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Quest for the Holy Grail

Even if we knew for certain how climate will change over next
century, what would be the impact?

Need that to estimate the SCC.
Need that to evaluate the relevance of a 2◦C limit on ∆T .

Damage functions in IAMs made up. So what to do?

Climate change occurs slowly, over many years: Adaptation is key.

We have weather data, but very little data on changing climate.

Use cross-section data? GDP in Chicago vs. Miami (after accounting
for other factors) to learn impact of Chicago becoming as warm as
Miami is now? No – doesn’t account for adaptation.

Squeezing water from stones?

This study: Examines what we can (and cannot) learn from data on
weather about impact of changing climate.

Assumes agents are dynamically optimizing their responses to current
and future expected climate via responses to weather shocks.
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“Consequences” vs. the Damage Function

In what follows, I’ll use ∆T as a proxy for climate change.

At issue is the economic impact of climate change.

Impact of ∆T on actions of firms and households.
Impact of ∆T on GDP or GDP growth.
GDP broadly defined to include indirect effects: morbidity, mortality, ...

Impact of ∆T on GDP is called the “damage function.”

Derek doesn’t claim to address the damage function because his
analysis excludes cost of transitioning and adjusting to a new climate.

But that’s OK. Forget about cost of adjusting. If by 2100 ∆T = 3◦C,
how much lower would GDP be compared to GDP with ∆T = 0?

That is what we normally think of as the damage function: GDPt =
L(∆T )×GDP0, where GDP0 is GDP with ∆T = 0.

At issue is can we determine L(∆T ) from weather data.
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Fundamentals: Questions

Two basic and related questions:

What can we learn about changes in climate from transient changes
in weather?

If firms respond to weather shocks in certain ways (e.g., adjust inputs),
does that imply they are revising their estimates of climate change?
More generally, what do firms’ responses to weather shocks tell us
about climate change?

Can the impact of transient weather shocks inform us about the
impact of climate change?

If firms respond to weather shocks in certain ways (e.g., adjust inputs),
are they anticipating climate change impacts?
More generally, what do firms’ responses to weather shocks tell us
about climate change impacts.

We expect firms’ response to climate shocks will be greater than to
transient weather shocks. But how do firms distinguish climate shock
from weather shock, given the only data is for weather?
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Fundamentals: Theoretical Foundation

Firm (“agent”) chooses actions At (e.g., adjusts inputs) in reaction
to weather wt and wt−1, “background climate” C , and weather
forecasts ft = C + ζνt to max PV of payoffs:

max
{At}∞

t=0

∞

∑
t=0

βtE0 [π(At ,At−1,wt ,wt−1)]

Bellman equation:

V (At−1,wt , ft ,wt−1) =

max
At

{
π(At ,At−1,wt ,wt−1) + βEt [V (At ,wt+1, ft+1,wt)]

}

Why is problem dynamic? Adjustment costs. Key to the analysis.

Actions depend on past weather, current weather, and forecasts of
future weather.
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Temperature and Input Choices

(1) In a to b, static choice of inputs (envelope theorem).
(2) In a to c , dynamic adjustment.

Lemoine Estimating Climate from Weather February 28, 2019

Figure 1: Left: Profits against inputs, conditional on temperature. Temperature is higher
for curves farther to the right. The dotted curve through points a and b gives the effect on
profits of increasing temperature in the absence of long-run adaptation. Point c accounts
for adaptation to previous hot years, and point d accounts for expecting next year to again
be hot. Right: Profits against inputs, conditional on past input choices. The curve labeled
“ss” sets previous inputs to the steady state that would result if the current temperature
had been repeated indefinitely.

choice finds the peak of the curve. The dotted curve has a peak at the myopically optimal
labor input implied by curve “ss” because adjustment costs vanish in that case. Around
this point (labeled 1), a change in past weather does not have first-order effects through
input choices. So the left panel’s point c converges to point b. Now imagine that the agent
expects the typical temperature to also occur next year. Because this year’s input choices
do not have first-order effects on next year’s profits around point 1, the myopically optimal
input choice is also dynamically optimal. So the left panel’s point d converges to point c.
Combining these results, the left panel’s point d converges to point b around point 1, so that
the treatment effect of a transient weather shock indeed recovers the effect of permanently
changing the weather. The key assumptions are, first, that agents tend to be near their
steady-state actions and, second, that small changes in past actions do not have first-order
effects on payoffs around a steady state (i.e., that point 1 occurs at a flat point of the dotted
line in the right panel). The formal analysis identifies the class of profit functions for which
this second assumption holds. Consistent with the intuition given here, it shows that a
benchmark adjustment cost model is indeed a member of that class.

Despite the importance of empirically estimating the costs of climate change and the
sharpness of informal debates around the relevance of the recent empirical literature to
climate change, there has been remarkably little formal analysis of the economic link between
weather and climate. Previous analysis has consisted in heuristic appeals to the envelope
theorem in static environments (Hsiang, 2016; Deryugina and Hsiang, 2017), but as described
above, a static environment misses the distinction between transient and permanent weather
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Problem: Months, Years, Decades, Century?

