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सार – इस शोध पğ मɅ वष[ 1951 से 2017 के दौरान चीन मɅ अ×यͬधक वषा[ (CDEP) वाले लगातार Ǒदनɉ मɅ 

काͧलक ĤवǓृतयɉ कȧ ͪवशेषताओं और èथाǓनक ͪवतरण का ͪवæलेषण करने के ͧलए Üवायसन समाĮयण को ͧलया गया 
है। चीन के मुÉय भाग मɅ 31 Ĥांत नगरपाͧलकाएँ अथवा èवायतशासी ¢ेğ (Ĥांतɉ के बारे मɅ नीच ेǑदया गया है) हɇ। ĤाÜत 
हुए पǐरणामɉ से पता चला है ͩक नÈशे मɅ काͧलक रैͨखक Ĥवृͪ ƣयाँ मह×वपूण[ हɇ। यहा ँ15 Ĥांत हɇ, जो कुल Ĥांतɉ कȧ 
संÉया का लगभग आधा है, इनमɅ कम होने का Ǿझान है। अÛय 16 Ĥांतɉ मɅ वɮृͬध का Ǿझान Ǒदखा है। 19 Ĥांतɉ ने 
मह×वपूण[ परȣ¢ण पाǐरत ͩकया। FEP के Ǿझानɉ के ͧलए अनहुई, Ĥोिजंग, चɉगͩकंग, फुिजआन, गुआंगडɉग, गुआंगशी, 
हैनान, हुनान, िजयांÊशी, ͩकंगघाई, ͧसचुआन, ͨझिंजयांग, ͨझजांग और युÛनान सभी वɮृͬध कȧ Ĥवृͪ ƣयɉ को दशा[ते हɇ 
जबͩक बीिजगं और ͧसचआुन घटती हुई Ĥवृͪ ƣयɉ को Ĥदͧश[त करते हɇ। अèथाई Ĥवृͪ ƣयɉ के ͧलए अ×यͬधक वषा[ वाल े
लगातार Ǒदनɉ के ĤǓतशत 99 के आसपास हɇ। वहाँ 9 Ĥांत हɇ िजÛहɉने मह×वपूण[ परȣ¢ण पाǐरत ͩकए हɇ, वे हɇ गुआंगडɉग, 
गुआंशी, हुनान, हेबेई, नेमीÊं गू, शांसी, ͧशिजयांग, ͩकंघाई और ͧशजांग। जबͩक वहाँ ͧभÛन-ͧभÛन Ġेशहोãड पर काफȧ 
ͧभÛनता वाले ĤǓतशतक 90 से अͬधक हɇ और केवल तीन Ĥांत हɇ िजनका ĤǓतशतक 95 है जो CDEP मɅ मह×वपूण[ 
काͧलक Ĥवृͪ ƣयɉ को Ĥदͧश[त करते हɇ, वे हɇ ͧशिंजयांग, ͧशघंाई और ͧशजांग। 

 
ABSTRACT. In this study, Poisson regression has been undertaken to analyze the temporal trends features and 

spatial distributions in the consecutive days of extreme precipitation (CDEP) over China, 1951-2017. In China mainland, 
there are 31 provinces, municipalities or autonomous regions (referred to as provinces below). Results showed that the 
temporal linear trends in MAP is significant. There are 15 provinces, almost half of the total numbers of provinces, 
showed decreasing trends. The other 16 provinces showed increasing trends. 19 provinces passed the significance test. 
For the trends of FEP, Anhui, Beijing, Chongqing, Fujian, Guangdong, Guangxi, Hainan, Hunan, Jiangxi, Qinghai, 
Sichuan, Xinjiang, Xizang and Yunnan all show increasing trends, while Beijing and Sichuan exhibited decreasing trends. 
For the temporal trends for consecutive days of extreme precipitation over the threshold of the 99th percentile. There                    
are 9 provinces passed significance test, which are Guangdong, Guangxi, Hunan, Hebei, Neimenggu, Shanxi, Xinjiang, 
Qinghai and Xizang. While there exist much different over different thresholds, over the threshold of the 90th percentile 
and 95th percentile, there are only three provinces, showing significant temporal trends in CDEP, which are Xinjiang, 
Qinghai and Xizang. 

 
Key words – Extreme precipitation, Mean annual precipitation, China. 

