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Objective of the project

• Empirical investigations of income and wealth distributions has been 
held back by the lack of sufficiently detailed high-quality data 
(Elbers et al. 2003)

• Goal of this research project is to understand which economic 
statistics can be extracted from compare publicly available remote 
sensing and web map data 
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NOR sponsorshop

• Contribution of the NOR sponsorship for this project

• Allowed systematically downloading large Sentinel 2 data covering 
South Korea
• Sentinel 2 is the key input for this machine learning research project
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Highlight of the benefits to the society from 
this project

• Gain further understanding on how remote sensing data can be used 
for predicting economic statistics

• This is crucial information and knowledge for many low-income 
countries which lack high-quality economic statistics

• This project provides implication that population density across the 
world at granular level can be robustly predicted using Sentinel 2
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This presentation

1. Literature on remote sensing + economic stat.

2. South Korea with high quality ground truth 
data
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1. Literature
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Nightlight data

•Henderson et al. (2012)

•Nightlight intensity data 
can be used to predict GDP
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Nightlight intensity predicts GDP
(Henderson et al. 2012)
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Burchfield et al. 2006
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Marx et al. (2019)

• Roof types as a proxy for poverty
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Varshney et al. 2015.

• Roof types as a proxy for poverty
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Varshney et al. 2015.

• Regional variation by roof types
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Recent development
machine learning + daytime satellite images

Use satellite images to predict:

•population (urbanization)
• income and consumption
•poverty
•vessel activity
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Supervised computer vision deep learning
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Jean et al. 2016. Science
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Predicting consumption and asset in Africa
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Predicting population and income in the U.S.
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2. South Korea
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Difference between
South and North Korea

South Korea:
High quality economic data

North Korea:
Even pop. census not 
available
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Question

What economic statistics can we reliably extract 
from remote sensing data?
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This measurement paper

First paper to compare three different spatial 
input data for predicting economics statistics

Rely on high quality ground truth data from Korea
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Sentinel 2      OpenStreetMap   VIIRS Night Light
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Summary of results (South Korea)

Remote sensing data contain information to predict:
•population
• total income, consumption

But not could NOT predict:
• average income, consumption, credit scores
•median income
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Summary of results (South Korea)

Publicly available daytime satellite images provide the 
best prediction performance

… compared to web maps or nightlight satellite images 
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Publicly available input data in 2019

•Sentinel 2A by European Space Agency
•OpenStreetMap
•Visible Infrared Imaging Radiometer Suite (VIIRS) 
by NASA/NOAA

* Sentinel and VIIRS data are annual median composite 
   (months excluding winter: 4/1 – 11/1)
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Ground truth data in 2019

1km x 1km grid-level

Population from 
National Geographic Information Institute

Income, card consumption, credit scores from
Korea Credit Bureau
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Use 5% random sample 

1kmx1km grids

(5,353 grids)
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Computer vision deep learning model

32



Computer vision model used

CNN with pretrained network (VGG16)

Image augmentation (random flips)

Random split of train and validation sets (8:2)

Trained on two NVIDIA RTX 6000s
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Predicting population
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Predicting log(population)
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log(population) using Sentinel
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log(population) using OpenStreetMap
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log(population) using VIIRS
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Predicting total income
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Predicting log(total income)
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Predicting average income
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log(average income) using Sentinel
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Predicting log(average income)

43



Discussions

Remote sensing data can predict “quantity” 
(i.e. population) well. 

“Quality” measures (e.g., avg. income, 
consumption) may require additional inputs
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Average income v.s. total income

log(total income) = log(population × avg. income)
                                
    = log(pop)   +   log(avg. income)
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Conclusions

• Remote sensing data have potential to be useful

• Predicting economic statistics

• Acknowledge limitations

• Augment with other sources of information
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