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Rainy season change in Sanjiangyuan, China area based on
the meteorological stations data
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Abstract. The Sanjiangyuan area is famous as the Chinese water tower, it is a transition zone
of semi-humid, semi-arid and arid area. An area of about 400,000 square kilometers and the
water source of billions of people, also the ecological barrier of the whole of Asia's economic
and social development.Based on the daily rainfall data of 13 meteorological stations in
Sanjiangyuan area from 1985 to 2015, the rainfall indexes such as the rainy season from the
beginning and the ending of the rainy season were extracted. And the trend of rainy season in
the study area was analyzed. The results show that the daily rainfall in the Sanjiangyuan area
accounts for more than 50% of the annual rainfall; the onset of the rainy season in the eastern
part of Sanjiangyuan has a delayed trend and the central area has a tendency to advance; the
number of days in the rainy season has decreased in the past 30 years, reduced 4d. There is a
positive correlation between the starting date of rainy season and the average rainfall in the
rainy season. The changes of these rainy seasons are of great significance to the economic
development and ecological protection of the region.

1. Introduction

Rainy season contains a lot of important phonological information, such as the beginning and ending
of the rainy season, the number of rainy days, the number of intervals, the maximum rainfall, the
average rainfall [1]. These indicators have been the focus of meteorological services and
meteorological research [2]. Through these indicators we can know the rainy season in a region over
the years changes in the situation, while these changes will affect the region's climate, ecology,
economy, people's livelihood, etc. [3-5]. The Sanjiangyuan area is a transitional zone of semi-humid,
semi-arid and arid areas. It is also a typical sensitive area of the climate change. It is a fragile area of
geographical environment change [6]. The impact of changes in the rainy season is much greater, will

* Corresponding author.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



ISEO IOP Publishing
IOP Conf. Series: Earth and Environmental Science 74 (2017) 012016 doi:10.1088/1755-1315/74/1/012016

profoundly affect the whole of China and the global climate change. The area has important
geographical and geographical advantages in the Belt and Road. It not only has rich mineral resources,
water resources, or an important ecological barrier, it is the main transportation hub linking east and
west, getting through the north and south and connecting the whole Asia. Therefore, the development
of the region and the ecological protection work will be the focus of connecting China and the West.
We use the daily rainfall data of 13 meteorological stations in the study area to extract the
phonological indexes of rainy season in the past years and analyze their temporal and spatial changes,
and provide scientific guidance data for the infrastructure construction and ecological protection in
this area.

2. Materials and methods

In this study, the precipitation data of 13 meteorological stations in Sanjiangyuan area from 1985 to
2015 were used to extract and analyze phonological indexes of rainy seasons in the study area from
the meteorological data service network of China(http://data.cma.cn/site/index.html). According to the
Qinghai Province announced the rainy season to determine the standard C1.5 to determine the annual
rainy season [7]. Which, C5, C10 and C15 are not less than 1.5 when the rainy day. The data of all the
days in the whole year were collected from the rainy season, the number of rainy seasons and rainfall
in the rainy season. The site in the study area distribution is shown in figure 1.The study area is
divided into three parts: the east, middle and west, the east including the five sites of Banma, Jiuzhi,
Henan, Xinghai and Dari. Qumalai, Qingshuihe, Yushu, Nangqgian, Zaduo and other six sites are in
middle; the west, including Wudaoliang and Tuotuohe .
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Figure 1. The study area distribution of meteorological stations

3. Results analysis

We will focus on the analysing of the annual precipitation in the rainy season and its proportion in
every year; the starting and ending time of rainy season and the number of rainy days in each year; the
relationship between the starting date of rainy season and the average daily rainfall in rainy season.

3.1. The beginning and ending of the rainy season

Wet and dry season, the region is clearly the beginning of the rainy season is one of the main features
of seasonal conversion [6]. The precipitation relative coefficient C is used to determine the relative
coefficient of rainy season and non-rainy season.
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Where R (N) is the amount of precipitation in a certain period of time, N is the number of precipitation
days for 5 days, 10 days and 15 days, and R(Y) is the average annual precipitation. The precipitation
relative coefficients C5, C10, C15 were calculated for 5d, 10d, and 15d, respectively. The beginning
of the rainy season standards: C5, C10, C15 = 1.5 [8]. The rainy season is determined to be the
beginning rainy day when it was first time satisfy the condition throughout the year,. The last rainy
season day is the ending of the rainy season. Since we determine rain relative use of the rainfall
coefficient, the difference between the different sites may be larger.

Using a linear equation that to charge the trend of the rainy season from the beginning and the
ending.

