
Research Article
Trend Change Study of Climate Variables in
Xin’anjiang-Fuchunjiang Watershed, China

Muhammad Zaman,1 Guohua Fang,1 Kashif Mehmood,2 and Muhammad Saifullah3

1College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China
2Faculty of Agricultural Engineering, University of Agriculture, Faisalabad, Pakistan
3College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China

Correspondence should be addressed to Muhammad Zaman; mzimni85@gmail.com

Received 18 April 2015; Revised 11 June 2015; Accepted 2 August 2015

Academic Editor: Jorge E. Gonzalez

Copyright © 2015 Muhammad Zaman et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

This study emphasizes the precipitation and the maximum and minimum temperature trend and presents the results of study in
temporal and spatial scales, after performing statistical analysis of the Xin’anjiang-Fuchunjiang watershed. Statistical Mann Kendall
andTheil Sen techniques were used to determine the trend and its magnitude, respectively, and for determining the start and abrupt
change in the trend, Sequential Mann Kendall test has been performed. Furthermore, statistical tests were performed to determine
the overall trend in the area at a regional basis. For the removal of the serial effect of the data, prewhitening technique is applied. In
this study, statistical tests were performed at 1901–2013 precipitation and temperature series and then after detection of the change
year precipitation data were divided into two different scenarios of 1901–1960 period and 1961–2013 period.The results showed that
precipitation trend is insignificant while maximum and minimum temperature have increased during 1901–2013 period except for
some stations of autumn and summer seasons.

1. Introduction

Temperature and precipitation have a significance effect on
our environment, as water resources are affected by both the
precipitation and the air temperature in the form of evapo-
transpiration. Shortage of precipitation can be responsible for
droughts while its excess can cause flooding. Change in water
availability can also affect many human activities, such as
municipal and industrial water supply to agriculture, power
generation, and fisheries [1]. Water is important for life so it
is extremely important to know how climate change affects
water resources, which is an important issue while planning
for the futurewater supply [2]. Similarly too high temperature
is not good for life. Temperature change is a consequence of
climate change, which is responsible for significant change in
weather patterns over decades to millions of years. Assess-
ment group #1 of IPCC5 (Intergovernmental Panel of Climate
Change) mentioned an increase of 0.3 to 3∘C in temperature
magnitude up to the year 2100 and it will cause change in
precipitation and temperature patterns, which consequently

will affect regional and global water resources [3, 4]. Hence
the spatial distribution of precipitation and temperature is an
important issue in the climate-change studies.

Variability of climate change is not the same, and its
impact varies over the entire globe from region to region
[5]. Spatial and temporal distribution of precipitation is very
important for hydrology and water resources application [6].
At mid and high latitudes of the northern hemisphere 0.5–1%
increase in precipitation per decade has been noticed while
7–12% and 2% increases in the annual average precipitation
trend have been found at 30–85∘N and 0–55∘S regions in
20th century, respectively [7]. A working group of IPCC has
also observed variations in precipitation trend spatially, such
that the eastern parts of southern and northern America
and some parts of Europe and central and northern Asia
exhibit an increasing trend in precipitation while Sahel, the
Mediterranean, and some parts of southern Asia and Africa
showed a decreasing precipitation trend during 1900–2005
[8]. Tropical areas exhibit an insignificant change in precip-
itate trend while mid latitude of the northern hemisphere
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(30–60∘N) experienced a significant increase in precipitation
trends in long term data (1901–2008) stated by IPCC 2013 [9].
Global warming affects the precipitation patterns ultimately
affecting the water resources and hydrology [10]. Ground
water is also affected due to the change in climate [11]. Qin
Dahe worked on the climate change and noticed that in the
last 100 years global warming has caused an increase of 0.6
to 0.8∘C/year in mean annual temperature in China [12]. It
is studied that climate change is affecting water resources of
China and streamflow is increasing in the most parts of the
watershed in the area [13]. Therefore, it is very important to
study changes in water patterns due to the climate change in
the medium sized watershed (Xin’anjiang-Fuchunjiang) for
the improvement of water resource design and application
and management techniques that are associated with climate
change.

