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Abstract 
In order to implement policy measures on practical water management related to floods to combat 

the influences of variations in rainfall characteristics arising from global warming, there is a need for 
quantitative indicators of future regional-based flood risk. In this study, changes in regional-based flood 
risk arising from global warming were analyzed based on records of observed precipitation obtained in 
Japan over the past 100 years. The effectiveness of the risk assessment was then evaluated using the re-
sults of projection of regional climate change over the next 50 and 100 years by the RCM20 regional 
climate model developed by the Japan Meteorological Agency (JMA) and the Meteorological Research 
Institute (MRI). Based on that changes in regional-based flood risk were forecasted. This study was 
based on a joint study between the National Institute for Land and Infrastructure Management (NILIM) 
and JMA/MRI under the Global Warming Research Initiative of the Council for Science and 
Technology Policy, Cabinet Office of Japan. 

 
Key words: flooding, global warming, rainfall characteristics, regional climate model  
 

 
1. Introduction 

 
A general picture of global warming in the second 

half of the 20th century has emerged in recent years 
along with understanding of its possible consequences. 
The effects of global warming include not only 
temperature and sea level rises, but also changes in 
precipitation in Japan, encountered in the form of 
frequent occurrence of abnormally high or low rainfall. 
For example, Yamamoto (2003) investigated the times 
of occurrence of the four highest annual maximum 
daily precipitations observed at 56 rain gauge stations 
in Japan over the past 100 years and showed that all of 
them occurred in or after 1940 (Fig. 1).  

The average annual precipitations at 51 locations 

in Japan have shown slightly decreasing trends and 
considerable differences between wet years and dry 
years. This tendency began to appear in the mid-1960s, 
and the frequency of droughts has shown a tendency 
to increase (Fig. 2).  

Global warming estimates used as inputs in impact 
prediction studies conducted thus far, however, have 
problems associated with the temporal or spatial 
scales required to accurately predict flow regime 
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Fig. 1 Time of occurrence of 100-year annual maximum 
daily precipitation. (Yamamoto, 2003) 
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Fig. 2 Changes over time in annual precipitation in Japan. 
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changes on the scale of river basins in Japan (e.g., the 
assumption of uniform temperature rises in Japan or 
the use of monthly prediction values based on 60 km 
grids).  

The enormous increases in computing power and 
advances in simulation technology have provided the 
ability to enhance time and space scale resolution. In 
the Japan area, it is now possible to conduct impact 
assessment using 20 km grids and daily prediction 
results. In their study, Wada et al. (2004) attempted to 
construct a flood and drought risk assessment process 
using results obtained from a regional climate model 
(MRI-RCM20-Ver. 1) developed by the Meteorologi-
cal Research Institute (MRI) of the Japan Meteoro-
logical Agency (JMA), but the study was unable to 
advance beyond an analysis mainly of eastern Japan, 
where precipitation can be modeled with good accu-
racy.  

MRI-RCM-Ver. 1 then underwent a number of im-
provements, mainly in precipitation modeling accu-
racy. In September, 2004, the JMA released computa-
tion results for the present climate (1981-2000) and 
future climate (2081-2100) obtained from MRI-RCM- 
Ver. 2 (hereafter referred to as “RCM20”). Ishihara  
et al. (2004) verified the accuracy of its climate 
modeling and showed that the accuracy of precipita-
tion estimates was good and that flood and drought 
risk assessment performed using RCM20 was useful. 
Wada et al. (2005a) conducted a study using 100-year 
prediction results obtained from RCM20 and showed 
that there are areas mainly in northern Japan and on 
the Japan Sea side of the eastern part of Japan’s main 
island, Honshu, where annual maximum daily precipi-
tations of 100-year probability will almost double in 
100 years. However, in order to assess flood risks us-
ing the probable precipitation values thus obtained, it 
will be necessary to address challenges such as con-
ducting an even more detailed study based on under-
standing of the limits of model applicability and 
obtaining results at intermediate stages (less than 100 
years later).  

