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Abstract 
This thesis looks at the paradox of how natural disasters can lead to economic growth and 

uses at the Touhoku earthquake that struck in March 2011 in Japan as a case to try to 

determine the effects it will have on economic growth in Japan. We see from earlier research 

that countries that suffer frequent natural disasters have a higher GDP growth than countries 

that do not. Using a model I present we then analyze the investments into human and physical 

capital and see how Japan’s investments into human capital results in long-term growth and 

how rebuilding physical capital after a disaster hastens adoption of new technology and 

increases output. In conclusion we find that Japan is likely to experience growth following 

the earthquake.  

 

 

Introduction 
As we receive news of an earthquake, flood or any natural disaster it is usually followed by a 

list of the number houses destroyed or damaged, the number of people that have had to 

evacuate the area and the number of people missing or dead. These numbers quantify for us 

the damage that this natural disaster has caused to the affected country or area so we are 

better able to grasp the magnitude of the damage suffered. From these numbers we are likely 

to assume an immense cost to the affected country and some time for rebuilding before things 

are back to normal. But what if things don’t get back to normal but become better than before 

the disaster? Although natural disasters cause a great deal of damage disasters are also more 

likely to promote growth rather than retard it (Skidmore og Toya, 2002; The cost Japan, 

2011; Bill Emmott, 2011; Cookson og Pilling 2011; Horwich, 2000). After the earthquake in 

China in 2008, the Chinese government announced that money that would be put into the 

rebuilding efforts and the subsequent economic growth would outweigh the economic loss 

and would result in a total gain in GDP by 0.3% (Bennett, 2008). Similar evidence is found in 

the aftermath of the Kobe earthquake of 1995 in Japan. The earthquake, that struck in January 

1995, resulted in more growth for every quarter, except the first, than in the previous year 

with a total GDP growth of 1.4% from a 0.6% growth in 1994 (Horwich, 2000). The trend 

shows that unless there is a fundamental underlying weakness in the system or if there is a 

radical revolution following the disaster a natural disaster is likely to promote a short-term 

growth spurt (McRae,2007; Japan and growth, 2011). A study by the World Bank from 2009 
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even showed that there are other ways in which a natural disaster can positively affect a 

country, it was shown that soil fertility had increased in the year following a flood leading to 

more agricultural output (The cost Japan, 2011). The reason why GDP is more likely to grow 

after a natural disaster has to do with how GDP is measured. When money is sitting in a bank 

account it has no effect on the GDP, if you take that money from your bank account to buy 

building supplies though it increases it. The GDP also doesn’t take into consideration what 

you do in your free time, whether you spend it watching TV or clearing rubble it’s all the 

same to the measure of GDP. It has been noted that due to this fault in the way we measure 

GDP this paradoxical effect is seen (McRae,2007). GDP though is a measure of growth 

within a country and not a measure of happiness or welfare, it doesn’t measure stock either, a 

growth in GDP after a disaster would show that even with the losses of lives and physical 

capital the country is producing and functioning at a faster rate than before. A common 

argument against this creative destruction is known as “the broken window fallacy” by 

Frederic Bastiat, a French economist. It proposes the scenario where a store window is 

broken, the window needs to be replaced so a glazier is hired and he is paid 6 francs for his 

work. It states that the economy is not stimulated by the 6 francs since the shop owner would 

have spent those 6 francs on something else. What this parable fails to take into account is the 

possibility of introducing new technology, optimizing planning or the renovation of old or 

poor quality items or structures. There has even been shown a correlation between long-term 

growth within a country and the frequency of natural disasters within that country (Skidmore 

og Toya, 2002). So from this there seems to be a clear connection between natural disasters 

and an increased growth within a country, following a natural disaster there comes first a 

short decrease in growth in the aftermath of the disaster followed by a surge in activity that 

translates in more GDP growth than prior to the disaster. 

The purpose of this thesis is to examine the paradox of a natural disaster leading to 

economic growth using the Touhoku earthquake of 11 March 2011 in Japan as a case and try 

to predict the economic outcome of it. Japan is a perfect example of a country that is 

frequently affected by natural disasters and as a result the Japanese have had to adapt to the 

volatility of the nature of their country. This has the effect of putting Japan in the position of 

a country waiting for a natural disaster to happen, the Japanese are prepared for it and are 

expecting it. Studying this might give us a glimpse into what preparedness to a natural 

disaster can mean to a country. It is unmistakable that if an earthquake like the Touhoku 

earthquake would have hit Sweden for example that the results would have been much worse 

as Sweden is almost in the middle of a tectonic plate and as such earthquakes are very rare, 



4 
 

this goes equally for if a poor country would have been hit, the results would have been much 

worse (Skidmore og Toya, 2007). But in the case of Japan and other countries frequently 

struck by natural disasters they have adapted to their surroundings and have had to move 

away from investing as much in physical capital and rely more so on human capital and the 

development of technology (Skidmore og Toya, 2002). I will introduce a model that shows 

the relationships and effects that investments into human and physical capital have and with 

that explain how Japan has become so adaptable and able to grow despite and as a result of 

frequent disasters. Japan looks more resilient than countries not accustomed to disasters, but 

Japan has also been seeing a very slow GDP growth for more than a decade now, could it be 

that this devastating disaster could be the push Japan needed to rise from their economic 

slump? I will seek to answer that in this thesis and consequently put forward the research 

question: “Will Japan experience increased growth following the Touhoku earthquake?”.  

 

 

Methodology 
In order to assess the economic effects of the Touhoku earthquake on Japan I will mostly 

base this thesis on historical data, focusing on the aftermath of the Kobe earthquake and data 

from news sources and from NGOs when possible. All data on the earthquake is very recent 

when this thesis is written so almost all quantifiable data will have to come from reliable 

news sources. As has been stated by other researchers into this topic (Tol og Leek, 1998) it is 

very hard to use mathematical models to describe the outcome of a disaster like this and 

simple economic models work best as they describe broader tendencies or attractors around 

which reality revolves. There are also direct and indirect damages to consider, some of which 

may for example not be noticeable until later, and to the author’s knowledge there are as of 

yet no models that predict the outcome of a disaster based on any factors that can be used 

quantitatively. I will introduce a new model to show relationships and effects investments 

into human and physical capital have on output. This model aims to explain how certain 

investment trends can have multiplicative effects on investment via hastening the 

development of new technologies and the intergenerational spillover effects of education for 

example. This model shows us what makes countries that suffer frequent natural disasters 

able to produce GDP growth despite the destruction they endure. For my conclusion, 

argumentation has to be relied on which will be based on references to similar disasters and 

to research that has been done on this topic. This thesis will thus rely mostly on simple 
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economic models and theories to describe the causal relationships between various factors as 

well as developing my own model. Using these theories and models and comparing historical 

data with available current data on the earthquake I will base my arguments for the probable 

effects of the Touhoku earthquake on short to long-term growth in Japan. 

 

 

Overview of the Touhoku earthquake  
On 11 March 2011 an earthquake struck the north eastern part of Japan, following the 

earthquake a tsunami struck the north eastern shore of Japan with devastating consequences, 

the city of Sendai suffered enormous losses in both assets and human lives. The tsunami 

caused severe structural damage to power plants in the area and damaged the Fukushima 

Daiichi nuclear power plant causing failures in the cooling systems for several of the reactors. 

At least three of the reactors are still in a critical state and it has not been possible yet to shut 

them down, with reports of radiation being released by the reactors. The death-toll has risen 

above 14.000 with close to 13.000 people still unaccounted for. The destruction seems 

unfathomable; an estimations has been made though by the World Bank (e.d.) on the cost of 

the damage caused by the earthquake to reach up to $235 billion, while the Japanese 

government has estimated it closer to $300 billion (Tabuchi, 2011),  numbers that perhaps are 

still unfathomable. As these events are still unfurling the uncertainty factor is still high with 

the unstable nuclear reactors and the uncertainty of the psychological effect this disaster has 

had on Japan and the world. While the reactors in the Fukushima Daiichi power plant remain 

unstable they are likely to be contained as time goes by. Some radioactive water has leaked 

out of the plants but there has not been any wide spread radioactivity. In this thesis it must be 

assumed that the reactors will not explode and that the radioactivity will be contained to the 

vicinity of the reactors. 

 

 

Where does the money for rebuilding come from? 
When a natural disaster, like a flood or an earthquake, hits a populated area there will be 

damages, buildings, roads and farmlands are likely to be damaged or destroyed. These 

properties will have to be replaced if there is supposed to be continued activity in the affected 

areas and there are four main ways that this rebuilding is funded. The first is by insurance, if 
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the property that was damaged was insured the money from rebuilding it will come from the 

insurance company. Secondly, it can come from the private savings of those that were 

affected by the disaster, relying on self-insurance. Thirdly is in the form of government 

spending, where the government takes it upon itself to pay for a part of the reconstruction or 

simply by rebuilding government property. Finally there is foreign aid, where foreign 

governments or NGOs donate money towards the rebuilding process. 

