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Figure SPM.7 |  CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 
1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections 
and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution 
using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored verti-
cal bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty 
(minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea 
ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line 
represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the 
Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20}
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Temperatures are expected to go up as much 4oC over next century

Is there a link between rising temperatures and economic growth?
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Existing literature

Evidence for

developing countries: Dell, Jones and Olken (2012, 2014), Hsiang
Burke (2013), Barrios, Bertinelli and Strobl (2010)

U.S. agricultural output: Fisher Hanemann Roberts Schlenker (2012),
Lybbert Smith Sumner (2013), Deschenes and Greenstone (2012)

U.S. labor supply: Zivin and Neidell (2014)
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This paper

Answers this question for the United States’ GDP

Employs a panel of US states’ weather and GSP data

Finds:

1 large effects of Summer (negative) and Fall (positive) temperatures on
states’ GDP growth

2 negative effect of Summer temperature getting stronger over time
3 in net, rising temperatures may decrease US growth by up to 1/3 over

next century
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Roadmap

1 Data

2 Empirical Evidence

3 Interpretation

4 Welfare Analysis
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Weather Stations

135 Weather Stations (Source: NOAA Northeast Regional Climate Center)
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Calculation of State Level Weather
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Calculation of State Level Weather
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Calculation of State Level Weather
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Data sources

Economic data: BEA, sample 1957-2012

Population and Area: CENSUS

Weather: NOAA
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Empirical Evidence

Time series regression (US aggregate data)

Panel regression

Combine results with trends in temperature
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Time Series Regressions

Table 1: Time Series Regressions on Aggregate US Data

Whole Year Winter Spring Summer Fall
−0.396 −0.071 −0.027 −0.414 0.042
(0.382) (0.179) (0.334) (0.385) (0.287)

Notes - The first column reports the estimated coefficient on average annual temperature of a
regression of US GDP growth rate on its on lag and average annual temperature. Columns
2-5 report the estimated coefficients on each of the four seasonal temperature averages. The
numbers in parenthesis are standard errors. The sample is 1957-2012.

regression:

∆yi,t = γwi,t + β∆yi,t−1 + αi + αt + εi,t (1)

where wi,t denotes the average temperature in state i in year t, ∆yi,t denotes the growth

rate of GSP in state i in year t, and αi and αt denote state and year fixed effects, respec-

tively. We consider two specifications: one in which we use the entire cross-section of

U.S. states, and one in which we focus on specific regions (North, South, Midwest, and

West).5 Each state is weighted in the regressions by the proportion of its GSP relative

to the whole country (in the first specification) or the respective region (in the second

specification).

In addition, we also break down the contribution of each seasonal temperature by re-

gressing on the average temperatures in Winter, Spring, Summer, and Fall:

∆yi,t =
4∑

s=1

γswsi,t + β∆yi,t−1 + αi + αt + εi,t. (2)

We define Winter as January, February and March; Spring as April, May and June;

Summer as July, August and September; Fall as October, November and December.

We report the results of our analysis in Table 2. The column labeled “Whole Year”
5The four regions are defined according to the US Census Bureau. Appendix C reports the specifics of

this classification.

9

Time series regressions with Annual Temperature: insignificant

Time series regressions with Seasonal Temperatures: insignificant

Annual coefficient similar to Summer coefficient
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Panel Regressions
Table 2: Panel Analysis

Whole Year Winter Spring Summer Fall
Whole country 0.006 0.001 0.003 −0.154∗∗ 0.102∗

(0.111) (0.049) (0.065) (0.072) (0.055)
North 0.343 0.329∗ 0.065 0.240 −0.255

(0.339) (0.173) (0.296) (0.257) (0.233)
South 0.283 −0.087 0.152 −0.326∗∗ 0.571∗∗∗

(0.303) (0.167) (0.159) (0.163) (0.194)
Midwest −0.212 0.010 −0.158 0.043 −0.116

(0.235) (0.089) (0.144) (0.162) (0.128)
West −0.144 −0.000 −0.155 0.028 −0.006

(0.203) (0.096) (0.143) (0.154) (0.167)

Notes - In each regression, the dependent variable is the GSP growth rate of each state. The
first row reports the results for the panel analysis conducted using the entire cross-section of US
states. Each of the following rows refers to a different US region, according to the Federal clas-
sification. The first column refers to the analysis conducted using annual temperature averages
(“Whole Year”). Each of the following columns refers to the analysis conducted by regressing
jointly on the four seasonal averages. Winter is defined as the average of January, February, and
March temperatures. Spring is defined as the average of April, May, and June temperatures.
Summer is defined as the average of July, August, and September temperatures. Fall is defined
as the average of October, November, and December temperatures. The numbers in parenthesis
are standard errors. Standard errors are clustered by year. Each regression contains year and
state fixed effects as well as the lagged GSP growth rate of the corresponding state. The sample
period is 1957-2012.

of the overall Summer and Fall effects that we estimate at the whole country level (see

the last four rows of Table 2). Also notice that the estimated coefficients for the South

are three to six times larger than their whole country counterparts, indicating that this

region’s GDP growth is substantially more exposed to changes in temperatures. It is

worth pointing out that not all regions are negatively exposed to rising temperatures in

all seasons. For example, the North displays a strongly positive coefficient for Winter

temperature.

