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GEOGRAPHICALLY REFERENCED WATERSHED SYSTEMS R~SEARCH:

A SOCIa-ECONOMIC A??LICATION IN HAITI

" 'v .\ .'>i SON. BR0 hi ~. !I Y r 0 1. I, [ -:' F *

ABSTRACT

~aps are extremely useful tools in analyzing pheno~ena that
exhibit spatial variation. UDfortunately, making a map is a time
consuming and technically difficult task. As a result, maps are
much less widely used than they might be. The ADS-II project ~as

for~ed linkages between software packages, that, to a large
extent. autcmate the mdpping process. Since many of the time and
5ki~1 r~quirements have been ~liminated by the system, mappin~

has become much more widely available as an analytic toot.
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'1Lchll(;111 State Iln1versi, A Lot.us spreadsheet 15 uso:-tl to
establish a data base that is referenced to the spatial record
keeping units on the map. The linkage mechanism allows data to be
transferred between the two programs. The an~lytic and report
facility used under any given set of circumstances depends on the
nature of the data and the analysis to be performed. The real
row~r of the combination comes from the ability to use the
gr~rhical output capabilities of the tWG systems. The time
consumin~ tasks of constructing maps and graphs can be mostly
rpl~gat0d to the computer.

ThiS paper df'scrites how spatial var·iation of complex socio
economic v~riables can be mapped and studied ~ithin their
re~ional and national contexts bv linking GIS and Lotus
datah~s~3. A description is first given of the GIS data base.
''lil th ilLustrative national/n~gi.onal If'vpl information e~trart".d

t r' n m t his s how i n g' s pe c i f i cpr 0 g ram a C' t i v i tiesin 0 ~lt~ rep.: ion (I f
[' l'("' J f:· (' tin t e r v e n t ion: J a c mel 's pIa tea u r e~ ion 0 f Haut Cap R 0 u ~ e .
This is followed by a portion of the socia-economic database in
Lotus 123 form. The infor~Rtion contained in the Lotus file is
subsequently presented in cartographic form.

* Authots are,
AnthropololIist,
Analysis.

respectively,
Geographer,

ADS-II Chief of Party and Economic
and Division Chief for GIS/Lands3t



a.O Introduction
Social scientists have long observed that most elements of

human systems studied vary considerably across space and time.
~uch of what we know as Qnthropologlcal and so~iologjcal research
is b3sed on an attempt at understanding and explainin~ cornn:e~
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tools into the hands of researchers which are useful for numerous
socio-~~onomic applications. The present study will deal with a
set of complex issues within the field of applied research known
generally as farming systems reserch.

Since early 1984, the University of Arkansas and Winrock
International have implemented in Haiti an on-farm applied
research program and a national agricultural statistics program.
As part of th~se endeavors, a geographic information system w~s
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known and as the number of variables digitized nationally Bnd
re~ionally have increased, demand for use of the system has grown
dramatically.

The on-farm applied agricultural research pro~ram has been
involved ~ith small farmers in two Departments of 4aiti. the Sud
and Sud-Est. Interventioris have centered on speclfic plaln ;,nd
mountain sites near the principal regional centers of Les C~YP~

:1T: I Jaemel. For the purpose of this paper. we have chost"n to
r;-esent farming' systems applied t'esearch re cl1i7.ed on the .L~I-III,.,l

rn () 11 n t a i n / rIa t e <'I u sit e 0 f II aut Cap R0 u g e , wit h s pee I ;i I a t t f:" n t 1 ;) n
to two ~UG '.dtershed systems in the Morija Watershed System.

