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Abstract

In Japan, the need for investment in public works, including flood disaster prevention facilities, such as dykes and
dams, is widely discussed at present. This paper aims to evaluate the comprehensive efficiency of flood disaster
prevention investment from 1955 to 1999 by developing and applying an evaluation model that focuses specifically
on relative success in the prevention of human and economic losses. Results of our analysis have clarified some
important issues currently being discussed in Japan. Firstly, a one-way-layout analysis of variance shows there to be
a statistically significant difference only between the period of 1955-1961 and those of 1962-1967, 1968-1983, and
1984-1999. The average values of normalized flood losses decreased greatly between the 1955-1961 period and the
1984-1999 period. Secondly, the ratio of human loss to total loss caused by floods in Japan may be less than 10%.
This ratio showed an increasing trend before 1970 and then stabilized at around 8% after 1970. The proportion of
intangible effect to total loss increased from less than 10% before the 1970s to approximately 20% after that period.
Finally, flood prevention investment in Japan effectively reduced losses caused by flooding before the 1960s ;
however, since the 1980s, investment has changed from an efficient mode to an inefficient mode, not only from the
economic standpoint, but also from that of total flood loss saving. We conclude that it is necessary to explore the

usefulness of new investments and to develop improved strategies for flood disaster prevention from a risk

management viewpoint.
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1. Introduction

Worldwide, losses from natural hazards are showing a ris-
ing pattern. Of these, flood losses account for 50% in eco-
nomic terms and 66% in human terms (MunichRe 2001).
The human loss from flood hazards has greatly decreased as
a result of implementing various measures such as dam and
dyke construction, but the economic loss has not decreased
to the same extent. In Japan, the flood plains hold about
49% of the population and 75% of property, and flooding is
currently a serious natural hazard. The severe recession in
the Japanese economy and public preoccupations with the
need to preserve the environment have recently put a brake
on investment in large-scale public works, including flood
disaster prevention facilities such as dykes and dams. How-

ever, the Tokai flood in 2000, which caused losses of
¥978.3 billion, 10 dead, and 115 injuries, including 9 seri-
ous injuries (Ministry of Land, Infrastructure and Transport,
Japan, 2001a), may help the advocates of large-scale flood-
disaster-prevention facilities. How to view the flood loss
trend and how to evaluate the efficiency of past flood pre-
vention investments are now under intense discussion.

The opponents of investment in large-scale public works
believe that they destroy the ecosystems on which human be-
ings depend (Ono 1999) ; they also maintain that since (as
reported by Ministry of Land, Infrastructure and Transport,
Japan) increased investment in flood-prevention public
works shows no decreased flood losses, there is nothing to
be gained by making any further investments in public
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works. However, its proponents say that increasing invest-
ment in flood prevention is protecting Japan from even
worse human and economic losses, and that in reality, hu-
man losses have decreased greatly since the 1960s, even
though economic losses have not fallen so obviously ; and
that with no more investments, these losses would have been
much greater (Maruoka 2000). Both opponents and propo-
nents seem to accept the fact that economic losses do not de-
crease while human losses greatly decrease, but draw
opposite conclusions. The reason for this may be regarded
as coming from diverging beliefs concerning the efficiency
evaluation of flood prevention investment vs. losses.

Natural hazards such as floods may have unwanted, ad-
verse consequences with respect to human life, health, prop-
erty and the environment. In other words, the magnitudes of
the losses from floods are affected not only by the magni-
tude of the precipitation or discharge, but are also affected
by socioeconomic scale, socioeconomic vulnerability, risk
perception by residents, etc. Therefore, an integrated ap-
proach that takes socioeconomic factors into account is
needed to evaluate the efficiency of flood prevention invest-
ment.

Pielke and Landsea (1998, 1999) mathematically mod-
eled an integrated approach in their hurricane studies to in-
vestigate the loss trend, but did not go further into the
analysis of investment/loss and did not take into account the
random patterns of natural events. There also appears to be
no such previous study using an integrated approach to ex-
plore flood patterns and investment efficiency in Japan. The
objective of this paper is to evaluate in comprehensive fash-
ion the efficiency of flood prevention investment by integrat-
ing economic loss with human loss. Taking into account the
fact that there are major uncertainties in the statistical esti-
mate of the value of a human life, we will first evaluate eco-
nomic loss, and then integrate human loss with economic
loss.