The predictive calculations contain a degree of un-
certainty because they are based on many assumptions. 
Nevertheless, predicting the impact of climate changes 
in Japan on water resources caused by global warming 
and assessing flood risks with a clear understanding of 
the limits of applicability of the prediction results are 
essential for deciding on measures to be taken in the 
coming years and useful in making policy decisions. 
In view of these, this study was conducted to evaluate 
changes in rainfall characteristics due to global warm-
ing and the corresponding flood risk.  

The basic risk assessment process used in this 
study is the same as the one reported by Wada et al. 
(2005b). In this study, the accuracy of probability 
distribution equations is verified for different scales, 
and estimates are presented which were obtained on 
the scale at which the most stable accuracy can be 
achieved.  

2. Precipitation Trends  
 
A recent tendency is often pointed out toward a 

higher frequency of extremely heavy localized rains. 
This is happening because, as shown in Fig. 3, since 
1940, annual maximum daily precipitation has gradu-
ally increased, with increasingly greater amplitude, at 
many locations from the precipitation figures ob-
served in the first half of the 1900s. At such locations, 
the precipitation probability data compiled in, for ex-
ample, 1950 could differ considerably from the 
precipitation probability data compiled in 2000. 
Long-term precipitation trends, therefore, were inves-
tigated using long-term observation data provided by 
JMA’s meteorological stations.  

The data used in the analysis were provided by a 
total of 51 JMA meteorological stations. Of those, 40 
stations have annual maximum precipitation data for 
1901 to 2000. Figure 4 and Table 1 show the locations 
of these meteorological stations.  

First considered was the 100-year probability 
maximum daily rainfall, which was used as an indica-
tor of flood risk and as the basis for flood control 
planning for many Class A rivers, and its trends were 
investigated. To calculate probable precipitation val-
ues, Gumbel distributions were applied, and trends in 
past changes were determined by the method shown in 
Fig. 5. Figure 6 shows trends at different locations. 
The 100-year probability maximum daily precipitation 
values showed an increasing trend at 28 locations and 
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ig. 3 Changes over time in annual maximum daily  

precipitation. 

 
Fig. 4 Locations of meteorological sta-

tions used for the analysis. 
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a decreasing trend at twelve. Thus, the number of 
locations at which an increasing trend was observed 
was more than double the number of locations at 
which a decreasing trend was observed. Locations 
with increasing trends were concentrated in areas to 
the north of Aomori, in Hokkaido, from Kanto to 
Niigata, from Kansai to Nagoya, and in the middle 
and western parts of Kyushu. The rates of increase 
were particularly high in the middle and western parts 
of Kyushu.  

3. Global Warming Model  
 

3.1  Overview of the global warming model  
 
A climate model enables calculation of various cli-

mate changes using a physical method and develops 
realistic climate change scenarios based on different 
greenhouse gas emission scenarios. The type of mete-
orological phenomena that can be calculated and the 
accuracy of modeling differ from model to model. It is 
believed, however, that if these problems and the lim-
its of applicability of different models are taken into 
consideration, useful information can be obtained con-
cerning, for example, year-to-year changes, seasonal 
changes and extreme meteorological phenomena.  

 
 

F

 

In this study, the regional climate model RCM20 
of the MRI was used as a model for predicting future 
flood risks. RCM20 is a model that uses boundary 
conditions derived by downscaling the results ob-
tained by the MRI from its Second Coupled General 
Circulation Model (CGCM2). The model is similar to 
the JMA’s numerical weather model called “RSM” 
(regional spectral model) used for daily weather 
forecasting. The model is described in detail in Refer-
ence (JMA, 2000).  

