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Abstract

This paper re-examines the causal relation between trade liberalization and do-

mestic income in the panel dimension. As the nexus is subject to a severe endo-

geneity bias, we use the fact that disasters are exogenous, randomly spread over

the nation states, and exert a signi�cant and persistent impact on trade patterns,

to construct a valid instrument for trade that possesses a time dimension. Our

paper underpins three �ndings: The degree of openness of an economy has a pos-

itive impact on domestic income, also when considering the endogeneity of trade

in a panel setup. We conjecture that OLS and within FE underestimate the e�ect

of trade liberalization on real GDP per capita. In addition, we have constructed

a valid instrument for trade that can be applied to sort out the causal relation in

many macro issues related to international trade.
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1 Introduction

This paper empirically examines the impact of international trade liberalization

on income growth in an extensive panel framework for 165 countries for 1950

to 2004. Earlier work interested in the determination of domestic growth have

always drawn a connection between trade openness and real GDP per capita of

an economy.

Testing the link between international trade and income empirically cannot be

considered in isolation, as it constitutes a salient endogeneity problem (Help-

man, 1988, Bradford and Chakwin, 1993, Rodrik et al., 1995, and many others).

Reverse causality is a severe issue in this context. It is anticipated that trade

integration exerts a positive impact on the growth process, while increased real

GDP per capita enhances the access to international markets of the concerned

economy. Estimation may yield biased and inconsistent coe�cients if the endo-

geneity of trade openness in econometric terms is not considered. The simple

OLS setting on the conditional change in real GDP per capita due to interna-

tional trade liberalization will yield results subject to a severe endogeneity bias.

Trade policies cannot be applied to analyze the e�ect of trade liberalization on

domestic income growth, as such policies might be co-determined by �scal and

monetary policies (Sala-i-Martin, 1991). In order to alleviate the problem, en-

dogenous trade openness might be instrumented by an exogenous parameter to

sort out causality in the trade income relation.

The contribution of the paper to the existing literature is to rule out the endo-

geneity of trade in the panel setting and to clarify the causal relation of increased

access to international markets and income growth. We will propose a time-

varying instrument for trade as a proportion of a country's GDP. Former papers

have been able to construct an instrument for trade in the cross-sectional frame-

work only, pioneered by Frankel and Romer (1999), or have estimated every �fth

year (Irwin and Terviö, 2002), but were not able to establish a real time dimen-
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sion.1 But non was able to generate a valid instrument for trade in the panel

setting that has a strong explanation power and serves the exclusion restriction.

We will in the following construct such an instrument for trade openness that

can be applied to several macro contexts related to trade integration in the panel

dimension. To achieve this, we will deploy the fact that natural catastrophes

are exogenous, randomly spread over the nation states, and exert a signi�cant

and persistent impact on trade patterns. In a modi�ed bilateral model of trade,

population growth, natural disasters and their interaction with geographic and

historical patterns are utilized to generate a valid instrument for trade that is

able to alleviate endogenous trade liberalization.

Related Literature. Whether trade liberalization enhances domestic growth

has been subject to a �erce debate among empirical growth researchers. Frankel

and Romer (1999) were the �rst to implement a strategy to construct an in-

strument for openness from the exogenous geographic attributes of trade for

1985. They applied this instrument to the trade-income nexus and thus ruled

out the endogeneity of trade in this cross-sectional setting. However, their in-

strument cannot be utilized in a panel setup, as geographic components of trade

are time-invariant. Several papers applied and re�ned the instrument of Frankel

and Romer (1999) to various aspects of international trade2, while other authors,

such as Rodriguez and Rodrik (2001), as well as Rodrik, Subramanian and Trebbi

(2004) strongly criticized the approach. The latter �nd that once institutions are

controlled for, conventional measures of geography have at best weak direct ef-

fects on income, although they have a strong indirect e�ect by in�uencing the

quality of institutions. Similarly, once institutions are controlled for, trade is al-

most always insigni�cant, and often enters the income equation with the wrong

sign. Rodriguez and Rodrik (2001) argue that the existing correlation is spuri-

ous. Since the geography-based instrument is likely to be correlated with other

1Some have been able to �nd an instrument in the panel framework for a speci�c country,
such as Buch and Toubal (2009) for Germany after the fall of the Berlin wall.

2Dollar and Kraay (2002), Easterly and Levine (2003), Alcalá and Ciccone (2004), Redding
and Venables (2004), Noguer and Siscart (2005), Frankel and Rose (2005), Cavallo and Frankel
(2008), to name only a few.
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geographic variables that a�ect income through non-trade channels, they argue

that the trade liberalization estimate is simply capturing these non-trade e�ects.

Irwin and Terviö (2002) con�rm the result of Frankel and Romer that countries

more open to international trade have higher incomes even after controlling for

endogenous trade. Yet, they criticize that this result is not robust to the inclu-

sion of distance from equator (latitude). Nagour and Siscart (2005) re-examine

the relation between trade volumes and income levels by again treating trade as

endogenous and using geography to instrument for trade. In contrast to earlier

studies the authors use a richer data set that allows them to estimate the e�ect of

openness on domestic income more precisely. They show that geographical con-

trols must enter the income equation to avoid omitted variables bias. Their result

of income enhancing trade is remarkably robust to a wide array of geographical

and institutional controls.

Buch and Toubal (2009) examine the question whether international openness

causes higher domestic growth for Germany after the fall of the Berlin Wall.

They rule out trade endogeneity in a state-country panel dataset for Germany

for 1991-2004 using exogenous time-invariant geographic and time-varying policy

parameters. They �nd that geographic coe�cients exert a strong e�ect on regional

openness in Germany, and that regional income per capita augments with the

degree of trade integration.

Structure of the paper. In the second section we describe the empirical setup,

the methodology deployed and the Poisson approach applied to construct an

instrument that is time-varying and contains su�cient information about actual

trade liberalization. Further, the data used to predict the instrument and to

test the nexus between access to international markets and income per capita are

described. The last part of this section reports the results from the simple gravity

and the modi�ed bilateral trade equation in detail, to proof that natural disasters

have a signi�cant and persistent impact on trade patterns of nation states. The

third section analyzes the quality of the instrument constructed from population

growth, natural catastrophes and the interaction of the latter with geographic
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and historic characteristics. We �nd that the predicted trade share strongly

correlates with actual trade and contains a reasonable amount of information

on observed openness. In the fourth section of this paper we test whether the

causality between trade and income holds in the panel setting in a similar way

as in the cross-section. We show that increased trade openness leads to a rise in

real GDP per capita also in the panel, treating trade as endogenous. Finally, we

conclude that the time-varying instrument can be applied to several aspects of

international trade, to clarify the causal relation and rule out the endogeneity of

trade liberalization in the panel.

2 Constructing the Instrument - Bilateral Trade

and Disasters

Background. To assess the e�ect of trade liberalization on income per capita,

we run a regression that de�nes real GDP per person as a function of its trade

share and other components of income, such as within-country trade that can be

controlled for through country-�xed e�ects.

ln yi
t = α + βωi

t + νi + νt + εi
t (1)

where yi
t denotes real per capita GDP at time t in country i, ωi

t re�ects multilateral

trade patterns, νi captures country-speci�c factors a�ecting income that do not

change over time, νt controls for time-speci�c components that a�ect all economies

simultaneously, and εi
t represents the error term.