This paper is organized as follows. Section 2 describes
the integrated efficiency evaluation method of flood preven-
tion investment, which includes the ratio of total benefits to
total cost, Elasticity, and the marginal ratio of substitute of
flood loss decreases to flood prevention investment. Section
3 lists the data sources and empirically normalizes flood
losses in Japan. Section 4 empirically analyzes the economic
efficiency of flood prevention investment in Japan using the
proposed indices. Finally, policy implication and concluding

remarks are provided.

2. The Integrated Efficiency Evaluation Method of
Flood Prevention Investment
The integrated efficiency evaluation method of flood pre-
vention investment comprises 3 steps : data collection, nor-
malization and economic efficiency evaluation.

Natural disasters, floods in particular, are concerned with
hazard magnitude, socioeconomic scale, and socioeconomic
vulnerability to the event, residential risk perception and
other issues. The data includes annual flood prevention in-
vestment, annual flood losses, the annual deflator index, an-
nual population, land use patterns, social systems for flood
prevention, perception of flood risks and so on. Not all data
are used : we have selected data with high quality and a
time series.

2.1 Normalization of flood losses

An integrated method is needed to identify patterns of
natural hazards. Pielke and Landsea suggested an integrated
approach model to evaluate the economic loss from hurri-
canes. It assumes that hurricane losses are proportional to
three factors : inflation, wealth and population. However, the
scale of flood losses are affected not only by inflation,
wealth and population, but also include land use patterns,
residential risk and public perceptions. Provided that the fac-
F.., that flood loss (cur-

rent price) is Y:, and that generally normalized flood loss of

tors of flood losses are Fu, Fa, ...

t year at B year price is NLs, here defined as shadow loss,
then
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2.2 Efficiency evaluation model of flood prevention in-
vestment

The efficiency of flood prevention investment involves fo-
cusing on its basic and fundamental objectives, i.e., protect-
ing human life and property from flood loss even if the
investment places a load on the socioeconomic system. In
other words, it is important to find out how, under similar
circumstances, losses would be different if no flood preven-
tion investment had been made. Floods have human, eco-
nomic and environmental impacts. However, here, only
human losses and economic losses are estimated and com-
pared with the investment in flood prevention, using the lat-
est research results, while the environmental impact will be
treated as a future issue due to lack of sufficient data.

In order to completely evaluate and comprehend the effi-
ciency of flood prevention investment, Elasticity and mar-
ginal rate of substitution (MRS) as well as ratio of total
benefit/total cost (the Ministry of Land, Infrastructure and
Transport (MLIT) method) are used.

According to the Manual of Flood Control Investigation,
published by the MLIT of Japan (2000), flood prevention
projects should be evaluated from the viewpoint of total cost
and total benefit. In line with the view that flood control pro-
jects such as dikes and dams should be evaluated based on a

O —



Dynamic Efficiency Analysis of Flood Prevention Investment in Japan — G. ZHAI et al.

period of 50 years from project completion, a post-evalua-
tion equation can be obtained (Equation 3). If the time pe-
riod of data is less than 50 years, the shortfalls of
investment and benefit may be estimated by model extrapola-
tion. Here, the benefit shortfall is covered with the last year
data because the flood loss seems to have become relatively
stable since 1984 (the correlation coefficient between flood
loss and year is 0.216 during 1984-1999).
k=i+50
AL
R =—2— (3)

! k=i
XA

k=i—49

Where
[0 0O R, : ratio of total benefits to total costs at time 7 ;
0 0O ALy : decrease of flood loss at time % ;
0 O Al : flood prevention investment at time £.
In this paper, due to flood loss data available from 1955
to 1999, Equation (3) may be transformed into Equation (4).

k=1999
ZALk + ALjg09 X (50 — (1999 — 1))
k=i
Ri - k=i (4)
AL
k=i-49

At the same time that the stock of flood prevention invest-
ment is taken into consideration for efficiency evaluation,
the other two important indices (Elasticity and marginal rate
of substitution (MRS)) are also used here to gain a complete
and thorough understanding of investment efficiency. Elastic-
ity is defined as follows :

ALi / Li

Elasticity, , =m (5)

& |&

MRS, , =

(6)

Here, I; is the stock of flood prevention investment and L;
is the total loss at time i. Obviously, if Elasticity is less than
1, that means every 1% reduction in flood loss needs more
than a 1% flood prevention investment, and vice versa. If
MRS is less than 1, that means every 1 yen reduction of
flood loss requires more than 1 yen of investment, and vice
versa. Ideally, both are greater than 1, but this does not al-
ways happen. Different combinations need different flood-
prevention management strategies.

