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ll Key Points

This paper shows that advanced technology is not only a driver of productivity, but also a critical instrument of climate
adaptation policy.

It shows that a 1% increase in climate vulnerability reduces output by about 0.4%, while advanced technology adoption can
offset roughly 10% of this loss.

It develops a dynamic stochastic general equilibrium (DSGE) model with advanced capital and climate shocks, showing that
economies with higher technology shares experience smaller output declines following shocks.

Preemptive subsidies for technology adoption outperform post-shock policies, reducing fiscal costs (debt to GDP) by about 1%
and limiting output losses by around 0.25% at the trough.

The results highlight that advanced technology acts as a buffer against climate shocks and enhances macroeconomic resilience.



Bl Abstract ce

This paper shows that advanced technology is not only a driver of productivity, but also a
critical instrument of climate adaptation policy. We first provide empirical evidence that
a 1% increase in climate vulnerability reduces output by 0.436%, while greater adoption
of advanced technologies can offset about 10% of this loss, highlighting an important
role for policy in promoting technological upgrading in climate-exposed economies.

To rationalize these findings, we develop a New Keynesian dynamic stochastic general
equilibrium (DSGE) model with advanced technology and climate shocks, calibrated to
emerging market economies, and show that economies with larger shares of advanced
capital experience smaller output losses following climate shocks. We then evaluate
adaptation policies and find that preemptive government subsidies for advanced-
technology adoption outperform reactive post-shock measures in limiting climate-related
losses. The key policy implication is that governments should treat advanced-technology
adoption as a central pillar of forward-looking climate adaptation strategy, not only to
enhance productivity, but also to strengthen macroeconomic resilience and reduce the
economic costs of climate change.

Keywords: Climate Change, Advanced Technology, Adaptation, Fiscal Policy
JEL classification: E5, E52, E58, F41
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The macroeconomic effects of climate change are well established in the economic
literature (Dell, Jones, and Olken 2012; Gallic and Vermandel 2020; Ehlers et al. 2025;
Beirne et al. 2024)." At the same time, emerging market and developing economies
(EMDESs) bear a disproportionate share of climate-induced economic disruptions relative
to advanced economies (AEs) (Fuje et al. 2023). Several factors drive this gap.

Small developing states, for instance, have limited capacity to
respond to natural disasters (Marto, Papageorgiou, and Klyuev
2018) and face tighter constraints on risk sharing across regions.
Moreover, vulnerability to climate change tends to decline

over time, on average, as countries develop infrastructure and
undertake adaptation measures (Formetta and Feyen 2019).
Figure 1 plots the frequency of disaster events and a measure of
vulnerability to climate change.? The figure shows that average
climate vulnerability has declined even as disaster events have
increased. This raises a natural question: what factors have
helped build resilience to climate change over the last two
decades?

While climate shocks primarily damage tangible physical capital,
digital technologies such as the Internet of Things, machine
learning, and other advanced technologies are designed to
increase resilience to physical risks and potentially enhance

it. Some work has shown that such technologies can bolster
resilience (see, e.g., Argyroudis et al. 2022; Chester, Underwood,
and Samaras 2020). However, the role of advanced technology
adoption in adaptation to climate change has not been studied
in depth.

o Dell, Jones, and Olken (2014) provide an extensive literature review on the topic.

e The climate vulnerability index is only available from 1995.

This paper shows that adopting advanced technology can help
reduce the economic risks posed by climate change. First, our
empirical results show that greater climate vulnerability -
measured by a climate-vulnerability index - significantly
reduces GDP. A 1% increase in the climate vulnerability measure
reduces GDP by roughly 0.4%. Crucially, economies with higher
levels of technological adoption experience smaller losses

and see the negative effect of climate vulnerability on real

GDP reduced by 10%. These findings suggest that advanced
technology can act as an economic buffer against climate
change, underscoring the importance of investing in high-tech
capital before climate shocks materialize.

Second, we develop a medium-scale New Keynesian dynamic
stochastic general equilibrium (DSGE) model that incorporates
advanced capital, calibrated for emerging-market economies.
We model climate shocks as causing damage to traditional
capital along the lines of Gallic and Vermandel (2020), while
advanced capital remains resilient to these disruptions, in line
with our empirical findings. Our simulation results corroborate
the empirical findings: economies with greater reliance on
advanced technology experience smaller losses in response to
climate shocks.
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Figure 1. Number of disaster events and climate change vulnerability index from 1950 to 2024.
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Source: Authors' calculation from EM-DAT disaster database (Delforge et al. 2025) and ND-GAIN climate vulnerability index (Chen et al. 2015).

Moreover, we examine alternative adaptation policy designs.
We find that fiscal policy promoting the adoption of advanced

technologies prior to climate shocks enhances economic

resilience and is significantly more cost-effective than reactive

post-shock measures. The fiscal cost, measured by debt to
GDP, is 1% lower, while the mitigation effect on output is about
0.25% at the trough. These results highlight the importance of
addressing climate risks proactively rather than waiting.
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Literature Review
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Our central finding is that countries with a higher degree of
technology adoption are more resilient to climate vulnerability.
To our knowledge, this is the first paper to explicitly examine
the interaction between climate change impacts and
technological advancement.

Second, it adds to the work that studies how climate disasters
and unusual weather affect the whole economy (e.g., Bevan and
Adam 2016; Marto, Papageorgiou, and Klyuev 2018; Cantelmo,
Melina, and Papageorgiou 2023). Most existing studies focus

on what governments do - rebuilding infrastructure, managing
public debt, and investing in resilience - often assuming that the
shock is fully anticipated or modeled in a simplified way.

We take a different, more market-based angle: we study policies
that encourage private firms to invest in advanced technologies.
We also treat climate shocks as unexpected and model their
direct physical damage to traditional capital, which better
reflects real-world uncertainty. Lastly, we compare outcomes
under different levels of technology adoption and under both

early (preventive) and after-the-event (reactive)
adaptation policies.

Third, the paper connects to the large literature on advanced
technologies - such as digital tools, ICT, and automation - and
how they affect productivity and the economy (e.g., Acemoglu
and Restrepo 2020; Eden and Gaggl 2018; Graetz and

Michaels 2018).