International trade is speci�ed as a function of an economy's size ln popi
t, the

frequency of disasters that hit a nation state Ωi
t, geographical and historical

components interacted with natural disasters Γi
t, such as a country's �nancial

remoteness - to examine how quickly a country can smooth consumption in case

of a catastrophe - , country-speci�c �xed e�ects νi, time-�xed e�ects νt, and other
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parameters a�ecting trade εit:

ωi
t = φ+ ρ ln popi

t + δΩi
t + θΓi

t + νi + νt + εit (2)

The error terms in equation (1) and (2) are presumably correlated, as causality

runs both ways. An economy with a well-developed infrastructure or an economic

policy that encourages competition and con�dence in markets will probably ex-

perience high trade shares given its country characteristics, while acquiring high

growth rates given its trade patterns. Testing the link between trade liberalization

and real per capita GDP thus cannot be considered in isolation, as it constitutes

a salient endogeneity problem. If international trade patterns are correlated with

the error term in equation (1), trade estimates may be biased and inconsistent

(Baier and Bergstrand, 2007, p. 6). Upward biased estimates may be traced to

several channels, such as the utilization of comparative advantages, increasing

gains from trade with larger economies, augmented demand for tradable vari-

eties, or co-determined trade and domestic policies that promote income growth.

While the observed trade coe�cient on income under IV might be increased by

partially captured productivity enhancing knowledge and technological spill-over

through investment and commercial �ows, as de�ned by Helpman (1997).3

The crucial assumption of our analysis premises on the fact that a country's

population, disaster frequency - randomly spread over the nation states - , and

�nancial remoteness, as well as other geographical and historical parameters are

uncorrelated with the error term in equation (1), and thus truly exogenous.4 On

this basis, equation (1) can be estimated using two stage least squares (2SLS)

IV methods - instrumenting trade through a time-varying variable constructed

from a modi�ed gravity equation, comprising only exogenous parameters of trade,

3It is impossible to identify the speci�c channels through which commerce a�ects income
just from simple OLS results due to the endogeneity of trade.

4Additionally, we control for natural disasters in the income equation directly to show that
the e�ect of trade on income is not only driven by the e�ect of natural disasters on a country's
GDP per capita. Further, it is di�cult to think of ways through which the interaction of
disasters with �nancial remoteness, and other geographic and historical parameters may a�ect
income, other than trade.
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country-, and time-�xed e�ects.5

Bilateral Trade Speci�cation. The equations above study a multilateral

setup. However, in reality, the bilateral dimension matters as trade costs are

a�ected by the multilateral position of a country. The more remote an economy

is, the less it will be able to rely on foreign imports to smooth domestic consump-

tion. Further, if disasters have geographical correlation, substituting imports for

domestic production may be more expensive as proximate trade partners may also

be hit by the shock. Hence, it is insightful to run a modi�ed gravity regression

for bilateral trade - de�ned as imports plus exports divided by GDP

ωij
t = β0 + β1 ln popi

t + β2 ln popj
t + β3Ωi

t + β4Ωj
t + β5Γi

t + β6Γj
t + νi + νj + νt + εij

t (3)

where ωij
t relates to bilateral trade openness at point t between country i and

j, while the logarithm of total population is used as a measure of the economy's

size. Γi
t and Γj

t denote interaction terms between the disaster frequency variables

(Ωi
t, Ωj

t)
6 and (i) geographic parameters - such as proximity (transportation costs),

common borders (transportation and information costs), the distance to the near-

est �nancial center (�nancial remoteness), land area (size), and land borders over

total borders (accessibility) -, as well as (ii) historical bilateral parameters - such

as colonial heritage, or language similarities - , as those might a�ect the impact

of disasters on bilateral trade patterns. νi and νj control for country-speci�c

characteristics of country i and country j, while νt re�ects time-�xed e�ects. εij
t

captures a robust homoskedastic error term.

We follow to a great extend Frankel and Romer (1999) in their empirical speci�-

cation of an instrument for actual access to international markets. Our strategy,

however, reaches beyond their setup, as we rede�ne their approach to apply it to

a panel framework by introducing natural disasters as an exogenous time-varying

component of trade. This approach may be subject to omitted variable bias, since

5The gravity equation of trade provides a strong framework to model bilateral trade patterns
theoretically and empirically. A formative theoretical derivation can be traced back to Anderson
(1979). Further empirical and re�ned theoretical applications can be found in Frankel (1998),
Frankel and Rose (2002), or Anderson and van Wincoop (2003).

6Later, we also run the regression using cumulated disasters CumDisi
t =

∑T
s=0 Ωi

s, which
are always cut-o� after 5 years, as a robustness check.
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we are in a panel framework, and further variables determining the openness of

an economy might be omitted. To mediate this problem, we exploit the sample's

panel structure by utilizing country- and time-�xed e�ects. Thus we control for

world business cycles, country-speci�c characteristics (the time-invariant compo-

nent of multilateral resistance), as well as cross-country deviation of heteroge-

neous co-determinants of trade and income - such as domestic trade or growth

inhibiting policies - that are mostly unobservable and barely measurable empir-

ically. A set of interaction terms is introduced to determine any geographical or

historical parameters that might a�ect the impact of natural disasters on trade.

The standard procedure would be to take the logarithm of ωij
t and estimate the

vector βt using OLS, yet, loosing a lot of information by dropping all zeros from

the trade-matrix. As data quality in explanatory variables is decisive for countries

experiencing change, this data limitation is generally expected to bias the esti-

mates concerned toward zero in absolute terms. If the process toward a shift in a

variable of interest is long-lasting, estimated parameters are in the long-run poorly

quanti�ed. In fact, the measurement problem facilitates less precise coe�cients

under within FE frameworks. The instrumental variable strategy contemplates

to mitigate the ill-measured degree of trade liberalization, but does not remove

the problem completely. Since ωij
t = 0 for about 13.4% of our observations, we

tackle this matter by following Santos and Tenreyro (2006) and construct the

instrument using a Poisson pseudo maximum likelihood approach.

Implications for Aggregated Trade. The instrument generated from the bi-

lateral trade equation will be time-varying, as the coe�cients collected in the

regression su�ciently change over time. The alteration in trade openness ma-

terializes on the one hand due to technological change in transportation and

communication, on the other hand due to the e�ects of natural disasters and

population growth. Predicting trade over time, for which all explanatory vari-

ables are available, and summing the estimated coe�cients over all other trading
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partners j

constructed trade share = ω̂i
t =

∑
j

[β̂t

′
X i

t ] (4)

where β̂t

′
denotes the �tted values of the estimated coe�cients' vector in equation

(3). The predicted trade openness parameters ω̂i
t are by construction orthogonal

to yi
t, thus a valid instrument.7 The Poisson approach leads to a stronger pre-

diction since we do not have to omit the information contained in the zero trade

observations and need not resort to out-of-sample preconditions to construct the

instrument (Noguer and Siscart, 2005).

Data. Nominal import and export values measured in current US$ come from

the IMF's Direction of Trade Statistics (DoTS, 2009). Nominal income data in

current US dollars stem primarily from the World Bank's World Development

Indicators (WDI) database, which are replenished by Barbieri (2002). Trade

openness is de�ned as imports plus exports divided by GDP.

