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Summary 

In th~s paper an assessment IS made of the spat~al and temporal relat~onsh~p between malar~a 
~nc~dence and selected water-related env~ronmental parameters w~ th~n  the Mah~ Kadana 
lrrigat~on Scheme In the state of Gujarat, lndra The analys~s IS based upon the use of 
secondary mformat~on A geograph~cal ~nformat~on system (GIs) was used to generate mput 
Into a stat~st~cal analys~s and to map out the parameters for a v~sual analys~s The paper 
d~scusses the qual~ty of the data used and descrrbes the poss~b~l~t~es for using GIs In health- 
related research. The analys~s for the whole study area was carr~ed out on an annual baas for 
2 years, 1981 and 1982 For the per~od July 1990 to June 1993 the analys~s was carr~ed out 
for a selected part of the study area. The annual number of pos~tive blood fdms per 1000 
populat~on for each of the health centers under analys~s were used as an md~cat~on of malar~a 
incidence. For the year 1981 ramfall var~at~on explamed 60 percent of the var~at~on In malar~a 
inc~dence among the prlmary health care centers located throughout the whole study area 
Variat~on In rlce ~ntenslty, depth to groundwater, and ~rr~gat~on densrty d ~ d  not contr~bute to 
explamng the var~at~on For the year 1982 none of the water-related env~ronmental parameters 
analyzed contr~buted to explamng the variation In malaria 

When the analys~s was performed on a seasonal baas for one selected adm~nrstratwe 
ullit, ramfall and rice ~ntens~ty explamed most of the var~at~on In malaria. It was only for the 
selected adm~n~strat~ve un~t that the analys~s showed that factors under ~rr~gat~on management 
control were of ~mportance In expla~nmg the varlatlon In malar~a ~nc~dence. The analys~s was 
weakened by the mcomplete mformation obtained In relat~on to malar~a cases. The d~fferences 
in treatment-seekmg behav~or across the study area, d~fferences In d~agnost~c and reportrng 
practrces among the centers, and the degree of underreportmg may have d~sgu~sed the real 
difference In malarra ~nc~dence In varlous parts of the study area. The GIs prov~ded key mputs 
mto the stat~st~cal analys~s by generatmg average values for the parameters under study for 
the catchment areas of the health care centers. The GIs was also useful for performmg the 
mterpolations of ramfall for the whole study area. 



lrrigat~on development has, for centuries, been linked to the spread of malar~a as an effect of 
the ecolog~cal changes mduced by the systems and because of populat~on movements often 
assoc~ated w~th irrlgatlon development However, stud~es seek~ng to examine the relat~onsh~p 
between malar~a and irrigatron have revealed a complex p~cture w~th a h~gh degree of ate- 
spec~f~c~ty In some situat~ons, lnc~dence of malar~a IS lncreaslng wh~le In others ~t IS decreasmg 
or remains unchanged followmg irrlgatlon development The different Anopheles mosqu~toes 
that transm~t malar~a have d~fferent preferences In breedmg sites, w~th some specles favoring 
the new opportunities created w~th~n the lrr~gated area wh~le other vectors may fmd lesser 
opportun~t~es. The impact of lrrlgatlon development w~ll therefore be h~ghly dependent upon the 
malar~a vectav present In the area Also, In some areas where lrrlgat~on IS promoted, the 
number of mosqu~toes that transm~t malar~a IS already so h~gh that an mcreased number of 
mosqultoes w~ll not lead to an increase In the number of malar~a cases since the level of 
transm~ssion IS already much h~gher than needed to mamtam effectwe transm~ss~on (Bradley 
1 988). 

In some areas, lrrlgat~on may only have a seasonal effect by extending the transmission 
season Into the dry season, wh~le the contr~but~on from irrigat~on durmg the rest of the year 
may be limited In comparison to the mosquito breeding hab~tats created by prec~pitat~on 
Var~at~ons In lrrlgatlon water management pract~ces and differences In des~gn of ~rr~gat~on 
infrastructure will also create very d~fferent breedmg opportunities. A number of des~gn and 
management measures have been suggested to reduce mosqu~to breeding within an lrr~gated 
a r ~ ~ n c l u d i n g ,  for example, preclslon or ~nterm~ttent irrigation practices to reduce standing 
w a t e r h  the f~elds, linmg of canals to reduce seepage pools, Improved on-farm water 
manag~ment to reduce the amount of drainage water, lrr~gat~on water rotations makmg ~t 
possible to dry out canals on a weekly bas~s, and releasing fmgerlings Into lrrigat~on reservoirs 

to reduce the mosqulto larvae abundance. 
Increased knowledge w~ll need to be generated, on the baas of case stud~es, to determme 

the contr~butlon of lrr~gat~on to the overall transmwon of malarra w~ th~n  a given area. Some of 
the factors determinmg transm~ss~on w~ll be manageable and could be integrated Into the 
normal lrr~gat~on routines or may even Improve lrrigatlon performance wh~le other factors w~l l  be 
outs~de the control of irrlgatlon managers. 