For the downscaling, two-stage nesting (a method 
in which a region-specific high- resolution model is 
gradually operated using the calculation results from a 
larger-region model as its boundary conditions) is 
performed as shown in Fig. 7. In the nesting, noise is 
generated near the lateral boundaries by phase 
differences between the models. The wavenumber 
space connection method in which the long-wave 
parts of the global model are connected to the short- 
wave parts of the regional model is used to match the 
phases of the two models, minimize noise and achieve 
smooth connection at the boundaries (Sasaki et al., 
2002). Table 2 (JMA, 1997; 2000) and Table 3 sum-
marize data on RCM20 and CGCM2, respectively. As 
the conditions for future climate calculation (green-
house gas emission scenarios), the global climate 
model uses two (A2 and B2) out of the four narrative 
scenarios (A1, A2, B1, B2) described in the IPCC 
Special Report on Emissions Scenarios. With CGCM2, 
1971 values were used as the initial values in calcu-
lating the years up to 2100. Calculation using RCM20 
was performed by the JMA under a global warming 
research initiative by using the calculation results 
under the A2 scenario, which basically assumes 
regional economic development based on self-reliance 
and the preservation of local identities, for 1981-2000 
and 2081-2100. Predictive calculation for 2031-2050 
was performed jointly by the National Institute for 
Land and Infrastructure Management (NILIM) and the 
MRI as part of their joint research. This study 
calculated results for a total of 60 years (1981-2000, 
2031-2050, 2081-2100).  

 

Table 1  Meteorological stations used for the analysis. 
1 Asahikawa  14 Utsunomiya 27 Hamamatsu  40 Oita* 
2 Abashiri  15 Fukui  28 Tokyo  41 Nagasaki  
3 Sapporo  16 Takayama* 29 Yokohama  42 Kumamoto 
4 Obihiro  17 Matsumoto  30 Sakai  43 Kagoshima 
5 Nemuro  18 Maebashi  31 Hamada  44 Miyazaki  
6 Suttsu  19 Kumagaya  32 Kyoto  45 Matsuyama 
7 Akita  20 Mito  33 Hikone  46 Tadotsu  
8 Miyako* 21 Tsuruga  34 Shimonoseki 47 Kochi* 
9 Yamagata* 22 Gifu  35 Kure  48 Tokushima 

10 Ishinomaki* 23 Nagoya  36 Kobe  49 Naze  
11 Fukushima* 24 Iida* 37 Osaka  50 Ishigakijima*
12 Fushiki  25 Kofu  38 Wakayama* 51 Naha* 
13 Nagano  26 Tsu  39 Fukuoka    

Note) Stations marked * don’t have anual maximum precipitation data. 

 

 

 

    

  

 

 

  
 

 

  
ig. 5 Method for calculating probable precipitation trends. 

 
□ less than 2 mm/yr, ○ –2 - 1 mm, △ –1 - 0 mm,  
▲ 0 - 1 mm, ● 1 - 2 mm, ■ more than 2 mm/yr 

Fig. 6 Distribution of trends in 100-year 
probability maximum daily pre-
cipitation. (Wada, 2004) 
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CGCM2 (resolution: 280 km)        RCM60 (resolution: 60 km)             RCM20 (resolution: 20 km)  
Fig. 7  Nesting of RCM20 in CGCM2. 

 

Table 2  Data on MRI-RCM20. 
Base model  RSM (Regional Spectral Model)  
Lateral boundary 
conditions  

Estimates from the Asian region 
climate  

Horizontal resolution  20 km  
Number of grids in the 
horizontal direction  129×129  

Total number in the 
vertical direction  36  

Precipitation process  Arakawa-Schubert + large-scale  
Radiation process  Long-wave radiation + short-wave  
Vertical diffusion  Mellor-Yamada level 2 closure model 
Surface boundary layer  Monin-Obukhov similarity theory  
Surface and underground 
temperature  Forecasting by 4-layer modeling  

Sea surface temperature  To be calculated from the global  
Snowfall  Diagnostic calculation  
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and seasonal precipitation except some areas.  
The coefficient of correlation between the calcu-

lated values and measured values in each verification 
area was calculated from (1) the CGCM2 calculation 
result, (2) the average of the values obtained from 
AMeDAS (Automated Meteorological Data Acquisi-
tion System) observation and (3) the average value of 
the calculation results obtained from the regional 
climate model included in the grids. Figure 10 shows 
the coefficients of correlation calculated for different 
verification areas. And Fig. 11 shows the result of 
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Fig. 8  Model output verification areas (1-12). 

