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ABSTRACT

Maps a~e extre~ely useful tools in analyzing phenomena
that exhibit spatial variation. Vnfo~t~natelYI maKing a ~ap
~s a time consuming dnd technically difficult ~ask. As a
result, maps are much less widely used than they might be.
The ADS-II ~roject has fo~ged linkages between software
pdckages, t4~at, to a large extent, automate the mapPIn~
process. Sinc~ many of t~e time and $kill requirements have
been eliminated by the system p mapping has become much more
widely availa~le as an an31ytIc tool.

The heart of the sYstem is a com~ination of the Lotus
123 spreadshee:,~ro~ram-fro~Lotus Development Corporation
and the geogra~nlc InformatIon system (GIS) from the
Comprehens~ve riesource Inventory and Evaluation System
(CRIES) of Michigan Stat~ University. A Lotus spreadsheet
is used to establish a data base that is ref~renced to the
spatial record keeping units on the map. The linka1e
mechanism allows data-~o be transferred between the two
programs. The ana~rtic and report facilities of either
program are availab ~ for use with the data.. The choice of
the particular analysis facilitr used under any giv~n s~t of
circumstances depends on the na ure of the data and the
analysis to be performed. The real power of the combination
comes from the ability to use the graphical output
capabilities of the two systems. T~e time consuming tasks
~f constructing maps and graphs can be mostly relegated to
the computer.

This paper describes the ADS-II integrated dat~
management system in detail. A data base recently
established to maintain rice trial records in a farming
systems research zone of intervention in the Les Cayes Plain
of Haiti is used to illustrate the utility of the sys~e~.
We first iT,troduce the crop trial data base. Discussioll
includes ~lle establishment of the data base, training in its
use, datd entry, data analysis, and productIon of output
products. After discussing the speCIfic data base exam2lel
the paper moves on to a more generalized presentation of tne
organizational infrastructure that the ADS-II project is
develo~ing to improve the access that decision makers ~ithin
the HaItian Ministry of Africulture will have to the
analytic capabilities of he system. The ~a~er concludes
with some speculation on the utility of slmllar data bases
in other situations.

Introduction

Maps are an essential tool when 8n81y~iDg phenOMena
which exhlbi~ spati&l variation. Since maps are time
consuming and technically difficult to ~rodu~e they are not
as widely used as would be desirable. In ar. effort to
reduce ~he time and skill required for map prod~ction the
Agricultural Development Support (ADS-II) project of the

-1 I



Haitian Ministry of Agriculture and Natural Resources
(MA~NDR) has developed an Integrated data management system
which, to a lsrge extent, automates the map proQuction
proce3S. Since the system is based on widely available IBM
PC compatible hardware~ we expect that this automated
mapping ca{'acity will De I!seful for a wide variety of
p~ojects wIthin the MARNDR in the future.

This paper describes the inte~rated data ~anagement
system and the organizational structure that ADS-II is
developing to supoort the use of the system ~ithin the
MARNDR. A recently established data base desi~ned to
analyze rice trials in a farmin~ systems resear~h zone of
interYention in the Les Cayes plain of Haiti is used to
illustrate the system. The paper begins by describing the
analytic needs of the rice trials. These needs are used as
a framework from which th~ structure of the data management
system is derived. The paper then presents a sample
analysis which demonstrates the ca~acities of the system.
From the specific example of the rIce crop trials the we
move into a more ~eneral discussion of the organizational
structure that AD~-II is developing to make the benefits of
the svstem more widely available to decision makers in the
MARND~. The paper ends with some speculation about possible
directions fo~ fur~her applications and development of the
system.

The Rice Crop Trials Data Base

In m~ny cases, the users of spatially refer~nced data
will have a fairly ~ell defined task that needs to be
repeated at intervals, with few changes in op~rating
procedure. Although the analytic ~ee~~ of every project
will b~ different the rice crop trial data base is
relatively uncomplicated and thus provides an excellent
example of the application of es&ential ~lement8 of the data
base syst~m, The goal in establishing this data base was to
record and analyze the performance of a specific var~ety of
rice under different management and physical conditi~ns. In
addition to the numerical manipulation tools provided by a
d&ta base management program, the researcher conducting the
trials is interested 1n having the capacity to p-roduce two
different types o~ map products. The first proauct is a map
shewing the cwner3 of the different test ~lots. This map
must be fL-':'1.uently updated as more plots are added to the
experi~ent. The second product is a series of ma~s by test
plot which represent the locations and outcomes of a wide
vari~ty of treatments. This second series of maps will be
produced at least once each crop season.