Many researchers have conducted a large number of stud-
ies around the globe for detecting the climate change and
performing trend analysis. He andZhang studied the climate-
change trend in China along Lancer River during 1960–
2000, using the data from 19 stations [14]. Several statistical
and dynamical approaches have been developed for trend
detection. Usually, parametric and nonparametric methods
are in use while it is observed that the parametric method
is less reliable than nonparametric method [15]. Scientists
have found that among the nonparametric approaches Mann
Kendall (MK) trend analysis approach is getting significant
importance nowadays for the detection of climate-change
trends [16, 17]. Usually, Mann Kendall and Theil Sen’s non-
parametric approaches are used for trend detection and its
magnitude, respectively [18, 19]. Numerous scientists have
applied these approaches for trend detection. Nalley et al.
applied Mann Kendall technique in Canada for determining
air temperature trend for the time period of 1967–2006
[20]. Gu et al. used Mann Kendall approach for detection
of runoff trend of major rivers of China [13]. Karaburun
et al. used Mann Kendall and Sen’s method in Istanbul
for trend detection of temperature during the period of
1975 to 2006 [21]. Ceppi et al. used temperature data from
1959 to 2008 in Switzerland to determine the trend. Results
revealed an 0.35∘C/decade increase in the temperature [22].
Fan and Wang studied the change in temperature trend in
Shanxi province in China, and they found an increase in the
temperature trend [23]. Tao et al. studied trend change in
streamflow using the past 50 years data belonging to Tarim
River basin. They found an increase in temperature, relative
humidity, precipitation, and actual vapour pressure trends
but decrease in wind speed, sunshine hours, and potential
evapotranspiration trends [24]. Jiang et al. examined wind
speed trend during 1956–2004 in China. They used two
datasets and found that the trend is decreasing in the area
[25]. Singh et al. used Mann Kendall approach in order to
determine the trend of precipitation and relative humidity
in India. Results showed that there is an increasing trend
in relative humidity in most parts of the river basin [26].
EINesr et al. examined 29 stations data to determine the
temperature trend in Saudi Arabia and concluded that except
for thewintermonths there is increase in trend formaximum,
minimum, and average temperatures in the area [27].

Determination of beginning, change, and abrupt changes
in the trend in long time data series is also important in cli-
mate studies. Sequential Mann Kendall technique is becom-
ing popular for the determination of start of trend and abrupt
change in trends [28–30].

This study was conducted to find the change in precip-
itation and minimum and maximum temperature trends in
Xin’anjiang-Fuchunjiang watershed for long time data series
(1901–2013). MK statistical technique was applied for trend
detection, and for its magnitude, Theil Sen technique was
used. Also for the determination of start of trend and abrupt
change in it, use has been made of Sequential Mann Kendall
method. This study will be beneficial for the estimation and
planning of water resources tasks in the area.

2. Materials and Methods

2.1. Study Area and Data Collection. The study area is Xin’an-
jiang-Fuchunjiang watershed (Figure 1), located between lat-
itude 28∘15–30∘15N and longitude 117∘45–120∘15, with an
area of approximately 35620.2 km2. The study area is located
in east China near Jiande city in the northwest of Zhejiang
province. The study area has a famous 105 meters high
and 466.5 meters long Xin’anjiang Dam with 22 billionm3
storage capacity and amaximum flood discharging capability
of 14,000m3/s and forms a large reservoir (thousand-island
lake) with 1,078 islands. This reservoir links Hangzhou, the
capital of Zhejiang province, with the famous Mount Huang-
shan in the neighboring Anhui Province. This watershed
includes the Xin’anjiang (119∘1331 longitude and 29∘2838.16
latitude) hydropower station located at the Qiantang River,
with a total installed capacity of 845,000 kw and annual
output of 1.86 billion kwh.This and Fuchunjiang (119∘3910.72
Longitude and 29∘4237.31 Latitude) hydropower station
are shown in Figure 1. Fuchunjiang Hydropower Station is
approximately 60 kmdownstream of Xin’anjiang hydropower
station and more than 110 km upstream of Hangzhou City.
Fuchunjiang reservoir is of daily regulation type, with a 920
million m3 total storage capacity. The total installed power
generation capacity is 297.2MW with a 923 million kWh
annual energy output. The study area has approximately
1708 km2 of irrigated farmland used to grow rice, wheat, soy-
bean, corn, and potato, and some cash crops such as sugar-
cane, tea, cotton, and medicinal herbs are common. These
hydropower stations and irrigated land increase the impor-
tance of this study, because change in precipitation or temper-
ature trends affects the water resources in the area, ultimately
impacting the water demand.

