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Abstract
In this study, the temporal and spatial characteristics of extreme climate from 1961 to 2017 were analyzed using daily 
precipitation and temperature data from 24 meteorological stations in the Qilian Mountain area, northwestern China. The 
results showed that warming accelerated considerably after 1985, particularly during the 1990s. The warming trend then 
increased after 2000 and further increased after 2010. The Qilian Mountains and the Hexi and Qaidam Inland River Basins 
greatly affected the Atlantic Multidecadal Oscillation (AMO), Northern Tropical Atlantic Index (NTA), Caribbean sea-level 
surface temperature (SST) Index (CAR), South China Sea Summer Monsoon Index (SCSSMI), and South American Sum-
mer Monsoon Index (SAMSMI). The circulation index on the extreme temperature warm index was stronger than that of the 
extreme temperature cold index. There were greater increases in all extreme indexes in the central part of the Qilian Mountain 
area, and the region of increase decreased from inside to outside. The interannual change in the warming index of extreme 
temperature was similar to that of the cold index of extreme temperature. TX10, TN10, ice days (ID), and frost days (FD) 
showed significant negative correlations with altitude, whereas TXN and TNN showed significant positive correlations with 
altitude. Changes in TX10, TN10, TXN, TNN, ID, FD, and diurnal temperature range were most noticeable in high-altitude 
areas (> 2500 m), whereas changes in TN90, TX90, TXX, TNX, and growing season length were most noticeable in low 
altitude areas (< 2500 m). The Qilian Mountain area and the Hexi and Qaidam Inland River Basins were greatly affected by 
the AMO, NTA, CAR, SCSSMI, and SAMSMI; however, they were only slightly affected by the Nino4, Northern Atlantic 
Oscillation, North Pacific model, Southern Oscillation Index, Arctic Oscillation, and Multiple ENSO Index. The effect of 
the circulation index of Atlantic Multidecadal Oscillation, Tropical Northern Atlantic Index, Tropical Southern Atlantic 
Index, North Tropical Atlantic SST Index, and CAR on the extreme temperature warm index was stronger than that of the 
extreme temperature cold index.

Keywords  Climate change · Extreme temperature indexes · Extreme precipitation indexes · Qilian Mountain area

Introduction

The fifth Assessment Report of the Intergovernmental Panel 
on Climate Change (IPCC 2013) showed that the atmos-
pheric and oceanic system is warming at an unprecedented 
pace and that the cover of ice and snow is rapidly decreasing. 
Such changes have been contributing to rising sea levels 
and increased greenhouse gas emissions since the 1950s. 
China is experiencing a significant impact from global cli-
mate change, and the rate of heating has been significantly 
higher than that of the global average level within the same 
period. From 1951 to 2020, China's annual average surface 
temperature showed a significant upward trend, with a heat-
ing rate of 0.26 °C/10 a, and the past 20 years have been 
the warmest since the beginning of the twentieth century 
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(CMA Climate Change Centre 2021). Extreme low-temper-
ature events have shown a decreasing trend due to global 
warming, but extreme high-temperature events have shown 
an increasing trend, and heat waves are occurring more fre-
quently (Easterling et al. 2000; Roy 2019; Rashid et al. 2020; 
Sangkharat et al. 2020).

Extreme climate events have a significant negative impact 
on human lives and natural ecosystems, and they disrupt 
food production and water supplies, destroy infrastructure 
and settlements, and increase morbidity and mortality (Singh 
et al. 2019; Li et al. 2019). In recent years, many studies have 
investigated different types of extreme climate events on dif-
ferent scales. The general tendency of extreme temperatures 
in Australia, West Africa, Asia–Pacific, and Indo-Pacific 
regions has changed in correspondence with global extreme 
temperature changes, and extreme temperature changes in 
China are generally consistent with those of global change. 
Although regional characteristics differ, the extreme maxi-
mum temperature has increased in northern China over the 
past 50 years (He et al. 2018; Yin et al. 2020). Zhai et al. 
(2003) analyzed extreme minimum temperature. Studies 
have shown that the numbers of cold (warm) nights have 
significantly reduced (increased). In addition, cold days, cold 
nights, warm days, and warm nights have undergone warm-
ing trends in more than 70% of global areas (Alexander et al. 
2006; Almazroui and Saeed 2020). Zhou et al. (2010) found 
a significant decreasing trend in the number of frost days and 
freezing days in mainland China, and the most significant 
reductions are concentrated in the northern part of China. 
In contrast, the number of summer days and hot nights has 
increased significantly.

Areas showing significant increases are mainly located in 
central and eastern regions. Studies have detected extreme 
precipitation events occurring on different scales, and 
there are likely to be significant increases in strong pre-
cipitation events in regions with increased total precipita-
tion on a global scale. It has been shown that even if the 
average amount of total precipitation decreases or remains 
unchanged, the frequency of heavy precipitation events will 
increase (Chen et al. 2009; Cheng et al. 2019), and this has 
been confirmed in studies of extreme precipitation in the 
Asia–Pacific (Choi et al. 2009), the India-Pacific (Caesar 
et al. 2011), the United States (Kunkel et al. 2003), western 
Africa (Aguilar et al. 2009), and other regions.

Changes in extreme precipitation within China are gen-
erally consistent with those of global precipitation change. 
However, extreme precipitation indexes show different 
trends. You et  al. (2011) studied the characteristics of 
extreme precipitation events and found that the trend of total 
precipitation is increasing and that most extreme precipita-
tion indexes are highly correlated with total precipitation 
in China. Furthermore, Zhai et al. (2005) found regional 
differences in changes in the extreme precipitation trend 

in China. For example, the Yangtze River Basin, western 
China, and southeast coastal areas show increasing trends, 
whereas basins in northeast China, north China, and Sichuan 
province show decreasing trends.

Because of climate change from “warm and dry” regime 
to “warm and wet” regime in northwest China, it is neces-
sary to understand the trend of regional climate change. The 
Qilian Mountains range from western Gansu Province to the 
northeastern border of Qinghai Province and are located at 
the intersection of three plateaus: the Qinghai–Tibet Plateau, 
the Inner Mongolia–Xinjiang Plateau, and the Loess Pla-
teau (Gao et al. 2014; Li et al. 2016; Zhao et al. 2020). The 
mountains are known as the “lifeline” of the Hexi corridor. 
They lie within a typical climate-sensitive area and a fragile 
ecological environment zone. Therefore, the frequency and 
intensity of extreme climate events will inevitably have sig-
nificant impacts on their ecological environment.

