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Abstract: About the Author:

One of the impacts of climate change is high risk of ve,
borne diseases (VBD) presently as per World He
Organization (WHO) especially Dengue Fever in troj
regions. Transmission of dengue is now present in all \!
regions of the world and more #&n 125 countries are
known to be endemic. In the developing countries, tr

impact of dengue is difficult to ascertain due to factc Ms. Mridu Prakash

such as inadequate disease surveillance, misdiagnosis Myself as a Geoinformatics student, pursuing masters
low levels of reporting. However, the health service toc from TERI University. | have done graduation in BSc
has been benefited by technological advances in field Radiography (Medical Technology) from University
geospatial technology. There is abundant evidel College of Medical Sciences, Delhi University.
worldwide that the use of Geographic Information Syst

(GIS) and remote sensing has dramatically impacted Email IDmridu1401@gmail.com

public health. chanderkumarsingh@gmail.com

The current study uses reste sensing derived informatiol
such as Land use/Ldncover, using Landsat 8 date
monthly average rainfall derived from Tropical Rain| Contact No: +9% 9013778890
Measuring Missio (TRMM) The factors such aslope,
drainage were extracteth ArcGIS. Aanalysis was dont®

see he factors which have significant impact on model
the high dengue prone areas using geotagged den
cases reported from the households in North East (
Delhi. Further this information is used to identify hotspc
using the GPS locations of the dengsespected and
confirmed patients in the year 2013. Based on the res|
from analysis we have tried to model the areas that i
vulnerable to dengue cases. We have also tried to evall
two different approaches to model the final outcomes
the form ofvulnerable areas in terms of dengue cases. ’
result of this study will be useful for proper planning

appropriate control and prevention strategies to
prioritized in similar areas of India.
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Introduction

GIS applications in Health Sector is in a prenatal stage and is slowly evolving as campétied sectors such as Urban Planning,
Disaster Management etc. but examples of research and real time applications of GIS in Health Sector both globally & na
can be found.

India faceschallenges to meet its health needs and in providing adeqéatdities to the patients in time. The promotion and
protection of the health of people are essential for the sustained economic and social development, thus contributing ta
better quality of life. The social value of health care has recently empddithe ecological approach to human health, as the
human system involves constant adjustment to deterioration in the social, biological and physical environment. GIS teshng
have the capability to integrate many types of data and to analyze spatiateanporal data to produce new models. From the
public health perspective, GIS is essentially used to determine the health situation of an area, generating and anagzies d
hypotheses, identify high risk disease affected areas, prioritize areamitagation and surveillance programs, monitor the
incidence and visualize and analysis or map that information in a more interactive manner for better understanding. Re
sensing and Geographic Information System (GIS) technologies have previously seeeim ypublic health to help health
authorities with surveillance and mitigation strategies. The use of remotely sensed data (satellite images and aeriahpisitog
in epidemiological studies has become more frequent during the last decade. Remotegseffisis a huge potential for the study
of diseases related to environmental conditions (Cline, 1970; Curran et al, 2000; Hay and Tatem, 2005).

The application of remote sensing to health studies has seen an increase in monitoring, surveillance aagpisy,marticularly
for vectorborne diseases. Most studies use remote sensing data to explore the environmental factors that might be assoc
with diseasevector habitats and human transmission risk. GIS owing to its inherent ability to manage bt#i apd norspatial
information, provides an excellent framework for disease management. It can integrate data from any source whether
satellite images or aerial photographs, survey data or published records. It can then overlays a series oftegegte iand
analyze the data. The approach in developing remote sensing applications in epidemiology depends on the spectral, dpat
temporal characteristics of remote sensing measurements. A combination of high spatial resolution data for |lamdl lsed
cover classification and frequent coarse resolution environmental satellite data for monitoring environmental variabiliybeou
ideal for studying surface climate conditions for modeling vector population.
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Initiatives for developing systematioventories of disaster damages including epidemics and disease outbreaks were carried out

both globally and nationally

Dengue is currently regarded globally as the most important mosehotoe viral disease. Transmission of dengue is how prese
in evely World Health Organization (WHO) region of the world and more than 125 countries are known to be dengue end
The true impact of dengue globally is difficult to ascertain due to factors such as inadequate disease surveillance osigsdia

nt
emic.

gn

and low leels of reporting. Currently available data likely grossly underestimates the social, economic, and disease burden.

