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Climate change is a global challenge, but its impacts are felt locally

Source: Associated Press



Climate change is a global challenge, but its impacts are felt locally




Accurate local damage estimates are critical to
climate policy

o Mitigation: Aggregate climate damages are inaccurate if heterogeneity is
ignored

o Adaptation: Planning for climate impacts requires accurate local projections




Early global climate damage assessments

“Estimating the damages from greenhouse warming has proved to be extremely
difficult. The DICE model assumes that a 3°C warming would lower world output
by 1.3 percent.”

—Nordhaus (AER, 1993)




Early California climate damage assessments
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Recent California climate vulnerability assessments

Existing climate vulnerability tools:

Exposure Indicator

Projected number of extreme
heatdays 2040-2060

o Show physical hazards (e.g., extreme
heat days) at local level

Sensitivity Indicator

sensitivity

Percent of

65 years orolder - exposure

o Overlay hazards with social vulnerability
indicators (e.g., % pop. over 65)

SAN|FRANCISCH

o Do not quantify climate impacts at
local scale (e.g., 4™ Climate
Assessment at regional level)

o Do not account for differential
vulnerability (i.e., same exposure —

same harm for all populations)
Source: CalBRACE

Note: Federal tools are the same! No local-level damage estimates account for differential
vulnerability



A new era for climate damage estimation

Climate Impact Lab: ~25,000 regions capture subnational inequality of damages
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A new era for climate damage estimation

Auffhammer (2022): 1,229 zip codes capture local inequality in California

(a) Tntensive Margin (b) Extensive Margin Delta.

Auffhammer (2022)



This paper

@ How unequal are climate damages in California?
o Generate distribution of damages across California at the community (i.e.,
census tract) level

o Estimate hyperlocal damage functions and estimates for California for four
sectors: mortality, energy, flooding, and labor)

o Assess drivers of unequal impacts within each sector

o Break down impacts for agricultural communities
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@ How much does differential vulnerability matter?
o Differential exposure and differential vulnerability influence the equity
implications of climate change

o Assess how estimated damages and their spatial distribution change when
vulnerability is assumed constant across Californian communities




Constructing local climate damages for California

High Resolution Climate Four Census Tract Level Census Tract Level Economic
Projections Sectoral Damage Functions Damage as Share of Income




Ingredient 1: Climate data & projections

Change in annual average temperature from 2020 to 2050 under moderate emissions
degrees C

Downscaled and Bias Corrected
Daily 0.25°grid resolution

Future: NASA Earth Exchange
Global Daily Downscaled
Projections (NASA NEXGDDP)

Representative concentration
pathway 4.5 (RCP4.5)

Impacts relative to “historical”
scenario simulations.



Ingredient 2: Estimating an impact relationship

Use random variation in short-run weather to causally identify the effect of weather
realizations on sector-specific outcomes.
For example:
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Reviews of related literature: Auffhammer (2018), Carleton & Hsiang (2016), Dell et al. (2014)



Heterogeneity in response to weather

Allow the shape of the function describing the impact relationship at a location be
a function of conditions at that location.

Outcome;; = Z P Weather?; ... controls
P

T
BP(i) =48 + 1 Climate; + 5 log(GDPpc); + ...

Covariates determining heterogeneity depend on sector

— Climate; = long-run avg. climate (e.g. temperature, degree days, precipitation)
— log(GDPpc); = average log income per capita

— area_irrigated; = share of area equipped for irrigation

Similar approaches: Auffhammer (2022); Heutel et al. (2021); Garg et al. (2020); Butler &
Huybers (2013); Roberts & Schlenker (2009)



Ingredient 3: Local measures of vulnerability

Use census tract level income to downscale county GDP

— per-capita income from American Community Survey

— county-level GDP from the Bureau of Economic Analysis

— downscaling method allows some, but not all, variation in vulnerability to occur at
the tract level

County GDP per capita Census tract GDP per capita
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Electricity dose-response function

o Data: Zip-code level electricity and natural gas billing data (Auffhammer, 2022)

o Estimation: Income, average CDDs, and average HDDs shape electricity and
natural gas response functions individually

Tract-level Electricity Consumption-Temperature Responses

Individual Tract Dose-Response
—— Cooler Climate Tract
—— Median Climate Tract

Hotter Climate Tract
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Mortality dose-response function

o Data: ~county-level age-specific mortality for 35% of global pop. (Carleton et al.,
2022)

o Estimation: Income and average temperature shape age-specific response functions
individually

65+ Tract-level Mortality-Temperature Responses
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Labor dose-response function

o Data & estimation: ~county-level time use and labor force surveys. Sector of
employment shapes vulnerability of labor supply to temperature (Rode et al., 2023)

-\

A
3 °
X
=
o
H
o -504
E]
=]
£
= 001
All workers
-20 0

Low-risk workers

-20 0 20 40
Temperature (C)