A central idea in this literature is that these technologies can
replace or work together with labor and traditional capital,
and those relationships matter for growth and policy. We bring
this idea into a climate-risk setting, where digitalization and
resilient systems can reduce disruption from climate change
(e.g., Cantelmo, Melina, and Papageorgiou 2023; Gechert et al.
2022; Argyroudis et al. 2022; Singh and Goyal 2023). Our main
contribution is to show how the way advanced technology
interacts with other inputs shapes the economy's response

to climate shocks and how effective different adaptation
policies are.
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To measure climate vulnerability, we use the widely used ND-GAIN index (Chen et al.
2015).? For technology adoption, we rely on the IMF’s New Technology Adoption Index
(Cugat and Manera 2024). Other macro financial data are sourced from the IMF and the

World Bank.*

Figure 2 shows the median values across countries for new
technology adoption and climate vulnerability. It is easy to
observe a negative correlation between technology adoption
and climate vulnerability. This suggests that new technology
can serve as one of the tools for adapting to climate-related
physical risks.

To further investigate, we conduct an empirical analysis to
capture the mitigation effect of high new technology adoption.
We follow Ramcharan (2007) and Grosse-Steffen, Pagenhardt,
and Rieth (2025) on state-dependent regression. To characterize
the state of high technology adoption, we follow Fukui,
Nakamura, and Steinsson (2025), where a high-tech adoption
regime is defined as when the index exceeds the median of the
entire dataset. We estimate the following equation:

— T T
Y, = ﬁ1Vul“+ ﬂzD“+ ﬁ3Vul“>< D+ 9x“+ z+tu+te, (1)

where Y”stands for real GDP. Vul”represents the country-level
index of climate vulnerability. Dfr is the high-tech adoption

dummy, taking a value of 1if the country exceeds the sample
median. X“includes our control variables, including lags of the
dependent and independent variables. All variables are entered
in log form except for rates.’

Table 1 presents the baseline estimation of Equation 1 without
the interaction term for the high-tech adoption regime. For
every 1% rise in climate vulnerability, real GDP contracts

by -0.436%, and the results remain significant across
specifications.

It is natural to ask about the role of new technology adoption.
ﬁ3 represents the mitigation effect of new technology adoption.
If ﬁsis greater than zero, it means that high technology adoption
reduces the negative effect of climate change on the economy,
and vice versa. The table shows the full estimation of Equation 1.
We observe a significant positive value of ﬁs, which means

that a high-technology-adoption regime can help mitigate the
adverse effect of climate vulnerability on the economy.

e The index is also used by the IMF under the name IMF-Adapted ND-GAIN Index, which is available from 2015.

o We drop countries that do not have macroeconomic data for the sample period. Details can be found in the Appendices.

e Other control variables include the real effective exchange rate, current account balance to GDP, inflation rate, and the central bank rate.
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Figure 2. New technology adoption and climate change vulnerability index.
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Source: Author’s calculation from ND-GAIN climate vulnerability index (Chen et al. 2015) and IMF's New Technology Adoption Index (Cugat and Manera 2024).
Table 1. The effect of climate vulnerability.
GDP GDP GDP GDP
Vv ul([_))1) -0.436*** -0.353*** -0.462%** -0.383***
(0.148) (0.134) (0.123) (0.115)
Extensive control Yes Yes No No
Obs. 3375 3375 4401 4401
Time FE No Yes No Yes
Within R-squared 0.974 0.919 0.975 0.922

Note: Standard errors clustered by country. T-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.

Table 2. The mitigation effect of new technology adoption.

GDP GDP GDP GDP
VulxD'(B,) 0.0305%* 0.0371%* 0.0195* 0.0339%**
(0.0151) (0.0155) (0.0115) (0.0126)
Extensive control Yes Yes No No
Obs. 3375 3375 4401 4401
Time FE No Yes No Yes
Within R-squared 0.974 0.920 0.975 0.923

Note: Standard errors clustered by country. T-statistics in parentheses, 'p <0.01, "p <0.05, p <0.1.
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Building on our empirical findings, we develop a New Keynesian DSGE model with
advanced technology and climate shocks. We model climate shocks as reductions in
the effective units of traditional capital, while leaving advanced capital unaffected.®
This treatment mirrors the idea of resilient infrastructure in Cantelmo, Melina, and
Papageorgiou (2023) and aligns with our empirical motivation.

For tractability, we keep the model relatively simple compared
to standard models in the DSGE literature. The model features

a representative household choosing consumption, investment,
and labor, and firms that produce intermediate goods,
aggregate them into final output, and set prices optimally. Most
importantly, we focus on intermediate-goods producers, which
use both traditional capital and advanced technology. The latter
can substitute for the former in the long run, but shifting toward
advanced technology involves short-run adjustment costs. In
other words, advanced technology is less substitutable in the
short run but more substitutable in the long run.”®

4.1 Households

The household's expected lifetime utility is given by:

Nl AER]
NI
max [Etz Bt<ln e ) (2)
t=0 19

Each period, the household faces a budget constraint given by

the following expression:

(1+ ’L'Clt)C‘t +B

t+1

. . . r _
i i — i i t—1 — i
+I L =wN, +B, T +(r,—alu)
t

u KQE, )+ (r —alu )1+T ))u, X+T+ I1, 3)
The household allocates consumption and investment across
two types of capital: Ik"ltdenotes investment in traditional capital,
while le,r denotes investment in advanced technology capital.
The variables u;('t and ux’ytcapture the rates of utilization of
traditional and advanced capital, respectively. Rental rates are
given by rk'tfor traditional capital Kiand rxlrfor advanced capital
Xt’. TW denotes a preemptive subsidy that reduces the cost of
capacity utilization for our policy experiment. Households also
receive a lump-sum transfer Tr and firm dividend payments Ht.
The term Bt’ denotes the household’s holdings of risk-free bonds
carried into period t, yielding a gross return of rH/nt, where r, is
the gross nominal interest rate and m, is the gross inflation rate.

The function am(-) captures the utilization cost of capital type

m € k,x, expressed in units of final goods. As is conventional,

am(-) is increasing and convex in the utilization rate u >0.