In the case of Japan, damage of this magnitude isn’t very likely to be confined to a 

single country, especially not a country with the third largest economy in the world. Now 

what will happen when Japan needs between $235-300 billion to rebuild?  

 

 

Insurance 
Natural disasters, unlike car accidents for example, are infrequent and erratic, even in the 

countries where they are most common. With more frequent accidents like car accidents they 

are very predictable and as such insurance companies can better estimate their cost. Natural 

disasters on the other hand are less predictable and affect many people at the same time, 

meaning that should a flood or an earthquake hit the insurance companies would have to pay 

out to a large sum all at once. This would mean having more liquidity available or else the 

companies would have to sell assets to cover the payout. Due to this insurance companies 

have a much higher premium on natural disaster risks than for example car insurance, 

charging a 1.43-1.77 premium on natural disaster insurance (Skidmore og Toya, 2002). 

Looking at the 20 costliest natural disasters since 1965, picture 1, we can see that outside of 

the United States, where there is the highest percentage of insurance for natural disasters, no 

other country is insured for even a fifth of their damages, with the Touhoku earthquake being 

the best insured one outside of the United States. 
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The amount of insurance that will be paid out in Japan will relatively not be a large sum but 

still amounts to $14-33 billion (World Bank, e.d), and this money will mostly, approximately 

$10-20 billion, come from outside of Japan from large reinsurance companies such as 

Munich Re and Swiss Re (Reinsurance out, 2011). The Japanese insurance companies that 

will have to pay the remaining amount will likely be forced to sell assets overseas to cover 

the cost of their payout (Hadfield, 2011). During the 1995 Kobe earthquake only about 3% of 

the damages were covered by insurance, at that time about 16% of the buildings in Tokyo 

were covered by insurance even though Tokyo is more prone to natural disasters (Skidmore, 

2001). For the Touhoku earthquake with the World Bank’s early estimated $235 billion in 

damages and $33 billion insured we see that this number is even lower compared to the 1995 

Picture 1: World’s costliest natural disasters since 1965 (The Japanese Ever, 2011) 
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percentage of 16% down to 14%, it is clear that insurance plays a small part in funding the 

reconstruction process, since this graph was published the estimated damages have been 

raised to $300 billion (Tabuchi, 2011) but there is no reason to assume that the percentage of 

insurance is higher. The economic effects of these insurances will be discussed more in the 

chapter: “Economic factors”. 

 
 

Government spending 
During times of natural disasters the government will usually devote some money to aid in 

the reconstruction process. This can be in the form of setting up temporary housing for those 

that have lost their homes, supplying food and water for those in need, repairing damaged 

property and infrastructure, providing disaster related loans etc. This can be a very important 

first response as infrastructure can be disrupted meaning there is no access to food, water or 

other necessities or that roads and railways are unusable. The reconstruction process would 

be a later stage of the disaster relief. 

 

The Japanese government has announced a $48.5 billion disaster relief budget; the prime 

minister of Japan, Naoto Kan said that there might be several other extra budgets to help fund 

the reconstruction efforts (Japan government budget, 2011). This move by the government is 

vital in order to build temporary housing and supply basic necessities to the disaster area. 

Rebuilding of infrastructure should be a second priority to help bring the affected area to a 

point where they themselves can start rebuilding on their own. The money for the relief 

package came from pension funds and government projects so the government wouldn’t have 

to take loans to fund this package as the government’s debt is currently at 200% of the GDP. 

The subjects of loans and the government’s debt will be discussed more in the “Taxes” 

chapter. 

 

 

Foreign aid 
Normally when a country is affected by a very destructive natural disaster many countries 

and NGOs will collectively lend aid to the stricken country. Rescue workers and supplies are 

sent to aid in the aftermath of the destruction to help return an area to as normal as they can in 

the shortest amount of time. Like with government aid, foreign aid is usually a part of the 
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first response action to help until sufficient infrastructures are restored for there to be a 

semblance of normalcy and the people can take care of themselves. Although important as an 

early response action foreign aid rarely covers a large amount of the total economic 

destruction. 

 

Relative to the size of the disaster the financial foreign aid doesn’t amount to that much 

considering that the total damages of the earthquake are estimated up to $300 billion 

(Tabuchi, 2011) while the foreign financial aid amounts to about $10 million (Herskovitz og 

Fujioka, 2011). Although this aid only amounts to about 0.000033% of the damages and 

seems very little it is the relief goods that they bring in the first few days following the 

disaster that are the most important aspect of this help. 

 

 

Private savings 
From picture 1 we can see that a low percentage of the damage caused by natural disasters is 

insured, as a result a lot of the money for rebuilding will have to come from the private 

savings of individuals affected by the disaster. In an article by Mark Skidmore (2001) he 

shows that there is a strong correlation between household savings rates and the frequency of 

natural disasters occurring within a country. This suggests that people living in countries that 

have a higher likelihood of being affected by natural disasters are aware of the risks and as 

such take appropriate measures by way of self-insuring themselves by keeping larger private 

savings. As we saw from the “Insurance” chapter the premium on disaster insurance makes 

them more costly for people than a regular insurances and this might be one way of simply 

insuring oneself. 

 

With damages of up to $300 billion, insurance will pay out around $33 billion, the 

government close to $50 billion and with around $10 million in foreign aid, the rest of the 

money, around $210 billion, will have to come from the savings of Japanese households and 

companies. There is a correlation between the number of natural disasters in a country and a 

high marginal propensity to save and Japan is no exception to that with a marginal propensity 

to save of about 14% (Skidmore, 2001). Furthermore, about 30% of Japanese personal 

savings have been put aside as a way to finance rebuilding after a disaster (Horwich, 2000). 

This shows that the Japanese public not only recognizes the threat of a natural disaster but 
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that they are anticipating it by actively saving especially to rebuild after a disaster. This 

money is mostly held by financial institutions and a lot of this money is invested overseas by 

Japanese financial institutions. During the rebuilding phase, that is to come, these Japanese 

financial institutions will be forced to sell overseas assets in order to come up with enough 

liquid funds to satisfy the customer demand (Hadfield, 2011), the possible effects of this will 

be covered in the “Economic factors” chapter. 

 

 

Construction and rebuilding 
Following a natural disaster the first period is spent on stabilizing the situation, bringing aid 

to those in need and restoring the most basic of infrastructures, transportation, access to food 

and water, restoring power etc. After which, comes a phase of rebuilding which might be the 

most critical aspect in restoring the affected area, and even the country as a whole. Factories 

and places of business must be rebuilt if a country wishes to keep its former level of growth, 

without rebuilding these a country would not only lose production output but the loss of jobs 

would increase unemployment. With unemployment increases the government’s spending on 

unemployment benefits, rerouting money that could be used to rebuild. This would also in 

most cases mean decreased spending from those on unemployment benefits reducing the total 

spending by that amount added the multiplier effect that would be lost. This should not 

happen unless there is some fundamental weakness in the economy of that country (McRae, 

2007). The trend on the other-hand has been that even if the first few months following a 

natural disaster there is a decrease in the GDP growth, it does quickly begin to increase even 

beyond the pre-disaster growth (Skidmore og Toya, 2002). The initial lull can most likely be 

attributed to the days or weeks during which the disaster is likely to occur over. During that 

time work shuts down in the affected places and even further reaching, with time though 

things will quiet down. In many cases this also just means that stock is not destroyed and 

output lost but rather that output is simply delayed by the impact of the disaster and as soon 

as work resumes this stock will be put to use (The cost Japan, 2011). Japan’s two largest car 

manufacturers Toyota and Nissan have even reported that output should have reached pre-

earthquake levels as soon as December and October respectively (Kim, 2011).  
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Estimated time for recovery 
The estimated time for recovery is a rather hazy term, it has been used to describe the 

estimated time it will take to replace all destroyed buildings and repair damaged ones. When 

a building is destroyed in a natural disaster we should not assume that there will be built 

another building just like the one before it. It is likely that the new structure will be better 

since even if the building was just like the one before it should be better since ceteris paribus 

it’s simply newer. So when we look at the term “estimated time for recovery” we will have to 

remember that after this the replaced buildings are not simply as good but better, meaning 

that at the end of this time we are not only recovering what had been lost but also improving 

upon it. Another way to view this term is by how long it will take to return production output 

for the affected area to the pre-disaster levels. This is easier to measure since as was noted 

before, reconstructed buildings are not the same as they were before while output can be 

measured in the same units at a pre-disaster level. This is likely to be a much faster process as 

replaced machinery will be newer and ceteris paribus have more capacity and output than the 

older machines. Output can also be regained at a faster rate since a combination of physical 

and human capital is needed but as will be discussed in the “Human capital and physical 

capital” chapter the loss of physical capital can be supplemented by increasing the human 

capital. 

