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Abstract

We examine the effect that higher natural disaster frequency has on economic outcomes.
Even if there is clear evidence that natural disaster incidents are not only going to be
more frequent but will also start affecting a wider pool of countries, research has not
yet analyzed the economic impact of the interaction between climate change and more
frequent extreme rare events. With this study, we try to unveil the mechanisms through
which natural disasters and climate change are interconnected, as well as provide policy
insights regarding the adoption of greener inputs, in the form of green capital. Our findings
suggest that raising temperatures are expected to negatively affect consumption as well
as increase debt. We also show that under “green” technology adaptation, countries are
projected to achieve higher levels of consumption and welfare.
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1. Introduction

Climate change has been a central topic in environmental economics during the most

recent years. It is dramatically changing the way economic agents behave, as the rise on

global temperatures is not only changing the parameters of the maximization problems

agents have to solve, but is also increasing the uncertainty they have to face (Heal and

Kriström, 2002). The most commonly discussed tool, in order to alleviate climate change

impact, is the reduction of emissions by either taxing emission-intensive technologies or

subsidizing green means of production.

One obvious downfall of rising temperatures, would be the impact on the agricultural

sector (Hossain et al., 2019; Gul et al., 2019). In addition, the negative impact of climate

change on economic behaviour, is not restricted on sector-specific disturbances. Even

though the projected differences in temperatures have so far been affecting a limited

fraction of countries, they are expected to affect every economy on the planet during the

course of the 21st century (Tol, 2013).

Climate change impacts have been widely analyzed in Integrated Assessment Models

and more frequently using Dynamic Integrated Climate Economy (DICE) models. Diaz

and Keller (2016) utilize a DICE model and find that current policies are not efficient,

because they tend to be myopical in terms of discounting costs for the far future. For

example, severe losses that will occur due to climate change in 2300, play little to none

role in determining current optimal decisions.

Furthermore, there is a growing body of literature that connects rising temperatures

with natural disasters. That is, under worsening climate projections, natural disasters

are expected to be not only more severe, but also more frequent. The higher frequency of

devastating natural disaster occurrences, can be (at least partially) attributed to climate

change (Van Aalst, 2006). Disaster-prone countries have experienced disaster occurrences

with not only higher intensity but also higher frequency (Cantelmo et al., 2019). Most

recent climate change reports (Hoegh-Guldberg et al., 2018), are projecting an increase
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in both the severity and the frequency of natural disaster incidents, due to rising temper-

atures. As a result, we can expect more countries to be prone to extreme weather related

events in the near future.

Natural disaster incidents have several economic implications for the countries they

affect. Firstly, in the short-term, a severe natural disaster occurrence will lead to a loss of

capital. That would mostly consist of physical capital, but depending on the severity, it

might also include human capital losses and might even lead to the deterioration of land

quality. That being said, it is always possible that a developing economy facing one or

multiple severe disasters, will be trapped in a low-income equilibrium (Noy, 2009; Loayza

et al., 2012; Fomby et al., 2013; Panwar and Sen, 2019). The issue of not being able to

mitigate those negative effects efficiently, seems to not affect more developed countries,

with greater quality of institutions (Noy, 2009; Panwar and Sen, 2019). Overall research

on the short-term effects of natural disasters on the economy tend to find a negative

relationship between disasters and economic outcomes. However, a minority of studies

find evidence of a positive effect on the short-run, but that would only occur in specific

sectors of the economy, such as the agricultural sector (Loayza et al., 2012; Fomby et al.,

2013; Panwar and Sen, 2019).

In the long-run, the effect of the occurrence of natural disasters on economic variables,

is found to be ambiguous by some studies (Loayza et al., 2012; Noy and duPont IV, 2016;

Fatouros and Sun, 2020). A negative effect would most certainly arise, in case that the

short-term destruction of capital, leads the economy to a poverty trap (Panwar and Sen,

2019). A long-run negative impact can be also observed in countries with repeatedly

severe incidents, if there is a permanent fall in investment due to uncertainty (Cavallo

et al., 2013). Lastly, there has been evidence that, when taking into account alternative

natural disaster cases, there might even be a positive economic effect (Fomby et al., 2013).

All in all, there is a stream of the literature investigating the economic impact of nat-

ural disasters, as well as a separate stream that is trying to assess the economic cost of
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climate change. Even if there is clear evidence that natural disasters are not only going to

be more frequent and severe, but will also start affecting a wider pool of countries (Can-

telmo et al., 2022), research has not yet analyzed the economic impact of the interaction

between climate change and the occurrence of extreme rare events, in a macroeconomic

framework. The challenges created by climate change should be studied in combination

with the higher risk of natural disasters due to the rising temperatures (Van Aalst, 2006).

