpretation  of these vegetation
patterns for Lake Chilwa requires an
understanding of the lake's ecology and
some fieldwork. The images are presented
here as examples of information obtain-
able with the synoptic view and repetitive
coverage of Landsat. In these images, the
vegetation patterns are recorded for the
entire lake, Repetitive Landsat scenes,
which can be gathered at 18-day and
possibly 9-day intervals {except for cloud

cover and receiving station availability)
would document the changing patterns of
vegetation in the lake. An examination
of seasonal imagery over ycars would
indicate the frequency and conditions of
large algac blooms such as the one
apparent in the 1973 scene. Such in-
formation assists an ecologist in deve-
foping plans for control or exploration of
the lake's resources.

TANZANIA
LAKE EYASI

The three images opposite illustrate
differing water levels and conditions as
scen from Landsat of the northern
portion of Lake Eyasi in Tanzania. These
images also include some clouds, Mount
Lemagent in the northeast, and the
Serengeti Plains in the northern portion
of the scenes. Drainage patterns into the
lake and an cscarpment to the west of
the lake are also quite apparent. These
images are from 31 January 1973 (scene
1192-07183), 23 June 1975 (scene 2152-
07064), and 29 June 1979 (scene 30481-
07061). Each scenc is a portion of a
Landsat scene, at a scale of 1:500,000,
and covers approximately 35 by 50 Kilo-
metres of the earth’s surface.

Lake Eyasi is an alkaline lake which
is frequently dry. These three images
show very different water conditions

within the lake. In 1973, the fake is full
of water, the water is quite clear, and in
many places reflectance from the iake
bottom can be seen, There is also some
aquatic vegetation {red tones). The ex-
tensive green vegetation (red tones) north
of the lake indicates wet climatic con-
ditions. The 1975 scene is very dry with
no surface water and little vegetation
north of the lake except at higher cle-
vations. The salt flats reflect very bright
tones. In the 1979 scene the lake is again
full of water but the water is quite turbid
and no bottom details are evident nor is

any aguatic vegetation visible. The water
current patterns can be identified. The
amount of green vegetation on the land
falls between the amounts shown in the
other two images.

The variations in Lake Eyasi evident in
these Landsat sccnes may be useful in
developing a programme for extracting
salt, evaluating animal and particularly
waterfow! habitat, or perhaps cxamining
alternatives for utilization of the surface
water.

SUDAN
WHITE NILE RIVER FLOOD

These images illustrate the utility of
Landsat for flood disaster assessment and
planning. The image on the left is from
7 November 1972 (scene 1107-07421)
and on the right from 14 August 1978
{scene 30162-07305). These portions of
full Landsat scenes, at a scale of
1:1,000,000, extend about 100 kilo-
metres on a side. The arca covered in this
scene is in the Sudan along the White Nile
south of Khartoum. Principal features in
these images besides the White Nile
include the light-toned desert arca in the
west with some extensive north-south
trending dunes south of the river, riparian
and agricultural vegetation along the
river, and the irrigated fields of the Gezira

agricultural scheme along the castern
portion of the scenes. This is an extensive
arca of irrigated cotton.

During July 1978, the arca received
370 mm of rain in two days, over twice
its 150 mm average annual precipitation.
The flat terrain and low permeability of
the heavy clay soil, together with the
irrigation water alrcady brought to the
fields just before the rains, created an
environment very prone to the flooding
evident in the 1978 image. The entire
Gezira arca was inaccessible for several
weeks after the flood, making damage
assessment and relief activities difficult.

fmages of previous floods, such as the
1978 scenc, can be very valuable in

preparing for future floods by identifying
those arcas most likely to be flooded,
weak points in canals or embankments,
and the best transport routes for reticf.
The flooded arcas that still have ponded
water are quite evident in the August
image, particularly in and near the sand
dunes to the South. In the irrigated arcas,
much of the flood was water that flowed
through breaches in the irrigation canals.
Areas without ponded water but with
saturated clay soils duc to the flood
appear as dark bluc tones.






LANDSAT DATA FOR HYDROLOGY
IN EASTERN AFRICA

in the Eastern Africa region Landsat
data provide an important source of in-
formation about water resources. The
repetitive coverage of Landsat is ideally
suited to provide seasonal images of
surface waters such as Lakes Chilwa
and Eyasi from which changes in the
arcal extent, presence of vegelation,
and degree of turbidity may be correlated
with contemporary or previous ficld
studies of actual conditions. Data derived
from the analyses of such images can
provide a rational basis for planning the

cconomic  utilizaticn {(salt or water
extraction and agriculture) aad en-
ginecring  development (roads and

airfields) of these hydrologic features.

Simple location of surface water can
be done very cffectively with Landsat,
Surface areas greater than five hectares
can be identified with 99 per cent
accuracy. Mapping of floods and water
courses or water body changes for map
updates can also be done very effectively.

Repetitive coverage of Landsat may
determine if a stream is in continuous of
intermittent flow. Landsat has proved
effective in providing data on stream net-
works for drainage maps in Lesotho,

It has provided reconnaissaince-level
data nceded for the development and
operation of large irrigation projects as
in Swaziland. Such data may also be used
for the design of major impoundment
structures and their impact car be Land-
sat monitored. Landsat data have in some
situations provided input 1o water-
demand and ground-water-flow models
for irrigation projects.

Landsat data are used to assess major
watershed characteristics that affect run-
off. 1t is possible in the semi-arid and
arid watersheds of East Africa to develop
information on runoff prediction based
on data from Landsat and available
meterological satetlites.