 

After the Kobe earthquake of 1995 estimated time for recovery was 10 years, 15 months later 

Kobe was manufacturing at 98% of its former output, even after 0.2% of the population had 

died in the earthquake and another 2.5% had relocated outside of the Kobe area. This means 

that with 97.3% of the original population remaining from earlier they were working at 98% 

of the former output (Horwich, 2000). Given that the estimated time of recovery now, by the 

World Bank, is 5 years it is safe to assume that pre-disaster production levels could be 

reached within a year (Mental earthquakes, 2011). The real time of recovery, in terms of 

rebuilding, is too arbitrary to be judged in the author’s opinion. As was noted before this 

could be defined as the time it takes to replace all buildings that were destroyed and repair 

those damaged. But what if the value of the replaced buildings is much greater or lower? If a 

neighborhood of small and old houses is replaced by several large apartment complexes that 

house twenty times the amount of people as before, costing thirty times as much as the 

houses replaced, do we measure it by the number of homes restored? The amount of money 

the construction cost? Or by the square meters rebuilt on? As the term is too vague in 
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relations to rebuilding, more emphasis will be placed on studying the recovery of 

manufacturing output. 

 

 

Politics 
So far studies have shown that in most cases natural disasters will promote growth as 

opposed to hinder it, there are some examples of where this might occur and is one of the 

most important factors political stability (Japan and growth, 2011). If a natural disaster is 

followed by a radical political revolution that might change property rights or something 

equally disruptive it can lead to a long term negative effect. 

 

The Democratic Party of Japan (DPJ) came into power in 2009, this was the first time since 

1955 that the Liberal Democratic Party (LDP) had lost the election. There has been some 

political unrest since that time and the Prime Minister, Naoto Kan, is the party’s second 

prime minister since 2009. Due to this disaster any political maneuvering could be seen as a 

very petty thing in view of this crisis (Mental earthquakes, 2011) the Japanese people have 

pulled together in the aftermath of this disaster to the point where the organized criminal 

associations, the yakuzas, have been contributing to the disaster relief. So far there has been 

more unity than there normally is in Japanese politics, politicians from all parties have for 

example pledged that they will push through a quick and decisive rebuilding program (Koll, 

2011). Kan has so far has been seen as handling the aftermath of the earthquake with honesty 

but where the worries lie is with the possible catastrophe with the nuclear reactors (Emmett, 

2011). The nuclear reactors though and any problem associated with them could logically be 

blamed on the LDP since they were both constructed and maintained during their reign, but 

Kan has announced that he will refuse to accept pay as a Prime Minister until the threat of a 

nuclear disaster is over, this could gain him some support for recognizing his responsibility 

(Japan’s Kan over, 2011). But even if there is a shift in power in Japan and the LDP were to 

take over from the DPJ it is unlikely that they would bring about any change so radical that it 

would hurt Japan, the greatest threat would be from lesser political maneuverings that could 

cause greater harm such as refusing to accept the current budget proposal. 
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Human capital and physical capital 
There are two types of destruction, one that affects human capital and one that affects 

physical capital; it is essentially the difference between the loss of lives and the loss of 

property. Human capital is best described as education, knowledge and competencies of labor 

that produces economic value while physical capital is machinery, buildings, factories and the 

equipment used to create economic value. Physical capital can always be replaced and the 

damage resulting from its destruction is easily quantifiable, human capital however is much 

more difficult to replace and the loss of lives is rarely quantified in monetary terms as 

replacing it does not follow the same rules as with physical capital. It can be quantified 

though and can be used as a measure of damage suffered by a country although it cannot 

effectively be “rebuilt”, the economic impact of the loss of lives will be demonstrated later in 

this chapter. Research has shown that in countries where natural disasters are more likely to 

occur there is more focus on investment into human capital and technology than into physical 

capital (Skidmore og Toya, 2002), with the increased likelihood of destruction of property 

through disasters expected return on investment in physical capital declines, this has several 

effects when it comes to both growth and reconstruction after a disaster. First of all, human 

capital, although not as noticeable as physical capital, is much more important when it comes 

to rebuilding. When there is knowledge available, building physical capital is easily done, in 

the case of recovery after a disaster, rebuilding is faster than building as there is less time 

needed in planning and designing, and the former investment pattern can simply be copied 

and updated with new technology to not only replace but improve upon the previous physical 

capital. Output that is lost due to the destruction of a production site can be allocated to 

another factory, as factories are not likely to be running at 100% capacity at all times it is 

possible to keep up the previous output levels by this allocation (The cost Japan, 2011), this is 

especially true of larger companies with several production sites. Investment into human 

capital also carries long-term effects, when you invest in human capital you are effectively 

adding to the educational and knowledge level in a country and increasing it. This will lead to 

an intergenerational spillover effect from the aggregate stock of human capital, adding a sort 

of multiplier effect to the investment. Increased human capital will also add to the rate of 

development of the technology level, of a country leading to another multiplier effect of 

investment into human capital (Skidmore og Toya, 2002). Investment into physical capital 

will also have a short to medium-term multiplier effect known as the Horndal effect, which is 

the gradual mastering of new skills needed (Begg, Fischer og Dornbusch, 2005). As a new 
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machine or process is introduced workers will with time become more adept at using it, this 

leads to a continuous increase in productivity, over a period of time, until the new machine or 

process is mastered. In the original discovery of this effect in a Swedish steelworks this was a 

2% annual growth in productivity over 15 years so this effect can have more than just short-

term effect. As this applies to new investments in physical capital which are abundant in the 

aftermath of a natural disaster it can add a multiplier effect to the productivity of the labor in 

the short to medium-term. To better understand the effects of investment into physical and 

human capital and what the effects in the short to long-term are on total production the 

aforementioned effects need to be combined into a single model. Using this model the effects 

of certain long-term and short-term investment patterns can be more easily understood, this 

model helps to explain why there is such an increase in GDP growth following a natural 

disaster and how the long-term investment trend of countries frequently affected by natural 

disasters help them recuperate from disasters. This model is best described by beginning with 

a simple production function. 

 

Using a simple production function:  

(1) Y = A*f(K,L)  

 

Where Y is the output, A is the technical knowledge or level, f is the total of the variable 

outputs: K, physical capital and L labor. (Begg et al, 2005). The focus will be looking at how 

investments into human and physical capital will affect the growth of the output, both for the 

short and the long-term.  

 

We’ll begin by adding a function that is the productivity of labor and physical capital, we’ll 

call the productivity of labor pL and for physical capital pK. Instead of using a Cobb-Douglas 

function for this and assuming that the combined productivity of pK and pL equals 1we skip 

assumptions and instead focus on how investment affects them. We’ll also add a time 

function since we’re dealing with more than one period of time, t0 will indicate this time 

period while t-1 will indicate the one before. This is mostly used to differentiate between our 

investment today and the period before since investment in the earlier period will have 

different effects than the ones in this period. Now we have: 

 

(2) Y(t0) = A(t0)*f(K*pK(t0), L*pL(t0)) 
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We then add to this the effects of investments into productivity, productivity of labor 

increases as investment into human capital increases, the same goes for productivity of 

physical capital and investment there into, we’ll call investment into human capital α. It is not 

clear to what extent productivity of labor (pL) is increased by investment into human capital 

(α), so we will have to put an x there to indicate that the amount is unknown. We’ll make a 

special formula to show the productivity of labor (pL) at the current time period. This is the 

productivity of the former period (t-1) adding the increase brought about by investments into 

human capital (α) in this period. 

 

(3) pL(t0)=pL(t-1)+xα(t0) 

 

We have mentioned before the intergenerational spillover effects that stem from the 

aggregate human capital from an earlier period and how they will act as a multiplier effect on 

the increase in human capital for the next period. We will call this intergenerational spillover 

effect (i) and as it is unknown the quantitative effect of this from the previous period’s human 

capital investment (α(t-1)) we will add an x to it to indicate the unknown number. To account 

for this effect we put the investment into human capital in this period in the power of 1 added 

the effect of the intergenerational spillover effect (i) giving us: 

 

(4) pL(t0)=pL(t-1)+xα(t0)^1+ixα(t-1) 

 

The formula indicating the productivity of physical capital is like formula (3) only with 

productivity of physical capital (pK) substituting the pL and investment into physical capital, 

which we will call β instead of the investment into human capital. So the productivity of 

physical capital this time period (pK(t0)) is the productivity of the physical capital of the 

former period (pK(t-1)) adding the increase brought about by investments into physical 

capital this period. 

