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= Maps are extrexeiy useful tocls in analyzing phenomena
N 3. 2r C e 13 el > in ] F
that exhibit spatial variationm. _Unferturately max1n§ a aap
s a_time consuming and technically difficult’ fask. s a
result, maps are much less widely used thap they might be.

The ADS-II Ero}ect has forged linkages between scoftware
packages, that, to a large extent, autcmate the mapping
grecess, Since many of the time and s3kill requirements have

een eliminated by the system, mapping has beceme much more
widely available as an anzalyvtic tool.

The heart of the system is a comdipnation of the Lotus

123 spreadshec® program from Lotus Cevelopment Corgorat1on
and the geograghic 1nformation syatem (GIS) from the
Comprehensive Resource Inventory and Evaluation System
(CRIKES) of Michigan State University. A Lotus spreadsheet
is used to establish a data base that is referenced to the
spatial receord keeping units on the mag. The linkadge
mechanism allows data to be transferred between the two
programs. The apaiytic and report facilities of either
program are available for use with the data. The choice of
the particular analysis facility used under any givan s>t of
circumstances depends on the nature 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. Tue time consuming tasks
of constructing maps and graphs can be mostly relegated to
the computer.

1M

This paper describes the ADS-II integrated daia
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‘em.

We first iritroduce_ the crop trial data base. Discussion
includes itae establishment of the data base, trainin% in its
use, data entry, data analysis, and production of output
%roducts. After discussing the specific data base.examgle

he paper moves on to a more generalized presentation o the
organizational infrastructure that the ADS-II project is
developing to improve the access that decision makers within
the Haitian Ministry of Agriculture will have to the
analytic capabilities of the system. The paper concludes
with some ggeculatlon on the utility of similar data bases
in other situations.

ia

1

- Introduction

Maps are an essential tool when apalyzing phenomensa
which exhibi! spatiel variation. Since maps are time
consuring and technically difficult to produce they are not
as widely used as would be desirable. n ar effort to
- reduce *he time and skill required for map production the
Agricultural Development Support (ADS~II) project of the
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Haitian Ministry of Agriculture and Natural Resources
(MARGNDR) has_developed an integrated data management system
which, toc a _ lsrge extent, autcmates the map procuction

process. Since the system is based on widely available IBM
PC compatible hardware, we expect that this automated
mapping capacity will be nseful for a wide variety of
projects within the MARNDR in the future.

This pager describes the integrated data iranagement
system and the organizational structure that ADS-II is
developing to supoort the use of the system within the
MARNDR. A recently established data base designed to
analyze rice trials in a farming systems research zone of
intervention in the Les Cayes pialn of Haiti is used to
illustrate the system. The paper be%1ns by describing the
agsalytic needs of the rice trials. hese needs are used as
a framework from which the structure of the data management
system is derived. The paper then presents a sample
analysis which demonstrates the capacities of the system.
From ths specific example of the rice crop trials the we
move into a more general discussion of the organizational
structure that ADS-II is developing to make the bemefits cf
the system more widely available to decisicn makers in the
MARNDR. The paper ends with some speculation about possible
dirgctions foi. further applications and development of the
system.

The Rice Crop Trials Data Base

. In many cases, the users of spatially referenced data
will have a fairly well defined task that needs tc be
repeated at intervals, with few changes in op~rating
procedure. Although the analytic reeds of every project
will be different, the rice crop trial data base is
relatively uncompllcated and thus provides an excellent
example of the application of essential eclements of the data
base systen. The goal in establishing this data base was to
record and analyze the performance of a specific variety of
rice under different management and physical conditions. In
addition to the numerical manigulation tools provided by a
data base management program, the researcher conducting the
trials is interested 1in having the capaq1t{ to produce two
different types of map products. The first product is a map
shcwing the cwnerus of the different test plots. This map
must be fir. uently updated as more plots are added to the
experiment. The second product is a series of mags by test
plot which represent the locations and cutcomes of a wide
variety of treatments. This second series of maps will be
produced at least orce each crop season.

The data base consistsof five input variables: 1)
ownership of test plots, 2) 1location of test plots, 3%
area of test plots, 4)_ inputs to the test plots, and 5)
yields from the test plots. The first three of these .
variables consist of sing.e fields, while the last two will
have multiple fields. _The analftlc requirements of the
systems include the ability to: ). add new test plots to the
data base, 2) calculate relationships between the variables
in the data ase, and 3) produce tabular records, graphs,
and maps of the data.

With the excegtion of producing maps, all of the data
base functions listed above can be accomplished by all
standard spreadsheet programs. We chose to use Lotus 123 (%

)
for this particular project. To supply the mapping capacity
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we chose the Geographical Information System (GIS) developed
by the Comsrenensxvg Resource Inventory and Evaluation
Systems (CRIES). This system was _chosen because it is
inexpernsive 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 portion of the
spreadsheet created to illustrate this paper 1s shown in
table 1. 1In 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 8331§ned a code, whick is
found in the column of the table labeled Parcel Number.
This is the link between the spreadsheet and the IS, This
code_ is the number which 1s used in the GIS file to identify
the location of the test plot, which is the basic unit of
data cecllection and manipulatiocn.