1.0 Thp Data Bases

1.1 GIS Data Base
The Geographic Information System (GIS) is one module of the

Comprehensive Resource rlventory and Evaluation System (CRIES),
developed by the CRIES Project at Michigan State University. "One
of the major operations of a computer-based GIS is to conduct
overlay an3lysis of multiple attributes ... To perform thi~

function, the file structures must be in a format which permit
the vertical integration and comparison of a number of attributes
jn relation to their geographiC location" (Schultink et.al .•
1986: 1.9). A grid-based reference system is created whose
physical ':'\ddres~' is based en the Universal TransversI" M'~rc:itor

II TM) C lJ <l r' rI ina t p s f 0 \l n don top <.> Rrap h i (' map ~ Wn r' 1 01 - loY i d 1:' •
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The po~er of the GIS rests in the user's ability to analyse
any geographically definable unit by or in combination with any
other variable layer in the data base. Products from such
analysis include cart0 6 raphic products, statistical tables
~~"freGuency distribution, cross-tabs), and graphs. One can most

(~ .~ s i 1 \- V 1 S 11 a J i :': ~ thE' GIS d a tab as e asap0 ten t i all v un lim it'" ,:1
:1 I] ;n b t" r () f t r '\ n c:; Tl ;:1 r e n t maD n V f' t' I a v s I f" <i C b 0 v t" r I <1 v r t> p r f" ~. t.::' n t 1n 15 '.' n 1:-'

..:: . - • (1! " " 1 ;~ r 1-' d "'; :J. ria b 1c- s "

(~IS data bases of two kinds have been created, one
orientated towards national level planners and evaluators. the
other to regional/local level technicians. The national level
data base, created through digitization of information from
already existing maps at a scale of 1:100,000 or greater,
permlts ~anipulation of aggregated statistics. Haiti, through the
ADS-II pr0~ ct, presently possess the following layers in this
d3.ta base:

1. VeRetative Cover (52 attribute classes (AC's)
S0il Potential 19 AC's;
\ ,i min l S t 1-;1 t i',' ,- D 1vis ion s :

] • j ; r"·- 111 ...-oi; :

<., " iIi !II Ii n ,-

'\ '.' c t Ion Com mu n;;lt e

1 1 \ (. , '~

] :, () -\ \' . :'-

56,! .-\c' s ;

=

District Agricole (22 AC's)
Agence Agricole (41 AC's)

4. Holdridge Life Classification Zones (9 AC's)
fl. Elevation (3D AC's)
6. BaSS1n Versant:

Primare ,30 AC's\
Primaire et Secondaire (55 AC's)
Sous-Bassins AC's)
Sous-Sous Bassin 1440 AC'sl

7. Hvdrology ;2 AC'sl
8. Climatology (4 AC's)
9. Infrastruct'~~e (5 AC' s)
10. Population Density (to Section Communale levf"l'
11. Mineral Deposits 15 AC's)
l~. SNEM Malaria National Spraying Programs
\:3. Rainfall Patterns 113 AC's)
14. Landsat 1985-86 Thematic Mapper Data on

Vegetative Cover (36 AC's)

IF; AC's

:"j .-\C's

Information, when digitized. is stured in grid celis, whose
size depends upon the nature of the primary data being cod~d and
the degree of accuracy sought. For our national, macro-level data
base in Haiti, information digitized with 8 grid cell size of 300
X 300 meters was considered acceptable. Greater resolution would
not have been consistent wit~ the precision of the secondary data
bein~ encoded. However, to capture specific micro-level data for
information such as the location of individual fields of corn or
rlC~, the position of rock terraces across farmer property lines,
land tenure p~tterns. etc., a grid cell size of I X I meter was
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considered desirable.

1.2 The Socio-economic Data Base
The Haut Cap Rouge plateau, ranging between 5eO-800 meters

in e1pvation, has been the focus of farming systems applied
research since early 1984. With a surveyed popUlation ~f about
7.~)'ih p,,:,oDle, iII:\ki.nl! up '5orne 2,180 households. thp pt'oS!ram has
I .... nt·hpd with f~t';n~rs ,n on-farm tpstinl?' V:3.rlet\' ;~nd '!""'I·tl1j:,:~,;,

~,l-'rlis, Improvprj m;:lna{~mellt trials. etc. "f all major "1-'")[1":
found in the zone. These crops included corn, sorhum, yams, sweet
potatoes, manioc, r~d and black beans, pidgeon peas, cowpeas,
coffee, leucaena, sesbania and other legumeous plants, napier and
Guatamala grass, grafted citrus and assorted other tree crops.
Many of these crops were studied in the context of the watershed
management program which included construction of rock terraces
and erosion controlling vegetative barriers.

