
1. Introduction

On March 11, 2011, an earthquake of magnitude 9.0

on the Richter scale hit Japan. The epicenter of the

earthquake was located on the northeastern part of Ja-

pan, 130 km of the Pacific Coast of the Tohoku Dis-

trict. The earthquake impacted the northeastern and the

eastern part of Japan causing a 10-meter tsunami

(Mori et al., 2011)
1)
that traveled 10 km inland cover-

ing approximately 560 square kilometers of land. The

tsunami destroyed the electric system of the Fukushi-

ma Daiichi Nuclear power plant and led to explosions

in the containment vessels of reactors 1, 3 and 4, re-

leasing radioactivity in the agricultural plain of Kanto,

Tohoku and the Pacific Ocean. The total damage to

Japan’s capital stocks, that immediately created exclu-

sion zones for production and soon thereafter faced

international surveillance measures,
2)
was ¥16.9 tril-

lion ($211.7 billion) while the damages to Japan’s

agriculture were ¥1.9 trillion ($23.8 billion)
3)
(Fujita

et al., 2012; MAFF, 2012). Damages to Japan’s fish-

ery, agriculture and forestry sectors reached ¥2.34 tril-

lion ($29.3 billion).
4)

Releases of radionuclides in the environment dis-

persed mostly over the Pacific Ocean but about 20%

dispersed over Japan and deposited on Honshu, result-

ing in areas of significant deposit (Mathieu et al.,

2018; MEXT, 2011). Among the many radioactive

substances that were released into the environment ra-

diocesium (134 and 137) was the most dangerous for
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1) 10 meters was the mean inundation height of the tsunami near the shorelines. The maximum inundation height was 19.5

meters and maximum run-up height 39.7 meters. Maximum run-up heights above 10 meters were distributed along 425 km of

coastline and greater than 20 meters along 290 km of coast (Mori et al., 2011).

2) Different types of “Surveillance measures” were adopted such as import bans, import bans in accordance with distribution

restrictions in Japan, certificates of pre-export testing for radionuclides, certificates of production place and reinforced inspec-

tions.

3) These figures do not include damages created by exclusion zones for agricultural production or damages caused by interna-

tional surveillance measures.

4) $1 = ¥79.807 for 2011 (World Development Indicators: WDI).
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the local population due to both the quantity that was

released and the relatively long half-life (Evrard et al.,

2019; Steinhauser, 2014). Releases and deposits of

radionuclides however, presented only a small part of

the problems that Japan would have to confront in the

near future. Maintaining energy security, production

halts, shortages of parts and materials, disruption of

supply chains, decontamination, clean-up costs and de-

commissioning costs added, amongst others, to the

long list of challenges the Japanese government and

the people would have to confront.

The effects of the triple disaster were evident in all

sectors of the Japanese economy; however, agriculture

was amongst the most affected sectors. Production ex-

clusion zones, consumption warnings and international

surveillance measures affected production, consump-

tion and trade. Consumers heeded the warnings for

products originating from the infected radioactivity

zones, resulting in increases in food imports and de-

creases in food exports. By the end of 2011, and as

compared to 2010 year-end values, agri-food exports

(HS categories 1-24; Appendix Table A1) had de-

creased by 12.61% while food imports in the respec-

tive categories had increased by 22.46% (estimated

using constant values from UN Comtrade data).

The existing literature related to the impact of the

disasters on Japan’s agri-food sector (Bachev and Ito,

2014, 2017; Johnson, 2011; Liou et al., 2012; Naka-

nishi and Tanoi, eds., 2013; Todo et al., 2015) recog-

nizes that the slow recovery of agriculture from the

Great East Japan Earthquake (GEJE), the tsunami and

the nuclear disaster, as well as the consequent physical

damage, the radiation and the harmful rumors regard-

ing Japan’s products, need to be thoroughly evaluated

in every aspect for policy purposes, disaster prevention

and strategic planning. Moreover, the current literature

has, in the most part, presented stylized facts, assuming

that observed drastic changes in the economic time

series relate to impacts of the triple disaster. However,

there is no reference to date that allows the data to

endogenously determine whether there were any per-

manent structural changes in the evolution of the time

series. We contribute to the understanding of the post-

2011 changes in Japan’s economy by concentrating on

agri-food trade flows and examining the disaggregated

2-digit (HS) trade series for the presence of structural

changes related to both level and trend. Permanent

changes in the evolution of each series are expected to

differ for each product category depending on input

use, the spatial distribution of production, the degree of

processing required, and the ability to preserve, as well

as other economic factors affecting the evolution of

trade flows.

Our results and conclusions can be employed for the

evaluation of the effectiveness of policy. Structural

changes in either the export or the import series com-

bined with observed changes in the trend of each series

in the vicinity of the triple disaster may indicate de-

struction of capital or adoption of restrictive measures

for production/trade that permanently affected each

time series. Moreover, the identification of possibly

multiple structural breaks in the series allows for the

identification of more accurate ARIMA (p, d, q) mod-

els, which could be used to predict the future evolution

of the magnitudes under investigation, providing in

this way degrees of freedom to state planners regarding

the formation of the appropriate state agricultural strat-

egies. Finally, the estimation of the parameters of the

dummy variables in the selected break equation could

also be employed to measure the effect of the estimated

structural break on the dependent variables of the re-

spective trade flows.

We employ the endogenous structural break litera-

ture and we follow Kapetanios (2005) to examine the

stationarity of each time series under the presence of m

structural breaks, concentrating on the estimated dates

of the breaks. The endogenous determination of struc-

tural break dates implies that we do not exogenously

define the break date in each series before we test for

the presence of a structural break. Rather we follow a

methodology that allows the data to determine “endo-

genously” the date when the evolution of the series

implies a structural break and a permanent change in

the data generating process.

The remainder of this article is set as follows: sec-

tion 2 presents a review of the effects of the triple

disaster on Japan’s agriculture and a review of the

literature on endogenous structural breaks. The discus-

sion will allow us to better understand the evolution of

the literature that started with the examination of sta-

tionarity under the presence of only one exogenous

structural break (Perron, 1989a) and led to an m-

(endogenous) break process presented by Kapetanios

(2005). Section 3 presents a detailed description of the

methodology we employ, as well as the data that we

use. Finally, sections 4 and 5 present the results, the

discussion and the conclusions.

2. Literature

1) The impact of the GEJE, the tsunami and

the nuclear disaster on agriculture

The 2011 disasters resulted in a contraction in Ja-

pan’s GDP by approximately 4% (March to January

2011) with economic losses reaching $211 billion

(Kajitani et al., 2013). An area of 1, 700 km2 was

contaminated with nuclear material, 19,824 people lost
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their lives and 10 million were evacuated (Govern-

ment of Japan, 2012; Zhang et al., 2019). In Fukushi-

ma alone, by May of 2012, 164,865 people were evac-

uated. The disasters affected production levels, supply

chains, industry, agriculture and trade.

