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Abstract

Are trade-open economies more vulnerable or less so to extreme events? Extreme events,
such as natural disasters, financial crises, and war, are infrequent but have large neg-
ative effects on economies. This paper presents a new, parsimonious model of trade
openness and extreme events, showing that an economy’s vulnerability to extreme events
is a nonlinear function of its trade openness. This relationship depends on the proba-
bility that a home country experiences extreme events; the probabilities that foreign
countries experience the extreme events that have negative effects on trade with the
home country; the effect sizes of these extreme events; and the capacity of the home
country to minimize the cost from failing to capitalize on comparative advantage. The
nonlinear nature is exemplified by Monte Carlo simulation exploring 810 combinations
of parameter values and using Irish macroeconomic data as inputs.
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1 Introduction

Extreme events, also known as “Black Swan” events (Taleb 2007), are the events that
occur only infrequently but have large negative impacts on economies. Examples in-
clude natural disasters, financial crises, and war. Most recently, the COVID-19 pan-
demic and the War in Ukraine have brought renewed attention as to whether trade-
open economies are more vulnerable, or less so, to extreme events (e.g., see Baldwin
and Freeman 2022; Brunsden and Peel 2020; Clancy, Valenta, and Smith 2023; OECD

2020; Pisani-Ferry, Mauro, and Zettelmeyer 2024).

This paper presents a new, parsimonious model showing that the relationship between
the degree of trade openness and the vulnerability to extreme events is nonlinear — the
“trade and extreme event” model hereafter. The relationship depends on (1) the proba-
bility of a home country experiencing extreme events; (2) the probabilities that foreign
countries experience the extreme events that have negative effects on trade with the
home country; (3) the effect sizes of these extreme events; and (4) the capacity of the
home country to minimize the cost from failing to capitalize on opportunities for effi-

ciency gains through trade, i.e., comparative advantage.

The previous research presents mixed views. Some suggest that less trade openness
makes countries economically more vulnerable to extreme events (e.g., Caselli et al. 2020;
Clancy, Valenta, and Smith 2023; Grossman, Helpman, and Lhuillier 2021; OECD
2020), while others imply the opposite (e.g., di Giovanni and Levchenko 2009, 2012;
Kose, Prasad, and Terrones 2003). The aim of this paper is not to judge the findings of
these previous studies. Instead, the novelty of its trade and extreme event model is a
simple, parsimonious design to facilitate an intuitive understanding of how the nonlin-
ear relationship could, in theory, arise between trade openness and the vulnerability to
extreme events. Indeed, the previous findings can be accommodated by the trade and
extreme event model; they are a reflection or realization of specific parameter values of
the model. This paper is an attempt to advance a theoretical understanding, in terms

of the scientific principle of Occam’s razor: if there are several models, all of which can
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explain the same point, the simplest one should be selected (e.g., see Rasmussen and

Ghahramani 2000).

To illustrate the nonlinearity substantively, the paper utilizes a Monte Carlo simula-
tion. The simulation implements 810 combinations of parameter values, and runs 1,000
iterations per parameter combination to capture the stochastic occurrence of extreme
events. The purpose of the simulation is not to examine what the effects of extreme
events have been in the past; that would be an empirical study (e.g., see Carvalho et
al. 2021). Instead, the simulation is here used as a thought experiment to explore the
detailed implications of the theory of the trade and extreme event model. Yet, to make
the simulation more realistic, the paper uses as inputs macroeconomic data from the
small open economy of Ireland, whose trade-to-GDP ratio has been over 200% since
2014 (and till 2023, the latest time point at the time of writing).! Note that the trade
and extreme event model is general and applicable to any country or even to a supra-

national economic entity such as the European Union.

The results of the simulation give detailed insights into the nonlinear relationship be-
tween trade openness and the vulnerability to extreme events. Given the parameter
combinations employed, there is a greater possibility that a trade reduction policy (mod-
elled to be implemented prior to extreme events) can decrease the loss to the home
country compared to no reduction policy, as (1) the cost of lost comparative advantage
opportunities becomes smaller or (2) the effect sizes of foreign extreme events become
larger. In addition, the results imply that reducing trade can cause a greater loss in
expectation, but at the same time result in a smaller loss under an extreme case of ex-

treme events, than keeping the status quo.