Population data combine two sources: the Penn World Tables (PWT, 6.3) as the

primary source, supplemented by Barbieri (2002). Geographic and bilateral trade

impediments and facilitating factors - land area, great circle distance, common

border, colonial relation, and language - are taken from the CEPII's (2005) Ge-

ographic and Bilateral Distance Database. Relative borders - land borders over

total borders in km - combine Felbermayr, Hiller and Sala (2008) with data from

the CIA World Factbook. As a measure of international �nancial remoteness the

natural logarithm of the great-circle distance to the closest o�shore major �nan-

cial center - London, New York, or Tokyo - is used, which is provided by Rose

and Spiegel (2009).

The primary source on natural disasters is the Emergency Events Database (2005,

EM-DAT) maintained by the Center for Research on the Epidemiology of Disas-

ters.8 The database di�erentiates two main categories: natural and technological

7Keep in mind that a valid and signi�cant instrument does not require the estimates corre-
sponding to Xi

t to be consistent estimates of a gravity model.
8A number of recent research papers on the economic e�ects of disasters also employ EM-

DAT data - Skidmore and Toya (2002/2007); Au�ret (2003); Rasmussen (2004); Kahn (2005);
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catastrophes. In this paper we focus on natural disasters only, as such are truly

exogenous.910 For a natural disaster to exert a notable e�ect on trade liber-

alization the incident needs to be of a dimension that directly causes damage

to production facilities, public infrastructure and a�ect a substantial number

of people. Thus, its large-scale e�ects indirectly a�ect macroeconomic activity

and cause damage or loss that triggers reconstruction expenditures or induces

a large in�ow of foreign assistance (Gassebner, Keck and Teh, 2006, p. 8). We

follow Gassebner, Keck and Teh (2006) in adapting a categorization of a study

by Munich Re (2006) on natural catastrophes, to �lter disasters that eventually

will enter the equation of interest. The Munich Re (2006) study de�nes a great

natural catastrophe as involving more than 1,000 deaths plus extreme damage.

Hence, events entering the bilateral trade equation have to meet at least one of

the following conditions11: (i) 1,000 or more deaths; or (ii) 1,000 or more persons

injured; or (iii) 100,000 or more persons a�ected; or (iv) the incurred costs of

losses sustained are in excess of 1 billion US $. In order to make damage es-

timates comparable over time, dollar values are converted into constant 2000 $

using the US GDP de�ator from the World Bank's WDI database supplemented

by the IMF's World Economic Outlook (2008).12

The decision rule decreases the number of natural disasters from a total of 7,693

to 2,235 large-scale natural catastrophes (2,149 without considering monetary

Gassebner, Keck and Teh (2006); Yang (2006); Neumayer and Plümper (2007); Cuarsema
(2008); and Noy (2009).

9Technological disasters may in some way be bound to the development status of an economy.
Nations with a low development stage may experience more technological catastrophes due to
lower technological standards, work ethic, or poor infrastructure.

10Natural disasters comprise droughts, earthquakes, epidemics, extreme temperature, �oods,
insect infestations, (mud)slides, volcanic eruptions, waves or surges, wild�res and windstorms.
In this paper though epidemics are excluded, as such are suspected to comply with other
mechanisms - such as poor infrastructure - intensifying their spread, and as their economic
e�ects may di�er systematically from those of other disasters.

11The decision rule is driven by data availability. The rather fragmentary structure of the
EM-DAT database constrains us to an "or" rather than an "and" rule.

12As a robustness check we will consider all natural disasters, as well as large-scale natural
disasters without considering the monetary losses sustained - as in industrialized nations higher
monetary losses might be possible due to the presence of infrastructure and production facili-
ties in contrast to developing countries. Results in the bilateral trade equation are similar in
magnitude and signi�cance to when using only large-scale disasters, while the estimates are of
a smaller magnitude, yet, still signi�cant in the trade-income equation.
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damage costs) in the dataset over 1950 to 2004. Counting all disasters that strike

a nation in a speci�c year, a variable incorporating a frequency e�ect is created.

Nations with no observation ful�lling the decision rule criteria are alloted a zero

that year.13 The frequency parameter contains more precise information on the

e�ect and magnitude of an event on trade than a dummy variable. We expect a

disaster-prone nation state to su�er larger losses, ceteris paribus, compared to a

single incident economy.

Gravity Results and Robustness. The results from testing the bilateral

trade equation are depicted in Tables (1) to (4). All tables incorporate robust

homoskedastic residuals that are clustered at the dyadic level. The constant,

country- and time-�xed e�ects are not reported, if applicable. Following Frankel

and Romer (1999), nations with a population of less than 100,000 citizens are ex-

cluded from the panel, as those economies usually follow di�erent trade patterns.

In Table (1) and (2), all zero trade values are dropped from the bilateral panel,

while zero trade �ows are considered using a Poisson approach in Table (3) and

(4).

Table (1) reports basic OLS estimates on import �ows in column (1) - (4) and

import openness in column (5) and (6) as the dependent variable. The geo-

graphic and historic coe�cients show typical gravity results, widely found in

the literature, as are estimates on the interacted GDP of the pair. Coe�cients

on WTO/GATT membership, and regional trade agreements are positive as ex-

pected. The estimates on the disaster frequency variable in country i are of

particular interest. They are positive throughout the gravity estimations and

signi�cant on the 1% level. The e�ect of disasters in the partner country j on bi-

lateral import/trade openness switches signs.14 The �ndings are in line with those

of Gassebner, Keck and Teh (2006) in a related framework, looking at import and

13This is possible as EM-DAT captures data on the occurrence and e�ects of catastrophes
worldwide dating from 1900.

14Negative signs on the disaster frequency coe�cient of country j occur when no country-�xed
e�ects are considered in Table (1) column (5), Table (2) column (1), and Table (3) column (1)-
we face omitted variable bias. In general, we expect a disaster in any of the partner countries
to increase openness either through the import or the export channel.
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Table 1: Bilateral Gravity Model - Import Flows (1950-2004)

Dependent Variable column (1) to (4): logarithm of import �ows
Dependent Variable column (5) and (6): logarithm of import openness

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

gdp i*j (ln) 1.055*** 0.689*** 0.689*** 0.687***
(0.01) (0.01) (0.01) (0.01)

population (ln), i -0.078*** -0.182*** -0.184*** -0.179*** -0.147*** 0.013
(0.01) (0.05) (0.05) (0.05) (0.01) (0.05)

population (ln), j -0.004 -1.323*** -1.301*** -1.297*** -1.039*** -1.355***
(0.01) (0.05) (0.05) (0.05) (0.01) (0.06)

# natural disasters, i 0.044*** 0.052*** 0.076*** 0.049***
(0.01) (0.01) (0.01) (0.01)

# natural disasters, j 0.068*** 0.115*** -0.154*** 0.124***
(0.01) (0.01) (0.01) (0.01)

distance (ln) -0.931*** -1.071***
(0.02) (0.02)

area, i (ln) -0.119*** -0.095***
(0.01) (0.01)

area, j (ln) -0.109*** -0.155***
(0.01) (0.01)

land over total borders, i -0.024 0.118**
(0.04) (0.05)

land over total borders, j -0.262*** -1.992***
(0.03) (0.05)

common border 0.560*** 0.449***
(0.08) (0.09)

colonized by same third country 0.329*** 0.369***
(0.05) (0.07)

common o�cial primary language 0.199*** -0.250***
(0.06) (0.08)

language spoken by at least 95% 0.192*** 0.481***
(0.06) (0.08)

pair ever in colonial relation 0.454*** 0.843***
(0.11) (0.15)

common colonizer post 1945 0.409*** -0.461***
(0.06) (0.08)

currently in colonial relationship -3.392*** -3.835***
(1.00) (1.15)

colonial relation post 1945 1.493*** 1.235***
(0.14) (0.19)

were/are the same country 0.667*** 0.449***
(0.13) (0.14)

