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• Statistical approaches 
simplify complex processes 

• Causal inference 

• Reality check for model 
assumptions 

• Calibration based on real 
world behavior 

• Behavior may not optimize 

• Interlinked markets

• Statistical approaches 
simplify complex processes 

• Gaps in knowledge 

• Future environment is 
unprecedented 

• Future behavior may differ 
from past 

• Innovations are unknowable 

• Insufficient market linkages

Uses for applied
economics Weaknesses



Auffhammer (2015)

Calibrate against empirically measured 
energy demand, actual behavior



 26 

Figure 3. Estimated climate response functions. 
 

 
Notes: The panels display the estimated temperature slope coefficients for each of the fourteen percentile bins (blue) 
and the equidistant bins (red) against the midpoint of each bin. The plots were normalized using the coefficient 
estimate for the 60–65 temperature bin. The title of each panel displays the name of a representative city for that 
climate zone.  
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Auffhammer & Aroonruengsawat (2009)

Not all CDDs are equal, AC adoption matters



Auffhammer (2015)

Warming will cause greater AC adoption



Figure 7: Extensive Margin Adjustment: Projected Percent Increases in Av-
erage Household Electricity Consumption 2080-2099 over 2000-2015

Notes: This figure plots the average per household increase across all 18 GCMs for RCP8.5 for the
last two decades of this century over the years 2000-2015. The figure varies both the slope of the
response curve and movement along the new ZIP level response curves allowing for both extensive
and intensive margin adjustment.
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Auffhammer (2015)

Warming will cause greater AC adoption

total demand 
growth + 50%
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Figure 10.2: National Change in Electricity Demand 
Percent 

 

demand of 8 to 95 gigawatts (GW) by 2020-2030, 73 to 
212 GW by 2040-2059 and 223 to 532 GW by 2080-2099. 

While most of this capacity would only operate part of 
the time (during peak demand periods), the capital costs 
as well as operating costs are passed on to electricity 
consumers. The resulting electricity price increases lead 

to a likely 0.1 to 2.9% increase in total annual residential 
and commercial energy costs on average by 2020-2039, 
2.1 to 7.3% by 2040-2059, and 8 to 22% by 2080-2099 
(Figure 10.4). The greatest increases occur in the 
Southeast, Great Plains and Southwest, with a likely 
increase in 2080 -2099 of 12 to 28%, 9 to 30%, and 11 to 
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Risky Business & American Climate Prospectus (2014)

Probabilistic risk assessment for demand 
changes due to warming
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Impacts related to increasing heat in the Inland South 

include:

• Rising energy costs: The Inland South will see the high-

est increases in electricity demand of any part of the 

state, with likely increases of 0.5% to 4% in the next 5–25 

years, 3% to 7% by mid-century, and 9% to 16% by late 

century. There is a 1-in-20 chance of more than a 20% 

increase by the end of century. The corresponding cost 

increases are even more dramatic: in the short term, the 

region will likely see a 1% to 8% increase, soaring to an 

increase of 19% to 35% by end of century, with a 1-in-20 

chance of more than a 43% increase.

• Heat-related mortality: The region will likely see 2 to 

15 additional deaths per 100,000 residents each year 

by mid-century (up to 700 additional deaths, assuming 

the current population size
10

). By late century, the Inland 

South will likely see 14 to 36 additional deaths per 

100,000—or as many as 1,600 additional deaths each 

year—with a 1-in-20 chance of more than 50 additional 

deaths each year per 100,000 residents (more than 

2,300 deaths altogether).

• Declines in labor productivity: Nearly 30% of the Inland 

South’s workforce is in high-risk outdoor industries, such 

as agriculture and construction, which will face additional 

costs as labor productivity decreases. By end of century, 

labor productivity will likely decline by as much as 2.2% 

in these industries, with 1-in-20 chance of a decrease of 

more than 2.9%. This tail risk is comparable to the decline 

in absolute labor output during past U.S. recessions.
11 

INLAND SOUTH

Figure 6: Projected Change in Electricity Demand and Energy Costs by Region

Likely range of impacts (67% likelihood), end of century (2080-2099)

Data Source: American Climate Prospectus
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Probabilistic risk assessment for demand 
changes due to warming
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Climate drives income drives energy use



0 10 20 30 40

−8

−4

0

Annual crop yield (%)

maize

soy

cotton

Schlenker & Roberts (PNAS, 2009)

Hourly Temperatures (C)

-0.4

0

0.4

-10 0 10 20 >30

Annual crop income

per capita (%)

Daily Temperatures (C)

Annual farm income

per capita (dollars)

-10 0 10 20 >30

Daily Temperatures (C)

-20

0

20

4

This study This study

Deryugina & Hsiang (NBER, 2014)

Climate drives agricultural income



10

RESULTS: GENERAL CALIFORNIA TRENDS

On our current path, California will likely see significantly more days above 95°F each year. Some regions will be hit far harder 

by extreme heat than others, and some will experience rising temperatures in terms of warmer winters rather than unbearable 

summers. But by the end of the century, the average Californian will likely see 59 to 94 days over 95°F per year compared to 32 

such days on average over the past 30 years.

Figure 2: Average Days Over 95°F

Data Source: American Climate Prospectus
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Where will 40M more live?
Housing, Jobs, and Population growth



Figure 4: Building energy performance at weatherized versus unweatherized homes
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Notes: This figure plots the estimated relationship between monthly natural gas consumption and
heating degree days during winter months at weatherized and unweatherized households,
respectively. See Equation (3) in the text.

