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1. INTRODUCTION 

Located in the monsoon region, Japan is very wet and 
receives heavy rains almost every year which may cause 
much damage. On the other hand, although the wet weather 
in Japan prevents the severity of the wildfire disaster in 
Japan from being particularly high, it is necessary to 
assume that heavy rain will follow after the wildfire occurs. 

Heavy rains and wildfires are considered the main types 
of natural disasters, and much research has been done on 
these extreme events. At the same time, people are also 
focusing on compound disasters, which are two types of 
disasters independently occur at the same place, causing 
enhanced damage severe than a single disaster.  

A preconditioned event is one classification of 
compound disaster, which is one disaster can lead to an 
amplified impact, only because of a pre-existing condition. 
As an example, the disaster that occurred in Kamaishi city 
is a preconditioned event, caused by the 2017 wildfire and 
the 2019 typhoon that brought heavy rain. The aim of this 
research is (i) to investigate bivariate statistical 
characteristics of a post-fire heavy rain event in Kamaishi 
area, and (ii) to find the relationship between the frequency 
and the severity of the post-fire heavy rain event.  

 
2. STUDY AREA 

The target area is in Kamaishi city, located in 
northeastern Japan, where the average annual rainfall is 
1,693 mm. The city is prone to wildfire in the dry spring. 
2.1. Wildfire in Ozaki Peninsula 

In May 2017, the wildfire on the Ozaki Peninsula in 
Kamaishi City, which burned 413 ha, was the largest 
wildfire in Japan since 1995, regarded as the extreme 
wildfire in Japan. Fig 1 shows the burnt area in Kamaishi 
area. 

 
Fig.1. Burnt area by the Ozaki Peninsula wildfire  

2.2. Typhoon Hagibis in 2019 
In 2019, Typhoon Hagibis hit Kamaishi city, causing 

heavy rains. Fig 2 shows the rainfall recorded at Kamaishi 
meteorological station during Typhoon Hagibis, which is 
about 5 to 6 km from the burnt area. The 3-hour 
precipitation of 147.5 mm and the 6-hour precipitation of 

230.0 mm were the highest on record at the station since 
the observation started in 1976.  

 
Fig. 2. Rainfall during Typhoon Hagibis at Kamaishi 

station 
 

3. METHODOLOGY 
3.1. Data Collection  

In this study, I will obtain the information of the burned 
area of the Fire through the Fire and Disaster Management 
Agency, and the Japan Meteorological Agency to obtain 
the information of rainfall.  

As for the rainfall data, I will select the hourly rainfall 
in Kamaishi area, select the maximum rainfall in 24 hours 
every day, and sum it up to the maximum rainfall in 24 
hours every month. For wildfire research, I will log all 
burnt area data in Iwate prefecture as input data. 
3.2. Copula based analysis 

For the analysis of Copula, the cumulative distribution 
function (CDF) of rainfall and wildfire is required first. 

I used the L-moment program package of R Studio to 
calculate, respectively fitting the input data, and selected 
the function with the highest fitting degree from 8 
functions (GEV, GUM, LN3, GLO, NOR, WEI, PE3, EXP) 
as the output data. 

For the calculation of Copula fitting, I used the 
Copula program package of R Studio to calculate, fitting 
the CDF of wildfire and heavy rain, and selected the 
function with the highest fitting degree from 5 functions 
(CLA, FRA, GUM, AMH, JOE) as the output data and 
then output the figure to do the analysis. 

The goodness of fit will be calculated separately by plot 
correlation coefficient (PPCC) for L-moment and root 
mean square error (RMSE) and Akaike information 
criterion (AIC) for Copula. The functions are written as 
follows: 
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number of parameters of the statistical model, 𝑙 is the log-
likelihood value of the best parameter set. 
 
4. RESULTS AND DISCUSSION 

4.1. Result of the CDF of single disaster 
With the help of R- studio, the result can be plot easily. 

The goodness of fit are shown in Fig 3. 