The da t 5: base cons is ts of five input variab les: 1)
ownership of test plots, 2) location of test plots, 3)
area of test plots, 4) inputs to the test plots and 5)
yields from the test plot.. The first three of theoe
variables consist of singke fields, while the last two will
have multiple fields. The analrtic requirements of the
systems include the ability to: ) add new test plots to the
data basel 2) calculate relationships between the variables
in the d&~a base, and 3) producp. tabular records, graphs,
and maps of the data.

With the exception of producing map~. all of the data
base functions listed above can be accomplished by all
standard spreadsheet programs. We chose to use Lotus 123 (R)
for this particular project. To supply the mapping capaCity
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we chose the Geographical Information System (GIS) developed
by the Comprenensive Resource Inventory and Evaluation
Systems (CRIES). This system was chosen because it is
inexpe~slve and operates on widely available IEM PC
compatible computers.

Two data structures are used in this system: 1) a
spreadsheet for the numerical data, and 2) a GIS file to
record the spatial locations of the data. A ~ortion of the
spreadsheet created to illustrate this paper 15 shown in
table 1. In the interest of saving space, only the first 14
records of 160 are shown in the table. Ir the table, the
spreadsheet is sorted in order of a code assigned to each
farmer. This code appears in the first column of the table.
Each of the test plots is also assigned a code which is
found in the column of the table laoeled Parcel Number.
This is t~e link between ~he spreadsheet and the ~IS. This
code is the number which IS used in the GIS file to identify
the location of the test plott which is the basic un~t of
data collection and manipulatIon.

---

Table 1 : "..
-

SEED MULTIPLICATION PROJECT -

LES CAYES,z. HAITI
~198, -
r

Farmer Parcel Area Total Yield/
--'5

Number Number (Ha) Production Hectare
-

- 1 125 0.0224 79.35 3542.34 ~

-
-

~

1 126 0.0224 86.08 3842.86
~ 1 127 0.0192 65.39 3405.78 -

-- &\ 1 128 0.0196 61.95 3160.77
1 129 0.0284 53.61 1887.65 ~--; "." =
1 130 0.0336 92.73 2759.87 -

-

2 83 0.0252 93.88 3725.46
2 84 0.0288 94.62 3285.25
2 85 0.028 102.05 3644.54
3 49 0.0192 32.27 1680.59
3 50 0.016 25.81 1613.43
3 52 O. (H68 36.23 2156.27
4 51 0.0256 61.62 2407.09
4 57 0.0192 41. 09 2140.22

The spatial locations of each of the test ~lots was
digitized from a map of test plot locations complIed by the
researcher. The GIS file created by this procedure can be
updated to reflect future changes in th~ data base either by
additio~ftl digitizing, or by a file editing facility in the
GIS. Figure 1 is a map of the data in this GIS file.

The first of the requisite map produc~~ can be proJuced
USiI,g the data in the first two columns ~f the spreaasheet
in conjunction with the GIS test plots file. The proceri~re
con3ists of creating a new GIS file in which each of the
teNt plot ~od!s in tde GIS test plot file is transfor.ed
into codes represp-nting the owners. In the example, sinc~
parcel numbers 125 through 130 belong to farmer 1, tbe cod~S
125 throufh 130 all need to be changed to 1 in the new file,
codes 83 0 85 changed to 2 etc. This transformation is
accomplished by usin. the G~~UP function of the GIS.' The
inputs to this funct10n are two files: 1) the original GIS
file, and 2) the groupings file. The output is a new GIS
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file with areas assigned the new farm codes. In our
exampleJ the output GIS file will contain the ownership
map. Tne groupinfs file is an ASCII file produced using the
spreadsheet, cons1sting of three records formatted as
follows:

<start of old range> <end of old range> <new code>

which are repeated for each new code to be placed in the
output file. Table 2 shows the contents of the grouping
file that was used to produce the farm ownership file from
the data in Table 1. Standard spreadsheet data r~nipulations
can easily be used to create files of this type from the
original data.

Table 2:
Grouping File for Farm Ownership Map

125 130 1
83 85 2
49 52 3
51 51 4
57 57 4

Once the new GIS file is created containing the codes
assigned to each farmer, the final step is to print the data
in tliis file using the standard GIS map printing function.
The resulting aap, with the title, scale and legend added by
hand, is shown in figure 2.

The third column in the spreadsheet (see table 1) ia
generated by a standard GIS function which reports the area
of different features in the GIS file. This information 1s
placed in an ASCII format output file which, after some
modification with a word ~rocessor., can be 1aported directly
into the spreadsheet. Th1s information is needed to
standardize yield measurements on a per hectare basis.