We further explore how these estimated coefficients have been evolving through time.

Specifically, we run the regression specified in equation (2) by increasing the start date

of the sample by one year at a time. We repeat this exercise until the sample starting

10

Annual regressions are still inconclusive

Similar results for Regions

Summer and Fall temperatures affect economic growth

Rising Summer temperatures decrease growth
Rising Fall temperatures increase growth

Results mostly driven by South

11 / 20
N



Motivation Data Empirical Evidence Interpretation Welfare Analysis Robustness Conclusion Extra

Panel Regressions
Table 2: Panel Analysis

Whole Year Winter Spring Summer Fall
Whole country 0.006 0.001 0.003 −0.154∗∗ 0.102∗

(0.111) (0.049) (0.065) (0.072) (0.055)
North 0.343 0.329∗ 0.065 0.240 −0.255

(0.339) (0.173) (0.296) (0.257) (0.233)
South 0.283 −0.087 0.152 −0.326∗∗ 0.571∗∗∗

(0.303) (0.167) (0.159) (0.163) (0.194)
Midwest −0.212 0.010 −0.158 0.043 −0.116

(0.235) (0.089) (0.144) (0.162) (0.128)
West −0.144 −0.000 −0.155 0.028 −0.006

(0.203) (0.096) (0.143) (0.154) (0.167)

Notes - In each regression, the dependent variable is the GSP growth rate of each state. The
first row reports the results for the panel analysis conducted using the entire cross-section of US
states. Each of the following rows refers to a different US region, according to the Federal clas-
sification. The first column refers to the analysis conducted using annual temperature averages
(“Whole Year”). Each of the following columns refers to the analysis conducted by regressing
jointly on the four seasonal averages. Winter is defined as the average of January, February, and
March temperatures. Spring is defined as the average of April, May, and June temperatures.
Summer is defined as the average of July, August, and September temperatures. Fall is defined
as the average of October, November, and December temperatures. The numbers in parenthesis
are standard errors. Standard errors are clustered by year. Each regression contains year and
state fixed effects as well as the lagged GSP growth rate of the corresponding state. The sample
period is 1957-2012.

of the overall Summer and Fall effects that we estimate at the whole country level (see

the last four rows of Table 2). Also notice that the estimated coefficients for the South

are three to six times larger than their whole country counterparts, indicating that this

region’s GDP growth is substantially more exposed to changes in temperatures. It is

worth pointing out that not all regions are negatively exposed to rising temperatures in

all seasons. For example, the North displays a strongly positive coefficient for Winter

temperature.

We further explore how these estimated coefficients have been evolving through time.

Specifically, we run the regression specified in equation (2) by increasing the start date

of the sample by one year at a time. We repeat this exercise until the sample starting

10

Annual regressions are still inconclusive

Similar results for Regions

Summer and Fall temperatures affect economic growth

Rising Summer temperatures decrease growth
Rising Fall temperatures increase growth

Results mostly driven by South

11 / 20
N



Motivation Data Empirical Evidence Interpretation Welfare Analysis Robustness Conclusion Extra

Panel Regressions
Table 2: Panel Analysis

Whole Year Winter Spring Summer Fall
Whole country 0.006 0.001 0.003 −0.154∗∗ 0.102∗

(0.111) (0.049) (0.065) (0.072) (0.055)
North 0.343 0.329∗ 0.065 0.240 −0.255

(0.339) (0.173) (0.296) (0.257) (0.233)
South 0.283 −0.087 0.152 −0.326∗∗ 0.571∗∗∗

(0.303) (0.167) (0.159) (0.163) (0.194)
Midwest −0.212 0.010 −0.158 0.043 −0.116

(0.235) (0.089) (0.144) (0.162) (0.128)
West −0.144 −0.000 −0.155 0.028 −0.006

(0.203) (0.096) (0.143) (0.154) (0.167)

Notes - In each regression, the dependent variable is the GSP growth rate of each state. The
first row reports the results for the panel analysis conducted using the entire cross-section of US
states. Each of the following rows refers to a different US region, according to the Federal clas-
sification. The first column refers to the analysis conducted using annual temperature averages
(“Whole Year”). Each of the following columns refers to the analysis conducted by regressing
jointly on the four seasonal averages. Winter is defined as the average of January, February, and
March temperatures. Spring is defined as the average of April, May, and June temperatures.
Summer is defined as the average of July, August, and September temperatures. Fall is defined
as the average of October, November, and December temperatures. The numbers in parenthesis
are standard errors. Standard errors are clustered by year. Each regression contains year and
state fixed effects as well as the lagged GSP growth rate of the corresponding state. The sample
period is 1957-2012.

of the overall Summer and Fall effects that we estimate at the whole country level (see

the last four rows of Table 2). Also notice that the estimated coefficients for the South

are three to six times larger than their whole country counterparts, indicating that this

region’s GDP growth is substantially more exposed to changes in temperatures. It is

worth pointing out that not all regions are negatively exposed to rising temperatures in

all seasons. For example, the North displays a strongly positive coefficient for Winter

temperature.