Objectives 

In th~s paper an effort IS made to fmd' out to what extent Irrigation and water-related 
envlronmental parameters may explam the var~atlon In malar~a transmlssion w~ th~n  an lrr~gated 
area The case study is based upon ava~lable data makmg ~t posslble to dlscuss the 
usefulness of secondary ~nformat~on as an input into an analysis makmg use of geographical 
~nformat~on systems (GIs) and trad~tlonal stat~st~cal methodologies. The spec~f~c objectwes of 

I 

th~s paper are to. 

1 Asses the spat~al and temporal relationsh~p between malar~a lnc~dence and selected 
water-related env~ronmental parameters withm the Mah~ Kadana Irrigation scheme In 
Gujarat, Ind~a, and 



2. Produce case study material to describe the use of GIS In the field of envwonmental 
health and ~rrigatlon. 

Malaria in lndia 

Large parts of lnd~a are endem~c to one or both types of malar~a parasites prevalent in the 
country, Plasmodrum w a x  and Plasmodrum falaparum, and more than 350 mrlhon people in 
lndia are at risk of infection. The main control measures are spraying of residual insecticides 
and treatment of cases. The growing resistance of Plasmodium falcrparum to the commonly 
used drugs and the problem of growing resistance among mosquitoes agamst a range of the 
insecticides used for mosqu~to control have made malar~a control mterventions very costly and 
diff~cult to sustain. Therefore, there IS a growing interest in usmg alternative means of vector 
control interventions, often referred to as environmental management measures for d~sease 
vector control. However, before such intervent~ons can be effective, substantial knowledge has 
to be generated to I) ident~fy the most Important envrronmental parameters determ~ning the 
transmission of the d~sease, 11) ~dent~fy factors under irrrgat~on managers' control, and 111) 
further assess the feasibility and cost-effect~veness of such lnterventlons 

Geographic Information System Technology to Monitor and Control Diseases 

A study ca'rried out by John Snow IS often c~ted as an example of the importance of 
understandmg the spatial dynam~cs of drseases, and the use of maps to descrrbe and analyze 
them More than a century ago, Snow hypothesized that cholera may be spread by mfected 
water supplies. The hypothes~s was generated by usmg maps to demonstrate the spatral 
correlation between cholera deaths and contaminated water supphes In the area of Soho In 
London 1854. Over the past 20 years, researchers have been developmg automated tools for 
the eff~cient storage, analys~s and presentation of geographic data. Th~s rap~dly evolvmg 
technology IS known as 'Geographic Information Systems' (GIs). 

GIS, resultmg from the demand for data and mformation of a spatial nature, IS w~dely used 
across vaned sc~ent~frc and management f~elds. The abhty to use topolog~cal lnformat~on and 
spatial analys~s funct~ons d~stmguishes GIs from a number of other informat~on systems 
(Bretes 1994). A great deal of mformat~on is necessary for most aspects of malar~a control and 
research programs. GIS offers the ab111ty to process quantities of data beyond the capac~ty of 
manual systems Data are stored rn a structured d~g~tal  format which perm~ts rap~d data 
retrieval and use In addition, data may be quickly comp~led into documents, usmg techn~ques 
such as automat~c mapping and d~rect report printouts (Bretes 1994). Further, a number of 
specific spat~al analysis methods can be apphed on data stored In a GIS. Among these 
methods are computation of dlstance and area and ~dentify~ng the most effic~ent routes of 
~mportance for the plannmg and operat~on of malaria control programs. Interfaces between 
satellite remote sensing (SRS) and GIS open new avenues for researchers to overcome the 
problems related to data collect~on using conventional techniques over large land areas which 
are labor-mtensive and therefore costly. In additron to control aspects, SRS and GIs allow for 
entomology-related stud~es ident~fying areas with high potent~al mosqulto dens~ty by using 



phys~cal character~st~cs such as temperature, ramfall, hum~d~ty, ar~d~ty, water stress, and 
waterloggmg 

Description of Water-Related Variables 

Variat~on In water status has a profound effect on the breedmg potent~al of the mosqu~to and 
may determme the level and seasonal~ty of malar~a transm~ss~on In thls study, four factors 
were selected to descr~be variat~ons In water availab~hty. One of the factors, ramfall, IS outside 
~rr~gat~on management control whereas the other three factors are fully or partly under lrr~gat~on 
management control, I) rlce ~ntens~ty, 11) depth to groundwater, and III) ~rrlgatlon dens~ty. 