The binlogical aspect of this work was supplemented through
complementary sacio-economic studies among the households
participatin~ in th~ pro~ram. Th~se studies have ~pnpraterl ~

s1/.al,jp ciata ha~p nn:3 numh<:>r of sOfcio-er-onomic v:!riahlec; whit:!;
Sf'"< I.' ~,:; • • ; : I ; ~: i· :I --. .

; 1 I ..> !':l ," " p t ,- , :1 j n I' o' \" 1 t h 1 n f n r m:'l t 1 n n n nth p ;~ <) t' i ('11 i t 111' ~l ;

! i' I'~: I '.ll'l, "'\S I f.·III,~ '.ll·'.l,-r I ;',",,1. TIll'> ,1;\1 a f1dS np'.>n ,'111;,\1 \"~,>d 11':-; iii.'

varIOUS statistical pac~ages: MSTAT for agronomic trial analySiS,
STATPAC and LOTUS 123 for tte socio-~conomic variables.

The remaining sections of this paper will attempt to
demonstrate how, beginning with currently available GIS
national/department level data. and moving on to more site
specific data, one can gain an enhanced perspective of farmer
communities and socio-economic and physical characteristics of
the region through spatial interpretation of data. Creation of
tilp.se ciata bases also presents the researcher with a flexihle
tool anrl realistic context within which change can b~ monit{)red
in the future.

2.0 Placing Uaut Cap Rouge Program into its National/Regional
Contp.xt

The mountainous country of Haiti with some 27,000 sq. kms.,
occupies the north-western third of the lsland of Hispaniola in
the Caribbean. Administratively, it is made up of 9
Departments. The ADS-II farming systems project has worked in the
two Southern Departments, Sud and Sud-est. Within Haiti,
Departments are divided into Arrondissements, then further
divided into Communes and Sections Communales. The Department du
Sud-est, in which Jacmel is located, has 50 Section Communales.

Th~ population, estimated near 7 million, is unevenly
ciistributed, with major concentrations in Port-au-Prin~e, Cap
Haitian, Gonaives, Les Cayes, Jacmel and a number of oth~r towns.
However, one finds people everywhere, from the arid northwest to
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the the rugged side3 of most of the steep mountains which make up
this country. Population density for the Department du Sud-est is
no exception.

The Department du Sud-est includes a number of major
watershed systems. With the GIS we are able to place the project
1- .~ rr 1 0 n ;.j r nun d t h ~ Haut Cap R0 U 11," e .\ r ~ a i n t 0 its C' 0 n teo:, t . r h p

~. r :) 1 "" ,- t\ r' po ~l its p 1. f. wit h i nth i s r p g i "n. can ;.j 1 5 () b ~ h 1 ~. h 1 i \{ h t p.~ •

3.0 THE PROJECT AREA
Using the Project Area boundaries as a kind of "cookie

cutter", GIS so!tware permits us to "cut" through other layers of
data in the national/regional data base to summarize a series of
statistics important to program planning.

Soil potential classes for the national
19 variables, which when shown together,
Interpret in any simple way. By grouping
classes: good soils. fair or medium soils.
~·l\: m()I'" p:-J.silv ~Pt?' m:1.lnt- p~ttf"'rns in th .....

data base include
are difficult to
these into three

and poor soils, on""
l' r II j e (' t ·i t· ,.' ; I • : ~

P\:'ji~"):l~ 7"' I ~ r' 1 n ~ t :., n i ;.~ .