 

 

able 3  Data on MRI-CGCM2. 

tmosphere model  
e model  GSM9603  

rizontal resolution  280 km  
mber of grids in the 
izontal direction  128×64  

al number in the 
tical direction  30  

cipitation process  Arakawa-Schubert + large-scale  
iation process  Long-wave radiation + short-wave  

rtical diffusion  Mellor-Yamada level 2 closure model 
d surface process  SiB (plant sphere model)  

cean model  
rizontal resolution  2.5°×(2 – 0.5)°  
al number in vertical 
ction  23  

y mixing  Uniform-density surface mixing  
rtical diffusion  Mellor-Yamada level 2 closure model 
Model accuracy  
1 Accuracy of calculated precipitation  
Model accuracy was examined for RCM20 using 
results for the computation of the present climate 

iod (1981-2000). Accuracy was verified at the 
lve CGCM2 grid points (spaced 280 km apart) in 
Japan area shown in Fig. 8 for comparison with 

CM2 in which RCM20 was nested.  
The accuracy of the calculated values of annual 
 seasonal precipitation from 1981 to 2000 was 
mined. As shown in Figs. 9(a), (b), (c), the RCM20 
enerally accurate in reproducing values of annual 

comparison in terms of the monthly averages during 
the 20-year period from 1981 to 2000. As shown in 
Fig. 10, RCM20 results show high coefficients of 
correlation (around 0.9) for many areas, while 
CGCM2 results tend to show relatively weak correla-
tions for the Hokkaido and Tohoku regions. As shown 
in Fig. 11, the calculated amounts of precipitation in 
summer in Area 1 (eastern Hokkaido) tend to be larger 
than the measured values, and, conversely, the calcu-
lated amounts of precipitation in summer in Area 8 
(Kinki) tend to be smaller than the measured values. 
In spite of these tendencies, however, the RCM20 is 
generally accurate in reproducing changes in monthly 
precipitation. The reason RCM20 outputs are greater  
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than the measured values in eastern Hokkaido is that 
there was insufficient distance between the eastern 
part of Hokkaido and the RCM20 calculation area, so 
the calculation results were affected by the boundary 
conditions. CGCM2 showed low levels of accuracy in 
modeling monthly changes for Areas 1 to 3. The 
calculated results for Areas 10 and 12 were consider-
ably smaller than the measured values.  
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3.2.2 Accuracy of calculated annual maximum  
 precipitation 

To evaluate the applicability of the model to flood 
risk evaluation, the accuracy of the calculated values 
of annual maximum daily average values of AMeDAS 
observation results for precipitation from 1981 to 
2000 was examined. Comparison was made between 
the values located in the CGCM2 grids and the aver-
age values of the calculation results located in the 
RCM20 grids directly over the AMeDAS stations. 
The results are shown in Fig. 12. As indicated, the 
CGCM2 results indicate that the calculated extreme 
values are only 10% to 20% of the measured values. 
In contrast, the RCM20 results show that although the 
calculated values are somewhat greater than the meas-
ured values, regional variation is small and the overall 
results can be deemed fairly good. The RCM20 is 
valid for meteorological disturbances on a scale corre-
sponding to about three times the horizontal resolution, 
that is, on a scale of the order of about 60 km 
(Yonetani et al., 2002). It can be inferred, therefore, 
that phenomena contributing to the occurrence of 
heavy rains, such as low pressure systems, fronts and 
typhoons, were modeled with fair accuracy. Another 
likely reason for the high accuracy of the calculated 
extreme values is that because the horizontal resolu-
tion of the RCM20 (20 km) is by far higher than that 
(280 km) of the CGCM2, the distribution of precipita-
tion intensities reflecting the ground surface configu-
ration has been reproduced realistically.  
3.2.3 Comparison of extreme value distribution   

 The preceding section showed that RCM20 pro-
vides high accuracy in calculating extreme values. In 
flood control planning, it is fairly common practice to 
use probable precipitation values that can be obtained 
by fitting the extreme value data for a continuous 
period of several decades to the extreme value 
distribution. Since RCM20 requires vast amounts of 
computation time and computer resources, the 
maximum continuous computation period used for 
future prediction is limited to 20 years. In order to 
enhance the reliability of 100-year precipitation 
estimates based on the 20-year data, it is important to 
pay attention to not only the degree of agreement of 
the extreme values during the period, but also 
similarity in extreme value distribution patterns. 
Comparison was made, therefore, of the distribution 
patterns obtained by fitting the annual maximum 
values to Gumbel distributions for the 20 years from 
1981 to 2000.  

