Title
Can Satellite-Based Geo-Credit Mapping Reduce Agricultural Lending Risk? A Theoretical Ex-Post Analysis of Earth Observation–Enabled Credit Governance for Smallholder Farmers

Access to agricultural finance remains one of the most persistent structural barriers limiting productivity growth, resilience, and economic mobility among smallholder farmers in low- and middle-income countries. Despite their central role in domestic food supply and rural employment, most smallholders lack the formal collateral, documented land rights, and verified production records required by lending institutions. As a result, agricultural credit systems remain shallow, risk-averse, and exclusionary, reinforcing cycles of low input investment, climate vulnerability, and long-term poverty.
At the same time, banks and microfinance institutions face high information asymmetry and costly monitoring requirements when assessing agricultural loan applications or enforcing compliance. Physical field inspections are resource-intensive, difficult to scale, and often provide incomplete or delayed information. These constraints translate into risk premiums, restricted eligibility, and elevated default rates—particularly in rainfed agrifood systems exposed to climatic uncertainty.
This research explores whether satellite-derived Earth Observation (EO) data could meaningfully reduce agricultural lending risk if integrated into loan screening and monitoring frameworks. The work is theoretical and ex-post, rather than an operational deployment: it evaluates whether historical access to geospatial crop monitoring and parcel-level intelligence could have changed lending decisions or reduced credit losses. The central hypothesis is that if lenders had access to verified field boundaries, crop type identification, seasonal growth trajectories, and anomaly detection indicators, loan performance outcomes could have improved—both through better ex-ante credit allocation and earlier detection of emerging risk.

Research Questions
The study investigates four policy-relevant questions:
· Verification: Could EO data have validated cultivated area, crop type, and seasonal crop establishment claims made in loan applications, effectively serving as a proxy for collateral where formal land rights were absent?

· Monitoring: Could time-series crop monitoring and anomaly detection have provided early warning signals of crop failure, abandonment, or non-compliance—enabling timely intervention by lenders?
· Risk Modelling: Would incorporating EO-derived biophysical and climatic stress indicators into credit scoring models have reduced default probabilities or improved borrower segmentation?
· Governance: What institutional, regulatory, and ethical implications would arise from embedding satellite-based monitoring into agricultural credit systems?

Data Sources
The prototype focuses on a limited number of farmers in selected pilot countries (Zimbabwe, Kenya, Senegal) where relevant datasets are available. These include:
· EO Datasets: Sentinel-1 and Sentinel-2 imagery (10m), vegetation indices (NDVI, EVI, VCI), spectral anomaly layers, crop phenology curves, and classification outputs generated under FAO’s EOSTAT ecosystem.
· Field Boundary Data: Digital parcel maps verified through field surveys or remote delineation frameworks.
· Financial/Administrative Data: Anonymized loan purpose, size, repayment schedules, arrears, and default outcomes from partner credit institutions.
· Climatic and Agronomic Context: Crop calendars, agro-ecological zoning datasets, drought indices, precipitation anomalies, and extreme weather event records.

These layers are harmonized into a multi-temporal geospatial database linking season-specific biophysical conditions to loan-level financial performance.

Methodology
The analytical framework combines remote sensing processing, machine-learning–based anomaly detection, and econometric simulation.
1. EO-Based Crop Monitoring and Feature Extraction
Time-series analysis is applied at parcel scale to:

· Distinguish cultivated vs. non-cultivated parcels during the financed season.
· Classify crop types using multi-temporal spectral signatures.
· Analyse crop emergence timing relative to expected sowing windows.

Detect anomalies including:
· delayed vegetation onset
· prolonged water or nutrient stress
· abrupt biomass decline indicating abandonment or livestock grazing

These outputs are used to compute a Geo-Credit Alert Index, reflecting deviation from expected phenological trajectories.

2. Counterfactual Lending Scenario Modelling
Using loan repayment histories, the study simulates how lending decisions or monitoring interventions might have changed if EO insights had been available. Econometric methods include:
· Difference-in-Differences (DiD): comparing repayment outcomes between farmers with and without detected vegetation anomalies.
· Propensity Score Matching (PSM): reducing selection bias in hypothetical ex-ante eligibility decisions.
· Survival/Hazard Models: estimating the probability of repayment stress as a function of anomaly timing and intensity.

Instrumental Variable Models (if feasible): leveraging exogenous climatic shocks to isolate EO-linked predictors of repayment risk.
Current Project Status and Next Steps
The work is currently in the data preparation and modelling setup phase. Field boundary delineation has been completed for one test geography, and crop type mapping is in the validation stage using seasonal multispectral EO models. The next phase will focus on deriving productivity-relevant spectral indices and anomaly metrics.

Concurrently, collaboration with participating financial institutions will formalize data-sharing protocols and define credit modelling variables. Standardizing credit datasets and linking them to EO-derived indicators will form the basis for the econometric simulations.
Expected Findings
Based on preliminary exploration and existing literature, three expected outcomes are anticipated:
· Verification Benefit: EO data are expected to identify discrepancies between declared and actual cultivated areas or crop types, demonstrating potential for collateral substitution and fraud reduction.
· Monitoring and Early Warning Value: Vegetation anomalies identified weeks or months before harvest are expected to correlate with eventual repayment difficulties, demonstrating predictive value.
· Portfolio-Level Risk Reduction Potential: Incorporating EO-derived features into scoring models is expected to enable more accurate borrower differentiation, permitting expansion of lending portfolios without increasing exposure.

Policy and Institutional Relevance
This study forms part of the ongoing research agenda of the Agrifood Economics and Policy Division (ESA) of the Food and Agriculture Organization of the United Nations (FAO), which is assessing how EO-based approaches can strengthen agricultural policy design, improve monitoring and evaluation frameworks, and expand equitable access to credit and financial services. Results will inform future development of scalable digital public goods to support subsidy targeting, climate resilience financing, and global monitoring frameworks such as AMIS.

Conclusion
This research aims to provide theoretical evidence on whether satellite-derived agricultural intelligence could reduce credit risk and increase financial inclusion for smallholder farmers. By simulating counterfactual scenarios using real loan outcomes and retrospective EO monitoring, the study will provide insights into whether—and under what institutional conditions—geospatially informed lending could support more resilient, transparent, and equitable rural financial systems.
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