Meterological satellites also provide in-
formation on cloud cover, cloud type,
and cloud persistence, and information
on moisture which may be useful for
agricultural crop yield prediction.

Interpretation of a photographic print
of Landsat data also reveals features
associated with ground-water occurrence
such as landforms and landform patterns,
drainage characteristics, vegetation types
and associations, outcrop patterns, s0il
tones, lake patterns, and land-use or land-
cover  characteristics. Some detected
features directly imply the presence of
shallow sands and gravels; other features
indicate rock types or the presence of
folds and fractures. There is often a good
correlation between lincaments detected
on acrial photographs or satellite images
and the occurrence of ground water in
dense, fractured limestones. There is good
reason to believe that many lineaments
are related to ground-water occurrence in

other types of dense, fractured rocks.
Another application of Landsat can be
the delineation of zones of potential re-
charge for ground-water supplies. Deli-
neation nf such recharge zones could aid
in more efficient management of water
quantity and quality.

In one arca of the Sahel, no surface
drainage ways of any substance were
found on Landsat, indicating very porous
soils for that region. The absence of sur-
face drainage ways may Suggest the
presence of shallow aguifers which could
be developed for livestoch  watering
points for nomadic herds. The regional
distribution of existing watering points
may also be associated with regional
patterns  of geology revealed by the
Landsat data. Thus for the development
of regional hydrology plans Landsat data
can play a uscful ,ole, as in Tanzania
where satellite data have been used by the
Burcau for Resource Assessment and
Land Use Planning (BRALUP) in
compiling data for regional planning
purposes. International  agencies and
engineering consultants are using Landsat
data for regional planning, especially in
relation to water development.

THE LANDSAT SYSTEM

The satellites in the Landsat series
orbit the carth at an altitude of approxi-
mately 930 km. From this altitude the
satellites view a swath of the carth's
surface 185 km wide. Each day the
satellite makes 14 orbits of the earth, and
on the 18th day the orbit pattern repeats.
Therefore every 18 days Landsat views
the entire carth’s surface between 81°N
and 8105, The sensing systems on board
the satellites do not penetrate clouds.
Most places arc cloud free on two or
more occasions each year, and since the
jaunch of the first Landsat satellite in
1972 the whole of the Eastern African
region has been viewed by the satellite
on two or more cloud-frec occasions,
Overall there is an average of si» cloud-
frec images for cach area.

The images gathered by the satellite
are made up of individual measurements
of reflected encrgy for 0.4 hectare areas
of the carth's surface. These measure-
ments are gathered row by row in a
scanning system and transmitted to earth
where they are reccived at ground
stations, recorded and rcassembled to
make “‘pictures’ of the carth's surface.
Each of these pictures is referred to as a
Landsat image and cach standard image is
made up of 7,581,600 pixels {or picture
clements), cach 57 x 79 m. Each standard
jmage covers 34,225 sa km of the earth’s
surface. The measurements for each pixel
are taken in cach of four parts of the
electromagnetic spectrum. These are:
band 4 500-600 nanomectres wavelength

green-yellow light
band 5 600-700 nanometres wavelength
orange-red light

band 6 700-800 nanometres waveienygun
mostly invisible infra-red energy

band 7 800-1100 nanometres wavelength
invisible infra-red encrgy

The measurements in the infra-red are
not  measurcments of heat but are
measures of reflected infra-red encrgy.
Healthy vegetation reflects both band 6
and band 7 wavelengths, Water does not
reflect band 7 wavelensths. Therefore
definition of open water features is casily
achieved using band 7. Data from three
of the four bands can be used together
to create full colour images. The standard
false-colour composite shows band 4 in
blue, band 5 in green, and band 7 in red,
which gives full colour pictures that show
vegetation in red, clear water in dark
blue to black, and turbid water or very
shallow water in light blue-green colours.
It is this standard composite that is used
in all the examples given.

On board the Landsat satellites there
are other sensor systems; however, the
majority of the available data is of the
type described here,

REGIONAL REMOTE SENSING
FACILITY

Because of the value of remote sensing
data in natural resources studies and the
need for such studies in Africa, the
Regional Centre for Services in Surveying
and Mapping included a remote sensing
division in its plans. The Regional Centre,
set up under the auspices of the UN.
Economic Commission for Africa, is
designed to provide specialized services
in surveying and mapping under the
motto “‘mapping for development”. The
United States Agency for International
Development  (AID) entered into an
agreement  with the Regional Centre,
which provides support for the remote
sensing division.

The Regional Remotc Sensing Facility
is the remote sensing division of the
Mapping Centre. It provides advice,
services and support for uscrs in the
Eastern  Africa region. The Facility
produces copics of satelite images from
an extensive library of photographic
transparencies and can create scaled en-
largements, map overlays and photo-
graphically enhanced images 1o mect user
requiremeits. There are charges based on
a cost-recovery policy for the photo-
graphic  products. The Facility also
provides a programme of subsidized
training courses in remote sensing and a
subsidized consultant service for investi
gators wishing to utilize remote sensing
data. Work is also done ona co-operative
basis with natural resources projects in
the region.

REGIONAL REMOTE /<
SENSING FACILITY ' ,
NAIROB! KENYA &5
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GEOLOGICAL IN
SOUTHERN KERI

By Jean-Claude Rivereau, Ministry of Environment & Natural Resources for

UNESCO Regional Field Training Course in Mining Geology — Nairo

SO  CTTECTE

GED Tl Ay SKETTr MAR TS
REAID vALLET FROM LANDSAT DATA
e

This false colour print is an enlarge-
ment of part of Landsat Scenc 181/60 of
25 January 1976 over the southern
portion of the Kerio Valley in Rift Valley
Province of Kenya. it is at a scale of
1:125,000.