The agricultural sector had to confront the impact on

soil, flora and fauna, the coastal ecosystem, agricultur-

al communities, farms and properties. Initial estimates

of the direct economic losses were about 16.9 trillion

yen, with the anticipated damages in the agricultural

sector accounting for 11.24% of this amount (Bachev

and Ito, 2017). A total of 24,500 ha of agricultural land

were damaged, with the majority of damages in Miyagi

and Fukushima Prefectures (Ministry of Agriculture,

Forestry and Fisheries). Damages reached were 69%

and 23.6% of total value in Miyagi and Fukushima

respectively (Bachev and Ito, 2017: p.27). In Fukushi-

ma, Iwate and Miyagi, 85 municipalities were dam-

aged, while there were also reports for 36,092 regis-

tered damages in land facilities (Bachev and Ito,

2017).

Damages such as physical destruction of land and

properties were immediately confronted by the govern-

ment; however, the management of radionuclide depo-

sitions required inspections of food samples and de-

contamination practices. Over the years, the number of

agricultural products that exceeded accepted values of

deposits for radioiodine and radiocesium decreased as

strategies for absorption were adopted, such as applica-

tion of potassium (K) fertilizer and decontamination

activities. Decontamination guidelines were first

adopted on November of 2011 (and later updated in

2013) with the “Act on Special Measures Concerning

the Handling of Pollution by Radioactive Materials.”

The guidelines were released to reduce the impact of

radioactive substances on humans and the environment

(Yasutaka and Naito, 2016). Decontamination includ-

ed removal of contaminated soil and remediation prac-

tices, river channel decontamination, forest decontami-

nation and others. Activities generated 20 million m3

of contaminated soil by 2019 that will have to be stor-

ed, in the most part, for 30 years. The costs for decon-

tamination from 2013 to 2019 reached 3 trillion JPY

(Evrard et al., 2019). Recultivation of decontaminated

farmland however, raises “additional questions related

to the fertility of remediated soils and the potential

transfer of residual radiocesium to the plants” (Evrard

et al., 2019).

The effectiveness of decontamination can be studied

with the latest inspections of food samples. In the

months of February and March of 2018, only 0.06%

and 0.04% of food samples, respectively, were found

to exceed acceptable limits of cesium 134 and 137.
5)
In

the Fisheries products and Marine Fish Species the

number of samples containing more than 100 Bq/kg

was one in 11,435, while in freshwater species 5 out of

2,083 (May 2018 to April 2019). Yamaguchi et al.

(2016), however, find that 5 years after the nuclear

accident, agricultural soil-plant cesium (137) long-

term monitoring and management was still important

and the uneven decontamination of fields remained

unsolved.

The effect on trade was not negligible either. Total

merchandise trade exports showed a 14.5% drop in

volume and 13.3% drop in value terms two months

following the disaster (CEIC database). Trade of agri-

cultural products was severely affected with many

countries still holding some type of restrictions on Jap-

anese products. The MAFF (2019) report summarizes

the 2011 vs. 2019 restrictions on rice, vegetables and

fruits, tea, medicinal plants, milk and dairy products,

fishery products and processed foods for 54 countries.

Immediately after March of 2011, numerous countries

imposed either import bans on products or products

from specific prefectures, import bans on Japanese ag-

ricultural products in accordance to restrictions of dis-

tribution in Japan, required certificates of pre-export

testing for radionuclides, certificates of production

place or reinforced inspection. However, as early as

2011 some countries had lifted restrictions. Canada,

Myanmar, Serbia and Chile lifted all import measures

by 2011, and Mexico, Peru, Guinea, New Zealand and

Colombia by 2012, while others followed. Some of the

more important trade partners for Japan, such as Aus-

tralia, lifted all bans in 2014 and India in 2016. Most of

the countries that retained restrictions after 2019 have

done so in a number of products. The countries that

retained most of the restrictions in 2019 were Egypt,

Polynesia, Indonesia, Morocco, Lebanon, Macau,

Mainland China, the Philippines, Russia, Taiwan,

South Korea, Hong Kong, Israel and Singapore.

Despite the gradual lifting of restrictions, a trade

deficit was observed for the first time after many years

in Japan, due to both increased imports and decreased

5) In February 2018, no new restrictions were imposed while restrictions were removed for Chestnuts in Nasu-machi, Tochigi

prefecture. In March of 2018 rice of Fukushima prefecture was newly restricted while removal of restrictions was implemented

on wasabi in Date-shi, and raw milk in Kawamata-machi, Tomioka-machi, Namie-machi and Iitate-mura. Other products were

also included in the report for the month of April of 2018 which are beyond the scope of this paper. The main point focuses on

the constant re-evaluation and inspection of products in infected areas.
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exports. In the agri-food sector, the effects of the triple

disaster are evident in many product categories with

exports of dairy products (cat. 4) exhibiting an

81.17% decrease in the 9 months following the disaster

and as compared to previous year values, and cereals

(cat. 10) an 86.72% decrease (Table 1). Some prod-

ucts, on the other hand, were positively affected with

the largest increases seen in category 6 of live trees and

category 1 of live animals. Imports, on the other hand,

showed the largest increases in category 1 (live ani-

mals), category 13 (lac, gums, and resins) and catego-

ry 24 (tobacco) during the same period.

Zhang et al. (2019) concentrate on the Fukushima

area and try to answer the question of how Fukushima

can recover, given the long-term impacts of pollution,

and how effective the industrial reconstruction was

after the disasters. Using filed surveys and unstruc-

tured interviews they investigated agriculture among

other sectors. They found that local farmers cannot yet

effectively rely on their land for their livelihood, espe-

cially those farmers closer to the nuclear power plant.

However, even farmers who can produce their crops

have difficulty selling them, as “region battles” result-

ed in increased concerns about contamination, thus

preventing recovery. Soilless agriculture, hydroponic

crop farming, aeroponics, biotech crops, and genetical-

ly modified crops have all come to assistance in deal-

ing with land shortages. Overall they find that output

from agriculture has not reached pre-disaster levels.

These results are supported by the conclusions of

Bachev and Ito (2017). Despite the quick response of

the government in matters of reconstruction, assis-

tance, inspection and mitigation, six years after the

disaster, the value of agricultural, forestry and fisheries

products in the Fukushima prefecture still exhibited

significant declines as compared to the pre-disaster

period with only a few signs of recovery (Bachev and

Ito, 2017: p.17).