The paper does not aim to give any concrete policy recommendations. Yet, it has two
implications. First, the relationship between trade openness and the vulnerability to
extreme events is not as simple as linear or even monotonic. It is therefore necessary

to do a case-by-case analysis, before deciding whether to keep openness or increase self-

!The figures were calculated using the data from the Central Statistics Office (2024b).
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sufficiency for reducing the vulnerability to extreme events. Second, given that there
seems to be a growing effect of political divisions on international economic relations
(Aiyar, Ilyina, et al. 2023), policymakers might be compelled to reconfigure, and re-
duce, some of the existing trade relationships. While the literature argues that such
“geoeconomic fragmentation” leads to economic inefficiency in general (Aiyar, Ilyina,
et al. 2023; Javorcik et al. 2023; Goes and Bekkers 2023), the trade and extreme event
model points to what implications such fragmentation might have for the vulnerability

of a national economy to extreme events in particular.

The rest of the paper is structured as follows. The next section explains how reduc-
ing the imports or the exports may affect the national economy, operationalized by the
gross domestic product (GDP), and why it is not simple addition or subtraction of the
entire value of the reduced parts. It is followed by the presentation of the trade and
extreme event model consisting of three steps and clarifying the nonlinear relationship
between trade openness and the vulnerability to extreme events. Afterwards, the pa-
per explains the Monte Carlo analysis and discusses its results.? Finally, concluding

remarks are stated.

2 Effects of Trade Reduction on GDP

This section explains how reducing the imports or the exports may affect a country’s
GDP. The expenditure measure defines GDP as the sum of personal consumption, net
government expenditure, capital spending/investment, and exports, minus imports
(Central Statistics Office 2022). Then, at first glance, it might seem that reducing the
exports by a certain value lowers the GDP by the same value, while reducing the im-
ports by a certain value increases the GDP by the same value. These are not the nec-
essary consequences, however. The effect of trade reduction on the GDP is much more
complicated than simple subtraction (for export reduction) or addition (for import re-

duction).

2All computation was done in the statistical programming software, R (R Core Team
2024), and the graphs were generated by the ggplot2 package (Wickham 2016).

4
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First, the export aspect is considered. Assume that a company sold a car abroad. The
value of the car would be part of the exports in the GDP. Now imagine the counterfac-
tual state where the company did not sell a car of the same type abroad. Would the

counterfactual value of the GDP be the original GDP value minus the value of the car?

The answer is: Not necessarily. If all other things remained the same in the domestic
economy (i.e., the “ceteris paribus” assumption), the GDP would indeed reduce by

the value of the car. However, if the ceteris paribus assumption did not hold, it would
generally be incorrect to assume that the counterfactual GDP would be the original
GDP minus the value of the car. For example, in the counterfactual state, the com-
pany might be able to sell the car in the domestic market, albeit at a different (proba-
bly lower) price. Then, the GDP in the counterfactual state would be the original GDP
minus the value of the car in the original state plus the value of the car in the coun-
terfactual state. Yet, this calculation still assumes that the domestic customer buying
the car has no impacts on any other aspects of the domestic economy. It might be the
case that the domestic customer would spend the money in the counterfactual state
that would have been used for another purpose if the company had sold the car abroad.
In short, the chain reaction of export reduction is complex and may have many causal

processes.

Next, the import aspect is considered. Assume that a company bought a raw material
to produce its own final product from a foreign distributor. Because it paid the foreign
distributor rather than a domestic distributor, the price paid would be considered as an
import and, therefore, part of the imports in the GDP. Now imagine the counterfactual
state where the company did not buy the part from the foreign distributor. Would the
value of the counterfactual GDP be the original GDP value plus the price of the raw

material?

The answer is again: Not necessarily. If the company bought the same material at the
same price from a domestic producer, and if this change of behavior had no impacts on

any other parts of the domestic economy (again, the ceteris paribus assumption), then
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the counterfactual GDP would indeed be the original GDP plus the original price paid.
However, if the ceteris paribus assumption did not hold, it would generally be incor-
rect to assume that the counterfactual GDP would be the original GDP plus the origi-
nal price paid. For example, a domestic producer might sell the material at a different
(probably higher) price than what the company would have paid the foreign distrib-
utor. Then, the company might need to raise the price of the product, which in turn
might affect its sales. Or, there might be no domestic distributor that sells the mate-
rial, in which case the company would be unable to produce its final product. As in the
case of export reduction, the chain reaction of import reduction is complex and may

have many causal processes.

