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The Great East Japan Earthquake, which occurred on March 11, 2011, had a 
magnitude of 9.0.  The massive tsunami that followed caused extensive damage in 
coastal districts, resulting in 19,747 deaths and 2,556 missing persons.  In terms of 
reconstruction, there are three main areas of focus: 1) support for the disaster victims 
(the number of evacuees has been reduced from 470,000 to 43,000 by responding in 
detail to issues that arise as reconstruction progresses), 2) reconstruction of homes and 
towns (housing reconstruction is progressing steadily, with most of the construction 
work completed; the relocation of housing areas to higher ground and the construction 
of public disaster housing is expected to be completed in FY2020), and 3) 
revitalisation of industries and livelihoods (production facilities have been mostly 
restored, production levels in the three affected prefectures have largely recovered, 
and support for tourism promotion is underway but is currently difficult due to 
COVID-19).  This study examines the necessary and sufficient conditions for 
proceeding with this recovery, restoration, and revitalisation from an economic 
theoretical perspective and from public procurement data empirically, exploring their 
applicability in the post-COVID-19 world.  Demand control measures are the first 
necessary condition to recover from significant damage, including that to 
infrastructure.  Besides, supplier support measures are a sufficient condition to 
provide more effective and efficient construction services.  As a tentative conclusion, 
an analysis of Japan's public procurement data shows that short-term demand-
boosting measures have worked well.  However, medium- and long-term supply 
stimulus measures need further efforts.  In Japan, these practices are being applied in 
response to COVID-19.  Specifically, it emphasizes productivity improvement 
through partnering and the use of new technologies. 
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INTRODUCTION 
On March 11, 2011, the Great East Japan Earthquake of magnitude 9.0 followed by a 
massive tsunami caused extensive damage in coastal districts.  Japan has learned 

lessons from this experience and has been quick to undertake all possible measures in 
the event of a disaster, as seen in the string of floods in recent years, the heavy 

snowfall of winter 2021.  Disaster prevention and mitigation, as well as national land 
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resilience, have been firmly promoted, and various reconstruction efforts have been 

realised. 

Some argue that a low efficiency-oriented approach is needed to deal with natural 

disasters (Ingirige, 2016).  In addition to such preparedness, efficiently rebuilding 
robust infrastructure in the event of a disaster is thought to be vital, and that the 

concept of pre-disaster recovery, which involves planning for a disaster before it 
occurs, is also being discussed (Otsuyama and Maki, 2018).  Alternatively, there have 

been various studies about post-disaster reconstruction, and it is necessary to 
summarise how the market, including public procurement and the response of 

businesses to it, has evolved from the perspective of reconstruction (a so-called 
necessary condition).  In addition, from the perspective of economic realities and 

management of the incentive structure of business operators, it would be an 
appropriate approach for construction management research to analyse the transition 

of such public procurement (considered to be a so-called sufficient condition).  Based 
on these considerations, this paper analyses the role of the market and the impact of 

policy measures in the recovery from the earthquake, based on data. 

In Japan, the Earthquake of magnitude 9.0 occurred on March 11, 2011.  The massive 

tsunami caused extensive damage in coastal areas and destroyed many districts, 
resulting in 19,747 deaths and 2,556 missing persons.  In terms of reconstruction, 

there are three main areas of focus: support for the disaster victims, reconstruction of 
homes and towns and the relocation of housing areas to higher ground and the 

revitalisation of industries and livelihoods but is currently difficult due to COVID-
19(Data is based on Reconstruction Agency, 2021).  This paper examines the impact 

of the Earthquake on public procurement of general civil engineering works, based on 

data from eight regional organisations in Japan from FY2006 to FY2019. 

It also explores the potential applications of demand control methods in a post-
COVID-19 world.  To recover from the enormous damage including to the 

infrastructure, demand control measures are considered to be the first prerequisite.  In 
addition, supply control measures that provide more effective and efficient 

construction services would be a sufficient condition.  At the time of the disaster, the 
construction of emergency temporary housing and the reconstruction of infrastructure 

were vigorously undertaken as short-term efforts, and in the medium to long term, 
seamless support was continued according to the stage of reconstruction.  Japan is 

applying these lessons in its response to COVID-19.  Specifically, in the short term, 
stable orders are placed, and in the medium to long term, the focus is on partnering 

and improving productivity using new technologies to support businesses. 