Y=a,+a

Form the linear trend term, at> 0 means that the rainy season has a delay trend since the beginning
of the rainy season, at<0 indicates that the rainy season has a early trend, at X 10 means the trend of
change every 10 years (units of d / 10a)[8]. Fig.2 shows the variation trend of the heterogeneous rainy
season of the Henan and Zaduo. After the judgment of the rainy season over the past thirty years, we
found that,the beginning of the rainy season of 6 sites including Zaduo, Yushu, Tuotuohe, Qumalai,
Qingshuihe and Nanggian had a early trend, and the early trends were 5d, 1d, 4d, 2d, 1d , 3d, and the
seven sites of Banma, Dari, Henan, Jiuzhi, Maduo, Wudaoliang, Xinghai had a delay trend, and
delayed 1d, 8d, 5d, 7d, 11d, 1d. As the trend of the rainy season over the years in addition to the
heterogeneous of Wudaoliang, Zaduo, Dari, Henan were delayed 5d, 8d, 2d, 2devery 10a, the other
stations basically delayed trend, but the trend changes in the basic 1d every 10a. The rainy season
beginning day advanced in the central area mostly,and delayed in the east .
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Figure 2. The trend of the rainy season starting and ending of Henan and Zaduo stations

3.2. Rainfall in the rainy season

Rainy season refers to the relative concentration of precipitation in a year. Only the dry and wet season
in the Sanjiangyuan area, rainfall in the rainy season occupies a very high proportion in the annual
precipitation [9]. Table 1 shows the annual precipitation in the rainy season, the average number of
days in the rainy season and the trend of the rainy days in each year. It was found that only the rainy
days (C = 1.5) accounted for the lowest42% of the total precipitation in the whole year in Maduo, and
the highest was 54% in Tuotuohe, with an average 50% of all. The most of rainy days in the Xinghai is
92 days. The average number of rainy days on all sites is 78 days, accounting for 21.4% of the whole
year. That is, 78 days during the rainy season in the region daily rainfall accounted for half of the
annual rainfall. It is found that all the 13 stations in the study area have a decreasing tendency in the
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past 30 years, and the decrease of the Tuotuohe is the least, and the decrease of the Wudaoliang is the
most. The average of all reduced 4 days every 10a.

Table 1. The annual precipitation, average number of days and the trend of the rainy daysin the rainy season

Nan Qin Qu Tuo Wu

Station Ban Dari Hen J'U.Z Ma hgia gsh mal tuoh daol Xm_ Yus  Zad
ma an hi duo A - . ghai  hu uo
n uihe  ai e iang
Rainy day rain 432 431 427 434 420 494 442 501 539 443 50.8 48.7 498
ratio(%) 1 8 7 1 1 5 9 6 9 4 9 2 9

Rainy days(d) 78 73 74 80 71 79 75 80 75 79 92 82 79

Days change in
rainy every 10 -7 -6 -3 -4 -3 -5 -5 -2 0 -9 -4 -4 -1
years (d/10a)

3.3. The relationship between the beginning of rainy season and rainfall

Many scholars have shown that the delay or early onset of rainy season will have an impact on rainfall
in the rainy season [9-12]. We analyze the site rainy season starting date and the average rainy season
rainfall. Table 2 summarizes the correlation (R) of the beginning of rainy season to the average rainy
season for all stations. Among them, the correlation of Wudaoliang sites is 0.98, and the lowest is 0.32,
the average is 0.58. Indicating that there is a positive correlation between the onset of rainy season in
the study area and the average rainfall in the rainy season, that is, the rainy season will be delayed in
the rainy season. This phenomenon can be based on the beginning of the rainy season this year
compared with previous years, you can predict the rainy season this year, the size of the average
rainfall, to guide the work carried out is significant.

Table 2. The correlation between the beginning of the rainy season to the average rainfall

Nan Qin  Qu Tuo Wu

Station Ban g Hen Jiuz - Ma hgia gsh mal tuoh daol Xin Yus  Zad
ma an hi duo A - - ghai  hu uo

n uihe  ai e iang
Corztlaqla)tlon 057 068 049 047 068 061 032 039 038 098 081 069 053

4. Conclusion and discussione

4.1. Conclusions

During the rainy season, 21.4% of the rainfall in the rainy season accounted for 50% of the annual
rainfall. The beginning of the rainy season in the eastern part of Sanjiangyuan has a delayed trend and
the central region has an early trend. The number of rainy days in the study area has a tendency to
shorten, and it is shortened by 4 days every 10 years in recent 30 years. There is a positive correlation
between the beginning rainy season and the average rainfall in the rainy season.

4.2. Discussion

In this study, only the meteorological station rainfall data analysis of the study area during the rainy
season, due to the less meteorological stations in the study area, to get the spatial distribution of
precipitation in the study area also need to use remote sensing rainfall data.
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Using a non parametric analysis method to analysis the variability in the rainy season will be an
improvement.
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