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Abstract Although natural disasters can cause enormous destruction to a country’s
economy, there remains an unsettled debate on whether disasters bring similarly large
negative impacts throughout heterogeneous sectors of an economy. The literature
indicates that the consequences for the economy differ according to the magnitude
of the disaster, although such findings are inconclusive when other variables such as
the scope, scale, type of disaster, the type of economy, etc., are taken into account. On
the one hand, natural disasters—such as a tsunami—may destroy a large number of
human lives and much physical capital including R&D facilities and therefore have
a negative impact on an economy’s growth rate. On the other hand, such disasters
may have a positive effect through rebuilding a superior infrastructure and the use
of more advanced technology. In this paper, we explore whether the 2004 tsunami
caused, in the three major sectors of Sri Lanka’s economy—agriculture, industry and
services—a similar negative impact in both the short and long run. We employed
panel fixed effect, difference-in-difference (DID) and panel vector auto regression
(exogenous) (PVARX) estimation methods. The results suggest that the effect on
each economic sector differed widely. Although the impact was highly negative on
all three economic sectors in the first year following the tsunami, the impact on the
agricultural sector was comparatively greater and the recovery process was longer
than the other sectors. Moreover, the results suggest that industrial and services
sectors have actually experienced positive impacts over the long term as indicated by
the increase in demand for reconstruction and “building back better” infrastructure
after the disaster as well as the considerable inflow of aid and grants that were received
for advancement of the industrial and services sectors.
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1 Introduction

At a time when the global climate change is becoming more pronounced, the
frequency and magnitude of natural disasters will also continue to rise and prove
to be a major impediment against sustainable development (see, for example, Zhang
& Managi, 2020). Hence, for production processes, there needs to be far greater
attention to pre- and post-disaster mitigation and management strategies. During the
period from 1998 to 2017, disaster hit countries recorded direct economic losses of
US$2908 Billion, of which climate-related disasters accounted for US$2245 Billion
or 77% of the total. Based on this, many international organizations including the IMF,
the World Bank and many research organizations, such as the Centre for Research on
the Epidemiology of Disasters (CRED) highlighted that beginning from the early part
of this century, exogenous shocks such as disasters could have a substantial negative
impact on the growth, macroeconomic stability, debt sustainability and poverty of
less developed countries. UNISDR (2015) has emphasized that “low-income coun-
tries are predominantly vulnerable to natural disasters compared to the developed
countries and further, agriculture dependent countries are likely to suffer higher nega-
tive impacts than non-agricultural countries.” Following these international research
initiatives, a number of scholars have continued to explore the nexus between natural
disasters and economic growth more deeply and in specific ways.

The 2004 tsunami proved to be the largest global disaster in recent history as it
resulted in a death toll of about 282,000 and caused extensive damage in dozens
of countries. According to Abbott (2004) as cited by Athukorala and Resosudarmo
(2005), the previous deadliest tsunamis were the following (estimated death tolls
are in parentheses): Indonesia, 27 August 1883 (36,000); Portugal, 1 November
1755 (30,000); Japan, 15 June 1896 (27,000); Japan, 21 May 1792 (14,000); and
Japan, 27 March 1933 (3000). After the damage to Sri Lanka was assessed, the
numbers recorded were 35,000 deaths, 500,000 made homeless and some 100,000
houses damaged (Brunet et al., 2008). Without doubt then, it was the biggest natural
disaster to strike Sri Lanka. As per the past literature, the economic consequences of a
disaster will likely differ according to the magnitude of the disaster (Emanuel, 2011;
Keerthiratne & Tol, 2017; Klomp & Valckx, 2014; Zhou & Zhang 2021). However,
the literature is inconclusive due to the variations in the scope and scale of disasters,
the type of disaster, the type of economy (developed or underdeveloped), and area
affected (national or regional) (Easterly & Kraay, 2000; McDermott et al., 2014; Noy
& Nualsri, 2011). Natural disasters such as tsunamis may destroy a large amount of
human and physical capital as well as R&D facilities and therefore, have a negative
impact on the growth rate (Jacoby & Skoufias, 1997; Klomp & Valckx, 2014). On the
other hand, replacing the existing technology with more advanced technology may
have a positive impact on growth (Hallegatte & Dumas, 2009; Popp, 2006). Hence,
investigating the impact of the tsunami on different economic sectors is important
due to the severe disruption caused by major disasters to developing economies.