Following Chan and Punzi (2023), we adopt the functional form
— Cml

a(u )= Cmo, (u, ) /Em1, where {m0>0and {m1>1.

e Traditional capital includes land, factories, and machinery; advanced capital refers to ICT and intellectual property (IP) assets, as in Jerbashian (2022).

0 This assumption is widely used in the transition-risk literature on green and brown goods (see Coenen, Lozej, and Priftis 2024).

e The details of the model derivations can be found in the Appendices.
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This specification allows for more flexible implications regarding
utilization decisions.

To incorporate climate shocks into the model, following Gallic and
Vermandel (2020), we define the damage function Q(€ ) as:

w,t

Q(ew,t) = (eEw,t)—0 (4)

where 0 denotes the elasticity of traditional capital productivity
with respect to exogenous climate shocks. € represents the
climate shock, which follows an autoregressive process:

log(ew,t) = pw log(Ew,t—1) + pwnw;t. (5)

pWE (0,1) captures the persistence of the climate shock, and

£, "% (0, 077), where O is the standard deviation of the shock.

A positive realization of T[Wrepresents an episode of climate
shock that damages land, factories, and other traditional capital.
Importantly, initial climate shocks cause immediate destruction to
physical capital, including infrastructure, buildings, and machinery.

4.2 Production

4.2.1 Intermediate Goods Firms

Each intermediate goods firm j produces variety j using the
following production technology, including advanced and
traditional capital. We employed a function similar to Jerbashian
(2022) and Aum and Shin (2024):

Y(),= A ((1— &) NI+ ofek()t'+ (1— e)
71
T, X(0))) —®, (6)

J

o oXIk LY %
1 =1, k=Q(€ )uK,and X =uX.
t—1/ t-1

with nyr:1 -
Ol and e are distribution parameters that govern the income
shares of each factor of production. The parameters Y<1and
V < 1determine the curvature of the production function,
capturing the degrees of elasticity of substitution between
labor and capital, and between traditional capital and advanced
technology, respectively. (I)i > 0 represents the fixed cost of
producing the intermediate good Yt(j'). At is the total factor
productivity (TFP).

Following Coenen, Lozej, and Priftis (2024), Fxtrepresents
the quadratic cost associated with adjusting the mix between

traditional capital and advanced technology inputs. This allows
the short-run elasticity of substitution between traditional
capital and advanced technology to remain well below the
long-run elasticity of 1/(1 - V), capturing the gradual and costly
nature associated with changes in input combinations.

4.3 Fiscal and Monetary Policy

The government conducts fiscal policy by allocating expenditures
to public consumption, Gt, servicing existing debt, Bt, and
financing the pre-shock adaptation policy through a subsidy rate
Tux’t. Revenues are generated through a consumption tax levied on
final goods at rate Tc,t' the issuance of new bonds Bm, and lump-
sum transfers collected from households, Tt.

T+TC+B
t ot t t+1 ux,t t x' st

.
=G+B '+ 7T Xa(u) (7)
T

t

In our baseline simulation, the government does not implement
the pre-shock adaptation policy, TW= 0, and maintains the
consumption tax (VAT) at a fixed rate, Tm= Tc When analyzing
the pre- and post-shock adaptation policies, Tumand Tc,t

are treated as policy instruments to mitigate the climate
change effects.

Following Gali, Lopez-Salido, and Vallés (2007), we assume that
lump-sum taxes Tt, which serve to stabilize government debt,
are determined by the following rule:

T+ T= p, (B,— B) (8)

where T and B represent the steady-state transfers and
government debt, respectively.

Lastly, the monetary authority sets the nominal interest rate
following a standard Taylor rule:

P () o

where f, 7T, and Y denote the steady-state nominal interest rate,
inflation rate and output, respectively.

Finally, market-clearing conditions apply as follows:
Y=C + Ik,t + IX,I+ ak(uklt)Kt+ a(u )X+

G +ﬁ<_Pt(D. - l:[) Y (10)
2\P_ () t
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Table 3. Parameter values.

Parameter Value Description

[3 0.983 Discount rate

9 1 Coefficient of relative risk aversion

() 2 Inverse of Frisch elasticity convention

K 12 Investment adjustment costs

SK 0.025 Traditional capital depreciation rate

5K 0.05 Advanced capital depreciation rate

1/(1-Y) 0.6 Elasticity of substitution between labor and capital
1/(1-V) 5 Elasticity of substitution between Kand X
Y, 4 Elasticity of advanced tech adjustment cost
Ishare 0.68 Share of labor

xshare 0.07 Share of advanced capital

G/Y 0.16 Government consumption to GDP

b/(4y) 0.58 Public debt to annual GDP

c/Y 0.61 Private consumption to GDP

0, 6 Net markup of 20%

P, 0.85 Persistence of policy rate

Qm 1.5 Taylor's reaction to inflation

(08 0.0625 Taylor's reaction to output

pTR 0.33 Fiscal rule

Tc 0.21 Steady state consumption tax rate

P, 0.38 Persistence of climate shock

0.d 20.59 Elasticity of traditional capital productivity to weather

4.4 Calibration

We calibrate the model to reflect the average characteristics

of an emerging-market economy, using a quarterly frequency.
Table 3 summarizes the parameter values. Most of the standard
parameters follow the seminal IMF Integrated Policy Framework
DSGE model (Adrian et al. 2020), which is built for Emerging
Market and Developing Economies.’

The main challenge in calibration lies in the production sector
parameters. First, we set the elasticity of substitution between
labor and capital to 0.6, which corresponds to the average of
the paper’s estimate and the broader literature.” This value is

We present a more detailed explanation of the calibration in the Appendices.