Recent studies on climate change in the Qilian Mountain 
area have focused on the temporal and spatial distribution 
of temperature. This study utilized 12 extreme temperature 
indexes and 12 extreme precipitation indexes based on daily 
temperature and precipitation data obtained from a long 
time series. A linear trend estimation method and a spline 
interpolation method were employed, in addition to correla-
tion analysis, to analyze the characteristics of the temporal 
and spatial variations in the extreme temperature index and 
extreme precipitation index in the Qilian Mountain area 
from 1961 to 2017. The aims of this study were as follows. 
(1) To gain a deep understanding of the regional climate 
change trend under the background of a climate transforma-
tion from a warm and dry regime to a warm and wet one in 
northwest China. Furthermore, as the frequent occurrence 
and intensification of extreme climate events will inevita-
bly have a significant impact on the ecological environment, 
we also aimed (2) to analyze the interannual variation and 
spatial distribution of the extreme temperature and precipi-
tation indexes in the Qilian Mountain area, as well as (3) to 
discuss the relationship between elevation and the extreme 
temperature and precipitation indexes and evaluate the rela-
tionship between atmospheric circulation and these indexes. 
The findings could provide a scientific basis for comprehen-
sively understanding the regional impacts of climate change.

Study areas and methods

Study area

The north, west, south, and southeast Qilian Mountain area 
is divided into the following areas: the Hexi corridor, Altun 
Mountains, the Qaidam Basin, Qinling Mountains, and 
Liupanshan Mountains, respectively. The Qilian Mountains 
(93.4°–103.4° E, 35.8°–40.0° N) lie in Gansu and Qinghai 
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Provinces. They have an average altitude of 4000–4500 m 
and are a transitional area between the northwest desert 
area and the alpine region of the Qinghai–Tibet Plateau. 
Qinghai Province is located far from the sea, and it has a 
typical continental and plateau climate. The eastern part of 
the study area is affected by the southeast and southwest 
monsoon (Gao et al. 2014; Li et al. 2016; Zhao et al. 2020), 
the westerly circulation controls the western part, and the 
central part lies at an intersection between these two types 
of circulation systems. Thus, the Qilian Mountain area has a 
complex climate (Gao et al. 2014; Li et al. 2016; Zhao et al. 
2020), and the hydrothermal conditions differ throughout the 
area. The annual average temperature is 0.6 °C, and annual 
precipitation varies from 400 to 700 mm. There are many 
rivers within the Qilian Mountain area, and the vegetation 
distribution has unique vertical zonal characteristics. The 
soil system is also distinctly banded in a vertical direction.

Data sources and research methods

Daily temperature and precipitation data obtained from 24 
meteorological stations (Fig. 1; Table 1) in the Qilian Moun-
tain area from 1961 to 2017 were selected for analysis in 
the study. The meteorological data were obtained from the 
China Meteorological Data Network (http://​data.​cma.​cn/). 
The extreme temperature indexes and extreme precipitation 
indexes defined in WMO (Peterson, 1998–2001) were used 
to define and calculate the extreme indexes. Twelve extreme 
temperature indexes (Table 2) and 12 extreme precipitation 
indexes (Table 3) were calculated using RClimDex software 
(Zhang et al. 2015). The data sets passed a quality control 
analysis prior to use and were determined to be uniform, 

Fig.1   The flow chart of this study

Table 1   The selected weather stations in Qilian Mountain area 

Station 
Number

Station 
Name

Latitude (゜) Longitude 
(゜)

Altitude(m)

52,418 Dun Huang 40.09 94.41 1139.0
52,424 An Xi 40.32 95.46 1170.9
52,436 Yu Men 

Zhen
40.16 97.02 1526.0

52,447 Jin Ta 40.00 98.54 1270.5
52,533 Jiu Quan 39.46 98.29 1477.2
52,546 Gao Tai 39.22 99.50 1332.2
52,652 Zhang Ye 39.05 100.17 1461.1
52,661 Shan Dan 38.48 101.05 1764.6
52,674 Yong Chang 38.14 101.58 1976.9
52,679 Wu Wei 37.55 102.40 1531.5
52,797 Jing Tai 37.11 104.03 1630.9
52,876 Min He 36.20 102.50 1813.9
52,602 Leng Hu 38.45 93.20 2770.0
52,657 Qi Lian 38.11 100.15 2787.4
52,737 De Ling Ha 37.22 97.22 2981.5
52,765 Men Yuan 37.23 101.37 2850.0
52,856 Gong He 36.16 100.37 2835.0
52,866 Xi Ning 36.44 101.45 2295.2
52,868 Gui De 36.01 101.22 2237.1
52,633 Tuo Le 38.48 98.25 3367.0
52,645 Ye Niu Gou 38.25 99.35 3320.0
52,713 Da Chai 

Dan
37.51 95.22 3173.2

52,754 Gang Cha 37.20 100.08 3301.5
52,842 Cha Ka 36.47 99.05 3087.6

http://data.cma.cn/
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Table 2   Definition of extreme temperature indexes and extreme precipitation indexes

Index Code Name Definition Unit

TX10 Daytime Extreme Low Temperature Days The number of days when the daily maximum temperature is less than the 
10th percentile value in 1961–2017

d

TN10 Nighttime Extreme Low Temperature Days The number of days when the daily minimum temperature is less than the 
10th percentile value in 1961–2017

d

TXn Lowest temperature of the daily maximum The minimum value of daily maximum temperature of each month °C
TNn Lowest temperature of the daily minimum The minimum daily temperature of each month ℃
TN90 Highest temperature days of nights The number of days when the night minimum temperature is greater than 

the 90th percentile value in 1961–2017
d

TX90 Highest temperature days of daytime The number of days when the daily maximum temperature is greater than 
the 90th percentile value in 1961–2017

d

TXx Highest value of daily maximum temperature Maximum daily maximum temperature of each month °C
TNx Highest value of daily minimum temperature The maximum daily minimum temperature of each month °C
ID Freezing days Days with daily maximum temperature lower than 0 °C d
FD Frost days Days with daily minimum temperature below 0 °C d
DTR Daily temperature range Difference between daily maximum temperature and minimum temperature 

in the year
°C

GSL Growth season length The total number of days when the daily average temperature is higher than 
5 °C for at least 6 consecutive days and the total number of days when the 
average temperature is lower than 5 °C for at least 6 consecutive days after 
July 1

d

PRCPTOT The total precipitation in the rain day Total precipitation with daily precipitation greater than 1 mm mm
SDII Precipitation intensity in rainy days Average rainfall on rainy days with daily precipitation greater than 1 mm mm/d
RX1DAY Maximum precipitation per day Maximum precipitation per day in the year mm
RX5DAY Maximum precipitation in five days Maximum precipitation for five consecutive days in the year mm
R95 Extreme precipitation The total precipitation in rainy days with daily precipitation greater than the 

95th percentile
mm

R99 Very extreme precipitation The total precipitation of rainy days with daily precipitation greater than the 
99th percentile

mm

CDD Number of continuous dry days Continuous days with daily precipitation less than 1 mm d
CWD Number of continuous wet days Continuous days with daily precipitation more than 1 mm d
R10MM Daily precipitation more than 10 mm days Days with daily precipitation more than 10 mm d
R20MM Daily precipitation more than 20 mm days Days with daily precipitation more than 20 mm d
R25MM Daily precipitation more than 25 mm days Days with daily precipitation more than 25 mm d
\ Rainy days Days with daily precipitation greater than 1 mm d