Accordingly, there is an unsettled debate on whether disasters bring similar and
large negative impacts throughout the heterogeneous sectors of an economy. The



Impact of Tsunami on Heterogeneous Economic ... 393

literature indicates that the economic response differs according to the magnitude
of a disaster although such findings are inconclusive when other variables such as
the scope, scale, type of disaster, the type of economy, etc., are taken into account.
Natural disasters—such as a tsunami—may largely have a negative impact on an
economy’s growth rate, whereas in some instances such disasters may have a positive
effect through the rebuilding of destroyed assets with superior and more advanced
technology.

The literature on this field is mainly based on endogenous and neo-classical growth
theories. After the seminal paper by Albala-Bertrand (1993), many researchers subse-
quently looked into the impact of disasters on long-term growth. Some predicted that
the destruction of capital would drive countries temporarily away from a balanced
growth path (Jovel, 1989; Krimgold, 1974; Noy, 2009). Others predicted that even
higher growth rates would be experienced after a disaster event (Cavallo et al., 2013;
Hallegatte & Dumas, 2009; Loayza et al., 2012; Tol & Leek, 1999). Hallegatte and
Dumas (2009) investigated the positive impact of disasters that was achieved through
the improvement of existing capital stock. However, the most recent research suggests
that whether a natural disaster has a negative or positive effect on economic growth
depends on different factors, and ultimately it has to be determined by empirical
research (Cavallo et al., 2013; Klomp et al., 2009; Loayza et al., 2012).

Loayza et al. (2012) carried out one of the first studies that emphasized the need to
investigate disaggregated economic sectors by going beyond the averaged national
economic growth figures. Mohan et al. (2018) examined the different national
accounting components of the Gross Domestic Product (GDP) of countries experi-
encing large natural disasters, especially, hurricane destruction. They concluded that
the response of diverse components underlying the GDP is heterogeneous among
different sectors. Thus, exploring the impact of disasters was likely to be more
complex when it entailed going beyond aggregated sectors. These new findings in the
literature on the effects of disasters on economic growth, which go beyond the aggre-
gated disaster impact on aggregated economic growth, have yet to be corroborated
but new studies are still rare.

The current study therefore, goes beyond aggregated economic sectors that include
agricultural, industrial and services sectors using Sri Lankan provincial level data.
Moreover, the study looks into the time specific disaster-economic growth nexus in
order to understand the catching up process that follows the destruction wreaked by
disasters. Hence, this study is a complex and comprehensive effort to add knowledge
to current literature on the disaster-economic growth nexus. In doing so, the focus is
on the literature on agriculture dependent small and developing economies that are
highly vulnerable to different disasters.

The remainder of the paper is organized as follows. Section 2 presents the method-
ology and Sect. 3 presents the results followed by a discussion. Section 4 concludes
the study with policy recommendations.
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2 Data and Methods

The study employs Sri Lankan provincial administrative level data (Sri Lanka consti-
tutes of 9 administrative provinces) in order to capture the impact of different disasters
on different economic sectors while taking into account the heterogeneous environ-
ment of the country. Hence, data on both GDP and on different disasters is employed.
Following the system of National Accounts (2008), GDP has been disaggregated
under three main components of the economy—agriculture, industry and services.
The data span is from 1997 to 2018. Depending on the analysis and the context, the
time span and number of provinces used were adjusted. Inflation-adjusted constant
GDP is used throughout the analysis.

The study employs the disaster index, particularly tsunami index in order to
capture the impact of 2004 tsunami. Following Fomby et al. (2013) and Keerthi-
ratne and Tol (2017), the population affected from tsunami was employed for the
construction of the index. The level of severity is measured using populations affected
in each province (i) and in particular, the change in severity over time (yearly) (t).
This index is formed normalizing the total population of the previous year in each
province. The data was collected from the Disinventar database which is managed
by the Disaster Management Center of Sri Lanka.

Difference-In-Difference method (DID)

To investigate the deeper effects of tsunamis, the DID methodology has been
employed in a number of previous studies on disaster impacts (Matsuki & Managi,
2016; Rajapaksa et al., 2016). The econometric model employed is as follows:

Yir = Po + B1Damaged; + ByAfter; + BsDamaged; x After;
+ BsControl; + &;; (1)

where y;, is the log of GDP for different economic sector variables (agriculture,
industry and services). Damaged; is a dummy equal to one if a province is situated
in a devastated area, After, is a dummy equal to one if ¢ is 2005 or 2006; Control;
is selected as a control variable and ¢;; is the error term.