 
 
1.  Introduction 
 
 There have been a number of researches on the 
trends of precipitation in many countries. In Australia, 
except the southwest, extreme rainfall events in most                  
of the rest areas have increasing trends [Suppiah                     
and Hennessy (1998)]. However, in Poland, Lupikasza 
(2010) found that the most indicators he selected of                  
the extreme precipitation showed downward trends. In 
Korea, the annual rainfall was increasing significantly, 
which associated with the increasing frequency and 
intensity of summer heavy rainfall [Jung, et al. (2011)].                              

Pavan et al. (2008) pointed out that in Emilia-Romagna              
(a region of northern Italy), the frequency of heavy 
rainfall in summer was increasing, while decreasing in 
autumn and winter. 
 

 In China, many researches have focused on the 
precipitation in recent years, but having found no 
significant trends of annual total precipitation. 
Precipitation varies greatly by season and region. In most 
areas of China, the number of rain days has decreased, but 
the intensity has increased significantly [Zhai et al. 
(2005)]. In the eight climatic regions of China, except the 
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northwest of China, the frequency of precipitation has 
decreased in all other regions [Liu et al. (2005)]. As for 
extreme precipitation changes in China, a number of 
researches have been carried out. Throughout the Loess 
Plateau region, the extreme precipitation has experienced 
no significant changes [Li et al. (2010)]. In the Yangtze 
River Basin, the frequency rather than intensity of 
rainstorm increased [Su et al. (2006)]. Wang et al. (2013) 
studied the trends in extreme events of precipitation over 
Xinjiang, the results indicated that most of the ten indices 
they employed showed an increasing trend in the north, 
while a decreasing trend in the south. On the east of 
Xizang Plateau and in the Hengduan Mountains, the 
number of rain days increased as a whole [Li et al. (2012)]. 
Wang et al. (2013) investigated the precipitation changes 
in the arid area of northwestern China; they found that 
most precipitation indices they used indicated increasing 
trends. Over northeast China, the contribution of extreme 
precipitation to total precipitation decreased [Wang                      
et al. (2013)]. In the Zhujiang River Basin, almost no 
significant trends in extreme precipitation have been 
detected [Fischer et al. (2011)]. From the national scope, 
trends in the number of extremes are generally consistent 
with the trends of total precipitation from non-extreme 
events, except the southwest of China, where the number 
of extreme events is increasing, while decreasing in total 
non-extreme precipitation [Zhai et al. (2005)].              
Meanwhile, the amount and the days of annual extreme                      
precipitation have increased by 10.9 mm and 0.12 days 
respectively [Xu et al. (2011)]. Qian and Lin (2005) 
explored the regional trends in precipitation indices                   
over China during 1951 to 2000. Their research indicated 
that in the last two decades, the persistent wet days and 
strong rainfall have contributed to the increasing 
frequency of floods in southeast China and the                    
Xinjiang region. 
 
2.  Data and methodology 
 

 Daily precipitation data were obtained from 756 
stations of Chinese National Meteorological Center from 
1951 to 2017. After removing those stations who have 
many missing values, 647 stations have been preserved. In 
previous studies of climate extremes, the main methods 
are simple linear regression, least square method and 
Mann-Kendall trend test [Jung et al. (2011); Gemmer           
et al. (2010); Lupikasza (2010); Jiang et al. (2013)]. In 
this study, we applied Poisson regression to detect trends 
at all 31 provinces for the consecutive days of extreme 
precipitation (CDEP). For threshold selection, arbitrary 
threshold has been used by numerous studies, such as 
Domroes and Peng (1988) and Groisman et al. (1999). But 
Monton et al. (2001) indicated that arbitrary thresholds are 
inappropriate for regions spanning a broad range of 
climates. So we used 90th, 95th and 99th percentile of daily 

rainfall to represent the threshold of extreme precipitation 
separately respectively. Extreme precipitation can increase 
floods probably. Persistent extreme precipitation can 
cause further damage and injury. So it has practical 
significance for investigating the trends of consecutive 
days of extreme precipitation. 