©0
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Reference

Cantelmo, Melina, and Papageorgiou (2023)
Adrian et al. (2020)

Adrian et al. (2020)

Cantelmo, Melina, and Papageorgiou (2023)
Cantelmo, Melina, and Papageorgiou (2023)
Stéhler (2021)

Literature average

Jerbashian (2022)

Jerbashian (2022)

Cantelmo, Melina, and Papageorgiou (2023)
Jerbashian (2022)

Cantelmo, Melina, and Papageorgiou (2023)
Cantelmo, Melina, and Papageorgiou (2023)
Literature average

Adrian et al. (2020)

Adrian et al. (2020)

Adrian et al. (2020)

Adrian et al. (2020)

Gali, Lépez-Salido, and Vallés (2007)
Cantelmo, Melina, and Papageorgiou (2023)
Gallic and Vermandel (2020)

Gallic and Vermandel (2020)

also consistent with the mean elasticity reported by Jerbashian
(2022) under a production structure identical to ours (see
Equation (20)). Second, the long-run elasticity of substitution
between traditional capital and advanced technology is set to 5,
which corresponds to the same ratio between short- and
long-run elasticities of substitution as in Coenen, Lozej, and
Priftis (2024). The corresponding adjustment cost, YX, is
calibrated so that the short-run elasticity between the two
capital types is approximately 2, which aligns with the estimates
reported by Jerbashian (2022) using the same production
function with EU and U.S. data.” However, we show later that
our findings hold for a small value of elasticity of substitution
compared with the empirical estimation of Jerbashian (2022).

Gechert et al. (2022) estimate the elasticity of substitution between capital and labor to be approximately 0.3, compared to a literature average of 0.9. Their analysis

accounts for publication bias, cross-country variation, and the omission of the capital first-order condition in estimation.

° Appendix C presents a robustness exercise for an economy with a smaller long-run elasticity of substitution between traditional capital and advanced technology.
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The Macroeconomic

Effects of Climate Shocks
and Adaptation Policies
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In Section 5.1, we analyze how climate shocks affect key macroeconomic aggregates in
an advanced-technology economy. Specifically, we compare macroeconomic outcomes
between an economy characterized by widespread adoption of advanced technology and
one that relies more heavily on traditional capital.”

Section 5.2 examines the macroeconomic implications of

two adaptation policies implemented either before or after

the realization of climate shocks, and evaluates the relative
desirability of this subsidy scheme compared with a post-shock
policy involving a permanent reduction in the consumption-
tax rate. Following Bevan and Adam (2016) and Marto,
Papageorgiou, and Klyuev (2018), we conduct deterministic
simulations so that the pre-shock policy is anticipated, but the
shock is unanticipated in the first period.”

5.1 The Macroeconomic Effects
of Climate Shocks

Figure 3 presents the impulse responses of selected
macroeconomic aggregates to a 1% increase in our climate
shock in the model. All responses are reported as percentage
deviations from the steady state. Based on the damage function
described in Equation (13), the shock immediately reduces the

effective units of traditional capital by around 1.2%. This capital
destruction causes output and consumption to fall on impact.
Inflation increases, reflecting the combined effect of supply-
side disruptions from climate damage to traditional capital

and production, coupled with demand-side stimulus from
reconstruction efforts. These inflationary pressures outweigh
the negative demand channel, in line with Beirne, Renzhi, and
Volz (2021). In sum, a climate shock generates stagflation in the
model, simultaneously lowering output and consumption.

Importantly, we observe a rise in investment for both types of
capital. The rise is driven by two main factors. First, it reflects

a reconstruction and recovery motive, as the economy must
rebuild the stock of traditional capital damaged by the shock.
This leads to a surge in traditional capital investment, consistent
with, for example, Batten, Sowerbutts, and Tanaka (2020);
Cantelmo, Melina, and Papageorgiou (2023); Duenwald

et al. (2022). Climate shocks drive up the return on traditional
capital.”

@ In the Appendix, we discuss the comparison between an economy with a high elasticity of substitution between advanced technology and traditional capital versus one
with limited substitutability. Section C.2 discusses in detail the pre-shock policy that can be found in the Appendix.

We incorporate the expectation error, meaning expectations are not based on perfect foresight; this brings us back to a common stochastic simulation.

@ We abstract from financial constraints and uncertainty associated with climate shocks, which could, for example, lower demand through precautionary saving motives and,

in turn, exert downward pressure on investment.
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Figure 3. Impulse responses of selected macroeconomic variables to a climate shock in economies with different shares of

advanced technology.
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Notes: The figure displays impulse responses of selected macroeconomic variables to a climate shock across economies that differ in their initial share of advanced capital.

Black lines represent the baseline economy with a 7% share of advanced capital. Dashed blue lines represent the economy with a 2.5% share, and pink lines with markers

represent the economy with a 15% share. All responses are expressed as percentage deviations from the steady state.

Source: Authors’ calculation.

Second, the decline in the efficiency of traditional capital

raises the return on advanced technology, given the presumed
degree of substitutability between the two capital types. As

a result, households increase investment in advanced capital

as well. Notice that firms are reluctant to substitute advanced
technology for the depleted traditional capital in the short run
due to the presence of quadratic adjustment costs associated
with the capital mix. As a result, the effective stock of advanced
technology declines shortly after the climate shock materializes.

Figure 3 also illustrates how the macroeconomic impacts

of a climate shock vary across the other two economies

that differ only in the initial share of advanced technology
adoption. The results suggest that a higher initial reliance

on advanced technology can partially mitigate the adverse
effects of a climate shock. This follows because advanced
technology is resilient to climate-related disruptions. An
economy whose production structure is more heavily based
on advanced technology is less vulnerable to climate-induced

damages, which is what we observe in our empirical findings.
This raises the policy question of what the government’s role
is in promoting the use of advanced technology, which can
potentially mitigate the effects of climate change.

5.2 Pre-Shock Versus Post-
Shock Adaptation Policy
Under Climate Shocks

This section compares the macroeconomic and welfare
outcomes of two distinct adaptation strategies: a preemptive
subsidy policy and a reactive policy consisting of a permanent
reduction in the consumption tax rate. While both policies
aim to cushion the economy from climate shocks, they

differ fundamentally in their timing, mechanism, and fiscal
implications.”

The detailed simulation of the subsidy for advanced technology adoption can be found in the Appendices.
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Figure 4 illustrates the effects of an unanticipated climate
shock occurring in period 13 across three scenarios: the baseline
economy (black lines), the economy under the pre-shock
subsidy policy (dotted blue lines), and the economy under a
post-shock permanent reduction in the consumption tax rate
(pink lines with markers). Given a comparable trajectory of the
debt-to-GDP ratio, the post-shock adaptation policy yields only
limited relief from the adverse effects of the climate shock.
Specifically, output, consumption, and welfare, measured in
terms of consumption equivalence, improve only marginally
relative to the baseline.