We further explore how these estimated coefficients have been evolving through time.

Specifically, we run the regression specified in equation (2) by increasing the start date

of the sample by one year at a time. We repeat this exercise until the sample starting

10

Annual regressions are still inconclusive

Similar results for Regions

Summer and Fall temperatures affect economic growth

Rising Summer temperatures decrease growth
Rising Fall temperatures increase growth

Results mostly driven by South

11 / 20
N



Motivation Data Empirical Evidence Interpretation Welfare Analysis Robustness Conclusion Extra

Panel Regressions
Table 2: Panel Analysis

Whole Year Winter Spring Summer Fall
Whole country 0.006 0.001 0.003 −0.154∗∗ 0.102∗

(0.111) (0.049) (0.065) (0.072) (0.055)
North 0.343 0.329∗ 0.065 0.240 −0.255

(0.339) (0.173) (0.296) (0.257) (0.233)
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Notes - In each regression, the dependent variable is the GSP growth rate of each state. The
first row reports the results for the panel analysis conducted using the entire cross-section of US
states. Each of the following rows refers to a different US region, according to the Federal clas-
sification. The first column refers to the analysis conducted using annual temperature averages
(“Whole Year”). Each of the following columns refers to the analysis conducted by regressing
jointly on the four seasonal averages. Winter is defined as the average of January, February, and
March temperatures. Spring is defined as the average of April, May, and June temperatures.
Summer is defined as the average of July, August, and September temperatures. Fall is defined
as the average of October, November, and December temperatures. The numbers in parenthesis
are standard errors. Standard errors are clustered by year. Each regression contains year and
state fixed effects as well as the lagged GSP growth rate of the corresponding state. The sample
period is 1957-2012.

of the overall Summer and Fall effects that we estimate at the whole country level (see

the last four rows of Table 2). Also notice that the estimated coefficients for the South

are three to six times larger than their whole country counterparts, indicating that this

region’s GDP growth is substantially more exposed to changes in temperatures. It is

worth pointing out that not all regions are negatively exposed to rising temperatures in

all seasons. For example, the North displays a strongly positive coefficient for Winter

temperature.

We further explore how these estimated coefficients have been evolving through time.

Specifically, we run the regression specified in equation (2) by increasing the start date

of the sample by one year at a time. We repeat this exercise until the sample starting

10

Annual regressions are still inconclusive

Similar results for Regions

Summer and Fall temperatures affect economic growth

Rising Summer temperatures decrease growth
Rising Fall temperatures increase growth

Results mostly driven by South
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How stable are the coefficients?
in 1990 (past this date, the sample size becomes too small to draw any statistically

meaningful conclusion from our estimation).
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Figure 2: Each panel reports the estimated coefficients of average temperature for the corre-
sponding season. Each dot corresponds to the coefficients estimated over the sample that starts
on the year reported on the horizontal axis and ends in 2012. The panel regressions are for the
entire cross-section of the U.S.. Each state is weighted by its relative GSP. Regressions include
state and year fixed effects. The grey areas represent 90% confidence intervals. Standard errors
are clustered at the year level. The solid lines are linear fits of the dots in each panel.

The results are reported in Figure 2. Several things emerge from this figure. First

of all, the findings that we reported for the longest available sample are robust to all

the sub-samples that we considered. Equivalently, Summer and Fall temperatures ap-

pear to be the only ones playing a role for economic growth. Additionally, it seems that

11
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The results are reported in Figure 2. Several things emerge from this figure. First

of all, the findings that we reported for the longest available sample are robust to all

the sub-samples that we considered. Equivalently, Summer and Fall temperatures ap-

pear to be the only ones playing a role for economic growth. Additionally, it seems that
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Summer effect is getting stronger over time

Full sample estimate −0.154

1990-2012 estimate −0.245
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The results are reported in Figure 2. Several things emerge from this figure. First

of all, the findings that we reported for the longest available sample are robust to all

the sub-samples that we considered. Equivalently, Summer and Fall temperatures ap-

pear to be the only ones playing a role for economic growth. Additionally, it seems that
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How large are these numbers?

Year to year: net effect is small

Long Horizons?
→ It depends on relative trends in Summer and Fall temperatures
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Effect over Long Horizons

Time trends in Seasonal temperaturesTable 3: Dynamics of Average Temperature (1960-2012)

Whole Year Winter Spring Summer Fall

C
ou

nt
ry Trend 0.041∗∗∗ 0.071∗∗∗ 0.034∗∗∗ 0.036∗∗∗ 0.021∗∗

(0.006) (0.015) (0.010) (0.008) (0.009)
AR(1) 0.077 −0.048 0.143 0.061 −0.212

(0.149) (0.146) (0.143) (0.141) (0.139)

N
or

th

Trend 0.048∗∗∗ 0.080∗∗∗ 0.041∗∗∗ 0.035∗∗∗ 0.036∗∗∗

(0.008) (0.023) (0.011) (0.009) (0.012)
AR(1) 0.047 0.147 −0.000 −0.184 −0.328∗∗

(0.143) (0.149) (0.138) (0.132) (0.133)