"'I'i'P:t'; ·''\Hl:.\'1 1'..:; ':l1r·!y ~·,.::.rtlt,;a. '..;hltf~ thp ",inr1t~(,;; "·nPP ;);"1·"\ pf);lr'

: : I ,.... r1 ;, 1. ~1 1" ;" \' i '\[1 i:, .... l ,) h a :.' a 1 11 i sf,=, r' t j i e. I ,s 1. 11 ,'! t h '-' (i r" ~" ,.() iii r . '> : .
Ar~3 bv SOIL types for th~ project rpgion. we oblAined:

Project Area Soil Types

Good Soils
Fair Soils
Poor Soils
Other (urban,lakes,riversl

TotC\l:

Hectares
10,575
3,420

32,328
495

46,818

Long term annual rainfall patterns for the region suggested
a variation from 1400 mm in the lower altitutes to 2000 mm in the
higher elevations. Project rainfall data for the past three yp.Ars
confirmed these patterns.

Topographically, the Haut Cap Rou~e plateau varies betwpp.n
600 and 800 meters and plunges fairly rapidly to a narrow coastal
plain and the sea. Elevation contour data were aggregated to show
the major plain, slopes, and plateau zones.

3.1 The Project Watershed Study Area

Within the Project Area, A~S-II field technicians selected a
number of small watershed systems within which to concentrate
activity. The rational was that attempting to improve crop
production an<: improv~ soil/water management in a mountainous
environment did not make much sense without addressing the entire
hydrolo~icaJ physical unit itivolved. Improving the soils on the
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lower part of a slope could not succeed unless the velocity of
run-off water from higher up could somehow be controlled.
Improving the irrigation systems in the Cyvadier plain was
difficult when the same run-off caused heavy silting in hand-dug
p.Clrthen canals.

R==lf! lr1 run-off i!': caused by incr,:>asing; dpforestat inn (.In ~h".

!-.i;Jt(>:3u ,'Inti hP;l'" (~ultivatJ('ln of til", mountain Rl()p~s 'Nho:=>rp tt· ... ~<;;

,,'p ;lii- ... ·idv (!one,. !,,'t~h decreased mOisture lnflltratt.ln In ''ll"

mountatns, sprIngs at the foot of these mountains give a less
~onstant flow of water over an ever shorter period of time during
the Don-rain months of the year - once again effecting irrigation
potential as well as water for normal domestic consumption. An
entire drainage system or some complete sub-unit of this system
therefore needed to be handled as a whole.

Therefore, within the Project Area, the Corail Watershed
System was selected as one area of intervention. Within the
Corail Watershed, one of the sub-sub upper watersheds was
splected for special study. Having di~itlzed the areas of
tnt .... t-pc;:r fr(lm E"xistinlt 1:25:000 base mars. Wf'> wet· ... an 1 .... to
i· "'II ~ 1/,.•• I; •. , ~'., i i nh i Il r!':

i,r' :j;,qf '";·tf) i~;,U~-r' P:~nlf-'l,-·t It'f.),\!-'i()n, In(''ilJr!lll\! t·rf~l·tl~{1 !li:llft ,.. \,t.f 1

d 1 r' P (- t .i y below the Cor :3 i. 1 Wa t e r she d S:v s t em: 1 :: • 3}) 4 hE" C t ii. ,. f' 5

J

The Watershed Proje~t Study Area:
The Corail Watershed System:
Morija sub-sub Watershed:

1,674 hectares
450 hectares

81 hectares

Looking at the GIS rainfall data again, we could see that
raInfall patterns correlated directly with the rise in elevation.
The high plateau region benefits from the most rainfall. The
Mori.ia sub-sub watershed area could also be seen to be located
within the region of the rapidly descending slopes and decreasing
rl''Il n fa.l1.

.f.. 0 The Mortja Sub-sub Watershed

Seen from the air, the Morija watershed in reality
represents only two small branches flowing into a larger stream
representing the Corail Watershed System. The entire system
evenually forms into a deep gorge which drops rapidly to the
plain near the community of Cyvadier. Farmers of the region have
names for all the branches and sub-branches, finally forming the
Ravine du Normande.