Previous Research 

There is a dearth of research in the field of construction management on the changes 
in the economic conditions around construction projects in natural disasters and 

reconstruction.  An analysis of the effects of public investment using a Keynesian 
model that examines endogenisation of inflation and deflation situations (Hino, et al., 
2012), factors that contribute to the speed of relief activities by local construction 
companies (Takeya and Ohashi, 2013), a comparative study on debt support measures 

for condominiums between Japan and Taiwan (Meno and Nakabayashi, 2018), and 
studies on risk assessment and economic damages from insurance payments (Kim, et 
al., 2019), which have focused on individual factors.  However, there are not many 
studies that critically examine these issues and how the entire market around the 

construction industry has responded to the earthquake and changed. 
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In fact, various studies have been conducted on the change in peoples' sense of trust 

due to natural disasters such as earthquakes (Crowley and Elliott, 2012; Naoi, et al., 
2012; Veszteg, et al., 2014; Hanaoka, et al., 2018).  Research analysis and 

recommendations for various individual issues have also been conducted on topics 
such as pond embankment damage and rehabilitation (Suzuki, 2013), analysis of 

regional consultant orders (Sakamoto and Hara, 2018), change of motivation and 
impact of construction managers (Hori and Watanabe, 2019), preplanning for post-

disaster relocation projects (Shioji, et al., 2015), and the introduction of construction 

managers in reconstruction projects (Hosokawa and Minami, 2019). 

Among the studies of disaster agreements involving responses to large-scale disasters 
in rural areas, one analysed the movements of companies that concluded agreements 

and examined the necessary conditions for building such cooperation systems, which 
is useful from the perspective of total response (Morizane, et al., 2015).  Furthermore, 

some studies have examined road administration in terms of overall infrastructure 
management from a broader perspective.  One of them underscores the importance of 

building a framework for continuous improvement and developing a cross-
organisational system for on-site management practices.  It also specifies new 

measures for disaster response in addition to normal operations, focusing on 
maintenance and productivity, amid chronic staff shortages (Mori, et al., 2017).  As 

the reach of these studies, the need for preparedness and organizational readiness to 
respond to disasters is considered to be examined.  In contrast, these papers 

summarise a number of factors though they do not examine how public procurement 
has been managed and what effects it has had.  Based on this, this paper clarifies the 

actual situation of post-disaster recovery efforts from the perspective of public 

procurement. 

METHODOLOGY 
This study shows how supply and demand are affected by shocks due to the 
earthquake and tsunami and how they respond to these shocks through model-based 

reasoning and empirical verification. The study focuses on the Tohoku Regional 
Development Bureau as this region was severely damaged by the 2011 earthquake. 

Inferences are drawn based on the model by critically examining previous studies, and 
theoretical analysis is verified by quantitative analysis based on the publicly available 

data of public procurement. The results are examined, and the implications and future 

actions summarised. 

FINDINGS 
Public procurement and business behaviour in post-disaster reconstruction 
The earthquake was an unexpected event, and a shift in the demand and supply curve 

is thus expected.  Due to its unprecedented nature, both demand and supply were hit 
hard, and their curves expected to shift significantly to the left.  As a result, while the 

equilibrium price could go either up or down, but the equilibrium quantity was 

expected to decrease significantly (Fig 1 and Fig 2). 

In other words, the earthquake caused considerable damage, causing the supply and 
demand to shrink significantly.  The demand curve shifts from D1 to D2 and the 

supply curve from S1 to S2.  The equilibrium point E1 before the earthquake shifts to 
the equilibrium point E2 after it.  This in turn, shifts the price P1 and quantity Q1 of 

the initial equilibrium to the price P2 and quantity Q2 of the new equilibrium.  
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Depending on the status of this shift in the demand and supply curves, Fig 1 or Fig 2 

is realised. 

 

In terms of the Japanese public procurement market, there is a kind of ceiling price, 
set by the procurement authority as a scheduled price.  What is considered to be the 

price can be considered as a ratio to this planned price, which is set for each project.  
The number of public procurements can be considered as a quantity.  Also, although 

the earthquake occurred on March 11, 2011, the Japanese fiscal year ran from April to 
March of the following year.  Hence, the period from FY2006 to FY2010 was 

considered as pre-earthquake, and the period from FY2011 to FY2019 as post-

earthquake. 