 

upper: CGCM2
lower: RCM20

 
Fig . 10 Accuracy (coefficient of correlation) of 

monthly precipitation in different ver-
ification areas. (Sasaki et al., 2000) 

 

Fig. 9(a) Ratio between calculated values and observed 
values of annual precipitation. (Sasaki et al., 2000) 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9(b) Ratio between calculated values and observed 

values of winter/spring precipitation.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 9(c) Ratio between calculated values and observed 

values of supper and autumn precipitation. (Sasaki 
et al., 2000) 
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Fig. 11 Comparison of monthly precipitation. 

(month) (month) (month) 
The probability density function of a Gumbel dis-
tribution can be expressed as,  

upper: CGCM2
lower: RCM20

 
Fig. 12 Accuracy of calculated annual maximum 

daily precipitation. 

f (X) = exp {−exp [−(X−ξ) / β ]−(X−ξ) / β } / β (1) 

β = Sx 6 / π (2) 

ξ = Xm − γ β (3) 
where f (X) is a probability density function for the 
occurrence of X; Sx, the standard deviation of X; Xm, 
the average of X; γ : Euler’s constant (=0.57721…); ξ, 
a location parameter indicating the peak location; and 
β, a scale parameter indicating the spread of distribu-
tion.  

Figure 13 shows the results of a comparison of 
Gumbel distributions of annual maximum daily pre-
cipitation at major locations in Japan. While there are 
some locations such as Sapporo and Tokyo that show 
relatively similar extreme value distribution patterns, 
there are other locations such as Osaka and Fukuoka 
that show very different distribution patterns. In the 
case of Osaka, the values of β in the Gumbel distribu-
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tion to which the calculation results from RCM20 
have been fitted are nearly three times as large, indi-
cating that the annual extreme values obtained from 
RCM20 vary more widely from year to year than the 
measured values. A similar comparison was made for 
two-day precipitation. The results are shown in Fig. 14. 
As indicated, in eastern Japan the β ratio tends to be 
relatively low, but the probable precipitation values 
calculated from these results are excessively large 
compared with the probable precipitation values cal-
culated from the measured values.  

To solve this problem, we prepared a set of statisti-
cal samples by standardizing data obtained from 
multiple observation stations and then we analyzed the 
samples by the method proposed by Sakurai et al. 
(1998). Although there are no clearly defined criteria 
for standardizing data obtained from two or more 
observation stations, Kunitomo et al. (2003) zoned 
Japan on a scale comparable to that of climate zoning 
and investigated the probability distribution in each 

zone. In this study, since the smallest scale of mete-
orological disturbances that could be reproduced by 
RCM20 is about 100 km, standardization was per-
formed for 100 km × 100 km areas, and a comparison 
of distribution patterns was made for 42 areas.  

As an example, Fig. 15 shows the results of a com-
parison of extreme value distribution patterns of an-
nual maximum daily precipitation. Extreme value 
distributions derived from the model and the measured 
values show mostly similar distribution patterns. Thus, 
the extreme differences revealed in the location- 
by-location comparison have now been eliminated. 
Therefore, it has been shown that data from different 
observation stations can be used for the evaluation of 
probable precipitation values by standardizing the data 
on a certain space scale. The processed data were ex-
amined to investigate changes in the degree of similar-
ity between the measured values and RCM20 outputs. 
The results are shown in Fig. 15.  

Comparison with Fig. 15 shows that evaluating on 

 

Fig. 14

 

 
Fig. 13 Distribution of measured and calculated (RCM20) extreme values.   