 

(5) pK(t0)=pK(t-1)+xβ(t0) 

 

Investment into physical capital (β) doesn’t only have a direct effect on the productivity of 

physical capital (pK) but also has an effect in the form of the Horndal effect that has been 

mentioned earlier. To account for the Horndal effect we will have to add it to formula (5). We 

will call the Horndal effect h in the formula, it has an unknown amount of added positive 
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effect, which we’ll indicate with an x, in relations to the amount of physical capital 

investments of the previous period (β(t-1)). By adding the Horndal effect into formula (5) it 

seems to have a multiplier effect on the productivity of capital (pK) between time periods but 

only in the sense that as a machine becomes more productive as the labor masters them there 

is no demand for a machine that is only marginally better so the productivity of the new 

capital has to take into account the accumulated Horndal effect on the previous machine. The 

Horndal effect will not accumulate forever since at a point in time a machine will have been 

mastered, the Horndal effect thus only accumulates on new machines. So now formula (5) 

changes into: 

 

(6) pK(t0)=pK(t-1)+xβ(t0)+xhβ(t-1) 

 

 

Referring to formula (2) again to show how investment into human capital increases the rate 

of technological advancement we need to find the A(t0). To find that we put A(t-1) in the 

power of 1 adding then the increase from investment into human capital from the previous 

period, since we do not know how much effect it has we will have to put x there for the 

unknown amount of effect it has. To find A(t0) we have: 

 

(7) A(t0) = A(t-1)^1+xα(t-1) 

 

Putting all of the fully formed formulas together we have a model that demonstrates the effect 

investment into human and physical capital has on the output of a country and the multiplier 

effects with it. This model also allows for it to be used between more than one time periods. 

Combining formulas (2), (4), (6) and (7) we get the model: 

 

(8)  

 

 

 

 

 

 

Y(t0) = A(t0)*f(K*pK(t0), L*pL(t0)) 

 

pL(t0)=pL(t-1)+xα(t0)^1+ixα(t-1) 

pK(t0)=pK(t-1)+xβ(t0)+xhβ(t-1) 

A(t0) = A(t-1)^1+xα(t-1) 
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This formula gives a very visual idea of how the added effects a steady and long-term 

investment into human capital will bring, in terms of compounded growth over a longer 

period of time, and how the trend of disaster prone countries to invest into human capital over 

physical capital can result in over-all increase in growth. The effects of investment into 

physical capital should though not be discounted as a measure to increase growth. The two 

ways in which technological advancement comes about is first by invention, where the 

human capital is important and then by innovation, where the new invention is implemented 

into the production process, this is where the destruction of natural disasters again acts as an 

expediter (Begg et al, 2005). But this model also shows us that by replacing physical capital 

there will be a multiplier effect, with the Horndal effect on its productivity in the short to 

medium-term meaning that as soon as manufacturing sites and production plants have been 

rebuilt their output will increase even more than the added production capacity suggests. 

 

So with a long-term high level of investment into human capital, for the intergenerational 

spillover and increased speed of technological advancements, and a regular renewal of 

physical capital, to keep the Horndal effect continuous, a country should be able to keep 

growth very high. With frequent natural disasters forcing renovation of physical capital and 

investments moving towards human capital, this might be what causes sustainable growth 

over the long-term in countries frequently ravaged by natural disasters. This also shows us 

how valuable human capital is in terms of economic growth and how loss of lives can have 

severe the economic loss of human lives. 

 

Japan is no different from other countries prone to disaster, it is renowned for its innovative 

technology and rapid technical advances. According to numbers collected from the OECD in 

2008, 43% of Japanese people finish a tertiary degree, making them the third highest in the 

world in tertiary degrees per capita (OECD, 2010). This demonstrates the high level of 

human capital investment in Japan. As money is poured into reconstruction following the 

earthquake new factories, equipment and procedures will substitute older versions. These 

versions ceteris paribus will be more productive than the older models they substitute, adding 

to that the Horndal effect should be felt as well in the following years leading to the 

heretofore mentioned multiplier effect of implementing new technology. As rebuilding slows 

down over the following years and investment patterns normalize to the non-disaster levels 

the physical capital investments will give way to the human capital investments. This 

investment into physical capital will be the short to medium-term growth that will follow the 
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earthquake while the long-term trend of high human capital investments will keep the long-

term growth at a faster pace. 

 

During the earliest stages of rebuilding there will be some shortages of physical capital such 

as factories and production sites, during this time the combination of physical capital and 

human capital can be changed to give a similar level of output. When there is a shortage of 

physical capital more workers can be added to substitute it.  Factories are not working at 

100% capacity so even with loss of factories others can pick up the slack by working at full 

capacity to meet demands. Disaster prone countries focus more on investing in technology 

and human capital so loss of physical capital is not as devastating as it may seem. The loss of 

human lives is not factored in as economic damages but it can be, but this loss cannot be 

replaced like physical capital. The economic value of an average life of an American in 2000 

was about $2 million (Horwich, 2000), adding inflation to that value to represent the value in 

2011 we get just under $2.6 million, we’ll assume that this is also the same in Japan as these 

are both countries with high education and powerful economies. To date there have been 

confirmed 14.000 deaths from the Touhoku earthquake with another 13.000 people missing, 

if we calculated the absolutely minimum economic loss assuming only 14.000 people were 

killed this is a loss of approximately $36.4 billion making the cost of the disaster actually 

more than 13% higher than expected. This number is likely to be more than 50-70% higher in 

reality from the number of missing people found alive over the last weeks, meaning there 

could be an economic loss of $60 billion unaccounted for in estimates.  

 

 

Technology 
During reconstruction the old buildings aren’t necessarily built, reorganization of areas may 

occur and new technology is adapted making for more efficient use of space and machinery 

and more resistant buildings. Older buildings are more likely to be destroyed than new ones 

ceteris paribus, during the 1995 Kobe earthquake buildings built after 1981, when a new 

building code was legislated, suffered mostly only minor damage (Horwich, 2000). In that 

case buildings of inferior quality were destroyed and replaced with better ones that were less 

likely to suffer damage should another earthquake hit. This is a good example of how 

technology advancements are implemented into an area that has been affected by natural 

disasters, with the destruction of physical capital comes the need for rebuilding, leaving an 
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incentive to introduce new technology. According to Begg et al. (2005) there two stages of 

technology advances which is first the invention, the discovery of new knowledge and then of 

innovation, which is when the invention is incorporated into the system. Large machinery for 

manufacturing and production can be very expensive and depreciated over up to 20 or more 

years, replacing a machine like that while it is still in operating condition can have an 

opportunity cost much higher than the gain from the increased productivity. However when 

forced to replace the machinery the cost difference between the former model, which might 

now be over a decade old, and a new one, the manufacturing capabilities of the new model 

are likely to make it more attractive. As was pointed out in the previous chapter this also 

hastens the technology level growth of a country. 

 

Japan will now have to rebuild $300 billion of property damaged or destroyed, new and better 

houses will be built, among those many that are more resistant to earthquakes, new 

production sites and manufacturing plants will have to be built which should translate into 

newer and more productive facilities. Using formula (4) from the previous chapter we see 

that this new equipment should translate into more productivity from physical capital with a 

short to medium-term Horndal effect that increases labor’s productivity as well. The output of 

Japan should see an increase from this effect as well as from the increased spending that will 

be discussed in the “Effects on GDP” chapter later on. 

 

 

Economic factors 
Following a destructive event such as a natural disaster it is unavoidable that it will have 

implications on economic factors such as inflation, currency rates and even have international 

effects. As demand grows and supply is retarded, due to the destruction of the means of 

production, inflation is a likely result. Currency rates can increase as well with foreign 

investors unloading their supply of it causing trouble for export-oriented countries. The 

international effects could be severe as well if the affected country is a big player on the 

global scale. Michael Lewis (1989) describes this scenario with the help of a model 

developed by Kaoru Oda but on a much larger scale in his article “How a Tokyo earthquake 

would devastate Wall Street and the world economy”. In his article he describes a scenario 

where Tokyo is hit by a massive earthquake and $1 trillion in US assets and bonds is 
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liquidated by the Japanese resulting in interest rates in the US going up by 5%. But how close 

to reality is that? 

 

The Japanese stock market fell by about 16% in the week following the earthquake; the 

Japanese government injected $37 billion into the financial markets in order to stabilize the 

markets (Bank of calm, 2011). Three months after the earthquake the Nikkei 225 had 

stabilized and was about 5.5% lower than the day before the earthquake. Earliest reaction to 

the earthquake was panic and although of course there will be an economic downturn in 

Japan in the short-term this will likely subside soon and estimates say growth should return 

by year’s end (Kihara og Ishiguro, 2011; White, 2011; Instant view quake, 2011). This 

growth will then most likely carry on for some years to come, meaning that any investment in 

Japan right now should be viewed as having turned into long-term investments. In the 

aftermath of the Kobe earthquake there was a drop in share prices in the first quarter but by 

the end of the year it had reached its former heights (Horwich, 2000). What will happen in 

the next few months is that rebuilding will begin which will have tremendous effects on 

economic factors. In earlier chapters we have discussed how reaching economic stability is 

best achieved by attaining a stable GDP growth, this will be Japan’s challenge. 

