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Income Heterogeneity and the Welfare Costs of Climate Change

Effects of climate change could vary across households
® Households differ in space = different exposure to climate damage

® Households differ in income = different abilities to adapt
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Income Heterogeneity and the Welfare Costs of Climate Change

Effects of climate change could vary across households
® Households differ in space = different exposure to climate damage

® Households differ in income = different abilities to adapt

Previous macro climate-economy models

® AbStraCt from a” heterogene|ty (e.g., Acemoglu et al. (2012), Golosov et al. (2014), Barrage (2020))

® Focus on spatial heterogeneity (e.g., Balboni (2021), Carleton et al. (2022), Nath (2022), Rudik et al. (2022),
Cruz and Rossi-Hansberg (forthcoming))

This paper: focus on income heterogenity
® Direct effects of higher temperatures in the US
® Framework: heterogeneous agent model + temperature and adaptation
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Main Findings: Income Heterogeneity Matters

Welfare impacts of climate change vary across income groups
® High income HHs: welfare impacts near zero
® Middle income HHs: benefit in cold regions, hurt in hot regions

® |ow income HHs: hurt in cold regions, benefit in hot regions
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Main Findings: Income Heterogeneity Matters

Welfare impacts of climate change vary across income groups
® High income HHs: welfare impacts near zero
® Middle income HHs: benefit in cold regions, hurt in hot regions

® |ow income HHs: hurt in cold regions, benefit in hot regions

Welfare differences are due to adaptation

¢ No heating or cooling = welfare effects are same for all HHs in a region

Heterogeneity matters for aggregate outcomes
® Macro lit: welfare cost of business cycles, inflation, asset pricing, etc.

® This paper: welfare cost of climate change
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Simple Model



Simple Model

® Purpose: examine distributional impacts of changes in temperature
® Lot of simplifying assumptions for tractability

® Relaxed later in quantitative model
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Household
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Interior Solution for { < (*

Optimal choices of consumption, housing, and temperature

. Yi+pTC e Vit pe¢ e _Yit p¢
G = 3 ) i 3ph i 3peh

Optimal choices of heating and cooling energy

*

el'h*:7_i*_<— e.c :0

1

Outdoor temperature acts as a “transfer from nature”

e All HHs receive ¢ degrees of heating for free, augmenting income by p¢¢
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Distributional Effects of | Outdoor Temperature: Intuition

Transfer is a larger share of lower income households’ budgets

= decrease in transfers from a colder day is regressive

In general: extreme temperatures are more costly for lower income HHs

= climate change is regressive iff it leads to more extreme temperatures
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Quantitative Model



Quantitative Model

® Same intuition as the simple model

e Adds

® Heating and cooling capital

® Full distribution of temperature

® Dynamic heterogeneous agent model
e Subtracts

® Amenity value

® Mortality
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Overview

5 regions

e Differ by temperature distribution (e.g., cold, cool, mild, warm, hot)

Within each region
e Continuum of heterogeneous households

® Draw labor productivity shocks
® Choose consumption, savings, housing, heating and cooling capital, energy

e Continuum of perfectly competitive firms
® Produce final good, housing, heating and cooling capital, energy

Federal government
® Taxes households

® Provides energy assistance
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Temperature Distribution

® 100 possible outdoor temperatures
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Temperature Distribution

® 100 possible outdoor temperatures

® Break model time period into 100 sub-periods
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Temperature Distribution

® 100 possible outdoor temperatures

® Break model time period into 100 sub-periods

® Temperature distribution: fraction of period spent at each temperature

® Corresponds the length of each sub-period
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Temperature Distribution

® 100 possible outdoor temperatures

® Break model time period into 100 sub-periods

® Temperature distribution: fraction of period spent at each temperature

® Corresponds the length of each sub-period

® Uncertainty over the distribution

10°C 11°C 12°C 13°C

I T T T 1

a1 Q2 as aa
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J 1— 1—
Cijn a (D( Tijn)hin) 7 1
Uip = Gijn |: + ’ D( Tln) = *
J_:Zl Tll-0o l1—0 / 14+ x(Tijn —¢*)?

Riding the Waves Stephie Fried 14



Household: Utility

J 1— 1—
Cijn a (D( Tijn)hin) 7 1
Ujp = dijn |: + ¢ ) D( 7-ln) - -
J_:Zl Tll-0o l1—0 / 14+ x(Tijn —¢*)?

Riding the Waves Stephie Fried 14



Household: Utility

J 1— 1—
o 7 (D(Tyn)hin)—* 1
Uip = Gijn |: + ¢ ’ D( Tln) = *
J_:Zl Tll-0o l1—0 / 14+ x(Tijn —¢*)?

Riding the Waves Stephie Fried 14



Household: Utility
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Household: Utility

J 1— 1—
Cijn a (D( Tijn)hin) 7 1
Uin = dijn |: + ¢ ) D( Tln) - -
JZ_; 1 —0 l1-0 J 1+ x(Tijn — ¢*)?

