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Abstract:
One of the impacts of climate change is high risk of vector
borne diseases (VBD) presently as per World Health
Organization (WHO) especially Dengue Fever in tropical
regions. Transmission of dengue is now present in all WHO
regions of the world and more than 125 countries are
known to be endemic. In the developing countries, true
impact of dengue is difficult to ascertain due to factors
such as inadequate disease surveillance, misdiagnosis, and
low levels of reporting. However, the health service today
has been benefited by technological advances in field of
geospatial technology. There is abundant evidence
worldwide that the use of Geographic Information System
(GIS) and remote sensing has dramatically impacted the
public health.
The current study uses remote sensing derived information
such as Land use/Land cover, using Landsat 8 data,
monthly average rainfall derived from Tropical Rainfall
Measuring Mission (TRMM). The factors such as slope,
drainage were extracted in ArcGIS. An analysis was done to
see the factors which have significant impact on modeling
the high dengue prone areas using geotagged dengue
cases reported from the households in North East (NE)
Delhi. Further this information is used to identify hotspots
using the GPS locations of the dengue suspected and
confirmed patients in the year 2013. Based on the results
from analysis we have tried to model the areas that are
vulnerable to dengue cases. We have also tried to evaluate
two different approaches to model the final outcomes in
the form of vulnerable areas in terms of dengue cases. The
result of this study will be useful for proper planning of
appropriate control and prevention strategies to be
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 compared to other sectors such as Urban Planning,
Disaster Management etc. but examples of research and real time applications of GIS in Health Sector both globally & nationally
can be found.
India faces challenges to meet its health needs and in providing adequate facilities 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 to the
better quality of life. The social value of health care has recently emphasized the ecological approach to human health, as the
human system involves constant adjustment to deterioration in the social, biological and physical environment. GIS technologies
have the capability to integrate many types of data and to analyze spatial and temporal data to produce new models. From the
public health perspective, GIS is essentially used to determine the health situation of an area, generating and analyzing diseases
hypotheses, identify high risk disease affected areas, prioritize areas for mitigation and surveillance programs, monitor the
incidence and visualize and analysis or map that information in a more interactive manner for better understanding. Remote
sensing and Geographic Information System (GIS) technologies have previously been used in public health to help health
authorities with surveillance and mitigation strategies. The use of remotely sensed data (satellite images and aerial photographs)
in epidemiological studies has become more frequent during the last decade. Remote sensing offers 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 and risk mapping, particularly
for vector-borne diseases. Most studies use remote sensing data to explore the environmental factors that might be associated
with disease-vector habitats and human transmission risk. GIS owing to its inherent ability to manage both spatial and non-spatial
information, provides an excellent framework for disease management. It can integrate data from any source whether it is
satellite images or aerial photographs, survey data or published records. It can then overlays a series of maps integrate and
analyze the data. The approach in developing remote sensing applications in epidemiology depends on the spectral, spatial, and
temporal characteristics of remote sensing measurements. A combination of high spatial resolution data for land use and land
cover classification and frequent coarse resolution environmental satellite data for monitoring environmental variability would be
ideal for studying surface climate conditions for modeling vector population.
Initiatives for developing systematic inventories of disaster damages including epidemics and disease outbreaks were carried out
both globally and nationally.
Dengue is currently regarded globally as the most important mosquito-borne viral disease. Transmission of dengue is now present
in every World Health Organization (WHO) region of the world and more than 125 countries are known to be dengue endemic.
The true impact of dengue globally is difficult to ascertain due to factors such as inadequate disease surveillance, misdiagnosis,
and low levels 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; however, recent
estimates using cartographic approaches suggest this number is closer to almost 400 million. The expansion of dengue is expected
to increase due to factors such as the modern dynamics of climate change, globalization, travel, trade, socioeconomics, settlement
and also viral evolution (8).
Delhi has had outbreaks of dengue caused by various dengue virus types in 1967, 1970, 1982, 1988 and 1996. Dengue virus types
1, 2 and 3 have all been isolated during previous dengue outbreaks in Delhi, but a particular type has always predominated. One of
the largest outbreaks of DHF/DSS in North India occurred in Delhi and adjoining areas in the year 1996 and the predominant
circulating serotype was found to be Den-2 virus.