The above considerations are only a few examples to show that the effect of reducing
the imports or the exports on the GDP is not simple addition or subtraction of the en-
tire value of the reduced parts.* The key point is that it is necessary to parameterize
the effects of reducing the imports and the exports, to model how much reducing the
imports or the exports by a certain value translates to a change in the original GDP.

The next section explains how the trade and extreme event model of this paper does it.

3 Trade and Extreme Event Model

This section explains the trade and extreme event model consisting of the following
three steps: (1) a trade reduction policy prior to extreme events, (2) the stochastic oc-
currence of extreme events, and (3) the loss given these two. The imports from, and
the exports to, a foreign country 7 in values are denoted by m; and x; respectively. The

paper measures the national economy from an expenditure perspective and denotes the

3There is another interesting point regarding import reduction. It is reasonable to assume
that economies decide to import goods and services in the first place because they think it is
more efficient than producing them domestically. Yet, it is less clear whether import reduc-
tion may revert the economy to the previous state. Trade embedded in global value chains
tends to promote knowledge transfers and growth in general (World Bank 2020). Then, the
economy may be able to provide formerly imported goods and services by itself more effi-
ciently than before it started to import them.

4For more advanced treatments, see, for example, Bai et al. (2024), Hakobyan,
Meleshchuk, and Zymek (2023), and Javorcik et al. (2023).
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home country’s GDP by s.

3.1 Trade reduction policy

As explained in section 2, reducing trade can affect GDP. The following equation block
defines the gross and net fixed costs of comparative advantage opportunities being lost
(c and ¢*), and the revised GDP (s*), given a trade reduction policy and (part of) the

former trade being domestically compensated for:®

[y

n—

c= Z((mmi - Wimmi)ﬂ‘ + (¢z$z - ¢i$i9i))a

i=1

n—1
s+Z7rim,- —c, (1)
i=1

S*

cF=s—s",

where n is the total number of countries in the world (so n — 1 is the number of all
foreign countries from a home country’s perspective); 7; is the policy size of import re-
duction, measured as a percentage change in the value of the imports from a foreign
country i (0 < m; < 1); n; controls how efficiently the former imports are compen-
sated for by the domestic economy (0 < n; < 1, where 0 is perfect inefficiency while 1
is perfect efficiency); 7; governs how much value could have been added on the former
imports that could not be compensated for by the domestic economy (i.e., the coun-
terfactual contribution to the GDP under no import reduction); ¢; is the policy size
of export reduction, measured as a percentage change in the value of the exports to ¢
(0 < ¢; < 1); 6; controls how efficiently the former exports are compensated for by

the domestic economy (0 < 6; < 1, where 0 is perfect inefficiency while 1 is perfect

5The term, “compensated for,” is used, to mean more general ideas than producing former
imports in, and reorienting former exports to, the domestic economy. The formerly imported
goods or services might not be produced domestically, yet the home country might increase
its GDP by diverting the money that used to be spent on these former imports to other areas
of the economy. Similarly, the formerly exported goods or services might not find an alterna-
tive domestic market, yet the home country might minimize the reduction in GDP by instead
producing alternative goods or services for a domestic market.

7
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efficiency).

The upper bound of 1 is assumed for 7; and 6;, given the standard macroeconomic ar-
gument of comparative advantage. In other words, it is assumed that trade reduction
does not result in greater efficiency. (m;m; — m;m;n;)7; is the loss in GDP given an im-
port reduction policy, where m;m;n; captures an addition to GDP after part of the for-
mer imports (m;m;) is compensated for domestically; ¢;x; — ¢;z;0; measures the loss
in GDP given an export reduction policy, where ¢;x;0; captures an addition to GDP
after part of the former exports (¢;z;) is compensated for domestically. Thus, under
perfect efficiency (n; = 1 and #; = 1), no costs are incurred from trade reduction:

The second line of equation block 1 can be interpreted as follows. First, if an import
reduction policy were implemented and the former imports were compensated for by
the domestic economy with perfect efficiency, it would add to GDP (i.e., + 22:11 Tim;);
7; is unnecessary here because if these former imports were intermediate goods and ser-
vices, the value added of the final goods and services using them is already accounted
for within the original GDP. Second, if an export reduction policy were implemented
and the former exports were compensated for by the domestic economy with perfect
efficiency, the original GDP figure would hold (as the total exports are part of the orig-
inal GDP). Third, if an import reduction policy were implemented and the former im-
ports were compensated for by the domestic economy with inefficiency, the loss in GDP
would be captured by — Z;:ll (mym; — mym;n;)7;. Finally, if an export reduction policy
were implemented and the former exports were compensated for by the domestic econ-

n—1

omy with inefficiency, the loss in GDP would be captured by — > """ " (¢;z; — ¢ix:6;).