 
 In order to model expected outcomes based on 
information from several variables, regression analysis is 
an effective way [Gray et al. (1992, 1993, 1994); Landsea 
et al. (1994); Nicholls (1999)]. However, using linear 
regression analysis should satisfy the linearity conditions. 
When the observed data are a relatively small number of 
counts from a large sample size, the assumptions break 
down. The occurrence of rare, discrete events, such as 
tornado counts, the occurrences of droughts, or cold spells 
are often modeled by Poisson distribution [Wilks (1995)]. 
The Poisson distribution often restricts the possible 
outcomes to non-negative integers, making it ideal for 
modeling tropical cyclone occurrences [Elsner and 
Schmertmann (1993)]. In this study, we apply Poisson 
Regression to explore the temporal trends features of 
CDEP. We want to analyze the change features of 
consecutive days of extreme precipitation (CDEP). We 
should notice that the dependent variables CDEP here are 
count variables. The variable measures the count of CDEP. 
Poisson regression is a member of the generalized linear 
model [Dobson (2002)]. Here, we assume any 
precipitation event j results in the number of CDEP in any 
one year from 1951-2017, say Nj. Then, assume the 
number of precipitation events in any one year, say M. 
Note that this implies there will be days with no extreme 
precipitation events (when M = 0). The maximum Yi, in 
the ith year during 1951-2017, can be found as the Poisson 
random variables, so that  
 
 Yi = max (N1, N2, ..., NM)                                           (1) 

 
 where, CDEP is countable variable and Yi follows a 

Poisson distribution [Dunn (2004)]. We calculate CDEP at 
all stations in every province firstly. Then we can apply 
Poisson Regression model to analyze the trends features 
of CDEP over time. Here the probability distribution, that 
is, the probability of occurrence of exactly y CDEP, is 
given by: 

 

 Pr (𝑌௜ = 𝑦) =
ఓ೔

೤
௘௫௣షഋ೔

௬!
,  y = 0, 1, 2, …,∞               (2) 

 
 where, μi is 
 

ln (𝜇௜) = 𝛽଴ +  𝛽ଵ𝑋                                                       (3) 
 
 Here, X denotes the time sequence from 1951 to 
2017, which has been standardized. 
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TABLE 1 
 

Thresholds of extreme precipitation at 31 provinces (mm) 
 

S. No. Province Q90 Q95 Q99 

1. Xinjiang 6.7 10.3 20.4 

2. Qinghai 9.7 13.5 22.5 

3. Xizang 10.9 15.3 25.6 

4. Gansu 11.4 16.8 31.7 

5. Ningxia 12.4 18.9 36.3 

6. Neimenggu 12.3 19.2 39.1 

7. Heilongjiang 14.8 22.4 43.2 

8. Sichuan 15.4 23.8 55.2 

9. Jilin 16.9 25.7 50.7 

10. Shanxi 17.4 25.9 49.7 

11. Shaanxi 18.4 27.6 52.2 

12. Guizhou 18.4 29.4 60.4 

13. Yunnan 20.7 30.1 55.3 

14. Hebei 20.3 31.7 66.1 

15. Chongqing 20.9 32.6 64.7 

16. Henan 22.4 34.9 72.6 

17. Shanghai 24.5 36.0 71.7 

18. Liaoning 23.4 36.5 74.7 

19. Zhejiang 24.7 36.6 72.4 

20. Hunan 24.7 37.0 72.3 

21. Tianjin 23.7 37.2 79.9 

22. Hubei 24.3 37.5 75.0 

23. Beijing 24.6 38.5 79.9 

24. Jiangsu 25.0 39.1 80.95 

25. Shandong 25.1 39.9 82.5 

26. Anhui 26.6 41.0 84.3 

27. Fujian 28.0 41.1 77.5 

28. Jiangxi 28.6 41.8 78.6 

29. Guangxi 29.0 44.9 94.7 

30. Guangdong 32.9 50.4 103.4 

31. Hainan 33.6 53.6 121.3 

 

 
3.  Results and discussion 
 

 In China mainland, there are 31 provinces. Annual 
rainfalls of 31 provinces vary greatly.  For the period  over 

TABLE 2 
 

List of temporal trends in Mean Annual Precipitation (MAP) 
 