Rainfall 

The amount and the seasonality of rainfall are obv~ously important parameters in determmng 
the status of mosqu~to breedmg hab~tats and therefore also ~mportant In determming the total 
dens~ty of adult mosqu~toes and the seasonal~ty of transmlsslon. In many malar~a areas the 
peak of transm~ssion IS known to follow the rainy season and the length of transmission may 
be determined, among other thlngs, by the balance between prec~p~tat~on and evaporat~on. 
Durlng per~ods of heavy ramfall, breedmg may be hampered for a short time by flushmg pools 
and by transformmg small streams Into rapd torrents. Per~ods w~th low ramfall may, In certa~n 
areas, Induce mosqu~to breeding For example, by turn~ng rivers ~nto a strmg of pools rn which 
certam anopheles would breed In profusion, as IS the case of species belonging to the 
Anopheles culcrfacres complex ~ncludmg some of the major vector of malar~a In Ind~a. In th~s 
study, ramfall IS taken as annual or monthly values In m~llimeters 

Rice Intensity 

R~ce cultwat~on may create favorable cond~trons for mosquito breedmg during certam stages of 
its growth when water IS stagnant rn the f~elds and the rice has not yet developed a closed 
canopy Also, mosqu~to breeding w~ll depend on the temperature and turb~d~ty of the water In 
the f~elds. Further, the total mosqu~to product~on w~th~n an area of rice cultwat~on w~l l  depend 
on the durat~on and synchron~c~ty of floodmg (Bradley 1988). Thus an area w~th rice cultwat~on 
dw~ded ~nto very small plots and cultivat~on takmg place in a nonhomogeneous manner w~th 
crops at various stages are likely to Increase the length of time that the rlce area contr~butes to 
vector breedmg. W~thout ~nformat~on on the homogeneity of rlce cultwat~on, only rlce mtens~ty 
as a whole had been taken In to account In thls study gwen as a percentage of command area 
under rlce cultwat~on per year 

Depth to Groundwater 

Shallow groundwater favors the estabhshment of surface water pools and followmg hght rams 
~t may be an ~mportant factor in determnng the mosquito abundance. However, varlous 
stud~es have gwen d~fferent results between the relationsh~p of depth to groundwater and 
malar~a (Donnelly et al. 1996). These results have been attr~buted to the difference In ecology 



of the different malaria vectors. Depth to groundwater, In this study IS given in three different 
ranges: below 3 meters, between 3 and 1.5 meters, and above 1.5 meters 

Irrigation Density 

Early work on malaria and irrigation showed that increased lrrigatron intensity could lead to an 
increased incidence of malaria (Gill 1930, Russel, Menon, and Rao 1938). An increased area 
under irrigation may increase the density of malaria-transmitting mosquitoes by increasing the 
area favorable to breeding resulting from, for example, pooling within the f~elds, seepage from 
canals, or stagnant water In the drainage. Also, dry season irrigation may extend the 
transmission season where the irrigation water supplied to an area IS the only breeding source 
available. Various types of irrigation water management practices may have different impacts 
on the breeding potential of a given area, however, this factor is not considered in this study. 
lrr~gat~on intens~ty is usually defined as a percentage of ~rrigable area under irrigation. In this 
study, it was necessary to define a new parameter, rrrigation density, srnce the exact size of 
the irrigable area IS not known. lrr~gation denslty was defined as the percentage of area under 
irrigation of the geographical area, including irrigated and nonirrigated areas, as an annual 
average for each of the distr~butary command areas. Only areas supplied via canal irrigation 
were included slnce it was not possible to obtain figures for tube well irrigation for the different 
distributaries However, it was estimated, in 1991, that the amount of irrigation water from 
groundwater equaled approximately one third of the water supplied through the canal irrigation 
system (Narayanamurthy, personal comunlcation). 

THE STUDY AREA 

The Mahi Kadana lrrlgation Project in the State of Gujarat has been developed in two phases. 
The first phase related to the construction of a diversion weir across the Mahi River at 
Wanakbori in the Kheda District and the second phase related to the construction of a dam at 
Kadana in the Panchmahal Drstrict. The area IS divided into seven thalukas (administrative 
units): Thasar, Nad~ad, Anand, Petlad, Borsad, Matar, and Khambhat (map 1) with a total 
population of 1.2 million. The cultivable command area of the project is estimated at 212,000 
hectares covering either whole or part of the 7 thaluka units of the Kheda District. Each thaluka 
has two or three parent primary health care centers (PPHC) wlth each PPHC having three to 
five minor PHCs within its catchment area. 

The distribution system of the Mahi Kadana irrrgation project conslsts of the main canal and 
39 distributors (map 2) and farm-level field channels. Tube wells are used increasrngly to 
supply irrigation water from groundwater. The diversion weir allows for intensrve irrigation in 
kharrf (the monsoon season from 15 June to 15 November) and for limited irrigation in rabi (the 
winter season from 15 October to 15 March) and durlng the thlrd, hot weather, season from 15 
February to 15 June, dependrng on river flows. 





Map 2. D~str~butary canals with command areas 

The Mahi Kadana Irrigation Project in the State of Gujarat has been developed in two 
phases. The first phase related to the construction of a diversion weir across the Mahi River at 
Wanakbori in the Kheda Distrlct and the second phase related to the construction of a dam at 
Kadana In the Panchmahal District. The area is div~ded Into seven thalukas (adm~n~strat~ve 
units): Thasar, Nadiad, Anand, Petlad, Borsad, Matar, and Khambhat (map 1) with a total 
population of 1.2 million. The cultivable command area of the project IS estimated at 212,000 
hectares covering either whole or part of the 7 thaluka units of the Kheda District. Each thaluka 
has two or three parent primary health care centers (PPHC) with each PPHC having three to 
five minor PHCs within its catchment area. 