The net cost from the lost comparative advantage opportunities (¢*) is simply the orig-

6The degree of efficiency depends partly on what time horizon one intends to capture in
the model; generally, a longer time horizon implies greater efficiency (see Baqaee et al. 2024).

"The model could be expanded to disaggregate the imports and exports from a foreign
country, and their parameters, for individual items (such that, for example, m;m;n; becomes
TikMikNik, where k indexes an individual category of the imports). Such granularity would
be useful to simulate micro-level dynamics but would significantly increase the number of
parameters to set. The purpose of this paper is, as stated in the introduction, to provide a
parsimonious model and leaves this disaggregation aspect for future research.
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inal GDP minus the GDP after a trade reduction policy. It might be a positive or neg-
ative value. A negative net cost means that GDP becomes greater after trade reduction
(i.e., s* > s). From the second line of equation block 1, it is clear that such a case is

possible if and only if Z;:ll M > C.

The trade and extreme event model is agnostic about the exact mechanisms whereby
trade reduction propagates to the national economy. While modelling such mechanisms
helps illustrate how trade reduction could propagate to the national economy, it is diffi-
cult (or probably impossible) to model all mechanisms of the true data generating pro-
cess. The literature on structural causal modelling suggests that misspecifying at least
one mechanism can make the model generate an incorrect estimate and simulation of
the total effect of a causal factor on an outcome (Pearl 2009). Appendix A exemplifies

this point.

3.2 Stochastic occurrence of extreme events

Home and foreign extreme events, y and w;, are coded as binary variables and drawn

from the Bernoulli distributions:

y ~ Bern(p),

w; ~ Bern(g;),

where p is the probability of a home country experiencing an extreme event and ¢; is
the probability of a foreign country ¢ experiencing an extreme event. y and p are scalar

values as they are for the home country, while w; and ¢; are an n — 1 length of vectors.

The model assumes only the foreign extreme events in ¢ that have a negative effect on
1’s trade with the home country in particular. While some foreign extreme events could
bring economic benefits to the home country, such cases are beyond the scope of this

paper.®

8For example, an extreme event in a foreign country might accelerate rather than dampen
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The paper denotes the effect size of home extreme events on the home country’s GDP
by «; the effect size of extreme events in a foreign country 7 on the home country’s im-
ports from it by §;; and the effect size of extreme events in a foreign country ¢ on the

home country’s exports to it by 7;. All of these effects are modelled as being measured

on the proportional scale (i.e., between 0 and 1).

Home extreme events can occur for purely domestic reasons, or as a result of the spillover
effects of foreign extreme events (di Giovanni, Levchenko, and Mejean 2024; Hernandez
and Valdes 2001; Kim, Kim, and Lee 2015; Mensi et al. 2016); « is considered to cap-
ture either case.” Thus, 3; and ~; represent the effect sizes of foreign extreme events

on the home country’s GDP, in the cases where these foreign extreme events do not
cause an extreme event in the home country and affect the home country’s GDP only

through reducing the bilateral trade.

3.3 Loss given a trade reduction policy and extreme events

Given a trade reduction policy and extreme events as modelled in the previous two

subsections, the loss incurred by a home country is:

n—1

= yas® + Z wi(Bim; T + vixl) + ¢, (3)
i=1

where m} and x are the imports and exports after a trade reduction policy (i.e., m! =
m; —mm; and T} = x; — @-xi).m As a reminder, s* and ¢* are the revised GDP and the

net cost of lost comparative advantage opportunities respectively, after a trade reduc-

the inflow of investment, if investors decided to move capitals from that foreign country.

9The model does not separate these two types of home extreme events for the following
reason. While it may be easy to parameterize theoretically, it is challenging to empirically
identify how much of the effect of a home extreme event is attributable to purely domestic
reasons compared to spillover effects and, therefore, it is difficult to define empirically plausi-
ble parameter values.

For simplicity, the value added on the imports was modelled by the same parameter 7;,
for the former imports that were not compensated for domestically (in equation block 1), and
for the imports that were lost because of foreign extreme events (in equation 3). For the lat-
ter, the setup implies the case where both the goods/services to be imported and the money
spent on these would be lost because of foreign extreme events.