Name MAP 

Anhui 0.01384 

Beijing -0.03729** 

Chongqing 0.019903 *** 

Fujian 0.025563*** 

Gansu -0.013866 *** 

Guangdong 0.024078** 

Guangxi 0.022420 *** 

Guizhou 0.004079 

Hainan 0.037214 *** 

Hebei -0.01213· 

Heilongjiang -0.030012 *** 

Henan -0.004744 

Hubei 0.004179 

Hunan 0.005594 

Jiangsu 0.016105* 

Jiangxi 0.016416 * 

Jilin -0.02986 *** 

Liaoning -0.020691 ** 

Neimenggu -0.021034 *** 

Ningxia -0.009371· 

Qinghai -0.009596 *** 

Shaanxi -0.006893 

Shandong -0.012721 

Shanghai 0.02612· 

Shanxi -0.008341 

Sichuan 0.000340 

Tianjin -0.006025 

Xinjiang 0.0004265 

Xizang -0.005415* 

Yunnan 0.014025*** 

Zhejiang 0.005170 

Symbols : ‘***’, ‘**’, ‘*’, ‘·’ indicates that the significance level is 
0.001, 0.01, 0.05, 0.1 respectively. 

 

 

1951-2017, the maximum daily precipitation of Hainan is 
633.8 mm, while Xinjiang is only 79.7 mm. The 
distribution of precipitation at 31 provinces is in deeply 
imbalance. Most studies adopt a percentile as the
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threshold for an extreme value. Threshold of extreme 
precipitation is a very important factor. It determines 
the extreme degree and damage degree.
we adopt the 90th, the 95th and the 99
daily rainfalls during the whole time series from 1951 
to 2017 as the threshold for the extreme precipitation 
respectively. 

 
 Table 1 shows the thresh

precipitation at 31 provinces. The thresholds of extreme 
precipitation vary greatly both in different provinces and 
percentiles. For example, the minimum is only 
the 90th percentile in Xinjiang, whereas, it is 20.4
the 99th percentile. The maximum is 33.6
the 90th percentile, while it is 121.3
99th percentile. The thresholds for the 95
extreme precipitation in Xinjiang, Qinghai, Xizang, Gansu, 
Ningxia and Neimenggu are lower than 20
provinces are all located in the northwest of China. Fujian, 
Anhui, Jiangxi, Guangxi, Guangdong and Hainan 
possesses thresholds higher than 40 mm. Except Anhui 
province, all the others are coastal provinces. And the six 
provinces are seated in the southeast of China. The 
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Fig. 1. Thresholds of extreme precipitation in 31 provinces 

Threshold of extreme 
precipitation is a very important factor. It determines                   
the extreme degree and damage degree. In this study,                

and the 99th percentile of the 
daily rainfalls during the whole time series from 1951                 
to 2017 as the threshold for the extreme precipitation 

1 shows the thresholds of extreme 
The thresholds of extreme 

precipitation vary greatly both in different provinces and 
. For example, the minimum is only 6.7 mm as 

in Xinjiang, whereas, it is 20.4 mm as 
33.6 mm in Hainan as 

percentile, while it is 121.3 mm as the                          
. The thresholds for the 95th percentile of 

in Xinjiang, Qinghai, Xizang, Gansu, 
enggu are lower than 20 mm. The six 

provinces are all located in the northwest of China. Fujian, 
Anhui, Jiangxi, Guangxi, Guangdong and Hainan 

mm. Except Anhui 
province, all the others are coastal provinces. And the six 
provinces are seated in the southeast of China. The 

threshold of the 90th percentile is much lower. It is lower 
than 10 mm in Xinjiang and Qinghai. While the threshold 
of the 99th percentile is much higher, it is high up to 
103.4 mm and 121.3 mm in Guangdong and Hainan. 
There are only 8 provinces whose threshold of the 
99th percentile is lower than 50
 

 Fig. 1 shows the spatial distribution of thresholds 
the 95th percentile, which increased gradually from west to 
east and from north to south. The west p
lowest thresholds and the southern coastal areas have the 
highest one. Colors in Fig. 
and then to blue, representing the thresholds ranging from 
low to high. 
 
 The temporal linear trends in Mean Annual 
Precipitation and Frequency of Extreme Precipitation over 
31 provinces are tested and shown in Table
respectively. Mean annual precipitation is referred to as
MAP. There are 15 provinces, almost half of the total 
numbers of provinces, showed decreasing trends. The 
other 16 provinces showed increasing tr
passed the significance test. 