So
ut

h Trend 0.040∗∗∗ 0.075∗∗∗ 0.033∗∗∗ 0.031∗∗∗ 0.019∗∗

(0.008) (0.022) (0.012) (0.009) (0.009)
AR(1) 0.160 0.200 0.070 −0.047 −0.359∗∗∗

(0.151) (0.146) (0.145) (0.140) (0.132)

M
id

w
es

t Trend 0.042∗∗∗ 0.088∗∗∗ 0.028∗ 0.031∗∗∗ 0.017
(0.011) (0.027) (0.016) (0.011) (0.013)

AR(1) 0.185 0.072 0.158 0.017 −0.247∗

(0.149) (0.148) (0.144) (0.141) (0.137)

W
es

t Trend 0.040∗∗∗ 0.064∗∗∗ 0.035∗∗∗ 0.040∗∗∗ 0.020
(0.007) (0.012) (0.013) (0.008) (0.013)

AR(1) 0.001 −0.271∗∗ 0.126 −0.024 0.003
(0.143) (0.136) (0.141) (0.143) (0.142)

Notes - Notes - The table reports the estimates of the autoregressive coefficient and of the time
trend for temperature. The column labeled “Whole Year” refers to the annual temperature es-
timation, while the columns labeled “Winter”, “Spring”, “Summer”, and “Fall” refer to the cor-
responding season. The row labeled “Whole country” reports the estimates obtained using US
aggregate temperature data, while the following rows refer to the corresponding regions. All the
regressions also include an intercept, that is not reported in the interest of space. The sample is
1960 to 2012.

seasonal temperatures are on average going to be 3.6 and 2.1 degrees Fareinhait higher,

respectively. This implies that rising Summer temperatures could decrease the growth

rate of U.S. GDP by 0.154% × 3.6 = 0.554%. This effect would be partially mitigated by

rising Fall temperatures (by a factor of 0.102% × 2.1 = 0.214%). Equivalently, assum-

ing no change in the way in which seasonal temperatures affect economic growth, the

positive trends in Summer and Fall temperature are on average going to reduce U.S.

growth by 0.33% in the next 100 years. Given an average growth rate of about 2%, rising

temperatures could reduce growth by as much as one-third.

Welfare analysis. Is this section, we address the question of how much would an agent

13

Summer temperature is expected to rise twice as much as Fall
temperature

Impact over the next century

0.036×100︸ ︷︷ ︸ 0.021×100︸ ︷︷ ︸
Expected rise in Expected rise in

Summer temperature Fall temperature
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AR(1) 0.047 0.147 −0.000 −0.184 −0.328∗∗

(0.143) (0.149) (0.138) (0.132) (0.133)

So
ut

h Trend 0.040∗∗∗ 0.075∗∗∗ 0.033∗∗∗ 0.031∗∗∗ 0.019∗∗

(0.008) (0.022) (0.012) (0.009) (0.009)
AR(1) 0.160 0.200 0.070 −0.047 −0.359∗∗∗

(0.151) (0.146) (0.145) (0.140) (0.132)

M
id

w
es

t Trend 0.042∗∗∗ 0.088∗∗∗ 0.028∗ 0.031∗∗∗ 0.017
(0.011) (0.027) (0.016) (0.011) (0.013)

AR(1) 0.185 0.072 0.158 0.017 −0.247∗

(0.149) (0.148) (0.144) (0.141) (0.137)

W
es

t Trend 0.040∗∗∗ 0.064∗∗∗ 0.035∗∗∗ 0.040∗∗∗ 0.020
(0.007) (0.012) (0.013) (0.008) (0.013)

AR(1) 0.001 −0.271∗∗ 0.126 −0.024 0.003
(0.143) (0.136) (0.141) (0.143) (0.142)

Notes - Notes - The table reports the estimates of the autoregressive coefficient and of the time
trend for temperature. The column labeled “Whole Year” refers to the annual temperature es-
timation, while the columns labeled “Winter”, “Spring”, “Summer”, and “Fall” refer to the cor-
responding season. The row labeled “Whole country” reports the estimates obtained using US
aggregate temperature data, while the following rows refer to the corresponding regions. All the
regressions also include an intercept, that is not reported in the interest of space. The sample is
1960 to 2012.

seasonal temperatures are on average going to be 3.6 and 2.1 degrees Fareinhait higher,

respectively. This implies that rising Summer temperatures could decrease the growth

rate of U.S. GDP by 0.154% × 3.6 = 0.554%. This effect would be partially mitigated by

rising Fall temperatures (by a factor of 0.102% × 2.1 = 0.214%). Equivalently, assum-

ing no change in the way in which seasonal temperatures affect economic growth, the

positive trends in Summer and Fall temperature are on average going to reduce U.S.

growth by 0.33% in the next 100 years. Given an average growth rate of about 2%, rising

temperatures could reduce growth by as much as one-third.