Table 3   Inter-annual trends of 
extreme temperature indexes in 
Qilian Mountain area

Bold words means passing the 95% confidence significance test

Index 1961–1969 1970–1979 1980–1989 1990–1999 2000–2009 2010–2017 1961–2017

TX10(d/10a) 5.75 2.17 1.15 − 2.94 1.29 − 4.86 − 1.16
TN10(d/10a) − 1.81 − 1.51 − 2.14 − 4.49 − 1.20 − 6.61 − 2.47
TXN (°C/10a) − 3.13 − 1.43 2.18 1.10 − 1.47 4.55 0.36
TNN (°C/10a) 2.13 − 0.62 1.43 2.02 − 0.42 4.09 0.51
ID (d/10a) 3.80 − 5.27 − 5.83 − 2.83 − 0.04 − 20.58 − 3.30
FD (d/10a) − 5.39 − 3.63 − 7.42 − 9.89 − 13.14 − 15.14 − 3.86
DTR (°C/10a) − 0.88 − 0.29 − 0.55 0.14 − 0.51 − 0.57 − 0.16
TN90(d/10a) − 0.29 1.02 4.17 4.52 6.21 5.36 2.39
TX90(d/10a) 1.42 1.74 2.64 8.61 3.19 1.77 1.68
TXX (°C/10a) − 1.28 − 0.95 0.10 2.65 − 2.41 − 0.12 0.32
TNX (°C/10a) − 0.06 − 0.51 0.27 1.71 − 1.20 0.41 0.42
GSL (d/10a) 6.10 2.53 − 5.36 3.82 13.14 16.52 3.48
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complete, and continuous from January 1, 1961 to December 
31, 2017.

Twelve atmospheric circulation indexes were used to 
study the influences of circulation on extreme temperature 
variations in the Qilian Mountain area, including the Atlan-
tic Multidecadal Oscillation (AMO), Tropical Northern 
Atlantic Index (TNA), Tropical Southern Atlantic Index 
(TSA), Northern Tropical Atlantic Index (NTA), Caribbean 
sea-level surface temperature (SST) Index (CAR), North-
ern Atlantic Oscillation (NAO), North Pacific model (NP), 
Arctic Oscillation (AO), Southern Oscillation Index (SOI), 
Multiple ENSO Index (MEI), and the South China Sea Sum-
mer Monsoon Index (SCSSMI). The SCSSMI was obtained 
from the NOAA Earth System Research Laboratory (https://​
www.​esrl.​noaa.​gov/​psd/​data/​clima​teind​exes/​list/).

When analyzing the trends in temporal variations of the 
extreme temperature and precipitation indexes, we used a 
linear regression equation to fit series variables. To deter-
mine whether the climate change trend was significant, it was 
necessary to test the correlation coefficient between the time 
and original sequence variables (Wei et al. 1999). A map 
of the spatial distribution of the climate element tendency 
rate change was drawn using ArcGIS software, and then, 
a spatial change analysis was conducted. The interpolation 
method of inverse distance weight (IDW) was subsequently 
used to analyze the spatial distribution of the extreme index. 
Inverse distance weighted interpolation relates to the square 
grid method multiplied by the reciprocal of distance. It is 
a weighted average interpolation method that can interpo-
late exactly or smoothly. The Pearson Correlation analysis 
method was also used to analyze the correlations between 
the extreme temperature and precipitation indexes and the 
atmospheric circulation indexes (Yu et al. 1999).

Results

Interannual variations in extreme temperature

As shown in Table 4, TX10 and TN10 showed overall 
significantly decreasing trends from 1961 to 2017, with 
decreasing rates of 1.16 d/10 a and 2.47 d/10 a, respectively, 
whereas TXN and TNN showed an increasing trend at rates 
of 0.36 °C/10 a and 0.51 °C/10 a, respectively. The interan-
nual changes in the cold index of extreme temperature were 
similar. The study area experienced a warming climate in the 
mid-late 1980s. TX10, TN10, and TNN underwent signifi-
cantly increasing trends in the 1990s. Although the warming 
decreased from 2000 to 2009, it increased significantly after 
2010 (Fig. 2). Compared with the day index, the night index 
showed a larger warming range, and compared with the cold 
index, the warming index of extreme temperature showed an 
increasing trend (Fig. 2; Table 4). TN90 and TX90 increased Ta
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by rates of 2.39 d/10 a and 1.68 d/10 a from 1961 to 2017, 
respectively, and the results passed the significance level 
test. TXX and TNX increased significantly during the study 
period at rates of 0.32 °C/10 a and 0.42 °C/10 a, respectively.

The interannual change in the warming index of extreme 
temperature was similar to that of the cold index of extreme 
temperature. The climate of the study area was obviously 
warming after 1985, particularly during the 1990s. Although 
the TXX and TNX decreased from 2000 to 2009, they 
increased after 2010. The warming index of extreme tem-
perature also confirmed that the warming range of the night 
index was larger than that of the day index. Compared with 
the cold index of extreme temperature, the change range of 
the warming index of extreme temperature was lower.

Over the study period, ice days (ID) and frost days (FD) 
decreased significantly by rates of 3.30 d/10 a and 3.86 d/10 
a, respectively (Fig. 2). ID warmed continuously during the 
study period; FD warmed slightly prior to the mid and late 

1980s and then warmed linearly. Diurnal temperature range 
(DTR) decreased significantly by 0.16 °C/10 a, which con-
firmed that the night index was warmer than the day index. 
Growing season length (GSL) increased significantly by 
3.48 d/10 a, and the interannual change showed a fluctuating 
warming trend. Furthermore, a large linear warming trend 
was apparent after the mid and late 1980s.

Regional differences in the extreme temperature 
index

Table 5 shows the results of a comparison and analysis of 
changes in the extreme temperature index and its associated 
range between the Qilian Mountains and other regions in 
the same period. The analysis shows that the range of vari-
ation in the Qilian Mountains was consistent with that of 
China and other regions, but regional differences were also 
apparent. For example, the cold indexes of TX10, TN10, 

Fig. 2   The regional map and 
platform distribution of the Qil-
ian Mountains

Table 5   The annual trends of extreme precipitation indexes in Qilian Mountain area and basins

Bold means passing the 95% confidence significance test

Index PRCPTOT SDII RX1DAY RX5DAY R95 R99

mm/10a % mm/d/10a % mm/10a % mm/10a % mm/10a % mm/10a %

Qilian Mountain 13.86 41.8 − 0.01 3.8 0.76 27.2 1.37 31.9 4.10 72.8 1.29 66.1
Hexi Corridor 10.51 47.8 − 0.02 3.8 0.81 31.1 1.11 33.0 3.60 92.6 1.10 78.2
Qaidam Basin 14.05 43.3 0.01 8.3 0.75 33.5 1.97 44.0 4.48 97.7 1.60 153.5
Yellow River 24.40 33.6 − 0.03 − 2.4 0.63 12.5 1.17 17.4 5.06 34.4 1.39 6.5