In order to develop a low cost method of obt~ining aerial
photographs of the project region in a timely manner, the program
~ontracted with a local pilot at a rate of ~130/hour. Usin~ a 35
mm. camara and flying in a small one engine plane with a rear
door left open, project technicians have been photographing the
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Project Area every three months from an altitude of 3500 feet.
Flight time rarely has exceeded 1 hour. Kodacolor prints are
mosaicked together in the central office where data are
transferred to transparent overlays and subsequently digitized
into the GIS database using a 1 meter grid cell size. Rock
terraces, roads and paths, and the changing cropping cycles wer~

~il map ned in this WRV.

TQese same ~hotographs were taken into the f1eld and, with
the participation of cooperating farmers, property boundaries
were located, and the names of both the owners and the land
tenure status of farmers exploiting the various field noted. For
the study concerned, this activity took three days, using one
research technician and two field assistants. These data became
part of the Lotus 123 data base for the farmers in the project
area. Property boundaries were used to create the digitized base
map upon which subsequent data were superimposed. A small sample
of these data is presented on the next page in Figure 1. The
first column represents the individual fields, followed by the
n3m~ of the field owner, land tenure. name of us~r of fi~ld if
"t'~;", ;':1:1;1 !h,' :'~,:!l.·'r·. 'hl~a 'In ~h~ f:"mil\". t',,,,lri ':l",ll'·"'i."j :!;),j ~il"',i

\1'!'t"~~!'"'to?(1 ,:ill:3<?'es as sUlCh do not exist in this t',.. ,>,!.,,;'

,'ather rfo>slfl,"ntial clustt-'rs of scattered farm hnus(»hnlds hold th~l

high plateau ground. These households each usually possess a
small area of mixed tree crops surrounding small two/three roomed
grass or metal roofed houses. Fields are scatt~red around the
area. Digitized data for the area therefore included the location
of these households, the family grave sites often associated with
home territory, and the location of the family fields.
4.1 Land Ownership

The uature of land ownership in Haiti has been a subject for
both lively public and scholarly debate for years. One
characteristic of such ownership, resultin~ from traditional
inh~ritance laws, has been the fragmentation of fields and
parcels. Field sizes are small, ranging from half to one acre in
size. Families may possess 6-10 such fields. Field fragmentation
is vividly portrayed using the cartographic output of the ~IS on
about 2/3 's of the land within the 81 ha. of the sub-sub Morij~

Watershed. Hpre, 168 separate fields were identified. Th~se l68
fields b~lunged to 94 separate farmers. GIS maps illustrating
field/own@r patterns with the associated land tenure were created
by importing specific data from the Lotus data base (see Fig.l
above) to the GIS. It became evident that the location of share
cropped and rented land was not random but tended to concentrate
on the most infertile aDd steepest slopes. Land with a higher
production potential, located on top of the hills or at the
valley bottoms, was rarely given for outside of household use.

Of the 166 fields, 119 or 72% were claimed by farmers to be
individually owned/exploited;
27 or 16% were sharecropped:
II or 7% were r~ntpd: and
9 or 5% were on unpartitioned family lanris.
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The fact that so many of the farmers exploiting the hillside
slopes in this region are also the owners of the land used could
explain why the ADS-II project has had such success in motivatin~

farm~rs to create soil conservation structures and ve~et3tivp.

!;;1rr1"'!'S f)n tht-' ~rodin~' slopes.

4'J Crop Cover

Crop cover was photographed and ground truth tested for both
agricultural season3 of 1987. GIS maps were prepared from
information in the Lotus database to study thp spatial
relationships and areas covered by different crops and crop
associations during these seasons. The data clearly show shifts
in cultivation systems. Certain crop associations are more common
during the first season (Feb - July) than during the second
season (August - January).