Description of Study Area
Delhi, the capital of India, is situated on the bank of river Yamuna at the longitude between 76050’11”E and 77020’54” E and
latitude between28025’47” N and 28053’5” N. It occupies a 1,485 Km2 area of which 900 Km2 is classified as urban. It lies 233m
high from the Mean Sea Level. In Delhi three agencies, namely the Municipal Corporation of Delhi (MCD), New Delhi Municipal
Committee (NDMC) and Defense are responsible for dengue control activities inside their own areas. The MCD with its 12 zones,
cover the largest part. The study area is spread 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 of
New Delhi ranges from 25°C to 46°C during summer and 2°C to 25°C during winter. The cold wave from the Himalayan region
makes the winters in New Delhi very chilly. In summers, the heat wave in New Delhi is immense and adequate precaution has to
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be taken before going out in the afternoons. The average annual 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 over an area of around 1483 Sq. Km.
About 93% of the population residing in Delhi is urban and all areas are likely to be urbanized soon in coming years. Delhi being a
hub for trade and employment for whole of Northern India, Delhi suffers from the problem of unplanned growth, slums and
uncontrolled immigration In India, 21 states have reported dengue cases in 2006. A total of 10,935 cases and 171 deaths were
reported from all over the country (provisional). Out of total cases, 31% were reported from Delhi and adjoining areas. Delhi also
reported maximum number of deaths among all the states. Delhi has also had several outbreaks of certain infectious diseases in
the past few years, most important of these being those of Dengue. During monsoon and post monsoon season in addition the
conditions become favorable for breeding of vector (mosquitoes) and Delhi is at high risk of having Dengue outbreaks. According
to www.healthsite.com on Dec 10, 2013 the number of dengue cases in the capital has reached 5,462. Most cases have been
reported from the north zone (2,167), followed by south (1,642) and east (1,508) zones. An additional 69 cases have been
reported from the National Capital Region, including parts of Uttar Pradesh and Haryana. A database is prepared showing
attribute of spatial entity for the present study were collected from secondary sources. The zone wise dengue in Delhi on yearly
basis from 2009-2013 were collected from NVBDCP (National Vector Borne Disease Control Programme) Govt. of NCT of Delhi.
(See Appendix 1)

Methodology
The dengue fever hazard analyses were derived from multi criteria evaluation (MCE). To run it, selected favorable conditions such
as topographic factors (slope), land use land cover, rainfall and locations of the dengue fever cases was developed. Land use land
cover map was generate elements at risk factor for dengue fever and then with the help of GPS locations of the dengue fever
cases, hotspot analysis was done using Getis–ord Gi*. Rainfall data (month wise) for the pre monsoon, monsoon and post
monsoon period was interpolated using spline tool for the year 2013 to check the tendency of the occurrence of dengue fever
with respect to rainfall.
Datasets and Software’s Used
- Software Used
A. Image processing software
B. ArcGIS 10.1
C. Microsoft Excel 2010
D. Microsoft Access 2010
- Data Used
A. Satellite Images Used
(I)Landsat 8 data was used.
(II) TRMM data from TOVAS.
"The images and data used in this study were acquired using the GES-DISC Interactive Online Visualization and analysis
Infrastructure (Giovanni) as part of the NASA's Goddard Earth Sciences (GES) Data and Information Services Center (DISC)."
B. Meteorological Data Used
Yearly meteorological data for each district were collected from India Meteorological Department (IMD) for nine districts of
Delhi from 2009-2013. According to IMD, meteorological percentage(%) departure from normal rainfall has been divided into
different categories that’s when the value is up to 20% consider as below normal rainfall, >20% considered as normal up to
as moderate and beyond 300 mm is consider as excess rainfall. With the help of these criteria rainfall data has been
categorized. Moreover from Rainfall Monitoring Unit of IMD we get the monthly averages of rainfall.
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C. Dengue Data
Dengue Incidence data were collected from the Guru Tegh Bahadur (G.T.B.) Hospital of the Delhi and from Delhi
Government. This data include information about all the suspected and confirmed DH/ DHF/DSS cases reported during the
year 2013 in the East Delhi. These patients were mainly diagnosed on the clinical symptoms at the Delhi government hospital
as well as public and private hospitals. Data was available with traceable address for 290 dengue suspected cases.
A database is prepared showing attribute of spatial entity for the present study were collected from secondary sources. The
zone wise dengue in Delhi on yearly basis from 2009-2013 were collected from NVBDCP (National Vector Borne Disease
Control Programme) Govt. of NCT of Delhi. (See Appendix 1)