Estimates of the global incidence of dengue infections per year have ranged between 50 million and 200 million; howexer,
estimates usig cartographic approaches suggest this number is closer to almost 400 million. The expansion of dengue is ex
to increase due to factors such as the modern dynamics of climate change, globalization, travel, trade, socioeconoemntsnisett
and alsoviral evolution (8).
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Delhi has had outbreaks of dengue caused by various dengue virus types in 1967, 1970, 1982, 1988 and 1996. Dengue virus ty

1, 2 and 3 have all been isolated during previous dengue outbreaks in Delhi, but a particular type hapraiaysated. One of
the largest outbreaks of DHF/DSS in North India occurred in Delhi and adjoining areas in the year 1996 and the predo
circulating serotype was found to be D&rvirus.

Description of Study Area
Delhi, the capital of India, istsidzl Gt SR 2y GKS oly{1 2F NAGSNI , I Ydzyl |G GKS

minar
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high from the Mean Sea Level. In Deliniee agencies, namely the Municipal Corporation of Delhi (MCD), New Delhi Munici
Committee (NDMC) and Defense are responsible for dengue control activities inside their own areas. The MCD with its 12

pal
zone

cover the largest part. The study area isesml at the 28.4 km and has population 22 million in 2011. EDMC includes 64 wards in
the region. Delhi remains hot in summer, humid in monsoon season and is cold during the winters. The average temperature o

New Delhi ranges from 25°C to 46°C during sumaral 2°C to 25°C during winter. The cold wave from the Himalayan regi
makes the winters in New Delhi very chilly. In summers, the heat wave in New Delhi is immense and adequate precaution
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be taken before going out in the afternoons. The averageual rainfall is approximately 714 mm (28.1 in), most of which falls

during the monsoon in July and August.

Scenario of Vector borne Diseases in Delhi

Delhi is the national capital of India with estimated population of around 16.6million spread oveeamfaaround 1483 Sq. Km.
About 93% of the population residing in Delhi is urban and all areas are likely to be urbanized soon in coming yeaesndalhi
hub for trade and employment for whole of Northern India, Delhi suffers from the problem of nngthgrowth, slums and

T

uncontrolled immigration In India, 21 states have reported dengue cases in 2006. A total of 10,935 cases and 171 deaths wet

reported from all over the country (provisional). Out of total cases, 31% were reported from Delhi anuragigmieas. Delhi also
reported maximum number of deaths among all the states. Delhi has also had several outbreaks of certain infectious mlise
the past few years, most important of these being those of Dengue. During monsoon and post monsoonirseakbtion the

ASEeS |

conditions become favorable for breeding of vector (mosquitoes) and Delhi is at high risk of having Dengue outbreakagAccordi

to www.healthsite.com on Dec 10, 2013 the number of dengue cases in the capital has reached 5,462. Mostveabegrha

reported from the north zone (2,167), followed by south (1,642) and east (1,508) zones. An additional 69 cases have beel

reported from the National Capital Region, including parts of Uttar Pradesh and Hawadatabase is prepared showing
attribute of spatial entity for the present study were collected from secondary sources. The zone wise dengue in DelHyon

yea

basis from 2002013 were collected from NVBDCP (National Vector Borne Disease Control Programme) Govt. of NCT of Delh

(See Apendix 1)

Methodology

The dengue fever hazaahalyses werelerived from multi criteria evaluation (MCH)o runit, selectedfavorable conditions such
as topographidactors (slope), land use land coyainfall andlocations of the dengue fever cases was developed. lusedand
cover map was generate elements at risk factor for dengue fever and whignthe help of GP®cations of thedenguefever
cases, hotspot analysis wa®ne using Getord Gi*. Rainfall data (month wise) for the pre monspamonsoon and post
monsoon period was interpolated using spline tool fbe year 2013 to check the tendency of the occurrence of dengue fev
with respect to rainfall.

(p))
Pl

Datasetsand 2 Fi g NBQa | a
- Software Used

A.Image processing software

B. ArcGIS 10.1

C. Microsoft Excel 2010

D. Microsoft Access 2010

- Data Used
A. Satellite Images Used
(Landsat 8 data was used.
(INTRMM data from TOVAS.
"The images and data used in thigudy were acquired using the GBSC Interactive Online Visualization and analys
Infrastructure (Giovanni) as part of the NASA's Goddard Earth Sciences (GES) Data and Information Services Center (

B.Meteorological Data Used

S
DISC]

Yearly meteorologal data for each district were collected from India Meteorological Department (IMD) for nine districts of

Delhi from 20092013. According to IMD, meteorological percentage(%) departure from normal rainfall has been divided
RAFFSNBY (G OwhérStiexalk S dp tadi2B% dosider as below normal rainfall, >20% considered as normal
as moderate and beyond 300 mm is consider as excess rainfall. With the help of these criteria rainfall data has
categorized. Moreover from Rainfall Moaitng Unit of IMD we get the monthly averages of rainfall.
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C.Dengue Data

Dengue Incidence data ese collected from the Guru Tegh Bahadur (G)THBospital of the Delhi and from Delhi
Government This data include information about all tisespected anaonfirmed DH/ DHF/DSS cases reported dutieg
year 2013 in the East Delfiihesepatients were mainly diagnosed on the clinical symptoms atDik#i government hospital
as well as public and privatespitals. Data was availalvith traceable addres®f 290dengue suspected cases.

