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INTRODUCTION AND SUMMARY

In January of 1980 ERTS Zaire with the assistance
of the United States Agency for International Development
set out to demonstrate the feasibility and usefulness of
conducting multidisciplinary resources surveys using
LANDSAT deriv~d imagery as a data base,

The objective was to demonstrate that such surveys
can be useful to technology poor nations, The goal was
to produce resource maps showing agricultural (potential
and production) land use maps, deforestation maps, geologic
and mineral potential maps and also to show that these
surveys can be conducted by Zairian scientists,

The budget for this program was approximately Z95,000,00
Zaires, or $32,000,00 (U.S.) and about 24 man-months of time
from the ERTS scientific team as well as 10 man-months time
of AID provided consultants,

In spite of financial and other constraints, this work
was conclulded in 14 months; the total expenditures in Zaires
was approximately 2150,000,00 (or $50,000,00 U,S,) and ap-
proximately 18 man-months of AID provided consultants,

This project was a part of a larger Government of Zaire/
USAID effort to train and equip a group of Zairian scientists
and technicians to conduct such surveys, That effort lasted
26 months and was rfunded at a level of approximately
21,000,000,00, or $300,000,00 U,S, Dollars and $420,000,00
U.S. Dollars allocated for purchase of training materials
and equipment and the support of two cunsultants.

The enclosed reports demonstrate the work done in
North Shaba, particularly in support of the GOZ and AID
sponsored Morth Shaba Project, The reports clearly show
that such surveys can provide hard facts related to re-
source inventorying,

The following conclusions can be drawn from the report:

1, . Agricultural land use has increased in North Shaba since
1957, in some regions by as much as 300 percent (Manono,
1957-1980), in others by 120 percent (Kitengitengi, 1957-
1980).
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2, Deforestation does not pose as grea’ a danger as was
thought to be the case for the entire region of North
Shaba,

3. Most of the deforestation is concentrated around Nyunzu,

4, 1In other areas the deforestation rate is either manage-
able or has been less than 5 percent since 1957,

5. Most agricultural expansion has been into the savanna,
particularly the "savanna arbustive", but not into the
forest per se,

6. Crops were and can be inventoried and production esti-
mates can be reliably made using a "multi-level" sampling
approach in conjunction with LANDSAT imagery, '

7. Land use maps were produced,

8. Accurate though qualitative soils maps were produced,
9. lLand use potential maps were produced,

10, Improved geologic maps were produced,

11, Improved mineral maps were produced,

12, Exploration target maps were and can be produced,

13, Certain mineral showings were located by the ERTS team,

14, New models for ore genesis have been proposed on the
basis of the LANDSAT work,

15, A large variety of the socio-economic aspects become
apparent upon reading the report and together with the
hard facts present therein permit-resource planners to
improve their planning and decision making process,

It is the belief of those who were intimately involved
in this demonstration project that this was highly profit-
able and that it clearly demonstrated the usefulness of
LANDSAT imagery as a tool in resource inventories, planning
and national development, and that LANDSAT, in fact, has a
greater use and more potential benefits for technology and
information for poor nations than for those which have
greater resources available and consequently have a far
more diverse and elaborate data base,

2,
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INTRODUCTION,

Most officials concerned with food and agriculture

agree a food problem exists in Zaire,

In 1975 there were 135 nations in which corn was pro-
duced. whe highest national average yield was 7.2 metric tons per
hectar in New Zeland, in the United States it was about 5.& tons.

Yet there were 112 countries with national average yields of less

than 3.0 tons, 31 of them with less than 1.5 tons. Zaire ranks
slightly better at 1.9 tons, as reported by the Food and Agriculture
Organization of the United Nations. Some factors contributing to

the low production figures in Zaire are, as identified in North Shaba;
depletion and leaching of soils from years of continuois use; failure
.to control diseasec and pests; low productivity potential of local
corn varieties and the lack of needed nutrients such as nitrogen

from fertilizers.

The bulk of the food supply of Zaire is produced by
individtal farmers with small family-operated holdings. It seems ap-
parent that improvment of productivity will require thz introduction
of new high-yielding crop systems tailored to the various environ-
mental zones of Zaire. This must take in to consideration the ecolo-
gical facéors and combinations of soil, climate, biolcgical and eco-
nomic conditions of individual localities/zones, such as the area of
Projcct ivorth Shaba. Not only are new agricultural technigues needed
to improve yield, but other ingredients need to be considered. These
include infrastructure, roads and marketing systems, fertilizers,
pesticides, and the use of gualified agricultural extensionists.

All of these ingredients contribute to the development of the rural
econony, leading to increased family income, higher standard of living

and improved health and nutrition.

Agricultural systems in all parts of the world can be
characterized by their dominant crops. In every such case, however,

other crops are grown too, sometimes in close, complex asscciations

i1
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with the main crop or crops. Such is the case of agriculture in the
North Shaba region. The agricultural pattern which has emerged here
is in part the result of the dominant ecological factecrs and also
the result of economic and cultural factors of the local tribes in

this region.

For hundreds of years the people of Shaba have prac-
ticed traditional subsistence agriculture. Probably béginning as
hunters and gatherers and gradually moving up to sedertary farming
‘where there has been a long, slow evolution of numerous systems of
¢rop production. Traditional farming systems involve only man, his
secd and his land, with little use for, or the involvment of go-

vernment, industry or cooporation.

The farming system of Noxrth Shaba is traditional and
it will be difficult to encourage farmers to break with tradition
in order to try and improve yields. The peasants view their culture
to be finely tuned, as it is, to their current needs and way of
lite. This system -epresents an ecological steady state which may
continue indefinitely. Provided that the human population is held
within the capability of the system, the culture is as safe as any
system which can be devised. However, as population and demand is
increased, external inputs such as improved seed and *he use of

fertilizer are needed to help meet the new demands.

The emphasis on corn production in the Kongolo area
reflects not only the food value lut also the relative ease of
culture, harvest, transport and storage. The dominance of a certain
crop in a specific region, such as corn and manioc in North Shaba,
cormas about as a result of the integration of a number of factors.
"t crops are well adapted to the environment and give a high yield.
They also fit well into a plan of farm managemen* and have a rela-
tively low risk of failure. A market is available and it is possible

for these crops to serve as a basis for income.

It has been demonstrated that projects through the
government can take effective action to improve yield and production

if the will exists. As dewmonstrated in certain sectors of North-
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chala, many farmers will adopt new technoloyy given rcasonable
incentives wnu the owwortunity to do so. Key elements for campaigns
‘in increascd yicld are biological technoloov and inpfoved infras-
tructure to support rural development. Also the asscssment of risk
and return has much to do with the behavior of local farmers of the
\Shaba area. The rroblems are simplified when the farmer centers

his oyeration around a proved low-risk system. With a few crcps he
can acgiirce through experience and education a great deal of compe-
tence for dealing with the day to day adversities of weather, pests
and transportation. Risk factors however, can be modified through
technology. A successfull approach to this has been the introduction
of Kasai I. Through plant breeding the tolerence to wests, climate
and roor soil has been improved and in most cases yields increased
(a2 evidenced in the tables of results) and risk factors slightly

iovered.,

Although increased technology for the individual
farrer can increase yields, this is not to say that co go as far as
rechanized agriculture is the solution as some technicians advocate.
The use of machenry is very productive in terms of output per nan-
year, kut is not as productive per unit of land as the highly labor
.nitensive svstems are, and it is good arable land that is a limiting

Factor in the study area.

_ Bacause of the limit and value of highly productive
soils anu arable land, the government of Zaire identified a need for
irdenth maps showing soil, agriculture and potential, and general
land use of Shaba, it was decided by ERTS~Zaire to perform a demons-
tration agricultural inventory project of the area. The products of
this project will be multifold :

i, Demonstrate the usefullness of satellite, and acrial data for

land use inventories.

2. To train two representatives of ERTS-Zaire in the techniques of

field data acquisition.

[¥8)

- Produce a product usefull to the government of Zaire and project
Morth Shaba for indepth planning of agricultural stratigies and
management. '
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T'he problems of inventorying itinerant type agricul-
ture in the Kongolo arca are numerous. Itincrant or shifting agri-
culture is one of the lowest forms of human survival. This term
usually weans a nomadic type of existence. llowever, in the project
North shaba, ENS, area the main villages were found to be cradi-
tional and therefore have been occupied for many years. The primary
agricultural sites, for the most part, are also fixed and tradi-
tional. However temporary seasonal farming villages are erected near
the agricultural zones. Small agricultural plots will shift from
year to ycar within the main production zone. Therefore the agri-
cultural practices and patterns have all the characteristics of
itinerant form except the people do not move great cistances to

cultivate.

This type of agriculture poses a problem for high
altitude photo and satellite inventory methods. One example of the
problen. is that agricultural land is identified on imagery by pat-
tern and spcctral reflectance as differentiated from surrounding
surface covar. The vegetation on agricultural sites which have been
recently returnecd to forest/brush, frequently retain the same
aerial view characteristics such as field pattern and spectral re-
wonse. This makes it difficult to distinguish these areas from
nerghboriny crop sites. In addition, each individual plot is small
(.%=5 ha) and cifficult to inventory using satellite methods.

‘ov cver, location identification can b made because many individual
plots cozlese to make up a larger agricultural commune. The problem
arises ag to within the total tract of agriculture, which areas

arc in production which are fallow and what is the percentage of
area and yield of the crop types. Although each individual plot
canrot be counted, a series of parameters have been decveloped as

=¢ the nercertage of fallow land, crop land and crop types existing

in a=v «iven agricultural commune.

In the North Shaba region agricultural, land can be
found in either the savanna or forest biome. Savann@ agriculture
ce: usually be identified using satellite imagery but sites in the

forest location are difficult to distinguish. Usually some thinning
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n" the forest takes place to make way for croppina. This can usually
b2 identifiec. 'he problem is if this thinned area has or bas not been
j.ut into crop production, or has it just entered the fallow part of

tne crop calenuar.
Choosing _the project area :

In order to provide training in; field cdata collection,
resource inventorying and use of specialized equipment and techniques,
it was decided that the best means tc accomplish this goal was an

actual demonstration project.