Lastly, the examination of the joint economic impact of Climate Change and natural

disasters has been mainly restricted to catastrophe models. Catastrophe models typi-

cally use geographic information systems (GISs) to estimate the potential losses in the

aftermath of natural disasters by simulating for a specific location, hypothetical physi-

cal characteristics. Then, the predicted damage of natural disaster incidence is estimated

with probabilities, that can later be used to estimate the annual expected damage (Botzen

et al., 2019). Catastrophe models not only focus on physical damage damage, but also

on estimating casualties caused by natural disasters occurrences (Jonkman and Vrijling,

2008). The importance of reducing disaster risk is highlighted in this stream of literature

as cost-benefit analysis suggests that, the benefit would outweigh the risk (Shreve and

Kelman, 2014; Mechler, 2016).

Overall, the effort of estimating the joint effect of climate change and natural disas-

ters on economic outcomes has been restricted to catastrophe models. However, it would

be extremely beneficial to analyze this complex inter-dependencies, using macroeconomic

models. This paper aims to fill that exact void in the literature. Our aim is to firstly

assess the possible impact natural disasters1 might have on economic outcomes. Secondly,

we want to examine if this effect is changing in a non-linear manner, as the probabilities

of an extreme weather related event are increasing (as climate change projections sug-

gest). In other words, we want to investigate if the effect is varying with respect to the

development level of an economy. Lastly, we aim to examine the economic outcome of

1Our model implicitly focuses on extreme weather related events such as hurricanes, floods and
draughts.
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higher environmental friendly inputs in the future, as more recent studies suggest that the

market portfolio should get fully de-carbonized by the end of the 21st century (Karydas

and Xepapadeas, 2019). The structure of the paper is as follows: In Section 2 we present

our theoretical model, solution method, as well as our theoretical results, and Section 3

presents the concluding remarks of our study.

2. Model

2.1. Model and Solution Method

The representative agent of the world economy, seeks to maximize the following utility

function:

max
ct

Eo

∫ ∞

0

e−ρtU(ct)dt (1)

Subject to:

dkt = (zt + rkt − ct)dt (2)

Where ct is the consumption bundle, ρ is the discount factor, kt is the capital used in

production, zt ∈ {z1, z2} is a Markov Chain, with transition probabilities λ1 and λ2. More

precisely, λ1 is the probability that a natural disaster incident concludes, whereas λ2 is the

probability of a natural disaster incident occurrence. In addition, we assume that Uc > 0

and Ucc < 0, while z2 denotes the investment premium due to the abscence of a natural

disaster occurrence and z1 represents the opposite (loss of additional capital accumulation

due to a natural disaster occurrence). We also impose an exogenous borrowing limit kt ≥

−ϕ, in order to allow for economies to accumulate debt. The Hamilton–Jacobi–Bellman

equation (hereafter HJB equation) becomes:

ρVi(k) = max
c

{u(c) + si(k)V
′

i (k)}+ λi(Vj(k)− Vi(k)) (3)
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And the drift equation2:

si(k) = zi + rk − c(k), i = 1, 2 (4)

The first order conditions (hereafter FOC):

u
′
(ci(k)) = V

′

i (k) (5)

Since an analytical solution would not be feasible, we follow Achdou et al. (2017) by

employing an upwind finite differences solution scheme. Our solution, using that exact

the upwind finite differences scheme, will converge to the viscocity solution of our problem.

We can approximate V (k) on a finite grid, with step ∆k : k ∈ {k1, k2, . . . , km}, where

km = km−1 + ∆k = k1 + (m − 1)∆k, for 2 ≤ m ≤ M . In addition, the lower and upper

bounds of our grid will be k1 = −ϕ and kM = k∗. For the rest of the analysis, let

Vm = V (km), ∀ 2 ≤ m ≤ M . The approximation of the derivative of our value function is

going to be either the forward (V
′
iF ) or the backward ( V

′
iB ) approximation:

V
′

iF (km) ≈
Vi,m+1 − Vi,m

∆k

V
′

iB(km) ≈
Vi,m − Vi,m−1

∆k

The choice of approximation method is going to be determined by the sign of the drift as

follows:

V
′

i (km) =


V

′
iF (km) ≈

Vi,m+1−Vi,m

∆k
SiF (km) > 0

V
′
iB(km) ≈

Vi,m−Vi,m−1

∆k
SiF (km) < 0

Cim = Zi + rkm Si(km) = 0

(6)

In other words, using this upwind method3, we are using the forward approximation

2The drift equation represents savings if it is positive and, debt if it negative.
3The upwind scheme typically refers to a class of numerical discretization methods for solving hyper-
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when an economy is accumulating capital, and the backward when the opposite happens.

