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GEOGRAPHICALLY REFERENCED WATERSHED SYSTEMS RoSEARCH:
A SOCIO-ECONCMIC APPLICATION IN HAITI

SWANSON. BROWN, HYVPOLLITE *

ABSTRACT

Maps are extremelvy useful tools in analyzing phenomena that
exhibit spatial variation. Urnfortunately, making a map is a time
consuming and technically difficult task. As a result, maps are
much less widelv used than they might be. The ADS-II project has
forged linkages between software packages, that, to a large
extent, autcmate the mupping process. Since many of the time and
skiil requirements have been eliminated by the svstem, mapping
has become much more widelv available as an anal>tic tool.

) hear® ol the svetem 1s a cambhinatian of the Torug A
O TR oo ram Treim Lotus Deveipobrmens Corporation o i
L Soitnat 1o s o g oo e R R EERE AEAY PR
M S G e inventory and IFvoluation Svstem (CRIES: eve fomead S
Michinan State lUniversi. A Lotus spreadsheet 1s used 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 analytic 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
power of the combination comes from the abilitv to use the
graphical output capabilities of the two svstems. The time
consuming tasks of constructing maps and graphs can be mostly
relegated to the computer.

This paper descrites how spatial variation of complex socio-
economic v=riables c¢an be mapped and studied within their
redional and national contexts bv linking GIS and Laotus
databases. A description is first given of the GIS data base.
with i1llustrative national/regional level information extracted
trom this showing specific program activities in onre region of
nroject intervention: Jacmel’s plateau region of Haut Cap Rouge.
This 1s followed by a portion of the socio-economic database 1in
Lotus 123 form. The inforration contained in the Lotus file is
subsequently presented in cartographic form.

¥ Authors are, respectively, ADS-TII Chief of Party and Fconomic
Anthropologist, Geographer, and Division Chief for GIS/Landsat
Analvsis.
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3.0 Introduction

Social scientists have long observed that most elements of
human svstems studied vary considerably across space and time.
Much of what we know as anthropological and sociological research
is based on an attempt at understanding and explainine compiex

1ssues and patterns underlving such variation. Nescrihing ihe
natiures  of such variation without cartedraphic tools can b= S
frrbeenis inrdeads and Wit hout = h desoerint ion Sl ofe
tr-lationshinsg can verv easiiv be overloohed. The combined DPower
nl GIS and Lotus 123 data bases place powerful spatial analvtic

tools into the hands of researchers which are useful for numercus
socio—-ezonomic 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 earlv 1384, 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 these endeavors, a geographic information svstem was
established to permit spatial analvsis of statistical data and t-
: ciad gt natoral pesource nventories, An exwpected ont pat WO
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thier Gl svsitem data base presentlv established has become  Detlter
known and as the number of variables digitized nationaily and
regionally have increased, demand for use of the system has grown
dramatically.

The on-farm applied agricultural research program has been
involved with small farmers in two Departments of Haiti, the Sud
and Sud-Est. Interventions have centered on specific plain and
mountain sites near the principal regional centers of Les Caves
an't Jacmel. For the purpose of this paper, we have chosen to
present farming svstems applied research realized on the Jacuel
mountain/plateau site of Haut Cap Rouge, with special attention
to two sub ‘.atershed svstems in the Morija Watershed Svstem.

1.0 The Data Bases

1.1 GIS Data Base

The Geographic Information System (GIS) is one module of the
Comprehensive Resource liwventory and Evaluation Svstem (CRIES),
developed by the CRIES Project at Michigan State University. "One
of the major operations of a computer-based GIS is to conduct
overlay analysis of multiple attributes... To perform this
function, the file structures must be in a format which permit
the vertical integration and comparison of a number of attributes
in relation to their geographic location”™ (Schultink et.al.,
1986:1.9). A grid-based reference syvstem 1is c¢reated whose
phvsical ’addres~’ is based cn the Universal Transverse Mercator
HTMY coordinates found on topographic maps world-wide.
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The poer of the GIS rests in the user’s ability to analyse
any geographically definable unit by or in combination with any
other wvariable layer 1in the data base. Products from such
analvsis include cartographic products, statistical tables

eg. frequency distribution, cross—-tabs}, and graphs. One can most
easily visualizme the GIS data base as a potentiallvy unlimited
number of transparent mac overlavs, each overlav representingy one
<t ot related vartables.

