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ABSTRACT: The control of epidemic malaria is a priority for ihéernational health community and specific
target for the early detection and effective contf@mdemics. Malaria has reemerged as a major publithheal
problem in the world during past few years. This studgnapts to identify the potential factors for malaria
epidemic in forest hills in Bangladesh. It estimatesdbreelation between various environmental factors tha
contribute to malaria transmission and shows the ajait of remote sensing data for improved predictions of
malaria epidemics in Bandarban district of Bangladesichwhas the highest frequency of malaria cases in the
country. An algorithm uses the Vegetation Health (VH) dadi (Vegetation Condition Index (VCI) and
Temperature Condition Index (TCI)) computed for each weeak avperiod of 14 years ( 1992-2005) from
Advance Very High Resolution Radiometer (AVHRR) data floon NOAA afternoon polar orbiting satellite.
The weekly VH indices were correlated with the epideogiglal data. A good correlation was found between
malaria cases and TCI characterizing thermal conddiming the month of August and September. Following
the results of correlation analysis the principal ponents regression (PCR) method was used to construct a
model to predict malaria as a function of the TCI congbibe this period. The simulated results were compared
with observed malaria statistics showing that theresfahe estimates of malaria is less than 10%. Remot
sensing therefore is a valuable tool for estimatingan@mlwell in advance thus preventive measures can be
taken.

INTRODUCTION: Malaria is endemic to over 100 countries around the wamfd is responsible for over
300 to 500 million clinical cases and more than a milliorireaach year (Faiz MA 2001, Nagpal B 1995) early
approximately 40% of the worlds population mostly livinghie poorest countries is at risk of malaria each year.
Bangladesh is located in the north-eastern part oStuth Asian sub- continent. It's bordered by India @n th
west and the Myanmar on the south east. It has aboutl4h8brder with India in its western northern and
eastern territory and a 190 km border with Myanmar (Burima)s south-eastern side. Out of 32 bordering
districts only 13 districts have malaria problem and es@reas also belong to the epidemic prone areas. The

forest and forest fringe areas particularly in themedstern and south eastern border report more than 90% of



total positive cases and more than 95% of total P.palsipazases in the country (Parsel Alam 2008)
Bangladesh has sub-tropical warm, wet and humid climéte 140 million population(Pampana E, 1969
Rosenberg R and Maheswary N, 1982) and a land area of 866670 sq .Km. Malaria parasite in Bangladesh
is transmitted by female Anopheles mosquitoes(Eliasnd.Rahman M, 1987, Rosenberg R and Maheswary N,
1982). His number increases considerably during warm angeasbn (June — October). In the 90’s the upsurge
of diseases has created an alarming situation with sepfidcal P.falsiparum outbreaks in northeastern border
areas and increase of P. falciparum and P.vivax oases endemic areas.

Remote sensing is playing an increasing role in ureteilsig the natural environment and its inherent, phlysica
and chemical processes. AVHRR based vegetation healtbes were found to be very useful for early
detection and for monitoring weather impacts on maldieerefore, this paper investigates the application of
AVHRR based vegetable health indices as proxies for hiaeacterization of weather conditions and their
impacts on malaria.

METHODOLOGY: The study area is Bandarban district Bangladesh, a hilg avostly covered with
tropical evergreen forest that provide the considerabiele needed to breeding grounds, bounded between
22.8N - 22N latitude and 91% and 92.3E longitude. The AVHRR-measured satellite data farsshergy
reflected/emitted from the land surface (represente@-ipit counts) were collected from NOAA Global
Vegetation Index (GVI) data set from 1991 through 2005. GVI skettavas developed by sampling 4 square km
Global Area Coverage (GAC) data to 16 square km spatialuteso and daily observations to seven—day
composite (Kidwell 1997). The GVI digital counts in the MisitVIS, 0.58-0.68m, Ch1l), near infrared (NIR,
0.72-1.0Qum, Ch2) and infrared (IR, 10.3—-11u81, Ch4) spectral regions were used in this study. Post-Haunc
calibrated VIS and NIR counts were converted to refleat and used to calculate the Normalized Difference
Vegetation Index (NDVI = (NIR — VIS)/ (NIR + VIS)). Theéh4 counts were converted to brightness (radiative)
temperature (BT) (Kidwell 1997).

The study objective is to investigate the strength of ridationship between VH indices and malaria and
determine if the strongest correlation coincides withlaria critical period of development, which is highly

sensitive to weather conditions.



Following Brockwell and Davis (2000) malaria time seriagFe 1) was approximated by theear Equation
1. The weather-related variations around the trend @gyeessed as a ratio of actual percent of malaria aases t
the estimated from the trend (Equation 2)

Y treng= 1059.95 - 0.506* Year 1)

DY= (Y / Yyend)*100 (2)

where Y is actual percent of malaria casgg,fs the malaria estimated from trend ; DY is deviaif&) from
the trendDY is a good relative metric of malaria cases. In 1998,via¢ only 119% or 19% above the trend,
whereas in 1992, DY was 87% or 13% below the trend. Thstgaations indicate that the 1992 (less % of
malaria) was an unfavorable year for malaria wred€&98 (higher % of malaria) was favorable (Rahetaal.;

2006).
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FIGUREL. Percent of malaria in Bandarban district, Bangladestirand line

The VH indices were calculated from NDVI and BT using rodttogy of Kogan (1997). The derivation steps
include (a) complete elimination of high frequency nofsem NDVI and BT annual time series, (b)
approximation of annual cycle, (c) calculation of muléiaty climatology and (d) estimation of medium—to—low
frequency fluctuations during the seasonal cycle (depararm climatology) associated with weather
variations. The Vegetation Condition Index (VCI) chagdzing moisture and Temperature Condition Index
(TCI) characterizing thermal conditions were calculated a

VCI = 100(NDVI — NDVImin)/ (NDVImax — NDVImin) (3)

TCI = 100(BTmax — BT)/(BTmax — BTmin) 4)
where NDVI, NDVImax, NDVImin, BT, BTmax and BTmin arbe smoothed weekly NDVI (BT) and their

1992-2005 absolute maximum and minimum (climatology), respctiVae range of VH indices is from 0



indicating severe vegetation stress to 100 indicating &pke conditions (Kogan, 2002). Average weekly values
of VH were calculated for the area of Bandarban ingizatesh.

