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Motivation

▶ Climate change is a persistent and uneven shock
▶ Technologies help both mitigating and adapting to climate change.

▶ Mitigation: Technique effect driver of emissions reductions.
Shapiro and Walker (2018), Brunel and Levinson (2021)

▶ Adaptation: Irrigation systems, weather forecasting tools, and
climate-resilient crop varieties.

Moscona and Sastry (2023)

⋆ Need to understand the drivers of innovation and adoption.
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Motivation – Going beyond policy

▶ Literature focuses on the role of climate regulation addressing market
failures & under-investment in climate-related technologies.
▶ Domestic innovation: Jaffe and Palmer (1997), Johnstone, et al. (2010), Brunel (2019)

▶ Spillovers on innovation abroad: Popp (2006), Dechezleprêtre and Glachant (2012)

▶ Effect on transfer of foreign innovation: Dechezleprêtre et al. (2013), Brunel (2019)

▶ Limited attention to how climate innovation responds directly to
climate vulnerability. Xiao and Fei (2024), Wen et al. (2023), Tran et al. (2025)

▶ Do not fully account for role of policy.

▶ Limited evidence on how climate vulnerability affects adoption and
diffusion of environmental technology across:
▶ Income levels
▶ Technology types (mitigation vs. adaptation)
▶ Location of innovation (domestic vs. transfer)
▶ Industries
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Research Question & Main Findings

Central Question

To what extent does climate vulnerability shape the direction, location,
and diffusion of climate innovation beyond the role of policy?

High-income Countries

▶ Vulnerability strengthens development of mitigation technologies.

▶ Reduces international diffusion of adaptation technologies.

▶ Shifts climate innovation toward mitigation and away from
adaptation.

Middle-income Countries

▶ Constrains mitigation innovation through reduced transfers.

▶ Induces local adaptation innovation however policies have no
measurable effect.
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Data & Empirical Approach
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Data

Combine innovation, climate vulnerability, and climate policy data to
construct a panel of 79 countries (42 HI & 37 MI list ) from 1995 to 2021.

Measure of Innovation
▶ Source: PATSTAT dataset. more sum

▶ Technology use determined by the Cooperative Patent Classification
▶ Count number of patents filed in country i in each year t

▶ Value of patents measured by family size & triadic patents
▶ New patent or transfer of technology determined by priority.

Measure of Vulnerability
▶ Source: Notre Dame Global Adaptation Innitiative (ND-GAIN) sum

▶ Index measuring vulnerability of a country to climate disruptions.
▶ Three pillars: Exposure, sensitivity, & adaptive capacity more

Measure of Policy
▶ Source: IEA/IRENA Joint Policies and Measures database sum

▶ Count of policies in year t.
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Estimation Equations

PATENTSit = exp{β1CCit + β2POLit + β3Xit + γi + δt}+ εit

▶ PATENTSit: Total, New, or Transfers; Mitigation or Adaptation

▶ CC: Vulnerability index or logged global temperature anomaly

▶ Xit: Data Sources
▶ Patent trend: PATSTAT
▶ Lagged patent stock: PATSTAT
▶ GDP: IMF WEO
▶ Trade openness: UN COMTRADE for total trade

▶ Country and time fixed effects
▶ Time trend in the case of global temperature anomaly

⋆ Estimate using PPML, with robust standard errors.
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High-income Country Results
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Effects of Vulnerability Beyond Policy
Mitigation Adaptation

(1) (2) (3) (4) (5) (6)

VARIABLES
Policy
Alone

Baseline
Vulnerability

Share of
Green Patents

Policy
Alone

Baseline
Vulnerability

Share of
Green Patents

Vulnerability 0.021*** 0.025*** -0.031** -0.029***
(0.006) (0.009) (0.015) (0.009)

Policies 0.030*** 0.029*** 0.010 -0.134** -0.132** -0.013
(0.009) (0.009) (0.009) (0.060) (0.060) (0.009)

GDP Per Capita -0.052 -0.036 -0.033 0.287*** 0.257*** 0.064
(0.033) (0.032) (0.045) (0.102) (0.095) (0.046)

Trade Openness 0.001*** 0.001*** 0.001 -0.002*** -0.002*** -0.000
(0.000) (0.000) (0.000) (0.001) (0.001) (0.000)

Patent Trend 0.964*** 0.968*** -0.051*** 1.115*** 1.109*** 0.042***
(0.034) (0.034) (0.010) (0.074) (0.073) (0.010)

Lagged Patent Stock -0.031 -0.021 -0.017 0.117 0.112 0.033**
(0.078) (0.076) (0.015) (0.098) (0.098) (0.017)

Constant -0.847 -1.949** 1.006 -9.692*** -8.151*** -0.263
(1.095) (0.984) (0.633) (1.526) (1.386) (0.652)

Observations 1,081 1,081 1,043 1,063 1,063 1,043
Robust SE Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Robust standard errors in parentheses *** p<0.01, ** p<0.05
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Diffusion and Adoption of Climate Technology

Mitigation Adaptation

Weighted patents Triadic patents

Results by sector
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Middle-income Country Results
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Effects of Vulnerability Beyond Policy
Mitigation Adaptation

(1) (2) (3) (4) (5) (6)

VARIABLES
Policy
Alone

Baseline
Vulnerability

Share of
Green Patents

Policy
Alone

Baseline
Vulnerability

Share of
Green Patents

Vulnerability -0.076*** 0.008 -0.023 -0.011
(0.023) (0.014) (0.030) (0.014)