Table 1:
SEED MULTIPLICATION PROJECT
LES CAYES, HAITI
1987
Farmer Parcel Area Total Yield/
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 0.0168 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 plots was
digitized from a mag of test plot locations com§11ed by the
researcher. The GIS file created by this procedure can be
ugdgtgd to reflect future changes in th~» data base either by
additional d1§1§121ng. or by a file editing facility in the
GIS. Figure is a map of the data in this GIS file.

. The first of the requisite map products can be produced
usir g the data in the first two columns <r the spreadsheet
in coniunctlon with the GIS test plots file, The procedure
conaists of creatlng a new GIS file in which each of the
test plot code2s in tihe GIS test plot file is transformed
into codes representing the owners. In the example, since

arcel numbers 125 through 130 belong to farmer 1, the cod=s

25 through 130 all need to be chan%ed to 1l in the new file,
codes 83 to B85 changed to 2, etc, his transformation is
accomplished by using the GLOUP function of the GIS.  The
inputs to this function 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
example, the output GIS file will contain the ownership

map. The %roupings file is an ASCII file produced using the
spreadsheet, consisting of three records formatted as

follows: _
{start of old range> <end of old range)> <new code>

which are repeated for eack 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 sgreadsheet data manipulations
can easily be used to create files of this type from the
original data.

Table 2:
Grouping File for Farm Ownership Map
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. Once the new GIS file is created containing the codes
assxﬁned to each farmer, the final step is to print the data
in this file using the standard _GIS -ai printing function.
The resulting map, with the title, scale and legend added by
hand, is shown in figure 2.

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

The process of producing the second type of map, maps
of the outcomes of various treatments, malkes more use of the
analytic abilities of the spreadsheet, but otherwise,
follows exactly the same procedure as mapping the test TIOt
ownership data. In our example the column labeled tota
production (see table 1) represents data collected by the
researcher and entered into the ssreadsheet. Using the
sgreadsheet functions the raw production data was
standardized into yield per hectare for purposes of
comnparison. The results of this trunsformation are located
in the column of table 1 labeled YIELD/HECTARE and represent
the type of data that must be mapped.

Since it is clearly impossible to intellifibly
represent 608 different values on a map, the first step was
to aggregate the individual yield values into ranges.
Although ang one of a number of different aggregation ranges
could have been chosen, we chose to group our data into
eight classes. These classes are showg in Table 3, It
should be noted that one of the great benefits derived fronm
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autcmating the nagp1ng process is that the researcher gains
the option of testing several different aggregation schemes
on a trial and error btasis to find the one that best
illustrates the information to be presented. Without
automation, the time and effort involved in producing each
map precluaes this possibility.

Table 3:
Data Classes for Yield Map

Yield
Class (T./ha.)
1 <1
2 1_'1.5
3 1.5 - 2
4 2-205
5 2-5_3
6 3-305
7 3.5 - 4
8 > 4

Once the data are grouped into yield classes, the next
step is to create grouping file similar to the one used to
produce the ownersh; map. In this case each of the codes

gresent1ng test plota in the GIS file must be transformed
o codes representinf the data range into which the yield

for that plo hese are the nun ers n the column

labeled Clasa in Tab In our ex ésee Table 1) t?e
eld for plots 1 4 T /ha) and ( T./ha. ta

nto class nunber be recod ed

to a code 7 in the new GIS ield fi e. Ta le 4 shows the
contents of the grouping file needed to produce a yield map
of the data in Table 1. The format is exactl the sane as
the gronpings file u-ed to froduce the ownership gnce
agai ile can be easily created using the standar
functions of the spreadsheet.

Table 4:
Grouping File for Yield Map

et et et Pt

OB 0000 C0CLININNY
Pt et et

O NP WO~
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DR WINM~-TRWN

As in the owners hi ap this file is used in
conaunctxon with the GIS test plots file as 1n¥ut into the
P function of the GIS to create a new GIS
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containing yield information by location. All that remains
is to print a map of this file using the standard GIS map
rinting fuaction. The resulting yield map is shown in
igure

The value of incorporating a mapging system into the
data base management system is demonstrated by comparing
Figure 4, a histogram of the yield data produced bx the
sgreadsheet with the yield map in_ figure 3. The histogram
shows that the data is agproxxmately nornall{ distributed,
with a slight skew_ towards the lower end of the curve.
Nothing very revealing in that. It isn’t until the same
data is placed on a map that it becomes apparent that the

high 1d bei bt df th lot 1 t to
thg ggri}:ti:naggnai.ng gf %ngresgggcheg Eegesdgp:: :nt on

manual mapping techniques, it is very unlikely that the data
would ever be mapped beca¥sg of the cost and difficulty
involved. As a result, it is very probable that this
relationship would be overlooked. )