Welfare analysis. Is this section, we address the question of how much would an agent

13

Summer temperature is expected to rise twice as much as Fall
temperature

Impact over the next century

−0.154 × 0.036×100︸ ︷︷ ︸ + 0.102 × 0.021×100︸ ︷︷ ︸ = −0.34%

Summer coef. Expected rise in Fall coef. Expected rise in
(Full Sample) Summer temperature (Full Sample) Fall temperature
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Effect over Long Horizons

Time trends in Seasonal temperaturesTable 3: Dynamics of Average Temperature (1960-2012)

Whole Year Winter Spring Summer Fall

C
ou

nt
ry Trend 0.041∗∗∗ 0.071∗∗∗ 0.034∗∗∗ 0.036∗∗∗ 0.021∗∗

(0.006) (0.015) (0.010) (0.008) (0.009)
AR(1) 0.077 −0.048 0.143 0.061 −0.212

(0.149) (0.146) (0.143) (0.141) (0.139)

N
or

th

Trend 0.048∗∗∗ 0.080∗∗∗ 0.041∗∗∗ 0.035∗∗∗ 0.036∗∗∗

(0.008) (0.023) (0.011) (0.009) (0.012)
AR(1) 0.047 0.147 −0.000 −0.184 −0.328∗∗

(0.143) (0.149) (0.138) (0.132) (0.133)

So
ut

h Trend 0.040∗∗∗ 0.075∗∗∗ 0.033∗∗∗ 0.031∗∗∗ 0.019∗∗

(0.008) (0.022) (0.012) (0.009) (0.009)
AR(1) 0.160 0.200 0.070 −0.047 −0.359∗∗∗

(0.151) (0.146) (0.145) (0.140) (0.132)

M
id

w
es

t Trend 0.042∗∗∗ 0.088∗∗∗ 0.028∗ 0.031∗∗∗ 0.017
(0.011) (0.027) (0.016) (0.011) (0.013)

AR(1) 0.185 0.072 0.158 0.017 −0.247∗

(0.149) (0.148) (0.144) (0.141) (0.137)

W
es

t Trend 0.040∗∗∗ 0.064∗∗∗ 0.035∗∗∗ 0.040∗∗∗ 0.020
(0.007) (0.012) (0.013) (0.008) (0.013)

AR(1) 0.001 −0.271∗∗ 0.126 −0.024 0.003
(0.143) (0.136) (0.141) (0.143) (0.142)

Notes - Notes - The table reports the estimates of the autoregressive coefficient and of the time
trend for temperature. The column labeled “Whole Year” refers to the annual temperature es-
timation, while the columns labeled “Winter”, “Spring”, “Summer”, and “Fall” refer to the cor-
responding season. The row labeled “Whole country” reports the estimates obtained using US
aggregate temperature data, while the following rows refer to the corresponding regions. All the
regressions also include an intercept, that is not reported in the interest of space. The sample is
1960 to 2012.

seasonal temperatures are on average going to be 3.6 and 2.1 degrees Fareinhait higher,

respectively. This implies that rising Summer temperatures could decrease the growth

rate of U.S. GDP by 0.154% × 3.6 = 0.554%. This effect would be partially mitigated by

rising Fall temperatures (by a factor of 0.102% × 2.1 = 0.214%). Equivalently, assum-

ing no change in the way in which seasonal temperatures affect economic growth, the

positive trends in Summer and Fall temperature are on average going to reduce U.S.

growth by 0.33% in the next 100 years. Given an average growth rate of about 2%, rising

temperatures could reduce growth by as much as one-third.

Welfare analysis. Is this section, we address the question of how much would an agent

13

Summer temperature is expected to rise twice as much as Fall
temperature

Impact over the next century

−0.245 × 0.036×100︸ ︷︷ ︸ + 0.031 × 0.021×100︸ ︷︷ ︸ = −0.82% −0.34%

Summer coef. Expected rise in Fall coef. Expected rise in
(1990- Sample) Summer temperature (1990- Sample) Fall temperature
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Take-away message

To capture the effect of rising temperature on US growth, we need to:

1 break down annual temperatures into seasonal temperatures

2 look at the differences in seasonal temperature trends
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Welfare Analysis

Representative agent with Recursive Preferences

Ut = (1−δ) logCt +
δ

1− γ
logEt exp{(1− γ)Ut+1}

Consumption dynamics

∆ct = 0.02−0.154 · tempsum
t + 0.102 · tempfall

t + 0.02 · εc,t

where

tempsum
t = 0.036 · t + 0.0078 · εsumm

t (1−∆β)

tempfall
t = 0.021 · t + 0.0116 · εfall

t (1−∆β)

Welfare gains of

1

2
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Welfare Analysis

Representative agent with Recursive Preferences

Ut = (1−δ) logCt +
δ

1− γ
logEt exp{(1− γ)Ut+1}

Consumption dynamics [Intervention]

∆ct = 0.02−0.154 · (1−∆λ) · tempsum
t + 0.102 · (1−∆λ) · tempfall

t + 0.02 · εc,t

where

tempsum
t = 0.036 · t + 0.0078 · εsumm

t (1−∆β)

tempfall
t = 0.021 · t + 0.0116 · εfall

t (1−∆β)

Welfare gains of

1 Adaptation (∆λ)
2
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Welfare Analysis

Representative agent with Recursive Preferences
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Welfare Analysis (cont’d)

Calculate the permanent changes in

the level of consumption (∆0)

the growth rate of consumption (∆1)

that make the agent indifferent between living in

Business As Usual economy

Intervention economy
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Welfare Analysis: Results
Table 4: Welfare Analysis with Trend in Temperature (Whole Country)