 

 

Inflation 
Right now there is a shortage in Japan, supply is not meeting customer demand and 

manufacturing sites and factories are already increasing their output (Kihara og Ishiguro, 

2011; Tomisawa og Slodkowski, 2011). This could lead to inflation if production doesn’t 

keep up with demand. Nevertheless, the increased spending that will follow the $300 billion 

or so reconstruction over the next few years is likely to lead to an inflation, ending the more 

than 15 year deflation Japan has been experiencing (Koll, 2011). During the rebuilding phase 

following the Kobe earthquake there was also a shortage in supply but the stability in prices 

that remained has been attributed to the availability of substitute products which worked as a 

counter-weight (Horwich, 2000). Japan has been experiencing a deflation since the aftermath 

of the Kobe earthquake, this can be attributed to the radical reform that was made in the labor 

market where life-time contracts were broken among other things, this sort of radical political 

change is something we discussed in the “Politics” chapter as being able to affect growth. 

Right now the purchasing power parity in Japan is in line with other countries and the Big 
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Mac and Starbucks indexes show the same (Koll, 2011). So with Japan having corrected the 

high domestic price level premium, bringing them in line with global levels, as well as seeing 

an added spending due to reconstruction and the multiplier effects it will have with the added 

income we should see a healthy level of inflation in Japan. The Bank of Japan has raised its 

expectation of consumer price inflation from 0.3% to 0.7% for this fiscal year ending in 

March 2012 (Kihara og Ishiguro, 2011).  

 

 

The yen 
Japan is an export nation and hence has to keep the yen under a certain exchange rate against 

other currencies to make them an attractive and a competitive choice, if the yen were to 

appreciate too much buying from Japan would be too expensive. For this reason, if Japan is to 

rebuild its economy it is important to not allow the yen to appreciate too much as they are too 

dependent on their export to disregard it. Immediately following the news of the Touhoku 

earthquake foreign investors started selling off Japanese yen resulting in it depreciating, as 

they realized that Japanese insurers would have to repatriate billions of dollars’ worth of 

investment abroad yen was bought back, stabilizing the price (Hadfield, 2011). Shortly after 

the earthquake the yen reached its highest value to the dollar since after World War II, the G-

7 acted together with the Japanese government in an intervention to stabilize the yen as well 

resulting in a depreciation of it (Appelbaum, 2011). This shows that investors have faith in 

Japan’s ability to rebuild itself and become a stronger force than before. The Japanese finance 

minister, Yoshihiko Noda, has announced that they would watch currency markets closely for 

movements but has not mentioned any more interventions (Kihara og Kaiimoto, 2011). It can 

be assumed then that Japan has not so far seen a reason for any such action and that the yen is 

at a comfortable level for them, the largest insurers in Japan are even anticipating 

depreciation in the yen and are planning to raise their holdings in foreign bonds by hundreds 

of millions of dollars each (Sano, 2011). So with the yen being closely monitored by the 

government and bet against by the largest insures in Japan it is safe to assume it will either 

depreciate or remain stable leaving the export focused nation in a favorable position for the 

rebuilding period.  
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Taxes 
Japan’s national debt today stands at about 200% of its GDP, now with Japan spending $50 

billion on a disaster relief package and possibly introducing more later, discussion has been 

raised about Japan increasing their taxes in order to fund their rebuilding efforts. It has been 

suggested that Japan either raise its sales tax, which is only 5%, or that they raise their 

income tax ,the OECD even goes so far as to suggest quadrupling the sales tax from 5% to 

20% (White, 2011; Tabuchi, 2011). This could be disastrous for the reconstruction efforts and 

to achieving economic stability in Japan. To begin with, right now in the aftermath of the 

earthquake and the tsunami it is only natural to assume consumption will decrease due to 

stores being closed or destroyed in the disaster area and reduced income from the disruption 

in work. This amounted to a total of 7.8% decrease in retail sales in March 2011, the largest 

fall in retail sales since 1998 when it dropped by 14.3% when the government increased the 

sales tax from 3% to 5% (Kaneko, 2011). This was a 66% increase in sales tax; the effect a 

300% increase would have could be devastating to the economy and cause a decreased 

spending when the government wants to see increased spending. Looking at a model of 

consumption during and not during a natural disaster by Mark Skidmore (2001) we also see a 

fundamental flaw in proposing an increase of the consumption tax. The formula is:  

 

(9) C2 = (Y1-C1)(1+r)+Y2.  

 

In this formula Y represents income, C is consumption and r is interests, consumption and 

income are divided into period 1 which is not during a natural disaster and period 2 which is 

during a disaster phase. This model shows that to be able to afford consumption during a 

disaster phase savings with interest plus income during the disaster phase must be equal or 

greater than C2. Following a natural disaster those that are the worst off are those whose 

homes and cities were destroyed and thus place of employment like most of the citizens of 

Sendai in Japan, for these people there is no Y2 during rebuilding. They will be forced to rely 

solely on their savings to cover their consumption and by increasing sales tax the purchasing 

power of their savings has been reduced by that factor. If Japan would do as the OECD 

suggests and increase the sales tax from 5% to 20% these people would essentially see 15% 

of their savings eaten up by the sales tax. This would mean that these people might not have 

enough money to pay for the rebuilding of their homes and replacement of their possessions 

and would have to rely more on the government’s help. Taking money from those in need in 
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order to pay for disaster relief for those in need results in no gain for the government and is 

illogical. It has been shown that a decrease in income tax and an increased consumption tax 

will significantly boost economic activities in the long run as it is encourages work (Kitao, 

2011). This is a change that even in the long-run seems to be extremely hard for Japan to 

make since during the transitional period it will negatively affect retired persons, and seeing 

as how Japan has one of the oldest populations in the world this could be disastrous to their 

welfare. Making this sort of change though over a short period of time and during the 

aftermath of a natural disaster could hamper growth by reducing spending, leading to a slow 

recovery and reducing any inflation the reconstruction could bring about leaving Japan in a 

continuing deflation. An increase in sales tax would be bad for the reconstruction efforts and 

especially for those that have suffered most, anything along the lines of the increase the 

OECD suggests would be devastating. On the other hand, if there is an increase in the income 

tax, those that are the worst off will not be affected by it, even if there is general public 

support for it, it will mean people will earn less money and spend less, if the Laffer curve has 

taught us anything it’s that higher taxes don’t necessarily mean more revenue for the 

government. One option might simply be to finance the relief packages by borrowing from 

abroad. Even though the government owes 200% of the Japanese GDP when inter-

governmental debts have been paid it comes down to 120% of GDP and even then most of it 

is financed domestically so it should be easy for them to borrow from abroad (Mental 

earthquakes, 2011). This would ensure that domestic spending would not decline due to 

higher taxes and would increase the money in circulation adding a multiplier effect to it 

increasing GDP growth further. 

 

 

International effects 
In a model developed by Kaoru Oda an earthquake in Tokyo measuring an 8 on the Richter 

scale was predicted to cause devastating economic damages for the USA and the West 

resulting in 5% inflation in the US as Japan sold off $1 trillion’s worth of bonds and shares in 

the US (Lewis, 1989). The reality was only a third of the damage; the model also assumed 

that all lines of communication would be broken and that the Japanese stock exchange would 

be paralyzed. What happened instead was international co-operation with the G-7 helping to 

stabilize the yen and Japan being much better prepared for this. We have covered some of the 

international effects so far, the payout from foreign reinsurance companies and the possible 
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manufacturing disruption for companies relying on Japanese parts in their production, but 

what is the extent of these effects? To begin with, the most easily quantifiable effect is from 

the payout of foreign reinsurance companies. Hannover Re has reported expected earnings to 

be €150 million less than they had expected for this year and Munich Re has reported that 

they will not be seeing a €2.4 billion profit as they had predicted and has refused to put an 

estimate on their profit this year (Gould, 2011a; Gould, 2011b). This is not all a result of the 

Touhoku earthquake as there have also been floods in Australia and powerful earthquakes in 

New Zealand as well, all of this combined has had a lot of impact on the reinsurance 

companies. By mid-May 2011 share prices of Hannover Re, Swiss Re and Munich Re had 

fallen by about 0-8,5% since the beginning of the year with all of these disasters taking their 

toll. Overseas production that relies on Japanese parts will also feel the effects of the 

earthquake, there will at the least be some delay in delivery of parts from Japan as well as 

probably some reduced supply. Japan manufactures about 40% of all light weight memory 

chips, used for digital music players, smart phones and tablet computers (Lohr, 2011). With 

these objects becoming more and more part of people’s normal lives this could affect sales 

for companies relying on these parts from Japan, this goes as well for auto parts, complex 

industrial machinery and other electronic goods. There are likely to be other effects not 

perhaps as big as those that affect the reinsurance sector and auto and electronics industries. 