Index CDD CWD R10MM R20MM R25MM Rainy day

d/10a % d/10a % d/10a % d/10a % d/10a % d/10a %

Qilian Mountain − 26.35 − 49.0 0.06 12.6 0.40 47.0 0.09 62.9 0.05 64.6 5.79 43.5
Hexi Corridor − 26.74 − 50.2 0.05 15.7 0.28 57.4 0.07 93.2 0.04 87.5 4.00 47.6
Qaidam Basin − 24.42 − 42.0 0.10 14.6 0.43 48.4 0.11 89.2 0.05 125.0 4.20 37.4
Yellow River − 28.43 − 59.0 0.01 5.3 0.75 35.8 0.12 26.0 0.06 18.6 7.93 42.2
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and TNN in the Qilian Mountains were smaller than those 
in other areas, while ID and FD were larger than those in 
other areas. However, there was no significant difference 
in TXN. TXX, TNX, and GSL were larger than those in 
other areas, and TX90 and TN90 were smaller than those in 
other areas. DTR was slightly larger than that of the whole 
country (Zhou et al. 2011), the Qinghai-Tibet Plateau (Zhao 
et al. 2014), and Mount Everest (Du et al. 2016) but smaller 
than that of northwest China (Zhao et al. 2017) and the Tian-
shan Mountains (Ding et al. 2018). It is also of note that the 
relative indexes (TX10, TN10, TX90, and TN90) were far 
smaller than those of the whole country, northwest China, 
the Qinghai–Tibet Plateau, the Tianshan Mountain area, and 
Mount Everest but larger than those of the Qilian Mountains 
and the Taolai River Basin (Gao et al. 2014) (which was not 
significantly different from that of the Qinling Mountains) 
(Zhang et al. 2018). In general, the cold indexes (ID and FD) 
and warming indexes (TXX, TNX, and GSL) were larger in 
the Qilian Mountains than in other areas, and they showed 
that extreme low-temperature events in the Qilian Mountains 
were less frequent than that in other areas. However, extreme 
high-temperature events occurred more frequently in the Qil-
ian Mountains than in other areas, and the climate warming 
trend was more noticeable.

Interannual variations in extreme precipitation

Wet day precipitation (PRCPTOT), simple daily intensity 
index (SDII), maximum 1-day precipitation (RX1DAY), 
maximum 5-day precipitation (RX5DAY), very wet day 
precipitation (R95), and extremely wet day precipitation 
(R99) in the Qilian Mountain area changed by 13.86, − 0.01, 
0.76, 1.37, 4.10, and 1.29 mm/d/10 a from 1961 to 2017, 
respectively. More importantly, all the extreme precipita-
tion indexes (with the exception of the SDII) passed the 5% 
significance level test. The PRCPTOT, SDII, RX1DAY, 
RX5DAY, R95, and R99 increased by 41.8%, 3.8%, 27.2%, 
31.9%, 72.8%, and 66.1%, respectively. There were increases 
in the extreme precipitation indexes of the three basins asso-
ciated with the Qilian Mountain area, with the exception of 
the SDII in the Yellow River Basin; the extent of increase in 
the extreme precipitation indexes was lower in the Yellow 
River Basin than in the Qilian Mountains. The Inland River 
Basins in Hexi and Qaidam were higher than, or equivalent 
to, those of the Qilian Mountains (Table 6).

As shown in Fig. 3, interannual variations in PRCPTOT, 
RX5DAY, and R95 indexes in the Qilian Mountains under-
went significant increases in the 1980s and from 2000 to 
2017, but only slight increases (and at times decreases) 
during the 1990s. The trends of the SDII, RX1DAY, and 
R99 indexes were relatively stable, but the extent of their 
increase grew after 2010. The trends of the PRCPTOT, SDII, 
RX1DAY, R95, R99, and RX5DAY indexes in the Hexi 

Inland River Basin were all relatively stable, but all indexes 
except the RX5DAY showed an increasing trend after 2010. 
Interannual variations in the PRCPTOT, RX5DAY, and R95 
indexes within the Qaidam Inland River Basin increased sig-
nificantly in the 1980s and from 2000 to 2017 but decreased 
during the 1990s, and SDII, RX1DAY, and R99 maintained 
stable trends but increased considerably after 2010. Interan-
nual variations in the PRCPTOT and R95 indexes within 
the Yellow River Basin increased significantly in the 1980s 
and from 2000 to 2017 but decreased during the 1990s, and 
SDII, RX1DAY, and RX5DAY maintained a stable trend but 
increased slightly after 2000. Furthermore, R99 increased 
significantly from 1980 to 1999 and from 2010 to 2017, 
while only increasing slightly from 2000 to 2009.

Rainy days, consecutive wet days (CWD), R10MM, 
R20MM, and R25MM increased by 5.79 d/10 a, 0.06 d/10 
a, 0.40 d/10 a, 0.09 d/10 a, and 0.05 d/10 a, respectively. 
All daily indexes of extreme precipitation except CWD 
passed the significance level test of 5%. The percentage 
increases in rainy days, CWD, R10MM, R20MM, and 
R25MM were 43.5%, 12.6%, 47.0%, 62.9%, and 64.6%, 
respectively. All daily indexes of extreme precipitation 
[except for consecutive dry days (CDD)] in the Hexi 
Inland River Basin, Qaidam Inland River Basin, and Yel-
low River Basin showed increasing trends. Compared 
to the Qilian Mountains, the extents of the increases in 
CWD, R10MM, R20MM, and R25MM were lower in the 
Yellow River Basin but higher in the Hexi Inland River 
Basin and Qaidam Inland River Basin (Table 6). Rainy 
days, R10MM, R20MM, and R25MM in the Qilian Moun-
tains, Qaidam Inland River Basin, and Yellow River Basin 
increased significantly in the 1980s and after 2010 but 
decreased in the 1990s. Rainy days in the Hexi Inland 
River Basin showed a decreasing trend in the 1990s, and 
it increased steadily in other years, whereas R10MM, 
R20MM, and R25MM showed relatively stable increases 
and significant increases after 2010. The CWD index 
in the Qilian Mountains, Hexi Inland River Basin, and 
Qaidam Inland River Basin decreased from 1980 to 1999 

Table 6   Correlation coefficients between elevations and linear trends 
of extreme temperature indexes from 1961to 2017 in Qilian Mountain 
area

Bold means passing the 95% confidence significance test

Index b(× 106) R2 Index b(× 106) R2

TX10 − 26.63 0.51 DTR − 5.37 0.06
TN10 − 68.45 0.22 TN90 − 11.65 0.02
TXN 11.03 0.44 TX90 − 5.87 0.02
TNN 21.52 0.22 TXX − 1.24 0.01
ID − 131.20 0.68 TNX − 3.18 0.05
FD − 85.94 0.20 GSL 10.86 0.01
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but increased after 2000. Although it maintained a stable 
trend in the Yellow River Basin, the CWD index increased 
after 2000. CDD decreased significantly by a rate of 26.35 
d/10 a, with a reduction rate of 49%. Compared to the Qil-
ian Mountains, the reductions in the Yellow River Basin 
and Hexi Inland River Basin were greater, but the rate of 
reduction was lower in the Qaidam Inland River Basin. 
Interannual changes in the Qilian Mountains and the three 
basins decreased significantly in the 1980s but increased 
significantly in the 1990s. After 2000, the Qaidam Inland 
River Basin and Yellow River Basin showed decreasing 

trends, but in the Hexi Inland River Basin, the CDD 
increased significantly after 2010 (Fig. 3).