The area of North Shaba, Kongole, was chosen as the

Rfoject area for a number of reasons, among them

- project North Shaba, located in Kongolo would be able to provide

WRTS logistical support;

- AID ancd the CO% have invested much time, effort and noney to study

and develojy: the area;

- North Shaba has been identified as having good potential in produc-

tion of agricultural products;
- Prograwm ERTS has sufficient Landsat coverage of the study area;
- Reports by PNS of heavy deforestation.

1Tha plan for project North Shaba (PNS) is aescribed in depth by va-
rious other sources available through the USAID office of food and .
agriculture in Kinshasa. Briefly, PNS is to introduce more productive
strains of mais, ie Kasai 1, to the area. Also PNS is concerned with |
the investigation into the applicability of modern farming methods,
the use of fertilizers and the use of agricultural ext..isionists
which hopefully will lead to increased yields. PNS is also working
to strengthen the infrastructure, marketing systens, and to make

current and future yield production predictions.

Description of study area

. A total of approximately 20.0002 miles (51,8002/km) has
been mappe¢ and agricultural land inventoried for the years 1957,
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1973 (PNS area only), 1920. This area consists of the following one

deoree square blocks @0 (See accompanying inuex map 2).

Table 1
BT - e
ELOCK ! POSITION
I
e e —
Xongolo 'S 5°00' - °00"
go ' 0 S 6°00 All
, £ 27°00" - 28°00"
- - i e - —— — ;
Myunz ! 5°00' - °00°
yunzu : S 0 S 6°00 West 1
B 28°00' - 28°30° 2
! T T
1 -- 1 Q [ | . ° '
Lubunda : S 5°00 S 6°00 ALl
, L 27°00' - 26°00"
e e et e e e e e, ;
Sentery ! S 5°22' around Sentery only
' 1 25°40¢
i
Yabal s 5°00" - °30°
abalo s 6%0 6°30" \ en L
, B 26°00' - 27°00°
— e e maee ——— e - en ;,.,. e ——————— .
ukus 1 g o (- o '
Lukuswa | S 6°00 6°30 North L
, L 27°00' - 28°00°
U, —— ......-;-_..‘.. — s e ]
T 1 3 -] | B o '
Luizj P 6°00 6°30 North West X
;L 28°00' - 28°30° 4

The area is defined as a rectangle starting at the Kivu~Shaba frontler
then scuth to approximately 60 miles south of Nyunzu, west to Sentery
and east to Niemba; The area is centered approximately at the con-
fluence of the Lualaba, Lukuya rivers. All »of project North Shaba

territory lies within this study area.

The area can be described as consisting mainly of
savanna with pockets of forests dispersed intermittently along streams
arc hill sides. Average elevation of the area is 2430' with hill tops
as hiah as 4300' in the eastern portion of block Kongolo.



South of the Lukuga and east of the Lualaba river, the
topogrepny can be best described as a highly disected plateau under-
lain by flat lying Sedirentary, 2 dendritic drainage pattern has de-
veloped which disected and eroded the Flatcauv to a rolling terrain.
llowever, some drainage is also controled by jointing. North of the
Lukuga the area is nore complex but can be described as a poorly
drained ancient ridge and valley province in which folded rocks are

overlain by sediments of various ages.

The geology of the western portion of the total study
aree, near fentery, is of lower Permian to upper Carboniferous age

comosed of sedimentary, continental sheet deposits.

The center portion of the study area is transected by
the Lualaba, Lukuga and Luvidjo rivers and has little vertical relief.
Through-out this basin area three rock types predominate : Pleisto-
cenc and Recent lacustrine and alluvial deposits. These dcposits
form a thin cover on and between metamorphic, Ruzizian and Kibaran
deposits. The alluvium is also composea primarily of gneiss and
schists trenaing in a NE to SW direction. An indepth geologic account

of the study area will be presented in a forthcoming paper.
Vegrtation.

The study area is largely composed of light wooded to
grassy savanna land dotted with islands of scrub forest (forét ar-
bustive) and fordt galerie along some of the streams. Following the
major rivers of the area one will find marsh in the low lands and
s mi~deciduous forest along the higher hill sides. There is very
little stevope except on the higher mountain peaks.

Dense forest is located in three distinct areas. One
forest axpanse ecast of Makutano covers approximately 62,500 hectars.
This by far is the most valuable forest stand of the area. Another
forest area beginning about 15 kilometers north west of Kongolo
¢evers roughly 36,250 hectars. This area is less dense than the
reserve near Makutano and is composed of more heterogenous scrub types.



Twenty-five km west of the town of Lukuga lies an expanse of appro-
xiwatelv 49,375 hcecectars of dense rorest, dry land, non deciduous

tywes ol noucrate to low ceconomic value.

Clipate.

Climate of the study area is well described in a numbe:
of sources, one of which being by Humpel, "Stratégies Agricoles pour
le Projet Nord Shaba". In addition to work presented by Humpel,
~iimatological data table for the Kibangula station (54°52' x 27°04°
- presented on the following page. This table was taken frow "Can
Frinative Farming be Modernised?" by F. Jurion. In addition to this
table, Cit. ktina references XKoppen in his report "Evaluation des
notentialités des terrains de la Sous-Région du Tanganyka" which is

paraphrased below.

There are basically four distinct climatic zones

rocognized in the study area

1. The climatic type AW3, tropical, humid, characterized in the area
north west of the Kongolo zone. The average temperature is 25°C
dnd the yearly rainfall varies between 1100 and 1300 mm. The dry
scason which lasts for three months begins in mid May and lasts

up to the month of Septenber.

2. The climatic type AWy, hot and humid, covers parts of the zones
of Kongolo, MNyunzu and Kabalo. The dry season lasts about four
months, mid May to mid-late September.

3. The climatic type AVig, hot and humid, is characteristic of the
arca south of the Moba zone. The annual rainfall varies between
90C and 1000 mm, most of which falls between the nonths of May

to the end of September.

4. "he climatic tyre CW, climate tempered by altitude, is characte-

ristic of the high plateaus and mountain tops of the study area.



Lable 2%. Rainfall for sellected stations of the study area.

STAITON FONTHLY RAINFALL (IN M) ' ANNUAL
e R i ' - e i et . N
ca v nialutalatats oty Up ! RAINFALL
T L e R R
LUSAKA  1113110311451106¢ 111 10! - ! 10! 91 35! 9011521 753
! | i 1 !

KONGOLO [144; u5.151) 92} 300 s! 10! 64} sctizitia0i213! 1113
HITMEA  110C1121145912060 91 8! 31 271 491102117511621 1067
! | ! | i ! ! 1 ! | | ! 1
KALENIE [191,151,170,232,139 1, 5, ‘1. 26, 55 151'166% 1250
KIALBI 1140111001981 L6! 17! 6! = 1 16! 321 671107:206! 944
N T A T T N T T

% Ref. EUTInA, 1979.
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Table 3°. Kibangula Station - L:S4°52'; 1.:E27°04'; Alt.:685m.
! 1 ] ] ] ] 1 1 ! T ! i ! !
TEMENTS 1 PERIODS ! JAN.! FER.!MARCH!APRIL! MRY ! JUNE! JULY! AULG.! SEP.! OCT.! NOV.! DEC.! YEAR
' ! ! ! ! ! ! ! ! ! ! ! ! !
Solar radiation : ! : : ! : ! ! ! ! ! ! !
[ ! ! ! t ! ! ! ! ! ! !
I 1 1954-1957 t 151 1 153 1 183 1 1€3 1 243 1 275 t 256 1 227 ! 184 1 177 Y 159 ! 149 ! 2340
Ir ! 195£4-1957 t 451t 511 551 60! 74 1 87 ¢t €0t 71t 59 1 54 1 49 U 44 ! €1
.. Ar temperature (°C) ! : : : L ! ! : ! ! ! ! !
i ! ! ! ! ! ! ! ! ! ! ! ! !
Ty 1 1954 -1957 1 28,71 29.7) 30.5% 30.51 31.31 31.9t 31.5: 31.4! 31.3! 29.7! 28.9! 28.8! 30.3
Tm ! 1954-1957 ! 1.5t 18.9: 19.11 18.9! 18.5! 16.7! 16.4} 17.3! 18.3¢ 18.2! 18.3! 18.5! 18.1
Ty ! 1954-1957 ! 23,7y 24,31 24,81 24,7 24,91 24,31 24,0! 24,3! 24.8! 23.9% 23.7! 23.7! 24.3
Ta 1 1954-1957 ! 33,21 34.3! 34.31 34.0! 33.8! 34.3! 34.3! 34.3! 35.8! 35,21 32.2! 32.6! 35.8
T4 ! 1954-1957 ! 15.0! 16.3! 16.2! 16.2¢ 14.6! 12.0! 11.6! 14.0! 15.4! 15.8! 15.8! 16.2! 11.6
Tmg 1 1934-1957 t 17.11 17.61 17.41 17.61 16.61 13.3! 12.3! 14.2! 15.5! 16.1} 16.6! 16.9! 15.9
Tag ! 1954-1957 ! 12.4! 13.2¢ 11.8! 12.4! 10.2! 8,0! 7.2¢ 9.,7! 10.9! 12.8! 10.6! 13.3! 7.2
i ! ! ! ! ! ! ! ! ! ! ! ! !
Rainfall (mm) ! ! ! ! ! ! ! ! ! ! ! ! !
P 1 1954-1957 1140.11160.21163.11167.21 60.11 1.7t 24.5! 41.2! 7.11141.91195.51212.,5!1395.1
; ! ! ! ! ! ! ! ! ! ! ! ! !
Evaporation (cc) ; : ; ; ! ; ' ; ! ! ! : l
Eva 1 B%E4-1957 ! 56,41 64.71 76.61 74.21108.31164.5!1156,91135.91114,3} 77.6! 59.3! 59.5!1150.6
Eve 1 1934-1957 ! 96.11112.21130.61122,.91176.71290.5!254,01209.6!1€0.1!131.1¢ 95.51105.5¢1907.¢
Atmospheric humidity ! ! : ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! !
eg 1 1954-1957 t 21,41 21,71 21,91 21,71 20.9! 17.7! 12,11 19.4) 20.8¢ 21.1}) 21,41 21.5¢ 20.6
1§ ! 1954-1957 1 25.7! 26.5¢ 25,91 26.0! 25,0 22,31 21,3! 22,41 23,51 24,11 24.5! 25.5!
€1s ! 1954-1957 1 10.71 12,8 13.5 14,21 17.7% 24,7 24.,3¢ 21.7! 16.7! 13,3t 10.5! 10.5! 16.1
! ! ! ! ! ! ! } ! ! ! ! ! ! |
« F. JLRATON




Key for "able 3 climatological data.