The process of producing the second type of map, aaps
of the outcomes of various treatments, aa~es more use of the
analytic abilities of the spreadsheet, but otherWise,
follows exactly the same procedure as mapping the test plot
ownership data. In our example the column labeled total
production (see table 1) represents data collected by the
researcher and entered into the spreadsheet. Using the
spreadsheet fUDctions the raw production data was
standardized into yield per hectare tor purroses of
comparison. The results of this transformat on are located
in the coluan of table 1 labeled YIILD/RICTARI and represent
the type ot data that must be aapped.

Since it is clearly impossible to iDtellifibl Y
represent 608 ditferent valu~s on a .ap, the f rst step was
to aggregate the individual yield values into ranres.
Although anyone of a number of different aggrega ion range.
could liave been chosen, we chose to grou~ our data into
eight classes. These classes are showp 1n Table 3. It
should be noted that one of the great benefits derived froa
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automating the map~ing process is that the researcher gains
the option of test1ng several different aggregatioD scnemes
on a trial and error hasis to find the one that best
illustrates the iDformation to be presented. Without
automation~ the time and effort involved in producing each
map precluaes this possibility.

Table 3:
Data Classes for Yield Map

Class

1
2
3
4
5
6
7
8

Yield
(T./ha.)--------< 1
1 - 1.5
1.5 - 2
2 - 2.5
2.5 - 3
3 - 3.5
3.5 - 4
> 4

I·

Once the data are grouped into yield classes, the next
step is to create a grouping file similar to the one used to
produce the ownership map. In this case each of the codes
representiDg test plots 1n the GIS file .ust be tranaformed
into codes representing the data ran.e into which the yield
for that plot falls. Theae are the numbers in the coluan
labeled Claa. in Tabte 3. ID our ex-.ple Caee Ta~le l)~ the
yield for plots 125 3.54 T./ha) aDd 126 (3.84 T./ha.) xall
into class number 7 3.5 - 4 T.lha.) and should be recoded
to a code 7 in the new GIS yield file. Table 4 shows the
contents of the groupin. file needed to produce a yield aap
of the data in Table 1. The format is exactly the ssae as
the groupinfs tile used to produce the ownersbip aap. Once
agaiD th1s ila can be easily created usin, the standard
functions of the spreadaheet.

Table 4:
Groupin, rile tor Yield Map

125 126 7
127 128 6
129 129 3
130 130 5

83 83 7
84 84 6
85 85 7
49 50 3
51 52 4
57 57 4

As in the ownership map this file is used in
conjunction with the GIS test plots file as in~ut into the
GROUP function of the GIS to create a new GIS file

/
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containing yield information by location. All that remains
is to print a map of this file usin. the standard GIS map
~rinting function. The resulting Y1eld map is shown in
F1gure 3.

The value of incorporating a mapping system into the
data base management system is degonstrated by comparing
Figure 4, a histogram of the yield data produced by the
spreadsheet with the yield map in figure 3. The histogram
ShOHS that the data is a~proxi.ately normally distributed,
with a slight skew towards the lower end of the curve.
Nothing very revealing in that. It isn't until the saae
data i8 ~laced on a .ap that it becomes apparent that the
higher y1elds are b~ing obtained from the plots clos~st to
the irr~gation canal. If the researcher were dependant on
.anual mapping technigues t it is very unlikely- that the data
would ever be mapped 6eca~se of the cost and aifficulty
involved. As a result, it is very probable that this
relationship would be overlooked. .
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Figure 4: Yields of Parcels
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Organizational Structure

The ADS-II project ia in the proce.. of establishin' a
GIS resource unit to aake the analyti~ capacities of the GIS
.ore widely available to potential u.er. within MARHDR. 'the
obJective o~ this Unit i. not .erel~ to provide GIS outpu
product. to uaera t but ideQti{y taaka in tht Mini,t~7 wbich
can have GIS func~iona u.erul y inte,r.ted nto thalr
overall infor.ation .anage.ent .yste•• , and create
"satellite" GIS sy.t••• ia the o~fice. re.ponsible for
c,rryinf out the.e ta.k.. The rice crop trial. data ba•• i.
this sa elilte GIS srst•• conce~t. The GIS re.ource unit
will provide the fol owing serV1ces to the satellites :
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lj assistance in establishing new data bases
2 training
3 a repos1tory of seldom used hardware
4 research into new GIS applications and techniqttes
5 linkage and coordinatio~ of data exchange between

satellites
6) management of national data bases

The necessity for these services is well illustrated by
the r1ce trials data base. At the outset integration of
the GIS into the data base required consultation between the
GIS resource unit and the researcher l an agronomist who is
untrained in cartography. OD~e a da~a base is plenned. it
need3 to be created. In any data base aanageaent project
data base creation is inevitably the aost costly and time
consuming stage. A small project like the one in our
example. would have troub~e justitying the high up front
costs involved. The GIS resource unit provides experienced
personnel and specialized hardware that can greatly reduce
the cost and time required for this process.