WTO/GATT membership 0.002
(0.02)

FTA 0.826***
(0.06)

PTA 0.354***
(0.04)

Customs Union 0.467***
(0.08)

cumulated # natural disasters, i 0.019*** 0.055***
(0.00) (0.03)

cumulated # natural disasters, j 0.025*** 0.101***
(0.00) (0.02)

cum disasters x �nancial remoteness, i -0.005
(0.00)

cum disasters x �nancial remoteness, j -0.011***
(0.00)

Time-�xed e�ects YES YES YES YES YES YES
Country-�xed e�ects NO YES YES YES NO YES

R2 0.635 0.595 0.594 0.594 0.376 0.536
Observations 459,765 464,747 464,747 464,747 473,480 478,489
Note: * p<0.1, ** p<0.05, *** p<0.01; Constant, country- and time-�xed e�ects are not reported, if applicable.

Robust and clustered (dyad) standard errors are reported in parenthesis.
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Table 2: Basic Bilateral Gravity Model (1950-2004)

Dependent Variable: logarithm of trade openness
OLS OLS OLS OLS OLS
��������������������� ����
(1) (2) (3) (4) (5)

population (ln), i -0.085*** -0.662*** -0.674*** -0.673*** population (ln), i -0.641***
(0.01) (0.04) (0.04) (0.04) (0.02)

population (ln), j 1.050*** -0.903*** -0.895*** -0.891*** population (ln), j -0.896***
(0.01) (0.04) (0.04) (0.04) (0.02)

# natural disasters, i 0.100*** 0.069*** # natural disasters, i 3.596***
(0.01) (0.01) (0.07)

# natural disasters. j -0.166*** 0.083*** # natural disasters, j 3.695***
(0.01) (0.00) (0.07)

distance (ln) -1.117*** disaster x remoteness, i -0.108***
(0.02) (0.01)

area (ln), i A -0.098*** disaster x remoteness, j -0.168***
(0.01) (0.01)

area (ln), j -0.142*** disaster x area, i 0.020***
(0.01) (0.00)

land over total borders, i 0.066 disaster x area, j 0.038***
(0.04) (0.00)

land over total borders, j -1.953*** disaster x distance, i -0.346***
(0.05) (0.01)

common border 0.463*** disaster x distance, j -0.335***
(0.08) (0.01)

same colonizer 0.483*** disaster x common border, i -0.028
(0.06) (0.02)

primary language -0.262*** disaster x common border, j -0.008
(0.08) (0.02)

language 95% 0.493*** disaster x language primary, i 0.084***
(0.07) (0.01)

colonial relation ever 0.784*** disaster x language primary, j 0.068***
(0.15) (0.01)

colonizer post 1945 -0.584*** disaster x language 95%, i 0.072***
(0.07) (0.01)

current colony -4.520*** disaster x language 95%, j 0.077***
(0.97) (0.01)

colonized post 1945 1.428*** disaster x common colonizer, i 0.258***
(0.18) (0.01)

were/are same country 0.426*** disaster x common colonizer, j 0.270***
(0.12) (0.01)

WTO/GATT 0.285*** disaster x colonial relation, i 0.004
(0.02) (0.05)

FTA 1.505*** disaster x colonial relation, j -0.006
(0.06) (0.05)

PTA -0.218*** disaster x colonizer 1945, i -0.023*
(0.05) (0.01)

Customs Union 0.972*** disaster x colonizer 1945, j -0.038***
(0.07) (0.01)

cumulated disasters, i 0.025*** 0.033 disaster x current colony, i -1.219***
(0.00) (0.02) (0.30)

cumulated disasters, j 0.019*** 0.122*** disaster x current colony, j -1.148***
(0.00) (0.02) (0.32)

disaster x remoteness, i -0.001 disaster x colony post 1945, i 0.370***
(0.00) (0.06)

disaster x remoteness, j -0.014*** disaster x colony post 1945, j 0.366***
(0.00) (0.06)

Time-�xed e�ects YES YES YES YES Time-�xed e�ects YES
Country-�xed e�ects NO YES YES YES Country-�xed e�ects YES

R2 0.412 0.525 0.525 0.525 R2 0.548
Observations 543,640 551,588 551,588 551,588 Observations 543,640
Note: * p<0.1, ** p<0.05, *** p<0.01; Constant, country- and time-�xed e�ects are not reported, if applicable. Robust

and clustered (dyad) standard errors are reported in parenthesis.
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Table 3: Bilateral Gravity Model - Poisson Maximum Likelihood Regression (1950-2004)

Dependent Variable: trade openness
Poisson Poisson Poisson Poisson Poisson Poisson
�������������������������������
(1) (2) (3) (4) (5) (6)

population (ln), i -0.284*** -0.580*** -0.577*** -0.582*** -0.580*** -0.578***
(0.03) (0.14) (0.14) (0.14) (0.14) (0.14)

population (ln), j 0.900*** 0.200 0.243 0.205 0.212 0.207
(0.04) (0.15) (0.15) (0.15) (0.15) (0.15)

# natural disasters, i 0.048** 0.037*** 0.238 0.260***
(0.02) (0.01) (0.15) (0.10)

# natural disasters, j -0.137*** 0.009 0.683*** 0.198*
(0.02) (0.01) (0.09) (0.12)

distance (ln) -0.647***
(0.05)

area (ln), i 0.030
(0.02)

area (ln), j -0.179***
(0.04)

land borders over total borders, i -0.058
(0.09)

land borders over total borders, j -1.722***
(0.13)

common border 0.327***
(0.12)

colonized by same third country 0.615***
(0.13)

common o�cial primary language -0.190
(0.22)

language spoken by at least 95% 0.691**
(0.28)

pair ever in colonial relation 0.440*
(0.23)

common colonizer post 1945 -0.987***
(0.13)

currently in colonial relation -2.864***
(0.72)

colonial relation post 1945 0.920***
(0.24)

were/are the same country 0.398**
(0.18)

disaster x �nancial remoteness (ln), i -0.027
(0.02)

disaster x �nancial remoteness (ln), j -0.088***
(0.01)

disaster x area (ln), i -0.016**
(0.01)

disaster x area (ln), j -0.012
(0.01)

cumulated # natural disasters, i 0.015*** 0.091
(0.00) (0.07)

cumulated # natural disasters, j -0.007* 0.073***
(0.00) (0.02)

cum disasters x �nancial remoteness, i -0.011
(0.01)

cum disasters x �nancial remoteness, j -0.009***
(0.00)

Time-�xed e�ects YES YES YES YES YES YES
Country-�xed e�ects NO YES YES YES YES YES

Observations 750,842 760,208 760,208 760,208 762,933 760,208
Wald chi2 7257.89 19220.88 19388.70 19288.80 19317.19 19242.54
Log pseudolikelihood -17892 -16708 -16696 -16707 -16789 -16706
Note: * p<0.1, ** p<0.05, *** p<0.01; Constant, country- and time-�xed e�ects are not reported, if applicable.