SOLAR RADTATION

L montnly and annual

hours of sunshine

1r monthly or annual sunshine as % of possible total from

7 to 17 hours.
AIR TEMPLERATURE
TM average nionthly or

'"m averadge monthly or

‘'v  average monthly or

annual daily maximum temperature
annual daily minimum temperature

annual of average daily teomperature

1/4 absolute maximum temperature

Ta absolute mininum temperature

Twmg average monthly or

annual daily ninimum temperature

Teg absolute minimum temperature

i ALL

total moirtlily rainfall in millimcters

SO ION

LV total nonthly evanoration in cubic centiweters uncer cover

vye total menthldy evaporatior, cexternal

AL SULHURIC HutdRITY

6 averace nonthly vapor pressure at 6AM, millibars

>l average nonthly vapor pressure at 6P, millibars

15 average nonthly saturation deficit at 3Pr, millibars.
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50ils.
The tojic of soils will be covered in a forthcoming paper

by Gabel. llowever, auring br. Gambels visit in Kinshasa bhe was able

tc cellaborate with the ERYS consultants. A soil potentiality map was

prepared by coubining field data gathered by the ERTS tean, (Feb,

mar:h 19&0) and Garbel (April, May 19€0). This map shows four classes

of soil potential for agricultural production. A copy of the map is

presented with this paper. (Map 6 ),
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PURPOSE .

As gtated previously, the roll of the consultants was
to conauct a Landsat demonstration project and to train LRI'S staff in
agricultu: a2l inventory methods. It was acternined that the nost effec-
tive training could be accomplished through the demonstration project
of the I'NS area. This approach has two obvious advantages : one is a
"hands-on" in the field training program for two Zairois'agricultu-
ralists, the cther is the procuction of a series of maps and data use-
fvll to the GOZ and PNS for future project planning and evaluation.

tntil mapping of agricultural d stribution in the Kongolo
bloe  egan, no cne ageney or individual had . reasonnable idea of
the r.mber of hectars in crop production, yield, location ana Ccrop
Typea. However, the Government of Zaire has an idea of crop production
in relation to tax collected in each zone. This is a poor basis on
whic. ¢ judge production because sone crops are locally consumed
«nd gome are roved'to higher value market areas. In addition not all

corn s narketeu through the Kongolo or Nyunzu centers.

In aadition to completing an agricultural inventory,
the ERTS staft was also interested in Investigating a report by Humpel
axd PNE of wide spread deforestation giQing way to agricultural pro-
duction. This has been investigated for the PNS& area using as a compa-
risor the ICZ/CSK aerial lYhotography dated 1957, Landsat imagery dated
1973 1976, any acrial reccnnalssance during field investigation,

Jan, o, March 1980,

Another purpose of the ERTS mission was the identifi-
cetl ' o areas which can be used to handle the expansion and intensi-
Tier - of crops. A final identification of the land lrotential is
presaet i in a map acconpanying this paper. Map #5 shows areac where
soils zr aandle wore intensive culture, and areas where traditional

pract ces should not be changed.
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PKLVIOUS WORK.

During the years 1977 to 1979, William Viigton of the

USDA, Statistical Research Division worked on a landuse classification
project for the Shaba region. The study area encomprassed an area of
505,000 square kilometers or eight Landsat scenes. Although the project
was never funded to the extent needed to do an adaguita job, Wigton
propcsed a stratigy for land use classification and attempted a pilot
project. An attempt was made Ly USDA to collect ground truth data but
¢’ <7 the unavailablity of flight fuel the Project never get off the
grovna. This Program advocated the use of conputer classification of

Landzat ilnagery.

There are two techniques in electronic data processing
Ior ~lassifying Landsat data, these are the supervised and unsupervised
ap, nvaches. After inventorying the Shaba region for agricultural land
use “t was determinnd by the consultants that an unsupervised classi-
ficot on will yield absolutely no useable information. A supervised
class:.{ication will at best give z 50 % (estimated) accuracy, by
following the apy.roach prescribed by USDA, These conclusions are ex-

plained.

In 1973, ERTS-Zaire collaborated with the World Bank for
computer sunport in Landsat data analysis. The Kalemie Scene, anong
others, was classified usinag the Pendix unsupervised system. Rosults
of this exercise were brought to Kongolo during the ERTS field trip,
196" . Classified data presented on the Bendix Scene was compared to
whe The team viewed on the ground and came to the conclusion that
thei'e was tittle or no correlation. For example, the area surrounding
Kalrmie, west of lake Tanganika was classified by Bendix as mixed
¢~ 'sland/savanna scrub. After flying over Kalemie one can see that
th¢ structural ba:‘n in which Kalemie lies is completly agricultural.
V:ereas the Dendix scene shows at most, 100 hectars of agriculture,
nostly along the coast. These 100 hectars, although not verified, pro-
bably represent bare rock areas. Based on EKIS 19:0 work the only
areas which seem to be classified correctly are water, clouds anc some

forest areas.
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In light of the gross inaccuracies descrebed above, it
is the opinion of the consvltants that an unsupervised conputer classi-
ficetion performed Ly uLSDLA will yielda little if any useable recults.
M supcrvised classification is also unadvisable for the following

recasons.

One Lanasat scene covers more that 32,000 square kilo-
neters. Within this arca there are many socio-economic groups each
having its own acricultural technique. Some peoples burn land in Sep-~-
tember to clear for agricultural purposes. Others burn in September
for hunting purposes. Also thtre is the octurance of firdé by natural
cavies. Therefore burns are really not a good clue to identifying
aqriculture, the computer would not he able te Gifferentiate the dif=

ference.

Also, one must realize that the more ground truth data
used as .nput, to "program" the computer, the more accurate the final
results will be. The investigator must determine how much ¢round data
i nececrd for input to achieve a certain accuracy level. Eecause agri-
cusiurai clots in the Shaba region are not homogeneous and are noto-
riously small, it is difficult to gather sufficient ground data for
the production of accurate, computer generated maps. To ground truth
as many »nlote as needed for an effective supervised computer classi-
fication would require nore time, effort and money than a more accurate
aerial survey. Therefore the whole object of a Landsat analysis is

lost.

USDA provnosed to conduct the computer analysis facet of
the nroject for 15,000 dollars. This would be approximately g 1900,00
per scene, on the basis of eight scenes. It is hard to believe that
sufficient computer time is being allocated for the integration of

field anc ancilary data to produce accurate agricultural land use maps.

A viable solution for the use of computers and landsat
data would ve to merge data from many sources. This includes a base
map of trails ana roads, village locations and approximate population,
aerial photography sampling data and operator interaction capability.

It is believed however that this approach would be very costly.
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lowever, irexpensive interactive systems such as the Ceneral Electric

Imace 100 sould be investiqgated.

In lieu of the use of electronic data processing, the
ERIS-Zaire statf chose to nerge many sources of data and to produce
agricultural land use maps through classic visval photo interpretation
methods. The technicue used will be explained in the methodology sec-

tion of this report.

In addition to the work described abbve, Cit. Etina (of

ERTS-%aire, 1979) who has worked with Wigton, USDA, went on to complete
a serxies of reports and maps of the Tanganika subregion. Some products
of this effort are mavs showing : '

“Soil potentials”

'S€oil resovrces"

"'Slope classes"

"Vegctation resources"
‘aps and final report were worked on by ETINA with the aid of South

Dakota Stete University, Brookings. Final report is titled "Evaluation

des potentialités des terrains de la Sous-Région du Tanganyka'".

The methodology described in the report seems to be
adequate to produce a good series of maps shrwing land use, surface
cover characteristics. liowever, the final maps leave something to be
decired for thcse reasons :

1. cale of the maps is 1:1,000,000 which is not usefull for planning

.woricuitural strategies.

2. Yaps make no reference to geographic points, such as towns, rivers,
latitude/longitude. This makes it difficult to find the exact area

which is being delimitecd.

3. Zoundaries of classes are too large znd to general. The maps do not

portray closely enough what the real surface cover is like.

4. plany of the soils are missclassified, according to Dr. Jack Gambel,

(1960) medologist for project North Shaba.
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5. Identification of vegetation resources are incorrect.

A selectea bibleograpny of other previous works is presented in
APPENDI>» "A" of this report.
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FEIHODOLOGY FOR DATA COLLECTION AND IMAGE ANALYSTS.

A3 stated freviously, remote sensing is a data gathering
tool. Theretore this report is not on attempt to make value judgements
on seed and crop types, cultivation practices etc. Most material and
evidence presentea will bo of a quantitative rather that qualitative
naturec.

The method and reasons for choosing Kongole, North Shaba
fcr a project areca have been described earlier. Following is a pro-
gram of the methodology for the mission preparation.