Climate change happens slowly – decades.

Here the changes are over weeks, months, or years.

Weather forecasts typically go out a few weeks.
Adjustment costs pertain to rates of change (e.g., of capital stocks,
etc.). If climate change is gradual, factors can be adjusted slowly, and
adjustment costs would be negligible.
Cannot add up SR adjustment costs to get a LR cost.
Why should adjustments to (monthly? annual?) weather shocks reflect
adjustment to very gradual climate change?

Derek is more interested in how different kinds of adjustment costs
(and resource constraints) can lead to bias in estimators.

For example, he examines how adjustment costs determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effect of climate on actions.

Suppose estimators are unbiased. What do they tell us about
impacts?

Robert Pindyck (MIT) Discussion of Derek Lemoine March 14, 2019 7 / 11



Problem: Months, Years, Decades, Century?

Climate change happens slowly – decades.

Here the changes are over weeks, months, or years.

Weather forecasts typically go out a few weeks.
Adjustment costs pertain to rates of change (e.g., of capital stocks,
etc.). If climate change is gradual, factors can be adjusted slowly, and
adjustment costs would be negligible.
Cannot add up SR adjustment costs to get a LR cost.
Why should adjustments to (monthly? annual?) weather shocks reflect
adjustment to very gradual climate change?

Derek is more interested in how different kinds of adjustment costs
(and resource constraints) can lead to bias in estimators.

For example, he examines how adjustment costs determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effect of climate on actions.

Suppose estimators are unbiased. What do they tell us about
impacts?

Robert Pindyck (MIT) Discussion of Derek Lemoine March 14, 2019 7 / 11



Problem: Months, Years, Decades, Century?

Climate change happens slowly – decades.

Here the changes are over weeks, months, or years.
Weather forecasts typically go out a few weeks.

Adjustment costs pertain to rates of change (e.g., of capital stocks,
etc.). If climate change is gradual, factors can be adjusted slowly, and
adjustment costs would be negligible.
Cannot add up SR adjustment costs to get a LR cost.
Why should adjustments to (monthly? annual?) weather shocks reflect
adjustment to very gradual climate change?

Derek is more interested in how different kinds of adjustment costs
(and resource constraints) can lead to bias in estimators.

For example, he examines how adjustment costs determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effect of climate on actions.

Suppose estimators are unbiased. What do they tell us about
impacts?

Robert Pindyck (MIT) Discussion of Derek Lemoine March 14, 2019 7 / 11



Problem: Months, Years, Decades, Century?

Climate change happens slowly – decades.

Here the changes are over weeks, months, or years.
Weather forecasts typically go out a few weeks.
Adjustment costs pertain to rates of change (e.g., of capital stocks,
etc.). If climate change is gradual, factors can be adjusted slowly, and
adjustment costs would be negligible.

Cannot add up SR adjustment costs to get a LR cost.
Why should adjustments to (monthly? annual?) weather shocks reflect
adjustment to very gradual climate change?

Derek is more interested in how different kinds of adjustment costs
(and resource constraints) can lead to bias in estimators.

For example, he examines how adjustment costs determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effect of climate on actions.

Suppose estimators are unbiased. What do they tell us about
impacts?

Robert Pindyck (MIT) Discussion of Derek Lemoine March 14, 2019 7 / 11



Problem: Months, Years, Decades, Century?

Climate change happens slowly – decades.

Here the changes are over weeks, months, or years.
Weather forecasts typically go out a few weeks.
Adjustment costs pertain to rates of change (e.g., of capital stocks,
etc.). If climate change is gradual, factors can be adjusted slowly, and
adjustment costs would be negligible.
Cannot add up SR adjustment costs to get a LR cost.

Why should adjustments to (monthly? annual?) weather shocks reflect
adjustment to very gradual climate change?

Derek is more interested in how different kinds of adjustment costs
(and resource constraints) can lead to bias in estimators.

For example, he examines how adjustment costs determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effect of climate on actions.

Suppose estimators are unbiased. What do they tell us about
impacts?

Robert Pindyck (MIT) Discussion of Derek Lemoine March 14, 2019 7 / 11



Problem: Months, Years, Decades, Century?

Climate change happens slowly – decades.

Here the changes are over weeks, months, or years.
Weather forecasts typically go out a few weeks.
Adjustment costs pertain to rates of change (e.g., of capital stocks,
etc.). If climate change is gradual, factors can be adjusted slowly, and
adjustment costs would be negligible.
Cannot add up SR adjustment costs to get a LR cost.
Why should adjustments to (monthly? annual?) weather shocks reflect
adjustment to very gradual climate change?

Derek is more interested in how different kinds of adjustment costs
(and resource constraints) can lead to bias in estimators.

For example, he examines how adjustment costs determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effect of climate on actions.