3. Flood Loss Structure and Economic Efficiency
Analysis of Flood Prevention Investment in Japan
3.1 Data source
Since there is no statistically significant difference in cli-

matic conditions among several 20-year periods after 1935
(Yamamoto and Sakurai 1999), it is reasonable to assume
that climatic conditions have undergone no great changes
and that only socioeconomic factors affect flood losses.
Therefore, the decrease in normalized flood losses can be re-
garded as a benefit deriving from flood prevention invest-
ment.

It is very important to note that the factors that should be
taken into the model depend greatly on the time-series data
availability. In fact, most countries, in particular developing
countries, have such limited data that only a very few fac-
tors can be taken into the model in the event of exploring
the trends in flood losses ; however, this data may still be
helpful in decision-making. In the case of Japan, there is a
great deal of socioeconomic data available ; however, only
flood losses (at 1995 prices) adjusted for inflation after
1876, total population after 1872 and fixed producible tangi-
ble wealth after 1955 are of high quality and in a time se-
ries. Flood losses after 1955 will be normalized based on
these three factors.

Flood loss data adjusted with the inflation from the Flood
Disaster Statistics (Ministry of Land, Infrastructure and
Transport, Japan, 2001b) shows that flood losses increased
markedly before the 1950s, and then began to decrease in
the 1960s. But since the 1970s, there has been no decrease
in spite of a continuous increase in flood prevention invest-
ment (Fig. 1). The Japanese population increased from
89.27 million in 1955 to 126.68 million in 1999 (Fig. 2),
and fixed producible tangible wealth increased from 2.12
trillion yen (1980 prices) in 1955 to 139 trillion yen in 1996
(Fig. 3) .

3.2 Normalized economic loss

The normalized flood loss in Japan is charted in Fig. 4 by
using Equation (1) and Equation (2). The greatest normal-
ized flood economic loss is 101 trillion yen in 1959 when
the historically disastrous Isewan Typhoon occurred, result-
ing in 4,697 dead, 401 missing, and 38,921 injured. The sec-
ond biggest loss was 71 trillion yen in 1958 when the
Kanogawa Typhoon hit, causing 900 dead, 289 missing, and
1,138 injuries. The smallest was 158.1 billion yen in 1996.
A hierarchy cluster analysis (Ward method) using SPSS
10.0.7 software was used to group the normalized data from
1955 to 1999 in two steps. The first step obtained only two
different groups : that of 1955-1961 and that of 1962-1999.
The second step generated 3 groups: 1962-1967, 1968-
1983 and 1984-1999 by clustering the data for 1962-1999.
Eventually, 4 groups were clustered : (1) 1955-1961, (2)
1962-1967, (3) 1968-1983, and (4) 1984-1999. A one-way-
layout analysis of variance reveals a statistically significant
difference to exist only between the period of 1955-1961
and the periods of 1962-1967, 1968-1983, and 1984-1999,
although the means of normalized flood losses during differ-
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Fig. 1 Flood damage and prevention investment (Source : Ministry of Land, Infrastructure and Trans-

port, Japan (2001b)).

ent periods appears to decrease markedly from the period of
1962-1967 to that of 1984-1999 (Fig. 5).
3.3 Human losses and intangible effects from floods

Flood causes not only economic loss, but also human
losses and intangible effects. However, the likely loss of hu-
man lives is not taken into account in the available decision
models of the cost-benefit analysis (e.g. Thompson 1952 ;
Murphy 1985 ; Palmer et al. 1999). This is mainly attribut-
able to the ethical problems concerning human lives. Ethi-
cally, we cannot — and do not seek to — place a monetary
value on our own lives or on other individuals’ lives. How-
ever, society routinely places a value on life in a variety of
ways. The courts provide compensation after fatalities, both
to compensate families for their loss and, in some cases, to
provide deterrence as well. It is, to some extent, more impor-
tant in a modern society for a decision-maker to save human
lives than reduce the economic loss, since the number of hu-
man fatalities is more specific and more widely reported,
thereby making a greater impact on the public. Therefore,
any cost-benefit analysis that ignored the impact of disasters
on human lives would be publicly condemned. The total loss
consists of human loss (dead and injured), economic loss,
and intangible effects on residents.