 

Fig 3 shows a regression in the winning bid rate with year dummies, controlling for 

the lower limit price (with the low-price survey standard price as a covariate), the 
coefficients of the year dummies and the upper and lower limits of 95% and -95%, 

respectively, on the same graph (based on 2019).  

According to this result, the bid price in Tohoku is significantly higher from 2011 

until 2015.  Then, it has been decreasing, and since 2016, it has been almost the same 

as the base year (2019).  

Fig 4 shows the change in quantity by year.  These results show that the volume of 

public procurement in Tohoku has not increased significantly since FY 2011. 

Under normal circumstances, both supply and demand could have been reduced due to 
a major shock, but both the price and the quantity were not significantly reduced, 

suggesting that there was appropriate demand management and supplier support.  The 
reason why the prices were raised without increasing quantities is believed to be 

because the demand, which could have shrunk, increased investment ahead of time, 
thereby increasing the total amount of public procurement.  This is seen in the change 
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in the total planned prices by year (the comparison is made using an index with 

FY2019 as 100).  This total scheduled price is likely to be determined exogenously 
(by policy necessity and so on) rather than by factors determined by the market and 

can be considered a powerful method of demand control. 

 

Since FY 2011, the Tohoku Regional Development Bureau has been paying more for 
total planned prices than the rest of Japan.  In response to this, the situation regarding 

the supply (suppliers), which is usually considered to fall due to large damages, is as 
follows.  Here, supply can be seen in terms of trends in the number of participants 

(based on 2019). 

In 2011 (before the earthquake), the number of suppliers in Tohoku almost decreased, 

and the following year, they increased and then levelled off.  In other words, when 
suppliers were about to be severely affected, a large increase in public procurement 

resulted in an increase in suppliers, which is believed to have led to a smooth 

recovery. 

As shown below, this relationship is estimated by a simple regression Eqn. (1).  In 
other words, the changes in the total estimated price, which is set by exogenous 

factors, before and after the earthquake is estimated by fixed effects for each local 

development bureau using the earthquake dummy. 

 

where the subscript t denotes the month.  PP is a variable that represents the total 
expected price for a given month, Region represents the regional development bureau, 

and TED is the Tohoku earthquake dummy (TED), which is a dummy variable that 
takes the value 0 for the months before the earthquake and 1 for the months after the 

earthquake.  The coefficients to be obtained are α1, α2, α3, and α4.  The coefficients 

to be calculated are α1, β1, r, β1, and rt; ε is the error term. 

The data used here are the public procurement data from FY2006 to FY2019 for 
general civil engineering projects in the eight regional development bureaus of the 

Ministry of Land, Infrastructure, and Transport and Tourism (MLITT) (Kanto, Kinki, 
Kyushu, Shikoku, Chugoku, Chubu, Tohoku and Hokuriku).  The results are shown in 

Table 1. 

According to the results in Table 1, the Tohoku Regional Development Bureau, which 

was hit hard by the earthquake, has seen a clear increase in public procurement costs 
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since the disaster, showing its significant increased while other regions have been 

forced to reduce their public works. 

 

The following Eqn. (2) is used to estimate how this has changed the number of 
suppliers.  To see how the average number of participants is affected, under the same 

formulation, changing the dependent variable to the average number of participants 

and including the total expected price as an exogenous variable, the equation becomes 

 

Here, the same subscripts are the same as in the previous Eqn.  (1) ANoP (Average 

Number of Participants) is a variable that represents the average number of 

participants in a given month; PP is a variable that represents the Predetermined Price. 

However, according to the results in Table 2, the number of participants in the Tohoku 
Regional Development Bureau after the earthquake has been trending negatively and 

is no longer significant.  This is further broken down by year for further examination. 

This is analysed in further detail by the total amount of public procurement in the 

Tohoku region by year.  The same type of estimating Eqn. (3), with the independent 
variable being the total expected price (PP) for the Northeast region, is used to analyse 

year-to-year changes in policy. 

 

Here, the variable PP_Tohoku is the total estimated price of the Tohoku Regional 
Development Bureau for the year, and the variable Others is the combined value 

(logarithmic value) of the other seven regional development bureaus outside Tohoku, 
which was included as a variable to control the trend of public investment in the 

whole country.  The results of this estimation are as shown in Table 3. 

According to this result, the total expected price was positive from FY2012 to 

FY2014, but it became insignificant in FY2015. 