As it is difficult to get long term data for the empirical
analysis of temperature and precipitation trends, 0.5 ∗ 0.5∘,
high resolution gridded data were obtained from the Cli-
mateResearchUnit (http://badc.nerc.ac.uk/home/index.html).
These data have been generated in the CRUTS2.1 from station
observations dataset [31] and have been used in many studies
[32–34]. Temperature and precipitation datawere categorized
into seasonal (winter, spring, summer, and autumn) and
annual data series as given in Table 1.
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Figure 1: Spatial distribution of grid points in Xin’anjiang-Fuchunjiang watershed map.

Table 1: Different seasons for analysis.

Sr. number Season Month
1 Annually Jan–Dec
4 Winter Dec–Feb
5 Spring March–May
6 Summer June–August
7 Autumn Sep–Nov

2.2. Material and Methods. Data from 1901 to 2013 related
to 15 grid points/station were collected and categorized into
annual and seasonal time series as given in Table 1. In order
to detect the homogeneity of data, autocorrelation approach
was applied on the data [30, 31] and then Mann Kendall
nonparametric test and Sen’s slope estimation techniques
were used to determine temperature and precipitation trends
and their magnitude, respectively. Mann Kendall Sequential
technique was applied in order to detect the abrupt change
and beginning of trend in data.

2.2.1. Serial Correlation Effect. Von Storch and Navarra pro-
posed a prewhitening technique to remove serial correlation

effect from the data series [35]. The following proposed steps
were followed during this research work with the sample data
(𝑥
1
, 𝑥
2
, . . . , 𝑥

𝑛
).

(i) Salas et al. proposed lag-1 serial coefficient 𝑟
1
for the

determination of serial effect in data [36]. Most of
researchers used this approach in order to determine
the serial effect [37]. It is calculated as given in

𝑟1 =
(1/ (𝑛 − 1)) ∑𝑛−1

𝑖=1 (𝑥𝑖 − 𝐸 (𝑥
𝑖
)) (𝑥
𝑖+1 − 𝐸 (𝑥

𝑖
))

(1/𝑛)∑𝑛
𝑖=1 ∗ (𝑥𝑖 − 𝐸 (𝑥

𝑖
))

2 , (1)

𝐸 (𝑥
𝑖
) =

1

𝑛

𝑛

∑

𝑖=1

𝑥
𝑖
, (2)

where 𝑛 is the number of observations and 𝐸(𝑥
𝑖
) is the mean

of data.
(ii) Equation (4) is used to test the time series

−1 − 1.645√(𝑛 − 2)
𝑛 − 1

≤ 𝑟1 ≤
−1 + 1.645√(𝑛 − 2)

𝑛 − 1
. (3)

Data are correlated if 𝑟
1
is not within the above interval;

otherwise they are independent. Prewhitening of real data
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is needed if they are serially correlated as (𝑥
2
− 𝑟
1
𝑥
1
, 𝑥
3
−

𝑟
1
𝑥
2
, . . . , 𝑥

𝑛
− 𝑟
1
𝑥
𝑛−1

).

2.2.2. Mann Kendall (MK) Trend Test. Tests for the detection
of trend significance in data are categorized into the paramet-
ric and nonparametric approaches. Data should be distrib-
uted and be independent for the parametric approach while
only independent data are the requirement of nonparametric
approach. Here Mann Kendall nonparametric technique
was used for the detection of trend variability while its
magnitude and slope estimation were found using Sen’s slope
method.These two approaches aremainly used to analyze the
chemistry of the climatology data. Statistics of Mann Kendall
are based upon the sign of the difference, rather than random
variable values.

The Mann Kendall test statistic “𝑆” is calculated by

𝑛−1
∑

𝑖=1

𝑛

∑

𝑗=𝑖+1
sgn (𝑥

𝑗
−𝑥
𝑖
) . (4)

In (4) 𝑥
𝑖
and 𝑥

𝑗
are the annual values of 𝑖 and 𝑗 years, respec-

tively, where 𝑗 > 𝑖 and 𝑛 is the number of data points, and
significantly (𝑥

𝑗
− 𝑥
𝑘
) is the sign function given below

sgn (𝑥
𝑗
−𝑥
𝑖
) =

{
{
{
{

{
{
{
{

{

+1, if (𝑥
𝑗
− 𝑥
𝑖
) > 0

0, if (𝑥
𝑗
− 𝑥
𝑖
) = 0

−1, if (𝑥
𝑗
− 𝑥
𝑖
) < 0.