10
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tion policy. In other words, it is modelled that a trade reduction policy is implemented

prior to stochastically occurring extreme events of concern.

From equation 3, it is possible to see that the vulnerability to extreme events is not

a linear function of the degree of trade openness. In other words, keeping the current
level of trade, or reducing it, as a policy can result in a greater or smaller loss, depend-
ing on the parameter values. For example, even if §; and ; are large, the loss can be
smaller or greater when trade is reduced prior to the onset of extreme events, depend-
ing on the size of a and ¢* and the relative frequency of y and w;. These nonlinear as-

pects are explored further through the Monte Carlo analysis in the next section.!!

3.4 Summary

In summary, the trade and extreme event model consists of three steps: (1) a trade re-
duction policy prior to extreme events, (2) the stochastic occurrence of extreme events,

and (3) the loss given these two.

The trade and extreme event model accommodates the findings by previous research.
For example, holding ¢* constant, it is possible to observe the result that less trade
openness makes countries economically more vulnerable to extreme events, if, relative
to the loss from home extreme events (which is a function of the parameters « and p),
the loss from foreign extreme events is small (which is a function of the parameters 7,
Bi, q;, and 7; when the imports from ¢ are reduced; 6;, v;, and ¢; when the exports to
i are reduced). The opposite result is also possible, if, relative to the loss from home

extreme events, the loss from foreign extreme events is large.

While the trade and extreme event model does not directly parameterize the reaction
of the home country to an extreme event to mitigate its negative effect (e.g., finding

an alternative source or market), it can indirectly capture that. Computation ignor-

1Tt is also possible to see from equation 3 that reallocating trade into fewer trade partners
prior to extreme events, e.g., as a result of friend-shoring — “sourcing inputs from economies
that share similar values” (Javorcik et al. 2023, 2), implies nonlinear effects in a similar way. If
the home country reduces trade with a partner ¢ and instead trades more with another part-
ner j, it can increase or decrease the loss, depending on how efficient the trade reallocation is
and how 3;, 74, i, and ¢; are different from 3;, 75, 74, and ¢, for all ¢ and j, i # j.

11
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ing such a reaction results in the gross effect, i.e., what would be the loss to the home
economy if all other conditions remained the same; computation modelling the reaction
produces the net effect. Both types of computation are possible by setting «, 3;, and
v; differently. The net effect of home extreme events could be modelled by setting a
smaller value for oo than the gross effect. The net effects of foreign extreme events in a
trade partner ¢ could be modelled in two ways. First, as in the case of the net effect of
home extreme events, smaller values could be used for ; and ~; than the gross effects,
if the home economy were able to mitigate the negative effect of the lost trade domesti-
cally.!? The other way would be to assume that when a trade partner i experiences an
extreme event, the home economy will be able to increase trade with another country
J, such that 3; and ; take positive values while 3; and ~; are assigned negative val-

ues. '3

4 Monte Carlo Analysis

4.1 Setup

In the Monte Carlo simulation analysis, p and ¢; are the source of stochasticity. The
analysis uses Ireland’s 2021 annual GDP data taken from the Central Statistics Office
(2023b). The simulation employs Ireland’s 2021 annual goods trade data with other
countries taken from Eurostat (2024), assuming that a foreign extreme event disrupts a

supply chain of goods.

In terms of the parameter setup, for simplicity the analysis uses the same value for all ¢
for the parameters q;, m;, 7;, @i, 0;, T, Bi, and 7;; therefore, the index ¢ is dropped here-

after. The values for 7, i, 5, and ~ are varied, while p, q, ¢, 8, 7, and « are fixed at

2How much smaller values for «, f3;, and ; should be depends on how easily and quickly
the home economy could mitigate the negative effects, and on what time horizon one intends
to capture (e.g., see Baqaee et al. 2024). For example, one could empirically estimate the
effects of extreme events in different time horizons. Since it takes some time for the home
country to recover the economy or find an alternative source or market, a short-term hori-
zon should proxy the gross effect of extreme events while a long-term horizon should estimate
their net effect.

13Note that in a loss function, a negative value denotes a benefit.