While the mitigation of economic impacts is at the

forefront of policy, the impact of the disasters also

extends to the long-term well-being of individuals near

Fukushima. Rehdanz et al. (2015) find that life happi-

ness declined in places affected by the tsunami as well

as places that were near the power plant. They estimate

the decrease in life happiness to range between 72%

and 240% of annual income, with estimates increasing

4

Exports Imports

Category Mar. 2011-Jan. 2012 Jan. 2011-Jan. 2012 Mar. 2011-Jan. 2012 Jan. 2011-Jan. 2012

1 -68.49% 45.72% 102.08% 84.89%

2 -23.21% -21.39% 7.28% 19.93%

3 -14.34% -17.31% 27.13% 25.84%

4 -76.57% -81.17% 13.12% 17.58%

5 189.87% -55.64% 27.84% 34.61%

6 24.34% 59.07% 18.51% 14.57%

7 -24.25% -32.18% 4.65% 6.61%

8 -78.10% -79.20% 8.63% 19.78%

9 6.10% 3.31% -0.36% 1.08%

10 -80.34% -86.72% 28.23% 17.70%

11 -0.73% 13.44% -1.98% 17.71%

12 -9.58% -2.46% 0.55% 6.96%

13 -18.82% -31.16% 60.18% 88.84%

14 -16.74% 4.29% -26.87% 48.90%

15 -21.75% -11.09% 5.62% 17.17%

16 -28.09% -10.50% 15.87% 32.78%

17 -10.96% 7.51% 7.31% 7.27%

18 -21.84% -25.95% 10.57% 16.56%

19 -35.80% -36.16% 12.38% 16.88%

20 -7.31% -8.06% 0.77% 14.90%

21 -10.85% -12.24% 7.92% 9.24%

22 1.82% 1.87% 18.67% 25.18%

23 15.49% 18.03% 8.88% 15.59%

24 -14.17% -13.84% 30.85% 77.12%

All -12.61% -11.85% 15.12% 22.46%

Table 1. Summary of the results for imports and exports



with proximity to the nuclear power plant. However,

they could not establish an effect from the level of

radiation, which is likely to be long-term in nature.

2) Endogenous structural break methodologies

Our investigation of the time series of agri-food ex-

ports and imports rests on the existing tests on statio-

narity. The original test for stationarity by Dickey and

Fuller (1979, 1981) has limitations in the presence of

a structural break. When a structural break is present

and it is ignored, the null hypothesis for a unit-root is

more difficult to reject. The literature on the examina-

tion of the unit-root hypothesis, using endogenous

structural breaks, started in 1989 with the seminal

work by Perron (1989a), who suggested that failure to

reject the null hypothesis in a time series may be due to

the presence of structural breaks in the data. These

tests are therefore biased towards accepting the null of

a unit-root in the presence of a break. In his applica-

tion, Perron exogenously specified the break date for

the Great Depression to examine the stationarity of the

series. The study had important policy implications, as

it differentiated between a stochastic unit-root process

and a segmented trend-stationary process around a spe-

cific break.

Future work went one step further, concentrating on

examining the stationarity of the data using an endoge-

nous data-dependent procedure to determine the break

date, by working through a grid-search of repeated

Dickey-Fuller type tests. The literature includes a rich

debate that produced different grid-search procedures

for the examination of an endogenous single structural

break in the data (Banerjee et al., 1992; Zivot and

Andrews, 1992; Perron, 1989a, b, 1994, 1997; Perron

and Vogelsang, 1992a, b, 1998). These methodolo-

gies, were later adapted by Lumsdaine and Papell

(1997), to examine the stationarity of a time series,

allowing for the presence of two endogenous structural

breaks.

Following the procedure proposed by Lumsdaine

and Papell (1997), who recognized the problem of

narrowly specifying the number of breaks in a series as

being limited to two, Kapetanios (2005) proposed to

examine the stationarity of a series, in the presence of a

minimum of two up to m breaks, using unspecified

break dates that are, similarly to the past literature,

chosen endogenously by the data. The proposed proce-

dure employed significantly less computing time, as

for a series of n observations, it required n-2 estima-

tions as opposed to n2 that were necessary in previous

methods, such as the one presented by Lumsdaine and

Papell (1997).

These models belong to the innovative outlier litera-

ture, where structural changes do not present them-

selves at a specific point in time (additive outlier), but

rather in multiple times. This implies that any structur-

al changes that results capture are changes that have a

rather permanent effect on the data generating process.

Articles that examined stationarity under m-

structural breaks using the methodology of Kapetanios

(2005) include Herzer et al. (2006) who studied the

export-led growth hypothesis using data from Chile.

Working in a production function framework they veri-

fied the order of integration by testing the variables for

unit roots against the hypothesis of trend stationarity in

the presence of two endogenously determined breaks.

Tang (2011) conducted Granger causality tests on

health care spending, income and relative prices in

Malaysia using multivariate cointegration and error

correction models. To verify the order of integration in

the possible scenario of structural breaks being present

in their time series, they re-confirmed the order of

integration using 3-break unit-root tests. They found

no additional evidence for the presence of unit roots

under m-breaks compared to standard unit-root tests.

Gomez-Zaldivar et al. (2013) used a modified version

of the procedure proposed by Kapetanios (2005), by

eliminating the trend and trend breaks to examine the

purchasing power parity hypothesis for the Mexican

peso/US dollar exchange rate, using monthly data from

1969 to 2010. Modified critical values were proposed

through a Monte Carlo procedure. Their results suggest

evidence for qualified and trend-qualified purchasing

power parity for the Mexico-US real exchange rate.

Vaughan (2013) studied the diffusion process of per-

manent disinflationary shocks in the Mexican econo-

my, using price data for 283 goods in 46 cities from

1995-2012. By testing for multiple structural breaks in

the price indexes, he found that more than 80% of the

series exhibited a break. Finally, Narayan et al.

(2015) examined whether the efficient market hypoth-

esis is dependent on the day of the week by employing

NYSE listed banking sector firms. To examine the

efficient market hypothesis they imposed two endoge-

nous structural breaks on the data series. Results reject-

ed the unit-root null on all five trading days for 21 out

34 firms.

The procedures proposed did find resistance in the

literature. Lee and Strazicich (2003, 2013) criticized

all ADF-type tests that endogenously determine a unit-

root in the presence of structural breaks. They suggest-

ed that critical values are estimated under simulation

procedures, by assuming no breaks exist under the

unit-root null. In other words, a rejection of the unit-

root is limited to a rejection of a unit-root without

breaks ‒ therefore not allowing rejection of a unit-root

Trends and Structural Changes in Japanese Post-2011 Agri-Food Trade Flows 5



that includes breaks. They propose a minimum unit-

root test which allows a null hypothesis of a unit-root

with or without breaks. Teng and Liang (2010) em-

ploy the methodology by Lee and Strazicich (2003,

2013) to examine causality between economic growth

and finance development in a structural break frame-

work. They find that, while conventional unit-root tests

indicate a unit-root, the tests that endogenously deter-

mine the presence of a unit-root in the presence of a

structural break suggest most of the examined series

present segment stationarity around structural breaks,

as opposed to a stochastic unit-root process.

3. Methodology

We examine the time series of 2-digit (HS) exports

and imports of agri-food products (HS categories 1

through 24) for Japan, for stationarity allowing up to m

= 3 structural breaks in each of the series examined.

We choose m=3 to allow for possible breaks related to
other factors present in the Japanese economy, unrelat-

ed to the triple disaster, that may have affected exports

and imports of agri-food products. Monthly data, for

exports and imports, was available from January 2009

to September 2017 (T = 105 observations for each of

the trade series included in the analysis) from the UN

Comtrade Database and the Japanese government sta-

tistics. A total of 48 series were examined, 24 two-

digit series for exports and another 24 two-digit series

for imports.
6)
The data was deflated using Japan’s CPI

index (2010 base) and deseasonalized using the X11

methodology, originally provided by the US Bureau of

the Census.