Robust and clustered (dyad) standard errors are reported in parenthesis.
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Table 4: Bilateral Gravity Model - Poisson Maximum Likelihood Regression (1950-2004)

Dependent Variable: trade openness
Poisson Poisson Poisson Poisson Poisson Poisson

cumulated cumulated cumulated
large scale disasters all large scale disasters all
disasters w/o damage disasters disasters w/o damage disasters
�����������������������������������
(1) (2) (3) (4) (5) (6)

population (ln), i -0.556*** -0.566*** -0.468*** -0.536*** -0.565*** -0.422***
(0.07) (0.07) (0.07) (0.15) (0.15) (0.16)

population (ln), j 0.257*** 0.231*** 0.324*** 0.221 0.195 0.271*
(0.06) (0.06) (0.06) (0.15) (0.15) (0.16)

# of natural disasters, i 1.578*** 1.654*** 0.787*** 0.665*** 0.648*** 0.334***
(0.16) (0.18) (0.06) (0.13) (0.14) (0.05)

# of natural disasters, j 1.762*** 2.183*** 0.486*** 0.666*** 0.843*** 0.172***
(0.12) (0.15) (0.04) (0.11) (0.12) (0.03)

disaster x �nancial remoteness, i 0.074*** 0.093*** 0.008 0.015 0.031* -0.011**
(0.02) (0.02) (0.01) (0.01) (0.02) (0.00)

disaster x �nancial remoteness, j -0.097*** -0.136*** -0.026*** -0.017 -0.031*** -0.006**
(0.01) (0.01) (0.00) (0.01) (0.01) (0.00)

disaster x area (ln), i -0.030*** -0.032*** -0.010*** -0.019*** -0.020*** -0.005***
(0.01) (0.01) (0.00) (0.01) (0.01) (0.00)

disaster x area (ln), j 0.003 -0.002 0.005 -0.001 -0.006 0.002**
(0.01) (0.01) (0.00) (0.00) (0.00) (0.00)

disaster x distance (ln), i -0.206*** -0.230*** -0.089*** -0.061*** -0.073*** -0.023***
(0.01) (0.02) (0.00) (0.01) (0.02) (0.00)

disaster x distance (ln), j -0.127*** -0.134*** -0.043*** -0.065*** 0.009*** -0.019***
(0.01) (0.01) (0.00) (0.01) (0.01) (0.00)

disaster x common border, i 0.069*** 0.098*** -0.014 0.024** 0.033** 0.001
(0.02) (0.03) (0.01) (0.01) (0.02) (0.01)

disaster x common border, j 0.045*** 0.035*** 0.019*** 0.01 0.08 0.005
(0.01) (0.01) (0.01) (0.02) (0.01) (0.01)

disaster x common language prim, i 0.114** 0.112** 0.016 0.031* 0.025 0.007
(0.05) (0.06) (0.01) (0.02) (0.02) (0.01)

disaster x common language prim, j -0.191*** -0.306*** -0.029*** -0.071*** -0.092*** -0.010***
(0.02) (0.03) (0.00) (0.02) (0.03) (0.00)

disaster x common language 95%, i 0.017 0.008 0.043*** 0.002 0.006 0.013
(0.06) (0.07) (0.01) (0.02) (0.02) (0.01)

disaster x common language 95%, j 0.219*** 0.339*** 0.038*** 0.084*** 0.106*** 0.013***
(0.02) (0.03) (0.00) (0.02) (0.03) (0.00)

disaster x common colonizer, i 0.086** 0.148*** 0.005 0.039** 0.061*** -0.003
(0.04) (0.04) (0.01) (0.02) (0.06) (0.01)

disaster x common colonizer, j 0.018 0.076*** -0.001 0.022 0.062*** -0.002
(0.01) (0.02) (0.00) (0.02) (0.02) (0.00)

disaster x colonial relation, i 0.025 0.037 0.062*** 0.025 0.026 0.021***
(0.08) (0.11) (0.01) (0.02) (0.03) (0.01)

disaster x colonial relation, j -0.063*** -0.067*** 0.006 -0.033** -0.031** -0.001
(0.02) (0.02) (0.01) (0.01) (0.02) (0.01)

disaster x common col post 1945, i -0.069 -0.195*** 0.081*** -0.055* -0.097** 0.015
(0.05) (0.05) (0.01) (0.03) (0.04) (0.01)

disaster x common col post 1945, j 0.127*** 0.061** 0.079*** 0.006 -0.034 0.023***
(0.02) (0.02) (0.01) (0.02) (0.02) (0.01)

disaster x current colony, i -0.136 -0.208 0.063 0.081 0.044 0.079**
(0.25) (0.25) (0.14) (0.23) (0.23) (0.04)

disaster x current colony, j -0.328 -0.466* 0.057 0.001 0.003 0.036
(0.24) (0.24) (0.07) (0.29) (0.29) (0.08)

disaster x colony post 1945, i 0.103 0.133 -0.021 -0.002 0.021 -0.035***
(0.09) (0.11) (0.02) (0.03) (0.04) (0.01)

disaster x colony post 1945, j 0.487*** 0.613*** 0.119*** 0.237*** 0.237*** 0.070***
(0.04) (0.05) (0.01) (0.03) (0.03) (0.01)

Observations 750,842 753,565 753,565 750,842 750,842 750,842
Wald chi2 249538 247436 261377 30326 25848 34221
Log pseudolikelihood -16358 -16449 -16304 -16256 -16296 -16077
Note: * p<0.1, ** p<0.05, *** p<0.01; Time- and country-�xed e�ects included in all regressions. Constant, country- and

time-�xed e�ects are not reported. Robust and clustered (dyad) standard errors are reported in parenthesis.
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export �ows under OLS. They found that if the exporting country is a�ected by a

disaster, technological or natural, its exports to country i decrease, plausibly due

to the reduction in economic output or the disruption of transportation facilities.

Further, if a disaster strikes a partner country the openness of country i might

either increase or decrease depending on whether the partner country's imports

increase more/less than its exports decrease. Table (2) reports similar results

to those described above, which are in line with the extensive gravity literature.

When considering trade as a proportion to the country's GDP as the dependent

variable, openness to trade increases on impact of a natural catastrophe. Esti-

mations in Table (1) - (2) show strong R2's with a sample size of about 450,000

for the traditional gravity and over 550,000 observations in the modi�ed bilateral

trade estimations.

In Tables (1) and (2) we can support the proposition that natural catastrophes

vary substantially and considerably over time. Additionally, the signi�cant and

strong impact of natural disasters on bilateral trade openness, import openness,

as well as import �ows make economic sense. When considering 5-year cumu-

lated disasters in Table (1) column (3) and (4), and Table (2) column (4), we

can underpin the proposition that natural disasters exert a positive impact on

observed trade liberalization permanently and persistently.15 Disasters interact

with geographic and historical characteristics of a country. Dependent on the pa-

rameter the e�ect of natural disasters on trade openness are reduced/increased.

The more distant trading partners are, the less the e�ect of a disaster on their

bilateral trade openness (Table (2) column (5)); the more �nancially remote a

country is, the less it can �nance trade in case of a natural disaster, thus the

impact of the disaster on trade openness is again reduced through its �nancial re-

moteness; the stronger the historical ties between the trading partners, the more

bilateral trade openness increases due to natural catastrophes (not so for current

colonies or common colonizers post 1945).