(5)

The variance is calculated as

𝑉 (𝑆) =

𝑛 (𝑛 − 1) (2𝑛 + 5) − ∑
𝑚

𝑘=1 𝑡𝑘 (𝑡𝑘 − 1) (2𝑡
𝑘
+ 5)

18
. (6)

In (6), 𝑛 and𝑚 are the number of data points and tied groups,
respectively, where 𝑡

𝑘
is the number of ties of extent 𝑘. Sample

data in a tied group have the same value; if the sample size is
𝑛 > 10, then test statistics 𝑍

𝑠
is computed using

𝑍
𝑠
=

{
{
{
{
{
{

{
{
{
{
{
{

{

𝑆 − 1
√𝑉 (𝑆)

if 𝑆 > 0

0 if 𝑆 = 0
𝑆 + 1
√𝑉 (𝑆)

if 𝑆 < 0.

(7)

Increase and decrease in the trend could be judged easily
from 𝑍

𝑠
value. A positive value means the increasing trend

while its negative value indicates a decreasing trend, where
𝑆 represents the standard deviation. If 𝑍1−𝛼/2 is greater than
𝑍
𝑠
then𝐻

0
= rejected, which means the trend is significant,

where 𝑍1−𝛼/2 value is given in standard normal cumulative
distribution table; Mann Kendall nonparametric approach is
used to determine the significance of a trend at significant
level 𝛼 = 0.001 (or 99.99% confidence interval), 𝛼 = 0.01

(or 99% confidence interval), 𝛼 = 0.05 (or 95% confidence
interval), and𝛼 = 0.1 (90% confidence interval) of time series
data. If value of |𝑍

𝑠
| > 1.65 or |𝑍

𝑠
| > 1.96 then the trend

is significant at 10% and 5% significance levels, respectively,
while if |𝑍

𝑠
| > 2.57 or |𝑍

𝑠
| > 3.2 then the trend is significant

at 1% and 0.1%; significance level and the null hypothesis are
rejected.

2.2.3. Theil Sen Approach (TSA). Sen [19] developed a non-
parametric approach to calculate the trend magnitude and
its slope. For the calculation of the slope, 𝑁 pairs equally
spaced time data series, sorted in the ascending order, and
the following formula is used:

𝑄
𝑘
=

(𝑥
𝑗
− 𝑥
𝑖
)

𝑗 − 𝑖

for 𝑘 = 1, . . . , 𝑁. (8)

In (8), 𝑥
𝑖
and 𝑥

𝑗
are data values at time series 𝑖 and 𝑗, respec-

tively, where 𝑗 > 𝑖,𝑁 = 𝑛(𝑛 − 1)/2, and 𝑛 is the total number
of data points.

𝑁 values of 𝑄
𝑘
are ranked in ascending order and 𝑄

median (𝑄med) is obtained using

𝑄med =
{
{

{
{

{

𝑄
(𝑁+1)/2 if 𝑁 is odd

𝑄
𝑁/2 + 𝑄

(𝑁+2)/2

2
if 𝑁 is even.

(9)

While the magnitude of 𝑄med represents slope steepness, the
positive or negative sign shows the increasing or decreasing
trend direction.

2.2.4. Identification of Precipitation Shifts. (i) Many research-
ers have used Sequential Mann Kendall (SQMK) method to
determine the start of trend and abrupt change in it [30, 38,
39]. SQMK is a ranked based test having the following steps.

(ii) At each comparison, the 𝑦
𝑖
> 𝑦
𝑗
cases are counted and

denoted by 𝑛
𝑖
; where 𝑦

𝑖
= (1, 2, 3, . . . , 𝑖) and 𝑦

𝑗
= (2, 3, 4, . . .,

𝑖−1) are the sequential values of data series.The test statistics
is given in

𝑡
𝑖
=

𝑖

∑

𝑗=1
𝑛
𝑗
. (10)

(iii) The mean of test statistics is given as

𝐸 (𝑡
𝑖
) =

𝑖 (𝑖 − 1)
4

. (11)

Moreover, the variance is given in

Var (𝑡
𝑖
) =

𝑖 (𝑖 − 1) (2𝑖 + 5)
72

. (12)