Data Processing
Introduction
Transmission of Dengue fever is strongly associated with environmental conditions. Accordingly breeding sites, rainfall
distribution and slope are listed in order of importance.
The standardized raster layers were weighted using weighted overlay tool of spatial analyst extension for LULC image that is
important to show the importance of each factor as compared to other for the favorable conditions of Dengue fever.

Fig: 1 – Ward level map: Study Area
Table 1
Risk Factor Analysis of LULC according to weighted overlay.

Element at Risk

Water Bodies
Vegetation
Grasslands
Built-up area
Settlement

5
4
3
2
1
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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 (Stephen Munga, 2000). The slope
of the study area was derived from ASTER GDEM datasets. Slope was derived using the DEM in spatial analysis tool using surface
analysis surface/slope module. The slope raster layer was further reclassified in to five sub groups based on predefined slope
class. The reclassified slope raster layer sub groups were ranked accordingly to the degree of suitability for dengue incidence in
the locality. To elaborate, the steeper slope values are related to lesser hazard and the gentler slope have high susceptible for
dengue incidences. And new values re-assigned in order of Dengue hazard rating (Abdul et al, 2013) (See appendix 1 fig 4).
Land use land cover factor
The land use land cover was taken as element at risk that affect by dengue fever incidences. Land use is the way in which the
human beings purposefully employ the land and its surrounding resources. Land cover by contrast the physical state of the land
surface as in as in cropland, mountains or forests (Meyer 1995:25).The land use /land cover classes of Delhi has been classified
using Landsat 8 satellite image with a spatial resolution 30m.However, the bands (bands 5,3 and 2) were layer stacked. The
image generated with the stacked image was subsetted using the shapefile of the study area. Supervised classification method
was carried out based on the AOI collected to classify the image in to five basic classes (Settlement, Built-up area, Grasslands,
Vegetation and Water body). The classified image was exported in to ArcGIS/Arc Map 10.1 for further ranking and
reclassification. Besides land use land cover of the Delhi was reclassified in five sub groups in order their susceptibility and
Suitability for risk of dengue fever. Thus, the reclassified version implies 1 to 5, where 1 stands for highly affected land use land
cover element and 5 for less affected land use / land cover elements (See table 1).
Rainfall Distribution
Yearly meteorological data for each district of the Delhi were collected from India Meteorological Department (IMD) for nine
districts of Delhi from 2009-2013. According to IMD, meteorological percentage(%) departure from normal rainfall has been
divided into different categories that’s when the value is up to 20% consider as below normal rainfall, >20% considered as
normal up to as moderate and beyond 300 mm is consider as excess rainfall. With the help of these criteria rainfall data has
been categorized. Moreover from Rainfall Monitoring Unit of IMD we get the monthly averages of rainfall.
For the rainfall data I have downloaded month wise datasets from TOVAS as daily averages then prepared database in Microsoft
Access 2010 and then saved precipitation (mm) it as database file along with their latitude and longitude information for make it
compatible in ArcGIS 10.1 then I have used these point features to convert it into raster format by using spline in spatial analyst
tool to prepare thematic maps out of it. Spatial and Temporal distribution of rainfall data at the least possible resolution has
been carried out at monthly basis (May - Dec) for the year 2013. (See appendix)
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.B.
Hospital (Guru Tegh Bahadur Hospital) for the year 2013. During the survey it was noticed that the most of the people were
unaware of the causes for the occurrence of dengue fever. By using these GPS locations hot spot analysis was carried out for the
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 the
help of the shapefile that I have prepared. Drainage 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 city has 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 receptacles of
rain water collections.
There are evidences of 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 low-lying areas poses a big challenge for the health authorities in tackling the vector-borne
disease and other water-borne infections. Water had accumulated because of its proximity to the Yamuna River in these areas
meaning low level of altitude.
The drainage system can be easily calculated with the help of hydrological tools in the Arc Hydro extension of ArcGIS. The
drainage system was then stream ordered according to Strahler’s method and a map is created. (See appendix)