Landsat based maps for the study area have been produced
from a combination of Joint Operations Graphics charts (JOG charts)
ard Landsat imagery. Primary Landsat scenes usec for this investigation

axre as follows -

Date Scene center 1D _nuuber
04 Junc 76 :5°46" x T26°24" 30091-07413
29 June 72 SE°42' x n27°45" 1341~07474
09 July 738 55°46' x 127°50" 30126-072361

More current Landsat mSg data as well as RBV data dated June - Feb.
197¢-80 is on file at the UEGS, EPOS Data Center, Sioux Falls, South

“akouva. 'T.is imagery has been ordered and may arrive by August 1980.

Many sources of information and ancillary materials were

cathered nrior to denarture, among them

l., Lardsa: ricenes for nongolo, Lubunda, Lukushwa and Manono, for the
dates 1973 and 197t¢. These were in the form of 1:200,000 color
composite prints and black and white prints of bands 4, 5, 7
1: ,C00,000 scale color composite prints and black and white prints

of bands 4, 5, 7.

2. Join Crerations Graphics (JOG) charts for the entire North Shaba
area,
JOG cart numbered
 1501CGSE2501 through 16
1501¢5C3501 through &
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1wo copies of each chart were brought to Kongolo. These were paper

copies at a scale of 1:250,000.

In adaition transparent film copies were made and en-
larged to thr2 scale of 1:200,000 for nap numbers' :
1501GSE3501 - 16.

3.EIGZ/CSK acrial uvhotography dates 1957 was selected for the follo=-
wing grographic areas :
Konaolo E27°00' x S§5°22°
Tinra £27°05' x S5°05"

Mbulula E27°25' x S§5°24'
flabunda  E27°32' x S5°35'
Malwa E27°30' x $5°50"
Koswe 1227°46' x S5°34"
Piana L27°35' x S5°07!
Seqala £27°53' x $5°21°
Nyunzu L28°00"' x 85°58"
Kumwa E27°05' x 55°58"

4, 324 franes of color necative f£ilm

2¢0 “remes of color reversel (slide) film

. Miscellaneous e¢guipment consisting of 35mm cameras, field books,

office supplicvs, camping and survival gear.

Prior to departure from Kinshasa, a group of four Zairois
technicians, pakajika, Xazadi, Kazyumba and Etina along with theAtwo
ERTS consultents spent time making Landsat overlays for the identi-
fication and lccation of IGZ 1957 aerial photography. Landsat scenes
were analvzad and areas which warrented further field investigation
were r arked. IGY aerial photography was gathered for these areas. as
outlinec. in numker three, above. Along with the Landsat scenes, JOG
and air charts were consulted and used for planning indepth field and

aerial investigations.
Field tripbs for ground truth of agricultural sites were planned to :
Itbulula

Sola
401la
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tlakutano

Nyunzu

sentery

ant. other outlying areas.

There are certair areas on the Landsat scenes which were guestionable
as to identification. Areas in question were marked on maps and field
trips were planneu to verify them either on ground or by air. One
problen identifiec by the team was that the inmagerv was for June and
July or 1973 and 1978. At the time of planning we realized that the
date avd season of Landsat imagery were divergent from the season of
the ficlé trips. Landsat scenes were imaged during the dry season and
the ficld trip was made during the wet season. This makes it difficult
to ground truth because much of the surface characteristics have
changed not only from season to season but year to year. Areas which

during June were burns, now are over grown by elephant grass.

Upon arrival in Kongolo logistical support was analyzed
anc fielc trips iurther planned according to accessability and the
needs of PWi5., In addition to ground truth sampling, data in the form
of statistical tables was collected from PNS, at kongole and Nyuniu.

Projcct North Shawva iuentified the following areas which
warrented investigation for future agricultural development. This area
encompasses most of the %o block (85°00' to $5°30', K27°00' to E27°30')
which includes :

Kongolo

Mhulula

Sola

Zola

Lufutuka river valley

Northern Lukuga, Kabeya-Mayi to Bulamoyo

Londo.

In oxder to aid in the collection of data, project North
Shaba provided the ERTS mission with a Blazer and also 20 hours of air
time in the project plane (Cessna 206) . For vertical aerial photography

the plane was modified by taking out all the rear seats and fabricating
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a 60mm hole in the rear, bottom fuselage of the plane. The 206 was
thus made adecuate for both vertical and oblique aerial photography.

Aerial photo missions were flown for the following

areas. (See map # 4).

Sortie I.

Kongolo, north along the Lualaba river approximately
35 air miles from the airport. Photography started at the river.
As the plane flew in an easterly headi.g continuous black and white,
wvertical phetooraphy was taken using two 35mm cameras. Color oblique
photograph was taken rostly on southerly aspect. This continued to
the geographical point of S5°10' x E28°21', NE of Katanta,

At this point sortie I turned south for approximately
15 miles to Kashiege, then west. On the way back, black and white
vertical plhotography was taken of agricultural areas only. Color
oblique photos were taken both north and south. These photos focused

primarily on agricultural plots.

Flight altitude was approximately 8500'MSL which gives
a noriinal height 2AGL of 5800°'.

Sortie I ended at the Lualaba river 2 miles north of
ror~-lo. Aprroximately 150 black and white and 80 color photos were
taken.

Sortie IT.

This photo mission was flown at an altitude of approxi-
matcly 7000' MSL but varied according to cloud conditions over the
arvas of interest. This mission unlike the first one was flown in a
mean..ering pattern generally following roads and areas of agricul-

tw-a concentration.

The general areas covered are as follows : Kongolo, Keba,
along the road to Mbulula, north following the road to Makutano,
wes‘: along the road *o Sola, north to Kivu, Shaba boarder, south to
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Keba, NE road to %imbe, SE road to Mbulula, SE along Lufutuka river
valley and NW to Kongolo.

Over three hundred air miles were flown, 70 black and
white vertical ana 40 color obligue photos were taken of agricultural
areas,

Sortie III.

This mission traversed the areas of biocks Kongolo,
Nyunzu, Kalemie, Lukuswa and Luizi. Within the project area, locations
flown and photographical are : Mbulula east along the road to Londu,
along the railroad to Nyunzu, north following the road to Kabeya-Mayi,
then south west along the Lukuga to Kalkalo.

A total of 400 air miles were flown, however only 95
niles were within the Project North Shaba area. Approximately 95 ver-
ticasl and obligue, black and white prhotos were taken as well as 60
color oblique photographs,

Other miscelaneous flights were made by the consultants
on which photos and notes were taken regarding agriculture. These
flights covered Kongolo to Lubumbashi, Kabalo, lanono and Nyunzu. Many
photo: wera taken on these flights, and catalogued appropriately.
Aftcr the three photo missions were completed PHNE allowed LRTS access
to "ne photo lab. Lespite the hot and humid conditions, not condusive
to ¢ood photo reproduction, 500 framnes of black ancé white negatives
we - rrocessed. The type of film used was TRI-X Pan films. Developer
use: was microdol at a 1l:& dilution factor. § x 10 inch enlargments
werc 1a.e using Kodak, Polycontrast Rapid II RC paper. Prints were
devclund in Dektol at a 1:12 dilution solution. All negatives and

enlurgr ats were marked and indexed according to flight 1line,

After developwent of photos, ground identifications
were mode according to photo points identified. Fecause of time and
lo iz cal proklems, ground checks were made for sites near Kongolo

only .



Upon return to Kinshasa, further aerial data was col~-
lccted from IGZ. Rerial photography for the entire blocks of Kongolo,
Lubunca, Nyunzu, Kabalo, l.ukusgwa and Luizi was acuired and a detailed
crop inventory made by consultant Pessutti with the help of Cits
Bakajika and Musungayi. Although the date of this photography is 1957,
the information derived will be usefull in change detection, crop
type identification, hectarage tabulations and location of agricul=-
tural areas. 1957 data will also be usefull as a base on which to

begin mapping 19¢0 agricultural distribution using Landsat imagery.

The method used in extracting crop cata from aerial
photography is as follows. Elock Kongolo is made up of 22 flight lines
flown in a north-south dairection. thoto overlap is apwroximatly 60 %
and side lap varies generally from 5 - 15 %. Below are the flight
specifications of block Kongolo :

Date of photography June = July 1957
Camera Wwild RCha
Aviagon n° 30
_ 115 mm Focal length
Altitude MSL 5760 w

Altitude AGL (Avg) 46L0 n

Sca.v¢, © .prox. 1:40,000

Surfao. coverage 314,000 Km2

Becal :: o7 the 60 % overlap factor, every othcr photoyraph in each

flight line was analyzed. When an area of ayriculture was identified
a clear film acetate cverlay was placed over the photo and agricul-
tural areas outlined, The overlay was nwbered according to the photo
number. After ecach flight line was finished the hectarage of the crop
lands was detarmined. This was accomplished by using a precision dot
grid which was placed over the overlay and the hectarage within the
acricultural areas counted. kach dot represents a certain number of

hectar= accor:iing to the absolute scale of the photography.

Base maps of blocl: kKoncoulo have previsiously been pre-
pared on mylar overlays. The overlays were then registered to Landsat
scenes and plan rade to transfer photo detail. Each IGZ photo covers

an area of 7,2Km : 7,2Xm, depending on absolut: scale, At a scale
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of 1:200,000 (Lancdsat scile), each IGZ photo frame covers an area of
approximately 3.6 cm square,

Photo areas were identified on Landsat imagery with
little ditficulty. The apwroximate location c-~ agricultural areas was
transfered to the Landsat kased map in its relation to adjacent roads,
streans and most important agricultural relation to forest areas.

At the same tine as the crop lands were being plotted from the photo-
graphy, note was made as to areas which have been deforested since
1957 (which is the date of photography), as comparéd to the current
Landsat scene dated 1976,

The entire study area, consisting of more than six one
degree square blocks was donc in tliis manner. The final product of
this cxercise will yield & Landcoat based map at 1:200,000 scale sho-
wing -.rimary transportation network, major hydrography, villages and
1957 ig.--icultural distribution.

Tne next phase of work was to nap ayricultural lands
for 1£73 from Landsat scene x 1341-07474. The bage iy overlay pre-
viou@ly used to compile 1957 agricultural location wes laid over the
Landsat scene and another clean mylar shect overlaid on the base map.