Spatial distribution of extreme temperature

As shown in Fig. 4, the warming amplitude of TX10 at 24 
stations passed the significance level test, and the warming 
amplitude of TN10 passed the significance test at all stations 
except Xining station. TXN and TNN at all stations showed 
a warming trend, but the significance level test was only 
passed at 42% and 58% of the stations, respectively. Such 

Fig. 3   The annual variation curves of extreme temperature in Qilian Mountains from 1961 to 2017
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stations were located mainly in an area with a large warm-
ing range. In general, the warming range of the four indexes 
(TX10, TN10, TXN, and TNN) decreased from south to 
north.

As shown in Fig. 4, 60–100% of all stations showed sig-
nificant warming trends. The TN90 and TNX of all stations 
(except Xining) showed a warming range (Fig. 4) at a sig-
nificant level. For TX90, a significant warming trend was 
observed at 24 stations. TXX showed a warming trend at 
all stations, but a significant level was only seen at 67% of 
stations, most of which were located in an area with a large 

warming range. For these four indexes, a small warming 
range occurred in the middle and eastern Qilian Mountain 
area, and TN90 and TNX increased in a ring while TX90 
and TXX increased in a band.

The ID and FD of all stations showed a warming trend 
(Fig. 4), and the trend was significant at all stations (except 
at Dunhuang and Xining stations for ID and FD, respec-
tively). The warming trends of ID and FD decreased from 
south to north within the Qilian Mountain area. For DTR, 
92% of stations showed a decreasing trend that was signifi-
cant at 75% of stations. However, Yumen and Xining stations 

Fig. 4   The annual variation curves of extreme precipitation in Qilian Mountains from 1961 to 2017
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showed significant increasing trends, which may relate to the 
acceleration of the urbanization process and changes made 
to underlying surface properties, which has resulted in a 
higher day index heating rate compared to that of the night 
index (Lin et al. 2017). For GSL, the significance level test 
was passed at 24 stations; although the spatial distribution 
of GSL was low in the middle and eastern Qilian Mountain 
area, it increased from inside to outside.

Spatial distribution of extreme precipitation index

As shown in Fig. 5, spatial distributions of PRCPTOT, SDII, 
RX1DAY, RX5DAY, R95, and R99 were similar through-
out the Qilian Mountain area. Although the central Qilian 

Mountain area showed the largest increase in these spatial 
distributions, the region of increase in spatial distribution 
decreased from the inside to the outside. The PRCPTOT of 
all stations showed an increasing trend that was significant 
at 17 stations. Stations with no significant increasing trend 
were mainly located on the edge of the Qilian Mountain 
area, and the increased trend in such regions was small. 
Yeniugou station, in the middle of the Qilian Mountain area, 
showed the largest increasing trend, reaching 45.57 mm/10 
a. The SDII of 11 stations showed an increasing trend, and 
these were mainly located in the Qaidam Inland River Basin. 
Only the tole station showed a significant increase, and this 
indicated that precipitation increases in this area may result 
from an increase in the precipitation intensity. Stations with 

Fig.5   Spatial distribution of change ranges of extreme temperature in Qilian Mountains from 1961to 2017
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a decreasing SDII trend were mainly located in the eastern 
and western Qilian Mountain area, but only the decreas-
ing trend at Minhe station passed the significance level test 
(Fig. 6).

RX1DAY and RX5DAY showed increasing trends at 
19 and 21 stations, respectively. Stations with significant 
increasing trends were mainly located in the middle of 
the Qilian Mountain area, while stations with decreasing 
trends were mainly located in the eastern part of the Qilian 
Mountain area. Compared with RX1DAY, the areas with a 
large increasing range of RX5DAY were concentrated in the 
Qaidam Inland River Basin. R95 and R99 showed similar 
trend changes, as well as increasing trends at 19 stations, 
with significance being achieved at six stations that were 

mainly located in the middle of the Qilian Mountains. R95 
and R99 of five stations showed a decreasing trend, and 
these were mainly located in the eastern part of the Qilian 
Mountain area. Compared with R95, R99 showed a signifi-
cant increasing trend in the eastern region.

The spatial changes in R10MM, R20MM, R25MM, and 
rainy days were similar to those of the extreme precipita-
tion index. The central part of the Qilian Mountain area 
showed a large region, wherein these indexes exhibited an 
increasing trend, but the region of increase in these indexes 
decreased from the inside to the outside. There were increas-
ing R10MM, R20MM, and R25MM trends at more than 20 
stations, and stations in areas of significant increase were 
mainly located in the middle of the Qilian Mountain area.

Fig. 6   Spatial distribution of change ranges of extreme precipitation indexes in Qilian Mountains and basins from 1961to 2017
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In contrast, stations with decreasing trends were mainly 
located in the eastern Qilian Mountain area. The number of 
rainy days at all stations showed an increasing trend that was 
significant at all stations (except Guide station). Yeniugou 
station is located in the middle of the Qilian Mountain area, 
and it showed the largest increase of 13.26 d/10 a. The 24 
stations that estimated CDD showed significant decreasing 
trends, and these stations were spatially distributed in the 
central and western Qilian Mountain area, and the range of 
decrease was minimized to the east. The CWD of 19 stations 
showed an increasing trend that passed the significance test 
at three stations that were mainly located in the western part 
of the Qilian Mountain area. There was a decreasing trend 
at five stations that were mainly located in the middle and 
eastern parts of the Qilian Mountain area, but these trends 
failed to pass the 5% significance level test.