Panel A: permanent reduction of the level (∆0)
∆β

0% 20% 40% 60% 80% 100%

∆
λ

0% 0.0 −0.1 −0.1 −0.2 −0.2 −0.3
20% −0.1 −0.1 −0.1 −0.2 −0.2 −0.3
40% −0.1 −0.1 −0.2 −0.2 −0.2 −0.3
60% −0.2 −0.2 −0.2 −0.2 −0.3 −0.3
80% −0.2 −0.2 −0.2 −0.3 −0.3 −0.3
100% −0.3 −0.3 −0.3 −0.3 −0.3 −0.3

Panel B: permanent growth rate reduction (∆1/µc)
∆β

0% 20% 40% 60% 80% 100%

∆
λ

0% 0.0 −2.8 −5.6 −8.4 −11.2 −14.0
20% −2.8 −5.0 −7.3 −9.5 −11.8 −14.0
40% −5.6 −7.3 −9.0 −10.6 −12.3 −14.0
60% −8.4 −9.5 −10.6 −11.8 −12.9 −14.0
80% −11.2 −11.8 −12.3 −12.9 −13.4 −14.0
100% −14.0 −14.0 −14.0 −14.0 −14.0 −14.0

Notes - Panel A reports the permanent reduction in the level of consumption that makes an
agent indifferent between living in an economy with the estimates of β and λ reported in Tables 2
and 3 and an economy in which β and λ have been reduced by the percentage reported in the
corresponding row and column. Panel B reports the permanent reduction in the growth rate of
consumption that makes an agent indifferent between living in an economy with the estimates
of β and λ reported in Tables 2 and 3 and an economy in which β and λ have been reduced by the
percentage reported in the corresponding row and column. The analysis is performed assuming
δ = 0.9879 and γ = 10.

We document in the Appendix A that the amounts ∆0 and ∆1 are equal to:

∆0 = A− A∆ − δ

1− δ (D −D∆)

∆1 = D −D∆
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Welfare Analysis: Results
Table 4: Welfare Analysis with Trend in Temperature (Whole Country)

Panel A: permanent reduction of the level (∆0)
∆β

0% 20% 40% 60% 80% 100%

∆
λ

0% 0.0 −0.1 −0.1 −0.2 −0.2 −0.3
20% −0.1 −0.1 −0.1 −0.2 −0.2 −0.3
40% −0.1 −0.1 −0.2 −0.2 −0.2 −0.3
60% −0.2 −0.2 −0.2 −0.2 −0.3 −0.3
80% −0.2 −0.2 −0.2 −0.3 −0.3 −0.3
100% −0.3 −0.3 −0.3 −0.3 −0.3 −0.3

Panel B: permanent growth rate reduction (∆1/µc)
∆β

0% 20% 40% 60% 80% 100%

∆
λ

0% 0.0 −2.8 −5.6 −8.4 −11.2 −14.0
20% −2.8 −5.0 −7.3 −9.5 −11.8 −14.0
40% −5.6 −7.3 −9.0 −10.6 −12.3 −14.0
60% −8.4 −9.5 −10.6 −11.8 −12.9 −14.0
80% −11.2 −11.8 −12.3 −12.9 −13.4 −14.0
100% −14.0 −14.0 −14.0 −14.0 −14.0 −14.0

Notes - Panel A reports the permanent reduction in the level of consumption that makes an
agent indifferent between living in an economy with the estimates of β and λ reported in Tables 2
and 3 and an economy in which β and λ have been reduced by the percentage reported in the
corresponding row and column. Panel B reports the permanent reduction in the growth rate of
consumption that makes an agent indifferent between living in an economy with the estimates
of β and λ reported in Tables 2 and 3 and an economy in which β and λ have been reduced by the
percentage reported in the corresponding row and column. The analysis is performed assuming
δ = 0.9879 and γ = 10.

We document in the Appendix A that the amounts ∆0 and ∆1 are equal to:

∆0 = A− A∆ − δ

1− δ (D −D∆)

∆1 = D −D∆
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∆λ 20% Adaptation
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Welfare Analysis: Results
Table 4: Welfare Analysis with Trend in Temperature (Whole Country)

Panel A: permanent reduction of the level (∆0)
∆β

0% 20% 40% 60% 80% 100%

∆
λ

0% 0.0 −0.1 −0.1 −0.2 −0.2 −0.3
20% −0.1 −0.1 −0.1 −0.2 −0.2 −0.3
40% −0.1 −0.1 −0.2 −0.2 −0.2 −0.3
60% −0.2 −0.2 −0.2 −0.2 −0.3 −0.3
80% −0.2 −0.2 −0.2 −0.3 −0.3 −0.3
100% −0.3 −0.3 −0.3 −0.3 −0.3 −0.3

Panel B: permanent growth rate reduction (∆1/µc)
∆β

0% 20% 40% 60% 80% 100%

∆
λ

0% 0.0 −2.8 −5.6 −8.4 −11.2 −14.0
20% −2.8 −5.0 −7.3 −9.5 −11.8 −14.0
40% −5.6 −7.3 −9.0 −10.6 −12.3 −14.0
60% −8.4 −9.5 −10.6 −11.8 −12.9 −14.0
80% −11.2 −11.8 −12.3 −12.9 −13.4 −14.0
100% −14.0 −14.0 −14.0 −14.0 −14.0 −14.0