PHYSIOGRAPHY
The area can be divided into four

physiographic units, from west to east:

1 The castern edge of the Uasin Gishu
Plateau and its extension to the south
standing at an altitude between 2,400
and 2,700 metres. This is a region of
larze farms and plantations (cereals)
with some forest reserves such’ as the
Kaptagat and Metkei forests which
appear in a continuous deep red tone
on the picture.

2 The Eigeyo Escarpment face, a stecp
slope to the Kerio Valley, which lies
below 1,200 metres. The escarpment is
an arca of mixed agricultural and rem-
nants of indigenous forests.

3 The Kerio Valley proper, a subarid
area with poor thorn scrub utilized for
cattle grazing.

4 The Kamasian-Tugen Hills unit. Agri-
culture here is primarily maize produc-
tion in small farms with remnants of
indigenous forests on the slopes.

GEOLOGY

The Kerio Valley is an arm of the
Kenya Rift Valley system, separated from
the main valley by the Kamasian/Tugen
Hills horst, 1t is characterized by a major
fault running along its western flank
which is responsible for the Elgeyo
Escarpment (1,500 m) with a geological

downthrow that may exceed 1,000
metres  (see  below). One geological
peculiarity of the Kerio Valley is that this
major fault suddenly dies out only about
10 kilometres to the south where the
Metkei Platcau joins the Uasin Gishu
Plateau.

Lithology — the main formations en-
countered are:

_ The basement system, which consists
of metamorphosed sediments {horn-
blende and quarto-felspathic gneisses
and crystalline fimestones) and is
exposed at the foot of the Elgeyo
Escarpment.

— A series of volcanic or volcano-sedi-
mentary formations, which extend
from Miocene to Pleistocene in age
and include basalts (Sambury, Elgeyo),
phonolites {Uasin Gishu, Tinderet),
trachytes (Kabarnet), and inter-
calations of tuffs, silts and diatomites.

~ Quaternary deposits, alluvium and red
soils, which form the floor of the

valley.
Tectonics — the area is controlled by
roughly north-souh normal faulting

facing cast on the western side and west
on the eastern side of the valley. There is
a controversy about the magnitude of the
Elgeyo Escarpment fault system which
exceeds 1,000 metres if it assumed that
the Samburu basalts, which occur at
1,200 metres in the Kerio Valley, were
laid down on a plane surface of gnciss.
The basalts are presently at an altitude of
2,300 metres in the escarpment, Other
evidence suggests that the basaltic series
was progressively deposited when the
downwarping and faulting process was
already taking place, thus indicating that
the magnitude of the fault may be of
lesser extent.,

To the south and to the east, the area
is characterized by an uplift and down-
throw system of faults arranged ‘‘en
echelon”

Two 1:125,000 scale geological sheets
are available in this area, published by the
Mines and Geology Department of the
Ministry of Environment and Natural
Resources. One is by J. Walsh in 1960
and the other by P.H. Truckle in 1978.
There are considerable differences
between the two sheets in both strati-
graphy and tectonics, which illustrate the
difficulty of mapping in volcanic areas.

LANDSAT INTERPRETATION

The Landsat interpretation was carried
out on scene 181/60 of 25 January 1976
along with scene 182/60 of 16 May 1979
of the adjacent orbit. Together these
images permit a stercoscopic view of the
area because it is in the area where the
ofrbits overlap. Through texture and tone
analysis, the main physiographic and
related geologic units can be delineated.

This is the case for the Uasin-Gishu -

TERPRETATION OF THE
O VALLEY KENYA

bi September-November 1981

volcanic plateau and the Elgeyo Escarp-
ment where the basement rocks clearly
stand out with a peculiar lightcoloured
rough surface. The Quaternary sediments
composing he floor of the valley are also
easily recognized, appearing as a light-
to blueish-toned smooth surface, The
mottled pattern developed over the
Tugen Hills can also be identificd and dis-
criminated from the rest of the picture.

However, one could not expect to
differentiate in detail between the various
volcanic units because there is very little
lithologic difference between basalt and
phonolite and also because stratigraphy
in volcanic areas is usually very compli-
cated.

The various units interpreted from the
Landsat image are in reasonably good
agreement  with the geological maps,
although some discrepancy may occur on
the delineation of these units.

Unit A corresponds to the Quaternary
and Recent deposits of the

Kerio Valliey.

Unit B is the basement metamorphosed
series

Unit1 corrasponds to the Tinderet
volcanics

Unit 1" and 2 are related to the Uasin-
Gishu scries which ronsists of
phonolites, tuffs and basalts.
corresponds to the Kabarnet
trachytes. This unit has a
peculiar light-toned and flat
surface aspect, which might be
confused in places with the
C saternary deposits.

From the structural and tectonics
standpoint, the Landsat image provides
excellent data. The roughly north-south
network of normal faults can be readily
and accurately analysed, especially in the
southern and castern part of the image.
The interpretation gives a clearer defi-
nition of the fault pattern than is shown
in previous geological works. In particular
two new structural trends, north-east and
north-west in direction, clearly appear.
The north-east trend of faulting is parti-
cularly well expressed 10 the south of the
image (fluorspar mine valley and south)
with both vertical and horizontal offset.
It appears that it is along these faults the
rifting process dies out to the south,

In this small proportion of Landsat
data for the Kerio Valley the large fault
bordering the western wall of the valley
is not seen because it lies under the
Quaternary  sediments. When the full
Landsat frame s examined the fault
is well expressed by the wall of the
escarpment, which extends for more
than one hundred kilometres.