® gj,: fraction of the period with outdoor temperature ¢ in region n
e D(Tj;,) € [0,1]: damage from being too hot or too cold

® Damage depends on difference between temperature and bliss point
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Household: Indoor Temperature
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Household: Indoor Temperature

l_/n CJ + h_’y Ah(Xi’;)a ( Un) AC( C) (eijn)ni

TV NV
production of heating production of cooling

® (;: outdoor temperature

® Produce heating and cooling from capital, x, and energy e

® Fixed cost of heating and cooling capital
® Estimate 0's and 7's: data on heater and AC prices, capacity, and efficiency
® Calibrate A" and A€ to match heating and cooling energy budget shares
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Household: Indoor Temperature

Tijn = G + 7 AP ()" (ef, ) = A°(x) " (e5,)"”

TV TV
production of heating production of cooling

® (;: outdoor temperature

® Produce heating and cooling from capital, x, and energy e

® Fixed cost of heating and cooling capital
® Estimate 0's and n's: data on heater and AC prices, capacity, and efficiency
* Calibrate A" and A€ to match heating and cooling energy budget shares

® h7: bigger houses require more energy and capital to heat and cool
® Calibrate v to match variation in energy expenditures with income
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Household: Timing and Optimization

Period starts

Labor productivity shock realizes

Choose housing, heating, and cooling capital

® Temperature distribution realizes

Choose consumption, heating and cooling energy, and indoor temperature in
each sub-period
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Household Optimization
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Quantitative Experiments



Experiment: Distributional Impacts of Climate Change

Compare two equilibria
® No-climate-change equilibrium with current temperature distribution

® Climate-change equilibrium with a new temperature distribution
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Temperature Distribution w/ and w/o Climate Change

Cold region Hot region
351 351
Baseline Baseline
30 | = = ~Climate change 30 [ ~ ~ ~Climate change
25 25
g g
>20 >20
o [0]
Q Q
215 215
[ ©
=] a
10 10+
5r 5r
0 ! 0 !
-40 60 -40 -20 0 20 40 60
Degrees Celsius Degrees Celsius

e County-level projections of 2100 temperature distribution under RCP 8.5
(Rasmussen et al. 2016)
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Welfare Measure

Consumption-housing equivalent variation

Percent increase in consumption and housing a household would need in every
period in the no-climate-change equilibrium, in expectation, so that they are
indifferent between the no-climate-change and climate-change equilibrium
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Welfare Impacts of Climate Change
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Welfare Impacts of Climate Change: Middle and High Income

1.51
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Why? (1) Changes in Transfers from Nature Relative to Income

Percent of Income

Income Decile
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Welfare Impacts of Climate Change: Middle and High Income

1.51

1t
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Welfare Impacts of Climate Change
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Why? (2) Changes in Specialization
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Why? (2) Changes i

in Specialization
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Welfare Impacts of Climate Change: Cold Region
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Cold Region: Complete Specialization

100 Fraction of HHs Without AC: Cold Region
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Experiment: Role of Adaptation to Temperature

HHs cannot adapt to temperature: indoor temperature = outdoor temperature
® No-climate-change equilibrium

® Climate-change equilibrium
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Effect of Adaptation on the Welfare Costs of Climate Change

With Adaptation Without Adaptation

CHEV (percent)
CHEV (percent)
o
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® Welfare effects vary with income because of adaptation
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Experiment: Importance of Income Heterogeneity

Halve the variance in the labor productivity shock
® No-climate-change equilibrium

® Climate-change equilibrium
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Income Heterogeneity Matters for Aggregate Welfare Cost

Welfare Impact of Climate Change (CHEV, percent)

Cold Cool Mild Warm Hot

-0.65 -0.54 -0.50 -0.53 0.52

Baseline simulation
-0.51 -0.37 -0.49 -0.45 0.35

Low variance simulation
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Income Heterogeneity Matters for Aggregate Welfare Cost

Welfare Impact of Climate Change (CHEV, percent)

Cold Cool Mild Warm Hot
Baseline simulation -065 -054 -050 -0.53 0.52
Low variance simulation -0.51 -0.37 -0.49 -0.45 0.35

Channels
® |ower variance | the range of incomes, particularly important at the bottom

® |ower variance 1 the number of HHs in corner solutions =- 1 the importance
of changes in specialization favorability
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Conclusion

Income heterogeneity matters for the welfare impacts of climate change

® \Welfare effects of climate change vary across income groups
® Changes in transfers from nature
® Changes in specialization favorability

® Heterogenous impacts are driven by changes in adaptation

® Income heterogeneity is important for understanding aggregate welfare costs
of climate change
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Conclusion

Income heterogeneity matters for the welfare impacts of climate change

® \Welfare effects of climate change vary across income groups
® Changes in transfers from nature
® Changes in specialization favorability

® Heterogenous impacts are driven by changes in adaptation

® Income heterogeneity is important for understanding aggregate welfare costs
of climate change

Thank you!
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