The basic OLS estimation for each series in model C

of Kapetanios (2005) is

yt=μ0+μ1t+ayt1+∑
k

i1
γiΔyti

+∑
m

j1
φjDU jt+∑

m

j1
ψjDT jt+ut (1)

where y is the series of imports or exports examined, t

is the time period and Δ refers to the backward differ-

ence operator. DU jt and DT jt represent the intercept

and trend break dummy variables respectively, which

are adjusted for every break in the analysis and for

every partition during the search process. DU jt=10
and DT jt=1t−Tbj if t>Tbjt≤Tbj where Tbj+1 is
the date of the i-th structural break.

Starting with the first structural break, equation 1 is

estimated over all possible partitions of the sample.

The first sum ∑
k

i1
γ iΔyti is included to control for

autocorrelation in the estimation of equation 1. For

each partition examined, the lagged difference of the

dependent variable is included for a maximum of 12

lags, following Schwert’s (1989) rule, with T=105

observations, that is, kmax=int 12T+1100 
1

4

=12.
The determination of the lag parameter uses a back-

ward selection process following the general to specif-

ic recursive procedure by Perron (1989a, b), to ensure

that residuals are not correlated. We start by including

all kmax=k12=12 lags and we examine the significance

of the last lag, comparing the t-statistic T γ12=γ12seγ12

with the critical value 1.6 derived from the N (0,1)

distribution, for a two sided test at 10% significance

level. If the last lag is insignificant T γ12<1.6, then

the procedure is repeated by decreasing the lag length

to kmax−1 or to k11=11 lags in our case. If the γ11

parameter is again statistically insignificant T γ11<

1.6, the sequential selection procedure is continued by

lowering the upper limit of the sum ∑
k

i1
γ iΔyti by one,

until a significant lag is retrieved ksigi , i=1, ...., 12.
The residuals resulting from equation one (1), for

k=ksigi , are examined for the presence of autocorrela-

tion using the Ljung-Box q-statistic Q(z), allowing for

z=
T

4
lags in the identification process. If the null of no

autocorrelation is not rejected using z lags, the process

stops at k
sig

i for the specific partition. If the Ljung-Box

statistic suggests that residuals are autocorrelated, then

equation (1) is estimated for k=ksigi +1 and the residu-

als are checked again. If the problem of autocorrelation

is not solved, then we run equation (1) for k=ksigi +2

and we test again. This procedure is continued by in-

creasing the value of k
sig

i by one until we find the lag

length for which the residuals are not correlated. If the

residuals are correlated for k=ksigi , ....., kmax , then we

use the estimation results coming from equation (1)

for a lag value equal to k
sig

i .

The above process is repeated for all possible parti-

tions in order to obtain a total of t-2 estimates of equa-

tion 1. However, only the middle 90% of the t equa-

tions are examined as the top and bottom 5% are ex-

cluded from the analysis so that the total number of

equations estimated, which also excludes the first and

last partition, are 0.9⋅t. The first break date is then
chosen as the one that shows a minimum value for the

6) 2-digit HS Categories range from 1-99. Category 77 and 98 are excluded from classifications. In this study, we employ

categories 1-24 which represent live animal and animal products (1-5), vegetable products (6-15), animal or vegetable fats

(15) and food and preparations (16-24) consisting of prepared foodstuffs, beverages, spirits, vinegar and tobacco products.
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Sum of Squared Residuals (SSR), among the 0.9⋅t
equations selected with the backward process descri-

bed. The break date is denoted as tb1. The t-statistics of

the hypothesis a=1 for all partitions in 0.9⋅t estimates
are stored in a vector and denoted τ1.

The process is repeated for the second break by

imposing the dates of the first break on the estimation

of equation 1. We add DU
tb1
jt and DT

tb1
jt as independent

variables and then select the equation with the mini-

mum SSR and create the set τ2 that includes all t-

statistics of the hypothesis a=1 for a total of

0.9⋅t−3 equations. We exclude some of the possible
dates during the estimation of break 2, which are the

dates tb1−6<tb1<tb1+6, to prevent the case of contin-
uous breaks occurring within one year. Similarly for

break number 3. The union of the t-statistics estimated

for the hypothesis a=1 from the three breaks

T3=∪3
i1τ

i is examined and the minimum value is

contrasted to the critical values presented for the C-

model by Kapetanios (2005) for the respective num-

ber of breaks (m = 3). If the value estimated is less

than the critical value, the unit-root is rejected.

4. Results

Table 2 presents the results for stationarity and the

estimated breaks for both exports and imports. Most of

the deflated and deseasonalized series are stationary

after 3 breaks (22 out of 24 export series). Break dates

that appear within 9 months of the disaster, that is after

March 2011 but within 2011, are indicated in bold. As

indicated in Table 2 and Appendix Tables A2 and A3,

only 11 out of 24 export series and 6 out of 24 import

series showed a break within this time frame. Initial

evidence suggests few structural changes in the evolu-

tion of agri-food trade flow series immediately after

the triple disaster. To better understand those changes

in agri-food trade flows, we separately examine the

break dates for each product category together with the

series trends.