 

  

 Distribution of measured and calculated (RCM20) Fig. 15 Similarity of extreme value distributions on  

extreme values. 
Comparison of the β ratio among different locations and 
precipitation durations. 

 different time scales. 
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a certain space scale is an effective approach. In view 
of the fact that the minimum scale of meteorological 
disturbances that can be reproduced by RCM20 is 
about 100 km, the 100 km grid averages of probable 
values were calculated using the mesh-specific prob-
able values shown in Fig. 16, and the present values 

were compared with the corresponding values of 50 
years and 100 years in the future. Figure 16 shows the 
results of a comparison of 100-year probability maxi-
mum daily precipitation values. As indicated, 100- 
year probability daily precipitation values of 50 years 
in the future show national average increases of 10% 
to 20%.  

 
▽ ~ 0.8  − 0.8~1.0  + 1.0~1.2  • 1.2~1.4  ⋆ 1.4~ 

Fig. 16(a) Changes in 100-year probability maxi-
mum daily precipitation (50 years in 
the future). 

 

 
▽ ~ 0.8  − 0.8~1.0  + 1.0~1.2  • 1.2~1.4  ⋆ 1.4~ 

Fig. 16(b) Changes in 100-year probability maxi-
mum daily precipitation (100 years in 
the future).  

 

  
Fig. 17 Ratio between observed values and RCM output 

(daily precipitation). 

Some areas, particularly northern Hokkaido, Kanto, 
Hokuriku and the Nansei Islands, show increases of 
more than 20%. After 100 years, the tendencies of 50 
years in the future become even more pronounced, 
and increases of 40% or more occur in many areas 
including Hokkaido, northern Tohoku, Hokuriku and 
Kanto. A likely reason increases in eastern Japan are 
more pronounced than in western Japan is that, as 
pointed out by Nishimori et al. (2003), high pressure 
systems over the Pacific Ocean become stronger and 
move northward during global warming as commonly 
shown by many general circulation models. These 
tendencies resemble the phenomena observed during 
the heavy rains of July 2004 in Niigata and Fukui, so 
these results are interesting because they indicate the 
possibility that the flood risk of the rivers in these ar-
eas is increasing.  

As the evaluation scale becomes larger, the ampli-
tude of variation in the region-specific β ratio tends to 
decrease so that the spread of extreme value distribu-
tion of observed values and that of RCM20 outputs 
averagely approach each other. In Fig. 17, the β ratio 
ranges from 0.8 to 1.5 at around 60 km. As the β ratios 
converge toward the value of 1, the decision was made 
to evaluate precipitation on a 60 km grid.  

 
4. Influence of Changes in Rainfall Charac-

teristics on Probable Rainfall  
 

4.1 Probable rainfall distribution map based on 
RCM20 outputs  

Figure 18 (a) shows a distribution map of the 
100-year probability maximum daily precipitation 
under the present climate conditions based on the 
RCM20 calculation results. Figure 18 (b) and (c) show 
the distributions of the 100-year probability maximum 
daily precipitation during 2031-2050 and 2081-2100, 
respectively. The present-climate results show areas 
with 600 mm or more daily precipitation in the 
southeastern part of Kyushu and the southeastern part 
of the Kii Peninsula. The calculation results showing 
precipitation 50 years in the future show no significant 
differences in intensity distribution patterns. The 
calculation results do show, however, that the number 
of land areas with maximum daily precipitations of 
600 mm or more decreases, while in the Hokuriku 
region probable rainfall increases. After 100 years, the 
tendency of probable rainfall to increase in the 
Hokuriku and Niigata coastal regions is even stronger, 
and there are even areas emerging with maximum 
daily precipitations of 500 mm or more.  
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4.2  Changes in flood risk due to global warming  
Section 3 showed that when evaluating probable 

precipitation using RCM20, it was important to take 
averages on a certain space scale. In view of the fact 
that the minimum scale of meteorological distur-
bances that could be reproduced by RCM20 was about 
100 km, the 100 km grid averages of probable values 
were calculated using the mesh-specific probable val-
ues, and the present values were compared with the 
corresponding values of 50 years and 100 years in the 
future. Figures 19 (a) and (b) show the results of a 
comparison of 100-year probability maximum daily 
precipitation values. As indicated, 100-year probabil-
ity daily precipitation values of 50 years in the future 
show national average increases of 10% to 20%. Some 
areas, particularly northern Hokkaido, Kanto, Hokuriku 
and the Nansei Islands, show increases of more than 
20%. After 100 years, the tendencies of 50 years in the 
future become even more pronounced, and increases  

 

 

 

 
Fig. 18(a) 100-year annual maximum daily pre-

cipitation determined from the calcula-
tion results for 1981-2000. 