 
Fig. 3. The goodness of fit of CDF 

After input the data, the monthly 24h max rainfall is 
best fitted by function PE3, and the burnt area data of Iwate 
is best fitted by Weibull function. 
4.2. Result of the fitting of Copula 

Also using R-studio, after input the result of CDF, the 
result can be plot easily. In these 5 functions, the goodness 
of fit is shown in Fig 4. 

 
Fig. 4. The goodness of fit of Copula 

And the Copula figure is shown in Fig 5. 

 
Fig. 5. Copula joint probability 

The two curve have different meaning. In the top half 
of curve 2, the destruction caused by these events is 
relatively large. It includes the extreme single disaster of 
heavy rain and wildfire and also the compound disaster of 
large wildfire heavy rain. The events below curve 1 are 
more likely to occur. It can be easily found that the 
probability of the compound disaster is very high (dark 
green on the chart). By this chart we can find that for the 
compound disaster the rarity is not physical severity.  

As the Copula analysis need the months of two kind of 
data correspond. The time gap problem is still hard to solve. 
Also, one important point which cause the damage of the 

heavy rain being enhanced is the change of soil hydraulic 
properties. The water repellency will create a discrete layer 
of variable thickness and spatial continuity which is hard 
for water to get through. The existence of water repellency 
may be one of the main reason of the landslide caused by 
post-fire heavy rain event. 
 
5. CONCLUSIONS  

From the above explanation, we can conclude as 
follows: 

The Copula fitting joint distribution function is 
focusing on the probability of compound disasters rather 
than the probability of single extreme disasters. 

A single extreme disaster is less extreme than a joint of 
two moderate disasters (Less destructive than single 
extreme disaster) in Copula analysis. 

Rainfall and wildfires in the fitting Copula are month 
corresponding but actually there was a two-year gap 
between heavy rain and wildfire in the Kamaishi event. 
Time gap need to be taken into account. We are still 
thinking how to deal with the time gap. 

 
ACKNOWLEDGEMENT 

This work was conducted by Theme 4 of the Advanced 
Studies of Climate Change Projection (SENTAN Program) 
Grant Number JPMXD0722678534, Grant-in-Aid for 
Scientific Research (B), 2020-2023 (20H02248, Yoshiya 
Touge), and Grant-in-Aid for Scientific Research (A), 
2020-2023 (20H00256, So Kazama) supported by the 
Ministry of Education, Culture, Sports, Science and 
Technology (MEXT), Japan. 

 
REFERENCES 

Y. Touge, M. Hasegawa, M. Minegishi, S. Kawagoe, 
S. Kazama. (2023). Multitemporal UAV surveys of 
geomorphological changes caused by postfire heavy rain in 
Kamaishi city, northeast Japan. CATENA, Vol.220, Part A. 

Y. Touge, G.P. Emang, S. Kazama, Y. Takahashi, K. 
Sasaki. Introduction of the Tohoku Forest Fires on May 
2017; case in Kamaishi city of Iwate Prefecture and 
Kurihara city of Miyagi Prefecture. Japan Soc. Nat. 
Disaster Sci., 36 (2018), pp. 361-370. 

L.F. DeBano, S.M. Savage, D.A. Hamilton. The 
transfer of heat and hydrophobic substances during burning. 
Soil Sci. Soc. Am. J., 40 (1976), pp. 779-782. 

Japan Meteorological Agency. Search for the past 
weather information in Japan accessed 20 November 2021. 

J. Zscheischler, O. Martius, S. Westra, E. Bevacqua, C
. Raymond, R.M. Horton, B. van den 
Hurk, A. AghaKouchak, A. Jézéquel, M.D. Mahecha, D. 
Maraun, A.M. Ramos, N.N. Ridder, W. Thiery, E. Vignot
to. (2020). A typology of compound weather and climate 
events. Nat. Rev. Earth Environ.  

L.F. DeBano. The role of fire and soil heating on water 
repellency in wildland environments: a review. J. 
Hydrol., 231–232 (2000), pp. 195-206. 

J.A. Moody, D.A. Kinner, X. Úbeda. Linking 
hydraulic properties of fire-affected soils to infiltration and 
water repellency. Journal of Hydrology, 379 (2009), 
pp. 291-303 

 

土木学会東北支部技術研究発表会（令和4年度）