Figure 4: Yields of Parcels
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Organizational Structure

The ADS-II groject is in the_ process of establishing a
GIS resource unit to make the analytic capacities of the GIS
more widely available to potential users within MARNDR. The
ogjzgt%vetof this ugi% }3 ngt negelx tg prgvigg glg on:grgh
oducts to users u e asks in n
gan have GIS functions ulo?ui{; intezrateﬁ gnto t;ai¥
overa{l information management systems, and create
"satellite” GIS systems in the offices responsible for
cgrrying gut these tasks. The rice crop trials data base¢ is
this satellite GIS system concept. The GIS resource unit

+

will provide the following services to the satellites :



assistance in establishing new data bases

training

a repository of seldom used hardware .

research into new GIS applications and technigues

linkage and coordinatiou of data exchange between
satellites .

management of national data bases

D AW
s

The necessity for these services is well illustrated by
the rice trials data base. At the outset, integration of
the GIS into the data base required conaultatxon.betueen_the
GIS resource unit and the researcher, an agronomist who is
untrained in cartography. Once a data base is plenned, it
needs to be created. In ag¥ ata base management project
data base creation is inevitably the most costly and time
consuming stage. A small project, like the one in our
example, would have trouble Justlfylpg 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 relatively uncomplicated, should require no more than 5
or 6 hours of traiplng to perform the functions described
above. More complicated 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 one of the most
important functions of the 3IS resource unit.

All of the functions described in our example can be
performed on an IBM PC compatible co-guter with an Epson FX
series compatible printer, This configuration is very
inexpensive and already widely available in offices
throughout the MARNDR. Other functions of the GIS reguire
more elaborate_and expensive eguiplent such as a digitizing
tablet or a color ink jet printer. While the optimum
hardware configuration for an¥ garticular data base will
vary according to the needs o ts users, it is essential to
have a repository of equipment thgt users need only
occasionally. For example, the rice trials data base could
not 93§1b1¥ gultlfy the purchase of a $5,000 to $10,000
digitizing tablet needed to create the data base. The 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 managers
of natural resources in third world settings. A great deal
of research is needed to_find the best ways to integrate
this tool into the normal decigivon making process. This
means that there remain not only unanswered technical
questions about how to best present the data, but perhaps
evern more important questions adbout the optimum organization
of the administrative infraastructure to insure the flow of
information from the system to decision makers. Supplying
the answers to these questions will continue to be an
important function of the GIS resource unit.

One of the na{or advantage- expected from the
widespread use of the G is to increase the access of
decision makers in all of the MAREDR departments to
information collected and stored by other departments. The
GIS resource unit will grovide a central clear1n§ house for
access to all of the satellite GIS data bases. he unit
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will not only assist decision makers in finding existing
information collected and stored by the satellite GIS
systems, but will also attempt to establish formal
information chsnnels 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
viit is needed to nanage the general gugpose national data
base that has already been created. his data base will be
essential to give_a national context to all of the
specialized satellite data bases. However to remain useful,
it will have to be_ updated and enlarged as new data becomes
available.  Central storage of this national data base is
also essential to insure that all of the satellite systenms
have access to it.

Conclusion

In its role of managing the agriculturel and other
renewable resources of Haiti,_ the MARNDR_has an enormous
need for spatial analysis tools. Digital geographical
information systems provide a valuable addition to the range
of spatial analysis tools available to decision makers tha
promises to not only increase the efficiency of existing
mapg1ng ogeratlons, but also expand the use of maps into new
fields, he software and hardware components,_as .
exemplified by the rice trials data base are already in_
place. The integration of the GIS into the decision making
process of the MARNDR remains to be accomplished. his
1n§:grat10n will be the primary role of the GIS resource
unit.

At the time this is written, three satellite systems

have been established: in the farming systems research

roiect conducting the rice triais described above, in the

ational Agricultural Survey, and in a_ farming systems
research project in Jacmel, Haiti. All of these projects
are administered by ADS-1I; the satellite systems have been
experiments to learn the problems associated with their
establishment. Work has rscently started on estublinhing a
satellite system in the Technical Secretariat For Watershed
Manaﬁenent STAB) of the Department of Natural Resources,
which will be the first system outside ADS-II. e are
inve.tigating the goa-ible future establislment of satellite
systems in the National Water Resource Service (SNRE the
Tarﬁeted Watershed Management Program, and several o her
MARNDR agencies. We are also investigating the possibility
of cooperating with several agencies outside MAR Dg. such as
the Pan American Develosnent und, the National Malaria
EBradication Service, and the.Department of Public Works, all
of which have needs for spatial analysis capabilities.

GIS is a powerful tool that potentiall{ can greatly
improve the aualit¥ of information and resu ting quality of
decisions. e believe that the GIS resource unit supporting
the satellite systems concept will be successful in ensuring
that the GIS will achieve its potential.