Areas of 1973 crops were identified and plotted on the clean sheet.
P

1972 agriculuure

Mylar overlays - Basc map, 1937 ayriculture

Landsat scene 1973,

It could be thought that the use of the base wmap end previously compi-
led 1957 data may have tended to bias the dicision making process of
the interpreter, however, dve to the nature of Shaba agriculture it

was 1 virtually impossible tusk to map agriculture without the aid of
¥oal: . villages and agricultural center locations. The manner in which
L. supplemental cata helped is vo educate the interpreter as to the
pattern, and justaposition of agriciltural ficlas.

Mecisionsg as to newly interpreted fields from 1972 and 1972 Landsat
~hicce s ig bhased on previous Landsat interpretation experience. For
irstance, it was noted that wiring aerial reconnaissance there is

lit:zle or no agriculture far away frow the main rouwtes and places of

~1-24-



ha itation. (The only exception to this ié the agriculture of the
Fygm.e culture), Another key to interpfetation is that little agri-
culture of ccononic importarice is outside of certain soil districts.
The ground truthing during the field trip to Lorth Shaba has an
influence on the performance of the intcrpreter. Vithout supplemental
ground truth input, an agricultural inventory by manual or machine
processing would be pure conjecture and yield inaccuracies of more
than 60 %.

Methodology for percentage tabulations :

Thus far this report has covered the netholoyy for
mapping agricultural lands for 1957 and 1975, 7o map aceurataly the
agricustural distribution for 1979-L0 posed a somewhat more diffi-

c.lt problon.

As mentioned earlier, sanple verticle aerial photo-
graphy was taken ovcr areas of agricultural concentration. Scale of
photograshy was determined to be 1:5000 and one photograph (3" x5")

covars about 230 hectars.

Each photograph in the entire nLppling area was inter-
preted and noted for the following features
FI. This is described as temporairly frallow lanc where rno crop at time
oL photography can be identiticd. 2he land, however lias been worked,
s in good cultivative condition and reflects either that the plot
has just been secded; has recently been harvestied; or recently

clearad, burned and prepareu for cropping.

FII. This lanu is described as completly fallow. Plots are covered

by brush and land has been returned to natural succession. these areas
nave bceen denominated as agricultural, fallow 1I. Nevertheless many
Léths ‘rad roads intersect the area, giving it a symmetrical, orga-

nize . apocarence.
C. ftarncding corn aw various stages of ¢rowth,
“. wanioc at various stages of growth,

C. Other crops including peanuts, cotton, sesams, beans, vobacco,
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manioc and corn which has not maturued to a stage at which it can

be accuratly identifiea,

W. Those are areas that are not agricultural, such as villages, dense
forest, savanna not identified as being under cultivation, water

and mars4, and other lands not suitable.

Interpretation of the sampling photography was done by
placing a film overlay over the photograpiiy. Colored pencils were
used to indicate the above mentioned field surface types. A dot grid
was then used to determine hectarage, one dot equaling 0.156 hectars.
HHactarages and percentages were derived for the entire photo and
tabulated on the hack of tlie picture as follows : (See figures on

next page).

After a sampling flight line of photogrephy was inter-
preted and tabulated in the manner illustrated on the following pages,
t"ie resulting figures werc than applied to the total agricultural

comiwn2 as follows :

In agricultural commune near the sawpling photography
arca was lidentified on Landsat. This single zone nay have a total
area of 75 hectars. If the statistics generated from the photography
are applied to this 75 hectar zone the following percentages will

rIisult

. 2
Mype rercent* 3 votal Hectagg*
Manioc 13,25 %  75%ha 8.94
Coin 2.0 x 75ha 2.1

®xi Yhese {igures will vary from flight line to flight and are applied
<O 1 arest neighbor agricultural zones identified from Landsat.

%2 These Iioures represent the amount of hectars of corn and manioc
e¥xpected with in the totul acricultural zone or 75 hectars.
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rheo map.

Interpretation example of preceeding aerial lotograph.
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51.5
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% These rilgures are then averaged with those oi cther photos
ginerate a valid estinmate of suwwface cover.
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The numbers of hectars of corn estimated in a certain
region were then combined with ground data. Within the reyion, ears
of mature corn were gathcred, drieda, shelled and weighed. This infor—
mation was then comkineu with the average number of ecars per 25
square meters and a tons per hectar of corn determined. This tonnage
figure was then multiplied by the number of hectars of corn within
the homogeneous zone to aventually yield a total tons of corn pro-

duced figure.

Rfter analysis oif aerial photogréphy was completed,
- ndsat was used to inventory the entire study area. 19 60 ERTE photo-
_raphs werce correlated to Landsat to help recognize agricultural
sites. Th: most recent Landsat scene available at the time of the
inventory project for horth Shabha ig aated 09 July 7€, 3012607261.
To begin, a composit of agricultural data derived for 57 and 73 was
overlaic¢ on the 7¢ imege. A ncw snecet of wylar was placed over the

conmposit lor compiling Lhe 197L~00 data.

g New sheet for 1950 analysis
Comeosit 57, 73

Landsat: 1978

Mylar
over.ays i

Supplemnental data used as input consisted of
1. rerral photograply coliected during 19¢0 £icld trip,
2. Ground notes taken while visiting fields,

3, Statistical data gathered irem PHS and local agricultural

afficials.

1960 LRIS acrial photography stowing agriculture was
first oloived on the overlay. This is the rost recent and accurate

“ata &+ ailable.

The wRYS seriesl photoyraphic data, wlotted on the 1978
Landsat scene indicated corrclation of acoriculture interpreted from
nnotos and lmaves. This iz a weans for Further identification of crop
Ltaads by extrapolation of identifizd crop sites tou arceas not covered
Y i9o0 LRTE acrial pwotogreoyny. Riter all rhoeto [ cinls orf known agri-
a;ricultire were identivied, interpretatzon of the cntire scene began.

-1-29-


http:interprt&t2.on

The final rroduvcts of the mapping and data gathering
exercise are : '

Landsat based haps of roads, villages, hydrography

Maps of agricultural distribution, 1957 ‘

Maps of agricultiral distribution, 1973 (for PNS arca only)
Maps of agricultural aistribution, 1976-¢0

« Statistical tables,

IO

(52 B < N
.
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RESULTS,

The following .age lists villages which have been visi-
ted anc an interview with the local agrononist was attuicpted.
Each agricultural zone visited was analyzed for :
majér crop types
crop rotatioin calendar
field patterns
corn yield per hectar
anc any other usefull inforration offered by the local PNS agronomist
or farner. Yield was deternineua by taking & random 5 ncter X 5 meter
area in a corn fielu. The nuwiber of stalks and ears of  corn was
counted and sani.le ears were collected. "The kernels of corn were
stripped from the ear, cdried and weighed, An average tons per hectar

was then cstinmated.
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1

Table 4. Fields visited near kongolo and along the route to Kaseyax
! ! ! ! !
FIELD ! LOCATION 'FERTILIZER! VARIETY IMETHOD OF CUL~-!TONS/HA
! ! ! ! !
[ ! ! ! !
1 ! Kongolo ! None ! Kasai I ! docdern ! 1,494
! 1 | | |
2 , —-t- , Yes (#2), -V ' iy , 3,233
3 ! -t ! Yes ! -M- ! - - ! 3,084
| ! ! |
4 e . Yes Lo e | 2,288
5 ! -t ! Yes ! - ! —la 11,191
| ! ! 1 [}
6 ;Route to Kaseya , ' . i
' 6 miles | - . local ; traditional | 2,500
7 ! 10 miles ! - ! - ! -l ! 2,245
! ! ! |
€ ;16 miles o e ; e ' 2,080
S. ! Mugila ! - ! Rasal I ! - ! 2,967
! 1 i | ]
10 N Mugila .- , Kasail : == ; 1,745
! ! ! ! !
! ! ! ! !

%1 Lata gathered from PNS agronomist in Kongolo.

%2 Diameniwe phosphate and ureca are the common fertilizer types used.,
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Names of towns where agricultural statistics were

gathered by ERYS (See map 3)
- Kongolo

~ Keba

- Sola

= Kilubi

- Timpa '
= Mugumo

= Kateba

= Kingulungu

- Mug.la

= Bugama Lwamba
- Bugama Pyana
- Makutano

- Zola

- Kavanza

- Mbulula

=~ Lengwe

- MNyunzu

- Kasongo

- Luizi

- luhuya,

- Ngombe Mwana
- Mulongo

- M. Kasongo

- Songa

- Hanc a-Goi.
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KATEBA

Major crops are : corn, manicc, peanuts,

Most corn is grown by traditional methods using local seed and no

fertilizers. '

Four fields were tested as to tons of corn ber hesctar., Following are
the results :

Field 1

Local seed, traditional methods. No fertilizer, yielded'2,4 T/ha.
Field 2

Mocdern seed, traditional methodis., No fertilizer, yielded 4,9 T/ha.
Field 3

Local seed, modern nethods. No fertilizer, yieldeé 1,6 T/ha.

Field 4

Local seed, traditional nethods. No fertilizer, yielded 2,2 T/ha.
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BUGANA LWAMEA and ZOLA.

Principle crops :

corn, rice, cotton, palm, manioc, peanuts, tobacco.

Rotation :

B !Peanuts & Corn! Fallow

Manioc & cotton or palm

1 ]
YEAR 1 1 2 3 , 4 5 6 7 ¢ 9 10 11 12 13
! ! |
FORLST ,Corn & rice , Fallow , Corn u rice f Fallow
i
SAVANNA A [Corn & rice f Fallow Corn & cotton or palm
!
!

Most fields in both forest and savanna were of regular pattern,
Averace size is about .5ha. Use of local seed and Kasai I and modern/‘
traditional methods are egual, Also there seems to be little diffe-
rence in yield between methods of culture, 2,5 T/ha estimated average.