Time series tests: vector auto regression analysis

To capture the time specific impact on disaster variables on the agriculture sector the
panel vector auto regression framework is employed as it facilitates the exploration of
external shocks on the economy. The reduced form of the panel vector auto regression
model with exogenous shock, (P)VARX takes the form of the following equation:

=V + Ef=1ﬂi)’z—j 2:/i:()ﬂ'kxz—k + & (2)
where y represents the vector of endogenous variables, namely GDP for agriculture,

industry and services; x is the exogenous variable that forms the basis of the tsunami
index t stands for time and ¢ stands for error term. When the panel structure of the
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data and the panel fixed effect methodology are taken into account, the equation can
be written as:

Yie = WYi + B0 Biyii—j Bp oKXk + i 3)

where i is the provincial index and W; captures the fixed effect for each country. This
equation can be written in the following multiplier form:

yie = QUL) 'O (L)xi, + QL) oy, 4

where L stands for the lag operator and the average reaction of the tsunami shock
is captured by (L)~'®(L). The lag structure is an important aspect of this kind
of analysis. Both AIC and BIC criteria are employed to select preferable lags. An
important assumption of the PVARX technique is that the endogenous variables
included in model (x) must be stationary. Hence, order of integration of the variables
is an important part of the estimation. For that purpose, both the Levin, Lin and
Chu (LLC) unit root test (which assumes that the individual time series in the panel
is cross-sectional and independently distributed) and the Pesaran and Shin (CIPS)
panel unit root test—which assumes cross sectional dependence as well as serially
correlated errors—are employed. Both of these tests were suggested and used by
previous studies on this same topic (e.g. Mohan et al., 2018).

3 Results and Discussion

Following the tsunami of 26 December 2004, the greatest impact was felt in the year
2005. The tsunami’s impact on different economic sectors is compared over the years
2005-2007. As can be seen in Table 1, in 2005 there was around a 0.7% decline in
growth in both the agricultural and industrial sectors. The impact on the services
sector was also negative, but it was smaller. However, in 2006, only the agricultural
sector showed a negative impact while both the industrial and services sectors grew
significantly. This growth continued through the year 2007 although the impact on
agriculture continued to be negative. Though these results are indicative, they help to
confirm that the agriculture sector is the most highly impacted sector from disasters
while the industry and services sectors have shown the capacity to grow after large
scale disasters, as many previous studies have shown.

These results are in line with the previous analysis. Interactions with the year
dummies for 2005 and 2006 are negative and significant for the agriculture sector
while the interaction term for the year 2007 dummy is not significant but with a
positive sign. The industry and services sectors show a negative impact only in the
first year and thereafter it is positive.

In Table 2, the outcomes from the basic model are set out and include damaged,
after and the key DID variable—Damaged*after interaction. The DID variable
is negative and significant for agriculture, confirming the results of the previous
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Table 2 DID analysis for the
2004 tsunami with
“damage*after” interaction

397

1 (2) 3)
Variables Agri Industry Services
Damaged 0.00140 0.365 0.113

(0.239) (0.417) (0.321)
After —0.299%*% | —(0.559%*% | —(.537%**

(0.0594) (0.107) (0.0315)
Dam*after —0.190** 0.515%* 0.386

(0.0936) (0.249) (0.274)
Log_density 0.2227%%%* 0.784#%%* 0.722%%%*

(0.0841) (0.149) (0.116)
Constant 9.684%%%* 6.690%*%* 7.961%%%

(0.475) (1.022) (0.781)
Observations 162 162 162
Number of pcode |9 9 9

Robust standard errors in parentheses, pcode refers to number of
provinces, ***p < 0.01, **p < 0.05, *p < 0.1

analysis. However, for industry it is positive and significant while for services the
sign is positive, but not significant. Table 3 reports the estimated coefficient when
year dummies are employed instead of the “after” dummy. The interaction of the
area dummy and the year dummy of 2005, 2006 and 2007 signify recovery from
the tsunami, indicating the nature of the impact of major disasters on developing

economies.