 
Fig. 18(b) 100-year annual maximum daily pre-

cipitation determined from the calcula-
tion results for 2031-2050.  

 
Fig. 18(c) 100-year annual maximum daily pre-

cipitation determined from the calcula-
tion results for 2081-2100.  
 
Fig. 19(a) The rate of change in 100-year annual 

maximum daily precipitation 50 years in 
the future. 

 

Fig. 19(b) The rate of change in 100-year annual 
maximum daily precipitation 100 years 
in the future.  
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of 40% or more occur in many areas including 
Hokkaido, northern Tohoku, Hokuriku and Kanto.  

Table 4 Correspondence between annual precipitation at 
Maebashi and droughts of the Tone River. 

Year
Annual 

precipitation 
(mm/year) 

Drought or not  

1996 815.5 Drought: Jan., Feb., March, 
Aug., Sept.   

1984 816.5   
1978 847.5 Drought: Aug., Sept.   
1994 970.5 Drought: July to Sept.   
1980 1,060.0 Drought: July   
1995 1,075.5   
1997 1,078.5 Drought: Jan., Feb., March   
1979 1,100.0 Drought: July, Aug.   
1985 1,140.5   

Normal 
year 
value

1,162.6 —  

1983 1,163.0   
2000 1,163.0   
1992 1,174.0   
1977 1,186.0   

1987 1,191.5 Drought: June to Aug.  
Cumulative precipitation 
in March to June: normal 
year level −42% 

1990 1,201.0 Drought: July, Aug.  
Cumulative precipitation 
in May to Aug.: normal 
year level −33% 

1986 1,240.5   

1982 1,275.0 Drought: July  
Cumulative precipitation 
in Dec. to March: normal 
year level −66% 

1981 1,283.0   

2001 1,316.0 Drought: Aug.  
Cumulative precipitation 
in April to July: normal 
year level −15% 

1993 1,346.5   
1988 1,356.5   
1991 1,438.5   
1999 1,495.0   
1998 1,649.5   
1989 1,657.5   

 
 
 

A likely reason for the increase in Hokuriku has 
been pointed out by Nishimori et al. (2003), high pres-
sure systems over the Pacific Ocean become stronger 
and move northward during global warming as com-
monly shown by many general circulation models. 
These tendencies resemble the phenomena observed 
during the heavy rains of July 2004 in Niigata and 
Fukui, so these results are interesting because they 
indicate the possibility that the flood risk of the rivers 
in these areas is increasing.  

 
4.3 Assessment of impact of changes in rainfall 

characteristics on water resources  
When assessing the impact of climate changes 

such as global warming on water resources, it is nec-
essary to evaluate likely changes in streamflow. The 
prediction of streamflow requires not only highly ac-
curate estimations of precipitation such as five-day or 
daily precipitation estimations but also highly accurate 
hydrological runoff calculations to determine stream-
flow from precipitation. Section 3 has shown that an-
nual maximum precipitation given by the global 
warming model is accurate enough for use in flood 
risk assessment. Accuracy, however, with respect to 
the frequency of rainfall events of different intensities 
and precipitation hydrographs, for example, has not 
yet been fully verified. In addition, the degree of reli-
ability of runoff analysis varies considerably, so it is 
difficult at present to calculate drought risk from 
streamflow fluctuations. A realistic approach, there-
fore, is to estimate the impact of changing precipita-
tion characteristics by using annual or monthly pre-
cipitation estimates.  
4.3.1 Indicators for drought risk assessment  