Global warming is accelerating the water cycle, and this 
is resulting in an increased frequency of extreme climate 
events; extreme warm events and extreme heavy precipi-
tation events are increasing in most land areas. Since the 
early 1950s, the global average surface temperature has 
increased by 0.12 °C/10 a and that in China has increased 
by 0.25 °C/10 a in the past few decades (Stocker et al. 2014). 
The number of frost days is declining in most parts of the 
world, and the decline in the trend is faster in Europe and 
Asia than in other parts of the world. The trend is most 
noticeable in Northern Europe but is less apparent in North 
America and Australia. The number of ice days is also 
decreasing in most parts of the northern hemisphere, espe-
cially in central and Northern Europe (Zhang et al. 2020). 
However, Folland et al. (2001) found a cooling trend in sum-
mer from 1976 to 2000 in the central United States. Pan et al. 
(2004) called the cooling phenomenon in this area a “warm 
hole”, and believed that low-level atmospheric circulation 
may supply greater amounts of soil moisture in summer that 
resulted in increased evaporation, which inhibited the daily 
maximum temperature in summer. From 1980 to 2019, the 
warming rate of the average surface temperature was approx-
imately 0.56 °C/10 a in the Arctic, where significant global 
warming is evident (Meredith et al. 2019). The frequency 
and intensity of extreme warm events have increased signifi-
cantly, while the frequency and intensity of cold events has 
decreased (Sui et al. 2017). Overall, the warming rate in the 
Qilian Mountain area was lower than that in other regions.

Discussion

Factors influencing the extreme temperature index

Relationship between extreme temperature index 
and elevation

As shown in Table 7, the rate of extreme temperature index 
change in the Qilian Mountain area has a good statistical 
relationship with altitude. The correlation coefficients of 
TX10, TN10, TXN, TNN, ID, FD, and altitude passed the 
significance level test of 0.05. TX10, TN10, ID, and FD 
showed a significant negative correlation with altitude, 
while TXN and TNN showed a significant positive corre-
lation with altitude. For every 100-m increase in elevation, 
TX10, TN10, ID, and FD decreased by 0.03 d/10 a, 0.07 
d/10 a, 0.13 d/10 a, and 0.09 d/10 a, respectively, whereas 
TXN and TNN increased by 0.01 °C/10 a and 0.02 °C/10 
a. With respect to altitude, the warming range of the night 
index (TNN and TN10) was larger than that of the day 
index (TXN and TX10).

The linear trends of the extreme temperature indexes at 
different elevations in the Qilian Mountain area from 1961 
to 2017 are shown in Table 8, wherein it is evident that 
change characteristics of each index differ. For example, 
changes in TX10, TN10, TXN, TNN, ID, FD, and DTR 
were the most obvious in high-altitude areas (> 2500 m), 
and changes in TN90, TX90, TXX, TNX, and GSL were 
the most obvious in low altitude areas (< 2500 m). The 
results also show that changes in the cold index and other 
indexes were the most obvious in high-altitude areas. The 
change in the warm index was the most sensitive in low 
altitude areas, and the characteristics were similar to those 
of the relationship between the extreme temperature index 
and altitude in Tibet (Du et al. 2013) and the southwestern 
area (Li et al. 2012).

Relationship between extreme temperature index 
and atmospheric circulation

The Pearson Correlation analysis method was used to 
establish the correlation between the extreme temperature 
index and the circulation index, with the aim of under-
standing the relationship between the extreme temperature 
index and the circulation index of the Qilian Mountain 
area (Table 9). AMO, TNA, TSA, NTA, and CAR are 
indexes that reveal the SST of the Atlantic Ocean. AMO 
is a long-period interdecadal SST anomaly rate mode pro-
vided on a basin scale in the North Atlantic region (Fol-
land et al. 1986; Delworth et al. 2000), and it showed the 
strongest correlation with each other extreme temperature 
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indexes at a significant level. The Nino4 is an SST index 
for the central tropical Pacific Ocean. Compared with the 
warm index, it was significantly correlated with the cold 
extreme temperature index in the Qilian Mountain area. 
The four major waves (NAO, NP, SOI, and AO) cover most 
of the global ocean area and have an important impact on 
the climate of adjacent land. However, their correlations 
with the extreme temperature index were not significant 
in the Qilian Mountain area. SOI and MEI are indexes of 
ENSO, and there was no significant correlation with any 
other index. Compared with the cold index, the correla-
tion between SCSSMI and extreme air temperature indexes 
was significant. Both AMO and SCSSMI were positively 
correlated with TX10, TN10, ID, FD, and DTR, and other 
extreme temperature indexes. TNA, TSA, NTA, CAR, 
and Nino4 indexes were negatively correlated with AMO, 
SCSSMI, and extreme temperature indexes.

Factors influencing the extreme precipitation index

Relationship between changes in the extreme precipitation 
index and elevation

The Qilian mountain area can be divided into the Mountain 
area, the Hexi Inland River Basin, the Qaidam Inland River 

Basin, and the outflow area, according to the distribution of 
runoff. Table 10 shows the results of correlation analyses 
between the change range of the extreme precipitation index 
and elevation in the Mountain area, the Hexi Inland River 
Basin, the Qaidam Inland River Basin, and the outflow area. 
The correlation coefficient between all extreme precipita-
tion indexes (except CDD and CWD) and altitude in the 
Mountain area and the Hexi Inland River Basin passed the 
significance level test. However, the correlation between the 
change range of the extreme precipitation index and altitude 
in the Mountain area was lower than that in the Hexi Inland 
River Basin. The correlation coefficients of RX1DAY, CDD, 
and rainy days with elevation passed the significance level 
test in the Qaidam Inland River Basin, and the correlation 
coefficients of PRCPTOT, R95, CDD, R10MM, and rainy 
days with altitude passed the significance level test in the 
outflow area. Compared with the Mountain area and Hexi 
Inland River Basin, the correlation between extreme pre-
cipitation index and altitude was relatively low at widely 
distributed stations in the Qaidam Inland River Basin and 
the outflow area (4 stations). Stations in the Qaidam Inland 
River Basin were distributed between 2500 and 3500 m 
above sea level.

There was a significant positive correlation between 
altitude and PRCPTOT, RX1DAY, RX5DAY, R95, R99, 

Table 7   Linear trends of 
extreme temperature and 
precipitation indexes of different 
elevations from 1961to 2017 in 
Qilian Mountain area