 

percentile is much lower. It is lower 
mm in Xinjiang and Qinghai. While the threshold 

percentile is much higher, it is high up to                
mm in Guangdong and Hainan. 

provinces whose threshold of the                   
percentile is lower than 50 mm. 

1 shows the spatial distribution of thresholds for 
percentile, which increased gradually from west to 

east and from north to south. The west parts have the 
and the southern coastal areas have the 

 1 change from red to yellow 
and then to blue, representing the thresholds ranging from 

inear trends in Mean Annual 
Precipitation and Frequency of Extreme Precipitation over 
31 provinces are tested and shown in Tables (2&3) 
respectively. Mean annual precipitation is referred to as 
MAP. There are 15 provinces, almost half of the total 

of provinces, showed decreasing trends. The 
other 16 provinces showed increasing trends. 19 provinces 
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TABLE 3 
 

List of temporal trends infrequency of extreme precipitation (FEP) 
 

Name FEP(Q90) FEP(Q95) FEP(Q99) 

Anhui 0.05802*** 0.030157** 0.006959 

Beijing -0.03799* -0.03771 ** -0.018597** 

Chongqing 0.02272 0.02125· 0.009883 * 

Fujian 0.04206* 0.02811* 0.007888* 

Gansu 0.002107 -0.005410 -0.002200 

Guangdong 0.04005* 0.024951* 0.004988· 

Guangxi 0.03316* 0.023285* 0.008125** 

Guizhou -0.003534 0.005562 0.004537 

Hainan 0.04009* 0.02612 * 0.005637 

Hebei -0.008313 -0.004571 -0.002800 

Heilongjiang 0.008222 0.003894 0.000116 

Henan 0.007647 0.002439 -0.001382 

Hubei 0.02582 0.01409 0.004497 

Hunan 0.03064· 0.02080· 0.009577* 

Jiangsu 0.01625 0.013150 0.005321 

Jiangxi 0.05906** 0.03352* 0.007313· 

Jilin -0.001843 -0.0006307 -0.000732 

Liaoning -0.01099 -0.007803 -0.002840 

Neimenggu 0.003038 -0.0008047 -0.001519 

Ningxia 0.005886 0.004325 -0.002522 

Qinghai 0.09086*** 0.045237*** 0.009354*** 

Shaanxi 0.008445 0.004931 0.004045· 

Shandong -0.009189 -0.005731 -0.002671 

Shanghai 0.04602 0.02030 0.01448 

Shanxi 0.006352 -0.004335 -0.001376 

Sichuan -0.020563 * -0.012382* -0.004846* 

Tianjin -0.02121 -0.014732 -0.0009272 

Xinjiang 5.751e-02*** 0.028909*** 0.006565*** 

Xizang 0.05867*** 0.032665*** 0.010231*** 

Yunnan 0.02541 * 0.021075 ** 0.006824*** 

Zhejiang 0.002408 -0.0001083 0.0002815 

Symbols: ‘***’, ‘**’, ‘*’, ‘·’ indicates that the significance level is 
0.001, 0.01, 0.05, 0.1 respectively. 

 
 
 Frequency of extreme precipitation is referred to as 
FEP. The trends of FEP are also obvious increasing.                 
For instance, considering the temporal trends in frequency 
of  extreme  precipitation over  the  thresholds  of  the 95th 

TABLE 4 
 

List of temporal trends in consecutive days of extreme  
precipitation (CDEP) 

 

Province CDEP(Q90) CDEP(Q95) CDEP(Q99) 

Anhui - - - 

Beijing - - - 

Chongqing - - - 

Fujian - - - 

Gansu - - - 

Guangdong - - 0.05574· 

Guangxi - - 0.07513* 

Guizhou - - - 

Hainan - - - 

Hebei - - -0.09534· 

Heilongjiang - - - 

Henan - - - 

Hubei - - - 

Hunan  - - 0.05577· 

Jiangsu - - - 

Jiangxi - - - 

Jilin - - - 

Liaoning - - - 

Neimenggu - - -0.05692· 

Ningxia - - - 

Qinghai 0.07488*** 0.065230** 0.12676*** 

Shaanxi - - - 

Shandong - - - 

Shanghai - - - 

Shanxi - - -0.10365* 

Sichuan - - - 

Tianjin - - - 

Xinjiang 0.08346*** 0.10334*** 0.19058*** 

Xizang 0.05441* 0.05868· 0.11862** 

Yunnan - - - 

Zhejiang - - - 

Symbols: ‘***’, ‘**’, ‘*’, ‘·’ indicates that the significance level is 
0.001, 0.01, 0.05, 0.1 respectively. 