15This can also be shown by using the lags of natural disasters, which remain signi�cant over
several years. Results can be obtained on request.
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The Poisson estimations in Table (3) and Table (4) consider zero trade �ows in

the trade matrix. Signs and magnitude of geographic and historical components

are in line with the gravity literature in Table (3) column (1). In general, we can

underpin our �nding that natural disasters enhance bilateral trade openness sig-

ni�cantly over time with a similar magnitude as under the OLS speci�cation with

country- and time-�xed e�ects. Column (3) and (6) re�ect that �nancially remote

- less integrated - economies experience a lower increase in bilateral trade open-

ness in case of natural catastrophes, as they cannot easily smooth consumption.

The larger a country in terms of its area, the lower the impact of a catastrophe on

the observed trade share in column (4). This can partly be explained by the fact

that large countries rather experience regional destruction - a disaster destroys

parts of the infrastructure and production lines. Thus, a large nation is still able

to compensate the damage caused by a disaster through within country trade and

investment. Additionally, we can substantiate our earlier allegation that disasters

signi�cantly and consistently increase observed bilateral trade shares, applying

5-year cumulated disaster frequency variables under the Poisson approach in col-

umn (5) and (6).

Table (4) depicts the preferred speci�cations for predicting the instrument under

various disaster decision rules. Based on the previous results, coe�cients again

make economic sense. The �nding that an economy's bilateral trade shares signif-

icantly (1%) augment if a country in the pair is hit by a natural disaster persists

over the disaster frequency variable de�nitions. The e�ect of exogenous natural

disasters on the access of an economy to international markets is quite stable in

magnitude, over time, over the construction of the disaster frequency parame-

ter (large-scale, large-scale without considering monetary costs, or applying all

disasters, as well as using the cumulative of disasters), and nations when apply-

ing time- and country-�xed e�ects to the setting. In the preferred speci�cation,

geographic and historic components enter only through interaction with the dis-

aster frequency parameter, as country-speci�c features are otherwise controlled

for. Interaction results under Poisson are similar to those under OLS.
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Poisson estimations contain signi�cant explanatory power with a sample size of

over 750,000 observations in the speci�cations to predict the instruments under

several disaster de�nitions. The occurrence of a catastrophe enhances bilateral

trade liberalization by about 1.6%-points according to the Poisson regression with

time- and country-�xed e�ects analysis in Table (4) column (1), while trade shares

augment by 0.7%-points due to cumulated disasters in column (4). The next

step is to aggregate across nations and examine whether geographic/historical

components and natural disaster occurrence contain su�cient information on

overall trade.

Table 5: Quality of the Poisson Instrument (1950-2004), 5-year averages

Dependent variable: Actual trade share

large-scale disasters large-scale disasters w/o damage all disasters
within FE within FE within FE

������������� ������������� �������������
(1) (2) (3) (4) (5) (6) (7) (8) (9)

constructed share 0.275*** 0.281** 0.277*** 0.282*** 0.178** 0.177*
(0.10) (0.11) (0.10) (0.11) (0.09) (0.09)

population (ln) -0.088 0.012 -0.090 0.011 -0.084 -0.012
(0.06) (0.07) (0.06) (0.07) (0.06) (0.07)

# natural disasters 0.013* 0.012* 0.016** 0.015* 0.004 0.005
(0.01) (0.01) (0.01) (0.01) (0.01) (0.00)

Time-�xed e�ects YES YES YES YES YES YES YES YES YES

R2(within) 0.247 0.205 0.249 0.247 0.205 0.249 0.230 0.203 0.232
R2(between) 0.730 0.391 0.674 0.732 0.390 0.679 0.695 0.394 0.696
R2(overall) 0.514 0.343 0.443 0.517 0.343 0.448 0.402 0.342 0.441
F-Test 12.54 11.10 12.62 12.65 11.45 12.58 11.80 10.65 11.55
Observations 1,322 1,445 1,322 1,322 1,445 1,322 1,322 1,445 1,322

cumulated large-scale disasters cumulated disasters w/o damage cumulated all disasters
within FE within FE within FE

������������� ������������� �������������
(1) (2) (3) (4) (5) (6) (7) (8) (9)

constructed share 0.227** 0.223** 0.221** 0.214** 0.165** 0.164*
(0.09) (0.10) (0.09) (0.10) (0.08) (0.09)

population (ln) -0.089 -0.007 -0.091 -0.011 -0.085 -0.019
(0.06) (0.07) (0.06) (0.07) (0.06) (0.06)

# natural disaster 0.003* 0.002* 0.003* 0.003* 0.001 0.001
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Time-�xed e�ects YES YES YES YES YES YES YES YES YES

R2(within) 0.237 0.205 0.238 0.235 0.205 0.237 0.231 0.203 0.233
R2(between) 0.719 0.391 0.715 0.718 0.390 0.710 0.682 0.394 0.672
R2(overall) 0.464 0.343 0.475 0.457 0.343 0.479 0.380 0.342 0.447
F-Test 12.04 11.23 12.77 11.97 11.39 12.55 11.91 10.48 11.59
Observations 1,322 1,445 1,322 1,322 1,445 1,322 1,322 1,445 1,322
Note: * p<0.1, ** p<0.05, *** p<0.01; Constant, within- and time-�xed e�ects are not reported. Robust standard errors

in parenthesis.
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Figure 1: Actual versus Constructed Trade Share
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3 Quality of the Instrument

In the above section we have seen that disasters have a considerable and persistent

e�ect on countries' trade openness. Thus current, past, or cumulative natural

catastrophes exert a positive impact on observed openness over time. As we are

interested in the e�ect of multilateral openness ωi
t on domestic income growth

yi
t, we can use the predicted trade share ω̂i

t as an instrument for actual trade ωi
t.

For constructed openness to be a qualitatively good instrument, we need to show

that ωi
t and ω̂

i
t are positively and strongly correlated. The correlation between the

predicted and the actual trade share amounts to 76% - 78% - depending on the

de�nition of disasters used to construct the instrument. The strong and positive

correlation is depicted in Figure (1), where the actual aggregated trade share is

plotted against the constructed multilateral trade share. It is fairly convincing

to say that predicted trade is not caused by current income per capita yi
t, in

contrast to the actual trade openness, as the instrument is considered to be truly
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exogenous. Total population, natural disasters, and geographical or historical

components account for a major part in the variation in overall observed trade

as a share of the country's GDP.

Table (5) depicts the positive relation between the actual and the predicted trade

share for the 6 di�erent instruments generated. Estimations are undertaken in

5-year averaged within-�xed e�ects regressions, including time-�xed e�ects and

robust residuals. The estimation of actual openness on predicted trade liberal-

ization yields strong and highly signi�cant coe�cients on ω̂i
t - with estimates of

smaller magnitude for the instrument considering all natural disasters in column

(7) to (9). As the constructed multilateral trade share is in fact highly corre-

lated with the size of an economy and natural disasters, we need to examine

whether the aggregated instrument provides information beyond that contained

by these parameters. Column (2), (5), and (8) show estimations including the

logarithm of population and the frequency of natural disasters on actual aggre-

gated trade patterns, plus the constructed instrument in column (3), (6) and (9).