A database is prepared showing attribute of spatial entity for the present study were collected from secondary sources
zone wise dengue in Delhi on yearly basis from 22083 were collected from NVBDCP (National VeBmme Disease
Control Programme) Govt. of NCT of DdlBee Appendix 1)

DataProcessing

Introduction

Transmissionof Dengue feveris strongly associated wit environmental conditions Accodingly breeding sites, rainfall
distribution and slopearelisted in order of importance.

The standardized raster layevgere weighted using weighted overlay tool ofagial analyst extension for LUli@agethat is
important to show the importance of eadactor as compared to other for the favorable condition®ehguefever.

STUDY AREA : WARD LEVEL N

Gandhi Nagar g oot ColoRy Jagar

Geeta colany\l_"m, u.\ﬁ‘é,l_wA
P

Legend

[ e zonntiion g 425 55 P & 4
e

Fig 1 ¢ Ward level map: Study Area

Tablel
Risk Factor Analysis of LUkEcording to weighted overlay

Element at Risk Water Bodies 5 Very Low
Vegetation 4 Low
Grasslands 3 Moderate
Builtup area 2 High
Settlement 1 Very High
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Factors

- Slope factor
Slope is other topographic parameter that may be associated with mosquito larval habitat formation, is the measurement of the
rate-change of the land per unit distance which may affect the stability of the aquatic habitat (Stéfpurega, 2000). The slope
of the study aea was derived from ASTER GDEM dataS&pewas derived using the DEM in spagalalysis tool using surface
analysis surface/slope module. The slope raster layer was further reclassified in to five sub groupsrbasedefined slope
class. The reclassified slope raster layer sub groups were ranked accordingly &gthe df suitability for dengumcidence in
the locality. To elaborate, the steeper slope \ediare related to lessdrazard and the gentler slopgegave high susgsible for
dengueincidences. And new values-assigned in order of Dengimrazard rating Abdul et al, 2013)See appendix 1 fig 4).

- Land use land cover factor

The land use land cover was taken as eletrarrisk that affect by denguéeverincidences. Land use is the way in which the
human beingpurposefullyemploy the land and itsurroundingresources. Land cover by contrast the physical state of the land
surface as in as in cropland, mountains or forests (Meyer 1995:25). Theidarithnd cover classes of Delhi has been classifie
using Landsat &atellite image with a spatial resolution iB0However, the bands (bands 5,3 anfi\ere layer stacked. The
image generated withhe stacked image wasubsetted ing the shapefile of the stly area Supervised classification method
was carried out basedn the AOI collectedo classify the image in to fiveasic clases (Settlement, Builip area, Grasslands,
Vegetation and Water body). The classified image was exported in to Ar&@&iSMap 10.1 for further ranking and
reclassification. Besiddand use land cover of the Delhi was reclassified in divie groups in order their susceptibjl and
Suitability forrisk of dengue feverThus, the relassified version implies 1 tq @here 1 stand for highly affectedaind use land
cover element and %or less affected land use / land coveements (See table)1

o

- Rainfall Distribution

Yearly meteorological data for each distraft the Delhiwere collected from India Meteorological DepartmeiD) for nine
districts of Delhi from 2002013. According to IMD, meteorological percentage(%) departure from normal rainfall has been
RAGARSR Ayid2 RAFTFSNByld OFdS3az2NxsSa (KIFIdQa ¢gKSy (GKS eadlad dzS
normal up to as moderate and beyond 300 mm is consider as excess rainfall. With the help of these criteria rainfall data ha
been categorized. Moreover from Rainfall Monitoring Unit of IMD we get the monthly averages of rainfall

For the rainfall d&a | havedownloaded month wise datasets from TOVAS as daily averagepthpared database in Microsoft
Access 210 and then saved precipitatigmm) it as database file along with their latitude and longitude information for make (it
compatible in ArcGI$0.1 then | have used these point features to convert it into raster format by using spline in spatial analyst
tool to prepare thematic maps out of iSpatial and Temporal distribution of rainfall data at the least possible resolution has
been carried otat monthly basis (May Dec) for the year 2013Seeappendix)

- GPS Locations of the Dengue Fever cases for the study area
GPS locations were taken and basic survey was carried out for the addresses of the dengue fever cases provided by the G.T
Hospitl (GuruTegh Bahadur Hospital) for the year 2013. During the survey it was noticed that the most of the people were

unaware of thecauses for the occurrence of dengue fever. By using these GPS locations hot spot analysis was carried out for th
study area

- Drainage Pattern
ASTER GDEM which is a joint product of METI and NASA is downloaded which is of 30 m spatial resolution and is masked with
help of the shapefile that | have prepareBrainage is a very important factor for Dengue outbreak as these streams act as
natural barrier for water collection that leads to mosquitoes breeding. The Yamuna River is the most important river flowing
through the Delhi and heavy pollution from the citgis left it not more than a large size drain. Breeding places in the Delhi arise
from the neglected features of the construction sites, stagnant drain water collections, tanks, desert coolers and rexeptacle
rain water collections.