(iv) The SQMK value is calculated using

𝑢 (𝑡
𝑖
) =

𝑡
𝑖−𝐸(𝑡)

√Var (𝑡
𝑖
)

. (13)

Original time series is used (𝑥
1
, 𝑥
2
, 𝑥
3
, . . . , 𝑥

𝑛
) for forward

𝑢(𝑡
𝑖
) while time series is resorted and reversed for getting

the backward statistics 𝑢


(𝑡
𝑖
). Change point detection is

acceptable if both curves match below a significance level;
otherwise it is rejected.
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3. Results and Discussions

3.1. Overall Data Series (1901–2013). Nonparametric Mann
Kendall and TSA techniques were applied to precipitation
and maximum/minimum temperature data series from 1901
to 2013, and the results obtained are presented in Figures 2, 3,
and 4.

3.1.1. Precipitation

(a) Annual Precipitation. Results revealed an insignificant
trend for the annual precipitation data series. Most grid
points exhibit an insignificant trend as shown in Figure 2. It
is salient that most stations located at the west side of water-
shed have an insignificant trend with 0.07 to 0.20mm/year
increase in precipitation, whereas grid points located at the
east side show an insignificant decreasing trend at −0.18 to
0mm/year.

(b) Seasonal Precipitation. All grid points of the watershed
exhibit an insignificant trend with a positive change of 0.06–
0.46mm/year for the winter data series as shown in Figure 2.
Precipitation data series of spring, summer, and autumn
exhibit insignificant trends as shown in Figure 2 during 1901–
2013.

3.1.2. Maximum Temperature (TMax)

(a) Annual. Annual data series ofmaximum temperature over
the watershed during 1901–2013 exhibit significant increas-
ing trend as shown in Figure 3. Annual temperatures have
increased at a rate of 0.21–0.28∘C/decade.

(b) Seasonal. All seasonal data series have shown a significant
increasing trend for maximum temperature as shown in
Figure 3. Winter season shows a significant increasing trend
at a rate of up to 0.25∘C/decade at most grid points, spring
data series have shown an increasing trend at the rate of
0.24–0.29∘C/decade, and summer data series have shown an
increasing trend at a rate of up to 0.19–0.24∘C/decade. An
increasing trend for the autumn data series has observed an
increase of 0.16–0.25∘C/decade.

3.1.3. Minimum Temperature (TMin). Statistical results of
annual and seasonal data series of TMin are presented in
Figure 4.

(a) Annual. Annual data series forminimum temperature has
shown an increasing trend at all grid points at a rate up to
0.17∘C/decade as shown in Figure 4.

(b) Seasonal. Minimum temperature of 1901–2013 seasonal
data series exhibits an increasing trend over all the watershed
as shown in Figure 4.

Results revealed that the winter season has a significant
increasing trend at a rate of up to 0.11–0.22∘C/decade during
1901–2013 as shown in Figure 4. 80% of stations at spring
season exhibit an increasing trend up to 0.18∘C/decade. It
can be seen from Figure 4 that up to 50% of stations in

the watershed have a significant increasing trend with a
trendmagnitude of up to 0.15∘C/decade. Results revealed that
75% of stations of the autumn data series have significantly
increasing trendswith 0.06–0.16∘C/decade increase, as shown
in Figure 4.

3.2. Change Point Detection. The Sequential Mann Kendall
(SQMK) Technique has been applied on the precipitation
and temperature (1901–2013) data series. SQMK results of
precipitation obtained are displayed in Table 2 and for annual
TMax data series of station number 15 is shown in Figure 5.
Results revealed that most stations of the precipitation data
series exhibit insignificant positive or negative change around
1960 for annual and seasonal data series. Conversely, trend
for maximum and minimum temperature have increased
throughout 1901–2013 after 1915 as shown in Figure 5. Due to
the said reason, the precipitation data series has been divided
into two series for periods 1901–1960 and 1961–2013 for the
application and determination of trends and their magnitude
using Mann Kendall andTheil Sen’s approaches, respectively.

3.3. Precipitation Data Series

3.3.1. First Data Series (1901–1960). The results of precipita-
tion during the first data series period (1901–1960) are given
in Table 3. Amix of insignificant positive and negative trends
in the annual and seasonal data series was detected as given
in Table 3. Results revealed that about 20% of stations have
increased precipitation trends at a significant level of 5%
with an increasing rate of 0.34mm/year to 0.68mm/year,
while only one station has a decreasing trend at a rate of
−0.30mm/year in the annual data series at a 5% significance
level. Results of the seasonal data series revealed that 26% of
winter data stations have an increased trend of 0.59mm/year
to 1.02mm/year as given in Table 3, at 1% and 5% significance
level, while all other stations have insignificant trend.