REGIONAL REMOTE
SENSING PFACILITY
NAIROB! KENYA

P.0. Box 18332 ' Phone: 556400 ext 207
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" THE NAIROBI REGION

1 Lake Naivasha — dark tones indicate clear water more than 5 m deep.
2 Forest on the southern slopes of the Aberdares including shadows on west-facing

slopes at 9.30 a.m.

3 Small-holder agriculture, each plot having a different mix of cultivated ground,
houses, trees, bananas, maize, coffee or other crops and showing different reflec.
tance characteristics giving a mottled pattern,

4 Tea plantations — bright red; the adjacent pink arcas to the south are the pastures

of dairy farms.

Clouds,

o~ Oy

Coffec plantations — red colour.
Sisal plantations — dull purple tones.

City of Nazirobi — blue tones indicate built-up areas with littie vegetation; the

industrial arca shows brightly because of the concrete and asbestos roofs and large
areas of paved factory yards,
9 Jomo Kenyatta Airport — runway can be identified, also terminal buildings and

access roads.

10

Vegetated hills around Machakos,

11 Patterns of green/blue in the dry plains arca are a function of the red soils and the
yellow/green acacia vegetation.

12
13
14
15
16

Olorgesaillic — old lake beds show bright tones.
Lake Magadi — a natural soda lake with reflecting crust of crystalline salts.

Open water in Lake Mag, di maintained by dredge mining of the crystalline soda,
Geological formations clearly visible because of tree cover {red).

Wheat and barley ficlds o.! the Mau Escarpment - the bright ficlds have straw or

stubble; dark ficlds indicate the stubble has been burnt or ploughed in,

17 Natural forest,
18
19

Clearing of forest for small-holder agriculture.
Large-scale wheat farming,

The two scenes making up this image are Landsat scenes 236706580, 24 January
1976, and 2368-07034, 25 January 1976, The scale of the image overleaf is approxi-

mately 1:500,000.

very little infra-red refiectance from this
and so very little red colour in the Rift
Valley area of the scene. Volcanic cones
in the Rift Valley can be identified,
especially Longonot and Susua. Lake
Naivasha {1) and Lake Magadi (13) are
quite different in their reflectance charac-
teristics, Lake Naivasha appearing black
because it is clear water which absorbs
the infra-red and much of the visible light
energy recorded by the satellite. Lake
Magadi appears white because it isa soda
lake and has a thick alkaline crust which
is light in colour and reflects the solar
encrgy giving a white appearance in the
image. Where the dredge keeps the crust
from forming the dark appcarance of
open water is present {14).

Small-holder farming gives a mottled
appearance on the image because of the
many varying types of ground cover on
the small holdings. Arcas of this at 3
show dark tones where there are morc

bare ficlds and trees. The high chloro-
phyll reflectance from small holdings
with young growing crops is visible as
brighter red tones at 18. Wheat and
barley fields at 16 show a variety of
tones, the bright fields being those with
straw and stubbie, the darker ones those
which have been burnt or ploughed.

The city of Nairobi has many features.
The industrial area shows the brightest
tone because it is composed of highly
reflective  surfaces—concrete, asbestos
roofing, etc., and has very little vege-
tation, it shows as bright blue. The
central city (8) is quite well vegetated and
shows as dark purple. The pink tones of
Uhuru Park are clearly divided from the
city centre by the straight line of Uhuru
highway. Jomo Kenyatta Airport runway,
terminal buildings (9} and access road can
be scen to the east of the city.

For further information write:
Regional Remote Sensing Facility
P.O. Box 18332

Nairobi, Kenya

Phone: 556400 ext 203

Cables: Landsat Nairobi

REGIONAL REMOTE
SENSING FACILITY
NAIROBI KENYA

A division of the Regional
Centre for Services in
Surveying and Mapping
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SATELLITE IMAGE OF

{Sedo,
LAKRE MANFARA -

The full colour scene of the Arusha
region was created from data
gathered by a scanning system
aboard the US. satellite Landsat 2.
Locational information is provided on
the annotated photo map above and
raora detailed explanations are given
in the {ollowing notes. Landsat 2 1s in
orbit at an altitude of 930 kilometres
above the surface of the earth. 1t
repeats its orbit pattern every 18 days
and adjacent orbit paths are travers:
ed on consecutive days so that the
colour scene overleaf is composed of
part of Landsat scene 236706582
gathered on 24 January 1976 and part
of scene 2368-07040 gathered on 25
January 1976. The data were col-
lected at 9.30 am. local solar time
each day.

The scanning system on board the
satellite gathers information which
oir eyes would see as green light and
iv pathers information which our eyes
would see as red light. Information
which our eyes cannot see, from the
reflected solar infra-red portion of the

ARUSHA 3,

spectrum, is also gathered. This is not
heat information but is solar infra-red

radiation which s reflected by
healthy, chlorophyli-nich vegetation
in the printed picture overleaf the
infra-red energy (which we cannot
see) is measured and pnnted i red
(brighter red indicates higher infra-red
reflectance). The cther information
from the visible part of the ~pectrum
is printed n blue and green (blue for
green light and green 1of red light)

This combination of coluurs wives
red tones for healthy chlorophy it h
vegetation, especially the vegetation
on the slopes of Kilimanjaro and on
the higher hills and mountains of the
region. The crops on the large farms
south of Moshi show this chlorophyll
reflectance (7} as do the marsh lands
(3) north of Amboseli National Park
(Kenya)

Areas of high reflectance appear
white These include clouds (2) which
have black shadows immediately to
the West and the snow caps O
Kilimanjaro — at Kibo peak (5) and