!""l""., t"" ,':":11 f· ~"! !)\o; f~) l'''l~l.''t_'\'':' t .:-. " lj' ~1;11 ';1

;,; is: l '" '1. r 11 fl f' " ,> " t (~ s i. mn 11 f v J n I i' I' n r' .... " ;~ til: n "! (' f. III nit·, -', .. ' i',,',
i .:-: t..: n ,.... °i :1 t i ~} 11 j)'-l ~ ~ P ,- n s h \..' '.~ p ~·1 r; (J n . :l1 ;-1 I..., t'" " t~ f) P L: :, ,) I ~ ~ ; ; l ) ~" ,,'

1 n d I \I 1 d 1.1 ;~ 1 l~' a l \) n l? wit h t h.;o I.' r' 0 P S hit h whie h I:' a c h wa ~ ass n, ~ i ;'l ~ p :1.
Cartographic products were created for corn, sorgnum and sweet
potatoes. The spatial location of particular CiOP or crop
associatons was important because it ascisted the re~earcher in
understanding farmer reasons for allocating his household food
crop requirements given his land resnurces. Sorghum predominates
during the second season, while maize predominates during the
first. Sweet potatoes appear important during both seasons, but
the crops with which they are associated change. Table 1 below
summarized the area and percentage of different associations
found during these seasons.
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TABLE I: Crop Cover, Morija Watershed •..
CROP/ASSOCIATION

HECTARES / ~ OF ALL CROPS
FIRST SEASON SECOND SEASON

('URN,BEANS
(' () R\1 . r. EAN, SWEE: T POT .\ TOE S
'·(!ii.'~, BE:\.'JS. SW .I'OTr\TOES, SOI?GHt:~1
YAMS,BITTER MANIOC,PIDGEON PEA
BITTER MANIOC,PIDGEON PEAS
SORGHUM (MONOCROP)
SWEET POTATOES (MONOCROP)
SWEET POTATOES,PIDGEON PEAS
BITTER MANIOC,PIDG.PEA.SORGHUM
CORN,YAMS,BEANS,PIDGEON PEA
PIDGEON PEA,SORGHUM
SORGHUM,SWEET POTATOES,BIT.MANIOC
SWEET POTATOES,BITTER MANIOC
SORGHUM. SWEET POTATOES
~TSC, lCABUAGE,IR[SH POTATORS.ETC.)

': \ LL(J ~" 1. A\ il
'ln! "/' 110 L II I( ES r DE\: C E S
;liAVE~~
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The study described above has not yet been completed. The
GIS staff is currently rectifying the field maps to evaluate the
diff~rence between unrectified area data and rectified data. This
will permit us to assess the potential of aerial photography
combined with a GIS to estimate crop area and production
potent ia 1.

Yi~ld studies are 31so being carried out in the Mort,ia
watersh~d, using selected fi~lds based on their position in th~

~ystem (hill tops, slopes, valley bottoms, or immediately above
or below rock terraces). Digitization of the rock terraces
actually constructed also permits us to estimate the # of meters
of physical structures actually in place. Monitoring can then in
the future determine continuation of the extension of this
technique in the region as well as monitor the growth of the
trees and vegetative barriers placed behind these rock terraces.
These are yet too young to appear on the photography.

With a base map of the sub-watersheds, we will be able to
rnnnitor the placement by farmers of the on-farm cropping trials
~nd evaluate the spread of crop innovations farmers hAve
adopted. Th~ project is extending a black bean varie.y in the
area, which traditionally has planted a red be~n vari~ty. With
the GIS, it will now be possible to follow farmer use of the
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black bean variety. It already appears that adopting farmers are
placing this crop (usually in an association with corn or
sorghum) in those areas of poorest soil fertility and steep
slopes. When asked about this, farmers indicated that the variety
performed' better than their own under conditions of limit~d

moistur~ and fertility.

Lt is OUI' belief that usinl{ a GIS system CIS d~s('rlb·_··l

briefly here, combined with a data base, national and regional
level planners and researchers in Haiti's Ministry of Agriculture
will be in a better position to more effectively design and
implement, as well as monitor future development programs. Other
agencies involved with regional/national activities such as
public health, education, road construction and upkeep, etc.
should also be able to benefit through establishing similar
systems in their central planning offices.
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