The area under study IS one of the most developed areas In the State in terms of 
agricultural practices and cooperative ventures such as milk processrng. The upper and the 
upper middle parts of the command area (Thasra and Nadiad thalukas) have the most fertile 
land of the area, vlz., sandy loam to sandy. The lower middle part of the area (Anand, Petlad, 
and Borsad thalukas) is of medium black soil type. The tail part of the area (Matar and 
Khambhat thalukas), which is mostly coastal saline, IS poorly drained and less fertile. From 



1980 to 1989 the district received an annual rainfall of between 386 mm and 1 ,I 73 mm w~th an 
average of 779 mm Except for the occasional showers In winter, rainfall IS restricted to the 
period between June and October. Rice, pearl millet, and pulses are the important kharif crops 
of the upper and middle areas. Tobacco IS grown extens~vely In th~s area as a kharif-cum-rab~ 
crop, accountmg for 40 percent of the gross cropped area The exclusive rab~ crops are wheat 
and potato. Durmg the hot weather, pearl millet and fodder sorghum are grown The tall part of 
the project area is essentially a rice growing area in kharif , w~th no major crop In rabi. More 
than two seasons of irrigat~on in the upper and m~ddle parts of the command area In recent 
years have resulted in an increased area under waterlogged cond~t~ons To arrest this 
unfavorable development, a massive drainmg program has been undertaken. 

The Nadiad thaluka was selected for a more detailed study This thaluka cons~sts of 102 
villages. Part of the thaluka belongs to the Mahi command area and is canal-irrigated while the 
other part is not There are two PPHCs in the Nadiad thaluka, One, Ahndra, is in the irr~gated 
area and the other, Mahuda, is In the nonirr~gated area There is one ram gauge In the thaluka 

Malaria Transmission in the Mahi Kadana Area 

The prlmary malar~a vector ~dentified In the command area of Mah~ Kadana IS An. culcifacres. 
Ava~lable hterature on malar~a states that this specles occurs In fresh water and In sun- 
exposed habitats. A study done by Yadav et al. from 1985 to 1988 In the Mah~ Kadana area to 
~dentify the breedmg habitats of Anophelines showed that An. culcifacreff preferred to breed In 
canals, rivers, ~rrigation channels, r~verbed pools, and rice fields. The compositions of An. 
culcrfaoes In total adults that emerged from the sample taken from these habitats were 45 55 
percent, 36.46 percent, 26 9 percent, 7.32 percent, and 7.23 percent, respectively Also 
ident~f~ed was a marked varlat~on In seasonal prevalence during the year and between different 
areas of the Kheda D~strict. It has been shown that in non-canal irr~gated areas mosqu~to 
densities remamed very low from January to June, a period w~th no or little rainfall However, in 
canal-irrigated and rlverlne v~llagesmosqu~to densities showed a peak in this period. Th~s peak 
was due to extensive canal Irr~gation, rice cultivation, and the formation of riverbed pools. For 
both areas, mosquito denshes showed a peak followmg the onset of the monsoon in June. 

Antimalarial Program during the Period of Data Collection 

Follow~ng the serious outbreak of malaria In 1976, disease control and prevention measures 
were stepped up under the leadersh~p of the local self-government organizat~on known as 
D~str~ct Pandhyat, wh~ch IS the maln body respons~ble for development and soc~al mfrastructure 
in the Kheda Drstr~ct These lnclude publ~c health programs and the control and prevent~on of 
ep~dem~c d~seases The D~str~ct Health Off~cer, an off~c~al of the D~str~ct Panchyat, was In 
overall charge of the malaria control and eradicat~on program, assisted by a specla1 off~cer 
known as the Distr~ct Malar~a Officer Under the Distr~ct Panchyat there were 19 parent primary 
health care centers (PPHCs) which offered malar~a treatment. Of these 15 PPHCs fall w~thin 
the irr~gated area of the Mah~ Kadana system. These clinics had laboratory fac~lities for testing 
blood smears and they had stocks of medwne for the treatment of malar~a. In addition to the 
malaria clinics of the PPHCs multipurpose health workers, commun~ty health vwtors, and 



aux~liary nurse midwwes also provided servlces such as the distr~but~on of drugs to the 
patients, free of charge In addhon to these, a Fever Treatment Depot also funct~oned In the 
b~gger v~llages, with a population of more than 5,000 These depots funct~oned under the 
guidance and control of the PPHC. Th~s arrangement had been made w~th a vlew to 
circumvent the difficulty of travelmg to the mam PPHC, with its catchment up to 20 km, and to 
provide s~mple drugs, as far as practicable, In the village itself Further, there were private 
doctors and pharmac~sts who ran their own treatment centers 