As expected, natural catastrophes positively and signi�cantly a�ect aggregated

openness, while the coe�cient on population is insigni�cant in all settings. The

estimates on the constructed trade share remain signi�cant and similar in mag-

nitude when considering the size of nation states and disasters directly. Further,

the within explanatory power of the estimation remains quite stable around 23

to 25 percent, while all regressions have strong between R2's. From this we can

conclude that the information contained in the aggregated instrument on actual

trade reaches beyond that contained in natural catastrophes and total population.

In the 2 SLS/IV approach we need to be able to exclude ω̂i
t from the second-stage

regression. In section 2, the instrument is constructed using a modi�ed gravity

equation comprising considerable information about overall trade next to that

held by natural disasters and population only. As catastrophes and population

growth might plausibly cause economic outcomes, it is straight forward to directly

control for them in the second-stage regression, by this mitigate omitted variables

bias and avoid a violation of the exclusion restriction. We expect domestic income
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to increase on impact of natural disasters, as the latter might tackle investment

demand. Note, it would also be reasonable to expect income per capita to fall due

to a disaster and recover later. Countries where disasters are expected to strike

hard and often are poorer - attract less investment due to the risk of capital loss.

4 The IV Strategy

We can now utilize the instrument constructed in section 2 to assess the causal re-

lation between observed trade liberalization and income. The econometric strat-

egy will be adapted to the nature of the available data. As we can draw on

meaningful time-variance, we deploy panel methods, particularly a 2 stage least

squares instrumental variables approach, to clarify the e�ect of international trade

on domestic income growth.

4.1 Trade's E�ect on Income

Speci�cation and Sample. To rule out endogeneity when evaluating the im-

pact of trade on income over time, the constructed trade share is deployed as a

instrument for actual trade in a setting with 172 countries (OLS and within FE)

and 165 nations for 1950 to 2004 using a 2 SLS/IV approach. In all cases we con-

duct regressions on the basis of �ve-year averaged data as means to compensate

for output gaps, or cyclic patterns. The basic estimation setup

ln yi
t = α + βωi

t + δΩi
t + γ ln popi

t + νt + νi + εi
t

consists of the logarithm of GDP per capita as the dependent parameter at time

t in country i, while the right-hand side variables are speci�ed as before. All

regressions are estimated under a within-�xed e�ects approach, including time-

�xed e�ects and robust homoskedastic error terms. Data on real per capita

income stem from the Penn World Tables (6.3) database.
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Table 6: Trade Openness and Real GDP per Capita (1950-2000), 5-year averages

Dependent Variable: ln real GDP per capita
Dependent Variable (First-stage): Actual Trade Share
Instrument : Predicted Trade Share

large-scale disasters large-scale disasters w/o monetary damage

First- Second- First- Second-
Stage IV Stage IV Stage IV Stage IV

OLS within FE within FE OLS within FE within FE
���������������������� ����������������������
(1) (2) (3) (4) (5) (6) (7) (8)

actual trade share 0.712*** 0.368*** 1.270*** 0.715*** 0.366*** 1.343***
(0.06) (0.08) (0.37) (0.06) (0.08) (0.39)

constructed trade 0.281*** 0.282***
(0.07) (0.07)

population (ln) 0.068*** -0.651*** 0.012 -0.589*** 0.076*** -0.658*** 0.011 -0.590***
(0.02) (0.10) (0.04) (0.07) (0.02) (0.10) (0.04) (0.07)

# natural disasters -0.135*** 0.069*** 0.012*** 0.063*** -0.181*** 0.070** 0.015*** 0.061***
(0.04) (0.03) (0.00) (0.01) (0.05) (0.03) (0.01) (0.02)

Time-�xed e�ects YES YES YES YES YES YES YES YES

R2 0.428 0.920 0.249 0.898 0.432 0.919 0.249 0.893
F-Test 98.63 234.96 32.92 815.89 99.29 236.47 31.89 784.94
Observations 1,445 1,445 1,321 1,321 1,445 1,445 1,321 1,321
Countries 172 172 165 165 172 172 165 165
Excluded F-Test 15.07 14.83
Partial R2 0.04 0.04

5-year cumulated large-scale disasters 5-year cumulated disasters w/o monetary damage

First- Second- First- Second-
Stage IV Stage IV Stage IV Stage IV

OLS within FE within FE OLS within FE within FE
���������������������� ����������������������
(1) (2) (3) (4) (5) (6) (7) (8)

actual trade share 0.711*** 0.368*** 1.550*** 0.714*** 0.367*** 1.596***
(0.06) (0.08) (0.49) (0.06) (0.08) (0.53)

constructed share 0.223*** 0.214***
(0.07) (0.06)

population (ln) 0.069*** -0.654*** -0.007 -0.570*** 0.076*** -0.659*** -0.011 -0.571***
(0.02) (0.10) (0.04) (0.08) (0.02) (0.10) (0.04) (0.08)

# natural disasters -0.029*** 0.014** 0.002** 0.012*** -0.037*** 0.014*** 0.003*** 0.011***
(0.01) (0.01) (0.00) (0.00) (0.01) (0.01) (0.00) (0.00)

Time-�xed e�ects YES YES YES YES YES YES YES YES

R2 0.429 0.919 0.238 0.877 0.433 0.919 0.237 0.872
F-Test 98.81 237.56 32.60 723.35 99.39 237.41 31.89 702.64
Observations 1,445 1,445 1,321 1,321 1,445 1,445 1,321 1,321
Countries 172 172 165 165 172 172 165 165
Excluded F-Test 11.73 11.03
Partial R2 0.02 0.02
Note: * p<0.1, ** p<0.05, *** p<0.01; Constant, within- and time-�xed e�ects are not reported. Robust standard errors

in parenthesis.
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Table 7: Trade Openness and Real GDP per Capita (1950-2000), 5-year averages

Dependent Variable: ln real GDP per capita
Dependent Variable (First-stage): Actual Trade Share
Instrument : Predicted Trade Share

all disasters 5-year cumulated all disasters

First- Second- First- Second-
Stage IV Stage IV Stage IV Stage IV

OLS within FE within FE OLS within FE within FE
���������������������� ����������������������
(1) (2) (3) (4) (5) (6) (7) (8)

actual trade share 0.703*** 0.373*** 1.579*** 0.704*** 0.373*** 1.651***
(0.06) (0.08) (0.51) (0.06) (0.08) (0.48)

constructed share 0.177*** 0.164***
(0.06) (0.06)

population (ln) 0.009 -0.622*** -0.012 -0.539*** 0.010 -0.628*** -0.019 -0.539***
(0.02) (0.09) (0.04) (0.08) (0.02) (0.09) (0.04) (0.08)

# natural disasters 0.050*** 0.028* 0.005* 0.026*** 0.010*** 0.005* 0.001* 0.005***
(0.02) (0.01) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00)

Time-�xed e�ects YES YES YES YES YES YES YES YES

R2 0.427 0.919 0.232 0.874 0.427 0.919 0.233 0.868
F-Test 96.00 231.99 30.96 694.74 96.09 232.40 31.30 667.73
Observations 1,445 1,445 1,321 1,321 1,445 1,445 1,321 1,321
Countries 172 172 165 165 172 172 165 165
Excluded F-Test 8.99 7.90
Partial R2 0.02 0.01
Note: * p<0.1, ** p<0.05, *** p<0.01; Constant, within- and time-�xed e�ects are not reported. Robust standard errors

in parenthesis.