3.3.2. Second Data Series (1961–2013). The statistical results
of annual and seasonal precipitation (1961–2013) data series
have been obtained and displayed in Table 4. The results
revealed that most stations have shown nonsignificant posi-
tive and negative trends. Also the results revealed that winter
precipitation time series have insignificant positive trends
at most stations within the study area. Analyses of spring
have shown insignificant negative trend, while summer and
autumn precipitation time series have shown insignificant
positive trend at most stations as displayed in Table 4.

3.4. Comparison of Mann Kendall and Sen’s Methods. Results
of Sen’s slope estimator for the annual and seasonal data
series related to the temperature and the rainfall for the year
consisting of two time periods are given in Table 5. Results
obtained show a great similarity between Mann Kendall
and Sen’s slope methods, as many researchers have already
mentioned about this companion and found that there is not
much difference in these results [28, 36, 37].
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Figure 2: Spatial distribution of stationswithMK test results and interpolatedTSAmagnitude (mm/year) of annual and seasonal precipitation
data series over the period of 1901–2013.
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data series over the period of 1901–2013.
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data series over the period of 1901–2013.
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Table 2: Change point detection during the period of 1901–2013.

Station number Precipitation
Annual Winter Spring Summer Autumn

1 Change point −1960 −1954 −1960 −1961 +1959
2 Change point −1958 −1955 −1955 ∗ ∗

3 Change point −1960 −1960 −1958 −1958 ∗

4 Change point −1963 ∗ −1960 ∗ +1955
5 Change point −1961 ∗ −1958 ∗ ∗

6 Change point −1958 ∗ −1965 ∗ ∗

7 Change point −1959 −1949 −1964 ∗ ∗

8 Change point −1963 ∗ − ∗ +1959
9 Change point −1968 ∗ − ∗ +1966
10 Change point −1969 ∗ − ∗ +1951
11 Change point −1960 ∗ −1959 ∗ ∗

12 Change point ∗ ∗ − ∗ ∗

13 Change point ∗ ∗ − ∗ ∗

14 Change point ∗ ∗ − ∗ +1963
15 Change point ∗ ∗ ∗ ∗ ∗

∗ shows no change (meaning positive remains positive and negative remains negative) whereas − shows negative and + shows positive change in precipitation
trend.
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Figure 5: Change point detection of TMax during 1901–2013.

3.5. Overall Watershed Trend. To ascertain an idea about
the overall precipitation and temperature trend in the water-
shed, statistical tests have been applied using the average of
seasonal and annual data of all 15 grid stations. The results
obtained after applying Mann Kendall and TSA statistical
tests are displayed in Table 6. Results showed that none of
the seasonal and annual precipitation data have a signifi-
cant trend at 1% significance level for both time series. Results
of TMax data showed a significant trend at 5% and 1%
significance levels for the time series of annual and seasonal
data with TSA magnitude between 0.014 and 0.033∘C/year/
season. The annual and seasonal time series of TMin show a
significant trend for most of the data series except autumn
data at 5% and 1% significance levels. The TSA magnitude
of the significance trend value varies between 0.010 and
0.022∘C/year/season for the study area.

4. Discussion

This study investigated the change in seasonal and annual
precipitation, TMax, and TMin in the Xin’anjiang-Fuchun-
jiang watershed over a 113-year period. Precipitation trends
were also analyzed for the 1901–1960 and 1961–2013 data
series.

The results of study follow the same statistical trends
of precipitation, both positive (annual, winter, summer, and
autumn) and negative (spring), reported by Song et al. [40]
for the northwest part of Zhejiang in eastern China. Findings
were also consistent with the studies by Tian et al. [41] and
Wang and Zhou [42] on the northwest part of Zhejiang,
where a mix positive and negative trends of precipitation
for annual and seasonal data was found. Our temperature
(TMax and TMin) results were consistent with those found
by Zhao et al. [43], Dong et al. [44], and Tang et al. [45],
with significant positive trend in temperature during the 20th
century. The mostly grid stations at high elevation exhibit
higher temperature trends and follow the same results found
by Dong et al. [44].