The break dates are presented with the help of Fig-

ures 1 (for exports) and 2 (for imports), where we

indicate the HS category in each panel.
7)
The trade

flows depicted are constant values that have not been

Trends and Structural Changes in Japanese Post-2011 Agri-Food Trade Flows 7

Exports Imports

Category T-Value Break 1 Break 2 Break 3 T-Value Break 1 Break 2 Break 3

Animal
products

1 -8.31*** Nov-11 Sep-14 Jan-16 -10.44*** Jul-15 Aug-10 May-13

2 -8.65*** Jul-13 May-10 Jun-12 -6.39 May-15 Dec-12 Mar-12

3 -8.78*** Jan-10 Mar-13 Apr-14 -16.49*** Sep-15 Jan-12 Dec-12

4 -9.19*** Apr-11 Jun-12 Mar-13 -13.12*** Nov-15 Oct-13 May-10

5 -9.54*** May-12 Mar-15 Mar-13 -14.11*** Nov-14 Jan-12 Jun-10

Vegetable
products

6 -7.81*** Aug-13 Mar-12 Aug-15 -6.47 Dec-15 Oct-10 May-12

7 -9.80*** Jan-10 Oct-15 Feb-15 -21.57*** Mar-14 Dec-12 Feb-16

8 -7.49*** Jan-12 Apr-11 Sep-12 -18.92*** Dec-12 Nov-14 Oct-10

9 -10.31*** Jan-11 Aug-15 May-10 -17.13*** Oct-10 Aug-11 Nov-15

10 -6.83** Dec-10 Sep-13 Jan-12 -5.34 Apr-11 Jul-12 May-15

11 -8.17*** Mar-15 Jun-10 Mar-11 -6.18 May-10 Oct-14 Jan-13

12 -6.29 May-15 May-11 Feb-12 -17.89*** Jun-12 Jan-16 May-11

13 -7.86*** Jan-10 Apr-12 Feb-16 -7.35** Aug-11 Jan-15 Aug-13

14 -8.22*** Mar-10 Jan-15 Oct-13 -7.23** Feb-16 Feb-14 Jan-12

15 -10.86*** Sep-10 Jan-15 May-11 -6.78* Dec-12 Apr-12 Sep-15

Foodstuff,
Spirits,
Beverages,
Tobacco

16 -12.10*** Aug-10 Jan-14 Feb-15 -9.71*** Aug-15 Dec-12 Jan-12

17 -9.64*** May-11 Feb-16 Sep-10 -8.32*** Mar-11 Sep-14 Feb-16

18 -6.48*** Jan-12 Dec-12 Apr-11 -12.65*** Jul-13 Aug-12 Feb-16

19 -7.37** Jul-11 Nov-12 Feb-16 -16.99*** Jul-14 Jul-13 Feb-15

20 -8.87*** Sep-11 Jan-16 Nov-10 -8.53*** Nov-14 Dec-12 Jul-13

21 -10.89*** Apr-12 Dec-12 Sep-15 -6.92* Aug-15 Oct-10 Nov-14

22 -10.67*** Feb-13 Jun-11 Jan-12 -6.02 Nov-14 Aug-10 Apr-11

23 -10.54*** Jan-10 Dec-12 Dec-14 -6.34 Jul-14 Mar-15 Jun-10

24 -4.69 Dec-10 Sep-15 May-14 -5.69 Mar-14 Feb-11 Feb-12

Table 2. Summary of the results for exports and imports

Note: Author’s Estimates. Critical values according to Kapetanios (2005) Table 1 and for a = 0.05 are for one break -5.081, two breaks 6.

113 and three breaks 7.006.



deseasonalized. The vertical lines mark the date for the

March 2011 disaster and the “diamond” shaped indica-

tors the break dates estimated for each one of the ex-

port and import series. We examine only a selection of

categories that will help us draw conclusions on the

effectiveness of policy and the prevention/spreading of

harmful rumors.

In the Animals categories (HS 1 through 5), we first

examine export category 2 (meats) that did not show

an immediate reaction after the triple disaster, retaining

a mild increasing trend that started as early as May of

2010. The first, post-disaster break, which is also the

dominant break, appears in June of 2012 and it is asso-

ciated to a change in export levels and a decrease in the

series’ trend coefficient (see Appendix Table A2).

Imports, on the other hand, exhibited initially a posi-

tive trend, also retained from the pre-disaster period. A

short-run increase after March 2011 was followed by a

drop that was marked by a structural break. After

March of 2012 a mild negative trend was realized that

persisted until May of 2015, where the dominant break

for imports indicates an estimated 23% decrease in the

level of imports (Appendix Table A3). Following the

disasters and by May of 2011, 52 countries had adopt-

7) Regression coefficients and the dominant break for each series can be seen for both exports and imports in Appendix Tables

A2 and A3. Some of the coefficient estimates in these tables are employed in the discussion that follows.

8

Figure 1. Breaks of exports for HS categories 1-24

Note: Author’s estimates.



ed surveillance measures that were either recorded as

import bans (17 countries), certificates of pre-export

testing for radionuclides (24 countries) or reinforced

inspections (11 countries)
8)
(MAFF, 2019). By De-

cember of 2019 only 4 countries had maintained im-

port bans, 1 had import bans in accordance to Japan’s

distribution restrictions, 7 required certificates of pre-

export testing, 2 required certificate of production and

another 2 required reinforced inspections. The increase

in exports, combined with break dates that do not ap-

pear near the triple disaster, and the simultaneous de-

crease in imports, together indicate an effective policy

for the mitigation of negative effects and the allevia-

tion of harmful rumors. Any effects that can be associ-

ated to the destruction of capital (see Table 1, 23.21 %

drop in exports and 7.28% increase in imports from

March 2011 to January of 2012) and any shortages that

could have had a negative impact on imports (in-

crease) were short-lived. The constant rise in the ex-

port series further suggests that foreign importers thor-

oughly trusted the inspection/surveillance system im-

plemented by the Japanese government. The gradual

drop in imports on the other hand, suggests that domes-

tic consumers gradually shifted back to products from

Japan, once short-lived shortages were dealt with.

Hence, domestic consumers also trusted the safety/in-

8) EU countries are recorded as one destination.
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Figure 2. Breaks for imports for HS categories 1-24

Note: Author’s estimates.



spection mechanisms employed and did not present

any permanent changes in their consumption habits.

Similar conclusions can be reached for other product

categories in agri-food trade. Fish products (category

3) showed overall stability in terms of exports with

breaks appearing after 2013. The dominant break for

exports does not appear until April of 2014 when an

estimated 18% increase on exports is noted (see Ap-

pendix Table A2). A short-run decrease in exports was

turned around within two months after the disaster.

Despite the stability in the export series, category 3

product exports had the largest number of countries

still imposing some type of restrictions by 2019 (21

countries). This is in accord with Fujita et al. (2012),

who suggests that rice paddy fields and fisheries were

the main economic activities affected in the region.

The impact of radioactivity on sea waters and the con-

tinuous discussion on increasing numbers of radioac-

tive water storage facilities, may have impacted the

effectiveness of policy on fish products and the inter-

national opinion. An increased number of countries

retained some type of restrictions; however, the data

suggest that it did not have an impact on the total level

of exports as they remained rather constant. Imports,

on the other hand, show a first break in January of

2012 and carry a negative trend. Similar to meat prod-

ucts, an initial post-disaster increase in fish imports

was followed by a gradual decline. The January 2012

structural break is related to a switch in the series trend

from positive to negative, marking an effective policy

response, with the next (dominant) break in December

of 2012 indicating a decrease in imports and a decrease

in the rate of import decline (Appendix Table A3).

Exports of dairy products, eggs, honey and edible

animal products (category 4) were the most affected

agri-food export category, showing break dates imme-

diately after the triple disaster. Despite the sudden

drop, a subsequent increasing trend gradually brought

exports back to regular levels by 2017. This immediate

impact may be due to the perishable nature of the prod-

ucts that belong in this category, and the destruction of

stock related to both the destruction of capital and

destruction of products affected by the radioactive re-

leases. The break dates coincide with the drop and the

subsequent rise of export values. On the other hand,

imports showed an increase, not marked by a structural

break though, with a subsequent mild downturn. Break

dates are not observed in the immediate vicinity of the

triple disaster. Fifty-four nations imposed some type of

a restriction, with 16 remaining by 2019.
9)
Policy in

category 4 products also seemed effective in terms of

alleviating rumors as post-disaster increases in exports

and short-term decreases in imports indicate.

Overall, animal products categories 1 through 5 ex-

hibited either stability or a rise in exports. Imports of

animal products, on the other hand, exhibited a short-

lived, post-disaster increasing trend with breaks for

categories 2, 3 and 5 signifying return to normality and

decreasing levels of import quantities. No long-term

effects seem to be affecting the series trends, indicating

that harmful rumors did not have a lasting effect on

either domestic or foreign consumers.