This could include the fishing of tuna and other seafood that is exported to Japan; it has 

already resulted in shut down the whaling industry in Iceland for the summer of 2011 

(Hvalveiðum tíma, 2011).  

 

 

Effects on GDP 
So far various sources have shown that natural disasters have an increased growth effect on a 

country’s GDP (Skidmore og Toya, 2002; The cost Japan, 2011; Bill Emmott, 2011; 

Cookson og Pilling 2011; Horwich, 2000). This has to some extent to do with how GDP is 

measured, that is, it is not a measurement of accumulated wealth or stock but the production 

within a country. Growth in GDP then means that this year there was more production than in 

the year before. After a disaster hits a country resulting in property either damaged or lost, as 

long as there is money available this should lead to rebuilding of that lost property. As long 

as the rebuilding results in more expenditure than the loss of manufacturing and production 

this will lead to a growth in GDP. At first glance this simply looks like a glitch that will even 
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Picture 2: Output after natural disaster (Tol og Leek, 1998) 

itself out in a short while and after the rebuilding it will become apparent the real damage of 

the disaster. On the contrary, this reconstruction phase will usually substitute for the 

production loss in the short-term and increase the growth of the GDP. As the growth is 

increased there will be a multiplier effect of the increased circulation of money that again 

increases spending and earning. When manufacturing plants and production sites have been 

rebuilt they will not only operate as before but with new machinery they will operate more 

efficiently and as was demonstrated by formula (4) there will be an added productivity rate 

from the labor as well over the short to medium-term due to the Horndal effect adding a 

continuous growth over a longer period of time than simply the rebuilding phase. So during 

the rebuilding and following it there will be an increased activity leading to a faster growth in 

GDP, than before the disaster. In a recolor of a graph made by Tol and Leek (1998) lines 

have been plotted to demonstrate output during and following a natural disaster. 

 

In picture 2 the red line indicates output without disaster, the blue line indicates output with a 

disaster and with no insurance, the green line is output with disaster but immediate 

replacement by insurance while the orange one is with partly delayed insurance. 

 The term “insurance” here is not only that of commercial insurance but can be private 

savings used as self-insurance, meaning that as long as destroyed property can be replaced it 

should be accounted for as insured. This means that as long as there is available capital to 
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replace means of output this will lead to an increased output, even with the short-term loss in 

output, and thus an increase in GDP.  

 

Estimations by the World Bank sees a growth in Japan’s GDP as early as late 2011 which 

could last for five years, which is their estimated time for reconstruction in Japan (World 

Bank, e.d). The OECD is forecasting a 0.8% GDP growth for 2011, from an earlier estimate 

of 1.7% and then a 2.3% growth in 2012 up from a 1.3% growth estimate, resulting in a total 

of 0.1% GDP growth gain over the first two years (White, 2011). The Bank of Japan is 

estimating a 0.6% growth down from their earlier estimate of 1.6% for 2011 with 2.9% up 

from 2% for 2012 (Instant view quake, 2011). The negative effects of natural disasters are 

typically short-term effects, after which rebuilding will begin. During that time money is 

poured into reconstruction creating new jobs, boosting activity and increasing income 

(Emmott, 2011). Another shimmer of light in an otherwise bleak situation is that the 

agricultural output of an area that has been hit by a flood is typically increased the following 

year (The cost Japan, 2011). Although production may have been disrupted by the earthquake 

it is likely that output will return to its earlier levels within too long, factories rarely produce 

at maximum capacity so by fully utilizing factories to make up for those that have been 

destroyed and by increasing labor usage, output can be raised (The cost Japan, 2011). It is 

also important to realize that where the earthquake struck matters, the area most affected by 

the earthquake and tsunami is not an area that has a very sizable portion of Japan’s GDP 

accounting for only about 6-7% of it (Japan disaster crisis, 2011; The cost Japan, 2011). The 

injection of foreign aid also accounts for some increase in GDP with its multiplier effect. 

Probably the worst threat to GDP growth in Japan right now is power shortages; with the 

failure at the Daiichi nuclear power plant other nuclear power plants have been shut down 

reducing the supply of electricity. But Japan’s biggest business lobby, Nippon Keidanren, has 

instructed its members and associations to present a plan of how they will cut down power 

use by 25% by summer. Tepco (Tokyo Electric Power Company) has announced that they 

will be able to supply 52.000 MW of power when the peak use will be at 60.000 MW over 

the summer. But with the estimated power cutbacks needing perhaps only to be at 10-15% 

Nippon Keidanren is firm on their 25% cutback, so far companies accounting for 40% of the 

peak power usage have submitted their energy savings plans (Maeda, 2011). Other creative 

measures might be taken as well to increase the supply of electric power, Chubu Electric 

Power for example is considering firing up some of its fossil fuel burning plants that are no 

longer in use (Tomisawa, 2011). Japan is known for innovation and clever solutions to 
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problems, such as JIT production, there is no reason to believe they will be unable to solve 

this problem. 

 

The more prepared one is for a disaster the more adaptable they are likely to be and better off, 

Japan suffers disasters regularly and is no stranger to earthquakes or tsunamis. There is a 

trend of earthquakes in Japan and they expect them in Tokyo about every 70 years, there has 

been a big earthquake in: 1633, 1703, 1782, 1853 and 1923. The author lived himself in 

Japan autumn 2005 till summer 2006, during which time he was frequently told that there 

was a large earthquake scheduled that was already late so it might strike any minute now. 

This preparedness is also noted in Japan’s high propensity to save and that 30% or so of 

private savings is meant for rebuilding after a disaster. So in summation, Japan’s GDP will 

most likely slowdown in the first one or two quarters but then pick up and pass its original 

growth as early as late 2011 and keep growing at an accelerated rate for some years. 

 

 

Short-term and long-term effects 
The short term effects of disasters have been mentioned in earlier chapters and what causes 

them, but to reiterate; when a disaster strikes it will cause disruptions in production and slow 

down output and growth. Following that comes a phase of rebuilding where stock of capital is 

used to rebuild, during that period there is increased activity leading to more growth. After 

older damaged and destroyed physical capital has been rebuilt output will increase even more 

as a result of the updated machinery. The time it takes to regain former output levels depend 

on the severity of the disaster and preparedness for it, but usually range between 9-18 

months, while GDP growth will increase faster. After which output will continue at an 

increased rate until the rebuilding phase is complete. This is based on observations and 

proved to be the case in Kobe 1995 where Kobe had been in a slump, in 1994 the GDP 

growth had been 0,6% but in 1995, the year in which the earthquake struck in January, the 

GDP grew by 1,4% (Horwich, 2000). Long term growth on the other hand depends on the 

type of disaster; climatic or geological, which have different effects as climatic ones are more 

predictable than geological.  

  

Geological disasters are disasters such as earthquakes, tsunamis, avalanches and volcanic 

eruptions while climactic disasters are among others: floods, cyclones, hurricanes and 
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tornadoes. The main differences between those two types of disasters are the frequency and 

predictability of them. Floods for example are much easier to predict and occur more 

frequently than volcanic eruption which makes it possible to protect yourself and prepare for 

them. Also for this reason climactic disasters tend to cause fewer casualties than geological 

ones (Skidmore og Toya, 2002).  

 

Geological disasters add nothing to the long term growth of a country but neither do they 

decrease it whereas a climatic disaster increases it (Skidmore og Toya, 2002). Due to the 

definition of climatic disasters, the Touhoku earthquake in Japan could be classified as a 

climatic one although its default definition would be a geological disaster. Large destructive 

earthquakes hit Tokyo about every 70 years, and this has been the trend for the last 400 years. 

Even if they can’t prepare for it like you could for a flood it is a well-known fact for 

Tokyoites that large earthquakes will hit every roughly 70 years. During the author’s stay in 

Tokyo from 2005-2006 he was regularly told that the big earthquake was late and this might 

be the year it finally strikes, this earthquake in not sneak up on Japan. To add to that about 

30% of Japanese private savings are earmarked for rebuilding in the aftermath of a disaster 

(Horwich, 2000). The definition of the Touhoku earthquake as geological disaster can be 

challenged on the grounds that it was expected and people had been preparing for it, at least it 

can be said that it does not clearly follow the definition of geological disaster. Owing to that 

it is inconclusive whether or not the after effect should be those of a climactic or a geological 

disaster. 