12
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Parameter Values Explanation
T {0,0.025,0.05,0.075,0.1} Import reduction policy size
n 0,1] Efficiency for import reduction policy
0] 0 Export reduction policy size
0 NA Efficiency for export reduction policy
T 2.00 Value added on the imports
D 0.048 Probability of home extreme events
q 0.048 Probability of foreign extreme events
a 0.073 Effect of home extreme events on GDP
I6] {0.652,0.752} Effect of foreign extreme events on imports
¥ {0.664,0.764} Effect of foreign extreme events on exports

Table 1: Parameter values.

constant values, to simulate different scenarios while keeping the number of scenarios
at a manageable level. In particular, ¢ is fixed at zero, i.e., the scenario where the pol-
icy is to keep the exports as they are; therefore, 6 is redundant. In other words, the
simulation examines only an import reduction policy by the home country. Yet, by the
design of the trade and extreme event model, the conclusion of this paper is unaffected
with respect to the relationship between the openness of trade in general and the vul-
nerability to extreme events, even if the exports rather than the imports are modelled
to be reduced as a policy (e.g., as a result of export control measures).!* Table 1 sum-

marizes the parameter setup.

7 is set at one of 0, 0.025, 0.05, 0.075, and 0.1 as possible values, to simulate scenarios
where the imports are reduced to different degrees as a policy decision. n is varied from
0 to 1 by an increment of 0.01. Nishimizu and Robinson (1984) find that import substi-
tution is generally associated with lower total factor productivity. However, it may vary
across contexts how much capacity the home country has to compensate for the former
imports domestically. 7 is set at the value equivalent to the ratio of the total output

to the intermediate consumption, based on the 2021 data from Central Statistics Office

14The results from the analysis swapping the parameter values between 7 and ¢ and be-
tween 1 and 6 are available in Figure 3 in Appendix B. The key difference in the results is
that, even though the effect size of foreign extreme events on the exports () is similar to that
on the imports (), an export reduction policy produces a greater loss than the status quo at
a much smaller size of inefficiency (i.e., a larger value of #). This is most probably because,
by the design of the trade and extreme event model, an import reduction policy can increase
the GDP if the domestic compensation is efficient enough, while the efficiency of domestic
compensation for the former exports after an export reduction policy can only mitigate the
negative impact of the lost exports on the GDP and cannot increase the GDP ever.

13



Trade Openness and Extreme Events Akisato Suzuki

(2023a).

The probability of extreme events is set at 0.048, the median country-year probability
of a GDP contraction of at least 5% between 1960 and 2022, calculated based on the
data from the World Bank (2023). This value is used for both p and g¢.

a is set at 0.073, 8 at 0.652, and v at 0.664. o = 0.073 is a GDP contraction rate,
based on the outturn annual real GDP growth rate of —0.045 in 2008 (calculated based
on data from the Central Statistics Office 2023c), the year of the Global Financial Cri-
sis, and the forecast figure of 0.03 for the same year from January 2008 (as reported in
the Central Bank of Ireland 2008), a time point prior to the Crisis hitting the global
and Irish economy hardest.!> In other words, this value of effect size is based on the as-
sumption that if the Global Financial Crisis had not taken place, Ireland’s GDP growth
rate would have been what was forecasted by the Central Bank of Ireland. Given its
short time horizon, the value may be considered as more the gross effect than a net ef-

fect.

£ = 0.652 and 7 = 0.664 are based on the annual changes in real values in Ireland’s
goods imports from, and exports to, Ukraine between the annual sum from February
2021 to January 2022 and the one from February 2022 to January 2023, calculated
based on goods trade data from Eurostat (2024) and the Harmonised Index of Con-
sumer Prices from the Central Statistics Office (2024a).'® In other words, these val-
ues of effect size are based on the assumption that Ireland’s goods imports from, and
exports to, Ukraine in this period would have been the same as in the previous cor-
responding one-year period, if the War in Ukraine had not taken place. As additional
scenario analysis, 0.1 is added to 8 and ~, simulating the case where the trade partners
experience greater effect sizes of extreme events. The simulation does not model the re-
action of the home country to a foreign extreme event. Thus, these parameter values

may be considered to capture the gross effects of foreign extreme events.