Fertilizler is used only on the cotton cultures,

Corn yielés are as follows

Forest
Local seed 2,5 T/ha
Kasai I 3,0 T'/ha
Savanna
Local seed 2,5 T/ha
Kasal I 3,0 T/ha
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MUHUYA

Major crops are :

corn, manioc, peanuts, sesame, cotton.

In each zone, mais and Sesame are the crops grown in forest culture,
Manioc, peanuts and cotton are all savanna crops.

Crop rotation :

YEAR - 1 2 3 4 's5 § 7 8 5 10 11 . 12 13 14 1§
FOKwtS! f Corn & sesame f Fallow f Corn & sesame
R T [— T
SAVANNA !Cot!Manioc ! !Cot! Manioc !
‘ton! ! Iton! !
! {Peanuts! Fallow ! ! Peanuts ! Fallow
| | ] 1 1 ]
! ! ! ! ! ' §

Approximate plot size varies from 1-5 hectars in the forest. Savanna
plots run W to 10 hectars each, the average being approximately

5 hectars. when Filtisaf had large concerns in the area for cotton
product..on, most plots were rectangular in nature. Now all forest
plots are of irregular shape ancd some new savanna plots are taking on
irregular patterns.

Avérage corn yield is 3.0 T/ha.
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RILUEI

Major crops are :
corn, peanuts, manioc, cotton, soya.

Forest culture is corn mixed with rice or soya. All other crops are
, .
grown 1n savanna lands.

Crop rotation :

| [} [}
YEAR Py 2 3 j4567 89, 10 11 12, 13
| | | t
T wan g - y . hd 2 1 e
FOREST A | Corn and | Pallow ! Corn au:or;cc or , Fallow
B ! rice or soya ! { Corn b !
! ! B and/or !
SAVANNZ A !Peanuts and/or corn! ! Peanuts ! Fallow
! ! ! ! !
R ; Cotton Manioc , Fallow | Cotton i Manioc | Fallow
i ! ! ! !

Cotton is always grown in pure culture however some farmers do mix

manioc with peanuts.

Savann: is prepared by rapid burning. Forest is prepared by cutting
brush, selective cutting of timber, rapid burning after 3-4 weeks of
cessation. A1l fields in the savanna were rectangular or square in
nature and forest plots were irregular. No chemicals are used in

pre aring ti:e ground and there seems to be a 50/50 mix of local'seed,
tradi-zional methods/Kasal I and modern methods for the savanna.

Fores: csulture is mostly traditional,

It seems that the farmers who work with PN and Filtisaf have an ave-
rage field size of 100m x 50m (.5ha). The average field size for other

farners in this area is 1 hectar. Yield estimates for this region are :

Savanna, 1,5 - 2,5 tons/ha local/traditional methods;
2,5 - 3 tons/ha in well naintained fields with modern
seed/method;
1,5 - 2 tons/ha in poorly maintained fields with modern
seed/nethod,
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Forest, 1,5 - 2 tons/ha poor maintence, traditional Seed/methods;
2,5 - 3 tons/ha well maintained traditional seed/methods;
3 - 3,5 tons/ha well maintained modern or traditional
seed/methods.

- I-38 -



MUGUMO

Principal crops :

corn, manioc, peanuts, banana, rice and cotton,

Crop rotation :

YEAR P12 3 4
FOREST ' Corn with rice °
SAVANNA E Coxn with pea-!
SEASON f nuts & bgnana :
N Banana i
B% Cotton f

Fallow
Pahana

Fallow
Banana

8 9 10 11

Fallow

Corn with
peanuts &
banana
Banana &
cotton

12 13 14 15
iCorn with
rice
Fallow

-Banana grows 'is between large rows.

Forest culture is about 20 %.

Corn yield is as follows

Forest

Local seed 2,0 T/ha (some as high as 5 T/ha)

Kasai I 2.8 '¢/ha
S5avarna

Local seed 1.5 1/ha

Kasai X 2.5 ?/ha.
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MUGILA,

Principal crops are :

corn, cotton, rice, peanuts, manioc, beans.

Most agriculture takes place in the forest,

Rotation

7 & 9 10 i1

[]
YEAR Sl 2 3 4 5 6 12 13
. | |
FOREST Corn and rice ; Fallow , Corn and f
: . \ rice ~, Fallow
SAVANNA A !Cotton or corn | Fallow ! Cotton or !
! ! ! corn ! Fallow
| 1 | |
B |Cotton or pea- | Fallow i Cotton or \
! . nuts . , peanuts ; Fallow
Most fielas in both forest and savanna are reqgular in shape,

Corn. yield per hectar :

Forest
Local seed 2,5 T'/ha
kasai I 3,3 I'/ha
Savanna
Local seed 2,0 T/ha
Kasai I 2,5 T/ha.
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MULONGO

Major crops in order of importance for this locality are :
corn |
manioc
peanuts
cotton.

Most agriculture in the Mulongo district is in savanna however as
reported by local chefs, some 25 - 30 % of its plots are in forest
culture. Little new forest clearing takes place as most agriculture
is located in traditional zones.

Crop rotation

{
YEAR . 1 2 3 4 56 79 10 11 12 13 14 15
) | | I
FORES1T |, Corn jManioc, Cotton | Fallow®
SAVANNKA ! Corn " Manioc ! Fallow
: Peanuts ! Peanuts !
! ! !

It . Dbelieved that the peanut yield is higher than the corn yield
in this area and that many farmers are turning to more intensive
cultivation of peanuts.

Most agricultural plots tend to be in an irregular pattern. Seed and.
cultivaticn techniques are generally traditional.

Average corn yield was estimated at 2.0 tons per hectar.

% The local agronomist was vague concerning the fallow period of
savanna laads, stating usually more than ten years,
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GOMEE MWANA.

Major crcps in Gombe-Mwana are, in order of importance :

corn, peanuts, manio¢, cotton, sesame.

Corn is the only major crop ' grown in the forest, however sesame is
occasionally intercroped with corn. All other crops, inc¢luding sesame

are generally grown in the savanna.

Crop rotation :

YEAR , 1 2 3 4 56789 10 11 12 13 14 15 16 17 18
] ] . 1 :
FOREST | Corn & sesame f Fallow , Corn & sesame " Fallow
SAVANNA !Cotton !Manioc ! Fallow !Cotton !Manioc !
!Peanuts !Peanuts ! !Peanuts !Peanuts ! Fallow
! ! ! ! ! !

It was stated by the local agronomist that little burning is done in the
savanna and that most savanna burning is for hunting purposes. This
takes place in June. Forest burning usually takes place in August, the
ground prepared in September and seceded in October.

Field shape in the forest is irregular and average field size is

larce,  hectars up to 10 hectars.
Savanna fields are rectangular and usually small, ,25 to 1 hectar each.

Corn yield for Gombe-Mwana is 4 tons/ha for modern method, seed and
fercilizer and 3 tons/ha for traditional method, seed w/o fertilizer.



LUIZI.

Major crops in order of importance as perceived by the local peasents
are

manioc

reanuts

cotton

coxn.

All agricultural plots are located in the savanna, no plotg were
observed in the flood plane and little forest agriculture exists.
Average field size is 100m X 60m (.6ha).

Crop rotation :

1 2 3 4 56 7 &8 9 10 11 12 13 14 15 16

]
YEAR ;

' : . v,
TRADITTIONAL , Cotton and/orf Fallow ' Maniaec | Maniog. f Fallow
FARM AREA | Anuts : poanuts | ..
SAVANA ’ peanuts . eanu R or cor :

o= S

Cntton is grown in season E.
Manio¢ mixed with corn or peanuts is grown from September to January.
sometimes the corn is left in the field and not harvested until June,

Howevey most corn is harvested in January of February.

The yearly burn calendar for Luizi is July-August burn for hunting
purpuses; August-September farmers burn for agricultural purposes.

Cora seedina takes place in October,

In the Luizi area most agricultural plots are rectangular in nature.
However little by little, farmers are going back to irregular field
pattern, It was also observed that Kasai I seed, fertilizer and modern
methods are only being used by PNS farmers in the denmonstration fields

and have not yet been accepted by the average peasent farmer as yet.

Average corn yield per hectar in thils area was deternined to be

1.¢ tors.
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MBULULA,

I'orest
Local seed 3,0 T/ha
Savanna
Local seed 2,5 T/ha
Kasal I 3,0 T/ha
MAKUTANO
Forest

Kasai I/modern methods 3,2 T/ha
Kasai I/traditional methods 1,9 T/ha

Savanna
Kasai I/traditional methods 2,6 T/ha
Local seed/traditional methods 1,2 T/ha.
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Key to yields :

1. Modern method, Kasal I, fertilizer
4, Modern nethod, local seed, fertilizer
3, Traditional methods, Kasai I, no fertilizer

4., Traditional method, local seed, no fertilizer.

KEBA
« 5.3 ©/ha

KYANZA

1, 3.9 T/ha
2., 2,7 "
3. 2.0 "
4, .75 "

Lt GWE

. 4,3 T/ha

1
2 * 0
4

1. 5.2 1T/ha
2. 3.6 "
3. 2,7 "
4, 1.4 v
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KASONGO

[
L ]

No data

. NO data

2,0, T/ha
1.3 "

o

Sw
L ]

SONCA

[
L ]

3.4 1/ha
1.8 "
.97 "
. 1.6 "

Bow N
*

The following is a list of figures showing total hec-
tars in each category of agriculture. These figures were derived from
analy:.’s of aerial photography takén during the field trip Jan=-March
19¢0. tcparate Jigures were derived for each 1/4 degree block; Maku-~
tano, rongolo, Ikyunzu, Luizi,.

Du-ing field investigations it was found that old manioc
culture takes on the same aerial characteristic as fallow II. It was.
very “iifficult to differentiate the two using aerial photography,
particularly when the two types are adjacent to each other, Therefore
a factor of 10 % of the total manioc culture was taken from the fallow
II class and applied to manioc to compensate for this miss-classifi-
cation. This change is reflected in the following table.

