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Introduction 
 

With medium confidence that it was likely to be the warmest-

30-year period of the last 1400 year in the northern hemisphere. 

With high confidence that the rising temperature is likely to 

increased precipitation from 1951, while with a medium 

confident from 1901 (IPCC,2014).  It is not clear about what 

mechanism mainly contribute to the increasing change of 

extreme precipitation involving the topographical variation 

(Emiri, 2005). The effect of the thermodynamic increase is 

more dominant in many parts of mid and high latitude 

(Emori,2005). Though this term has a relationship with the 

change in sea surface temperature and atmospheric balance, 

there should be more empirical explanation since the dynamic 

change play an important role in the change of extreme 

precipitation in term of geographical based (Emori,2005). 

 Alternatively, precipitable water vapor and convective 

rainfall tend to be more sensitive to temperature change which 

means this increasing mean temperature can also influence the 

extreme rainfall event (Yamada, et al. 2014). The better 

prediction of increased atmospheric moisture content is 

Clausius Clapeyron rate 7% per 1°C (Skliris et al. 2016; Nie et 

al. 2018). This Clausius Clapeyron rate of change in water 

vapor best represents the approximation equation of 99th 

percentile precipitation intensity (Yamada, T. J. et al. 2014). It 

may be more analytical of how the temperature affects record-

breaking extreme events (Gupta et al. 2013).  

 It has been observed previously on how the temperature 

affects the extreme precipitation (Lehman 2015). The 

thermodynamic has been investigated with the medium 

confident of record-breaking temperature (Wergen, G., & Krug, 

J. 2010, Neelin et al 2017). By considering the thermodynamic 

change and excluding the dynamic effect by geographic 

change (Emori 2005), there is a question whether how to 

corporate the relationship of temperature in extreme 

precipitation, especially to the new record theory. Precipitable 

water vapor and convective rainfall tend to be more sensitive 

to temperature change (Yamada et al 2014). This change of 

extreme precipitation has been proposed to the Clausius 

Clapeyron prediction (Pall et al. 2017), especially in the mid-

latitudes, and this relationship would be a good predictor for 

the new-record of an extreme event. 

 

 

Objective 
 

 The objective of this study is to formulate the new-record 

theory associated with temperature trend.  

Secondly, investigate the new record of annual extreme 

precipitation of observations for a long-term period.  

Investigate the new record of annual extreme precipitation 

database for Policy Decision making for Future climate change 

(d4PDF), Japan. 

 

 

New record theory  
 
The new record theory associated without 
temperature trend 
 

The precipitation is considered to follow the sequences of 

event 𝑋𝑖 = 𝑋1, 𝑋2, 𝑋3, … , 𝑋𝑛which each sequence followed by 

random variable independent and identical distribution. For 

instance, if precipitation is not affected by any systematic 

trends such as drift of climate (e.g., climate change) the annual 

maximum precipitation in the whole years follows an 

independent identical continuous distribution with an 

assumption that extreme precipitation is in stationary climate 

(Benestad R E, 2003, Wergen et al. 2010 ). 

 In this theory, there are two important factors, the 

probability of having a new record 𝑃𝑟  and the number of the 

new record in the specific period 𝑅𝑛 . First, the probabilistic 

variable is defined as 𝑋_𝑖 behaves 1 when referring the ith year 

data is a new-record or 0 otherwise. They are independent of 

each other and 𝑃𝑟{𝑋𝑖 = 1} = 1/𝑖 and 𝑃𝑟{𝑋𝑖 = 0} = (𝑖 − 1)/𝑖 
The expectation and variance are shown in the following form 

in (Eq. 1) and (Eq. 2) respectively. 

 

 
Fig. 1. Annual maximum daily precipitation of specific 

observation rain gauge. 