In the following we are able to support the proposition that the predicted instru-

ment for observed trade openness proves to be valid and feasible when treating

trade as endogenous. Additional independent determinants of domestic income

are not expected to be correlated with the predicted trade share. Time-invariant

country-speci�c characteristics that might a�ect a country's income growth are

controlled for in the setup, as are business cycle e�ects and heteroskedasicity.

The disaster frequency parameter, as well as total population are included in the

regressions to determine their direct e�ect on the growth process.

Basic Results. Table (6), column (1) and (2) report the OLS and within FE

regression of the log of real GDP per capita on the actual trade share from 1950

to 2004. The magnitude of estimates is comparable to earlier �ndings by Frankel

and Romer (1999), as well as Irwin and Terviö (2002). An increase in the trade

share of 1 percentage-point increases income by 0.7% in column (1) and 0.4% in

the within FE regression in column (2). Population and natural disasters seem to
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have a signi�cant impact on domestic income as well. In column (3) - (8), trade

is assumed to be endogenous and thus instrumented by the constructed trade

share. The coe�cient of trade on income increases sharply when IV methods are

applied. Yet, this result is in line with previous research. According to the within

FE 2 SLS/IV approach with time-�xed e�ects, an increase in trade liberalization

of 1%-point would cause income to raise by 1.3 percent (1% signi�cance level). A

1% increase in population decreases real GDP per capita by 0.6 percent (1% sig-

ni�cance), while the occurence of a further large-scale natural disaster augments

income by an additional 0.06 percent (1% signi�cance). The positive impace of

disasters on growth might at �rst be unexpected, but Keynesian growth models

would predict that disasters lead to more investment demand, which in the end

would increase real GDP per capita. Additionally, our �nding is in line with

empirical observations made by Skidmore and Toya (2002, 2007), who found that

geological disasters, such as earthquakes and volcanic erruptions, stir economic

activity in nation states hit by such disasters in contrast to less disaster-prone

countries. This view is also supported by Cuaresma (2008), who realized that

infrastructure will be reconstructed and expanded, particularly in transformation

economies, after a state is hit by a natural disaster. Further, Noy (2009) ex-

plains that aid money and materials tend to �ow into disaster struck developing

economis.16 Our instrument is reasonable in this context on basis of the excluded

F-Test on the instrument and the partial explanation power of 4%.

Robustness. For robustness we report the same regressions utilizing large-scale

natural catastrophes not considering the monetary damage they cause - as this

might bias the results towards developed countries, where more capital might

be destroyed on impact of a natural disaster - in column (5) - (8) of Table (6).

This framework, where trade openness is instrumented by the corresponding in-

strument, depicts a very similar picture as the estimation above. We again �nd

a signi�cant (1%) and positive e�ect on real GDP per capita, caused by an in-

16Note, however, that Noy (2009) also remarks that private money is leaving the country
after a catastrophe at the same time that aid money and materials are entering.
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crease in the trade share, augmented further if the economy is hit by a disaster.

The partial explanation power remains around 4%, with sizable F-Tests on the

excluded instrument.

The lower part of Table (6) depicts the same setup on large-scale disaster and

such not considering monetary losses using �ve-year cumulated natural disasters

and the corresponding instruments, respectively. The coe�cients of the actual

trade share on domestic income remain robust over the various settings, as do

those on population and cumulated natural disasters. Treating the trade share as

endogenous is again reasonable with feasible F-Tests on the excluded instrument

and partial R2's of 2% in the overall sample in column (4) and column (8).17 The

regressions comprising all (large- and small-scale) disasters result in very similar

�ndings regarding the impact of trade, disasters and population in Table (7).

Yet, as small-scale disasters do not a�ect macroeconomic activity to a signi�cant

extend, F-Tests on the excluded instrument and partial R2's are very low in this

all-disaster-setting.

To sum up, trade integration causes an increase in income per capita by 1.3

to 1.6% for the overall sample. Results remain robust across setups and across

various de�nitions of natural disasters entering the regression analysis. Within

2 SLS/IV estimates overstate OLS estimates by 1.8 to 2.5, while they are 3.5 to

4 times larger than within FE estimates. Comparing this to Frankel and Romer

(1999), who �nd the IV estimate to be 2.3 times bigger than the OLS estimate

in 1985, while Irwin and Terviö (2002) �nd an averaged factor of 2.6 over their

di�ering cross-sectional settings. Our estimates are in line with previous �ndings.

The consistency of our results suggest that it is not a sampling error, but perhaps

OLS and within FE coe�cients are biased downwards due to measurement error.

Trade �ows might consistently be assessed with error or economies with poorly

measured domestic income also observe ill-measured trade.

17We also tested the whole setup including the interaction term of disasters and �nancial
remoteness. Results on the e�ect of trade on income remained unchanged in magnitude and
signi�cance, while the interaction term turned out to be insigi�cant.
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5 Conclusion

This paper constructs a valid instrument for trade openness in the panel frame-

work and subsequently underpins an empirical fact: countries that are more in-

tegrated with respect to trade tend to have a higher income per capita in the

long-run, even after controlling for the endogeneity of trade. This is in line with

earlier cross-sectional �ndings of Frankel and Romer (1999), as well as Irwin and

Terviö (2002). Ruling our the endogeneity of trade in the panel, we �nd over-

whelming evidence of a bene�cial e�ect in the 165 country sample for 1950-2004.

This �nding is robust to the de�nition of natural disasters and the choice of

estimation strategy.

Our analysis rede�nes the approach of Frankel and Romer (1999). We show

that natural disaster substantially and persistently enhance trade integration.

We construct an instrument for trade openness including natural disasters as a

time-varying component of trade in a modi�ed gravity setting, to be able to ex-

ploit the panel structure of data. In all cases, we use yearly bilateral parameters

on trading partners, including country- and time-�xed e�ects in the Poisson ap-

proach to predict the instrument. This setting considers zero trade �ows and thus

predicts trade as a proportion of a country's GDP more precise. Natural disas-

ters, population size, as well as geographic and historical components are truly

exogenous. Additionally, there is no likely channel through which geographic

and historic components impact income other than through the interactions of

partner countries with another. Thus, we �nd that the constructed trade share

contains su�cient information about actual trade patterns to be able to rule out

endogeneity in the trade-income nexus over time, next to the direct e�ects of

disasters and population on domestic income.

In all cases, data are averaged over 5 years and a within FE framework includ-

ing time-�xed e�ects is applied in order to control for business cycle e�ects,

heteroskedasticity, and country-speci�c characteristics. We deal with the possi-

ble endogeneity of trade by using the geography-disaster based instrumentation
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strategy developed in the second part of the paper. The results we get across

all models (OLS, within FE, 2 SLS/IV) is stable and robust. Moreover, we have

su�cient evidence to conclude that openness is causally related to increased do-

mestic income. Further, we �nd that disasters also directly enhance income, while

a higher population decreases real GDP per capita naturally in all samples.

We conjecture that OLS and within FE underestimate the e�ect of openness on

income per capita, but are still signi�cant. In other words, the higher trade is as a

proportion of a country's GDP, the higher is the economy's domestic income. The

non-instrumented regressions bias the openness coe�cient towards zero. Frankly,

trade might be persistently ill-measured or liberalization might just be a weak

proxy for other interactions between nations that enhance real GDP per capita.

Further robustness tests are necessary to examine the positive direct e�ect of

natural disasters on income per capita, such as including a parameter on the

shadow economy, or an exogeous �nancial integration parameter.
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