Human loss, including death and injury, results not only
in personal economic losses such as loss of earnings, past
and future medical expenses and loss of the ability to carry
out everyday tasks, but also the loss due to pain and suffer-
ing or loss of consortium (Riley 1993). Kawata and
Karatani (2000) proposed an estimation method of loss of
social value due to heavy casualties based on the relation-

ship between gross regional production and average life-
span. However, this method was developed to take account
of human loss seen in large-scale disasters such as the Han-
shin Earthquake, in which more than 6,000 died, and may
not suitable for disasters that mainly feature economic
losses. Here, the human losses from death, injuries and pain
and suffering or loss of consortium are estimated respec-
tively.

The value of statistical life (VOSL) for death is intro-
duced and integrated into the model. The underlying princi-
ple for establishing the value of a statistical life is that the
focus is on the risk-money tradeoff for a small risk, not the
value of an identified life (Viscusi 2000). Individuals try to
strike a balance between risk and cost for themselves and so-
ciety needs to seek a similar balance. Few VOSL studies for
Japan are found in the literature except that of Kniesner and
Leeth (1991) who estimated VOSL as $9.2 million at 1998
prices. However, a variety of empirical VOSL studies have
been conducted, mainly in the USA, showing great variation
among them. However, it would appear that there is rela-
tively little difference between several meta-analyses on
VOSL. Here, two values are used. One is the average value
($3.3 million (around 400 million Yen) per person) of the
meta-analysis results. Another is the maximum value ($9.2
million (1.1 billion Yen) per person) may be reasonably re-
garded.

The losses from flood injuries are estimated using the
units of medical expense per injury (Saeki ef al. 2001). We
used data from the Hanshin Earthquake, which may be
slightly different from data for flood injuries, but may be
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O O Loss from injuries of flood

O 0O O hospital stay (day) x average medical
00 O expenses per day x number of injuries
000 #¥500/day x 32.2 (day) x number of

000 injuries (7)

Intangible effects of flooding on residents have been stud-
ied since the late 1990s. It was reported by Kurigi et al.
(1996) that the intangible effects of flooding per household
were equivalent to 2.28 million yen, and as 2.85 million
yen by Takagi et al. (2000). Here, the average of these two

: Fukao and Qiu (2000)).

values (2.565 million yen per household) was used to esti-
mate the intangible effects of flooding on residents.

The top four greatest human losses and intangible effects
from flooding are 12.39 trillion yen in 1959, 5.56 trillion
yen in 1958, 3.48 trillion yen in 1957, and 3.26 trillion yen
in 1961 respectively, using the high VOSL estimate ($9.2
million per person), and 6.45 trillion yen in 1959, 3.79 tril-
lion yen in 1958, 2.48 trillion yen in 1961, and 3.23 trillion
yen in 1957, respectively, using the medium VOSL estimate
($3.3 million per person) (Fig. 6). In 1959, flooding caused
5,169 deaths, 396 missing and 41,706 injuries. The smallest
value was 51.28 billion yen using the high VOSL estimate
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and 47.32 billion yen using the medium VOSL estimate in
1992 when floods caused 2 dead, 0 missing and 80 injured.
3.4 Total flood loss

Total flood loss consists of economic loss, human loss
and intangible effects. The top four largest total losses from
floods are 113.59 trillion yen in 1959, 76.89 trillion yen in
1958, 35.09 trillion yen in 1957 and 32.53 trillion yen in
1961, respectively, using the high VOSL estimate ($9.2 mil-
lion per person) ; and 107.66 trillion yen in 1959, 75.09 tril-
lion yen in 1958, 33.84 trillion yen in 1957 and 31.76
trillion yen in 1961 respectively, using the medium VOSL
estimate ($3.3 million per person). The smallest is 229.8 bil-
lion yen using the high VOSL estimate, and 214.9 billion

yen using the medium VOSL estimate, respectively, in 1992.

