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‭Abstract‬
‭Measuring‬‭and‬‭representing‬‭socioeconomic‬‭variables‬‭at‬‭the‬‭scale‬‭of‬‭regions‬‭or‬‭countries‬‭are‬‭required‬‭in‬
‭various‬ ‭contexts,‬ ‭in‬ ‭particular‬ ‭to‬ ‭inform‬ ‭public‬ ‭policies.‬ ‭If‬ ‭this‬ ‭is‬ ‭traditionally‬ ‭done‬ ‭using‬ ‭surveys,‬ ‭the‬
‭integration‬‭of‬‭Deep‬‭Learning‬‭(DL)‬‭and‬‭Earth‬‭Observation‬‭(EO)‬‭data‬‭is‬‭becoming‬‭increasingly‬‭prevalent‬‭to‬
‭estimate‬‭specific‬‭variables‬‭like‬‭overall‬‭wealth,‬‭offering‬‭better‬‭spatial‬‭and‬‭temporal‬‭coverages.‬‭This‬‭paper‬
‭presents‬ ‭the‬ ‭end-to-end‬ ‭framework‬ ‭‘DeepWealth’‬ ‭that‬ ‭allows‬ ‭estimating‬ ‭a‬ ‭wealth‬ ‭index‬ ‭using‬
‭open-source‬ ‭EO‬ ‭data‬ ‭and‬ ‭DL.‬ ‭DeepWealth‬ ‭uses‬ ‭a‬ ‭multidisciplinary‬ ‭approach‬ ‭incorporating‬ ‭satellite‬
‭imagery,‬ ‭socio-economic‬ ‭surveys,‬ ‭and‬ ‭DL‬ ‭models‬ ‭to‬ ‭estimate‬ ‭a‬ ‭wealth‬ ‭index.‬ ‭We‬ ‭demonstrate‬ ‭the‬
‭effectiveness‬‭and‬‭generalisability‬‭of‬‭DeepWealth‬‭by‬‭training‬‭it‬‭on‬‭24‬‭African‬‭countries‬‭and‬‭deploying‬‭it‬‭in‬
‭Madagascar,‬ ‭Brazil‬ ‭and‬ ‭Japan‬ ‭to‬ ‭test‬ ‭its‬ ‭flexibility‬ ‭in‬ ‭different‬ ‭contexts.‬ ‭Our‬ ‭results‬ ‭show‬ ‭that‬
‭DeepWealth‬ ‭provides‬ ‭accurate‬ ‭and‬ ‭stable‬ ‭wealth‬ ‭index‬ ‭estimates‬ ‭with‬ ‭an‬ ‭R2‬ ‭of‬ ‭0.69.‬ ‭DeepWealth‬
‭empowers‬ ‭computer-literate‬ ‭users‬ ‭skilled‬ ‭in‬ ‭Python‬ ‭and‬ ‭R‬‭to‬‭estimate‬‭and‬‭visualize‬‭well-being-related‬
‭data.‬ ‭This‬ ‭open-source‬ ‭framework‬ ‭follows‬ ‭FAIR‬ ‭principles,‬ ‭providing‬ ‭data,‬‭source‬‭code,‬‭metadata,‬‭and‬
‭training‬‭checkpoints‬‭with‬‭its‬‭source‬‭code‬‭made‬‭available‬‭on‬‭Zenodo‬‭and‬‭GitHub.‬‭In‬‭this‬‭manner,‬‭we‬‭aim‬
‭to provide a DL framework that is reproducible and replicable.‬



‭Figure 1:‬‭ Overview of‬‭DeepWealth‬‭framework and code‬‭structure. The letters A, B and C‬
‭denote folders for (A) ‘R scripts’, (B) ‘Python scripts’ and (C) ‘Checkpoints’.‬
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‭Methods‬
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‭Data Table‬

‭Table 1‬‭The remotely sensed sources used in the project. ‬

‭Satellite‬ ‭Sensor‬ ‭Product‬

‭Landsat‬

‭Landsat 5 ‬
‭(1984-2013)‬

‭LANDSAT/LT05/C01/T1_SR‬

‭Landsat 7‬
‭(1999-2022)‬

‭LANDSAT/LE07/C01/T1_SR  ‬

‭Landsat 8‬
‭(2013-)‬

‭LANDSAT/LC08/C01/T1_SR    ‬

‭Nightlight‬
‭DMSP‬
‭(Year <= 2011)‬

‭DMSP-OLS/CALIBRATED_LIGHTS_V4‬

‭VIIRS‬
‭(Year >= 2012)‬

‭VIIRS/DNB/MONTHLY_V1/VCMSLCFG‬
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‭File name‬ ‭Description‬ ‭Scripting‬
‭language‬

‭0_Download.ipynb‬ ‭Download the satellite images based on the wealth index csv file‬ ‭Python‬

‭1_process_tfrecords.ipynb‬ ‭Split the  downloaded TFrecords file by country_year_villages using the csv file‬ ‭Python‬

‭2_create_incountry_folds.ip‬
‭ynb‬

‭Split the data into five folds using incountry configuration (based on the distance‬
‭between villages in order to avoid the overlapping of the satellite image).‬

‭Python‬

‭3_dhs_baslines.ipynb‬ ‭Generate a .npz file that resumes the Night Light images features (center, mean, etc.)‬

‭Run the machine learning baselines‬

‭Python‬

‭4_dhs.ipynb‬ ‭Generate a DataFrame that merges the .npz file generated in step 3 with the original‬
‭csv file‬

‭Python‬

‭5_train.ipynb‬ ‭Contains all training scripts for all configurations‬ ‭Python‬

‭6_dhs_resnet_ridge.ipynb‬ ‭Apply a ridge regression to concatenate the Resnet-MS and Resnet-NL‬ ‭Python‬

‭6_dhs_incountry.ipynb‬ ‭Calculate the performance metrics for all configuration‬ ‭Python‬

‭8_test.ipynb‬ ‭Test the training models for new villages‬ ‭Python‬

‭Wealth_index_construction‬ ‭Construct the wealth index from the DHS surveys‬ ‭R‬

‭Grid_script‬ ‭Calculate the (lat, lon) for a given country with a pixel ~6 km‬‭2‬ ‭R‬

‭visualizationBR.ipynb‬ ‭Visualization maps of the estimated wealth index for Brazil‬ ‭Python‬

‭visualizationJP.ipynb‬ ‭Visualization maps of the estimated wealth index for Japan‬ ‭Python‬

‭Notes and Comments‬