The impact on differently affected provinces is set out in Table 4. As described
earlier, the tsunami impacted the coastal areas of Sri Lanka in the southern, western
and eastern seaboard causing considerably more damage than in other areas. In

Table 3 DID analysis for the
2004 Tsunami with
“damage* year” interaction

Dependent Independent Coefficient S.E

variable Variable

Log (Agri) Damage*2005 —0.203 %% (0.0832)
Damage*2006 —0.257%* (0.0580)
Damage*2007 0.0867 (0.153)

Log Damage*2005 —0472%%* (0.164)

(Industry) | Damage2006 | 0.836%#* (0.135)
Damage*2007 0.6597%* (0.180)

Log (Service) | Damage*2005 —0.367%%** (0.107)
Damage*2006 0.600 (0.112)
Damage*2007 0.530 (0.136)

Robust standard errors in parentheses ***p < 0.01, **p <0.05, *p

<0.1
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Table 4 DID, an'alysis for the Dependent Independent Coefficient S.E
2004 Tsunami with - .
. - . variable variable

“Province*after” interaction
Agri East*after —0.313%*%* (0.0586)
Industry East*after 0.0109 (0.093)
Services East*after —0.0871 (0.050)
Agri South*after —0.0566 (0.078)
Industry South*after 0.274%%** (0.012)
Services South*after —0.0598 (0.088)
Agri West*after —0.211%** (0.069)
Industry West*after 0.356%** (0.104)
Services West*after 0.673%%** (0.147)

Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p
<0.1

this analysis, provincial dummies were employed (south, east and west) instead
of a year dummy. The agriculture sector in all three provinces shows a negative
sign while in the eastern and western provinces, significant damage is indicated.
For the southern province, the interaction did not show a significant impact. These
negative impacts on the agriculture sector should be mainly attributed to damage
to the fisheries sector, which contributes around 10% to the agricultural GDP and
accounts for a considerably higher share in the Eastern and Western provinces of
the country. Interestingly, dummy interactions for the industrial and services sectors
in the Western province are highly significant and positive implying an increase
in GDP for both these sectors of the Western province as a result of the tsunami.
Being the capital province—which includes Sri Lanka’s capital city—the Western
province is the most industrialized as well as constituting the hub of the country’s
services sector. These results indicate the increase in demand for reconstruction
and “building back better” infrastructure after disasters as well as considerable aid
and grants being received for advancement of the industrial and services sectors.
Moreover, the services sector generates more services after a catastrophic event and
also helps to increase the GDP of the sector.

Time series PVARX analysis results

An important assumption of the PVARX technique is that the endogenous variables
included in model (x) must be stationary. Hence, the order of integration of variables
is an important part of the estimation. For that purpose, both the Levin, Lin and
Chu (LLC) unit root test (which assumes that the individual time series in the panel
is cross-sectional and independently distributed) and the Pesaran and Shin (CIPS)
panel unit root test—which assumes cross sectional dependence as well as serially
correlated errors—are employed.

Further, the LLC test assumes that the coefficient of the autoregressive term is
homogeneous across all panels (i) and examines the null hypothesis of Hy:¢ = 0,
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against the alternative Hy:¢ < OH; : i < 0. The results of LLC and CIPS are set out
in Table 5.

Both tests show that all variables are not stationary at the same time when the levels
are tested. However, after differencing all variables become stationary, indicating
that these variables are integrated to the order of one, i.e., I (1). With the intention
of making estimated coefficients comparable across all GDP components, the first
difference of all variables is used for the analysis. BIC criteria are employed to select
preferable lags.

Results of the dynamic responses of different economic sectors to the tsunami
shocks are presented in Fig. 1. Considering the limitations of small datasets, the

Table 5 LLC and CIPS test results

Variables LLC CIPS test
Test-Stat p-Value Test stat p-Value
Ln (Agri) 3.741 0.000 1(0) 2.967 2.34 1(0)
Ln (Industry) 0.654 0.743 1(1) 1.643 2.34 1(1)
Ln (Services) 1.890 0.293 1(0) 1.745 2.34 1D
dln (Agri) 5.827 0.000 1(1) 4,734 2.34 1(1)
din (Industry) 2.934 0.001 1(1) 4.371 2.34 1(1)
dln (Services) 13.395 0.000 1(1) 3.529 2.34 1(1)
Graph ‘a": Agriculture sector Graph ‘b": Industrial sector
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Fig. 1 Impulse responses of different economic sectors for tsunami shock. Mean responses of the
different economic sectors’ growth to the tsunami index (x axis represents the time period while
the y axis represents the response in the graph)
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whole dataset is employed, which includes data from 1997 to 2018. Hence, it is
acknowledged that the strength of response by different sectors can have an averaging
bias due to averaging the data that covers a longer period. Thus, the pattern of
the graphs indicates the behavior of the growth of different economic sectors of a
developing economy in relation to a sudden impulse in the form of a major natural
disaster. This is in line with the findings of the previous literature (Fomby, 2013;
Raddatz, 2009; Mohan et al., 2018).