Concerning the proportion of intangible effect to total
loss, there is an increasing trend from less than 10% before
the 1970s to approximately 20% after that time (Fig. 7).
This may be explained by the fact that after 1970, when Ja-
pan had achieved its economic take-off and become a devel-
oped country, Japanese people developed an interest in less
materialistic qualities of life, such as self-development, pri-
vacy, and respect for individual freedoms. The proportion of
human loss to total loss has not changed markedly. The aver-
age and median values of the percentage of human loss to
gross loss are 3.172% and 2.824% at the VOSL value of
$3.3 million and 8.232% and 7.494% at the VOSL value of
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$9.2 million, respectively : the ratio shows an increasing
trend before 1970 and then levels off at around 8% after
1970 (Fig. 7 and 8). It can also be concluded from this that
the average proportion of human loss to total loss is less
than 10%.

4. Economic Efficiency Analysis of Flood Prevention
Investment in Japan

The ratio of total benefit and total cost, Elasticity and mar-
ginal ratio of substitute were used to evaluate the economic
efficiency of flood prevention investment. Bearing in mind
that there is much more uncertainty in the estimate of hu-
man loss and intangible effect than for economic loss, they
are treated as two separate cases : economic loss and total
loss.
4.1
4.1.1 Economic loss

Ratio of total benefits to total costs

An annual flood loss benchmark year is needed to esti-
mate total benefit. However, due to the large fluctuations in
annual flood losses, it is not easy to determine how relevant
it might be. Here, the averages for previous times and the 5
years preceding the benchmark year are used in this paper to
calculate the ratio of total benefit to total investment.

There is a smoothly decreasing line for the previous time-
based average but a sharply decreasing one for the previous-
5-year based average (Fig. 9). The lowest ratio of the for-
mer is 6.8 in 1997, and the former is much larger than the
latter, since the large flood losses of the 1950s clearly have
raised the average and pushed up the total benefits of flood
prevention investment. The latter used the average of
previous-5-year flood losses and canceled out this effect.
For the latter, the ratio decreases sharply from more than
200 during the early 1960s, through 2-10 during the 1970s,
through 1-2 during the 1980s, to less than 1.0 after 1988.

4.1.2 Total loss

The case of total loss is similar to that of economic loss.
The integration of human loss and intangible loss (in the
case of the high VOSL estimate) to the economy did not
change the fundamental features of the ratio of total benefit
to total investment, but did increase the ratio slightly. There
is also a smoothly decreasing line in the case of the previous
time-based average but a sharply decreasing one for the
previous-5-year-based average (Fig. 10). The lowest ratio
of the former is 7.6 in 1997. For the latter, the ratio de-
creases sharply from more than 200 during the early 1960s,
to less than 1.0 after 1988. This means that since 1988, in-
vestment in flood prevention has become inefficient as meas-
ured by ratio of total benefits to total costs.
4.2 Elasticity of flood loss with respect to investment
4.2.1

Elasticity of flood economic loss with respect to flood pre-

Economic loss

vention investment also decreased markedly from the 1950s
to the 1990s (Fig. 11 and 12). Elasticity for clustered
groups changed sharply from 39.07 during 1955-1961, 3.9
during 1962-1967, 0.91 during 1968-1983 to 0.24 during
1984-1999 and those for different decades from 53.29 dur-
ing 1955-1960, 3.22 during 1961-1970, 0.95 during 1971-
1980, 0.56 during 1981-1990 to 0.08 during 1991-1999.
4.2.2 Total loss

There is no significant difference between the Elasticity
of total loss and that of total loss to flood prevention invest-
ment. The Elasticity of total loss from flood to investment
also decreased greatly from the 1950s to the 1990s (Fig. 11
and 12). In the case of the high VOSL estimate, the Elastic-
ity for clustered groups decreased from 38.1 during 1955-
1961, 3.4 during 1962-1967, 0.86 during 1968-1983 to
0.22 during 1984-1999 and those for different decades from
52.66 during 1955-1960, 4.5 during 1961-1965, 1.8 during
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1966-1970, 1.2 during 1971-1975, 0.5 during 1976-1980

to 0.1 during 1991-1999. This implies that since the 1970s,

flood prevention investment has become inefficient in terms

of Elasticity.