Additionally, the consumption tax cut does not induce a
structural reallocation toward advanced technology and
therefore lacks a mechanism for longer-term resilience. In fact,
implementing a tax cut immediately following a stagflationary
climate shock can be fiscally burdensome, as it coincides with a
period of contracting output and elevated inflation.

The last panel of Figure 4 compares the fiscal costs associated
with the preemptive subsidy policy and the VAT reduction
implemented after the realization of the climate shock. The
green line represents the gross public debt incurred under the

subsidy policy, while the red line with markers corresponds to
the debt resulting from the VAT reduction policy.

Although the subsidy policy results in a slightly higher level of
gross debt, it also induces economic expansion, which helps
keep the debt-to-GDP ratio broadly around the steady state.
Notice that the debt level under the subsidy policy declines
slightly in the early periods, driven by strong economic
expansion and the resulting increase in tax revenue. Meanwhile,
debt under the VAT policy remains flat until period 13 - when
the shock hits - and begins accumulating from period 14
onward, following the policy’'s implementation.

Overall, the pre-shock subsidy policy appears to be more
effective at mitigating the impacts of a climate shock than the
post-shock adaptation policy. This result stems primarily from
the ability of the pre-shock policy to foster short- to medium-
term economic expansion while promoting the adoption of
climate-resilient advanced capital. One caveat to this finding

lies in our treatment of the policy’s fiscal cost: we abstract

from potential inefficiencies in implementation (i.e., time for
building), and instead model the cost as a simple function of the
subsidy rate and the utilization cost of advanced capital.

Figure 4. Impulse responses of selected macroeconomic variables to a climate shock: without the subsidy plan, with

the subsidy plan, and with the VAT adaptation policy.

Output 0.5 Consumption Total investment Investment X
@ oal o L i s o o
& g & ? & 10
0.2 g
> FY > 0 > > K
° 7 ° 2 1 e
g o =l g g
w0 w0 7] w0 3
= £-0.5 E 0 £
S5-0.2 k S e I 2
$ g o\° $ K /——
-0.4 -1 L e e 0
10 20 30 10 20 30 10 20 30 10 20 30
Quarters Quarters Quarters Quarters
w
Advanced technology 9 X share % Welfare (CE) 60 Debt/Y 234
w10{ e Baseline E -
s | S e Subsidies + 02
w0 -+ VAT %)) o —
> = 8 o & = 23 g
S ] s} 0 ] >
© =2 I I [ =) > <9
L 5 L [ | e g’ ]| & =
wn = ' _ ) =
= 8 o 8 232 8
2 g
s ol ] s -0.4
N\ =
10 20 30 6 10 20 30 8 10 20 30 0 10 20 302'31
Quarters Quarters BN Quarters Quarters

Notes: Black lines represent the responses of the baseline economy without pre-shock subsidies. Dashed blue lines represent the responses of the economy with a subsidy plan

implemented three years prior to the shock. Pink lines with marks represent the responses of the economy with a permanent VAT cut implemented at period 14. All responses

are expressed as percentage deviations from the initial steady state, except for the share of advanced capital and the debt-to-GDP ratio, which are shown in levels (percentage

points), and the certainty equivalent, which is reported as a percentage of initial consumption.

Source: Authors’ calculation.



Conclusion
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This paper establishes that advanced technology adoption is not merely a complementary
growth factor but a core instrument of climate adaptation policy. By combining empirical
evidence and a structural macroeconomic framework, we show that climate vulnerability
imposes significant output losses, while greater adoption of advanced technologies can
meaningfully attenuate these effects. Crucially, economies that invest in advanced capital
prior to climate shocks experience smaller macroeconomic disruptions and faster

recovery dynamics.

The policy implications are as follows. First, climate adaptation
strategies should shift from reactive disaster response toward
proactive resilience-building. Fiscal policy should prioritize ex-
ante measures - particularly targeted subsidies and incentives
for advanced technology adoption - over ex-post stabilization
tools such as tax cuts, which provide only limited and short-lived
relief. Second, technology policy and climate policy should be
integrated: promoting digitalization, automation, and resilient
infrastructure is not only a productivity agenda but also a way to
cope with climate change.

Third, policy design must account for structural characteristics
of the economy. Where substitution between traditional
and advanced capital is limited, governments may need to

complement subsidies with direct public investment and
institutional support to accelerate technological diffusion.
Finally, concerns about fiscal costs should not delay action:
our findings indicate that well-designed preemptive policies
can largely self-finance through higher output and improved
resilience, reducing long-term fiscal burdens.

Overall, the evidence points to a fundamental reorientation

of policy frameworks. Governments - particularly in climate-
exposed emerging economies - should treat advanced
technology adoption as a central pillar of macroeconomic
stabilization and climate resilience. Delaying such investments
risks locking economies into higher vulnerability, greater output
volatility, and more costly adaptation in the future.
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Bl Appendices

Appendix A: Data

Table A1 describes the list and source of variables used in our empirical exercise in Section 3.

Table A1. Data source.

Variable Source

Vulnerability index ND-GAIN

Real GDP World Development Indicators (WDI)
Current account to GDP World Development Indicators (WDI)
Consumer price index World Development Indicators (WDI)
Real effective exchange rate IMF database

Central bank rate IMF database

Table A2. List of countries.