This enables us to estimate our HJB equation, for a given number of iterations (n), up

until the point of convergence to the viscocity solution4. In the next section, we are

discussing the choice of parameters used, as well as the results obtained using the upwind

finite difference scheme, described above.

2.2. Results

In this section we provide the results produced using the method outlined in Subsection

2.1. In our benchmark calibration, following Nuño and Thomas (2016) the discount

factor (ρ) is set to 0.03, the marginal product of capital (r) is set to 0.03, while the

transition probabilities (λ1) and (λ2) are set to 0.05747 and 0.0005 respectively, in order

to match an average fraction of time spent in a disastrous extreme occurrence to roughly

3 days, as we think this is a reasonable assumption for a global model. Later, we perform

sensitivity analysis in order to see how our results would change, if the average fraction

spent in a disaster state is 2.5, 1.9, 1.25 and 0.6 day. We normalize the additional capital

accumulated due to the absence of natural disasters (z2) to 1.5, and the capital loss (less

value added) due the event realization (z1) to 1. Our model’s exogenous borrowing limit

(ϕ) is set to 2, while the upper bound of asset accumulation (k∗) is set to 6 units. In

addition we assume that our CRRA utility function is of the form:

U(Ct) =
c1−γ
t − 1

1− γ

The degree of relative risk aversion (γ) is assumed to take the value of 2. Lastly, the

number of grid points (M) is set to 1000.

The results of our baseline calibration can be summarized in Figure 1. There is a

significant difference in our policy function curves depending on the realization (or not)

bolic partial differential equations. The derivatives are estimated using a set of points set to be more
”upwind” of the query point, with respect to the direction of the drift.

4The viscosity solution concept is a generalization of the classical concept of the solution for a partial
differential equation.
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Figure 1: Baseline Calibration

of a natural disaster occurrence. This finding for our baseline calibration, indicates that as

a result of climate change, not only disaster-prone countries are expected to experience a

decline in their consumption, but also an increase in debt. That is because climate change

is expected to increase the severity of natural disasters in the near future. In addition,

this pessimistic prediction will most likely hold true for both current and future disaster-

prone countries. That is because, current climate projections predict that as temperatures

increase, more countries will have to face more severe weather related events, even more

frequently (Cantelmo et al., 2019).

2.3. Scenario Analysis and the Role of Green Capital

We now proceed on performing sensitivity and scenario analysis on our model’s results,

which will serve a dual purpose. Firstly, we want to examine if our model’s results

rely on the parameter values specified in our baseline calibration. Secondly -and more

importantly- we want to examine, how different countries in terms of their disaster risk,

would be able to adapt a more “green” version of physical capital.

It is widely assumed that for carbon-intensive economies, green capital is more ineffi-
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cient than brown capital, a hypothesis known as the “carbon lock-in” hypothesis (Unruh,

2000; Edenhofer et al., 2006; Kemp-Benedict, 2014). In our model, the only input is

physical capital. A way to directly modify our model in order to account for “greener”

means of production, is by introducing a more inefficient version of physical capital. That

could be achieved in the context of our paper by reducing the rental rate of capital, or in

our case the interest rate.

In addition, as we have argued widely in Section 1, there is a direct positive relationship

between emissions and temperatures. Thus, it would be safe to assume that broader

usage of abatement activities, would help at least containing the immense problem that is

climate change. In the context of our model, this would directly translate to a reduction in

the natural disaster’s probability of occurrence. All in all, a lower probability of disaster

occurrence (λ2), as well as a lower rental rate (r), would suffice, in order for our model to

account for a more “green” version of physical capital.

In order to further investigate the impact that green capital would have, we define the

following scenarios with all the parameters taking the exact same values as in our baseline

calibration, with the exception of the parameters specified in the parenthesis:

• A0 (λ2 = 0.005), A1 (λ2 = 0.004), A2 (λ2 = 0.003), A3 (λ2 = 0.020) and A4 (λ2 =

0.001)

• B0 (r = 0.03), B1 (r = 0.024), B2 (r = 0.018), B3 (r = 0.012) and B4 (r = 0.006)

• C0 (λ2 = 0.005, r = 0.03), C1 (λ2 = 0.004, r = 0.024), C2 (λ2 = 0.003, r = 0.018),

C3 (λ2 = 0.002, r = 0.012) and C4 (λ2 = 0.001, r = 0.006)

Alternative values of λ2 will yield different average fractions of time spent in a disas-

trous event. So for each alternative specifications in the scenarios A and C above,

λ2 = {0.001, 0.002, 0.003, 0.004, 0.005} will yield an average fraction of time spent in a

disastrous event that is equal to 0.6, 1.25, 1.9, 2.5 and 3 days respectively. In other

words, we assume that broader usage of green capital is going to reduce the intensity
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and severity of natural disaster occurrences, as their average duration would decrease.