METHODOLOGY 

Data Sources and Collection of Data 

Malar~a incidence, expressed as annual parasite mcidence (API, annual number of positwe 
blood f~lms per 1,000 population per year), had been collected for the period 1981 to 1992 at 
the level of PPHC for the whole Mah~ River bank area. The API was calculated on the bass of 
the blood f~lm confirmed malaria cases registered at each PPHC, div~ded by the populat~on 
lwmg in the v~llages within the off~cial adm~n~strative boundary of the PPHC demarcated by the 
malaria control program. In addition, monthly malarla incrdence was calculated for the per~od 
1990 to 1993 for a selected thaluka, Nad~ad, withm the Mahi Kadana command area. The 
monthly malar~a inc~dence f~gures were calculated by div~dmg the number of malaria cases 
reg~stered at the PPHC by the populat~on w~thin the catchment The government health 
statistics were obtamed from the Malaria Research Centre In Nad~ad. 

Maps mdicating depth to groundwater (Post-monsoon maps from 1988 and 1992), 
irrigat~on infrastructure, and drstr~butor command area were obtamed from the State lrrigat~on 
Department and Water and Land Management lnstrtute (WALMI) Annual figures on irrigated 
crops for each of the d~str~butors of the Nad~ad thaluka for 1983 to 1994 were provided by the 
State lrr~gat~on Department and WALMI Ramfall data had been accumulated on an annual 
bass for the seven stations (map 3) w~thin the command area from 1981 to 1992 by the 
Department of Meteorology in India. Monthly ramfall data for the Nad~ad thaluka were also 
obtained from the same source for the per~od 1989 to 1994 

Spatial Data Processing and Analysis 

All information was mcluded In geograph~c information system software, Arc-Info and Idr~s~, to 
fac~l~tate v~sual mterpretat~on and to carry out the interpolations necessary for further analys~s. 



Three d~fferent GIs and statist~cal capabil~t~es were used In the analys~s to ~dent~fy the most 
important factors for the transm~ss~on of malaria. 

a vrsual spat~al comparison between all var~ables 

a compos~te vulnerabil~ty analys~s based on mdependent var~ables overlay 

a mult~ple regless~on analys~s based on spat~al aggregation of mdependent variables 

Map 3. PPHCs (red) w~th catchment area and ramfall stat~ons (black). 

PPHC Catchment Areas 

The actual catchment of a PPHC was l~kely to be d~fferent from the catchment defmed on the 
bass of an administrative boundary since people were free to seek treatment at any 
government center. For the spat~al analysis carr~ed out In th~s study ~t was dec~ded to est~mate 
the catchment areas of the PPHC on the basis of d~stances from a PPHC by using the 
Th~essen polygon techn~que This ~mpl~es that any pomt w~th~n the catchment of a PPHC IS 

closer to that PPHC than to any other PPHC In th~s way, the definit~on of the PPHC catchment 
area may not overlap w~th the catchment area defmed by the offic~al adm~n~strat~ve boundar~es 
and the API values are only a best approximation of the malaria transmiss~on for a given 
PPHC catchment area 



Spatial Aggregation of Environmental Information 

For each catchment area of the 15 PPHCs within the ~rr~gated command, defmed by the 
Th~essen polygon, average values of rarnfall, depth to groundwater,, rice Intens~ty, and 
irrigat~on density were calculated. This was done by makmg use of the facllit~es available in 
Idr~s~, the GIs software used In th~s study, where each of the variables IS spatially aggregated 
for each polygon and average values calculated. Further, the mterpolat~on of rainfall for the 
whole command area, based on the values recorded at the ramfall stat~ons In seven d~fferent 
locations, was done by using the inverse distance technique available in Idrisi. 

ANALYSIS AND RESULTS 

Aggregation of Data for the Whole Command Area 

The first year of the data collect~on was 1981. As shown In f~gure 1, relat~vely h~gh API values 
were identified in 1981 and 1982. Also h~gh variat~ons of API w~th respect to the PPHCs were 
~dentified in these years. The other years did not have the same high API values and the 
var~ation between the PPHC was very small. Therefore, only data for 1981 and 1982 were 
in~tially ~ncluded in the analysis of the relat~onship between API and factors such as ramfall, 
~rrigat~on density, and rice intensity. However, smce no groundwater maps were available for 
1981 and 1982, the 1988 map was used. The varlatlon of the different factors w~thin the study 
area are shown below. The analysis of the data for the year 1981 is used as an example and 
the analysis for 1982 IS presented without a step-by-step explanat~on. 

Figure 1. API values with respect to the PPHC. 
75 , 
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Maps 4a through 4d d~splay the 1981 spatial distr~but~on of API, average ramfall values, 
irrigation denslty values, and annual rice intensity. All the parameters are presented as values 
for PPHC catchment area (Thiessen polygon) and reclassified into 5 categories. Black lines 
Indicate the PPHC catchment area boundary. 