United States United Kingdom Austria Belgium
Denmark France Germany Italy
Luxembourg Netherlands Norway Sweden
Switzerland Canada Japan Finland
Greece Iceland Ireland Malta
Portugal Spain Turkey Australia
New Zealand South Africa Argentina Bolivia
Brazil Chile Colombia Costa Rica
Dominican Republic Ecuador El Salvador Guatemala
Haiti Honduras Mexico Nicaragua
Panama Paraguay Peru Uruguay
Antigua and Barbuda Bahamas Barbados Dominica
Grenada Guyana Belize Jamaica
Saint Lucia Saint Vincent and the Grenadines Suriname Trinidad and Tobago
Bahrain Cyprus Iran Iraq

Israel Jordan Kuwait Lebanon
Oman Qatar Saudi Arabia United Arab Emirates
Egypt Yemen Bangladesh Bhutan
Brunei Myanmar Cambodia Sri Lanka
India Indonesia South Korea Laos
Malaysia Maldives Nepal Pakistan
Palau Philippines Singapore Thailand
Vietnam Djibouti Algeria Angola
Botswana Burundi Cameroon Cabo Verde
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Table A2. Continued.
Central African Republic Chad Comoros Congo
Democratic Republic of Congo Benin Equatorial Guinea Ethiopia
Gabon Gambia Ghana Guinea-Bissau
Guinea Cote d'lvoire Kenya Lesotho
Liberia Libya Madagascar Malawi
Mali Mauritania Mauritius Morocco
Mozambique Niger Nigeria Zimbabwe
Rwanda Sdo Tomé and Principe Seychelles Senegal
Sierra Leone Somalia Namibia Sudan
Eswatini Tanzania Togo Tunisia
Uganda Burkina Faso Zambia Solomon Islands
Fiji Kiribati Nauru Vanuatu
Papua New Guinea Samoa Tonga Marshall Islands
Micronesia Armenia Azerbaijan Belarus
Albania Georgia Kazakhstan Kyrgyz Republic
Bulgaria Moldova Russia Tajikistan
China Turkmenistan Ukraine Uzbekistan
Czechia Slovak Republic Estonia Latvia
Montenegro Hungary Lithuania Mongolia
Croatia Slovenia North Macedonia Bosnia and Herzegovina
Poland Romania
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Appendix B: Other Model Details

B.1 Households

The representative household, indexed by i, maximizes expected lifetime utility given by a standard intertemporal utility function.
Households derive utility from consumption and disutility from labor, subject to budget and capital accumulation constraints.
Labor supply is subject to a standard Frisch elasticity. Households invest in both traditional and advanced capital. The household's
expected lifetime utility is given by:

t ; N
max E E B (ln c—-¥Y- ) (1)
‘t=0 t 1+Q

where Etdenotes the expectation operator based on information available at time t, and [3 € (0,1) is the household’s discount
factor. The representative household derives utility from consumption, th, and experiences disutility from supplying labor, Nr".
The parameter ¥ > 0 captures the intensity of labor disutility, and (@is the inverse of the Frisch elasticity of labor supply.

Each period, the household faces a budget constraint given by the following expression:

r

i i i i — i i t—1 _ i

(+7T )C,+B,, +1 + 1, =wN, +B =+, —au))
t

uktK‘t Qe )+(r,—alu )O+T ))u X +T+ I, (12)
All variables are expressed in real terms. The household allocates consumption and investment across two types of capital: Ik t"
denotes investment in traditional capital, while IX t’denotes investment in advanced technology. The variables uLt and u;t capture the
rates of utilization of traditional and advanced capital, respectively. Rental rates are given by rktfor traditional capital Kt"and rxtfor
advanced capital Xt’. Tm is the preemptive subsidy to reduce the cost of capacity utilization. Households also receive a lump-sum
transfer Ttand firm dividend payments ITt. The term Bt’denotes the household'’s holdings of risk-free bonds carried into period t,
yielding a gross return of rH/nt, where rtis the gross nominal interest rate and M, is the gross inflation rate.

The function a (-) captures the utilization cost of capital type m € {k,x}, expressed in units of final goods. By convention, a (-) is
increasing and convex in the utilization rate u e 0. Following Chan and Punzi (2023), we adopt the functional form a (u ) = C
(u C"”/C where C >0and C >1. This specification allows for more flexible implications regarding utilization deC|5|ons Each
perlod, the representative household chooses sequences of consumption, end-of-period bond holdings, investment, utilization
rates, and end-of-period capital stocks for both types of capital.

The representative household's return on traditional capital is subject to climate shocks, which are captured by the damage function
Q(Ewt). Following Gallic and Vermandel (2020), we define this function as:

Q(ew,t) = (Ew,t)—0 (13)

where 0 denotes the elasticity of traditional capital productivity with respect to exogenous climate shocks. € represents the
climate shock, which follows an autoregressive process:

log(ew,t) = pw log(Ew,t—1) + ownw,t. (14)
pWE (0,1) captures the persistence of the climate shock, and em (0, O';) where Gwis the standard deviation of the shock.
A positive realization of T]Mrepresents an episode of climate shock that damages land, factories, and other traditional capital.
As aresult, an effective capital stock Kt" Q(EW,:) < Kt" for any nmt> 0. Like Gallic and Vermandel (2020), the model abstracts from any

feedback loop between economic activity and greenhouse gas emissions, thereby treating climate shocks as exogenous.
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The household's investment decisions are also subject to the laws of motion governing capital accumulation:

K= (1 -8, ) Kae,)+(1-s, (,,_’?r e, (15)
where S |
X,= (1= 8 ) x+[1-s (,i’ilf ), (16)

xt—1

I kK (1

m<l’ mt ) =_0 (l’ mt — 1) for m = {k,x} are the quadratic adjustment costs incurred whenever the household adjusts its investment
m,t—1 m,t—1

plan for the respective capital m. S follows Christiano, Eichenbaum, and Evans (2005), i.e., S ( )= S’ (1)=0ands" (1) >0.The

depreciation rates, 5 u ) and 8 , are endogenous to the utilization of traditional capital and advanced capital, respectively.

The depreciation rates are mcreasmg and convex with respect to their respective utilization rate. Specifically, O (u ( ’;m) =W (u )

@ where o >0 and o >1 Such a formulation is standard in the literature (see, e.g., Chan and Punzi (2023); Chatterjee (2005)
Greenwood, Hercownz, and Huffman (1988).

Importantly, initial climate shocks cause immediate destruction to physical capital, including infrastructure, buildings, and
machinery. The capital accumulation process - characterized by endogenous depreciation and investment adjustment costs -

generates slow recovery, reflecting the hysteresis effects of climate shocks in which past disruptions have lasting impacts on capital
stocks and output levels.