Our results for each one of these 15 scenarios are presented in Figures A.2 - C.16 of the

Appendix.

Our results regarding scenario A, essentially represent the sensitivity analysis with

respect to the initiation probability of a natural disaster incident (λ2), and are summarized

in Figures A.2 - A.6. As the initiation probability decreases, consumption is increasing.

However, this increment is sharper given that there has been no disaster realization. The

results are in line with the fundamentals, as the savings/de-savings decisions are expected

to be more “loose”, due to a lower probability of a bankruptcy threatening event.

In addition, scenario B represents our sensitivity analysis with respect to the rental

rate of capital (r), and is summarized in Figures B.7 - B.11. Similarly with scenario

A, our results are in line with the stylized facts, as a decline in the rental rate of capital

would increase consumption and decrease savings / increase debt (the substitution effect is

stronger). Overall, both scenarios A and B (which are essentially our comparative statics

with respect to λ2 and r), seem to be in line with the observed empirical regularities.

As we have mentioned above, in our model green technologies can be replicated by a

simultaneous decrease in both λ2 and r. In other words, given that technological progress

stands in the early 21st century figures, “green” capital is less efficient than “brown”, but

it also helps control the immense problem that is climate change, which in turn decreases

the chance of a rare weather related event. Figures C.12 - C.16 illustrate our results for

scenario C, where both r and λ2 decrease simultaneously (with a reduction step of 20%).

Our findings suggest that, under “green” technology adaptation, our model would

predict that countries achieve higher levels of consumption and utility. This result however

tends to be stronger for more developed countries, as we can see that the differences

for lower levels of capital accumulation, are much smaller. However, we argue that for

both cases we can most likely hope to observe a similar response, under the assumption

that technological progress will make more environmentally friendly inputs more efficient.
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Under this assumption, economies could achieve a more balanced increase in consumption.

That is because, under the assumption that “green” technologies will be as efficient as the

“brown” ones, economies could achieve a more fair in terms of welfare gains distribution

of outcomes, as shown in scenario A.

3. Concluding Remarks

The economic impact of natural disasters, as well as the economic cost of climate

change have been two widely debated topics in the literature of environmental economics.

Even if there is clear evidence that, due to climate change, natural disasters are not

only going to be more frequent but will also be directly affecting a substantially greater

number of countries, the topics of disaster economic outcomes and climate change are

usually studied independently, with the exception of Catastrophe models. With this

paper, we aim to assess the economic outcomes of a natural disaster occurrence, under a

new reality of rising temperatures and more frequent disaster occurrences.

In our model of the world economy, raising temperatures are expected to negatively af-

fect consumption as well as increase debt. The most frequently proposed possible solution

to climate change, is the de-carbonization of production, by using more “green” technolo-

gies. Under “green” technology adaptation, countries would be projected to achieve higher

levels of consumption and welfare. This positive effect of more environmentally friendly

means of production, tends to be stronger for more developed countries. However, under

the assumption of greater technological progress of the “green” sector, our results show

that even developing countries would be projected to follow the same path of higher and

more sustainable levels of consumption and welfare.

Even though our model’s results, appear to be robust due to the sensitivity and sce-

nario analysis, there are some potential pitfalls that we have to take into account. Firstly,

our model is a model of the world economy, and as one it might fail to capture both the

heterogeneity in terms of infrastructure and disaster risk, as well as strategic dependence
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between countries. Future research on the subject could potentially aim to expand this

framework in order to take heterogeneity and strategic interaction between countries into

account. Lastly, our model’s results could benefit greatly by an expansion towards an

endogenous probability of natural disaster occurrence, which could be linked explicitly to

temperature levels.

11



References

[1] G. Heal, B. Kriström, Uncertainty and climate change, Environmental and Resource Economics 22

(2002) 3–39.

[2] M. S. Hossain, M. Arshad, L. Qian, M. Zhao, Y. Mehmood, H. Kächele, Economic impact of climate
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Appendix A. Sensitivity Analysis with respect to λ2

14



F
ig
u
re

A
.2
:
S
ce
n
a
ri
o
A

0
(r

=
0.
0
3,
λ
2
=

0.
0
0
0
5
)

15



Appendix B. Sensitivity Analysis with respect to r
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Appendix C. Scenario Analysis
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