5 Formally, 0.073 ~ ((1 — 0.045) — (14 0.03))/(1 + 0.03).
16The effect of Brexit on EU-UK trade would be another interesting case to use for these
parameter values; its empirical estimate is available from Kren and Lawless (2024).
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These parameter values for the probability and effect sizes of extreme events are, though
empirically informed, not necessarily precise empirical estimates or most likely values.
Instead, these values are placeholders for the simulation; as noted in the introduction,
the simulation is a thought experiment to explore the detailed implications of the the-
ory and not an empirical study. While an empirical estimate is a useful reference point
for parameter tuning, it should not be dogmatic at least for the analysis of the effects
of extreme events, for two reasons. First, it may be difficult to identify the typical ef-
fect size of an extreme event empirically; different extreme events may well have differ-
ent effect sizes. Second, extreme events are often seen as extreme because they exceed
one’s expectations. If the expectation of extreme events is based on what the data in-
dicate (whose time period is usually limited), it means that the parameter values are
restricted within the empirically observed range. However, if an extreme event can take
place whose scale is something that has never been observed (within the time period of
the data used), it is also beneficial to set parameter values beyond the empirical range

in the simulation, to explore what could happen.

It is also worth noting that the conclusion of this paper itself is generally insensitive
to the parameter values. Different values only change the crossover point where the
baseline loss becomes greater or smaller than the one given a trade reduction policy.
There can be no crossover point (i.e., a trade openness or trade reduction policy always

dominates the other), only if some extreme parameter values are used (e.g., # = 0 and

v =0).

The parameter setup results in 810 unique combinations. The simulation is run 1,000
times for each of these 810 parameter combinations. Each iteration returns the total
loss incurred by the home country, I. The loss is standardized as the ratio of [ to s
(the original GDP figure). The results from the 1,000 iterations are summarized by the
mean and the mean plus two standard deviations (“+2SD value” hereafter), to present
both the expected value and an extreme value. Figure 1 presents the distribution of

1,000 simulated values from the baseline scenario of no import reduction policy, indi-
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Figure 1: Distribution of the simulated values of the loss-to-GDP ratio from the baseline sce-
nario of no import reduction policy.

cating that the distribution of the loss-to-GDP ratio is heavily right-skewed. In this
distribution, the mean value is 0.028 while the +2SD value is 0.105 = 0.0284+-0.0385 x 2,

where 0.0385 is a value of one standard deviation.

4.2 Results

The results from the Monte Carlo simulations are presented in Figure 2. The y-axis
presents the loss-to-GDP ratio, while the x-axis displays the n values. For legibility,
only a subset of the n values used is plotted, where the crossover points are observed.
The first row presents the results using the mean of the simulated loss-to-GDP ratio
values, while the second row displays those using the +2SD value. In each panel, the
flat red line denotes the loss under the baseline scenario of no import reduction policy
(m = 0 and, therefore, a value of 7 is irrelevant); each of the remaining lines indicates

the loss under each scenario of import reduction policies (7 = {0.025,0.05,0.075,0.1}).
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Figure 2: Loss-to-GDP ratio under the baseline and import reduction policy scenarios.

There are three points to highlight. First, compare the two graphs in each of the two
rows, where the baseline and larger values of § and v are used respectively. Focusing
on a specific quantity of loss-to-GDP ratio (the mean or +2SD value), if the sizes of
and v are larger, the crossover point between the baseline (in red) and the remaining
scenario lines shifts towards left. This means that greater inefficiency in domestically
compensating for the former imports after an import reduction policy (i.e., a smaller
n value) is allowed for, when foreign extreme events (modelled to take place after an

import reduction policy) have larger effect sizes.

Second, the slope of each line is steeper, when the policy size of import reduction ()

17



Trade Openness and Extreme Events Akisato Suzuki

is greater. This means that a greater policy size of import reduction causes the ef-

fect of the (in)efficiency in domestically compensating for the former imports (1) to

be more pronounced. Additionally, the crossover point between an import reduction
policy scenario and the baseline policy scenario is the same across all import reduc-
tion scenario values. This implies that the n value of the crossover point generates the
same loss-to-GDP ratio regardless of a 7w value. It substantively means that at a certain
(in)efficiency level of domestically compensating for the former imports after an import
reduction policy, there is such an equilibrium between the loss caused by home extreme
events and that caused by foreign extreme events, to make the loss-to-GDP ratio the

same regardless of how much the imports are reduced in advance.