B.2 Production
B.2.1 Final Goods Firms

Final-good producers are identical and operate in a perfectly competitive market. At time t, they produce aggregate output Ytby
combining a continuum of intermediate goods, indexed by j € (0,1), based on a Dixit-Stiglitz aggregator:

1 €p
&1 \gpoy
Yf( f o Y.U) & d!) (17)

where Yt(j) denotes the quantity of intermediate input j € (0,1), and £p >1represents the elasticity of substitution across
intermediate goods.

Final-good producers maximize profit in a perfectly competitive market, resulting in the demand for intermediate good j of:

P.(J) )’ep

Y () ( =) v (18)

given the price of final goods, Pt, and the price of intermediate goods, Pt(]).

The demand for intermediate goods (18), together with the zero profit condition, implies the following relationship between the
aggregate price level and the prices of individual intermediate goods:

1

1 L
Pt‘ = (fo Pt(])1 _Epdj>1 78’3. (19)
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B.2.2 Intermediate Goods Firms

Each intermediate-good firm j produces variety j using the following production technology:

)= A,((1— o) M) T+ ekt + (1— &) (T K())) Ji— @, (20)

J

X [k 2 5

withT =1— I8 f/f—1 k=0Q(€ )u K,andX =u_X.

xt 2 ~ t wt' Tkt t t xt ot
Xt—1/kt—1

Ol and e are distribution parameters that govern the income shares of each factor of production. The parameters Y<1land v<1
determine the curvature of the production function, capturing the degrees of elasticity of substitution between labor and capital,
and between traditional capital and advanced technology, respectively. (I)j> 0 represents the fixed cost of producing the
intermediate good Yt(j). The model assumes no entry or exit of intermediate-good producers.

Following Coenen, Lozej, and Priftis (2024), Iﬂmrepresents the quadratic cost associated with adjusting the mix between traditional
capital and advanced technology inputs. This allows the short-run elasticity of substitution between traditional capital and
advanced technology to remain well below the long-run elasticity of 1/(1 - v), capturing the gradual and costly nature associated
with changes in input combinations.

Atis the total factor productivity (TFP) and follows a stochastic process given by:
log(At) =p, log(AH) + 8Ayt (21)
where pa € (0,1) and Eatiid~ (0,042).

In each period t, intermediate-good producers have monopolistic power and choose Pt(j') to maximize the expected present value of
real profits, subject to a quadratic price adjustment cost " a la Rotemberg (1982):

maxE, D BfAt(gri_Zk_p%_ﬁ) v )
=0 t )

where Dt(j') = Pt(j) Yt(j) - (WtNt(j') +r tk(j)t+ rxtXt(j) represents firm j's real profits, and Atis the representative household's stochastic
discount factor. The second term in the objective function captures the quadratic price adjustment cost following Fernandez-
Villaverde et al. (2015), where 77 denotes the steady-state gross inflation rate.

B.3 Government

B.3.1 Fiscal Policy

The government conducts fiscal policy by allocating expenditures to public consumption, Gt, servicing existing debt, Br, and
financing the pre-shock adaptation policy through a subsidy rate TUX . Revenues are generated through a consumption tax levied on
final goods at rate Tct, the issuance of new bonds Bm, and lump-sum transfers collected from households, Tt.

,
T+T.C+B, =6+B-1+1 Xa(u) (23)

tt x st
T ux, ,
t
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In our baseline simulation, the government does not implement the pre-shock adaptation policy, Tuxt= 0, and maintains the
consumption tax at its steady-state level, Tct= TC When analyzing the pre- and post-shock adaptation policies, Tu”and Tctare
determined exogenously.

Following Gali, Lopez-Salido, and Vallés (2007), we assume that lump-sum taxes Tt, which serve to stabilize government debt, are
determined by the following rule:

T+T= pfb(Bt — B) (24)
where T and B represent the steady-state transfers and government debt, respectively.

B.3.2 Monetary Policy

The monetary authority sets the nominal interest rate according to the following policy rule:

- () e

where f, 7T, and Y denote the steady-state nominal interest rate, inflation rate, and output, respectively. The term m, represents a

ﬁll,_'ﬁ

monetary policy shock, assumed to follow a white noise process: m = €  with Smtf'Ld' (0,62).

B.4 Market Clearing

Market clearing requires that total output equals the sum of consumption, investment in both types of capital, government
spending, and the costs associated with capital utilization and price adjustment:

k(PG =Y\
Yt= Ct+lkt+l t—i— ak(ukt)Kt—i-a(u t)Xt+ Gt+—” £t -JI|v (26)
, X, 4 XX, 2 Pt71(i) t

Labor and capital market clearing conditions imply that total labor supplied equals total labor demanded by firms, and the
aggregate stocks of traditional and advanced capital used in production equal the total supplied by households:

Ne= NG (27)
k= Lktal (28)
%= [%¢G)aj (29)

B.5 Calibration Strategy

Following Cantelmo, Melina, and Papageorgiou (2023), the household discount factor is set at 0.983, which corresponds to an
annual net interest rate of approximately 8.52%. Government consumption is calibrated to constitute 16% of steady-state GDP,
while the public debt-to-GDP ratio is set to 58%. The labor income share is calibrated at 0.68, implying a total capital share of 0.32.

Following the IMF's Quantitative Microfounded Model for the Integrated Policy Framework for EMDEs (Adrian et al. 2020), the
coefficient of relative risk aversion is set to 1, and the inverse of the Frisch elasticity is fixed at 2. The steady-state depreciation rate
of traditional capital is set at 0.025. The net markup is calibrated at approximately 20%. The monetary policy rule features a high
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degree of interest rate smoothing, with a persistence parameter of 0.8. The Taylor rule coefficients are set to 1.5 for inflation and
0.0625 for the output gap. The steady-state inflation is set to around 4% per annum.

Following Chan and Punzi (2023, the curvatures of the depreciation rates, , , aresetto 2 for m = {k,x} while the curvatures of the
utilization costs of both types of capital, Cm, are set to around 4.5. As is conventional, we normalize the steady-state utilization rate
of traditional capital to one and calibrate COkaccordingly. We calibrate a)Oksuch that the steady-state depreciation rate is 0.025. For
advanced capital, the parameters governing the depreciation and the utilization cost, a)OXand COXare calibrated such that its steady-
state depreciation rate of advanced technology is 0.05, a value conventional in the robotics and ICT literature, and the steady-state
utilization rate is approximately 40%. This calibration is based on empirical findings showing that utilization rates in selected
developing countries range from 17.9% to 50%."

