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Abstract:
Demographic datasets such as population are associated
with analytical errors due to arbitrary nature of areal unit
partitioning. These problems or errors mainly include
MAUP (Modifiable Areal Unit Problem), which is the
variation in results that can occur when data from one
scale of areal units is aggregated into another spatial scale.
Choropleth maps of population density by areal
administrative units represent a homogeneously
distributed population at that scale (say state-wise) even
where places are uninhabited. To account for these
problems dasymetric mapping is done which is a method of
thematic mapping that uses areal symbols to spatially
classify volumetric data. The aim of this study is to
generate population distribution raster surface for India at
state level by Dasymetric mapping using three different
methodological approach proposed by Holloway et al.
(1997), Mennis (2003) and tool developed by USGS for
Dasymetric Mapping in ArcGIS software.
The resulting raster surface can be used for various
applications like geographic studies, socio-economic
studies, crime analysis, suitability mapping etc.
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Introduction
Most Census generated datasets are aggregated to areal units such as states, districts etc. Demographic datasets such as
population are associated with analytical errors due to arbitrary nature of areal unit partitioning. Perhaps the most prominent of
these errors is the modifiable areal unit problem (MAUP), defined as a situation in which modifying the boundaries and/or scale
of data aggregation significantly affects the results of spatial data analysis (Openshaw 1983). A related problem is the visual
description of the demographic datasets. Map of population by areal administrative units represents a homogeneously
distributed population even at places that are uninhabited, say rivers, snow cover etc. Dasymetric Mapping provides a potential
solution to these problems by generation of a surface-based demographic data representation, in which data are modelled as a
continuous field independent of partitioning into arbitrary areal units. Surface-based population representation offers certain
advantages over areal unit representation. Population data can be aggregated to nearly any desired areal unit using surfacebased representation and hence is not subject to the MAUP and other areal unit-derived problems (Bracken 1993). In addition,
since surface representations present a cell as unit of display that is uniform in size across a region, surfaces of population may
offer a more accurate cartographic representation of population distribution than do conventional choropleth maps (Langfor and
Unwin 1996). Raster GIS provides a platform to develop useful surface based representations of population and other
demographic datasets from aggregated census data. Dasymetric mapping is a method of thematic mapping by assessing the
relationship between population distribution (from census data) and remote sensing derived land use land cover as ancillary
data. Various approaches to dasymetric mapping have been used, the most accepted being the methodology by Jeremy Mennis
(2003). This study aims at generating population distribution raster surface for India at state level by Dasymetric using
methodology given by Holloway et al. (1997), Jeremy Mennis (2003) and by ArcGIS tool for Dasymetric Mapping. Resulting raster
surfaces by these methods are then compared.

Datasets used:
(i)

(ii)

State-wise population data of India for the year 2001
(downloaded from Indiastats.com) is used as the demographic
data which is to be distributed to a continuous raster surface.
Population data and Land Use Land Cover (LULC) data should be
of nearly same time period because LULC data greatly influences
the population distribution. Since the most recent LULC data
readily available is for 2000, hence census data for 2001 is being
used.
LULC data of India (2000) downloaded from GLC2000 having a
resolution of 981.56 m is used. This is recoded to four classes
uninhabited (where people do not reside), non-urban (where
very less people live), rural (not highly urbanized settlements),
urban (includes highly urbanized settlements) being mentioned
in Table 1.
Table 1
Table showing different land cover classes
Class Value
1

Recoded Class
Name
Uninhabited

2

Non-Urban

3
4

Rural
Urban

Original LULC Classes
Sea, Swamps, Deserts,
Snow, etc
Forest, Grasslands,
Vegetation
Agriculture, Mud Flats
Settlements
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Fig: 1 - LULC map of India for the year 2000
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Methodology:
S.No. Approach
1.
Mennis (2003)

2.

Modified
equation
of
Holloway et al
(1997)

3.

Dasymetric
Mapping tool

Methodology

Reference

The population of each block group is distributed to
each cell in
the population surface based on two
factors: (1) the relative difference in population
densities among the three urbanization
classes;
and (2) the percentage of total area of each block
group occupied by each of the three urbanization
classes.
It assigns a predetermined percentage of population
to each class, which is same for all the states. Table 1
is used to assign values to different LULC classes for
India. Since Urban areas are highly populated than
others so this relative density population is being
assigned.

Mennis, J.,2003,Generating
Surface Models of Population
Using Dasymetric Mapping.
The Professional Geographer,
55(1), 31-42.

The tool developed by USGS follow the original
Mennis (2003) method of dasymetric mapping and it
is implemented in ArcGIS platform as a tool.

