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Abstract

Millions of people worldwide are absent from their country’s
census. Accurate, current, and granular population metrics
are critical to improving government allocation of resources,
to measuring disease control, to responding to natural disas-
ters, and to studying any aspect of human life in these com-
munities. Satellite imagery can provide sufficient information
to build a population map without the cost and time of a gov-
ernment census. We present two Convolutional Neural Net-
work (CNN) architectures which efficiently and effectively
combine satellite imagery inputs from multiple sources to ac-
curately predict the population density of a region. In this
paper, we use satellite imagery from rural villages in India
and population labels from the 2011 SECC census. Our best
model achieves better performance than previous papers as
well as LandScan, a community standard for global popula-
tion distribution.

1 Introduction
In 2015, the United Nations set forth seventeen objectives
to “end poverty, protect the planet and ensure prosperity for
all” known as the Sustainable Development Goals (SGD)
(UN 2015). To monitor progress and ultimately achieve
these objectives, accurate population statistics are essential.
It is estimated that currently 300-350 million people world-
wide are not included in their countrys official population
document, which hurts the measurement of SGD progress
(Carr-Hill 2013). The ability to quickly and cost-effectively
produce an accurate population map for a country has a mul-
titude of benefits. Those missing populations are more likely
to be marginalized communities which already do not re-
ceive sufficient resources from the government (UNICEF
2016). An accurate population distribution is an essential
basis for socioeconomic statistics, such as food, water, and
energy demand in different regions of a country, which in-
fluence the policy-making and spending decisions of its gov-
ernment. Additionally, during natural disasters such as earth-
quakes and floods, an accurate population map can help or-
ganize rescue efforts more quickly and effectively. For re-
gions with high infectious disease rates, a fine-grained popu-
lation map also helps to prevent the spread of infectious dis-
eases to locations with dense population (Tatem et al. 2012;
Hay et al. 2005).

However, creating a population map with high accuracy
and high resolution is a challenging problem. Tradition-
ally, it is done by performing a high-cost national census.
The USAID Demographic and Health Survey (DHS) pro-
gram performs surveys for developing countries typically
every 5 years, and each survey costs anywhere from 1.1
million to 9.7 million USD (Doupe et al. 2016). The cen-
sus surveys are even more expensive in developed countries
like Europe, with a median cost of USD 5.57 per capita in
2010 (UN 2014). For some countries with financial diffi-
culties or political instability, the census is carried out less
frequently, as few as once every few decades (UN 2016a;
2016b). Reliance on out-of-date population statistics can
lead to significant errors if used for policy making or re-
source allocation.

In this project, we aim to predict the population density of
rural villages of India from high-resolution satellite imagery
by utilizing Convolutional Neural Network (CNN) models.
With the availability of high-frequency satellite images, we
can predict population density every few days, saving the
costs of on-site census surveys and avoiding the inaccuracies
caused by the infrequency of census surveys. We demon-
strate state-of-the-art prediction performance in villages of
all states in India. By using satellite images with 10-30 me-
ter resolution, our best models can predict aggregated village
population in one Subdistrict (akin to a US county) with R2

of 0.93, and individual village log2 population density with
R2 of 0.44.

2 Related Work
2.1 Traditional Methods
Traditionally, population mapping is divided into two ap-
proaches, population projection and population disaggre-
gation. Population projection predicts the future or current
population of a region based on historical data. For most
cases, simple linear regression is sufficient for the projec-
tion (Smith 1987). In more complex models, projections take
into consideration historic population data, birth rates, reg-
istered vehicles, etc (Long 1993). These models were used
to project US county population in 5 years, which have very
high accuracy with R2 of 0.99. However, they don’t provide
information about the population distribution within each