For Vegetable and Fruit products that belong in cate-

gories 6 through 15, we observe variable reactions of

the trends after 2011. Fifty-three countries had some

type of restriction/ban immediately after the triple dis-

aster, but by 2019, only 17 had some type of ban/re-

striction/reinforced inspection, in the most part direct-

ed towards specific regions in Japan (MAFF, 2019).

Export categories 8 (edible fruit), 11 (milling prod-

ucts), 12 (oil seeds and oleagic fruits) and 15 (vegeta-

ble fats and oils) showed a break date near March of

2011 with a concurrent short-term decrease in exports.

The dominant break for milling products is estimated

in March of 2011 when an increase in exports is noted;

in April of 2011 for edible fruit and for vegetable fats

and oils we find a dominant break in May of 2011,

accompanied by a decline in exports (Appendix Table

A2). These changes were complemented with increas-

es in imports in the respective categories, which were,

however, also short-lived. Breaks in the import series

are presented in categories 9, 12 and 13; however, they

signify a drop in imports. Only category 10 shows two

structural breaks, one for the initial post-disaster break

increase and one for the subsequent decrease in im-

ports. Category 22 (beverages, spirits, and vinegar) is

the only import category that shows a dominant break

immediately after the disaster (April 2011), accompa-

nied by an increase in imports (Appendix Table A3).

Overall, in Vegetable and Fruit categories we ob-

serve large variability in export trend and level

changes. None of the export series suggest lasting

drops that can be associated to harmful rumors impact-

ing international consumer preferences. Most affected

categories were 12 (oil seeds and oleagic fruits) and

13 (lac, gums resins and vegetables saps). In category

12, the immediate negative effect observed on May 11

was retained until February of 2012; however, catego-

9) Most of the countries that have retained restrictions after 2019 have done so in a number of products. The countries that retain

most of the restrictions in 2019 are Egypt, Polynesia, Indonesia, Morocco, Lebanon, Macau, Mainland China, the Philippines,

Russia, Taiwan, South Korea, Hong Kong, Israel and Singapore.
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ry exports gained momentum one year after the disas-

ters. On the import side, all vegetable and fruit catego-

ries showed short-term increases with subsequent

longer-term drops signified by structural breaks.

Similar conclusions can be reached for foodstuff

product categories 16 through 24 as well, where short-

lived negative effects are observed with decreasing

exports and increasing imports. For most of the export

series, subsequent increases were marked with struc-

tural changes. Similarly, for the import series a short-

Trends and Structural Changes in Japanese Post-2011 Agri-Food Trade Flows 11

Figure 3. Breaks for exports for HS categories 1-24

Note: Author’s estimates, Animal and Animal Product Categories (1-5) labeled with a triangle, vegetable products (6-15) with a diamond and

foodstuff products (16-24) with a square. Vertical and horizontal lines indicate the March 2011, January 2012 and March 2013 dates.

Figure 4. Breaks for imports for HS categories 1-24

Note: Author’s estimates, Animal and Animal Product Categories (1-5) labeled with a triangle, vegetable products (6-15) with a diamond and

foodstuff products (16-24) with a square. Vertical and horizontal lines indicate the March 2011, January 2012 and March 2013 dates.



lived rise in imports is followed by a subsequent

longer-term decrease that, in many cases, is marked by

a structural break. Exceptions to this rule for exports

are found in categories 21 (misc. edible preparations)

and 24 (tobacco) where effects lasted longer. The

post-disaster breaks in both categories 21 and 24 signi-

fy the rise in export values which for category 21 came

on April of 2012 and for category 24 on May of 2014.

Mitigation policy towards the impact of the effects of

the disasters seemed to have been effective, with in-

creased exports and constant imports signifying an im-

provement. Breaks that mark an increase in imports or

a decrease in exports near the March 2011 date were

short-lived for the most part.

We examine all the breaks for exports together with

the help of Figures 3 and 4 where, on the horizontal

and vertical axes, we plot the months after the begin-

ning date of the sample, which is January 2009. On the

vertical axis, we measure the first break date out of

three which is closest to the period following the triple

disaster. The horizontal axis shows the second break

date closest to the triple disaster, but after the first

break date. Important dates are noted in Figure 3 with

dashed lines that represent the March 2011, January

2012 and March 2013 marks. These allow us to classi-

fy structural changes into those that were felt in the

very short-term (March 2011 to January 2012) after

the disasters, the short-term (March 2011 to March

2013) and the long-term (March 2013 and after). We

only plot the 2 (out of 3) most “relevant” break dates

for all of Japan’s exports of agri-food product catego-

ries 1 through 24. The term “relevant” implies that out

of the three breaks obtained from the analysis, only the

two are depicted in the diagram, that are sequentially

observed after the March 2011 triple disaster. These

diagrams however do not depict the trends of each

series, that is, whether the break occurred on an up-

ward or downward part of each one of the trade-value

time series. It merely points to products categories that

showed drastic changes near the disaster period.

For exports, presented with Figure 3, we observe a

high dispersion of the break dates throughout the

2011-2017 range. The varying changes on imports and

exports of agri-food products could be linked to inten-

sity of factor production, the distribution of total cate-

gory production in disaster-afflicted regions as well as

other economic factors not included in the analysis.

Not all products show drastic changes near 2011, as

many product categories are located far from the hori-

zontal March 2011 dashed line, indicating breaks

linked to other factors. The high dispersion of breaks

emphasizes the need to study the impact of the triple

disaster for policy purposes, disaster prevention and

strategic planning at a disaggregate level.

For imports we note a high dispersion of the break

dates and only few categories of products that exhibit

permanent changes in their evolution immediately after

the triple disaster. Only 6 out of 24 categories present a

first break date before 2012. The changes are mostly

related to an initial drop and a quick return to normali-

ty. Similar to the exports case, we have high dispersion

that implies a need for per-category analysis of im-

pacts.

Our conclusions are in accord with Fujita et al.

(2012), who discuss the prompt response of the Japa-

nese government in order to stabilize markets and en-

sure a quick recovery. Effects of the triple disaster

manifested themselves through sales volume decreas-

es, selling price decreases, costs of input increases,

increased difficulties in the procurement of ingredi-

ents, lower overall demand, shortages, and disruption

of networks. Irrespective of the transmission mecha-

nism on the level of imports and exports, the overall

trend shows that the policies adopted were effective in

quickly bringing back trade values to normal levels for

most of the import and export trade series.

The quick response raises the question whether the

negative consequences of “harmful rumors,” misinfor-

mation and consumer perceptions are more important

in the slow recovery than damaged input supply and

decreased production. Bachev and Ito (2017: p. 34)

consider that harmful rumors had the leading role in

the slow recovery. They find that 35% of the country’s

food companies were still negatively affected at the

beginning of 2014. Our research adds to this conclu-

sion, by showing that, for most agri-food product cate-

gories, there is a consistent post-disaster rise in exports

and drop in imports. For many product categories, the

rise (drop) in exports (imports) is complemented with

structural changes that signify the positive change in

the series trend (increases in exports, decreases in im-

ports). Hence, the road to recovery started soon after

the disasters. The quick recovery of the series trends

and the consistency in the trends for both imports and

exports suggest that it was mainly in the immediate

post-disaster period when negative impacts were felt.