Holloway, S., J. Schumacher,
and R. Redmond, 1997,
People & Place: Dasymetric
Mapping Using Arc/Info.
Cartographic Design Using
ArcView and Arc/Info,
Missoula: University of
Montana, Wildlife Spatial
Analysis Lab
http://geography.wr.usgs.gov
/science/dasymetric/data.htm

Table 2
Table showing relative densities for each land cover class
LandCover
Code
4
3
2
1

Descriptions
Urban
Rural
Non-Urban
Uninhabited

Relative
Density (RA)
60
30
10
0

Conclusion:
1) Dasymetric Mapping using methodology given by Mennis (2003): Fig: 3 shows the resulting raster surface for
population distribution .This proves to be the best method since it gives the population distribution in accordance with
the LULC Map. Also, it does not over or underestimates the population. Very less or zero value is assigned to hilly
regions of Uttaranchal, Himachal Pradesh, Jammu and Kashmir, forested parts of Meghalaya, Arunachal Pradesh and
deserted parts of Gujarat and Rajasthan which are classified as uninhabited of non-urban. Major cities like Delhi,
Mumbai, Jaipur are assigned highest population. Also Uttar-Pradesh, Bihar, West Bengal, Assam are given highest
population which is also true in reality. Rural and urban parts of other states are assigned moderate population. Sum of
the cell values for each state in the final dasymetric map (see Fig: 2) matches well with the actual population of these
states. This justifies the accuracy of the method.
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Fig: 2 – Attribute Table showing comparison of population from
census data and sum of the population distributed to cells of each
state by Dasymetric Mapping using Mennis (2003) method.
2)

Fig: 3 – Map showing population
distribution generated by using
methodology given by Mennis (2003)

Dasymetric Mapping using modified equation given by Holloway et al (1997): Fig: 5 shows the resulting
raster surface for population distribution .This method overestimates the population for most of the states. Jammu and
Kashmir should be assigned no data values but is moderately populated in the map. Western part i.e. the deserted parts
of Rajasthan is given nearly moderate population but should be amongst least populated areas. Population for Kerala is
also overestimated. Population for eastern parts of India, namely, Arunachal Pradesh, Nagaland, Manipur, Mizoram,
Tripura, Meghalaya and Sikkim is overestimated. These should have been assigned less population since these majorly
comprises of forested areas. The population value for highly populated states and cities like Punjab, Haryana, Bihar,
Uttar Pradesh, Delhi, Mumbai, etc is rightly assigned. Exact figures can be seen in the table provided below in Fig: 4.

Fig: 4 – Attribute Table showing comparison of population from
census data and sum of the population distributed to cells of each
state by Dasymetric Mapping using Holloway et al (1997) method.
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Fig: 5 – Map showing population distribution
generated by using methodology given by
Holloway et al (1997)
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3)

Dasymetric Mapping using tool developed for ArcGIS: Fig: 7 shows the resulting raster surface for
population distribution. It overestimates the population distribution for some regions and underestimates for some
other regions. It overestimates the population for Jammu and Kashmir where most of the area is uninhabited and a
fairly good population is assigned to it. It underestimates the population for highly populated areas like Uttar Pradesh,
Bihar, West Bengal, Delhi etc and overestimates the population for less populated areas(mainly forested) like Sikkim,
Manipur, Tripura, Arunachal Pradesh. Exact figures can be seen in the table provided below in Fig: 6.

Fig: 6 – Attribute Table showing comparison of population from
census data and sum of the population distributed to cells of each
state by Dasymetric Mapping using ArcGIS tool .

Fig: 7 – Map showing population distribution
generated by using ArcGIS tool

On comparing the three methods the methodology given by Mennis (2003) proves to be promising since it takes into
account both the population densities per urbanization class and also the proportion of area covered by each
urbanization class. On the other hand Holloway et al assigns a predetermined proportion of population for each class
for all the states which is not very realistic because every state will have different proportion of population residing in
different urbanization classes. Also, the subjectivity and accuracy of this percentage assignment can be questioned. The
tool does not provide satisfactory results for most of the states, in fact it gives an incorrect estimation for most of the
highly populated and least populated areas.
Dasymetric Mapping proves to be promising solution for problems like MAUP (modifiable areal unit problem). For any
Raster based GIS analysis, when there is a need to incorporate socio-economic data, using such map produced by
dasymetric mapping might produce more accurate result rather than simply converting the vector based feature data to
raster data. Studies like Rain Water Harvesting suitable sites, crime mapping, disaster planning, population modelling or
any other studies which incorporate demographic or socio-economic data as parameters utilise these maps, which, if
not generated properly can greatly affect the final results.
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