Policies 0.002 0.007 0.020 -0.043 -0.042 -0.014
(0.017) (0.016) (0.012) (0.023) (0.023) (0.012)

GDP Per Capita -0.173 -0.100 0.127*** -0.729*** -0.704*** -0.139***
(0.091) (0.091) (0.045) (0.094) (0.099) (0.045)

Trade Openness 0.001 0.001 0.001 -0.002 -0.002 -0.001
(0.001) (0.001) (0.001) (0.002) (0.002) (0.001)

Patent Trend 1.058*** 1.066*** -0.019 1.099*** 1.101*** 0.024**
(0.033) (0.033) (0.011) (0.041) (0.041) (0.011)

Lagged Patent Stock -0.161** -0.130 -0.022 -0.016 -0.012 0.018
(0.070) (0.067) (0.024) (0.050) (0.051) (0.024)

Constant 0.952 2.297*** -0.364 2.578*** 3.042*** 1.619**
(0.681) (0.792) (0.658) (0.847) (0.941) (0.670)

Observations 883 883 677 782 782 677
Robust SE Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Robust standard errors in parentheses *** p<0.01, ** p<0.05
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Diffusion and Adoption of Climate Technology

Mitigation Adaptation

Weighted patents Triadic patents

Results by sector
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The Role of China

▶ China is currently the global leader in green patent filings.

Mitigation Mitigation (No China)

Weighted patents Triadic patents

Results by sector
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Conclusion
Climate vulnerability affects green innovation beyond policy, but responses differ
sharply across countries.

▶ High-income countries respond through increased mitigation innovation.

▶ Reinforces the effects of climate policy.

▶ Middle-income countries rely more on lower-value domestic adaptation and
face constraints in accessing foreign technologies.

▶ China behaves like a high-income country but responds primarily through
foreign technology transfer rather than domestic invention.

Policy Takeaway

▶ Mitigation policies in high-income countries need to account for
vulnerability-driven crowding out of adaptation technologies.

▶ Policies aimed at adaptation in middle-income countries need to account for
constraints on adoption, not just incentives to innovate.
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Thank You
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Country List PATSTAT ND-GAIN IEA Policies Results by Sector

Country list Back
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Example of a patent Back
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Patent Summary Statistics for Selected Countries Back

Value-weighted count Simple count
Mean Std. Dev. Min. Max. Mean

H
ig
h
-i
n
co
m
e

Germany 126,113 35,317 54,384 186,850 18,879
New 20,215 7,887 7,812 30,617 5,945
Transfer 105,898 28,787 46,572 160,630 12,935
United States 173,864 94,022 37,669 351,939 25,254
New 30,473 8,042 17,087 42,762 7,080
Transfer 143,391 87,095 19,056 313,327 18,174

U
p
p
er
-m

id
d
le

China 172,967 158,500 12,575 599,348 86,984
New 84,403 118,007 990 453,941 75,783
Transfer 88,563 52,273 11,585 163,988 11,201
Mexico 17,125 9,015 3,190 31,001 1,085
New 548 449 26 1,563 95
Transfer 16,577 8,644 3,004 29,438 990

L
ow

er
-m

id
d
le

India 1,597 4,291 2 21,295 138
New 105 275 0 1,335 24
Transfer 1,493 4,027 0 19,960 113
Egypt 378 353 0 1,134 23
New 15 27 0 92 3
Transfer 363 336 0 1,124 21
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Countries with the Most Patent Filings Back
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Patents Over Time by Country Income Back
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Change in Climate Vulnerability (1995–2021) Back
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Construction of Vulnerability Index back
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Country Vulnerability Change 1995-2021 Back
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Country Temperature Change 1995-2021 Back
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Climate Policy by Income Group Back
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Policy data and measure Back

▶ Source: IEA/IRENA Joint Policies and Measures database
▶ Count of policies in year t
▶ Stock of policies enacted up to year t
▶ Account for domestic policies and policies in the rest of the world
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High-income Mitigation by Sector Back

New Transfer

Weighted patents Triadic patents

Industry codes:

A: Agriculture D: Electricity
B: Mining E: Water & Waste
C: Manufacturing F: Construction
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High-income Adaptation by Sector Back

New Transfer

Weighted patents Triadic patents

Industry codes:

A: Agriculture D: Electricity
B: Mining E: Water & Waste
C: Manufacturing F: Construction
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Middle-income Mitigation by Sector Back

New Transfer

Weighted patents Triadic patents

Industry codes:

A: Agriculture D: Electricity
B: Mining E: Water & Waste
C: Manufacturing F: Construction
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Middle-income Adaptation by Sector Back

New Transfer

Weighted patents Triadic patents

Industry codes:

A: Agriculture D: Electricity
B: Mining E: Water & Waste
C: Manufacturing F: Construction
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Middle-income (No China) Mitigation by Sector Back

New Transfer

Weighted patents Triadic patents

Industry codes:

A: Agriculture D: Electricity
B: Mining E: Water & Waste
C: Manufacturing F: Construction
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Middle-income (No China) Adaptation by Sector Back

New Transfer

Weighted patents Triadic patents

Industry codes:

A: Agriculture D: Electricity
B: Mining E: Water & Waste
C: Manufacturing F: Construction
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