As indicated by the dynamic multiplier effect presented in Graph ‘a’ in Fig. 1
the instantaneous effect of a tsunami shock was first significantly negative for the
agriculture sector but subsequently it stabilized after about three years. These results
are consistent with this study’s previous analysis, including the DID analysis that
indicated that the agriculture sector experienced two years of significant negative
effects although in the long run, the effect became insignificant. As per Graph ‘b’
in Fig. 1, the instantaneous effect of the tsunami shock on the industrial sector
was positive but not significant. However, the pattern itself gives an insight into
the industrial growth after such a devastating event. The previous results as well
as the past literature (Noy, 2009; Loayza et al., 2012) support this conclusion. A
possible reason for this behavior is that, after a disaster, governments typically take
action to immediately repair damaged infrastructure. As well, new machinery and
technology are likely to be purchased by governments—which may be funded by
foreign aid—and this can also improve this sector’s growth. As shown in Graph ‘c’
the immediate impact on the services sector was negative and significant although
it became positive over time with some fluctuations. With a very high magnitude
disaster, the extensive destruction of human capital and infrastructure of the sector
produces an immediate slowdown in that sector’s growth. However, there is likely to
be an overall improvement in the country’s economy from the generation of increased
services as well as infrastructure rehabilitation, which in turn produce a positive
impact on the services sector.

4 Conclusions

Theoretical and empirical results in the literature on the impact of natural disasters
on economic growth are rather ambiguous. This is mainly because the economy
as a whole and its major sectors are too broad to indicate clearly the impacts of
different disasters. Moreover, no uniform impact is indicated by studies of various
economic sub-sectors. This study’s major finding is that the agriculture sector suffers
most from disasters while the impact on industry and the services sectors is positive
when considering longer term impacts. The negative impact on the agriculture sector
prevails over a longer period compared to the other two economic sectors while the
negative impact on the overall growth is visible a year after the occurrence of the
disaster. Both DID analysis and VARX analysis of the tsunami event also confirm that
after an extreme catastrophic disaster, the agriculture sector is the most vulnerable
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as well as being the sector that suffers most over an extended period of time when
compared to the other sectors.

Much of the literature on the impact of disasters on such matters as crop production
and food security, also notes the presence of the same vulnerability in the entire
agriculture sector (Auffhammer et al., 2012; Jawid & Khadjavi, 2019; Knox et al.,
2012; Morton, 2007; Nguyen & Nguyen, 2020; Schroth et al., 2009). As Knox et al.
(2012) point out, in Africa and South Asia the major grain sectors are projected to
suffer mean yield losses of 8% by 2050 due to disaster events.

This study is subject to a number of limitations. The investigation is based on
aggregated data in respect of different economic sectors. However, not all subsectors
of the different economic sectors are equally vulnerable to disasters. The data set that
covers a 20-year time span reveals a number of these limitations. As well, in terms of
analysing the factors affecting the economic growth of the broader economic sectors,
it is impossible to incorporate all of the relevant predictors to explain the outcome
variables—as is noted in the literature (Neter et al., 1996). Further, it was not possible
to use some of the variables utilized by many previous studies (e.g. Loayza et al.,
2012; McDermott et al., 2015) as this study focused on the provinces within a single
country.

In respect of policy implications, this study indicates that policy makers should
pay more attention to implementing climate and disaster related adaptation prac-
tices for the agriculture sector. However, these practices should be tailor-made to
suit specific agricultural sub categories, as common adaptation practices applied to
different agricultural sub-sectors could well lead to more harm than benefits. While
district level and provincial level programs to popularize planned adaptation prac-
tices are crucial, farmer level and plantation level awareness of climate change issues
can be seen as necessary to increase the adoption rate of adaptation practices.

In relation to the other sectors, line ministries should be aware of the benefits that
can be derived from disasters as a result of the high demand that occurs for various
services in emergency situations. Therefore, policies should be formulated to enhance
the efficiency and productivity of those sectors. It will help to deliver a higher level of
service and greater output even under limited capacities. This should apply not only
to ministries and departments involved in disaster management, but to all entities
engaged in production processes and the provision of services. All these industrial/
commercial units should incorporate effective disaster management policies in their
mandates and should train their employees to deal with disaster situations in a more
effective way. Further, the referred literature also emphasizes the importance of
proper planning for the management of natural capital. In particular, pre- and post-
disaster management policies should be designed and implemented not only to deal
with large disasters but also to cope with the more frequent small-to-medium level
disasters.
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