Now, let's examine the changes in suppliers in the Tohoku region. 

In Eqn. (4), the same subscripts as in the previous equations stand for the same 
parameters.  NoP_Tohoku (Number of Participants Tohoku) is a variable that 

indicates the average number of bidders for each project in that month of the year, and 
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Period is a dummy variable that indicates the year, taking the value 1 if it is a certain 

year and 0 otherwise.  Period is a dummy variable indicating the fiscal year.  The 

results are shown in Table 4. 

 

 

According to the results, the number of bidders (suppliers) increased in FY2012 and 
FY2013, but the number of suppliers has not been significantly affected since 

FY2014. 

Therefore, in response to the shock of the earthquake, the amount of total planned 

prices for public procurement is expected to have increased in FY 2012-2014 as a 
measure to stimulate demand.  In the previous Figs.  1 and 2, this situation could have 

been represented by Fig 2 (Table 3).  In contrast, the demand expansion measures 
shifted the D2 demand curve to D3, and the price realised did not fall below the 

original price.  As a result, the situation where the number of suppliers could have 
fallen temporarily recovered in FY2012 and FY2013 (Table 4).  However, demand 

stimulus measures alone would not be enough to maintain and secure the number of 

suppliers, and hence, they have been declining since FY2014. 

In other words, to recover from the damage including that to the infrastructure, 
demand control measures are considered to be the primary necessary condition 

followed by supply control measures for more effective and efficient provision of 
construction services.  As a preliminary conclusion from the analysis of demand and 

supply in public procurement, short-term demand-boosting measures have been quite 
successful.  However, further efforts are required for medium- to long-term supply 

stimulus measures. 

CONCLUSIONS 
This study analysed and examined the effects of demand control and supply stimulus 

in public procurement after the Great East Japan Earthquake.  The bidding data of 
general civil engineering works of the Regional Development Bureau of the MLITT 

from FY2006 to FY2019 was used for the analysis.  The results show that demand 
control measures are the first prerequisite to recover from extensive damage, including 

infrastructural damage, and this was implemented appropriately.  In addition, it is 
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necessary to take measures to control supply to provide construction services 

effectively and efficiently, and further measures are desirable to stimulate supply from 

a medium- to long-term perspective. 

 

For this purpose, i-Construction, which focuses on the use of ICT in national land 

transportation policy, has been systematically and actively implemented since 
FY2016.  For details, refer to Arai and Morimoto (2020), who promote i-Construction 

based on the rapid development of satellite positioning technology and IoT.  Their 
report summarises the perspectives for promoting i-Construction based on the rapid 

development of the IoT as “turning construction sites into state-of-the-art factories,” 
“introducing state-of-the-art supply chain management to construction sites,” 

“breaking down the existing old ways of thinking and old regulations at construction 
sites” and “"continuous kaizen.” For example, “full use of ICT (ICT earthwork),” 

“introduction of total optimisation (standardisation of concrete work standards, etc.),” 
and “equalisation of construction time” are set.  As a mechanism to promote i-

Construction, the government established a promotion system and a public-private 

consortium, used big data, and collaborated with other outdoor industries. 

In Japan, these lessons have been applied to the COVID-19 crisis.  According to the 
MLITT data from August 2020, the number of construction projects subject to ICT 
construction is expanded annually.  The ratio of ICT construction to the number of 

public notices is increasing.  The number of companies with multiple experiences has 
increased by about eight times from 107 at the end of FY 2016 to 873 at the end of FY 

2019, accounting for approximately 60%. 

The originality and novelty of this research is due to the fact that few studies have 

analysed of demand management and supply stimulation in the public procurement 
market of the construction industry after natural disasters from the perspective of 

construction management.  The contribution of this study to construction management 
research is that it not only tracks supply and demand trends but also organises them 

from the standpoint of shifting equilibrium in the market and shifting demand and 
supply curves.  In addition, statistical analysis and reduction based on data processing 

are considered to contribute to the advancement of construction management as a 
science.  One of the limitations of this study is that it is a case study based in Japan.  

However, an analysis of the incentives of participants in public procurement in 
response to a major natural disaster that could shake the country has implications that 

go beyond a case study.  In Japan, the experience of managing supply and demand in 
the aftermath of the earthquake is being utilized in response to COVID-19.  This is 

where stable orders are being placed in the short term, and where the importance is 

given on improving productivity to support businesses in the medium to long term. 
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