Finally, compare the results in terms of the mean value of loss-to-GDP ratio with those
in terms of its +2SD value. Under the same 3 and ~ value specification, the crossover
point shifts towards the left. In other words, there are cases, under the same parameter
specification, where an import reduction policy results in a greater loss than the sta-
tus quo under the mean value, while the opposite is true under the +2SD value. This
means the possibility that reducing the imports generates a greater loss in expectation,
but at the same time results in a smaller loss under an extreme case of extreme events,
than keeping the status quo. In short, the comparison between the mean and 425D
values of loss-to-GDP ratio suggests a dilemma in policymaking — whether to minimize

the expected loss or a rare but extreme loss.

5 Conclusion

This paper has examined whether trade-open economies are more vulnerable or less

so to extreme events. It has developed a new, parsimonious model, i.e., the trade and
extreme event model, showing that the relationship between trade openness and the
vulnerability to extreme events is nonlinear. The Monte Carlo analysis, using the small
open economy of Ireland as an example, has substantiated the trade and extreme event

model, and has presented further insights into the complex relationship between trade

18



Trade Openness and Extreme Events Akisato Suzuki

openness and the vulnerability to extreme events.

The key findings are as follows. First, given the parameter combinations employed,
there is a greater possibility that a trade reduction policy (modelled to be implemented
prior to extreme events) can decrease the loss to the home country compared to no re-
duction policy, as the net cost of lost comparative advantage opportunities becomes
smaller or the effect sizes of foreign extreme events become larger. Second, the compar-
ison between the mean and +2SD values across 1,000 iterations implies that reducing
trade can cause a greater loss in expectation, but at the same time result in a smaller

loss under an extreme case of extreme events, than keeping the status quo.

The policy implication is that, to evaluate an economy’s vulnerability to extreme events,
a detailed analysis is necessary on a case-by-case basis. Such an analysis needs to be
done in terms of (1) how much trade will be reduced as a policy (the parameters m; and
¢;) and how efficiently the former traded goods and services can be compensated for

by the domestic economy after a trade reduction policy (the parameters n; and 6;); (2)
how vulnerable the home country’s economy is to extreme events (the parameters «

and p); and (3) how vulnerable its trade partner countries are to extreme events (the

parameters 3;, 7;, and ¢;). The proposed model helps such an analysis.

Appendix A: Modelling Causal Mechanisms

Assume the following data generating process:

w; = ap + a1z + uy,
% =0 + N +ug, (4)

yi = Bo + frw; + Pazi + ul,

where x,w, z,y are variables; each of u denotes the stochastic error term with respect

to the outcome variable signified by its superscript; aq, Y9, and Sy are the intercepts;
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and oy, v1, (1, and (3, signify the causal effects.!” The above data generating process

can be expressed as the Directed Acyclic Graph (Pearl 2009):
w
N ,
N

where the stochastic error terms are omitted for simplicity.

Assume the following situation. One develops a theoretical model that captures the
causal mechanisms, + — w — y and z — v, i.e., having only the first and third lines
of equation block 4 above, perhaps because of the limitation of knowledge. They obtain
the unbiased estimates of the causal effect parameters oy, 51, and Sy from the two (cor-
rectly specified) regressions, w; = ag + a1x; + vl and y; = [y + Srw; + Pz + u). They

then simulate a change in y by manipulating a value of x.

Under the presumed model, the effect of z on y is o 5;.'® However, the total effect of x
on y in the true data generating process is a1, + 7102, as the effect of x is channelled
to y through both w and z. In other words, if one fails to model the causal mechanism

r — z — y, manipulating x does not simulate the total effect of x on y.

If one develops a theoretical model that focuses on the causal effect of x on y rather
than the mechanisms between them, it means that the model needs only a single causal
effect parameter to simulate the total effect of z on y (i.e., it is unnecessary to know all
causal mechanisms). The total effect can be estimated from data by the regression of y
on x, y; = 0y + O1x; + v;, where 6; is an unbiased estimate of the total effect (while 6 is
the intercept and v; is the stochastic error term). The same specification as the above
regression can be used to simulate the total effect of x on y, given a manipulation of a

value of z.

1"The letters used for the parameters and variables here are not related to those in the
main text.

183, is irrelevant: It is not part of the causal effect of z on y here, as the presumed model
does not treat z as a function of x.
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Appendix B: Export Reduction Policy

Figure 3 presents the results from the Monte Carlo analysis swapping the parameter
values used in the Monte Carlo analysis in the main text between 7 and ¢ and between
7 and 6, to simulate export rather than import reduction policy scenarios. The three

points highlighted in section 4.2 remain valid.
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Figure 3: Loss-to-GDP ratio under the baseline and export reduction policy scenarios.
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