Map 4 Spatial distribution of API, average ramfall values, irrigation density values, and 
annual rice mtens~ty, 1981. 
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Map 5. Depth to groundwater class~f~catron, 1988 

Meters 

Map 5 d~splays depth to groundwater In 1988 d~vlded Into 3 categories. 

Data Analysis for the Whole Command Area 

Visual Analysis 

Maps 4a through 4d are presented s~de by s~de allow~ng for a vlsual analysls. Although no 
quantlflcation can be carrled out on the basis of these four maps ~t stdl lndlcates a correlatlon 
between the selected water-related environmental parameters and malarra, supporting further 
analysls. 

Composite Vulnerability Analysis (Overlay Process) 

A map was produced In an overlay-we~ghted process indlcatmg the potential rlsk of matarla at 
any pomt wlthln the study area In relation to ramfall, depth to groundwater, lrrlgatlon denslty, 
and rlce lntenslty. To create the risk or vulnerabllrty mdex for the map, each varlable was 
reclasslfled into three classes 1, 2 , and 3 correspondmg to low-, medlum- and h~gh-risk, 
respectively. Equal welght was ass~gned to each of the var~ables In the computatron 
procedure Vulnerablhty lndex = Ramfall lndex (1 -2-3) + lrrlgatlon lndex (1 -2-3) + Rlce lntens~ty 
lndex (1-2-3) Map 6 shows a three-dimens~onal d~splay of the estimated vulnerablllty Index 
wlth the API values super~mposed on the map uslng the drape functlon of the GIs. Although ~t 
IS far from a perfect flt, map 6 does lnd~cate some correlatlon between the water- related 
environmental parameters and malar~a, supportlng further analysls. 



Map 6. Malar~a vulnerab~l~ty. 
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Spatial Aggregation Processes 

A more class~cai stat~st~cal analys~s was performea on the bas~s of data generatea for 1981 
and 1982, using data spat~ally aggregated at PPHC catchment areas. Based on the scatter 
plots ~t was found that the mdependent variables were h~ghly assoc~ated w~th the natural 
logar~thm of API. Tables 1 and 2 give the correlatlon coeffiaents between the logarithm of the 
dependent var~able (Ln API) and the mdependent variables. 

Table 1. Correlatron coeffiaents between variables aggregated at PPHC catchment for 198 1. 

Note P lndlcates the level of slgnlfrcance, e g , P=O 001 means the correlatlon IS slgnlflcant wlth a probablhty of 99 

percent, whereas P=O 234 refers to a probablhty of 76 6 percent Also the level of slgnlflcance IS taken as follows 
99 percent and above-slgnlflcant, 80 - 99 percent-marg~nally slgnlfcant, Below 80 percent-not slgniflcant 

L. 

lrr~gat~on dens~ty 

0 412 (P= 0.127) 

Ramfall 

0 77 (P= .001) 

Rice intens~ty 

0 56 (P = .028) 

Depth to 
groundwater 
0.18 (P= 0.519) 



Table 2 Correlation coeffments between vanables aggregated at PPHC catchment for 1982. 

I intensrty I 

As shown In table 1, ramfall and rlce lntensltres correlated s~gnif~cantly w~th the dependent 
variable. No s~gn~frcant correlat~on was found for depth to groundwater and ~rrigat~on dens~ty 
w~th the dependent var~able In addrt~on, there were margmally srgnif~cant correlat~ons between 
some of the ~ndependent vanables. Therefore, they cannot be cons~dered as truly 
independent. Consequently, partral correlat~on coeff~c~ents were considered to control the 
assoclat~on between var~ables The ramfall, when controlled for the mfluence of the other 
vanables, gave the part~al correlat~on coeff~c~ent of 0.5642 and a probab~l~ty of srgn~flcance, P= 
0 052, leadmg to cons~der the correlat~on as margrnally s~gn~f~cant. The other two partial 
correlat~on coeffic~ents for ~rr~gat~on density and rlce Intensity when controlled for other 
var~ables were not even margmally sign~f~cant Therefore, for the 1981 data, only ramfall was 
retamed to explam the var~at~on of API between the PPHCs. 

Regress~on analys~s was performed to see what percentage of API var~ation IS explamed 
by ramfall In 1981. In th~s analys~s the natural logar~thm of the API value was cons~dered as a 
dependent var~able According to thrs analys~s, 60 percent of the var~ab~lrty of the dependent 
variable can be explained by the ramfall. Rnally, accordmg to the regresslon analys~s, API 
could be expressed as Ln(API) = -2 203 + 0.005 (Ramfall) 

As shown in table 2 none of the mdependent var~ables were s~gn~f~cantly correlated w~th 
Ln(API) and therefore, these d ~ d  not explain the var~at~on of API In 1982. One poss~ble 
explanation for the d~fference In the Impact of rarnfall between 1981 and 1982 could be the 
changes In the pattern of precipitat~on. A comparison of ramfall values between these two 
years shows that the mean ramfall In 1981 (993 mm) was s~gn~f~cantly (P=O 0001) higher than 
that In 1982 (602 mm) although the coeff~c~ent of varrat~on was about the same (0 1) for both 
series. Also, the year 1981 IS different from 1982 In the spat~al drstr~but~on of prec~prtat~on 
across the study area w~th low values along the coast (735 mm) and w~th the h~ghest values 
inland (1,139 mm) whereas the ramfall pattern for 1982 was more evenly d~str~buted 

Due to low values of API and low varrab~l~ty of API between PPHCs for the data covermg 
1983 to 1991 ~t was ~mposslble to detect a s~gn~ficant assoclat~on between API and the 
mdependent variables for th~s per~od and no further analys~s was done. 