 

 



 𝐸(𝑋𝑖) = 𝑃𝑟{𝑋𝑖 = 1} = 1/𝑖  (Eq. 1) 

 

 𝑉(𝑋𝑖) = 𝐸(𝑋𝑖
2) − 𝐸(𝑋𝑖)

2 = (𝑖 − 1)/𝑖2  (Eq. 2) 

 

 

𝑅𝑛 =  ∑ 𝑌𝑖

𝑛

𝑖=1

 

 

(Eq. 3) 

 

The first year of record denote as 1, the record will be counted 

when the next entry is larger than the maximum of all previous 

entries. Secondly, the record number 𝑅𝑛  in (Eq. 3)that is 

estimated in the time series up to time 𝑛 is considered as the 

sum of record number. When the new record is expected to 

have too many time, the record number can be obtained by the 

harmonic sum of the estimated records number 𝑅𝑛 =  𝑙𝑛(𝑖) +
 𝛾 which  𝛾 ≈ 0.577215 …  is the Euler constant. 

 To investigate the annual maximum record for the 

observation, the data in the first year is treated as a new record. 

The new record number of the random variable  𝑅𝑛  can be 

simply calculated as the sum of time occurrences of extreme 

record-breaking which has the maximum precipitation 

compared to the previous year. The concept of counting the 

record number is shown on top of Fig.1 with the dataset of 

Sapporo station. The record number is count from y1 to y6, 

which mean there are 6 record-breaking in Sapporo. The theory 

curve in Fig.2 represents the increase of the mean new record 

under the stationary climate with the uncertainty 1st positive 

and negative standard deviation. 

 

 

The new record theory associated with the 
temperature trend 

 

If the extreme precipitation is affected by any systematic trends 

such as drift of climate (e.g., global warming) and the annual 

maximum precipitation in the whole years still follows an 

identical continuous distribution, the random variable of 𝑋𝑖  

need to be updated. This term will be changed to as 𝑃𝑟𝑟𝑒 , the 

reconstructed precipitation in time series associated with the 

temperature trend. The ideal temperature 𝑇𝑡  is also given by 

random independent and identically distributed variables as 

shown in Fig.3 which is the result of the random variable 𝑇𝑖  

plus the given constant temperature gradient c in time series t 

as the following (Eq. 4). This small constant, for instance, (e.g. 

given c=0.01) defines the temperature trend increases 1 degree 

Celsius in 100 years. From this assumption, the vaporization 

change can be obtained from the Clausius-Clapeyron relation 

which indicates the water moisture content increase 7%. K-1 or 

7% .C-1. 

 

 

 The relation of the Clausius-Clapeyron equation 𝑒𝑆(𝑇) is 

then used in (Eq. 5), note that the temperature is degree Kelvin. 

The water vapor rate of change 𝑅𝑣𝑎𝑝𝑜𝑟 is estimated in (Eq. 6) 

is the change between saturated vaporization of surface 

temperature 𝑒𝑆(𝑇𝑡) and mean state of vaporization in the mean 

surface temperature 𝑒�̅�(𝑇�̅�). 

 The reconstructed precipitation data is followed by (Eq. 7) 

which is the formulation of new reproduced precipitation using 

rate change of water vapor in addition to the variation term 

which is the stochastic inter-annual variability represent as 𝑆𝑟 , 

and including the (𝑃𝑟)̅̅ ̅̅ ̅  is climatological mean precipitation 

time series. Fig.5 represents the result of the reconstructed 

precipitation and its characteristic is associated with the drift 

of climate, the temperature trend.  

 𝑇𝑇(𝑡) = 𝑇𝑖 + 𝑐𝑡  (Eq. 4) 

    

 𝑒𝑆(𝑇) = 6.1094. exp (
17.625𝑇

𝑇 + 243.04
)  (Eq. 5) 

    

 
𝑅𝑣𝑎𝑝𝑜𝑟 =

𝑒𝑆(𝑇𝑡) − 𝑒�̅�(𝑇�̅�)

𝑒�̅�(𝑇�̅�)
× 100 

 (Eq. 6) 

    

 𝑃𝑟𝑟𝑒 = 𝑃�̅� + 𝑅𝑣𝑎𝑝𝑜𝑟  + 𝑆𝑟  (Eq. 7) 

 
Fig. 2. The new record theory curve 

 

 
Fig. 3. the ideal temperature associated with the 

temperature trend and without the temperature trend. The 

yellow line is the temperature associated with the linear 

trend (Blue Line). 
 