The percentage figures of corn, fallow and manioc cul-
ture cderived for total agricultural land determined from 1980 ERTS
photography were compared to those of 1957 photography and found to
be i .lar. However more reliability is found in 1960 photos compared
to 1L 7§

TGZ photography because of the scale difference,
(19&0 1:5,000; 1957 1:40,000),
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Table 5. Perce.itage of cover type for agricultural plots, by 1/4 degree
block for PNS area. (refer to map 6).

:Index n® 1/4° Block

E MAKULANO Percent Hectars Hectars Hectars
1957 1973 1980
Corn 5.1 162 204 . 335
Manioc 5.5 196 220 362
Others 2.9 103 116 191
Fallow I 14.3 509 572 940
Fallow II 72.2 2570 2888 4747
Total 3560 4000 6575
D 1/4° Block
WONGOLO
Corn 4,7 629 800 1181
Manioc 5.0 669 851 1256
Others 2.6 34 443 653
Fallow I 15.9 2127 2707 - 3995
Fallow II 71,8 9603 12224 18040
Total 13,376 17,025 25,125
J 1/4° Block
LUI4I
Corn 4.2 191 148 372
Maniocg 5.1 233 180 451
Others 2.9 132 102 257
Fallow I 13.3 606 469 ' 1177
Fallow II 74 .5 3397 . 2626 6593
Total 4559 3525 8650
K 1/4° Block
KITENGE'LENGE
Corn 4,9 236 456 597
Manioc 5.0 241 465 609
Others 2.8 135 261 341
Fallow I 15.5 746 1442 1887
Fallow II 71.6 3464 6660 £741
Total 4824 9304 12,175
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Index n°® . 1/4° Block

‘9 MALOEA Percent Hectars Hectars Hectars
1957 1973 1980
‘ Corn 4,9 312 270
Manioc 4.t 306 - 265
Others 3.0 192 ' 166
FFallow I 15,0 956 &29
Fallow II 72.3 4609 3995
Toral 6375 . 5525
P 1/4° BRlock
KIYI
Corn 5.1 267 " 265
Manioc 5.5 267 ' . 266
Others 2.9 152 151
Fallow I 14.3 747 744
Fallow II 72.2 3772 3754
Tctal 5225 5200
P 1/4° 1lock
YAURI
Corn 4,2 404 363
Manic 5.1 491 441
Othe.s 2.9 279 251
Fallow I 13.3 12¢0 1150
Fallow II 74 .5 7171 6445
‘‘otal 9625 8650
L 1/4° ° Lck
NIGML
Corn 5.4 336 576
Manioc 4.6 299 512
Others 3.2 199 342
Fallow I 14.5 903 1546
Fallow II 72.1 4488 7697
Total 6225 10,675
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Index n° 1/4° Block
GOMBE-MWANA

Corn
~Manioc
Others
Fallow I
Fallow II

Total

C 1/4° Elock
LUBUNDA
Corn
Manioc
Others
Fallow I
fallow II

Total

Presented in next takle is an estimatior
each 1/4° block inventoried. 7
ject Nucth Shaba and approxima
June 7%
July 7¢

30091~07413
30126-07361
1341-07474

Refer to the encloscd index map

Percent

5.5
4,5
3.5
14,5
71.7

4.9
5.3
3.4
14.5
71.9

June 73

~I-49-

Hectars
1957

304
265
193
802
3961

e ———

5525

Hectars
1973

Hectars
1980

435
379
277
1145
5664

7900

522
564
362
1545

7657

10,650

1 of corn yield rer hectar for
hese blocks cover all of the area of pro-
tely 90 $ of Landsat Scene numbers

to reference location of blocks,



Table 6., Yield table,

Average Total estimated

1/4° block Tons/hectar yield for 1980

D Kongolo 2.8 3309 metric tons
E Makutano 2,5 838 " "
F Kiyi 2,5% 663 " "
J Luizi 2.0 744 " "
K K.tengetenge 2.6 1552 woow
L Niemba 3.0% 1728 "
Q Maloba 3.0 g0 ¢
P Yauri: 2.0 _ 726 " "o
R Gombe-Mwana 2.6 1218 " "
1/4° block

A Sentery/Lubao

B Kamina

C Lubunda 2.5 " 1195 metric tons
G Penge

H Katea

I Bumambwe These figures to be presented in a

M Songia future report.

N Mosambi

0 Kubalo

P Manono

ik Theée figures estimated from nearest neighbour land potentiality,
soil types and density of agriculture. Field samples of corn were

rot taken in these areas.
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CONCLUSIONS,

Because the ERTS effort in the project North Shaba area
was the flrst of its kind for both Program ERTS and PNS, certain dif-
.ficulties arrose.

One problem identified was that aerial photography and
ground truthing took place at the end of growing season A, This season
generally starts at the end of September and harvest beglns around
January 1. The ERTS ground truth mission took pPlace essentially dQuring
the month of February. The problem is evident. Corn harvesting had
perhaps a six week head start on the ground and air data collecting
activity by ERTS. This, in essence will yield a much lower percentage
of corn identified on aerial photography. During ground truthing cer=~
tain fields showed evidence of corn being previously grown there but
one can not be certain. In some areas perhaps as much as 15 $ of the
total corn crop had been harvested.

The classification of Fallow I (FI) for most sectors
inventoried is generally around 15 % of the total agricultural canmmune.
There is a strong possibility that a large percentage of'the Fallow I
class was in corn during the immediately preceeding growing season.

One can not be certain of the exact figure, Therefore only standing
corn was ldentified and tabulated,

The second significant problem identified is the fact
that peasants are cultivating during two growing seasons in a twelve
month period. From data gathered cduring the ERTS ground truth mission
in Fehruary (end of season A) there is no way to assertain the hec-
tarage of corn grown during season E. Corn crops are usually not grown
in the same plot on consecutive seasons. 2gain, the tota’ agricultu-
ral production figure for this report will fall short of the actual
hectarage for a one year, two yrowing secason periocd.

A tha. . problem identified was the lack of quality and
resolution in the 197¢ Landsat scene used. Because of atmospheric
attenuation, Landsat beinging turned off over Zaire for a long period
of tirme and seasonal change of vegetation, there was little choice of
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satellite coverage over the study area. However, the iragery was
useable. The multispectral scanner data used (MSS) had to be photo-
mechanically streatched in order to penetrate atmospheric haze. This
streatch technique also reduces the ground resolution from 50 meters
to somewhere around 100~150 meters. It is recommended that future
efforts use the Landsat Return Beam Vidicon (RBV) system. RBV is a
panchromatic, black and white rendition yielding an expected ground
resolution forithe study area to be in the neighborhood of 20-30
meters. With special computer processing both MSS énd RBV ground
resolution can be increased.

After analysis of the results and review of the total
effort, certain problems were identified in technique and a plan for-
mulated to improve the methodology to yield more accurate results.,

In aduition to problems icentified in preceding sections, the results
yieliced a number of sicgnificant observations concerning land use and
agrxcuitural land distribution throughout the study area,

Prior to beginning the survey, the ERTS team was infor-
med that the Government of Yaire has made claims of wide spread de=-
forestation in the study area. After a Landsat analysis was made
using 1976 aate, and compared to ICZ aerial photography dated 1957,

conclusions were reached regarding these claims.

First, one must cdefine what the word "deforestation"
means aad what parameters does this word encompass. After talking with
the staff of Project North Shaba, A.I.V., and remarks mnade by the
staff oY the COZ Department of Agriculture it was deterimined that the
term "ioforestation", as used by these entities, was tc mean :

- rhe clear cutting of all trecs of priwary ¢growth (climax succession)

to mike way for agricultural expansion.
After completinu a superficial deforestation analysis,
the following conclusions were reached.

1, In the area north-east of Kongolo it was found that approximately
5-7 3 of the total forest land of primary growtl: has been converted

t.0 agricultural production from 1957 to 1979,
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2. In the Nyunzu area, approximately 15-20 % of the primary forest
growth has been converted to agricultural production lands from
1957-1978.

3. In all regions it was rare to see'an area clear cut of tree cover,
Usually a form of thinning takes place, cutting approximately
75 % of the larger trees, clearing and burning 100 % of the under
brush and leaving 25 % of the trees for shading,

4., It is theorized by the consultants that the claims of wide spread
deforestation in the PNS &area is based on the following¢ Within
some traditional farming communes the fallow period for plots may
be as long as twenty years and at the least seven years.

In tropical areas this is sufficient time for second grdwfh trees
to flourish, and become quite large. The traditional agricultural
piot, lying in fallow for twenty years, has returned to forest of

secondary growth. As the need arrises the peasants return to farming

this traditional agricultural fallow area by removing the trees,
preparing the ground and planting. This practice should not be
confused with deforestation of primary growth species. The trees
that return during the fallow can be considered a crop in itself,
The wood can be used for fuel, charcoal and implements,

In essence it is believed that the claims of deforesta-
tion lies in the fact that traditional farming land is being returned

to production.

A second observation made is that of the relation ship
between soils, agricultural locations and roads. Dr. Jack Gambel,
IDY soil scientist for PNS, took a number of soil samples in the pro-
ject area and a preliminary identification of types and potential was
made. On Dr, Gambels return to Kinshasa the soil scientist collabo-
ratea with the ERYTS consultants to produce a "Soil Potential Map"
of Projccec: North Shata (a draft cory of this map, No.7, is presented
with this report). The soil types and potential were identified by
L. Gamkel and the boundaries for these classes delimited by the ERTS

consultants,

In addition to soil boundaries identified, an overlay
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of 1960 agricultural locations and major routes of transportation was
prepared. The resulting map and overlap at a scale of 1: 200,000 showed
the following corrolations. (Refer to map No.6) .

The area from Kongolo, north and east along the road
to Sola lies primarly in a zone of average soil potential. This area
is also host to one of the most intensively cultivated sectors of the
PNS area. However, there appears to be room for agricultural expansiﬁn
betwean the north-south road to Sola and the rlver. Most good arable
land east of the road between Sola and Kabenba is being cultivated.

