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Abstract

Key measures of socioeconomic indicators are essential for making informed policy decisions, but due to the high costs and op-
erational difficulties of traditional data collection efforts, obtaining reliable socioeconomic data remains a challenge, particularly
in developing countries. This work presents a deep learning methodology to estimate socioeconomic indicators using satellite
imagery. The neural network model developed was trained at the Brazilian region of Vale do Ribeira with the goal of analyzing
the socioeconomic indicator of income. The preliminary results showed that models using nightlight (NL) or multispectral
daytime (MS) imagery performed better than models trained only on RGB bands and that models trained exclusively on NL
or MS imagery performed similar to one another and nearly as well as the combined model MS+NL. Finally, the model yielded
a low performance (R2 = 0.289), but it is still promising once the dataset employed was considerably smaller than the one used

in the original study that attempted to replicate.



INTRODUCTION

Key measures of socioeconomic indicators are essential for making informed policy
decisions, but due to the high costs and operational difficulties of traditional data collection
efforts, obtaining reliable socioeconomic data remains a challenge, especially in developing
countries. In the Brazilian scenario, the main census organization is called the Brazilian
Institute of Geography and Statistics (IBGE), and data collection typically occurs every ten
years. Due to the data gap created by this frequency, the results of the collection may not
reflect Brazilian reality in real-time, harming the interpretability of the results. In order to fill
such a gap, this research aims to develop a low-cost and scalable deep learning method for
estimating socioeconomic indices using satellite imagery.

MATERIALS AND METHODS

The article of reference adopted for the development of this work was the paper of Yeh et al.
(2020) [1], that combines both multispectral daytime imagery (MS) and nightlights imagery (NL)
in a deep learning model trained end-to-end to estimate socioeconomic criteria in several
regions of Africa. The Vale do Ribeira region was used as a case study to replicate the paper’s
techniques in the Brazilian context.

The workflow of the project was divided into four steps [2]:

e Step 1: Satellite imagery and IBGE census data acquisition and aggregation.

Vale do Ribeira's census sectors were chosen as the model's level of granularity. The
socioeconomic variable (income) was provided by the IBGE from the census of 2010, and it
was adjusted to the proper granularity by utilizing the methods of Abreu et al [3]. The satellite
imagery was collected using the Google Earth Engine API.

e Step 2: Feature extraction

Two pretrained Resnet-18 networks models were modified to adapt multi-band satellite
imagery and used to extract the feature vectors of the images. The loss function used was
mean squared error (MSE). The training followed a 5-fold cross-validation.
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Picture 1: Workflow diagram for the deep learning methodology. Source: [2].
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Picture 2: Regression plot for the combined MS+NL model. Source: [2].
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e Step 3: Ridge regression
The feature vectors were fed to the fully connected layer of the Resnet-18. The loss
function used was MSE. The training followed a leave-one-group-out cross-validation.
e Step 4. Results Analysis
Performance metrics such as the coefficient of determination (R%) were calculated, and
graphs were drawn to better analyze the results.

RESULTS

e Comparing to the results obtained by Yeh et al (R* = 0.70), the model performs poorly
(R* = 0.289). Nevertheless, it is still promising once the dataset utilized was
significantly smaller than the one used in the original study (4.4%);

® |n contrast to the other models, the model trained only on the RGB bands performed
badly, which supports the relevance of employing multispectral daytime and nighttime
imagery when predicting socioeconomic variables;

e The models trained exclusively on NL or MS imagery performed similar to one another
and nearly as well as the combined model MS+NL, indicating that the information

contained in these two inputs is similar.

CONCLUSIONS

The idea of using deep learning to estimating socioeconomic variables is very promising,
and although the model did not perform well, this study is a step towards understanding
how convolutional neural networks and satellite imagery can be used to this end.
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