Mawenzi (6). Also showing white are
the unvegetated saline areas of Lake
Amboseli (4) and the crystalline soda
crust of Lake Natron (20). In all these
cases the brightness results from the
reflection of sunheht by white sur-
faces. Brightness vlsewhere in the im-
age ndicates a compact o sandy soil
with sparse vegetation cover Around
the shores of Lake Manyara and Lake
Magadi in Ngorongoro Crater there is
also a component of soda or salt ad-
ding to the brightness

Dark tones in the image indicate
open water in Lakes Manyara, and
£y asi and the lake in Embagai Crater

The southern end of Lake Natron
shows the dark appearance of open
water and so does the lake created on
the Ruvu River (south-east corner of
the image). Also appearing dark are
the lava plateau and moorlands of
the upper slopes of Kilimanjaro and

Mt. Meru.
The blue-green/grey tones of the
image indicate a lack of active

chlorophyll and are in general areas



THE ARUSHA REGION

1 Ol Doinyo Orok, Wooded hills by Namanga border post.

2 Clouds (note shadows to left).

3 Marshland with vigorous vegetation growth shown by the red tones of infra-
red reflectance.

4 Lake Amboseli depression with high reflectance from dry lake bed and salt
deposits

5 Kibo — snow-capped main peak of Kilimanjaro 19,340 (5,895 m)

6 Mawenzi — subsidiary peak of Kilimanjaro, small snow cap 16,900 {5,151 m).

7 Moshi town

8 Large-scale agriculture, coffee estates and other plantations

9 Kilimanjaro International Airport.

10 Small-holder agriculture. The individual plots have small amounts of different
crops, coffee, bananas, maize, and different areas of houses, other buildings,
etc., giving a mottled pattern

11 Cloud over Mt Meru

12 Arusha town. Note the clearly defined road at the northern edge of the town.

13 Engaruka Basin, a local drainage area giving bright reflection from the dry lake
bed. The lake is seasonal

14 Mottled pattern of small-holder agriculture, the dark tones being ploughed or
burnt fields after crop harvest

15 Crater Highlands, a volcanic complex with high elevations including craters
and with a dense woody vegetation as a consequence of higher rainfall and
volcanic soil. This is a product of the Rift Valley volcanic activity, several
major craters are clearly visible Note the pink tones of the grasslands in
Ngorongoro Crater

16 The eastern part of Olduvai George. famous for the excavations by Dr Leakey.

17 Extensive grazing area showing blue-red tones of grassland and the contrast
with the red tones of the higher, better-watered lands to the north and south

18 Ol Doinyo Longai volcano with lava field Note relative lack of vegetation
(blue-grey colours) and recent lava flows (1960s)

19 Hill area extends northwards to Loita Hills of Kenya Main geologic structures
are visible and altitude results in greater rainfall, hence the vegetation vigour
and more red colour

20 Soda crust of Lake Natron with patterns indicating ponding of rainwater on the
soda. The green areas are areas of recd algae which bloom in these soda-rich
waters.

The two scenes used to make this image are Landsat scene 2367-06582, 24
January 1976, and 2368-07040, 25 lanuary 1976 The scale of the image overleaf is
approximately 1:630,000 Colour separation, design and printing have been done
in Nairobt, Kenya from work done in the photo laboratory of the Regionail
Remote Sensing Facility using standard products from the EROS Data Center,
Sioux Falls, South Dakota, US A.

of acacia vegetation over volcanic
soils. The red-brown soils of the base-
ment rocks complex are shown as a
vellow-brown tone over the central
and northern part of the scene These
areas are generally rangelands and
the red tones indicate areas of better
plant growth along stream courses or
in local drainage basins Rising above
these arid plains are the numerous
volcanic peaks Mt Kilimanjaro is the
most spectacular and the Crater
Highlands, a volcanic n.ass which in-
cludes Ngorongoro. Olmoti and Em-
bagai craters, is the largest feature
showing bright red tones. The redness
results from the vegetation of these
hills, which have woody cover thriv-
ing on the volcanic soils and watered
by the mists and rains resulting from
the elevation of these areas
Ngorongoro Crater rim in the east is
over 7,000’ (2,130 m) in elevation, Em-
bagai more than 9,000° (2.750 m) Less
spectacular patterns can be seen for
Losiminguri Kitumbeine Hill, Gelai
Peak, Monduli, | _ngido and Ol

Doinyo Orok

In the north western corner of the
image are a series of hills, including
Loliondo Hill separated from
Ngorongoro by a lower-lving area ot
grasslands, which dare the beginnings
ot the plains leading to the Serengeti
area Olduvar Gorge s in this area,
just visible at 16

Between Ngorongoro and  Lake
Manyara the image shows a mottled
pattern of dark greens and reds, this s
an area of small-holder agnculture
Sinular patterns with more red can be
seen around Arusha and in the area
from the slopes of Mt Meru to the
southern slopes of Kilimanjaro

The towns of Arusha and Moshi can
be distinguished The road which
forms the northern edge of the main
built-up areas of Arusha being par-
ticularly clear Kiimanjaro Interna-
tional Airport (9) 1s visible on the
Sanya Plain

There is no major indication of the
Kenya-Tanzania border in the image,
but the border, through Namanga, is

indicated on the photo map above for
reference  Lake Natron to Lake
Manyara is a part of the East African
Rift Valley, less spectacularly defined
here than in the section immediately
to the north