318 data bases of two kinds have been created. one
orientated towards natiopali 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,
permits manivpulation of aggregated statistics. Haiti, through the
ADS-II pre’ ct, presently possess the following layvers in this
data base:

1. Vegetative Cover {52 attribute classes (AC’s)
7. Snil Potential 119 AC’s:
viministrat ive Divisions:
e e e oty
LR RERRIRA B RSN AL (RSRE PN =
COMRMUD - 150 Av ' =
Sweeetion Communale 364 AC’ s
District Agricole {22 AC’s)
Agence Agricole {41 AC’s)
4. Holdridge Life Classification Zones (9 AC’s)
5. Elevation {30 AC’s) '
6. Bassin Versant:
Primare 30 AC’s)
Primaire et Secondaire {55 AC’s)
Sous-Bassins ( AC’s)
Sous-Sous Bassin {440 AC’s)
7. Hvdrology i2 AC’s
8. Climatology (4 AC’s)
9. Infrastructnure {5 AC’s)
10. Population Density (to Section Communale level: {h AC’s
11. Mineral Deposits (5 AC’s)
12, SNEM Majaria National Spraving FPrograms 5 ACTs
3. Raintall Patterns 113 AC's)
14. Landsat 1985-86 Thematic Mapper Data on
Vegetative Cover (36 AC’s)

Information, when digitized, is stuvred in grid celis, whose
size depends upon the nature of the primary data being coded and
the degree of accuracy sought. For our national, macro-level data
base in Haiti, information digitized with a grid cell size of 300
X 300 meters was considered acceptable. Greater resolution would
not have been consistent with the precision of the secondary data
being encoded. However, to capture specific micro-level data for
information such as the location of individual fields of corn or
rice, the position of rock terraces across farmer propertyv lines,
land tenure patterns, etc., a grid cell size of 1 X 1 meter was
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considered desirable.

1.2 The Socio-economic Data Base
The Haut Cap Rouge plateau, ranging between 5C0-800 meters
in elevation, has been the focus of farming svstems applied

research since earlv 1984. With a surveved popuiatioun of about
7.976 peobdle, making up some 2,180 households. the program has
worhed with farmers 1n on-farm testine - variety and tertiliuaes
trials., imbproved manazement trials, otc. of all major orans

found in the zone. These crops included corn, sorhum, yams, sweet
potatoes, manioc, red and black beans, pidgeon peas, cowpeas,
coffee, leucaena, sesbania and other legumeous plants, napier and
Guatamala grass, grafted citrus and assorted other tree crops.
Mary 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 biclogical aspect of this work was supplemented through
complementarvyv socio-economic studies among the households
participating 1in the prodranm. These studies have dgenerated a
sizablie data base on a number of socio-economic variables which
SRR Cornbat ton charnicterist pos e s, SONCYS S it qene
Crberacy, erey Njore with information on the @oericuitirna’ SR
Pivestoen  svslems nraerioad, The data has been  anatvied  asian
vartous statistical pacnages: MSTAT for agronomic trial anaivsis,
STATPAC and LOTUS 123 for tle socio-economic 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
these data bases also presents the researcher with a flexible
tool and realistic context within which change can be monitored
in the future.

2.0 Placing Haut Cap Rouge Program into its National/Regional
Context

The mountainous country of Haiti with some 27,000 sq. kms.,
occupies the north-western third of the island 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.

The population, estimated near 7 million, is unevenly
distributed, with major concentrations in Port-au-Prince, Cap
Hattian, Gonaives, Les Cayes, Jacmel and a number of other towns.
However, one finds people everywhere, from the arid northwest to
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the the rugged sides 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 svstems. With the GIS we are able to place the pro.iject
r=2o1on around the Haut Cap Roupe Area into its context. The
Proadect Area itselt. witnin this region. can also be hivhlighted,

3.0 THE PROJECT AREA

Using the Project Area boundaries as a kind of "cookie
cutter”, GIS software 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 data base include
19 wvariables, which when shown together, are difficult to
interpret 1in anyv simple way. By grouping these into three

classes: good soils, fair or medium soils, and poor soils, one
mAav moie  eastly see maor patterns in the Project Arey, P
vrame s ro R eV e T Yoroansbanooe thoat fhe it 0o
Shat ey canroan 1S tatriy Fferrayade . whirle the sltones ~ore e pnoor
Pae oniarn reeion elow avawn is feriviie. bisine the GIS (o coppu:.

area bv soil tvpes {or the project region. we oblained:

Project Area Soil Types

Hectares

Good Soils 10,575
Fair Soils 3,420
Poor Soils 32,328
Other (urban,lakes,rivers) 495
Total: 46,818

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

Topographically, the Haut Cap Rouge plateau varies between
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 platesu zones.

3.1 The Project Watershed Study Area

Within the Project Area, ALS-II field technicians selected a
number of small watershed systems within which to concentrate
activity. The rational was that attempting to improve crop
production andc improve soil/water management in a mountainous
environment did not make murh sense without addressing the entire
hvdrological physical unit iuvolved. Improving the so0ils on the



lower part of a slope could not succeed unless the velocity of
run-off water from higher up could somehow be contrnlled.
Improving the irrigation systems in the Cyvadier plain was
difficult when the same run-off caused heavy silting in hand-dug
earthen canals.