Drought risk is often discussed by comparing an-
nual precipitation and historical droughts. If calendar 
years are arranged in the ascending order of annual 
precipitation as in the case of the Tone River basin 
shown in Table 4, it can be seen that droughts often 
occur in wetter-than-normal years. These droughty but 
wet years occur when a drought resulting from two or 
three months of below-normal precipitation is pre-
ceded or followed by many months of above-normal 
precipitation (Fig. 20). This means that droughts may 
be missed if a time scale shorter than a year is used in 
considering precipitation for the purpose of drought 
risk evaluation. In this study, therefore, seasonal pre-
cipitation was used in addition to annual precipitation.  
4.3.2 Estimated flood risk in the coming years  

Annual precipitation and seasonal precipitation 
were calculated from the RCM20 outputs for 1981- 
2000, 2031-2050 and 2081-2100, and their ratios were 
examined. Figure 21 (a) shows the rates of change  
in annual precipitation 50 years in the future, and  
Fig. 21 (b) shows the rates of change in annual pre-
cipitation 100 years in the future. As shown, while the 
rate of increase in annual precipitation 50 years in the 
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ig. 20 Monthly precipitation (percentage to normal year) 
at Maebashi and drought months of the Tone River. 
(Sasaki et al., 2000) 
ture is higher than 20% in many regions excluding 
e Sea-of-Japan side of the country, the rate of 
crease 100 years in the future is not higher than 20% 
 most regions. This means that precipitation will 
crease until 50 years from now but will begin to de-
ease after that. Figures 22 and 23 show the rates of 
ange in winter and spring precipitation.  
According to the estimates shown in these figures, 

e increasing trend in precipitation observed 50 years 
om now will be somewhat mitigated 100 years from 
ow, and winter and spring precipitation will decrease 
ver wide areas except in Hokkaido. One of the 
auses of this is thought to be that, as predicted by 
any global climate models in the world including 
GCM2, cold air outbreaks from the Siberian conti-
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Fig. 22(a) Distribution of the ratio of winter 

precipitation 50 years from now to 
present winter precipitation.  

 

 
Fig. 22(b) Distribution of the ratio of winter 

precipitation 100 years from now to 
present winter precipitation.  

 

 

 

 
Fig. 21(a) Distribution of the ratio of annual 

precipitation 50 years from now to 
present annual precipitation.  

 

Fig. 21(b) Distribution of the ratio of annual 
precipitation 100 years from now to 
present annual precipitation.  
 will become weaker under the influence of global 
ing so that snowfall will decrease.  

onclusion  

n this study, flood risk trends in different regions 
r the influence of global warming were analyzed 
e basis of the results of observation of precipita-

performed in Japan for the past 100 years. Global 
ing estimates obtained from a climate model 

loped by MRI of JMA were used to predict and 
yze flood risk trends in different regions. The 
ngs of this study were as follows:  
rends of 100-year probability maximum daily 
recipitation were investigated using precipitation 
ata for the past 100 years at 40 meteorological 
tations in Japan that had collected annual maxi-

mum daily rainfall data for the past 100 years. As a 
result, the probability of 100-year floods has in-
creased at 28 locations, and flood risks have in-
creased accordingly.  

(b)The accuracy of CGCM2 and RCM20 was verified. 
While the accuracy of CGCM2 in reproducing 
monthly precipitation trends in northern Japan and 
southern Kyushu was inadequate in some respects, 
RCM20 was highly accurate in reproducing nor-
mal year values of regional monthly precipitation.  

(c) The accuracy of modeled extreme values was veri-
fied for flood risk evaluation. As a result, annual 
maximum daily precipitation values obtained from 
CGCM2 with a horizontal resolution of 280 km are 
about 20% of the measured values. The regional 
climate model RCM20 gives values 20% to 30% 
greater than the measured values, but the model is 
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(d) 

(e) 

would be higher 50 years later throughout the 
country — more than 40% in the northern 
Hokkaido, northern Tohoku and Hokuriku regions, 
indicating increased flood risks.  

 

(f) The drought risk assessment using calculated re-
sults from RCM20 indicated the possibility that 
under the influence of global warming, winter and 
spring precipitation in Japan excluding Hokkaido 
would decrease, and the drought risk during the 
snowmelt flood season would increase in some re-
gions.  
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