The need for training is obvious. Our example. which
is relativel~ uncom~licated. should require no more than 5
or 6 hours of trainlnf to perform the functions described
above. More complica ed data bases or use of more of the
GIS analytic cepacities would require increased training
levels. Certainly, training must be provided at some level
to establish new data bases~ and will be ODe of the most
important functioDs of the ~IS resource unit.

All of the functions described in our example can be
performed on an IBM PC coapatible coaputer with an Ipson rx
series compatible printer. This confifuration is very
inexpensive and already widely availab e in offices
throughout the MARNDR. Other functions of the GIS require
more elaborate and expensive equipaent l such as adigltizing
tablet or a color ink jet printer. Wh Ie the optiaua
hardware configuration for an~ particular data base will
vary accordinf to the needs of its users, it is essential to
have a reposi ory of equipaent that users need only
occasionally. For example. the rice trials data bas. could
not possibly justify the purchase of a $5 000 to $10 000
digitizing tablet needed to create the da!a base. r~e GIS
resource unit will be able to spread the costs of
specialized hardware over a number of projects.

The research function of the GIS resource unit is
critical. GIS represents an entirely new tool for aanagers
of natural resources in third world settings. A treat deal
of re~earch is needed to find the best ways to in egrate
this tool into the normal deci~i~n makin, process. This
.eans that there reaain not only uD4nswerea technical
questions about how to best present the data. but perhaps
even aore iaportant questions a~out the optimum organization
of the administrative infrastructure to insure the flow of
inforaation from the syste. to decision aakers. Supplyina
the answers to these questions will continue to be an
i.p~rtant function qf the GIS re.ource unit.

One of the major advantafes expected froa the
widespread use of the GIS is 0 increase the access of
decision makers in all of the MARNDR departments to
inforaation collected and stored by other department.. Tbe
GIS resource unit will provide a central clearin, bouse for
access to all of the satellite GIS data bases. he unit



will not only assist decision makers in findin~ existing
information collected and stored by the s3tel11te GIS
systems l but will also attempt to establish formal
informa~ion chsDnels to those data bases.

Finally, the satellite systems will maintain
specialized data bases that meet the functions of the
particular department the system serves. The GIS resource
~)it is needea to manage the general purpose national data
base that has already Deen created. This data base will be
essential to give a national context to all of the
specialized satellite data bases. However to re.ain useful,
it will have to be updated and enlarged as new data beco.es
available. Central storage of this national data base is
also essential to insurft that all of the satellite systems
have access to it.

CODclusion

In its role of aanagin. the agricultural and other
renewable resources of Hait1, the MARNDR has an enormous
Deed for spatial analysis tools. Digital geographical
information systems provide a valuable addition to the range
of s~atial analysis tools available to decision makers that
prom1ses to not only increase the efficiency of existing
mapping operations, but also expand the use of maps into new
fields. The software aDd hardware components, as
exemplified by the rice trials data base are already in
pla~e. The intefration of the GIS into the decision making
~rocess of the M RNDN remains to be accomplished. This
1ntegration will be the primary role of the GIS resource
unit.

At the time this is written, three satellite .yste.s
have been established: in the tarming syste.s research
project conducting the rice trials described above, in the
NatIonal Agricultural Surve1~ and in a farain. SYB~e.s
research project in Jac.el, Haiti. All of tbese projects
are a~inistered by ADS-II; the satellite systems have been
experi.ents to learn the problem. associated with their
establishaent. Work has recent I! started on establisbing a
satellite srste. in the Technica Secretariat For Waters tied
Manage.ent 1STAS) ot the Department of Natural Resources,
whicti will tie tbe first system outside ADS-II. We are
investigating the possible future establisbment of srtellite
syste•• in ttie National Water Resource Service (SMaH I the
Targeted Watershed Management Program, and several 0 Der
MARBDR agencies. We are also investigating the possibility
of cooperating with several agencies outside MARNDR, such as
the PaD American Development Fund, the National Malaria
Eradication Service, and the.Department of Public Works, all
of which have needs for spatial analysis capabilities.

aIS is a powerful tool that potential I! can greatly
i.prove the gualitI of intor.ation and resu tint quality of
decisions. We bel eve that the GIS resource un t supporting
the satellite syste.s concept will be successtul in ensuring
that the GIS will achieve it. potential.