Suppose estimators are unbiased. What do they tell us about
impacts?

Robert Pindyck (MIT) Discussion of Derek Lemoine March 14, 2019 7 / 11



Problem: Months, Years, Decades, Century?

Climate change happens slowly – decades.

Here the changes are over weeks, months, or years.
Weather forecasts typically go out a few weeks.
Adjustment costs pertain to rates of change (e.g., of capital stocks,
etc.). If climate change is gradual, factors can be adjusted slowly, and
adjustment costs would be negligible.
Cannot add up SR adjustment costs to get a LR cost.
Why should adjustments to (monthly? annual?) weather shocks reflect
adjustment to very gradual climate change?

Derek is more interested in how different kinds of adjustment costs
(and resource constraints) can lead to bias in estimators.

For example, he examines how adjustment costs determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effect of climate on actions.

Suppose estimators are unbiased. What do they tell us about
impacts?

Robert Pindyck (MIT) Discussion of Derek Lemoine March 14, 2019 7 / 11



Problem: Months, Years, Decades, Century?

Climate change happens slowly – decades.

Here the changes are over weeks, months, or years.
Weather forecasts typically go out a few weeks.
Adjustment costs pertain to rates of change (e.g., of capital stocks,
etc.). If climate change is gradual, factors can be adjusted slowly, and
adjustment costs would be negligible.
Cannot add up SR adjustment costs to get a LR cost.
Why should adjustments to (monthly? annual?) weather shocks reflect
adjustment to very gradual climate change?

Derek is more interested in how different kinds of adjustment costs
(and resource constraints) can lead to bias in estimators.

For example, he examines how adjustment costs determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effect of climate on actions.

Suppose estimators are unbiased. What do they tell us about
impacts?

Robert Pindyck (MIT) Discussion of Derek Lemoine March 14, 2019 7 / 11



Problem: Months, Years, Decades, Century?

Climate change happens slowly – decades.

Here the changes are over weeks, months, or years.
Weather forecasts typically go out a few weeks.
Adjustment costs pertain to rates of change (e.g., of capital stocks,
etc.). If climate change is gradual, factors can be adjusted slowly, and
adjustment costs would be negligible.
Cannot add up SR adjustment costs to get a LR cost.
Why should adjustments to (monthly? annual?) weather shocks reflect
adjustment to very gradual climate change?

Derek is more interested in how different kinds of adjustment costs
(and resource constraints) can lead to bias in estimators.

For example, he examines how adjustment costs determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effect of climate on actions.

Suppose estimators are unbiased. What do they tell us about
impacts?

Robert Pindyck (MIT) Discussion of Derek Lemoine March 14, 2019 7 / 11



The Basic (Simple) Problem

Derek argues that in some cases (e.g., quadratic adjustment costs)
“fixed effects estimators can exactly recover the effects of marginal
climate change from time series variation in weather.”

But what is “marginal,” and what does it tell us about long-run
impacts, which is what I think we are after?

Suppose we know with certainty ∆T over the next century, i.e., we
know T2020, T2021, ..., T2100.

Suppose we know what GDP in 2100 would be absent climate change.

Can responses to (annual) weather shocks help predict GDP in 2100
given ∆T?

Those responses tell us something about adjustment costs, which affect
GDP in 2100 ...
but only in a very small way.
They tell us nothing about long-run adaptation, including endogenous
technical change.
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Long-Run Adaptation

Long-run adaptation (by definition) takes time, can be profound, and
is often unanticipated.

That’s why we don’t know how much adaptation to expect.
That’s why we don’t know impact of climate change in 2100.

Good example (which I’ve used before) is the movement west and
grain production during 19th century.

A. Olmstead and P. Rhode, “Responding to Climate Challenges: Lessons

from U.S. Agricultural Development,” The Economics of Climate Change,

Chap. 6, NBER, 2011.

In 1850, most wheat was produced in New York, Pennsylvania and
Ohio.

Then people moved west, found much richer soil.

But the wheat (and corn) wouldn’t grow. These regions were more
arid, winters were colder, and summers much hoter.

What to do? Hybrid strains of wheat and corn.
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Adaptation: U.S. Wheat Production, 1839–1929

Fig. 6.1  The “potential wheat- producing area” in the United States in 1858

Source: Compiled from Klippart (1860).
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Conclusions

What are the take-aways here?

There is a large and growing literature that tries to tease out impacts
of climate change from data on weather, often combining time series
and cross-section information.
Derek shows how different kinds of adjustment costs can lead to bias in
commonly-used estimators.
For example, the nature of adjustment costs can determine whether
fixed effects estimators of the effects of weather on actions understate
or overstate the long-run effects.

Interesting, but doesn’t get at what (for me) is the real problem.

We want to know the long-run economic impact of climate change —
i.e., the “damage function.”

Weather data across regions and time simply can’t tell us what the
impact of climate change will be 50 or 100 years from now.

The search for the holy grail goes on!
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