 The number of new records has been calculated with the 

reconstructed precipitation in term of the temperature change 

and without temperature change. In Fig.6 shows relatively 

increase the new record when the temperature increases 

gradually. However, the result of the new record from this 

result depends upon the gradient temperature, the standard 

deviation of temperature data distribution and the variation of 

the tail of annual stochastic change 𝑆𝑟 .when the smaller the 

temperature gradient is, the new record of extreme 

precipitation also changes to a smaller increase. This result can 

be implied in the context of global warming when the rising 

temperature has been investigated. However, the climate the 

system is so huge to refer to the impact of thermodynamic 

change (rising temperature).  

 

 

New record of annual maximum precipitation of 
observations associated with temperature 
change 
 

 

Data 
 

In this study, 58 stations are selected to obtain daily mean 

temperature and daily precipitation data from 1901 to 2018. All 

these stations are from AMeDAS data which is provided by the 

Japan Meteorological Agency (JMA). The daily mean 

temperature is considered for this analysis since the interannual 

variability is unstable, and the limitation of hourly rainfall.

 The rainfall stations varied from the north of Hokkaido 

Island to the south of Honshu island to Okinawa island, cover 

overall Japan.  

 

 

Analysis 
 

This analysis was to find out the characteristic of the new 

record from observation compare to the theory. The 

comparison of the theory and the observation was conducted 

with the new record of 1-day rainfall among all 58 . 

 

 

Result 
 

The mean number of the new record extreme precipitation 

from observation is higher than that of the theory. From this 

result, the temperature trend can be estimated to increase by 

0.5 °C over 100 years that affect this mean of 58 stations. 

However, the new record distribution shows almost no 

different from considering the effect of topography from the 

observation point comparing the daily rainfall. 

 

 

The new record of annual maximum 
precipitation in thousands of ensemble data 
 

Data 
 

The following data is obtained by the downscaling of database 

for Policy Decision making for Future climate change (d4PDF), 

 
Fig. 4 . Water vapor change by Clausius-Clapeyron 

relation. The figure illustrates the characteristic of rate 

change of vaporization 𝑅𝑣𝑎𝑝𝑜𝑟   derived from Clausius 

Clapeyron associated with the temperature gradient. 

 
 

 
Fig.5 Comparision of precipitation. This figure shows 

the two condition of reconstructed precipitation, with 

temperature trend (Redline) and without temperature 

trend (Yellow line) compare with the original data. 
 

 
Fig. 6. The new-record theory with and without 

temperature trend 

 
 



from 20 km ×20 km to 5 km × 5km using the regional climate 

model (NHRCM) The data from 3 river catchments were used 

for the new record analysis, including the Tokachi river 

catchment, Tokoro river catchment, Ishikari river catchment. 

For the past climate, each catchment has 3000 cases in 

horizontal climate simulation which mean the data has 50 

ensembles simulation and 60 years period. 

 

 

Result 
 

The result shows that the new record distribution depends upon 

the topographical change over the catchment area. In Fig. 7, 

the result from Tokachi river catchment and shows the high 

new record of annual extreme precipitation increase in the 

mountainous regions. From this result, The new record from 

ensemble means varied from high to low following the 

topography from high to low elevation respectively. It implies 

that the mountainous region tends to have more record-

breaking than that of the flat plain area. 

 

 

Conclusion 
 

There are many ways to analyze extreme rainfall. In this study, 

the application of new record theory is really important to 

investigate the record-breaking extreme precipitation. The 

result from 58 observations also shows. It is confident to imply 

that the current climate is influenced by climate drift. The first 

assumption over the last decade is the rising temperature which 

is also addressed in the International Panel of Climate Change 

(IPCC).  The result from all cases and the variety of data show 

the increase of extreme precipitation higher than the steady-

state of climate. Therefore, by using this Clausius Clapeyron 

relation, the rate change of vaporization can be obtained and 

can be formulated to the new record theory of extreme 

precipitation associated with the temperature trend.  

 The new-record extreme rainfall has been influenced by the 

temperature gradient. However, it is critical when taking into 

account the tail stochastic variation and the temperature 

distribution itself. The larger the standard deviation, the 

smaller the new record change. On the other hand, considering 

the temperature effect or thermodynamic change is not enough 

since the climate system has the combination of both the 

thermodynamic (increasing atmospheric moisture content due 

to the temperature) and the dynamic (the vertical upward wind 

which accumulates the moisture condensation). 
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Fig. 7. The new record distribution of Tokachi river 

 
 