Results
Dengue Risk Factors
4.1.1 Slope Factor (See appendix 1 Fig 2)
4.1.2 Land use land cover factor (See appendix 1 Fig 4)
4.1.3 Rainfall Distribution (See appendix 1 Fig 5)
4.1.4 Drainage Pattern (See appendix 1 Fig 3)
4.1.5 Hotspot analysis (See appendix 1 Fig 6)
Identified areas of Risk for Dengue fever
Dengue fever incidence is mapped by depending on some of the environmental factors which contribute for the survival of Aedes
aegypti mosquitoes. For the purpose of identifying areas of dengue fever prone areas, this study focused on slope, land use land
cover pattern, rainfall distribution, drainage pattern and locations of the Dengue fever incidences as the factors of incidence in
this study area. The incidences and transmission of Dengue fever requires the environment with lower elevation (higher
temperature), abundance of wet lands, occurrence of gentle slopes, availability of still waters around rivers, and areas of lower
drainage density (Negasi, 2008).
Areas with settlement are at high risk for the dengue fever incidences due to the chances of crowded area. Therefore, higher
population density and interconnection of houses could lead to more efficient transmission of the virus and thus increased
exposure to infection. The transmission of the disease is normally limited by the flight distance of Aedes aegypti during its lifetime.
The flight distance of Aedes aegypti ranges from a few meters to more than 50 meters in a closed urban environment (Morlan HB
et al., 1958; Reiter P et al., 1995). Whereas in urban environment where interconnections are not very common, the independent
nature of houses limits the flight range of Aedes aegypti and reduces the transmission of the disease.
Areas like Karawal nagar, Mandoli, Seemapuri, Rohtash Nagar and Gokulpuri are in a very crowded area and they have mixed type,
interconnections and independent type of houses except Dilshad Garden which includes mixed type of houses.
From the results of GIZ Score, it is clearly shown that the vulnerable areas for Dengue Fever cases are Karawal nagar, Mandoli,
Seemapuri, Rohtash Nagar, Gokulpuri and Dilshad Garden. Highest number of GIZ score is with the areas like Mandoli, Seemapuri
and Dilshad Garden which is in the range of 1.96 to 2.58.
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Conclusion
This study was focused at producing hotspot analysis maps of Delhi so that the result of this study will be useful for proper
planning of appropriate control and prevention strategies to be prioritized in similar areas of India to improve the
management and control of Dengue fever. Although the environmental drivers 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 GIS.
This research has shown that GIS and remote sensing is important to create operational maps which could help the vector
control agencies to identify hazard and risk areas for disease control in the respective areas.
The hotspot map was produced depending upon the spatial join of the GPS locations which are capable of providing fertile
environmental situations for mosquito breeding with the study area. As a hazard, dengue incidence is mapped depending on
some of the environmental factors which contribute for the survival of Aedes aegypti mosquitoes such as:- slope, land use
land cover, drainage pattern and rainfall distribution as the factors of dengue incidences in the study area. Risk maps are
fundamental for estimating the scale of the risk, and hence the resources needed to combat dengue. They provide
benchmarks for assessing the progress 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 delineating
areas at different rating in terms of dengue hazard and risk because of the land use and land cover pattern. This could be
useful for disaster control in the future.
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APPENDIX

Fig1. : District Wise Percent by Normal Rainfall for June to November (IMD)
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Fig 2. Slope Factor map
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Fig 3 Drainage Map

Page 10 of 14

th

15 Esri India User Conference 2014

Fig 4. Land Use Land Cover
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Fig 5 Rainfall Distribution Map
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Fig 6 Hot Spot Analysis Map
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Fig 7 Thematic map depicting the no. of dengue fever cases in Delhi (MCD level)
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