 

There is a trend among countries that suffer frequent natural disasters to invest more heavily 

in human than physical capital (Skidmore og Toya, 2002). As formula (8) showed this trend 

does seem to lead to a faster long term growth than with focus on investment in physical 

capital because of the added multiplier effect it has on the technological level as well as the 

intergenerational spillover effect it has causing human capital to grow faster as more 

investment in human capital is added. So even if it can’t be said for certain whether or not the 

Touhoku earthquake will have no or positive effect on the growth of Japan in the long run it 

can be said that since natural disasters like the Touhoku earthquake are frequent in Japan they 

have adopted an investment trend that does lead to an increased growth. 
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Conclusion 
On the average it seems as though a natural disaster will lead to a GDP growth, both in the 

short and in the long-term and the Touhoku earthquake should be no exception to that. Japan 

is no stranger to natural disasters and was financially prepared for this disaster which is 

paramount in these situations. With their high marginal propensity to save and a high 

percentage of that saving set aside for rebuilding in the wake of a disaster the Japanese people 

have effectively self-insured themselves with their private savings. The over $30 billion 

payout they will receive from insurance plus the $50 billion relief package from the 

government might also go a long way in rebuilding Japan, not to its former glory but perhaps 

even beyond it. As production sites and factories are rebuilt there will be an adoption of new 

technology resulting in a high amount of updated machinery and production methods which 

should lead to an increase in manufacturing output. While this still hasn’t been rebuilt 

production can be allocated to plants or manufacturing sites that are not working at full 

capacity to fill in the shortages in supply. While there is still a lack of physical capital the 

combination of resources can be altered and labor added to compensate for the missing 

machinery. Once physical capital has been rebuilt the output should be higher and again 

higher still with the gradual increase due to the Horndal effect. Rebuilding should not take as 

long a time as building as there isn’t as much time needed for planning and evaluating needs, 

earlier investment patterns can be copied with some alterations for optimal use of the area 

with regards to the new technology and earlier experience. The only worrying factor in this 

respect is the possibility of a diminished power supply as a result of the closed nuclear plants. 

The biggest business lobby in Japan though has instructed its members to cut down power 

usage by 25%, probably more than is needed even over the peak time, which should result in 

enough power for manufacturing to go on unhindered. With the estimated time for recovery 

of production output predicted to be late 2011 the outlook for the reconstruction of Japan 

looks promising. 

 While the Japanese stock market fell by about 16% in the week following the 

earthquake it was up to 94,5% of its pre-disaster level only three months later, with that trend 

and the Kobe earthquake as a historical lesson we should see it back at its normal pace in 

about a year. Now with Japan in line with the global price levels the increased activity in 

Japan from all the rebuilding and the increase in production Japan is likely to experience a 

healthy inflation after more than a decade of deflation, this would be a big change for Japan 

but should set it more along the trends of other first world economies. The yen is expected to 
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remain relatively stable, with the government keeping a close watch on it and with the earlier 

intervention of the G-7 it is unlikely to appreciate but might possibly depreciate making 

Japan more competitive as a country to import from. There might be a tax increase introduced 

to Japan but as long as it is an income tax and not a sales tax and a modest amount it 

shouldn’t hamper growth too much. The best option in the author’s opinion would be to 

borrow from abroad but with the general public support for the tax increase and as long as it 

is a modest amount it may not be too bad. With the massive rebuilding effort now underway 

and private savings, a government relief packages and insurance money amounting to 

hundreds of billions of dollars being pumped into the economy it will lead to a multiplier 

effect, a higher income and increased spending that might just counter act the decreased 

spending from the higher tax. The result from this should be a faster GDP growth rate than 

before, if not this year then at least in the year following and estimates say for at least four 

years more. In the short term this increase will stem from the increased investment in 

physical capital, the rebuilding efforts and the increase in spending it will lead to. In the 

medium term there should be a growth from the added output from the new machines and 

procedures adopted as well as the added multiplier of the Horndal effect. In the long-run 

Japan should again resume earlier investment patterns moving from physical capital to 

investment again into human capital resulting in faster increase in the technology level and 

the multiplier effect from the intergenerational spillover effect leading again to a faster 

growth in output. This leads us to answer the research question: “Will Japan experience 

increased growth following the Touhoku earthquake?” that Japan is likely to experience 

increased growth from the Touhoku earthquake in the short, medium and long-term. 

 

 

Discussion 
There is one scenario that was not studied in this thesis and that was what would happen if 

the Fukushima Daiichi nuclear power plant would explode. In the unlikely event that it would 

actually happen there is just too little data to go on, comparing it to Chernobyl would not be 

accurate and all of the research that would be needed would not fall under the field of 

business but rather possibly environmental engineering or studies. The effects of the nuclear 

power plants had to be confined to the more probable events of it remaining relatively 

confined to the plant area. There has some radiation been measured in leafy vegetables in the 

surrounding area but any studies into the level of radioactivity and measures that are likely to 
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be undertaken to prevent them from being persistent in the vegetables is far beyond my field 

of knowledge. I had to base all estimations on the scenario where the radiation itself would 

not provide enough damage to disrupt the economy, I instead focused on the fact that this 

might lead to power shortages. On the subject of power shortages, as was mentioned in the 

“Effects of GDP” chapter Japan might suffer some shortages in power supply, but with 

efforts such as restarting older fossil burning plants. I did not go into the subject of buying 

power from abroad although that is always a possibility, how Japan is tackling this matter is 

very interesting and the efforts like cutting 25% of power usage by using less air conditioning 

and other creative measures is ingenious. The model that I present as formula (8) is not a 

finite interpretation of investment possibilities and all possible effects thereof. It is merely a 

model to demonstrate the short and long-term effects that investment into human and 

physical capital has. Some other growth models use total factor production in lieu of the 

technology level, I chose to use technology level instead since the multiplier effect of 

investment into human capital does not affect all of the total factor production but only the 

technology level. There have not been too many academic studies into the topic of growth 

and natural disasters and with no real models or tools that could be used argumentation had to 

be relied heavily upon as well as having to develop my own model. Skidmore and Toya have 

done some interesting studies into this topic though and most of my academic references into 

this subject came from them. Other authors themselves such as Tol and Leek have noted on 

the difficulties that come from studying this subject with the lack of real models to rely on. 

The most difficulty with writing this thesis is the short amount of time since the Touhoku 

earthquake happened. Work on this thesis began less than a week after the earthquake struck, 

while this thesis was being written new information was being released regularly, the full 

extent of the effect of the earthquake will probably not be seen until a decade from now. Then 

again this is not a study in what has already happened but what is likely to come. 

  



32 
 

Bibliography 
Appelbaum, B. (2011, 17 mars) Group of 7 to intervene to stabilize yen’s value. The New 

York Times. Sótt 24. mars 2011 af 

http://www.nytimes.com/2011/03/18/business/global/18group.html?_r=1 

 

Bank of Japan pumps another $37bn to ensure market calm (2011, 18. mars) BBC News. Sótt 

19. mars 2011 af http://www.bbc.co.uk/news/business-12781826 

 

Begg, D., Fischer, S. og Dornbusch, R. (2005) Economics. New York: McGraw-Hill 

 

Bennett, D. (2008, 6. júlí) How disasters help. The Boston Globe. Sótt 14. Apríl af 

www.boston.com 

 

Cookson, R. og Pilling, D. (2011, 13. maí) History points to opportunity after the crisis. 

Financial Times. Sótt 14. Apríl af 

http://proquest.umi.com/pqdweb?did=2295448691&sid=1&Fmt=3&clientId=58121&RQT=3

09&VName=PQD 

 

Emmott, B. (2011, 20. mars) The impact of disaster: The political, economic, psychological 

consequences of Japan’s catastrophe. Newsweek. Sótt 25. mars 2011 af  

http://www.newsweek.com/2011/03/20/the-impact-of-disaster.html# 

 

Gould, J. (2011a, 3. maí) Hannover Re cuts profit outlook after quake claims 

 Reuters. Sótt 9. maí 2011 af http://www.reuters.com/article/2011/05/03/us-hannoverre-

idUSTRE74212K20110503 

 

Gould, J. (2011b, 9. maí) Munich Re's Q1 net loss narrower than expected. Reuters. Sótt 9. 

maí 2011 af http://www.reuters.com/article/2011/05/09/us-munichre-

idUSTRE7480J720110509 

 

Hadfield, P. (2011, 15. mars) Japan’s earthquake will cause a global financial aftershock. The 

Guardian. Sótt 10. apríl 2011 af 

http://www.guardian.co.uk/commentisfree/2011/mar/15/japan-earthquake-global-markets 



33 
 

 

Herskovitz, J. og Fujioka, C. (2011, 20. mars) Foreign aid promised for Japan quake zone, 

but where is it? Reuters. Sótt 1. apríl 2011 af http://www.reuters.com/article/2011/03/20/us-

japan-aid-idUSTRE72J4JU20110320 

 

Horwich, G. (2000) Economic Lessons of the Kobe Earthquakes. Economic Development and 

Cultural Change, 40, 3(2000), 521-542. Sótt 15. apríl 2011 úr ProQuest gagnagrunninum. 