Bold means passing the 95% confidence significance test

Elevation(m) TX10 TN10 TXN TNN ID FD

1000–1500 − 1.01 − 1.98 0.27 0.18 − 2.15 − 3.21
1500–2000 − 0.91 − 2.09 0.29 0.58 − 2.59 − 3.7
2000–2500 − 1.19 − 0.93 0.44 0.23 − 2.72 − 1.26
2500–3000 − 1.3 − 3.71 0.44 0.89 − 4.6 − 5.05
3000–3500 − 1.49 − 2.9 0.46 0.57 − 4.46 − 4.78
Elevation(m) DTR TN90 TX90 TXX TNX GSL
1000–1500 − 0.11 2.31 1.78 0.31 0.48 3.05
1500–2000 − 0.17 2.91 1.57 0.32 0.43 3.92
2000–2500 0.15 1.19 2.06 0.52 0.27 3.37
2500–3000 − 0.31 2.45 1.54 0.3 0.46 3.52
3000–3500 − 0.19 2.28 1.68 0.28 0.37 3.49
Elevation(m) PRCPTOT SDII RX1DAY RX5DAY R95 R99
1000–1500 4.29 − 0.04 0.4 0.82 0.63 − 0.03
1500–2000 7.47 − 0.07 0.7 0.56 2.36 − 0.16
2000–2500 11.56 0.02 0.11 0.6 1.42 0.71
2500–3000 19.36 0.01 0.93 2.04 5.17 2.29
3000–3500 28.41 0.05 1.34 2.64 10.35 3.86
Elevation(m) CDD CWD R10MM R20MM R25MM Rainy day
1000–1500 − 26.94 0.05 0.12 0 0.01 2.77
1500–2000 − 24.83 0 0.13 0.05 0.02 3.78
2000–2500 − 15.98 0.06 0.46 0.04 0.05 3.59
2500–3000 − 27.04 0.11 0.61 0.12 0.06 5.34
3000–3500 − 30.89 0.08 0.84 0.25 0.12 7.99
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R10MM, R20MM, R25MM, and rainy days in the Mountain 
area Hexi Inland River Basin, as well as a significant posi-
tive correlation between altitude and the RX1DAY and rainy 
days in the Qaidam Inland River Basin. There was a signifi-
cant positive correlation between altitude and PRCPTOT, 

R95, R10MM, and rainy days in the outflow area. These 
results reflect the more obvious increase in precipitation and 
rainy days in the high-altitude area. More importantly, the 
significant positive correlation between altitude and SDII in 
the Mountain area and the Hexi Inland River Basin reflect 

Table 8   Correlation coefficients between extremes temperature and precipitation index and atmospheric circulation index in Qilian Mountain 
area

Bold means passing the 95% confidence significance test

Index TX10 TN10 TXN TNN ID FD DTR TN90 TX90 TXX TNX GSL

AMO 0.34 0.42 − 0.29 − 0.39 0.34 0.52 0.4 − 0.54 − 0.39 − 0.35 − 0.37 − 0.38
TNA − 0.45 − 0.45 0.17 0.26 − 0.39 − 0.52 − 0.13 0.59 0.61 0.36 0.55 0.49
TSA − 0.41 − 0.49 0.23 0.26 − 0.36 − 0.5 − 0.22 0.48 0.54 0.3 0.33 0.47
NTA − 0.5 − 0.55 0.23 0.34 − 0.44 − 0.59 − 0.23 0.64 0.63 0.35 0.55 0.53
CAR​ − 0.69 − 0.64 0.35 0.35 − 0.51 − 0.72 − 0.26 0.77 0.67 0.43 0.6 0.68
Nino 4 − 0.3 − 0.28 0.33 0.41 − 0.42 − 0.23 − 0.05 0.28 0.3 − 0.04 0.07 0.27
NAO 0.04 − 0.08 0.24 0.12 − 0.02 − 0.02 − 0.19 − 0.07 − 0.15 − 0.05 − 0.11 − 0.02
NP 0 0.03 − 0.08 − 0.15 0.08 − 0.12 − 0.04 0.09 0.07 0.01 0.02 0.09
AO − 0.12 − 0.22 0.17 0.02 − 0.1 − 0.24 − 0.34 0.15 − 0.05 0 0.03 0.2
SOI 0.09 0.2 − 0.05 − 0.24 0.16 0.18 0.17 − 0.1 − 0.1 0.09 0.01 − 0.08
MEI − 0.24 − 0.21 0.29 0.36 − 0.39 − 0.12 0.01 0.14 0.18 − 0.11 − 0.13 0.18
SCSSMI 0.29 0.47 − 0.17 − 0.24 0.37 0.4 0.3 − 0.41 − 0.4 − 0.32 − 0.38 − 0.27
Index PRCPTOT SDII RX1DAY RX5DAY R95 R99 CDD CWD R10MM R20MM R25MM Rainy day
AMO − 0.38 − 0.17 − 0.3 − 0.3 − 0.44 − 0.37 0.2 − 0.16 − 0.38 − 0.45 − 0.39 0.34
TNA 0.3 − 0.02 0.22 0.25 0.26 0.3 − 0.41 0.04 0.28 0.21 0.19 0.14
TSA 0.3 − 0.14 0.09 0.13 0.12 0.12 − 0.38 − 0.02 0.24 0.13 0.07 0.21
NTA 0.41 − 0.04 0.26 0.3 0.33 0.32 − 0.55 0.07 0.38 0.24 0.23 0.45
CAR​ 0.42 − 0.07 0.26 0.22 0.35 0.35 − 0.49 0.08 0.37 0.32 0.35 0.31
NINO4 0.11 − 0.14 0 0.02 0.1 − 0.01 − 0.39 0.03 0.09 0.04 0.04 − 0.01
NAO 0.19 0.11 0 0.06 0.19 0 − 0.21 0.1 0.22 0.16 0.16 − 0.21
NP − 0.11 0.05 0.06 0 − 0.08 0.02 0.21 − 0.04 − 0.11 0.01 0.06 0.22
AO 0.33 0.01 0.09 0.14 0.26 0.07 − 0.29 0.17 0.31 0.28 0.24 0.27
SOI 0.05 0.18 0.13 0.16 0.09 0.14 0.2 0.06 0.07 0.15 0.1 0.12
MEI 0.12 − 0.16 0 − 0.02 0.05 − 0.04 − 0.39 0.02 0.08 − 0.04 − 0.03 0.03
SCSMI − 0.4 − 0.02 − 0.23 − 0.29 − 0.27 − 0.24 0.38 − 0.14 − 0.38 − 0.19 − 0.13 0.32

Table 9   Correlation coefficients between elevations and linear trends of extreme precipitation indexes from 1961 to 2017 in Qilian Mountain 
area and basins

 Bold means passing the 95% confidence significance test

Sites PRCPTOT SDII RX1DAY RX5DAY R95 R99

Mountain area 0.74 0.48 0.43 0.60 0.68 0.55
Hexi Inland River Basin 0.98 0.68 0.65 0.69 0.96 0.83
Qaidam inland river basin 0.65 0.20 0.80 0.66 0.73 0.60
Outflow area 0.99 0.71 0.76 0.93 0.98 0.81

Sites CDD CWD R10MM R20MM R25MM Rainy day

Mountain area − 0.24 0.24 0.73 0.64 0.56 0.66
Hexi Inland River Basin − 0.19 0.50 0.95 0.91 0.86 0.95
Qaidam inland river basin − 0.77 0.57 0.53 0.63 0.54 0.82
Outflow area − 0.99 − 0.75 0.96 0.93 0.86 0.99
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the decrease in the precipitation intensity with an increase 
in altitude. However, the CDD shows a significant nega-
tive correlation with altitude in the Qaidam Inland River 
Basin and the outflow area, which reflects the decrease in 
the number of continuous dry days that has mainly occurred 
in the high-altitude area. For every 100 m increase in eleva-
tion, the decrease in SDII in the Mountain area decreased by 
0.01 mm/d/10 a, and the increase in PRCPTOT, RX1DAY, 
RX5DAY, R95, R99, R10MM, R20MM, R25MM, and rainy 
days increased by 1.23 mm/10 a, 0.04 mm/10 a, 0.10 mm/10 
a, 0.44 mm/d/10 a, 0.20 mm/d/10 a, 0.04 d/10 a, 0.01 d/10 
a, 0.01 d/10 a, and 0.25 d/10 a, respectively.

