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This course introduces students to the use of spatial data and econometric tools for causal
inference. Spatial data have become a powerful resource for economists and policy analysts
because they allow us to measure treatment exposure, identify valid sources of exogenous

variation, and detect spillovers across geographic units.

Throughout the course, we will explore how spatial data can be employed to answer core policy
questions—for example: How does infrastructure shape economic development? What are the
long-term effects of historical shocks? How can environmental or geographic features serve as

instruments to identify causal effects?

Each lecture combines the study of empirical papers with hands-on exercises in R. Students will
replicate key research designs, applying spatial tools to concrete problems of measurement,
identification and evaluation. While Al tools can assist with these tasks, understanding the
underlying methods and their limitations remains essential for credible empirical analysis. By the
end of the course, students will be able to design and implement research strategies that leverage

spatial data to evaluate policies and interventions.
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Syllabus

Lesson 1 — Introduction to Causal Inference and Spatial Data — 03/05/27 16:00-18:00.

In this lecture, we will discuss how satellite image data have recently been used by economists and
learn the basics of spatial datasets, including polygons, raster data, and map projections. We will
also discuss how spatial data are constructed and used in empirical research, and their main sources
of measurement error, which is often non-classical and can bias estimated effects in either

direction.

Reference papers: Alix-Garcia, Jennifer, and Daniel L. Millimet. 2023. “Remotely incorrect? Accounting for
nonclassical measurement error in satellite data on deforestation.” Journal of the Association of Environmental and
Resource Economists, 10(5): 1335-1367; Donaldson, Dave, and Adam Storeygard. 2016. “The View from Above:
Applications of Satellite Data in Economics.” Journal of Economic Perspectives, 30(4): 171-198; Kudamatsu,
Masayuki. 2018. “GIS for Credible Identification Strategies in Economics Research.” CESifo Economic Studies,
64(2): 327-338; Wuepper, David, Wyclife Agumba Oluoch, and Hadi Hadi. 2025. “Satellite data in agricultural and

environmental economics: Theory and practice”, Agricultural Economics, 56(3): 493-511.



Module 1: Geography as a Source of Exogenous Variation

Geographic and environmental conditions can provide variation useful for identifying causal
effects. We will examine how to incorporate this variation into empirical research designs and

assess the assumptions required for a causal interpretation.

Lesson 2 — Spatial join — 05/05/27 14:00-16:00.

We will replicate how this paper spatially merges ethnic group level data with the grid of weather
data, a great source of exogenous variation. We will also discuss how the resolution and

aggregation of weather data affect measurement and the results of the analysis.

Reference paper: Alsan, Marcella. 2015. “The Effect of the TseTse Fly on African Development.” American Economic
Review, 105(1): 382-410.

Also relevant: Josephson, Anna, Jeffrey D. Michler, Talip Kilic, and Siobhan Murray. 2026. “The mismeasure of
weather: Using earth observation data for estimation of socioeconomic outcomes.” Journal of Development

Economics, 178: 103553.

Lesson 3 — Distance — 07/05/27 11:00-13:00.

This lecture demonstrates how Nunn (2008) constructs instrumental variables using distance from
each country’s centroid to the nearest coastal point. We will also discuss how the choice of
reference point and distance metric shapes the instrument, and why geographic proximity alone

does not guarantee that the exclusion restriction holds.

Reference paper: Nunn, Nathan. 2008. “The Long-Term Effects of Africa's Slave Trades.” Quarterly Journal of
Economics, 123(1): 139-176.

Lesson 4 — Elevation — 10/05/27 16:00-18:00.

We will replicate how this paper uses river slope to construct instrumental variables for dam
construction, illustrating how terrain characteristics can provide exogenous variation in

infrastructure placement.

Reference paper: Duflo, Esther, and Rohini Pande. 2007. “Dams.” Quarterly Journal of Economics, 122(2): 601-646.
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Module 2: Defining Spatial Units for Causal Identification

The choice of spatial units and the construction of variables shape the comparisons underlying
empirical analysis. We will examine how to define these units and combine spatial measures to

address questions of measurement and causal identification.

Lesson S — Zonal Statistics — 12/05/27 14:00-16:00.

We will replicate how this paper calculates the standard deviation of land suitability for agriculture
at the 0.5-degree cell level within each “virtual country”, where the boundary is exogenously
defined. We will also discuss how the choice of spatial units and aggregation affects measurement

and the results of the analysis.