Notes - Panel A reports the permanent reduction in the level of consumption that makes an
agent indifferent between living in an economy with the estimates of β and λ reported in Tables 2
and 3 and an economy in which β and λ have been reduced by the percentage reported in the
corresponding row and column. Panel B reports the permanent reduction in the growth rate of
consumption that makes an agent indifferent between living in an economy with the estimates
of β and λ reported in Tables 2 and 3 and an economy in which β and λ have been reduced by the
percentage reported in the corresponding row and column. The analysis is performed assuming
δ = 0.9879 and γ = 10.

We document in the Appendix A that the amounts ∆0 and ∆1 are equal to:

∆0 = A− A∆ − δ

1− δ (D −D∆)

∆1 = D −D∆

16

MOGive up:

∆λ 20% Adaptation

∆β 00% Mitigation



 ⇒

0.10% of current consumption level

2.80% of current consumption growth
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Welfare Analysis: Results
Table 4: Welfare Analysis with Trend in Temperature (Whole Country)

Panel A: permanent reduction of the level (∆0)
∆β

0% 20% 40% 60% 80% 100%

∆
λ

0% 0.0 −0.1 −0.1 −0.2 −0.2 −0.3
20% −0.1 −0.1 −0.1 −0.2 −0.2 −0.3
40% −0.1 −0.1 −0.2 −0.2 −0.2 −0.3
60% −0.2 −0.2 −0.2 −0.2 −0.3 −0.3
80% −0.2 −0.2 −0.2 −0.3 −0.3 −0.3
100% −0.3 −0.3 −0.3 −0.3 −0.3 −0.3

Panel B: permanent growth rate reduction (∆1/µc)
∆β

0% 20% 40% 60% 80% 100%

∆
λ

0% 0.0 −2.8 −5.6 −8.4 −11.2 −14.0
20% −2.8 −5.0 −7.3 −9.5 −11.8 −14.0
40% −5.6 −7.3 −9.0 −10.6 −12.3 −14.0
60% −8.4 −9.5 −10.6 −11.8 −12.9 −14.0
80% −11.2 −11.8 −12.3 −12.9 −13.4 −14.0
100% −14.0 −14.0 −14.0 −14.0 −14.0 −14.0

Notes - Panel A reports the permanent reduction in the level of consumption that makes an
agent indifferent between living in an economy with the estimates of β and λ reported in Tables 2
and 3 and an economy in which β and λ have been reduced by the percentage reported in the
corresponding row and column. Panel B reports the permanent reduction in the growth rate of
consumption that makes an agent indifferent between living in an economy with the estimates
of β and λ reported in Tables 2 and 3 and an economy in which β and λ have been reduced by the
percentage reported in the corresponding row and column. The analysis is performed assuming
δ = 0.9879 and γ = 10.

We document in the Appendix A that the amounts ∆0 and ∆1 are equal to:

∆0 = A− A∆ − δ

1− δ (D −D∆)

∆1 = D −D∆

16

MOGive up:

∆λ 60% Adaptation

∆β 60% Mitigation



 ⇒

0.20% of current consumption level

11.8% of current consumption growth
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Robustness checks

Results are robust to:

alternative weighting schemes Details

controlling for precipitation Details

controlling for temperature volatility Details
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Concluding Remarks

Provide evidence for impact of rising
temperature on US economic growth

Strong seasonal effect, especially Summer

Analysis informative for Integrated Assessment
Models
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Alternative weighting schemes ( Back )

Table 5: Other weighting schemes

Whole Year Winter Spring Summer Fall
GSP (varying) 0.010 0.008 −0.008 −0.148∗ 0.105∗

(0.119) (0.051) (0.067) (0.077) (0.058)
Area 0.054 0.018 0.012 −0.098 0.079

(0.123) (0.062) (0.074) (0.066) (0.063)
Population 0.057 0.028 −0.025 −0.132∗ 0.131∗∗

(0.123) (0.053) (0.069) (0.071) (0.061)

Notes - In each regression, the dependent variable is the GSP growth rate of each state. The
first row reports the results for the panel analysis conducted using the entire cross-section of US
states. Each of the following rows refers to a different US region, according to the Federal clas-
sification. The first column refers to the analysis conducted using annual temperature averages
(“Whole Year”). Each of the following columns refers to the analysis conducted by regressing
jointly on the four seasonal averages. Winter is defined as the average of January, February, and
March temperatures. Spring is defined as the average of April, May, and June temperatures.
Summer is defined as the average of July, August, and September temperatures. Fall is defined
as the average of October, November, and December temperatures. The numbers in parenthesis
are standard errors. Standard errors are clustered by year. Each regression contains year and
state fixed effects as well as the lagged GSP growth rate of the corresponding state. The sample
period is 1957-2012.

weighting schemes for the cross-section of U.S. states. Specifically, we consider the cases

of population, area, and time varying GSP weighting. The latter is used to take into ac-

count possible changes in the relative distribution of GSP across U.S. states. The results

indicate that the signs of the estimated coefficients are generally aligned with our base-

line case. The statistical significance of Summer and Fall temperatures is preserved in

all cases, with the exception of area weighting.