There are evidencesf water pockets in low lying areas of Delhi due to receding of flood in the year 2010.
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The water that gets submerged the ldying areas poses a big challenge for the health authorities in tackling the ymmtoe
disease and other watdoorne infections. Water had accumulated because of its proximity to the Yamuna River in these area
meaning low level of altitude.

The drainage system can be easily calculated with the help of hydrological toolsArcthiydroextension of ArcGIS. The
drainage systeng & (G KSy adNBFY 2NRSNBR | 002 NRA Yy JSeéagpenfli) NI Kf SNDa

Results

Dengue Risk Factors
4.1.1 Slope FactqBee appendix 1 Fig 2)
4.1.2Land use land covéactor (See appendix 1 Fig 4
4.1.3RainfallDistribution(See appenid 1 Fig
4.1.4 Drainag®attern(See appendix 1 Fig 3
4.1.5HotspotanalysigSee appendix 1 Fig 6

Identified areas of Risk for Dengue fever

Dengue feveincidence is mapped by depending on some oféhgronmental factors which contoute for the survival oAedes
aegyptimosquitoes. For the purpose of infying areas of dengue fever prone areas, this study focused on slope, land use |
cover pattern, rainfall distribution, drainage pattern and locations of the Dengue feeaencesas the factors of incidence in
this study area. Thencidence and transmissionof Dengue fevemrequires the environment with lower elevation (higher
temperature), abundance of wet lands, occurrence of gentle slopes, availability of still veatensd rivers, and areas of lower
drainage density (Negast008).

Areaswith settlementare at high risk for the dengue fever incidences due to the chancesmfded area Therefore, higher
population density and interconnection of houses could leadntore efficient transmission of the virus and thus increase
exposure to infection. The transmission of the disease is normally limited by the flight distance of Aedes aegypti difetimgets
The flightdistance of Aedes aegyptingesfrom a few meers to more than 50 meters in a closed urban environment (Morlan H
et al., 1958; Reiter P et al., 1998)hereasm urban environment where interconnections are not very common, the independe
nature of houses limits the flight range of Aedes aegypti @tlices the transmission of the disease.

Areaslike Karawal nagar, Mandoli, Seemapuri, Rohtash Nagar and Gokulpuri are in a very crowded area and they have mixe
interconnections and independent type of houses except Dilshad Garden which includzsstype ofhouses.

From the results of GIZ Score, it is clearly shown that the vulnerable areas for Dengue Fever cdsesvwaaienagar, Mandio

Seemapuri, Rohtash Nag&okulpuriand Dilshad Garden. Highest number of GIZ score is with the areas like Mandoli, Seem
and Dilshad Garden which is in the range of 1.96 to 2.58.
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Conclusion

This study was focuseat producing hotspot analysis majé$ Delhiso thatthe result of this study will be useful for proper
planning of appropriate control and prevention strategies to be ptimed in similar areas of Indito improve the
management and control of Dengue fevehlthough the environmental drérs that determine the life cycles of both the

vector and the parasite are complex, they can be monitored and analyzed using newly available technologies of RS and G

This research has shown that GIS and remote sensing is important to create operatapsawhich could help the vector
control agencies to identify hazard aridk areas for disease control in the respective areas.

The hotspotmap was produced depending upon tepatial join of the GPS locationsieh are capable of providing fertile
environmental situations for mosquito breedingith the study area. As a hazard, denganeidence is mapped depending on
some of the environmental factonshich contribute for the survival ofAedes aegyptmosquitoes such asslope,land use

land cover,drainage pattern and rainfall distributioas the factors oflengueincidences in the study areaRisk maps are
fundamental for estimating the scale of the risk, and hence the resourcesletkto combat dengueThey provide
benchmarks for assessing the gress of control and indicate which geographic areas should be prioritized. One of the Multi
Criteria Evaluation technique which is known as Weighted Overlay in GIS environment was shown to be useful for delineatir
areas at diférent rating in terms of degue hazard and risk because of the land use and land cover pafteisi.could be
useful for disaker control in the future.
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APPENDIX
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Fig 2. Slope Factor map
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Fig 3 Drainage Map
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Fig 5 Rainfall Distribution Map
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