Reference paper: Michalopoulos, Stelios. 2012. “The Origins of Ethnolinguistic Diversity.” The American Economic

Review, 102(4): 1508-1539.

Lesson 6 — Map Algebra —14/05/27 11:00-13:00.

Map algebra allows us to combine raster data at the cell level to construct measures of agricultural
productivity and other geographic characteristics. We will replicate how this technique is used to

examine the role of land productivity and crop appropriability in the origins of states.

Reference paper: Mayshar, Joram, Omer Moav, and Luigi Pascali. 2022. “The Origin of the State: Land Productivity
or Appropriability?” Journal of Political Economy, 130(4): 1091-1144.



Module 3: Modeling Treatment Exposure

A recurring challenge with spatial data is that observations are rarely independent across space,
and treatments may generate spillover effects on neighboring units. We will examine methods for
modeling spatial autocorrelation both in observational settings and in quasi-experimental designs,

leveraging the fact that treatment effects often decay with distance.

Lesson 7 — Buffer —17/05/27 16:00-18:00.

We will replicate how Conley and Udry (2010) match each agricultural plot with its neighboring
plots within a radius of one kilometer in order to control for common shocks in peer effect

estimation.

Reference paper: Conley, Timothy G., and Christopher R. Udry. 2010. “Learning about a New Technology: Pineapple

in Ghana.” American Economic Review, 100(1): 35-69.

Also relevant: Conley, Timothy G. 1999. "GMM estimation with cross sectional dependence." Journal of
econometrics, 92(1): 1-45; Manski, Charles F. 1993. "Identification of endogenous social effects: The reflection

problem." The review of economic studies, 60(3): 531-542.

Lesson 8 — Spatial Regression Discontinuity Design — 19/05/27 14:00-16:00.

We will replicate how Dell (2010) obtains each observation’s distance to the treated area boundary
(i.e., the cutoff) and the nearest boundary segment in order to implement a regression discontinuity
design (RDD). In addition, we will replicate how the paper accounts for elevation in calculating
road length in Peru, a hilly country. The lecture will also cover recent methodological advances in
RDD, focusing on strategies to improve identification around cutoffs and accurately estimate

changes in outcomes.

Reference paper: Dell, Melissa. 2010. “The Persistent Effects of Peru's Mining Mita.” Econometrica, 78(6): 1863—
1903.

Also relevant: Calonico, Sebastian, Matias D. Cattaneo, Max H. Farrell, and Rocio Titiunik. 2019. “Regression

discontinuity designs using covariates.” Review of Economics and Statistics, 101(3): 442-451.



Lesson 9 — Spatial first differences, Ring-based approaches —21/05/27 11:00-13:00.

We will examine methods for modeling spatial autocorrelation both in observational settings (e.g.,
Conley’s standard errors) and in quasi-experimental designs (e.g., spatial first differences, ring-

based approaches) leveraging the fact that treatment effects often decay with distance.

Reference Papers: Butts, Kyle. 2023. “Difference-in-differences with geocoded microdata.” Journal of Urban
Economics, 133, 103493; Conley, Timothy G. 1999. "GMM estimation with cross sectional dependence." Journal of
econometrics, 92(1): 1-45; Druckenmiller, Hannah, and Solomon Hsiang. 2018. “Accounting for unobservable

heterogeneity in cross section using spatial first differences.” NBER working paper series, No. w25177.

EXAM - TBD

The final exam will consist of an applied exercise. Students will be assigned excerpts from a recent
empirical paper describing the setting, research question, and data. Based on this information,
students will be required to design an identification strategy that leverages the methods learned
throughout the course. The exam will also require a critical discussion of the proposed approach,
including its strengths and limitations. The exam will be held in person and will have a duration

of two hours.

Required materials:

In order to participate to the class, you'll need the following:

- Your own laptop.

- R and RStudio installed on your laptop (please make sure to have the latest available version).

- The relevant materials, provided during the first class, downloaded to a folder on your laptop.

Please make sure you have an internet connection.

- The following R packages installed: binsreg, conleyreg, cubelyr, data.table, devtools, dplyr, elevatr,
exactextractr, fixest, furrr, ggplot2, ggrepel, ggthemes, glue, haven, kfbmisc, KernSmooth, Ipridge, lwgeom,
modelsummary, np, parallel, patchwork, pbapply, purrr, raster, rdrobust, readr, readxl, reshape2, scales, sf, sp,

stargazer, stars, starsExtra, stringr, terra, tigris, tidyr, tidyverse, treat, viridis, WDI.
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