 
 
percentile, there are 14 provinces passed the significance 
test. The 14 provinces are Anhui, Beijing, Chongqing, 
Fujian, Guangdong, Guangxi, Hainan, Hunan, Jiangxi, 
Qinghai, Sichuan, Xinjiang, Xizang, Yunnan. Except
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Beijing and Sichuan, the other 12 provinces all exhibited 
an increasing trend, which is different from 
MAP. Moreover, there are very few changes in the trends 
over different thresholds. 
 

 In this part, we focus on the consecutive days of 
extreme precipitation (CDEP) at the 31 provinces during 
1951-2017. Extreme precipitation itself is a double
sword, which is especially true for persistent extreme 
precipitation. For water-lacked provinces, heavy 
precipitation may supply freshwater resources. But for 
coastal areas, it may cause severe disasters. Results are 
showed in Table 4. Among 31 provinces, there are only 
9 provinces passed significance test for the trends in 
consecutive days of extreme precipitation over the 
threshold of the 99th percentile. The 9 provinces are 
Guangdong, Guangxi, Hebei, Hunan, Neimenggu, 
Qinghai, Shanxi, Xinjiang and Xizang. While for the 
trends in consecutive days of extreme precipitation over 
the threshold of the 90th percentile and 95
there are only three provinces, Qinghai, Xinjiang, Xizang, 
which show increasing trends. Moreover, Qingh
Xinjiang, Xizang are all located in the Northwest of China. 
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Fig. 2. Provinces with significant changes in CDEP 
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Guangdong, Guangxi, Hebei, Hunan, Neimenggu, 
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trends in consecutive days of extreme precipitation over 

percentile and 95th percentile, 
there are only three provinces, Qinghai, Xinjiang, Xizang, 
which show increasing trends. Moreover, Qinghai, 
Xinjiang, Xizang are all located in the Northwest of China. 

Guangdong, Guangxi and Hunan are adjacent to each 
other and located in the south of China. Hebei, 
Neimenggu and Shanxi are next to each other and in the 
north of China. There are remarkable re
shown in Fig. 2. 
 
 As showed by Fig. 
significant decreasing trends in CDEP are Neimenggu, 
Shanxi and Hebei, which show yellow. The provinces 
have significant increasing trends in CDEP are Xinjiang, 
Xizang, Qinghai, Hunan, Guangdong and Guangxi, which 
show blue. 
 
4.  Conclusions and recommendation
 

 Based on historical observation data and Poisson 
Regression, the study analyzed the temporal trends of 
MAP, FEP, CDEP and spatial distributions. Results 
showed that the temporal linear trends in MAP is 
significant. There are 15 provinces, almost half of the total 
numbers of provinces, showed decreasing trends. The 
other 16 provinces showed increasing tr
passed the significance test. For the trends of FE

 

Guangdong, Guangxi and Hunan are adjacent to each 
other and located in the south of China. Hebei, 
Neimenggu and Shanxi are next to each other and in the 
north of China. There are remarkable regional features as 
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have significant increasing trends in CDEP are Xinjiang, 

i, Hunan, Guangdong and Guangxi, which 
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temporal linear trends in MAP is 
significant. There are 15 provinces, almost half of the total 
numbers of provinces, showed decreasing trends. The 
other 16 provinces showed increasing trends. 19 provinces 

significance test. For the trends of FEP, there 
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are very few changes over different thresholds. There are 
14 provinces passed the significance test. The 14 
provinces are Anhui, Beijing, Chongqing, Fujian, 
Guangdong, Guangxi, Hainan, Hunan, Jiangxi, Qinghai, 
Sichuan, Xinjiang, Xizang, Yunnan. Except Beijing and 
Sichuan, the other 12 provinces all exhibited an increasing 
trends. 