Rapuid run—-otf is caused by increasing deforestation on the
miareay and heavy cultivation of the mountain slopes 'where tracsg
ave alireadv aone, with decreased moisture intiltration 1n "R
mountains, springs at the foot of these mountains give a less
constant flow of water over an ever shorter period of time during
the non-rain months of the year - once again effecting irrigation
potential as well as water for normal domestic consumption. An
entire drairage 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
seplected for special studv. Having digitized the areas of

interest  trom existing 1:25:000 base mars, we were ahies to
S R ARTIREEES Y . l\x" ‘, l()hinﬂ_‘:

oot Can doude Progect Hevilon, tneiiding P lect g nlarn wone
directiv beiow the Corail Watershed Svstem: 12,384 hectares
The Watershed Project Study Area: 1,674 hectares
The Corail Watershed System: 450 hectares
Mori ja sub-sub Watershed: 81 hectares

Looking at the GIS rainfall data again, we could see that
raitnfall patterns correlated directly with the rise in elevation.
The high plateau region benefits from the most rainfall. The
Morija sub—-sub watershed area could also be seen to be located
within the region of the rapidly descending slopes and decreasing
rainftall.

4.0 The Morija 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 systen
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 obtauining aerial
photographs of the project region in a timely manner, the program

rontracted with a local pilot at a rate of $130/hour. Using 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 overlavs and subsequently digitized
into the GIS database using a 1 meter grid cell size. Rock
terraces, roads and paths, and the changing cropping cvcles were
Aail mapred in this wav.

Tnese same photographs were taken into the field 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
name of the field owner, land tenure, name of user of field if
Gt e shan Y he o nwner, data on the family., Field oronmed o ancd o seen
fovrevated villages as such do not exist in this regian:
rather restdential clusters of scattered farm households hold the
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 scattered 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 nature of land ownership in Haiti has been a subject for
both lively public and scholarly debate for vears. One
characteristic of such ownership, resulting from traditional
inheriitance 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 wvividly portrayed using the cartographic output of the GIS on
about 2/3 ’s of the land within the 81 ha. of the sub-sub Morija
Watershed. Here, 168 separate fields were identified. These AR
fields belonged to 94 separate farmers. GIS maps illustrating
field/owner 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 and steepest slopes. Land with a higher
production potential, 1located on top of the hills or at the
valley bottoms, was rarely given for outside of household use.

Of the 166 fields, 113 or 72% were claimed by farmers to be
individually owned/exploited;
27 or 16% were sharecropped:
11 or 7% were rented: and
9 or 5% were on unpartitioned family lands.
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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 whv the ADS-II project has had such success in motivating
farmers to create soil conservation structures and vegetative
harri=»rs on the eroding slopes.

4.2 Crop Cover

Crop cover was photographed and ground truth tested for both
agricultural seasons of 1987. GIS maps were prepared from
information in the Lotus database to study the 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).

Thoa ottt s b el e b aopvesate oot ety
Wil d In ar e t o simplifv 1piernretation of comn f e e

et pon natteras hv EXERCECR PR 1IN WA IHrT Crohna RIER A HEEEENEE :

inditvidual iv along with the crops with which each was associate:d.
Cartographic products were created for corn, sorghum and sweet
potatoes. The spatial location of particular crop or crop
associatons was important because it ascisted the recearcher 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 1I: Crop Cover, Morija Watershed

HECTARES / % OF ALL CROPS

CROP/ASSOCIATION FIRST SEASON SECOND SEASON
CORN, BEANS 3 8% 3 3%
CORN.RPEAN,SWEET POTATOES 3 5% 3 B
CORN, BREANS,SW.I'OTATOES, SORGHUM 0 il 9%
YAMS,BITTER MANIOC,PIDGEON PEA 0 1 1%
BITTER MANIOC,PIDGEON PEAS 3 % 1 1%
SORGHUM (MONOCROP) 1 2% 1 %
SWEET POTATOES (MONOCROP) 14 25% 0
SWEET POTATOES,PIDGEON PEAS 1 1% 0
BITTER MANIOC,PIDG.PEA,SORGHUM 0 2 4%
CORN, YAMS,BEANS,PIDGEON PEA 1 2% 0
PIDGEON PEA,SORGHUM 0 4 7%
SORGHUM,SWEET POTATOES,BIT.MANIOC 0 5 9%
SWEET POTATOES,BITTER MANIOC 0 1 2%
SORGHUM, SWEET POTATOES 0 1 2%
MTISC., {CABBAGE,IRI[SH POTATOES,.ETC.) 1 1% 1 2%
SALLOW 1AND 17 30% Y HE
SOESEIOLD WESTDENCES
SRAVES | 1% l %
HOUSEHOLD PLANTATIONS 1¢ 19% Q 17%
Total: 56 100% 56 100%

5.0 Conclusion

The study described above has not yet been completed. The
GIS staff is currently rectifying the field maps to evaluate the
difference 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
potential.

Yield studies are also being carried out in the Morija
watershed, wusing selected fierlds based on their position in the
svstem (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
wnrnitor the placement by farmers of the on~farm cropping trials

and evaluate the spread of crop innovations farmers have
adopted. The project is extending a black bean variety in the
area, which traditionally has planted a red bean varietv. 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 1limited
moisture and fertilitwv.

it is our bLelief that using a GIS system as descrihed
briefly here, combined with a data base, national and regional
level planners and researchers in Haiti’s Ministry of Agriculture
will be 1in a better position to more effectively design and
implement, as well as monitor future development programs. Other
agencies 1involved 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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