For further informaiion write:
Regiona! Remote Sensing Facility
P.0. Box 18332

Nairobi, Kenya

Phone: 556400 ext 203

Cables: Landsat Nairobi

REGIONAL REMOTE /7S
SENSING FACILITY (\/?}
NAIROBI KENYA (%

A division of the Regional
Centre for Services in
Surveying and Mapping
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TEACHING

continued from page 1

shides explaining the basic principles
ot remote sensing and illustrating
particular features within their own
country or within the region at large
There was a one-day field tnp and
participants were able to take ground
photographs to illustrate the content
of the Landsat image of the Nairohs
area The participants provided
interesting applications of satellite
remote sensing to stud\ areas
including several examples of
geologieal structures, terrain on
different rock types and the geology!
geomorphology ot the Rt Valley
Other examples included the apphica-
tion of satelhte data to ecological
studies i the Ruwenzort National
Park, to studies of the water i the
lakes of eastern Uganda, and to
various forestry, rangeland and
regional geography studies

REMOTE SENSING FOR
TRANSPORTATION ENGINEERS

Discusstons between the UN
tcononuc Commussion tor Afnica
(ECA) and the Facility led to the
development of a course in remote
sensing for highway and raillway
engineers Consultants were Dr
Harold Rib of the U S Federal High-
way Administration and Mr Peter
Beaven and Mr Clifford Lawrance of
the British Transport and Road
Research Laboratory (TRREY The [CA
transport advisor, Mr Shiteraw
Bizuneh, provided coordination
among ECA, the Faaility and TRRIL

The course was opened by Mr M
Manuiakiza, Deputy Executive
Secretary of FCA who in his address
stressed the need for technology
transfer and the advantages to be
gained by using satellite data to plan
major transportation cornidors A
following address by Mr Shiteraw
described the potential value of
remote sensing 1n examining the
maor transcontinental highway routes
planned tor Atrica including the | agos -
Mombasa cornidor and the Caira-
Gaberone corndor

During the tirst week ot the course
Dr Rib provided lectures, dlustrations
and laboratory exercises which
showed how aircraft remote sensing
data could be effectively apphied at
all stages of highway development,
from planning, route selection and
design through to contract pricing,
acceptance of the fimished job and
maintenance surveys. The second
week included regional data studies
with Mr. Lawrance showing the value
of terrain of land systems maps for
major route corridor selection and

providing examples of Landsal data
used as a base for such maps, and
Mr Beaven dealing with data proces-
sing techniques leading to definition
cf sources for road-building materials
[here were two field excursions, one
to the Rift Valley to familianze parti-
cipants with the content of the local
landsat images. and the other to the
Thika area where road construction is
in progress The final week was
devoted to project preparation and
report presentations by the
participants

REMOTE SENSING AND MINERAL
EXPLORATION

The remote sensing and nuneral
exploration course was organized hy
the UNISCO-sponsored International
Geological Correlation Programme
with Doug Carter and Larry Rowan of
the US Geological Survey serving as
project co-leaders The workshop was
attended by 12 geologists from
African countries The Magads Soda
Company provided a tour of its
factory area and visits to the dredger
and the salt production unit, so the
participants were able to make a full
visit to Kenya's most productive
muneral deposit, Lake Magadi. A visit
to the gemstone area of the Taita
Hills was also arranged 11 conjunction
with staft members of the Kenyan
Department of Mmes and Geology
Mr R Okelo of that department fed
the trip which was through the area
where he had been involved in
commling the most recent geological
map Mr | C Rivereau of the Ministry
of Environment and Natural
Resources prepared an analysis of the
Landsat data for the area

SENIOR U.S. OFFICIALS VISIT
CENTRE

On 26 September the Centre and
facility hosted a delegation of senior
US government officials headed by
Dr Frank Press, Science and
Technology adviser to the President
Others included in the group were Dr
Richard Frank, Admmistrator of the
National Oceanographic and Atmos-
pheric Admimistration (NOAA), Dr
Rohert Frosch, Administrator of the
National Aeronautics and Space
Adnunmistration (NASA), and Dr
William Menard, Director of the U.S.
Geological Survey The group was
accompanted by Mr. William Harro,.,
U.S Ambassador to Kenya, Mr Ray
Love, Director of the USAID Regional
I conomic Development (iice for
Last Africa (REDSO/EA), and Mr Tom
Bebout, also of REDSOJEA.

The group heard a presentation by
the Centre and Facility staff on
present and planned activities in

remote sensing and cartography. This
was followed by a discussion of
problems and prospects for space
technology in Africa

As a result of this visit, NASA has
offered to loan to the Centre a
complete set of all data acquisitions
of Afnica by Landsat 1 and 2. This will
give the Centre and the Facility the
most comprehensive set of Landsat
imapery available anywhere in Africa

During their Atrica trip, Dr. Press
and his group also visited Senegal,
Nigena and Zimbabwe Discussions
concerning the application of space
and other technologies for Atrica with
local otficials were undertaken at all
these stops

AFRICAN REMOTE SENSING
COUNCIL SELECTS BAMAKO
HEADQUARTERS

Duning the Second Meeting of
Plenipotentiaries of the African
Remote Sensing Council held in Addis
Ababa, 11-15 August, the delegates
selected Bamako as the permanent
site for Council headquarters The
government of Mali had offered to
host the headquarters of the secre
tanat and provide various facilities

The meeting was attended by repre-
sentatives of 18 member states of the
Leonomic Commission for Africa
(ECA), of which 13 were signatories to
the constitution Representatives of
the United Nations specialized
agencies, donor countries and African
intergovernmental organizations and
mstitutions also attended the meeting.