C

High-risk workers

ol

-20 0 20 40



Flooding damages

o Data & estimation: First Street Foundation estimates of average annual property

loss
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Chicago Flood Risk (7)

Residential Moderate Risk
200,747 out of 463,011 homes (&)

Road Minor Risk
3,920 out of 7,536 miles of roads (7)

Commercial Moderate Risk
18,030 outof 47,208 commercial properties (7)

Critical Infrastructure Moderate Risk
118 out of 1,021 infrastructure facilities (3)

Social Facilities Minor Risk
1,438 out of 3,304 social facilities (3)

Miner  Moderate  Major Severe  Extreme



Sector-specific damages

Category specific impacts of climate are estimated, then monetized using category
specific valuation techniques so that they can be summed.

Human Mortality Impacts, Change in Annual Hours Worked, High-risk Sectors, Change in Hours Worked, Low-risk Sectors, Change in
Deaths per 100,000 Population 2 ‘Average Annual Hours per Worker » Average Annual Hours per Worker
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A possible Climate Vulnerability Metric: Accounting
for baseline income inequality

Climate Vulnerability Metric (CVM) is normalized and reported as a share of tract
income

Combined Impacts of Climate Change in 2050 under Moderate Emissions Scenario
Damages as share of 2019 tract income (%)
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CVM decomposition by sector and region

Unequal climate damages operate through diverse channels

damages as share of income (%)

Composition of Damages by CalAdapt Region
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Determinants of vulnerability differ by sector

o Mortality damages driven (mostly) by demographics

o Electricity & natural gas damages driven (mostly) by climatology

Mortality Impacts by Share of 65+ Population Electricty Consumption Impacts by Cooling Degree Days
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Determinants of vulnerability differ by sector

Labor sector damages concentrated in the Central Valley, where workers are
employed in high-risk sectors

Labor Impacts by Share High-risk Workers
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Sectoral impacts for agricultural communities
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Sectoral impacts for agricultural communities
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What if we go from local damage functions....

High Resolution Climate Four Census Tract Level Census Tract Level Economic
Projections Sectoral Damage Functions Damage as Share of Income
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... statewide damage functions?

High Resolution Climate Four State Level Sectoral Census Tract Level Economic
Projections Damage Functions Damage as Share of Income




Differential vulnerability is critical for accurate
climate equity analysis

Aggregate Damages as Share of 2019 Tract Income (%),

Tract-level Response Fuctions
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Differential vulnerability is critical for accurate
climate equity analysis

Aggregate Damages as Share of 2019 Tract Income (%), Aggregate Damages as Share of 2019 Tract Income (%),
Tract-level Response Fuctions Uniform Response Functions
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— 30% reduction in across-tract variance in damages

— 43% reduction in 90" percentile of damages



Difference in projected mortality
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Difference in projected electricity consumption
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Difference in projected gas consumption
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Difference in projected hours worked

Loss per capita ($)
Tract - State
[ ¥
0
0

50
-




Total Difference

Loss per capita (5)
Tract - State

. -1000
2000




Building equity-focused adaptation policy

Policy makers are faced with the following questions when considering how to best
deploy adaptation and resiliency investments:
o How well prepared are today's populations for tomorrow's climate?

o Which communities will experience the greatest impacts from climate change?

o Through which channels will they be the most prevalent?




The California Climate Vulnerability Metric

o California uses CalEnviroScreen to assess community-level vulnerability to
pollutant exposure and other local environmental harms

o But there is no existing quantitative framework for measuring vulnerability to
climate change

CALIFORNIA 4%

Rhodium
AIR RESOURCES BOARD Group

The Climate Vulnerability Metric (CVM) is part of the 2022 Climate Change
Scoping Plan — you can download details and data from the project here


https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

A CVM complements other environmental justice
screening tools

Combined Impacts of Climate Change in 2050 under Moderate Emissions Scenario
Damages as share of 2019 tract income (%), DAC vs non DAC




Many opportunities for further research

@ Climate damage estimates omit key categories of impacts
Specialty agricultural crops
Wildfire
Ecosystem services
Vector borne disease
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Individual-level data could enable investigation of race, class, gender,
education, access to healthcare, etc.



Many opportunities for further research

@ Climate damage estimates omit key categories of impacts

Specialty agricultural crops
Wildfire

Ecosystem services

Vector borne disease

@ Many dimensions of inequality are insufficiently studied

Individual-level data could enable investigation of race, class, gender,
education, access to healthcare, etc.

@ Mechanisms behind adaptation are poorly understood
Experimental work can help with causality and precision (e.g., Masuda et al.
(2021))

When is adaptation optimal or suboptimal? When is adaptation intervention
necessary? (e.g., Baylis & Boomhower (2022))
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