These positive trends can also affect the water resources
of the area. Runoff in the study area did not significantly
increase (increase insignificantly) due to positive trends of
precipitation and temperature, and there was no shortage of
water demands for agriculture, hydropower, and domestic
use [46]. This increasing water flow can cause flooding in the
area, as stated by Piao et al. during 20th century [46].

5. Conclusion

The present study examined the precipitation, TMax, and
TMin data for the period 1901–2013 for trend prediction
in Xin’anjiang-Fuchunjiangwatershed. NonparametricMann
Kendall and Theil Sen’s approaches have been used for trend
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Table 3: Mann Kendall and TSA results of precipitation during the
period of 1901–1960.

Stations Annual Winter Spring Summer Autumn

1 𝑍 2.30 3.33 2.35 0.62 −0.01
𝑄 0.65 1.02 1.46 0.35 0.00

2 𝑍 1.95 2.51 1.70 1.12 0.62
𝑄 0.62 0.98 1.08 0.43 0.16

3 𝑍 2.22 2.89 1.66 0.95 0.64
𝑄 0.54 0.95 0.97 0.41 0.18

4 𝑍 0.20 1.58 0.13 0.49 −0.15
𝑄 0.03 0.59 0.09 0.22 −0.04

5 𝑍 0.97 1.61 0.22 0.68 0.00
𝑄 0.21 0.71 0.16 0.27 0.00

6 𝑍 1.58 1.79 0.76 0.47 0.17
𝑄 0.34 0.74 0.36 0.19 0.06

7 𝑍 1.67 2.15 0.96 0.38 0.39
𝑄 0.34 0.70 0.41 0.17 0.11

8 𝑍 0.10 1.09 −0.59 0.48 −0.46
𝑄 0.02 0.44 −0.23 0.17 −0.13

9 𝑍 0.64 1.38 −0.05 0.37 −0.19
𝑄 0.10 0.50 −0.01 0.11 −0.06

10 𝑍 0.68 1.54 −0.05 0.20 −0.10
𝑄 0.11 0.52 −0.01 0.05 −0.02

11 𝑍 0.84 1.83 0.12 −0.21 0.22
𝑄 0.13 0.52 0.05 −0.10 0.05

12 𝑍 −1.40 0.63 −1.45 −0.31 −0.82
𝑄 −0.24 0.21 −0.62 −0.09 −0.17

13 𝑍 −0.90 0.81 −0.90 −0.11 −0.30
𝑄 −0.13 0.27 −0.39 −0.03 −0.10

14 𝑍 −0.76 0.86 −0.95 −0.28 −0.22
𝑄 −0.11 0.32 −0.38 −0.12 −0.03

15 𝑍 −1.89 0.25 −1.64 −0.60 −0.17
𝑄 −0.30 0.08 −0.65 −0.23 −0.05

𝑄 is in mm/year.

prediction and to determine its magnitude, while Sequential
Mann Kendall approach was used for the detection of begin-
ning of trend, trend change, and abrupt change of it. In order
to remove the correlation effect from data, prewhitening of
data was performed. Overall watershed trends in the study
area were also determined. It was found that precipitation
had insignificant positive trend atmost parts of the watershed
during 1901–2013 for annual and seasonal data series. 1960 is
the change year for precipitation data series being observed
by applying Sequential Mann Kendall method. It was found
that precipitation results of the first (1901–1960) and second
(1961–2013) data series have amixture of insignificant positive
and negative trends at most of the stations in the seasonal
and annual data series. In general, stations for winter,
summer, and autumn seasons exhibit positive precipitation
trend for both data series, while spring exhibits negative
insignificant trend. The results of TMax for time series show
a significant positive trend at 1% and 5% significance level

Table 4: Mann Kendall and TSA results of precipitation during the
period of 1961–2013.