4.3 Marginal ratio of substitute (MRS) of flood loss to

investment

4.3.1

The marginal ratio of substitute (MRS) of flood economic

The economic case

loss with respect to flood prevention investment decreased
greatly from the 1950s to the 1990s (Table 1 and 2). MRSs
for clustered groups changed markedly from -476.1 during
1955-1961, 9.2 during 1962-1967, 0.49 during 1968-1983
to 0.05 during 1984-1999 and those for different decades
from -476.2 during 1955-1960, 4.79 during 1961-1970,
0.58 during 1971-1980, 0.167 during 1981-1990 to 0.06
during 1991-1999.

4.3.2 Total loss

Concerning the maximum likely total loss, including
death, injuries, and intangible effects, the MRSs for clus-
tered groups changed markedly from -416.6 during 1955-
1961, 11.3 during 1962-1967, 0.99 during 1968-1983 to
0.096 during 1984-1999 and those for different decades
from -500 during 1955-1960, 4.95 during 1961-1970, 0.66
during 1971-1980, 0.21 during 1981-1990 to 0.07 during
1991-1999. This suggests that since 1970,

flood prevention has become inefficient in terms of the mar-

investment in

ginal ratio of substitute.

Here, the negative MRS signals during 1955-1961 can be
explained by the fact that under extreme conditions, in
which society is completely overwhelmed by natural forces,
investment in flood prevention has no effect even if the in-

vestments are increased. This phenomenon may often occur
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in developing or undeveloped countries. Historically, the
MRS may change from -, 1-, 1+, to a value exceeding 2 in
parallel with economic development.

Several implications may be drawn from the above analy-
sis. (1) Flood prevention investment in Japan effectively re-
duced the flood loss before the 1960s. (2) Flood prevention
investment switched from efficient mode to inefficient mode
after the 1980s. (3) The integration of human losses and in-
tangible effects with economic losses does not greatly affect
the fundamental characteristics of each evaluation index
such as MRS, Elasticity, or the ratio of total benefits to total
costs. This may be due to the much larger base than the
change and to the proportionally small human loss and intan-

gible effects on total loss.

5. Concluding remarks

This paper describes the development of a comprehensive
efficiency evaluation model that takes both human losses
and intangible effects of flooding into consideration in an ef-
ficiency analysis, and discusses the overall efficiency of Ja-
pan’s flood prevention investments by focusing on human
and economic loss savings and the prevention of intangible
effects. Our analysis results clarified some important issues
concerning the flood prevention investment at present being
discussed in Japan. Firstly, one-way-layout analysis of vari-
ance reveals a statistically significant difference only be-
tween the period of 1955-1961 and those of 1962-1967,
1968-1983, and 1984-1999, although the mean of normal-
ized flood losses during different periods appears to de-
crease sharply from the period of 1962-1967 to that of 1984-
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1999.

Secondly, the ratio of human loss to total loss caused by
flooding in Japan appears to be less than 10%. The ratio
shows an increasing trend before 1970 and then stabilizes at
around 8% after 1970. The proportion of intangible effect to
total loss increased from less than 10% before 1970s to ap-
proximately 20% after that time.

Thirdly, flood prevention investment in Japan effectively
reduced flood losses before the 1960s. However, since the

1980s, the investment has changed from an efficient mode
to an inefficient mode. This suggests that it is necessary to
explore the usefulness of new investments and strategies for
flood disaster prevention from a risk management viewpoint.
However, the impacts of flooding are extensive, and not
every item, such as environmental impact, could be explored
here. Japanese values of VOSL and the intangible effects are
borrowed from other research and need to be empirically
checked using CVM or the wage-risk method in future.
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Table 100 MRS of flood prevention investment in japan for clustered groups.

MRS for Total loss
Clustered Group MRS for economic loss
$3.3 million/person | $9.2 million/person
1955-1961 -476.1 -416.6 -416.6
1962-1967 9.2 10.8 11.3
1968-1983 0.49 0.87 0.99
1984-1999 0.05 0.086 0.096

Table 200 MRS of flood prevention investment in japan for different decades.

MRS for total loss
Period MRS for economic loss
$3.3 million/person | $9.2 million/person
1955-1960 -476.2 -416.6 -500
1961-1970 4.79 5.38 4.95
1971-1980 0.58 0.84 0.66
1981-1990 0.167 0.33 0.21
1991-1999 0.06 0.11 0.07
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