However, reliable data on the utilization rates of advanced technology remain unavailable. To address this limitation, we simulate
the model under alternative steady-state assumptions, setting the relative utilization of advanced to traditional capital at 20% and
80%, respectively. The results remain robust across these scenarios, suggesting that our main findings are not sensitive to the
steady-state utilization rate of advanced capital. We maintain the assumption that advanced capital is utilized at a lower rate than
traditional capital in EMDEs. This is motivated by several structural constraints such as infrastructure gaps, high cost of advanced
hardware, software, and limited digital literacy.

@ Kim and Kwon (1977) report that capital utilization rates in Korea, a developing country at the time, range from 18% to 32% across all manufacturing industries. Hughes,
Bautista, and Lim (1976) report average unweighted utilization rates of 35% in Israel, 36% in Colombia, 42% in the Philippines, and 50% in Malaysia.
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Appendix C: Additional Results

C.1 Small Elasticity of Substitution

In addition, we simulate a scenario in which the three economies differ only in the degree of elasticity of substitution (EOS)
between traditional capital and advanced technology (Figure C1). When the EOS is high, intermediate goods producers can
substitute traditional capital with advanced capital at lower cost. In principle, this flexibility should help mitigate the negative
effects of climate shocks, as firms can easily adjust their capital mix. However, the results suggest that this channel has limited
aggregate impact. Differences in EOS primarily influence the allocation of investment and the relative usage of the two types of
capital. Instead, we find that the degree of substitution plays a more prominent role in shaping the effectiveness of the pre-shock
adaptation policy, which we discuss next.

C.2 The Mitigation Effects of Advanced Technology Adoption

Figure C2 presents the impulse responses of economies that differ only in the elasticity of substitution between advanced capital
and traditional capital following the implementation of the subsidy policy. The government is assumed to gradually increase
subsidies, reaching 35% of advanced technology usage costs over a 12-quarter period (three years) linearly. The policy path is
pre-announced and therefore fully anticipated by agents in the economy. The policy aims to reduce the cost of using advanced
capital, thereby incentivizing private investment in this type of capital. Notably, the subsidy is capped at 35%, with the intention of
creating an initial boost in investment in advanced capital. This approach is similar to industrial policies in some countries, where
governments create a favorable environment to encourage private sector investment in new sectors.

Figure C1. Impulse responses of selected macroeconomic variables to a climate shock in economies characterized by different
elasticities of substitution between advanced technology and traditional capital.
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Source: Authors’ calculations.



Climate Change Adaptation With Advanced Technology Adoption

In general, the subsidies policy stimulates investment in advanced technology by lowering its usage costs and thereby raising its
effective returns. This promotes greater net use of advanced capital and increases its share in production over time. Figure C3
shows that the policy leads to expansion in output and consumption. However, the transition toward a more advanced capital-
intensive economy entails a costly transition: investment in traditional capital declines, and total investment falls modestly for
an extended period as resources are reallocated toward advanced capital. This pattern of temporary investment slowdown and
transition costs is consistent with the early concept of Schumpeter’s creative destruction and crowding out of investment in older
capital and technology.

As discussed in the previous section, the elasticity of substitution (EOS) between traditional capital and advanced technology
shapes the effectiveness of the subsidies policy, particularly regarding investment behavior and the adoption of advanced
technology. When the EOS is low (dashed blue lines), intermediate goods producers are more reluctant to substitute away from
traditional capital. Consequently, the policy induces relatively smaller increases in both investment in advanced technology and its
effective adoption.

Under a low EOS, the policy leads to better output outcomes mainly because the economy experiences a less costly transition. The
policy induces strong increases in the utilization rate of existing advanced capital. However, the low EOS limits the policy impacts on
actual investment in advanced capital. Therefore, the transition costs are milder than in the economy with high EOS.

Figure C2. Impulse responses of selected macroeconomic variables to a three-year subsidies plan post-shock with different
elasticities of substitution between advanced technology and traditional capital.
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The economy characterized by a larger EOS (pink lines with markers) experiences a stronger increase in both investment and
share of advanced capital than the other two scenarios. Unlike the small-EOS economy, firms in the high-EQOS setting can more
easily substitute traditional capital with advanced technology. As a result, the same subsidies policy becomes more effective at
stimulating investment and the use of advanced technology. Figure C3 presents the impulse responses to an unanticipated climate
shock occurring in period 13. The black lines depict the responses of the economy without any policy intervention (henceforth, the
baseline), while the dotted blue lines illustrate the responses under the subsidies policy, which was implemented three years prior
to the shock.

We show that the adverse impacts of the climate shock are notably mitigated under the subsidies policy compared to the

baseline. This is primarily because the economy is already transitioning toward a new steady state characterized by higher output,
consumption, and investment. In addition, the share of advanced capital - resilient to climate-related disruptions - increases
steadily throughout the transition. Welfare losses, measured as a percentage of initial steady-state consumption, are on average
smaller relative to the baseline. Importantly, despite the fiscal cost of implementing the policy, the debt-to-GDP ratio differs only
marginally from the no-policy baseline. Output expansions and increases in consumption tax revenue partially offset the additional
fiscal burden.

Figure C3. Impulse responses of selected macroeconomic variables to a climate shock at period 13 in an economy with and
without the subsidies plan.
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Figure C4. Economy with and without the subsidies plan for a small elasticity of substitution.
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Figure C5. Economy without the subsidies plan, with the subsidies plan, and with the VAT adaptation policy for a small

elasticity of substitution.
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C.4 Large Share of Advanced Capital

Figure C6. Economy without the subsidies plan, with the subsidies plan, and with the VAT adaptation policy with a large share
of advanced capital.
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C.5 Small Share of Advanced Capital

Figure C7. Economy without the subsidies plan, with the subsidies plan, and with the VAT adaptation policy with a small share
of advanced capital.
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