 
  For the temporal trends for consecutive days of 

extreme precipitation over the threshold of the 99th 

percentile. There are 9 provinces passed 90% significance 
test. While there exist much different over different 
thresholds, over the threshold of the 90th percentile and 
95th percentile, there are only three provinces, who show 
significant temporal trends in CDEP. For Xinjiang, 
Qinghai and Xizang, they all show decreasing trends in 
MAP, while significant increasing trends in FEP and 
CDEP. However, since they have the lowest thresholds of 
extreme precipitation in China, the extreme precipitation 
won’t cause much harm to them. For Guangdong, 
Guangxi and Hunan, the trends of CDEP are increasing 
and the threshold of the 99th percentile of extreme 
precipitation are up to 103.4 mm, 94.7 mm and 72.3 mm 
respectively. The consecutive occurrence of extreme 
precipitation may probably cause damage. So relevant 
department of governments should take seriously and 
work out effective measures. The other three provinces, 
Hebei, Neimenggu and Shanxi, showing decreasing trends 
in CDEP. 
 
Disclaimer 
 
 The contents and views expressed in this research 
paper/article are the views of the authors and do not 
necessarily reflect the views of the organizations they 
belong to. 

References 

Dobson, A. J., 2002, “An introduction to generalized linear models”,         
2nd ed., New York: Chapman & Hall/CRC. 

Domroes, M. and Peng, G., 1988, “The Climate of China”, Springer 
Verlag, p361. 

Dunn, Peter K., 2004, “Occurrence and quantity of precipitation can be 
modelled simultaneously”, Int. J. Climatol., 24, 1231-1239. 

Elsner, J. B. and Schmertmann, C. P., 1993,“Improving extended range 
seasonal predictions of intense Atlantic hurricane activity”, 
Weather and Forecasting, 8, 345-351. 

Fischer, T., Gemmer, M., Liu, L. L. and Buda, S., 2011, “Temperature 
and precipitation trends and dryness/wetness pattern in the 
Zhujiang River Basin, South China”, 1961-2007, Quaternary 
International, 244, 138-148. 

Gemmer, M., Fischer, T., Tong, J., Buda, S. and Liu, L. L., 2010, 
“Trends in Precipitation Extremes in the Zhujiang River Basin, 
South China”, Journal of Climate, 24, 750-761. 

Gray, W. M., C. W. Landsea, P. W. Mielke Jr. and K. J. Berry, 1992, 
“Predicting Atlantic seasonal hurricane activity 6-11 months in 
advance”, Wea. Forecasting, 7, 440-455. 

Gray, W. M., Landsea, C. W., Mielke Jr., P. W. and Berry, K. J., 1993, 
“Predicting Atlantic basin seasonal tropical cyclone activity by 
1 August”, Weather and Forecasting, 8, 73-86. 

Gray, W. M., Landsea, C. W., Mielke Jr., P. W. and Berry, K. J., 1994, 
“Predicting Atlantic basin seasonal tropical cyclone activity by 
1 June”, Weather and Forecasting, 9, 103-115. 

Groisman, P. Y., Karl, Thomas R., Easterling, David R., Knight, Richard 
W., Jamason, Paul F., Hennessy, Kevin J., Suppiah, Ramasamy, 
Page, Cher M., Wibig, Joanna, Fortuniak, Krzysztof, Razuvaev, 
Vyacheslav N., Douglas, Arthur, Forland, Eirik and Zhai Pan 
Mao, 1999, “Changes in the probability of extreme 
precipitation: important indications of climate change”, Climatic 
Change, 42, 1, 243-283. 

Jiang, Feng Qing, Hu, Ru Ji, Wang, Shao Ping, Zhang, Yan Wei and 
Tong, Li, 2013, “Trends of precipitation extremes during 1960-
2008 in Xinjiang, the Northwest China”, Theoretical and 
Applied Climatology, 111, 133-148. 

Jung, I. W., Bae, Deg Hyo and Kim, G., 2011, “Recent trends of                  
mean and extreme precipitation in Korea”, Int. J. Climatol., 31, 
359-370. 

Landsea, C. W., Gray, W. M., Mielke Jr., P. W. and Berry, K. J., 1994, 
“Seasonal forecasting of Atlantic hurricane activity”, Weather, 
49, 273-284. 

Li, Zhi, Zheng Fen li, Liu Wen Zhao  and Flanagan, Dennis C., 2010, 
“Spatial distribution and temporal trends of extreme temperature 
and precipitation events on the Loess Plateau of China during 
1961-2007”, Quaternary International, 226, 92-100. 