In Tables 6 and 7 we include respectively average precipitation and temperature volatil-

ity in our main specification. We find that controlling for these two additional set of con-

trol variables does not alter our main set of conclusions regarding the role of Summer

and Fall temperatures on U.S. economic growth.
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Controlling for Precipitation ( Back )
Table 6: Controlling for Precipitation

Whole Year Winter Spring Summer Fall
USA Temp. 0.004 0.003 0.008 −0.169∗∗ 0.093∗

(0.113) (0.047) (0.069) (0.077) (0.056)
Prec. −0.012 −0.050 −0.044 0.006 0.037

(0.056) (0.033) (0.032) (0.032) (0.028)
North Temp. 0.366 0.333∗ 0.103 0.122 −0.256

(0.348) (0.189) (0.302) (0.272) (0.263)
Prec. −0.063 −0.118 −0.098 0.061 0.161

(0.175) (0.106) (0.083) (0.091) (0.116)
Midwest Temp. −0.232 0.009 −0.164 −0.014 −0.112

(0.239) (0.091) (0.142) (0.168) (0.122)
Prec. −0.076 0.025 −0.047 −0.013 −0.015

(0.117) (0.064) (0.044) (0.059) (0.086)
South Temp. 0.323 −0.091 0.214 −0.402∗∗ 0.561∗∗∗

(0.325) (0.164) (0.188) (0.162) (0.195)
Prec. 0.056 0.019 −0.083∗ 0.017 0.058

(0.125) (0.055) (0.049) (0.061) (0.056)
West Temp. −0.142 0.006 −0.124 0.045 −0.006

(0.204) (0.095) (0.144) (0.159) (0.170)
Prec. 0.133∗ 0.020 0.092 0.080∗ 0.003

(0.072) (0.041) (0.082) (0.045) (0.033)

Notes - In each regression, the dependent variable is the GSP growth rate of each state. The
first row reports the results for the panel analysis conducted using the entire cross-section of US
states. Each of the following rows refers to a different US region, according to the Federal clas-
sification. The first column refers to the analysis conducted using annual temperature averages
(“Whole Year”). Each of the following columns refers to the analysis conducted by regressing
jointly on the four seasonal averages. Winter is defined as the average of January, February, and
March temperatures. Spring is defined as the average of April, May, and June temperatures.
Summer is defined as the average of July, August, and September temperatures. Fall is defined
as the average of October, November, and December temperatures. The numbers in parenthesis
are standard errors. Standard errors are clustered by year. Each regression contains year and
state fixed effects as well as the lagged GSP growth rate of the corresponding state. The sample
period is 1957-2012.
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Controlling for Temperature Volatility ( Back )
Table 7: Controlling for Temperature Volatility

Whole Year Winter Spring Summer Fall
Whole country Mean 0.004 −0.009 −0.013 −0.138∗ 0.106∗

(0.111) (0.050) (0.062) (0.071) (0.055)
Vol −0.002 0.002 −0.001 0.002 −0.000

(0.002) (0.002) (0.001) (0.002) (0.001)
North Mean 0.324 0.363∗∗ 0.113 0.189 −0.201

(0.340) (0.176) (0.296) (0.251) (0.214)
Vol −0.004 −0.004 0.001 −0.003 −0.003

(0.006) (0.005) (0.004) (0.004) (0.003)
Midwest Mean −0.212 0.009 −0.177 0.047 −0.117

(0.236) (0.085) (0.149) (0.154) (0.121)
Vol −0.001 0.004 0.002 0.003 −0.001

(0.003) (0.005) (0.003) (0.002) (0.002)
South Mean 0.273 −0.121 0.135 −0.280∗ 0.580∗∗∗

(0.299) (0.173) (0.154) (0.154) (0.208)
Vol −0.005 0.002 0.006∗ 0.003 −0.004

(0.005) (0.003) (0.003) (0.005) (0.003)
West Mean −0.146 −0.004 −0.148 0.040 −0.031

(0.204) (0.099) (0.144) (0.155) (0.181)
Vol −0.000 −0.001 −0.000 0.002 −0.001

(0.003) (0.002) (0.002) (0.003) (0.002)

Notes - In each regression, the dependent variable is the GSP growth rate of each state. The
first row reports the results for the panel analysis conducted using the entire cross-section of US
states. Each of the following rows refers to a different US region, according to the Federal clas-
sification. The first column refers to the analysis conducted using annual temperature averages
(“Whole Year”). Each of the following columns refers to the analysis conducted by regressing
jointly on the four seasonal averages. Winter is defined as the average of January, February, and
March temperatures. Spring is defined as the average of April, May, and June temperatures.
Summer is defined as the average of July, August, and September temperatures. Fall is defined
as the average of October, November, and December temperatures. The numbers in parenthesis
are standard errors. Standard errors are clustered by year. Each regression contains year and
state fixed effects as well as the lagged GSP growth rate of the corresponding state. The sample
period is 1957-2012.
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