RESULTS AND DISCUSSION Since DY and VH indices were similarly expressed agewation from
climatology (from trend for malaria and from max—man ¥/H), further investigation included correlation and
regression analysis of these deviations to investihatassociation between them for Bandarban diginiire

2 shows dynamics of correlation coefficients for &fsus VCI and TCI for Bangladesh.
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FIGURE 2. Correlation coefficient dynamics of the percent deviatiomalaria from trend versus TCl and VCI
It is seen, during cooler month (spring and fall) whenquiéss are less active; correlation is low for both
indices. In spring (week 16) when mosquito activity seadartsscorrelation start increases and reaching
maximum (week 25 for TCI) at the end of June (Week 25-26)elek 32 correlation again increases reaching
maximum at (.5 for TCI) at the end of September (week Bails result is compatible with mosquito’s activity.

The result of fitting the ordinary least squares (OL8Yeh is approximated by equation 5 (Salazar et al.; 2008).

DY=Dbg + by TCl3y+, TCl3zt b TClgs+by TClast 5 TClzg (5)
Table 1 show that the value of R large 0.88. A comparison of the relative degree tistital significance of
the model with those of the partial regression coeffits reveals a great degree of multicollinearity. pivalue
for the regression coefficient is high, which is ngngficant at p<0.05 level and very small tolerance and high
variance inflation. The overall model may potentidiiythe data well, but because several independent vesiabl
are measuring similar phenomena, it is difficult determine which of the individual variables contribute
significantly to the regression relationship. To tesothis problem, an alternative method of principal

components regression (PCR) is used, which results mag&in and prediction better than OLS.



Tablel. Results of multiple linear regressions (OLI)6fon the equation (5)

Paramete  Standar Varianct
Variable DF Estimat: Error t Value Pr > |t Toleranc Inflation
Intercep 1 86.22¢ 3.1185! 27.6¢ <.000! . 0
TCI32 1 -1.116¢ 0.5925: -1.8¢ 0.096: 0.0120: 83.1269
TCI33 1 -0.0070: 1.1917: -0.01 0.995¢ 0.0030°  326.0328
TCI34 1 0.2242 1.2724! 0.1¢ 0.864! 0.0025.  393.6486
TCI3E 1 2.3350! 0.8198 2.8t 0.021¢ 0.0061°  162.0066
TCI3€ 1 -1.2611. 0.6188! -2.04 0.075¢ 0.0105: 95.1893:

R*=0.88, RMSE= 4.8

Using PCR methodology, the variables in model equat®nwere transformed into new orthogonal or
uncorrelated variables called principal components (REghe correlation matrix. The stepwise multiple
regressions are eliminating some of the PCs to getlaction in variance. Once the regression coefficifamnts
the reduced set of orthogonal variables are calculdieg,dre transformed into a new set of coefficients that
correspond to the original or initial correlated set afaldes in model equation (5). These new coefficiergs ar
called principal component estimators (Salazar et 87 20 able 2 shows that model with p<0.05 for regression
coefficient is significant. It has already been argued th& OLS estimates are unsatisfactory when
multicollinearity is present. Hence, following PCR as#&ythe final set of coefficients for variables indab
equation (5) are calculated and used to generate estinmatidel equation (6).

DY= 86.48- 0.98 TG}-0.36 TCks+0.61 TChy+ 2.20TChks-1.31TChg (6)

Table2. Principal component results for Bandarban foresailgladesh (0.84)

Parameter Standard
Variable DF Estimate Error t Value Pr > |t
Intercept 1 99.9894 1.23302 81.09 <.0001
Prinl 1 1.64897 0.57579 2.86 0.0187
Prin2 1 -28.26484 6.11437 -4.62 0.0012
Prin3 1 -28.75508 11.9657 -2.4 0.0397
Prin4 1 43.6613 18.32133 2.38 0.041

Validation is the step in which the prediction witle thosen model is tested independently. At the beginning of
the model development stage, the data is divided into ttgop the training and validation data sets. Figure 3
displays observed versus independently simulated percent ofiartaia series, which shows excellent match

for both time series, with RMSE value of 1.78 &fd/alue of 0.82 for simulated and observed time series.



CONCLUSION: Bandarban district is considered as one of the matgrxdemic areas in Bangladesh. The two
AVHRR-based VH indices characterizing moisture (V&iyl thermal (TCI) conditions were tested as predictors
of malaria cases. It was found that malaria cases mvere sensitive to thermal conditions. Correlatioalgsis
between malaria cases deviations from trend (DY) W&h during the period 1992 to 2005, showed correlation
during the mosquito activities (weeks around 36, Septembib@€r). Therefore, this index was used for the
statistical modeling of malaria cases. AVHRR data fld@AA polar orbiting satellites can provide valuable
information about malaria cases to predict vector itligion in Bandarban district in Bangladesh and help the

concerned authority to take preventive measures @iogy.
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FIGURE 3. Simulated and observed percent of malariadadBrban District, Bangladesh
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