 

Hvalveiðum frestað í óákveðinn tíma (2011, 10. maí) Morgunblaðið. Sótt 10. maí af 

http://www.mbl.is/frettir/innlent/2011/05/10/hvalveidum_frestad_um_oakvedinn_tima/ 

 

Instant view: BOJ trims growth forecast on quake (2011, 28. apríl) Reuters. Sótt 1. maí 2011 

af http://www.reuters.com/article/2011/04/28/us-japan-economy-boj-report-

idUSTRE73R0Y420110428 

 

Japan and the economics of natural disaster; Catastrophe and growth (2011, 16. mars) The 

Economist. Sótt 15. apríl 2011 af 

http://proquest.umi.com/pqdweb?did=2294867021&sid=4&Fmt=3&clientId=58121&RQT=3

09&VName=PQD 

 

Japan disaster: The cost of a crisis (2011, 16. mars) The Guardian. Sótt 20. mars 2011 af 

http://www.guardian.co.uk/commentisfree/2011/mar/16/editorial-japan-disaster-cost-crisis 

 

Japan government announces disaster relief budget (2011, 22. apríl) BBC News. Sótt 22. 

Apríl 2011 af http://www.bbc.co.uk/news/business-13167014 

 

Japan’s Kan declines PM’s pay till nuclear crisis over (2011, 10 .maí) Economic Times. Sótt 

10. Maí 2011 af http://economictimes.indiatimes.com/news/politics/nation/japans-kan-

declines-pms-pay-till-nuclear-crisis-over/articleshow/8218637.cms 

 

Kaneko, K. (2011, 26. apríl) Japan retail sales tumble, recovery likely uneven. Reuters. Sótt 1 

maí af http://uk.reuters.com/article/2011/04/27/uk-japan-economy-

idUKTRE73Q09W20110427 

 



34 
 

Kihara, L. og Ishiguro, R. (2011, 28. apríl) BOJ believes Japan in recession, stands pat on 

policy. Reuters. Sótt .1 maí 2011 af http://www.reuters.com/article/2011/04/28/us-japan-

economy-boj-idUSTRE73Q99D20110428 

 

Kihara, L. og Kaiimoto, T. (2011, 6. maí) Japan closely watching forex after yen regains 

steam. Reuters. Sótt 6. maí 2011 af http://www.reuters.com/article/2011/05/06/businesspro-

us-japan-economy-noda-idUSTRE74510W20110506  

 

Kim, C. (2011, 12. maí) Nissan Q4 rises, sees return to pre-quake output by October. Reuters. 

Sótt 12. maí 2011 af http://www.reuters.com/article/2011/05/12/us-nissan-

idUSTRE74B0W620110512 

 

Kitao, S. (2011) Macroeconimic and redistributional effects of consumption taxes in the 

USA. The Japanese Economic Review. 62, 1. Sótt 16. apríl úr Proquest gagnagrunninum. 

 

Koll, J. (2011, 19. mars) Recovery could mean a new push for reform in Japan. The 

Economist. Sótt 25. mars 2011 af http://www.economist.com/economics/by-invitation/guest-

contributions/recovery_could_mean_new_push_reform_japan 

 

Lewis, P. (1989) How a Tokyo earthquake could devastate Wall Street and the world 

economy. Manhattan Inc., júní 1989, 69-79. Sótt 12 apríl 2011 af 

http://www.scribd.com/doc/50850211/ML-Tokyo 

 

Lohr, S. (2011, 11. mars) Japan’s Industrial Heart Escapes Heaviest Blows. The New York 

Times. Sótt 24. mars 2011 af 

http://www.nytimes.com/2011/03/12/world/asia/12yen.html?ref=yen 

 

Maeda, R. (2011, 26. apríl) Japan business lobby: sticking to 25 percent energy-saving. 

Reuters. Sótt 1. maí 2011 af http://www.reuters.com/article/2011/04/26/us-japan-power-

keidanren-idUSTRE73P1ZS20110426 

 

McRae, H. (2007, 26. júlí) Economic damage of floods may be minor, but the future will be 

different. The Independent. Sótt 14. apríl 2011 úr ProQuest gagnagrunninum. 

 



35 
 

Mental earthquakes (2011, 25. mars) Irish Examiner. Sótt 12. apríl af 

http://proquest.umi.com/pqdweb?did=2316517531&sid=4&Fmt=3&cl 

ientId=58121&RQT=309&VName=PQD 

 

OECD (2010) Education at a glance 2010. Sótt 1. Maí 2011 af 

http://hrproxy.hir.is:2132/education-at-a-glance-

2010_5kmhbjd03v5h.pdf;jsessionid=2et4uvsjnu2q2.epsilon?contentType=/ns/StatisticalPubli

cation,/ns/Book&itemId=/content/book/eag-2010-

en&containerItemId=/content/serial/19991487&accessItemIds=&mimeType=application/pdf 

 

Reinsurance after Japan’s quake: When nature attacks, bearers of catastrophe risk are likely 

to ride this one out (2011, 17. mars) The Economist. Sótt 27. mars 2011 af 

http://www.economist.com/node/18396132 

 

Sano, H. (2011, 26. apríl) Five Japan insurers eye unhedged foreign bonds, see weaker yen. 

Reuters. Sótt 1. maí 2011 af http://www.reuters.com/article/2011/04/26/businesspro-us-japan-

insurers-idUSTRE73P1VE20110426 

 

Skidmore, M. (2001) Risk, natural disasters, and household savings in a life cycle model. 

Japan and the World Economy, 13 (2001), 15-34. Sótt 13. apríl 2011 úr ProQuest 

gagnagrunninum. 

 

Skidmore, M. og Toya, H. (2002) Do natural disasters promote long-run growth? Economic 

Inquiry, 40, 4, 664-687. Sótt 15. apríl 2011 úr ProQuest gagnagrunninum. 

 

Skidmore, M. og Toya, H. (2007) Economic development and the impacts of natural 

disasters. Economic Letters, 94 (2007), 20-25. Sótt 15. apríl 2011 úr ProQuest 

gagnagrunninum. 

 

Tabuchi, H. (2011, 22. apríl) Japan Announces Emergency Budget for Rebuilding. The New 

York Times. Sótt 25. apríl af 

http://www.nytimes.com/2011/04/23/world/asia/23japan.html?ref=hirokotabuchi 

 



36 
 

The cost of calamity: The economic impact of natural disasters is often short-lived. Will this 

be the case in Japan? (2011, 17. mars) The Economist. Sótt 27. mars 2011 af 

http://www.economist.com/node/18387016 

 

The Japanese earthquake could be the costliest disaster ever (2011, 21. mars) The Economist. 

Sótt 26. mars 2011 af http://www.economist.com/blogs/dailychart/2011/03/natural_disasters  

 

Tol, R. S. J. og Leek, F. P. M. (1998). Economic Analysis of Natural Disasters. Í ritstjórn T. 

Downing, A. Olsthoorn og R. S. J. Tol. Climate, Change and Risk (bls. 308-327). London: 

Routledge. 

 

Tomisawa, A. (2011, 8. maí) Nikkei set to edge higher as concerns on U.S. economy recede. 

Reuters. Sótt 8. maí 2011 af http://www.reuters.com/article/2011/05/08/businesspro-us-

markets-japan-stocks-idUSTRE7472T120110508 

 

Tomisawa, A. og Slodkowski, A. (2011, 11. maí) Nikkei rises, Chinese inflation data taken in 

stride. Reuters. Sótt 11. maí 2011 af http://www.reuters.com/article/2011/05/11/markets-

japan-stocks-idUSL3E7GB0I120110511 
 

White, S. (2011, 21. apríl) OECD slashes Japan GDP forecast on quake. Reuters. Sótt 1. maí 

2011 af http://www.reuters.com/article/2011/04/21/us-japan-economy-oecd-

idUSTRE73K11H20110421 

 

World Bank. (e.d.) The Recent Earthquake and Tsunami in Japan: Implications for East 

Asia. Sótt 27. mars 2011 af 

http://siteresources.worldbank.org/INTEAPHALFYEARLYUPDATE/Resources/550192-

1300567391916/EAP_Update_March2011_japan.pdf 


	Abstract
	Introduction
	Methodology
	Overview of the Touhoku earthquake
	Where does the money for rebuilding come from?
	Insurance
	Government spending
	Foreign aid
	Private savings

	Construction and rebuilding
	Estimated time for recovery
	Politics
	Human capital and physical capital
	Technology

	Economic factors
	Inflation
	The yen
	Taxes
	International effects
	Effects on GDP

	Short-term and long-term effects
	Conclusion
	Discussion
	Bibliography


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