The leading role for the impact on the agri-food sector

is held by physical destruction and damaged inputs

while misinformation seems to be merely slowing

down the return to normality.

In terms of policy, these results imply that domestic

efforts to convince consumers about the safety of prod-

ucts were for the most part positively embraced. Do-

mestic consumers, who were directly affected by the

nuclear disaster, were better informed, and had a better

understanding of real dangers, of the effectiveness of

12



inspections and product safety. That is the reason that

for most import series we observe only a short-term

increase in imports related to the destruction of capital

and a subsequent drop that in some cases is comple-

mented by a structural break. These results show that,

on a domestic level, harmful rumors about radioactivi-

ty did not permanently impact consumption levels.

Moreover, imports were not uniformly affected, sug-

gesting the need for product category policy adjust-

ments.

Similarly, on the export side, our analysis shows that

not all exports were uniformly affected but, moreover,

that not all products showed structural changes imme-

diately after 2011. For many product categories, ex-

ports returned to pre-disaster levels, gaining momen-

tum with an increasing trend immediately after the

triple disaster. Harmful rumors and misperceptions did

not dominate over announcements about product safe-

ty. Although for many categories of agri-food exports,

some type of surveillance measures by a few number

of countries are still imposed, those countries did not

result in a negative long-term impact on the total level

of exports. Our results suggest that consumer percep-

tions in destination countries gradually reversed after

the lifting of surveillance measures.

5. Conclusions

We examined the exports and imports of agri-food

products for Japan for the presence 3 structural breaks,

using the methodology of Kapetanios (2005). Our

analysis, conducted through an endogenous examina-

tion of the structural stability of a time series, allows

policy formulation to concentrate on trade series that

present permanent and negative changes in their evolu-

tion. For most of the cases examined, changes in the

evolution of the series were observed mainly in the

short-run. Two-digit HS analysis indicated large varia-

bility in the estimated break dates; many product cate-

gories did not show drastic changes after the triple

disaster and a small number of products with structural

breaks were, however, on the recovery side of the time

series examined.

The Japanese government promptly responded to the

impacts of the GEJE in order to prevent further damag-

es to the economy. The effectiveness of the response

was not only observed in agri-food trade values but

also in financial and currency markets that by June of

2011 had recovered one third of their losses, the indus-

trial sector where reconstruction led to a minimization

of long-term impacts with a 99.1% recovery in activity,

households and business through approvals of supple-

mentary budgets, liquidity (Fujita et al., 2012), and

energy supply disruptions. However, further address-

ing policy gaps and highlighting new policies for disas-

ter management is important for successful response

and crisis prevention. The successful alleviation of

harmful rumors can play an important role in the com-

position of demand. Information seems to be the key

towards the quick recovery of consumption and ex-

ports, especially for products that allow a higher de-

gree of preservation, and for increasing exports and

alleviating any safety concerns still affecting foreign

consumption levels. Import patterns and communica-

tion of domestic policy with respect to inspections and

product safety can serve as an example to formulate

communication strategies in target countries. The In-

ternational Atomic Energy Committee has placed a

special emphasis on proactive and timely communica-

tion of the Government of Japan and TEPCO with the

public on matters relevant to public concerns such as

disclosing data and information in an easy-to-

understand manner on a regular basis, explaining the

potential impact, health and safety concerns for the

public and the environment. Further support for the

importance of information comes from past experience

and the Chernobyl Forum Health Experts of the World

Health Organization, who conclude that timely and

accurate communication of information to the public is

most important (WHO, 2006). Timely information

was the communication strategy selected by Japanese

government (FPG, 2016).

Future research concentrates on extending the analy-

sis by destination countries and on separating the re-

sults by afflicted areas in Japan to consider the proxim-

ity to the Fukushima nuclear power plant as well as the

severity of radionuclide deposits. Furthermore, a struc-

tural gravity approach towards estimation of the impact

of the triple disaster on the values of agri-food trade for

the Japanese economy is on the way, one which will

allow us to discuss the ceteris paribus effects of the

triple disaster on export values.
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HS 2nd
level cat.

Number of 6 digit
products included

Description

1 23 Live animals

2 57 Meat and edible meat offal

3 91 Fish, crustaceans, molluscs, aquatic invertebrates  

4 27 Dairy products, eggs, honey, edible animal product nes 

5 8 Products of animal origin, nes 

6 11 Live trees, plants, bulbs, roots, cut flowers, etc.

7 60 Edible vegetables and certain roots and tubers

8 54 Edible fruit, nuts, peel of citrus fruit, melons

9 29 Coffee, tea, mate and spices

10 15 Cereals

11 29 Milling products, malt, starches, inulin, wheat gluten

12 41 Oil seed, oleagic fruits, grain, seed, fruit, etc. 

13 12 Lac, gums, resins, vegetable saps and extracts  

14 8 Vegetable plaiting materials, vegetable products nes 

15 44 Animal, vegetable fats and oils, cleavage products, etc.

16 25 Preparations of meat, of fish or of crustaceans, molluscs
or other aquatic invertebrates

17 16 Sugars and sugar confectionery

18 11 Cocoa and cocoa preparations

19 18 Cereal, flour, starch, milk preparations and products

20 49 Vegetable, fruit, nut, etc. food preparations

21 14 Miscellaneous edible preparations

22 18 Beverages, spirits and vinegar

23 23 Residues, wastes of food industry, animal fodder

24 9 Tobacco and manufactured tobacco substitutes

Table A1. Definition of second level HS categories of agri-food products 1 through 24

Appendix

Note: Author’s estimates using UN Comtrade Data. nes: not elsewhere specified.

Table A2. Estimated coefficient of test equation for exports

yt=μ0+μ1t+ayt1+∑
k

i1
γ iΔyti+∑

m

j1
φ jDUjt+∑

m

j1
ψ jDTjt+ut

Series μ0 μ1 a k
 φ1 ψ


1 φ2 ψ


2 φ3 ψ


3

Time of
dominant
change

(1) 36.44*** 0.11** -1.79*** 13 -1.15*** -0.08* -1.48*** -0.1** 0.26 0.1*** 2-Sep-14

(2) 1.89 0.63** 0.31** 13 0.36*** -0.03* -0.09 0.03** -0.94*** -0.62** 3-Jun-12

(3) 12.09*** 0 0.34*** 13 0.08 0.01* 0 0 0.18** -0.01 3-Apr-14

(4) 31.61*** 0.09* -1.23*** 13 0.21* 0.09*** -1.18*** -0.21** 0.69*** 0.08 2-Jun-12

(5) 43.1*** 0.08** -1.97*** 13 0.86 -0.16* -1.93*** -0.02 1.74*** 0.14*** 2-Mar-15

(6) 49.4*** 0.18*** -2.51*** 13 -0.74*** 0.06*** -0.89*** -0.08*** -0.74*** -0.12*** 2-Mar-12

(7) 15*** 0.01*** -0.11*** 10 -0.47*** 0.08*** 1.15*** 0 0.09 -0.09*** 1-Jan-10

(8) 32.51*** 0.09* -1.17*** 13 -0.21 -0.17*** -1.86*** 0.04 -1.84*** 0.08 2-Apr-11