Stations Annual Winter Spring Summer Autumn

1 𝑍 −1.43 −0.91 −1.45 −0.44 1.590
𝑄 −0.17 −0.17 −0.57 −0.11 0.34

2 𝑍 −0.98 −0.24 −1.16 0.02 1.803
𝑄 −0.19 −0.06 −0.48 0.00 0.32

3 𝑍 −1.22 −0.43 −1.33 −0.28 1.750
𝑄 −0.20 −0.10 −0.55 −0.08 0.33

4 𝑍 −0.80 0.59 −1.89 0.07 1.47
𝑄 −0.14 0.13 −0.80 0.01 0.24

5 𝑍 −0.14 0.08 −0.60 0.05 0.222
𝑄 −0.14 0.08 −0.60 0.05 0.22

6 𝑍 −0.96 0.19 −1.25 0.25 1.186
𝑄 −0.16 0.03 −0.57 0.09 0.23

7 𝑍 −1.16 −0.21 −1.55 0.05 1.684
𝑄 −0.18 −0.04 −0.50 0.02 0.28

8 𝑍 −0.48 0.59 −1.46 0.72 0.842
𝑄 −0.08 0.15 −0.57 0.21 0.14

9 𝑍 −0.64 0.52 −1.74 0.59 0.753
𝑄 −0.12 0.11 −0.54 0.18 0.11

10 𝑍 −1.19 0.15 −1.96 0.55 0.931
𝑄 −0.16 0.02 −0.47 0.17 0.16

11 𝑍 −1.20 0.11 −1.80 0.18 1.601
𝑄 −0.15 0.03 −0.51 0.08 0.24

12 𝑍 −0.75 0.11 −1.91 1.30 −0.214
𝑄 −0.11 0.02 −0.61 0.34 −0.04

13 𝑍 −0.89 0.24 −1.89 1.23 −0.113
𝑄 −0.13 0.05 −0.58 0.35 −0.01

14 𝑍 −0.74 0.53 −1.90 1.15 0.225
𝑄 −0.08 0.07 −0.49 0.30 0.04

15 𝑍 −0.28 0.31 −1.59 1.73 −0.540
𝑄 −0.03 0.03 −0.47 0.50 −0.08

𝑄 is in mm/year.

for annual and seasonal data series during 1901–2013 period.
TSA magnitude shows that TMax is increasing between 0.09
and 0.29∘C/decade, while TMin increases annually and in
summer during the 1901–2013 period, at the rate of 0.14–
0.22∘C/decade. At the majority of stations, seasonal data
series exhibit an increase up to 0.22∘C/decade.

Precipitation trend was found insignificant at a regional
basis for annual and seasonal data series. TMax and TMin
have significant trends at 1% and 5% significance level for time
series over the whole study region.

This paper draws the picture of maximum and minimum
temperature and precipitation trends during the last 113
years, which is helpful for future water resource planning,
application, management and distribution for agriculture,
and commercial, domestic, and other usages. This study can
be beneficial to predict the future trend of maximum and
minimum temperatures and also of precipitation. Various
techniques could be beneficial for trend prediction within
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Table 5: The percentage of the grid points having significant trends by TSA of annual and seasonal data.

Grid variable Trend 𝛼 Annual Winter Spring Summer Autumn
Precipitation

1901–1960
Positive 0.05 20 13.33 6.66 — —

≤0.01 — 13.33 — — —

Negative 0.05 — — 100 — —
≤0.01 — — — — —

1961–2013
Positive 0.05 — — — — —

≤0.01 — — — — —

Negative 0.05 — — — — —
≤0.01 — — — — —

TMax

1901–2013
Positive 0.05 — 46.67 — — 13.33

≤0.01 100 53.33 100 100 86.67

Negative 0.05 — — — — —
≤0.01 — — — — —

TMin

1901–2013
Positive 0.05 93.33 — 20 — —

≤0.01 — — 80 100

Negative 0.05 — — — — —
≤0.01 — — — — —

(—) means no trend.

Table 6: Statistical results of the average precipitation and temperature data related to the whole study area.

Seasons/time series
Precipitation TMax (1901–2013) TMin (1901–2013)

First data series (1901–1960) Second data series (1961–2013)
𝑍 TSA (∘C/year) 𝑍 TSA (∘C/year)

𝑍 TSA (mm/year) 𝑍 TSA (mm/year)
Annual 0.75 0.158 −1.07 −0.156 4.20 0.033 3.68 0.016
Winter 1.67 0.585 0.09 0.010 2.64 0.028 1.82 0.013
Spring 0.42 0.135 −1.81 −0.554 3.96 0.034 3.22 0.015
Summer 0.17 0.067 0.43 0.104 4.20 0.044 3.41 0.022
Autumn −0.07 −0.019 1.00 0.166 2.74 0.024 1.62 0.015

the study area and for determining the validity of presented
methods in this study.
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