Li, Zongxing, He, Yuanqing, Wang, Puyu, Theakstone, Wilfred H., An 
Wenling, Wang Xufeng, Lu Aigang, Zhang Wei and Cao 
Weihong, 2012, “Changes of daily climate extremes in 
southwestern China during 1961-2008”, Global and Planetary 
Change, 80, 1, 255-272. 

Liu, B.,  Xu, M., Henderson, M. and Qi, Y., 2005, “Observed trends of 
precipitation amount, frequency and intensity in China, 1960-
2000”, Journal of Geophysical Research Atmospheres, 110, D8, 
D08103. 

Lupikasza, Ewa, 2010, “Spatial and temporal variability of extreme 
precipitation in Poland in the period 1951-2006”, Int. J. 
Climatol, 30, 991-1007. 

Manton, M. J., Della‐Marta, P. M., Haylock, M. R., Hennessy, K. J., 
Nicholls, N., Chambers, L. E., Collins, D. A., Daw, G., Finet, A., 
Gunawan, D., Inape, K., Isobe, H., Kestin, T. S., Lefale, P., 
Leyu, C. H., Lwin, T., Maitrepierre, L., Ouprasitwong, N., Page, 
C. M., Pahalad, J., Plummer, N., Salinger, M. J., Suppiah, R., 
Tran, V. L., Trewin, B., Tibig, I. and Yee, D., 2001, “Trends in 
extreme daily rainfall and temperature in southern Asia and the 
South Pacific: 1961-1998”, International Journal of 
Climatology, 21, 269-284. 

Nicholls, N., 1999, “SOI-based forecast of Australian region tropical 
cyclone activity”, Experimental Long-Lead Forecast Bulletin, 8, 
4, Climate Prediction Center, National Weather Service, 
Washington, DC, 71-72. 

Pavan, V., Tomozeiu, R., Cacciamani, C. and Di Lorenzo, M., 2008, 
“Daily Precipitation Observations over Emilia-Romagna: Mean 
Values and Extremes”, Int. J. Climatol., 28, 2065-2079. 

Qian, W. and Lin, X., 2005, “Regional trends in recent precipitation 
indices in China”, Meteorol. Atmos. Phys., 90, 193-207.  

Su, B. D., Jiang, T. and Jin, W. B., 2006, “Recent trends in observed 
temperature and precipitation extremes in the Yangtze River 
basin, China”, Theor. Appl. Climatol., 83, 139-151.  



 
 
328                          MAUSAM, 70, 2 (April 2019) 

 

Suppiah, R. and Hennessy, K.,1998, “Trends in seasonal rainfall, heavy 
rain-days and number of dry days in Australia 1910-1990”, Int. 
J. Climatol., 18, 1141-1155. 

Wang, Baolong, Zhang Mingjun, Wei Junlin, Wang, Shengjie, Li, 
Shanshan, Ma, Qian, Li, Xiaofei and Pan, Shukun, 2013, 
“Changes in extreme events of temperature and precipitation 
over Xinjiang, northwest China, during 1960-2009”, 
Quaternary International, 298,141-151. 

Wang, Baolong, Zhang, Mingjun, Wei Junlin, Wang, Shengjie, Li, 
Xiaofei, Li, Shanshan, Zhao, Aifang, Li, Xiaoshou and Fan, 
Jieping, 2013, “Changes in extreme precipitation over Northeast 
China, 1960-2011”, Quaternary International, 298, 177-186. 

Wang, Huaijun, Chen, Yaning, Xun, Shi, Lai, Dongmei, Fan, Yuting and 
Li, Zhi, 2013, “Changes in daily climate extremes in the arid 
area of northwestern China”, Theor. Appl. Climatol., 112, 15-28. 

Wilks, D. S., 1995, “Statistical Methods in the Atmospheric Sciences”, 
Academic Press, p467. 

Xu, X., Du, Y., Tang, J. and Wang, Y., 2011, “Variations of temperature 
and precipitation extremes in recent two decades over China”, 
Atmospheric Research, 101, 143-154. 

Zhai, P. M., Zhang, X. B., Wan, H. and Pan, X. H., 2005, “Trends in 
Total Precipitation and Frequency of Daily Precipitation 
Extremes over China”, Journal of Climate, 18, 1096-1108. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 