Rrce mtens~ty 

0 361 9 (P=O 185) 
0 1767 (P=O 529) 
0 4080 (P=O 131) 

lrr~gation 
dens~ty 
0 0766 (P=O 786) 
0 482 (P=O 864) 

Ln(API) 
Rarnfall 
Irrigation 
dens~ty 
R~ce 

Depth to 
groundwater 
0 181 7 (P=O 51 7) 
0 5899 (P=O 021) 
0 1024 (P=O 71 7) 

0 6506 (P=O 009) 

Ramfall 

0 361 9 (P=0.185) 



Timely Analysis of Data for Nadiad Thaluka 

Regress~on analys~s was performed to examine the seasonal var~at~on for one PPHC over the 
period July 1990 to June 1993 Since rnformation was not available for all the variables on a 
monthly basts ~t was dec~ded to do a seasonal analys~s following the three major cropping 
seasons. Malar~a ~nc~dence values were taken from PPHC Alindra wh~ch was s~tuated In the 
canal-~rr~gated part of the Nad~ad thaluka (see map 7). In th~s analys~s, the dependent vanable 
used was seasonal paraslte ~nc~dence (SPI, number of pos~twe blood fdms per 1,000 
populat~on per main agr~cultural season) f~gures and the mdependent var~ables were ramfall 
(rangmg from 0 to 1,160 mm), and rice mtens~ty (rangmg from 0 to 12%). Ramfall was the main 
factor expla~nmg malar~a transmlsslon In the Nad~ad thaluka and the next Important var~able 
was rlce ~ntens~ty. The rainfall and rice lntenslty explams 97 percent of the seasonal malar~a 
~nc~dence F~nally, accordmg to the regression analys~s seasonal malaria incidence could be 
expressed as: 
SPI = 0.26 + 0.0013 (Ram) + 0.023 (R~ce ~ntens~ty). 

Mann Wh~tney's non-parametric test was used to compare seasonal parasite incidence 
values between ~rr~gated and nonmgated areas In the Nad~ad thaluka by using data from 
Almdra and Mahuda PPHCs which are situated in a non~rr~gated area for the per~od 1990 and 
1993. It showed that the med~an SPI value In the lrr~gated area (174) was margmally h~gher 
than that In the non~rr~gated area (1 10) (p= 0.057). 

Map 7. Nad~ad thaluka with PPHCs and mgated area boundary. 



DISCUSSION 

The Advantages of Using GIs for This Study 

Spatial Visualization 

The GIs allowed for computerrzed Input, stonng, analyzmg, and drsplay of geographically 
referenced data However, it was most useful, when attempts were made to explain the spatlal 
distribution of the variable. In other database management systems (DBMS), it IS impossible to 
vlsuallze the spatlal varlatrons and, therefore, imposs~ble to perform the v~sual comparisons. Of 
course, visual analysls was not sufficient on its own but ~t was an ~mportant prellmmary stage 
of the analysis, and ~t was useful to guide the followrng steps. A comparison can be made wrth 
a classical statlstlcal approach. Although one can eas~ly perform a regression analys~s to any 
set of data w~thout a prehmrnary vrsual analys~s, it is stdl normal procedure to first plot data as 
two-drmensional graphs. Thrs gives an rmpresslon of poss~ble nonhnear relatlonsh~p of the data 
In relatron to dlsperslon, posslble correlation, outlrers, etc The vlsual abrlities of the GIs can 
play an Important role for spatlal data, by po~ntlng at spatral relationshrps between dependent 
and independent factors. 

Overlay Process 

The overlay process was useful In comblnmg several water-related lnd~cators to produce a 
vulnerabilrty map. From the disease control point of view rt 1s Important, for Instance, to deal 
with scenarios such as ldentifylng h~gh-rrsk areas and rlsk factors With convent~onal database 
systems the only thmg that could be identifled IS those h~gh-risk areas numerically and then 
referring to a map accordmg to the inlcrmatron obtained from the DBMS In the GIs, both tasks 
can be carrled out simultaneously 

Spatial Interpolation 

The other mam advantage of GIs was the ablllty to spatially mterpolate the available data. 
Idrrsi, the GIs software used in this study, was efflc~ent in performing this type of interpolation 
as In the case of rainfall, were the Inverse d~stance we~ghting process was used (see Renault 
1996 for more information). 