This meeting was opened by Dt
Adebayo Adedeji, United Nations
Under-Secretary General and ECA
Executive Secretary. tn his opening
statement Dr Adedeji reviewed the
progress of the African Remote
Sensing Council {ARSC) since its
constitution was adopted in
September 1978 at a meeting in
Ouagadougou. Dr. Adedeji challenged
those countries that seem to be
adopting a “wait and see” attitude
betore giving the Council their full
support He said that it all govern-
ments acted in this manner regional
programmes such as this would never
get off the ground. Dr. Adedeji stres-
sed the fact that technology holds the
key to knowledge about African
resources and that progress in
resource exploration and development
1s the means of achieving economic
independence. He said that at the
present time the “industrialized
economies and their surrogates, the
transnational corporations, know more
about -our resource situation than our
governments do...”To achieve more
and effective sovereignty over our
natural resources we need to ensure



that the ARS programme is an out-
standing success.”

In other business, the Council
deferred consideration of the appomnt-
ment of a Secretary General until its
hurd meeting. In the meantime a
select committee was appointed to
<hortlist the applications already
received by the ad-interim secretanat
of the Council. The Council approved
a budget for ARSC for the 1981
financial year of US$231,420 1t was
agreed that the OAU scale of assess-
ment prior to the Monrovid summit
would be adopted for apportioning
member states’ contributions to the
budget of the Council. Two separate
accounts will be opened, one for the
Counit and the other for the ventres
sember states will be informed by
LCA of the contribution 1n respect of
each account. The Council also
adopted a model agreement eoncer
ning the housing of headquarters of
the regional remote sensing centres
based on a draft agreement developed
ior the Quagadougou Centre The
third meeting of ine Conference of
Plenipotentiaries of ARSC will be held
in Bamako, Mali, early in 1981

REGIONAL MANAGEMENT
COMMITTEES

The Counail meeting also provided
an opportumity for the delegates to
meet with their respective regional
management committees East African
delegates trom Kenva, Uganda, Mali
and Zambia met with the ECA
Seretariat to discuss procedures for
forming an bast and Southern African
Regional Management Committee It
was determined that since the
constitution of the Council already
provided for the establishment of
regional committees, an East and
Seuthern African Commuittee could be
constituted immediately. Kenya,
fanzama and Uganda, being the only
wignatories to the Council’s
constitution 0 thiy region, were
desgnated as the original committee
members The Director General of the
Regional Mapping Centre (host
organization to the Nairobt Remote
Sensing Facility) was designated
rapporteur far the committee He was
wnstructed, with the cooperation of
member delegations, to draft a plan
to coordinate the activities ot the
Remote Sensing Facility and the
Mapping Centre under the umbrelia
of the Management Committee.

The West African Regional
Management also convened a
meeting on 14 August. The committee
heard a report of the ad-interim
bureau which outlined its work since
the last meeting, reviewed the draft
headquarters agreement, which had

already been approved by the
Council, and received a regort on the
operation of the Ouagadougou
Centre.

USAID DEVELOPS NEW ENERGY
PROJECTS

The United States Agency tor Inter-
national DevelonT.ent (USAID) has
developed (wo new projects to help
AlD-assisted countnes improve therr
capabilities to explore tor, develop
and produce indigenous supphies of
conventional energy resources (pri-
marnly ol naturdl gas and coall une
«« a Conventional Energy Traning
project. which will provide energy
tellowships tor academic traiming in
US institutions, ndustnes and
research laboratornies Tramning will be
pumanly n science and engineenng
disciphines related to the exploration.
development and production of con-
ventional fuels tis expected that
.lpproxlmdtely one hundred applica-
tions will be accepted worldwide
during 1981 for a traiming penod of
up to two vedss

The second project, entitied
lechmical Assistance on Conventional
Energy Resource Identinication, will
provide technical assistance auned at
improving recipient countrnies” base of
information about geologlcal poten-
tal for indigenous conventional
energy resources and at improving
countries’ abuty 10 plan and manage
programmes tor exploration and
development of such resources 1he
technical assistance available will
include reviewing available data and
human resources, developing compre-
hensive energy plans. and gathenng
and analysing new data through
magnetic, gravity and remote sensing
surveys. Persons interested 10 partice-
pating in either of these projects
should contact their local USAID
missions for further information

These two projects will comple-
ment AlD’s existing Energy Manage-
ment Traiming Programme for
Developing Countries Since 1978 this
project has trained officials of 70
agencies from 40 countries worldwide
Additional applicauons tor the next
nineweek course which begins 1
September 1981 will be accepted
through 15 june Apphicants must
have a college degree in engineenng,
resourc ¢ planning, mathematics
science or a related area and must be
working 0 an energy-related teld The
course of instruction will include
energy In economic and sncial
development, energy systems analysss,
energy information systems, tech
nology assessment and special topics.
Further inforination and apphcation
forms may be obtained by wnting to:

Institute for Energy Research, SUNY,
Stony Brook, NY 11794, US.A.

Country Noles

BOTSWANA

Uses of remote sensing data in
Botswana include the regional soil
survey project of the ~ Laistry of
Agnculture, based 01 1500000 and
1.250,000 scale Landsat images tor
reconnaisance sonl mapping.
Geological maps of the Kalahari
region interpreted from Landsat data
have been published by the Geo-
logical Survey of Botswana Both Mr.
Godfrey Modukanele and Mr Jutta
Breyer have used remote sensing data
from Botswana to complete their
graduate degrees from the Inter-
national Traming Centre (I7¢Y in
Holland. Both are now teaching in the
Department of Environmental Studies,
University College oi Botswana. We
have also received trom the US.
Geological Survey a mosdic of the
entire Okavango Swamp area con
structed trom Landsat data and a
copy has been sent to Botswana.