(9) 26.08*** -0.48** -0.24** 13 0.49*** 0.5 0.02 -0.01 0.21*** 0.01* 1-Jan-11

(10) 43.82*** 0.72*** -3.27*** 13 -1.68*** 0.1 -0.29 -0.64*** -1.86*** -0.09*** 3-Jan-12

(11) 17.75*** -0.08 -0.07*** 13 -0.32*** -0.04 -0.13*** 0.01*** 0.43*** 0.12 3-Mar-11

(12) 42.07*** 0.18*** -1.85*** 13 -0.24*** -0.02 0.11* 0.02*** -0.27*** -0.16*** 3-Feb-12

(13) 8.12*** -0.03*** 0.46*** 10 0.28*** -0.02** 0.89*** 0 0.15 0.03** 2-Apr-12

(14) 9.29*** 0.42*** -0.31*** 9 0.77*** -0.04* 1.06*** -0.43*** -0.14 0.06*** 2-Jan-15

(15) 17.17*** -0.1* 0.04*** 13 -0.13 -0.03 0.27 0.13** -0.26*** 0.01** 3-May-11
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(16) 18.09*** 0.07 -0.1*** 13 -0.21** -0.01 0.19 -0.07 -0.17* 0.02 1-Aug-10

(17) 11.76*** 0.12** 0.13*** 13 -0.2 -0.12** -0.24*** 0.01 0.19*** -0.01 2-Feb-16

(18) 29.27*** 0.13*** -1.13*** 13 -0.23* -0.07 -0.28** -0.03 -0.27*** -0.02 2-Dec-12

(19) 14.43*** -0.04 0.21*** 13 -0.16*** 0 0.12 0.05 0.16*** -0.02*** 1-Jul-11

(20) 1.85 -0.02 0.94 13 -0.44*** 0 -0.02 0.02 0.02 -0.01** 1-Sep-11

(21) 12.34*** -0.01** 0.33*** 13 0.09** 0 0.08 0.01 -0.11** 0 3-Sep-15

(22) 10.16*** -0.05*** 0.48*** 13 -0.11** -0.07*** -0.04 0.02*** 0.05 0.1*** 1-Feb-13

(23) 11.12*** 0.34 -0.02*** 9 0.18*** 0 0.92*** -0.33* -0.3*** -0.01** 2-Dec-12

(24) 16.13*** 0.07* -0.01*** 12 -0.54*** 0.05*** -0.26 -0.09** 0.27* -0.07*** 1-Dec-10

Note: Author’s estimates. * indicates significance at α = 0.1, ** significance at α = 0.05 and *** significance at α = 0.001. The last column

indicates first the number of the break where the dominant change is noted and next the date.

Table A3. Estimated coefficient of test equation for imports

yt=μ0+μ1t+ayt1+∑
k

i1
γ iΔyti+∑

m

j1
φ DUjt+∑

m

j1
ψ jDTjt+ut

Series μ0 μ1 a k
 φ1 ψ


1 φ2 ψ


2 φ3 ψ


3

Time of
dominant
change

(1) 30.09*** 0.4*** -1.22*** 13 -0.39*** 0 -0.6*** 0.01 -0.22 -0.39*** 2-Aug-10

(2) 15.72*** 0.01 0.23*** 13 -0.23*** 0.02* -0.15*** 0** -0.21*** -0.02*** 1-May-15

(3) 26.16*** 0.04*** -0.32*** 13 -0.1*** -0.01 -0.02 0.02*** -0.11** -0.05*** 3-Dec-12

(4) 10.59*** -0.18 0.61*** 13 -0.38** 0.18 -0.07 0.02*** 0.15*** 0 1-Nov-15

(5) 19.1*** 0.05 -0.15*** 13 0.34** -0.02 -0.28*** 0 -0.03 -0.03*** 1-Nov-14

(6) 19.79*** 0.17*** -0.31*** 13 0.1*** -0.02*** 0.06*** 0.01*** -0.01 -0.17*** 3-May-12

(7) 10.79*** 0.01** 0.43*** 13 0.06** 0 -0.1*** -0.01** -0.13*** 0 3-Feb-16

(8) 31.35*** 0.15*** -0.8*** 13 0.27* -0.14*** -0.11*** -0.01*** -0.1*** 0.01*** 1-Dec-12

(9) 10.21*** 0.01 0.44*** 13 -0.01 0 0.07 0.03 -0.12*** -0.04 3-Nov-15

(10) 20.09*** 0.06* -0.07*** 13 -0.11** 0.01*** 0.34*** -0.07** 0.17*** -0.01 2-Jul-12

(11) 27.98*** -0.55*** -0.14*** 13 -0.14*** 0 0.45*** 0.56*** -0.13*** -0.01** 2-Oct-14

(12) 19.24*** -0.03 0.07*** 13 0.21*** 0.02 0.19*** 0 -0.03 0.01*** 1-Jun-12

(13) 29.93*** 0.04* -0.82*** 13 -0.12* 0 0.45*** -0.04** -0.18*** 0 2-Jan-15

(14) 20*** 0.03* -0.31*** 13 -0.12 -0.04** -0.34*** 0.03*** -0.28*** 0.02*** 2-Feb-14

(15) 10.69*** -0.01* 0.46*** 13 -0.13*** 0* -0.23*** -0.03** -0.13 0.04*** 2-Apr-12

(16) 19.31*** 0.02** 0.01*** 13 -0.14*** -0.01 -0.05* 0.01*** -0.12*** -0.02*** 1-Aug-15

(17) 23.46*** 0.03 -0.33*** 13 0.3*** 0.56*** -0.04 -0.17** 0 2-Sep-14

(18) 13.1*** 0 0.29*** 13 0.12** 0 0.3*** 0.03*** 0.1 -0.03*** 1-Jul-13

(19) 7.8*** 0*** 0.59*** 13 -0.08** 0.01 0.02 0 0.05 0 1-Jul-14

(20) 17.88*** 0.01** 0.08*** 13 0.12*** -0.01 -0.08** 0.01*** -0.14*** -0.01 3-Jul-13

(21) 9.19*** 0.13*** 0.39*** 13 -0.08** 0 -0.04 0 -0.36*** -0.13*** 3-Nov-14

(22) 15.65*** 0.04 0.15*** 13 0.15*** 0.03 -0.1*** 0 0.38*** -0.07 3-Apr-11

(23) 17.13*** -0.11 0.17*** 12 0.52*** 0.11 -0.18** 0.01 -0.18*** -0.02 1-Jul-14

(24) 15.59*** -0.07* 0.29*** 13 -0.27* -0.04 -0.19* 0.02*** 0.37 0.09*** 1-Jul-14

Note: Author’s estimates. * indicates significance at α = 0.1, ** significance at α = 0.05 and *** significance at α = 0.001. The last column

indicates first the number of the break where the dominant change is noted and next the date.

Series μ0 μ1 a k
 φ1 ψ


1 φ2 ψ


2 φ3 ψ


3

Time of
dominant
change

Table A2. Continued