Defining Representative Areas around PPHC 

Because of lrmrted background ~nformatron a ample technique was chosen on purpose to 
defme the catchment for every PPHC the Thiessen polygon technique. However, GIs offers 
several possib~l~t~es to defme a catchment or a representatwe area around the PPHC. Among 
them are. 

Buffers related to each PPHC. In th~s way a circle (buffer) 1s created around each 
PPHC, assuming that the mformatron wlthrn the c~rcle is representatwe of the 
environment of the PPHC catchment w~th the poss~b~l~ty of changrng the slze of the 
c~rcle and allowing for c~rcles to overlap. 



D~stance we~ghted process. tn th~s approach ~t IS assumed that any point of the area 
contr~butes to the environment w~th an mfluence decreasmg w~th d~stance. 

Smart composite approach. Th~s would require add~t~onal information on the treatment- 
seekmg behavior of the population and the layout of the mfrastructure of the study 
area The catchment would stdl be based on dlstance but it would ~nclude a rough 
assessment of the most favorable travel routes of the populat~on and thew preferences 
In health sewlces 

Aggregation of Data at Proper Scale 

Wlth the help of the GIs it was poss~ble to aggregate env~ronmental informat~on at the level of 
a PPHC catchment area to generate an average value as an mput Into further analys~s. 

Limitations of Data 

The informat~on used in th~s study drew mainly on secondary sowces of routmely collected 
informat~on and IS unhkely to be of the same quahty as could be expected from data collected 
for a spec~f~c research project The most s~gn~f~cant weakness w~th the data used relates to the 
quahty of the API values The API values presented here are hkely to represent only a fract~on 
of the real number of malar~a cases since not all pat~ents will make use of a government 
treatment center but may prefer pr~vate doctors, ind~genous medicine, over-the-counter drugs 
from a pharmacy or to pract~ce only self-treatment at home. Smce no mformation is ava~lable 
from the study area regardmg the treatment-seekmg behav~or of the populat~on it IS not 
poss~ble to assess to what extent the API mformatlon IS an underest~mat~on of the real malar~a 
situat~on. Also, the treatment-seekmg behav~or IS unhkely to be the same for the whole study 
area dependmg on, for example, the degree of urbanizat~on or the sewlces prov~ded by the 
nearby PPHC Th~s difference In treatment-seek~ng behav~or In d~agnost~c and report~ng 
practices between the centers and the degree of underreport~ng may d~sgu~se the real 
difference In API between the varlous parts of the Kheda D~str~ct The spat~al ~nterpolat~on 
techn~que ava~lable in ldrw was used to obtam the spat~al var~at~on of the ramfall over the 
whole command area, based on the data recorded at the seven ram gauges But In the case of 
API, there was no method to model the spat~al d~str~but~on. Another weakness of the API 
mformat~on for the greater Mahr Kadana study area was that only annual f~gures were 
ava~lable Therefore, the seasonahty of ramfall, d~stinction between irrigated months and 
nonlrr~gated months, seasonahty of lrrlgatlon rndex, and rice intens~ty were not ~ncorporated In 
the analys~s 

CONCLUSIONS 

Results of the stat~stical analys~s show that, In 1981, the main factor explaining the var~atlon of 
API In the whole command area was ramfall. However, for 1982, ramfall d ~ d  not explam the 
var~ation of API For both 1981 and 1982, rice ~ntens~ty, depth to groundwater, and ~rr~gation 



dens~ty d ~ d  not explam the var~at~on of API maybe owmg to the mteraction between var~ables 
These interact~ons could be controlled by usmg more detailed data-collect~on methods. 
Analysis based on seasonal data from the Nad~ad thaluka showed that the main explanatory 
factors of SPI were ramfall and rlce Intensity. These two factors explamed most of the 
seasonal varlatlon for the PPHC In the ~rr~gated area of the Nad~ad thaluka. Also, the 
comparlson of SPI between ~rrigated and nonmgated areas In the Nad~ad thaluka md~cated 
that the med~an SPI value In an ~rr~gated area was margmally h~gher than that In a non~rr~gated 
area. 

In brief, this study has not been able to identify a good variable to explain the variation in 
the API. Although ramfall, in some years, expla~ns variation, the rnconslstency In the findings 
makes th~s parameter less-conclus~ve It was only for the Nadtad thaluka that factors under 
irr~gatton management control were found to be of tmportance in explaining the varlat~on In 
API. 

The usefulness of GIs and the accuracy of spatial analys~s depend on the qual~ty of data 
In this study, the qual~ty of API data was low Therefore, it was d~ff~cult to show the correct 
spat~al d~str~but~on of API by usmg GIs To perform accurate analys~s, it IS ~mportant to be able 
to define the PPHC catchment areas more prec~sely rather than using techn~ques such as the 
Th~essen polygons However, th~s would require more mformation related to mfrastructure In 
the study area and treatment-seekmg behav~or of the community. In th~s study, GIs was 
~mportant In performmg visual preliminary comparlson and to provide mputs to the statist~cal 
analysts 
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