ETHIOPIA

The Ethiopian Ministry of Agricul-
ture has undertaken a nationwide
survey of agricultural potential, using
Landsat data and supported by FAO
technical personnel. The Ethiopian
Road Authority has been using
{ andsat data for terran evaluation as
part of the route walection process tor
its highway development programme
A joint tthiopran-Kenyan pruject plan-
ning for the Omo-Turkana basin
development has been using Facility
equipment and imagery i its survey
work The increased actmity of the
Regional Centre for Services in
Surveying and Mapping has resulted
in greater contact with FCA head-
quarters, visits from LCA project
jn rsonnel have become frequent.

KENYA

Durning the year the Kenya govern-
ment has completed 1ts post-election
reorganization Remote Sensing is
now the respunsibibity o1 the
Ainistrv ot Environment and Natural
Resources

The Committee 00 Applications of
Satellite and Space Technology,
organized by the National Council tor
Science and Technology. 1€ nOw
chaired by Mr. | Ndoto, Permanent
secretary in the Ministry. Early 10 the
year this committee received a report
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from Dr. CK. Paul of USAID’s
Washington office. The repont,
requested by the Kenya government,
reviewed the development of remote
sensing in Kenva and the implications
of the regional policies suggested by
the newly formed African Remote
Sensing Council Dr. Paul recom-
mended a detailed study to determine
the feasibility of building a ground
receiving station in Kenya for earth
resources satellite data

The Kenya Rangeland Fcological
Momitoring Unit (KREMU) staff
members have been active users of
the Facibity durning the year and the
facihty s currently engaged in
producing data products for them
Two French remote sensing experts
are attached to the mimistry, Mr R
Douté and Mr | C Pavereau. Mr
Douté has been working with Mr
Nicholas Ochanda of KREMU and
the Department of Forestry on the
forest mapping project Mr. Rivereau
is conducting traimng courses and
programme reviews within the
Department of Mines and Geology.
he assisted with the geology workshop
held by the Facility in October, and
he 1s compiling a report for the
National Council for Science and
Technology about possible remote
sensing nstitutions at the national
and regional level

Other Kenya projects include
group ranch evaluation in southern
Kenvya, soils and grazing pressure
studies in Marsab:t District, and
further studies of nomads in
northern Kenya The Facility is also
assisting development planning in
the Isiolo area In response to
requests we have recently advised
the Tana River Development
Authority on the acquisition of an
extensive library of Landsat imagery
for its planming and evaluation
studies

Regional Remote Sensing Facllity
P O Box 18332
Nairobi, Kenya

MAURITIUS

While visiting Mauritius the
Director General of the Mapping
Centre was asked about the use of
remote sensing data to chart shoals
and reefs in ocean waters. The
Facility was able to produce a
demonstration image scaled to an
existing chart overlay at 1.121,000
and this was delivered to Mauritius.

TANZANIA

The Remote Sensing Newsletter of
Tanzania began publication with the
September 1980 issue. Its
appearance followed from a resolu-
tion at the April meeting of the
Tanzanian Remote Sensing Working
Party Implementation of the
resolution was by the Bureau for
Resource Assessment and Land Use
Planning (BRALUP), which is the
main agency for remote sensing in
Tanzania in the newsletter is
information about the Tanzanian
remote sensing programme coverage
of Tanzama by air photos and by
satellite imagery, a feature on future
satellites, details of training courses
held in Rome in May/June 1980 and
courses to be offered by various
agencies around the world up to
November 1981

UGANDA

Demand for data from Uganda
reached a significant level during
the year. This followed in part from
the information seminar given in
Kampala by Facility staff in March
A collection of data coverinyg the
whole of Uganda in black and white
band 5 has been sent to Kampala.
We are also providing data in
support of studies of the Ruwenzori
National Park, water weeds in the
Kyoga system, and geological map-
ping 1n the Gulu area Makerere

University staff have several
projects for teaching or research
purposes and we are providing data
to them.

ZAMBIA

The Surveyor of Zambia has
accompanied the Director of the
Mapping Centre on a series of visits
to East African countnies and has
expressed interest in Landsat data for
mapping projects in western Zambia.
We are pleased to note that Zambia
has signed the Mapping Centre
charter at the November meeting in
Addis Ababa and is now a full partici-
pating member of this regional organi-
zation. We look forward to working
mare closely with Zambia in the
coming year.

ZIMBABWE

The Facility Director visited
Zimbabwe in mid-September to
familiarize government officials with
the Landsat programme and Centre
and Facility activities prior to the visit
of Dr Frank Press and his group later
that month Subsequent activity has
included the preparation of detailed
enlargements of the Salisbury region
and a mosaic of the region to the
south and west of Salisbury in
response to requests from gove nment
agencies. These requests followed
from a visit in November by Mr. Ray
Love, the director of USAID’s regional
office. who took some Landsat images
to Zimbabwe. Various government
nfficers evaluated the images and
immediately requested additional
materials for use in their projects

ZAMBIA AND COMORO

continued from page !
leading toward the development of
joint centres for specialized services
in surveying and mapping from the
first U.N. Regional Cartographic
Conference for Africa in 1963 He
emphasized the need for African
countries to pool their resources in
order to receive access to the latest
mapping techhology. This technology.
he noted, is essential for the
development of the continent.

The highlight of the meeting of
plenipotentiaries was the signing of
the Centre’s documents by delegates
from Comoro and Zambia. The
Swaziland delegate announced that
his country had agreed in principle to
become a contracting party and that
detailed arrangements would be
worked out later. This meeting
concluded wit a slide presentation
by Mr Merrill Conitz, Director of the
Regional Remote Sensing Facility, on
remote sensing applications for Africa
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