Another area of high agricultural concentration is
Nyunzu, This is a zone of high soil potential and a farly good trans-~
porta:ion network has developed.

A third area of agricultural concentration is that near
Kitenyetenge, this zone, like that of Nyunzu, also lies in an area of
high s0il potential.

It appears that the combination of soil potential ana
transportation network has an influence on the location and develop~-
ment of agricultural concentrations. One may be lead to believe that
the road network was developed to exploit the good soils and facili-
tate the marketing of crops. Weather the transportation routes were
constructed to aid in crop production/marketing or weather agricultu-
ral concentrations sprouted in close proximity to existing roads is
not the object of discussion at this time. It is evident, however,
that where there are no roads there is a lack of agricultural deve=-
lopment, cven in areas of high soil potential. It is believed by the
consultants that if roads were constructed in areas of low develop-
ment but high sgoil potential, and if sufficient population exists near:
by or temporary seasonal farming villages were erected, that the
following areas can be brought under increasqd cultivation. (Refer
to map "Terres recommandées pour le développenent de 1'agriculture",
No,.8) .
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This is an area identified as having a good to high
degree of potentlal for increasing the number of hectars under culti-
vation, Some of the limiting factors presently are poor roads, (from
Mugizia co Timpa) and no roads directly to the east and south east
of Timpa. In addition, road transport is poor between Timpa and the
Bomba River. Mugizia presently is the site of fairly good corn pro-
duction which indicates that this area of good soil resource could be
tapped to increase area crop production. Further work is needed to
accurately delimit the soil boundaries and slope of the area before
plans are made to expand production.

East of Mugizia is the town of Makutano which lies in an area of high
soil potontial, good road network and fairly low utilization of land
for agriculture. It appears that this zone can be brought into increa-
sed agricultural production first along the existing roads before the
interior lands are exploited.

The land south of the road from Makutano, Z%ola up to
Bugana—Muhila can easily be brought into increased production. The
soil of the area is good and the road is adaquite to accomodate large
trucks for the marketing of corn. One limiting factor is sufficient
population to work the fields. bListances between villages are great
and the size of the existing villages is relatively small.

There are a number of small valleys which run in a
northeasterly direction from Makutano which also shows promise for
increasing agricultural hectarage. Probably one small road from Maku-
tano towards Kiziba could open up an area which encompasses approxi-
mately 2000 hectars. Of course not 100 % of this area can be culti-
vate i, Tnere are spots within this zone which is heavily forested,

rocky or wet.

Rnother area iuentifiea for the possibility of increa-
sed production is centered on the village of Kigumba, located south
of Mbulula. This area consisting of approximately 4000 hectars lies
on a ridge of high soil potential. There currently is corn production

in this area however it can be significantly increased. Two liniting
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factors are adequacy of the roads and a few places which seem to be
poorly drained.

The road which runs west from Mbulula to Kongolo passes
through an area which appears to be lacking agricultural development.
This area is about 5000 hectars. It is bounded on the south by the
Mbulula~-Kongolo road, on the west by the Mwana~Goi to Kilunga road,
on the north to a point near Kalemba and the east to Kagungu. This
rectangular area lies on high potential soils. Road access is good
and there is probably sufficient near by population to cultivate the
fields . This area needs further investigation as to why agricultufe
is currently at a low state of development.

In the territory of Nyunzu there are two areas which
seem to show potential for agricultural development., Ths first zone
lies north of the city of Nyunzu between the Luhungwe and luawe
streams. Along the road north , out of Wyunzu, there is good develop-
ment, (near Lomkwa). However as one travels further west off the main
road the cultivated areas kegin to thin out. Poor access is one reason
for this as well as the area is approximately 35 % forest.

The second area in the territory of Nyunzu which
warrents further investigation is located west and south of Kitenge=-
tenge., This zone lies on high potential soils and is traversed by
two major roads coverging at Kitengetenge. Agricultural development
currently is moderately highbutwithin this 20,000 plus hectar area
there is adequate room for expansion. This is one of the most pro-
mising regions in PNS. Further work is needed in slope, drainage,
solls and surface cover before development of the region begins,
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RECOMMENDATIONS FOR FUTURE WORK.

If future land use or agricultural studies are to take
place anywhere in Zaire it is imperative to have both Landsat imaging
systems turned on over the project areas for both growing seasons,
and at best for repetitive year to year coverage.

The ERTS mission is unique in the fact that no previous
significant soil, geological or land use mapping has ever been done
in the study area, The ERIS team went into Worth Shaba knowing very
litt’e about the physical enviromment, This makes it difficult to
set up ground and air sampling sites of homogeneous zones and to know
how many points per mapping unit or zone are needed to produce reliable
results. Now that soils have been roughly delimited, areas of agricul=-
tural concentration identified and deforestation sites located, future
efforts can be concentrated in the areas of interest.

The ERTS mission has always been underfinanced. Due to
the lack of adequate monies available for this survey, -many important
" steps in the analysis have been neglected., Much time, effort and money
wes srent working in areas of low agricultural potential. At the time
of the ground truthing, these areas were not known to be lacking po=-
tential and therefore the valuable resources mentioned above were spent
identifying these arcas. Now that areas of high potential and low
potential have been identified, the resources such as time and money
car. be better spent in the sectors of higher agricultural productivity
and potential.

After the survey by ERTS was completed, certain con-
clusions were reached regarding the technique of agricultural invento-
ries in Zaire. Many problems were encountered and dve to thils, solu-
tions and techniques were devised by the consultants to carry out crop
ond soil inventories in Zaire to a higher degree of accuracy.

It is recommended that a program be instituted to moni-
tor crop production, expansion, condition and project effectiveness
for not just the North Shaba area but at the onset of simular programs
in devéloping areas. If inventory work and mapping is completed prior
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to project implenentation one would have a base line on which to equate

effectivness and evaluate program performance.

Prior to the commencement of a program such as project
North Shaba, certain features of the area should be analyzed. These
include soil, population, roads, slope, aspect and climate, All these
items can be integrated and a plan formed as to where the most logical
arecas to increase production are located. The best possible source of
information is that derived from aerial photography. The agronomist,
soil scientist, regional planner, photogrammetrist and road builder
all L :a=2fit from this tool. Soil classes, land capability and slope/
aspec= can be identified along with surface cover and drainage when
comb.ned with sone fiela work. This information can be used to locate

future agricultural sites based on sound multidisciplinary advice.

It is felt that a tool such as aerial photography is
invaluable for regional agricultural planning at the onset of a pro-
gram. However,at this late stage of development in the life of PNQ,
comnlete aerial photo coverage probakly would not be a feasible or |
econonical venture. Therefore a proposal to use low altitude sampling
aerial photography combined with Landsat data and ground truth is
recommended. The benefit of a progran as described is multifold. If
the same sample areas are flown season after season, a series of sta-
tistics can e generated as to the amount of corn, manioc and peanuts
ire grown, and to evaluate if there is net increase or decrease in
crop wroduction land and fallow. Also,data can be derived as to what
ratc an area is expandilng and what percentage of deforestation is
taking plice. This information can be used in the decision making
process on where and what future efforts should be taken. Another use
for an aerial surveillance prograw is to check on the accuracies of
ground generated statistics gathered by local statisticians and census
reporters. The data generated from the sampling photography can thea
be e:nanded to cover the entire project area by using Landsat RBV data.
4 season by season crop forcast can be made 1f hectarages are combined

with field samples of corn.
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Because ER1S has done preliminary work in North Shaba
it will not be difficult to lay out flight lines and plan missions
for air and ground sampling. The project area should first be divided
into homogeneous zones of agriculture or surface cover types and then
flight lines planned to sample each of these zones. One flight line
per zone should be sufficient. It is felt that approximately twelve
flight lines of twenty kilometers each will yield sufficient data on
which crop statistics can pe generated.

‘the ERTS mission used a 35mm canera which yielded satig-
factory results, however, for advanced work a 50mm or 70mm motor drive
camerit with intervalometer should be purchased along with bulk film
loader, cassette and bulk Kodak aerographic color film.

Before arecas are flown, the beginning and end of each
line should be ground located and identified with a small bench marker.
It would h- easiest to begin and end the transects at points of road .
crossings. Prior to flight tine these bench narkers should be targeted
with white flagging so they can be recorded on film. This will help
quarentee that the same arcas on the ground are photograghed on future
missions. The ground markers can also be used as a base line identifi-
caticn point to identify areas for ground data collection.

During the flying season, statisticians can be collecting
grovia data on field size and number of fields simultaneously. Sample
ears of corn should he collected the end of the growing season, these
samples will be used for tonnage forcasts. After the film is processed
and returned from the states an analysis can be nade cf surface cover.
1aile should be done in the same manner as explained previously in this
report. The sample statistics generated for each homogeneous zone can
then be applied to the total zone. This is a facet in which the help
of a statistician experienced in aerial data reduction applied to
arricilture would be helpfull.

The Landsat RBV data along with field data on soils,
topography and other surface characteristics will be used to identify
zones of homogeneity as well as to identify and tabulate the hectarage
of total crop production lands. The boundaries of ccnmunal crop lands
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can easily be identified on RBV, the problem lies in the identifica-
tion of each specific crop which makes up the population of the identi-
fied aresa. This is why low altitude sampling photography is used.

Once areas are identified on RBV, sample ground checks
should be made. This is to ensure that a consistent error in identi-
fication is not made, such as identifying low scrub veqetation as
agriculture. Ground checks also include the measurenent of a few
fields so hectarage can be determined on the RBV scene. This practice
is known as confidence building for the interpreter.

For future work it is important to have repetitive
satellite coverage to identify which arcas are expanding or decreasing
i1 size, measure this change to help evaluate the effectivness of
agri.ultural extensionists. Using repetitive coverage will also give
the rzgional planner information on the rate of deforestation and
he'n» in gulding expansion to desired areas.


http:expand.ng
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