42

Fowlie, Greenstone, Wolfram (2015)

Evaluation of actual efficiency gains



the treated sector. To more fully understand the relationship be-
tween employment dynamics and earnings, one must look at job
flows, which will be explored in subsequent sections. Last, an-
other important factor underlying the magnitude and duration
of the earnings losses is the underlying condition of the aggregate
and local labor market in early versus later years of the sample.
During periods of low unemployment, workers experience much
lower earnings losses during job transitions (Davis and von
Wachter 2011), and the latter half of Figure III is characterized
by unusually low rates of unemployment. The extent to which the
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FIGURE III

Cohort Wage Trends after Nonattainment Designation

Plotted are the event-time coefficient estimates from a version of equation
(2), where the dependent variable consists of the mean log earnings for a co-
hort! year, and cohorts are defined by the county! industry! sector of work in
1990. A sector is defined by one of four polluting categories. See text for details.
The regression model controls for cohort specific FE, nonattainment! year FE,
polluting sector! year FE, county-specific time trends, the fraction of workers
in various potential experience bins (<5, 5–8, 8–13, 13–22, 22–32, 32–42, 42–47,
and 47–55), quadratic trends in average cohort education, quadratic trends in
county-level demographics, and industry-year fixed effects. The regressions are
weighted by the 1990 cohort size. Exponentiated coefficients are reported using
the translation ðexpð!k

1Þ $ 1Þ.

Source. LEHD.

QUARTERLY JOURNAL OF ECONOMICS1814

Walker (QJE, 2013)

Accounting for transition costs



Davis & Gertler (PNAS, 2015)

Electricity consumption increases starting in the 75–80° bin, with
progressively larger impacts in the 80–85°, 85–90°, and >90° bins.
The excluded category is 65–70° so all estimates can be inter-
preted relative to this baseline.
The near-zero estimate on <50° days is interesting. Estimated

temperature–response functions for the United States are
“U”-shaped, with increases in electricity consumption on both
hot and cold days (6, 8). With a U shape as average temperatures
rise there is increased electricity consumption for cooling but
also decreased electricity consumption for heating. Our estimates
imply no such offsetting decrease, so the net impact of climate
change could be considerably larger. This lack of a response on
cold days makes sense given that few Mexican households have
electric heating.
We find that each additional day in the >90° bin increases

monthly electricity consumption by 3.2%. This is similar in mag-
nitude to existing estimates for the United States despite the wide
difference in air conditioning saturation.‡ In additional results
reported in Supporting Information, we find that there is a con-
siderable amount of temperature response even in states with low
levels of air conditioning saturation. This likely reflects the use of
fans and other substitutes for air conditioning.§ In addition, we
find that the temperature–response function is significantly steeper
in states with high levels of air conditioning (p value < .01).

The Extensive Margin
In this section we turn to examining the extensive margin using
data from the Encuesta Nacional de Ingresos y Gastos de los Hogares
(ENIGH), a nationally representative in-home household survey
with more than 27,000 respondents in 2010. Using these data we
describe empirically the relationship between climate, household
income, and the adoption of air conditioning. We find that both
climate and income are important in predicting air conditioner
adoption, but that the interaction between the two is considerably
more important than the individual factors by themselves.
Fig. 4 plots air conditioning saturation as a function of annual

household income. We present separate figures for cool and warm
municipalities, defined as below and above the mean number of

annual CDDs nationally. Household income is measured in US
2010 dollars and the endpoints include all households with annual
income less than $500 or greater than $30,000, respectively. In gray
is the histogram for annual household income. Plotted in log scale,
the distribution is approximately normal, with relatively few
households outside these endpoints.
In cool municipalities, there is little air conditioning at all in-

come levels. Saturation increases modestly with income, but even
among households with more than $30,000 in annual income the
saturation of air conditioning never exceeds 10%. In warm mu-
nicipalities the pattern is very different. Saturation begins low but
then increases steadily to near 80%. These are raw shares; these
data have not been smoothed, yet air conditioning shares increase
almost monotonically.
We show corresponding regression estimates in Table S1. In

the standard specification, air conditioning ownership increases
by 3 percentage points per $10,000 in annual household income
in cool places, while increasing by 27 percentage points per
$10,000 in warm places. The relationship is robust and strongly
statistically significant across specifications including models that
control for region and state fixed effects.
Related work has documented the role of climate and income

in US air conditioning adoption between 1960 and 1980 (9), and
modeled US demand for air conditioners between 1987 and
2005 using a dynamic structural model (24). Apart from these
papers, however, there is surprisingly little work in the economics
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Fig. 3. The effect of temperature on residential electricity demand.
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Fig. 4. Income, climate, and air conditioning. (A) Municipalities with below-
average CDDs. (B) Municipalities with above-average CDDs.

‡Deschênes and Greenstone find that each >90 °F day increases monthly consumption by
4.4%, and each 80–90 °F day increases monthly consumption by 2.0% (6). Their estimate
for >90 °F is a bit higher than our estimate, but their estimate for 80–90 °F is right in the
middle of our estimates for 80–85 °F and 85–90 °F.

§Previous studies have also shown that warmer temperatures increase electricity con-
sumption by refrigerators (22) and can lead households to watch more television and
engage in other indoor activities (23).

5964 | www.pnas.org/cgi/doi/10.1073/pnas.1423558112 Davis and Gertler

Income

% with 
AC

Mexico

Pursue innovation for export to 
emerging economies



• energy demand given capital (intensive margin) 

• capital demand given climate (extensive margin) 

• climate affects income affects energy demand 

• population growth, migration & land markets 

• measure actual efficiency gains 

• identify transition costs of regulation 

• identify opportunities for innovation (and its export)

What can empirical economics do for 
energy modeling in California?



Thank you

shsiang@berkeley.edu

mailto:shsiang@berkeley.edu
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