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Problem & Question: TWFE and the Missing Intercept

Literature estimates effect of heat on agriculture with two-way fixed effects
(TWFE)

log yi,t = γi + λt + βL Hi,t + controls + εi,t, (1)

and combine β̂L with climate projections to compute long-run losses [1–4].

What if local outcome depends on both local (βL) and aggregate (βA) weather?

log yi,t = γi + βL Hi,t + βA H̄t + γ′
macroMt + controls + εi,t, (2)

where H̄t = 1
I

∑
i Hi,t is aggregate average heat.

The missing intercept problem [5, 6]:

• Common general equilibrium forces affect local outcomes.

• These effects are captured by λt.

Why not estimate (2) directly?

• Spurious correlation between yield and temperatures [7].

• Feedback / reverse causality from land-use on temperature [8].

• Collinearity between Hi,t and H̄t [9].

Why would βA ̸= 0? General Equilibrium Channels

Shared water basins → Weather miles away affects local water availability.

Aggregate supply and prices → Weather miles away affects local prices.

French corn → Correlation of −0.71 between national heat and cross-sectional
average of yields (after removing local means). λt would absorb that channel.

Data

Farm-level data for France (RICA):

• ∼90% of agricultural output and surface; ∼65% of all farms, 2000-2024.

• Output & input quantity + prices. Balance sheet. Farm head information.

Weather data (Copernicus):

• Hourly gridded data on temperature, rain, sun. Aggregated at yearly level.

• Main variable: Hot Degree Days for farm i and year t Hi,t [10].
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Solution: Factor Model

Adapted from paper “Estimating the Missing Intercept” by Matthes, Nagasaka, and
Schwartzman (2025), applied to agricultural climate shocks.
Estimating GE effects via minimal shock assumptions rather than model [11].

1. Assumptions
Two unobserved aggregate shocks, heat (ηH

t ) and macro (ηM
t ), drive first-differenced

deviations from trend in local heat and macro variables [13, 14]:

∆Hi,t = τH
i + B∆Hi,t,ηH ηH

t + e∆Hi,t
(3)

∆Mt = τM + B∆Mt,ηH ηH
t + B∆Mt,ηM ηM

t + e∆Mt
(4)

E[ηt] = 0, E[ηtη
′
t] = IP , and ηt is independent of idiosyncratic errors.

2. The Stacked System
Vector Xt stacks 3 aggregate first-differences (∆ log ȳt, ∆H̄t, ∆Mt) and 2I local vari-
ables (detrended FD as deviation from aggregate FD ∆̃ log yi,t and ∆̃Hi,t):
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=
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ηt

2×1
+εt, ηt =


ηH

t

ηM
t

 (5)

3. Object of Interest: Total Effect of Heat on Yield

βtotal = B∆ log ȳt,ηH

B∆H̄t,ηH

= (βL + βA) + γmacro
B∆Mt,ηH

B∆H̄t,ηH

4. Identification Restrictions
The system is unidentified (2I + 3 equations, (2I + 3) × 2 + 2 unknowns). We impose:

• TWFE Coefficient (I constraints): B∆̃yi,t,ηH
t

= β̂LB∆̃Hi,t,ηH
t

• Structural Zeros (2I + 3 constraints): Macro shocks do not affect heat, and affect
local yields homogeneously: B∆̃Hi,t,ηM

t
= B∆H̄t,ηM

t
= B∆̃yi,t,ηM

t
= 0.

5. Estimation
Use Frequentist rather than the Bayesian approach of [11].

Results (Corn)

I jointly estimate heat impacts on yield, price, and profit using (5).

• → Local effect β̂L, estimated with TWFE.

• → Total effect of heat βtotal, estimated with factor model.

• Yield: Total effect of heat on yield is slightly more negative than TWFE.

• Price: TWFE shows no effect of heat on prices; total effect is positive.

• Profit: TWFE suggests negative effect of heat on profits; total effect is null.

→ Lack of profit loss could explain lack of adaptation found in literature [1, 4].

Recent Literature: Global vs. local temperatures [12]

1. Mechanism: Weather Extremes vs. General Equilibrium

• Bilal & Känzig (2026): Global temperature shocks harm local GDP more than local
ones because they are a better proxy for severe local extreme events.

• This Paper: General Equilibrium (GE) channel. Local heat causes direct biologi-
cal farm damage, while aggregate heat drives indirect GE spillovers (prices, water).

2. Methodology: Time Series vs. Factor Model

• Bilal & Känzig (2026): Aggregate time-series methods.

• This Paper: Factor model to estimate local biological and aggregate GE effects.

Next steps

• Factor Model: Incorporate irrigation/water basin data, understand GE chan-
nels, and estimate the factor model using a Bayesian approach.

• Theory: Write a structural model [14, 15] and calibrate it via GE results (βtotal).
Estimate policy counterfactuals (e.g., integration, subsidies).