Table 11 shows the range of extreme precipitation index 
change at different altitudes in the Qilian Mountain area. The 
range of extreme precipitation index change was relatively 
large in the high-altitude area (> 2500 m), except for that 
of SDII. There were 10 stations located above 2500 m in 
the Qilian Mountain area, of which six were located in the 
Qaidam Inland River Basin (Table 1). The change range of 
the extreme precipitation index was the most obvious in the 
Qaidam Inland River Basin.

Relationship between the extreme precipitation index 
and atmospheric circulation

As shown in Table 12, the correlation of the extreme pre-
cipitation indexes of the Mountain area, Hexi Inland River 
Basin, and Qaidam Inland River Basin was higher, but that 
of the outflow area was lower. AMO is a long-period inter-
decadal sea surface temperature anomaly rate mode provided 
on a basin scale in the North Atlantic region (Folland et al. 
1986; Delworth et al. 2000), and it showed the highest cor-
relation with the extreme precipitation index of the Moun-
tain area and Qaidam Inland River Basin and the extreme 
precipitation day index of the Hexi Inland River Basin. NTA 
had a high correlation with extreme precipitation index in 
the Mountain area and in the Qaidam Inland River Basin. 
CAR had a high correlation with extreme precipitation index 
in the Mountain area and the Hexi Inland River Basin, and it 
was highly correlated with each extreme precipitation index 
in the Qaidam Inland River Basin. Nino4 is the SST index of 
the middle tropical Pacific Ocean, and it showed a low corre-
lation with the extreme precipitation index of the Mountain 
area and of the three basins. The four major waves (NAO, 
NP, SOI, and AO) cover most of the global ocean area and 
have an important impact on the climate of the adjacent land. 
The correlation between the four waves and the extreme pre-
cipitation index was insignificant in the Mountain area, the 
Hexi Inland River Basin, and the Qaidam inland river basin. 
However, the correlation between AO and the extreme pre-
cipitation day index was high in the outflow area. SOI and 
MEI are the indexes of ENSO, and they were not found to 
be significantly correlated with the extreme precipitation 

indexes in the Mountain area and the three basins. SCSSMI 
was highly correlated with the extreme precipitation index in 
the Qaidam Inland River Basin, the outflow area, the Moun-
tain area, and the Hexi Inland River Basin. Furthermore, 
South American Summer Monsoon Index (SAMSMI) was 
correlated with the extreme precipitation index in the Moun-
tain area and the Qaidam Inland River Basin, but there were 
no correlations with the extreme precipitation index in the 
Hexi Inland River Basin and the outflow area.

The AMO, NTA, and CAR indexes in the Mountain area 
and the three basins were negatively correlated with SDII 
and CDD but positively correlated with other extreme pre-
cipitation indexes. The AO index was negatively correlated 
with CDD and positively correlated with other extreme pre-
cipitation indexes. The correlation between SCSSMI and 
SAMSMI and the extreme precipitation index was the oppo-
site to that of AO and the extreme precipitation index.

Conclusions

An analysis of changes in the trends of the extreme precipi-
tation and temperature indexes in the Qilian Mountain area 
from 1971 to 2016 showed a larger warming range for the 
night index than the day index. In addition, the warming 
index of extreme temperature showed an increasing trend 
compared to the cold index. However, interannual changes 
in the warming index of extreme temperature were similar 
to those of the cold index of extreme temperature. The cold 
indexes (ID and FD) and warming indexes (TXX, TNX, 
and GSL) in the Qilian Mountains were larger than those in 
other areas, and there were fewer extremely low-temperature 
events in the Qilian Mountains compared to other areas, 
although there were more extreme high-temperature events. 
The climate warming trend in the Qilian Mountains was 
more obvious than that in other areas. The largest increases 
in the interannual variations of the PRCPTOT, RX5DAY, 
and R95 indexes in the Qilian Mountain area occurred in 
the 1980s and from 2000 to 2017, but the smallest increases 
(and even decreases) were noted in the 1990s. The change 
rates of rainy days, CWD, R10MM, R20MM, and R25MM 
were 5.79 d/10 a, 0.06 d/10 a, 0.40 d/10 a, 0.09 d/10 a, and 
0.05 d/10 a, respectively. All of the daily indexes of extreme 
precipitation (except CWD) passed the significance level 
test of 5%. The percentage increases in rainy days, CWD, 
R10MM, R20MM, and R25MM, were 43.5%, 12.6%, 47.0%, 
62.9%, and 64.6%, respectively. All of the daily indexes of 
extreme precipitation (except for CDD) showed increasing 
trends in the Hexi Inland River Basin, Qaidam Inland River 
Basin, and the Yellow River Basin. However, the increasing 
extents of CWD, R10MM, R20MM, and R25MM in the Yel-
low River Basin were lower than those in the Qilian Moun-
tains. The warming ranges of the four indexes (TX10, TN10, 
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TXN, and TNN) decreased from south to north, but the spa-
tial distributions of PRCPTOT, SDII, RX1DAY, RX5DAY, 
R95, and R99 were similar throughout the Qilian Mountain 
area. The largest region of increase was the central part of 
the Qilian Mountain area, but the region decreased from 
inside to outside. TX10, TN10, ID, and FD showed signifi-
cant negative correlations with altitude, whereas TXN and 
TNN showed significant positive correlations with altitude. 
The most obvious changes in TX10, TN10, TXN, TNN, ID, 
FD, and DTR were seen in high-altitude areas (> 2500 m), 
and the most obvious changes in TN90, TX90, TXX, TNX, 
and GSL were seen in low altitude areas (< 2500 m). The 
Qilian Mountains, the Hexi Inland River Basin, and the 
Qaidam Inland River Basin were greatly affected by the 
AMO, NTA, CAR, SCSSMI, and SAMSMI, and they were 
slightly affected by the Nino4, NAO, NP, SOI, AO, and MEI. 
The index of extreme precipitation days in the Yellow River 
Basin was highly correlated with AO and SCSSMI. The 
effects of the circulation indexes (AMO, the TNA Index, 
the TSA Index, the North Tropical Atlantic SST Index, and 
the Caribbean SST index) on the extreme temperature warm 
index were stronger than those of the extreme cold tempera-
ture index. Furthermore, the Central Tropical Pacific SST 
was found to mainly affect the extreme cold temperature 
indexes, whereas the SCSSMI mainly affected the extreme 
warm temperature indexes.
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