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The change and prediction of temperature and
precipitation in the Dawen River basin using
the statistical downscaling model (SDSM )
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Abstract;: In order to explore the climate change in the Dawen River basin, based on the data of six weather stations in
the Dawen River basin from 1966 to 2017, Mann-Kendall test and wavelet analysis were used to study the tempera-
ture and precipitation trends, mutations and cycles in the region. In additionybased on the three scenarios of RCP2. 6,
RCP4. 5,and RCPS8. 5 under the CanESM2 model, SDSM was used t6. compare and analyze the future climate change
of the Dawen River basin. The results revealed that: the annual mean temperature of the Dawen River basin had in-
creased significantly since 1966 ( p<C0.01) ;in different scenarios,the spatial distribution of the projected maximum
temperature, minimum temperature and precipitation will, hardly change compared with that in history; the tempera-
ture and precipitation in the Dawen River basin will:generally.increase in the future. The rising trend of maximum and
minimum temperature under the three scenarios is/in thetEP<CMP<CLP,and June and November was the months with
the highest increase; the future precipitation will have the highest increase in July and August. Under the RCP4. 5 and
RCPS. 5 scenarios, the annual maximum and'minimum temperatures in the future will increase with the increase in

time scale.
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al level by 1.5 ‘C™, Over the years, global temper-

1 Introduction i
atures have continued to warm, extreme weather

Global climate change is currently one of the events had occurred frequently, and natural disas-

hot topics of concern for academics, governments,
and individuals™*. According to the Intergovern-
mental Panel on Climate Change (IPCC), the cur-

rent global warming had exceeded the pre-industri-
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ters had proliferated. On December 26, 2004, for
example,an earthquake occurred on the Indonesian
island of Sumatra, generating a large-scale tsuna-

mi; on August 29, 2005, Hurricane Katrina made
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landfall in Louisiana and Mississippi, USAj; in
2008, the extremely intense tropical cyclone Nargis
swept the coastline of southern Myanmar. The oc-
currence of these natural disasters all caused major
losses to the economy and massive loss of lifel™,
It is estimated that the annual global economic loss
due to natural disasters exceeds 50 billion dollars,
and the annual loss of life is about 250, 000",
Among these deaths,more than 60,000 inhabitants
of developing countries die from extreme weather
events every year® . China's climate change prob-
lems are even more serious. According to statistical
data,from 1951 to 2017, the annual mean surface
temperature in China exceeded the global value,
with a growth rate of 0.24 ‘C/(10 a)”). Observa-
tions had shown that regional climate change will
lead to changes in various natural and biological
systems'®/. Events such as the glacial retreat, the
permafrost melting,and the extension of the grow-
ing season in mid and high latitude areas continued
to occur throughout the country. The occurrence of
these events will inevitably have an undeniable im-
pact on the environment, ecology, agriculture ,wa-
ter resources, the economy, society, and even hu-
man health™ %,

At present, the global climate model (GCM) is
recognized as the main method for studying future
climate change,but the direct use 0f/GCMs to pre-
dict climate often ignores ‘small-scale issues such as
vegetation conditions, which 'may lead to insuffi-
cient accuracy of theoutput results!'), The statis-
tical downscaling/(SD) method developed a quanti-
tative relationship’bétween two sets of predictors-
large-scale atmospheric variables and local surface
variables-under the conditions of climate change,
and keeps the relationship unchanged”'%). Com-
pared with other approaches, this ensured that the
SD technique is not computationally intensive and
can easily be applied to the outputs of different
GCM  experiments'>'"), The SDSM model is a
downscaling method based on the windows inter-
face,and it is very interactive and practical. It con-
verts large-scale, low-resolution GCMs output in-
formation into regional-scale ground climate change in-

formation, which makes up for the limitations of

GCMs for regional climate prediction. Not only
that, the SDSM model can select any atmospheric
circulation data as the input data. In addition, com-
pared with other models, not only the SDSM model
improves the regional resolution, but also its calcu-
lation method is more and less computationally ex-
pensive, which is its biggest advantage.

The Dawen River basin is a typical representa-
tive river basin in the central and southern part of
Shandong Province in eastern China, Analyzing the
climate change in the Dawen River basin from 1966
to 2017 and then projecting the future climate will
not only reveal the climate change trend and lay the
foundation for the next’steps in the Dawen River
basin climate change “impact and internal cause
research, but will“also provide guidance for local
governments to respond to climate change and
direct agricultural production activities. although
the results of ‘research on climate change in the
basin have-been quite fruitful™®!*, the prediction of
the future climate of the basin under different sce-
narios, especially the research on small sub-basins,
is still not thorough enough. Based on the daily me-
teorological data from six weather stations in the
Dawen River basin, this study examined the
trends, mutations, and periods of temperature and
precipitation in this region. In addition, a compara-
tive analysis of the future maximum temperature,
minimum temperature, and precipitation changes
in the Dawen River basin under the RCP2. 6,
RCP4.5, and RCPS8.5 emission scenarios was

conducted.

2 Materials and Methods

2.1 Study area

The Dawen River basin is located between
35°37'30"-36°3230"N latitude and 116°11'15"-118°0"0"E
longitude, in the western part of central Shandong
Province. The basin covers a drainage area of ap-
proximately 8,634 km® and its total length is
209 km. The water system is developed,originating
at the northern foot of Xuangu Mountain in Shan-
dong, where it gathers many direct currents from
the Huitai Mountain and Meng Mountain bran-

ches,and flows from east to west through Laiwu,
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Xintai, Tai’an, Feicheng, Ningyang, Wenshang, and
Dongping counties and cities, The terrain is high in
the north, low in the south, high in the east, and
low in the west, with Mount Tai in the north, the
Yimeng Mountains in the south, the Lushan
Mountains in the east, and Dongping Lake in the
west. In terms of climate, the average annual pre-
cipitation in the Dawen River basin ranges from
640 to 760 mm,and the annual average temperature
varies from 12 to 14 ‘C. Spring winds are severe
and dry, and temperatures warm quickly; summer
is hot and rainy,and precipitation is concentrated;
autumn temperatures drop sharply,and precipitati-
on decreases daily;and winter is cold and dry, with
little rain and snow,all of which are typical charac-
teristics of a temperate continental monsoon cli-
mate,
2.2 Data

Daily temperature and precipitation datasets
were acquired from the website of the China Mete-
orological Data Service Center (http://data. cma.
cn/). These are two of the best meteorological
datasets available for China and have been subject
quality by both the" World
Meteorological Organization ( WMO) and* the China
Meteorological Administration (CMA) AS a ' result,

to strict control

these datasets are widely used incresearch related
to climate change'®?", For various reasons, howev-
er, there are always missing .méteorological data.
The linear interpolation was used to fill the data
gaps during the study period. The missing data at
the beginning and end of the time series were re-
placed by the average values of these months in all

other years?*

and stations with >>5% missing data
or data missing for more than 3 months were elimi-
nated. Based on the above principles, this investiga-
tion selected the daily temperature data of three
meteorological stations in the Dawen River basin-
Taishan Station, Tai' an Station, and Yiyuan Sta-
tion-for the 52-year period from 1966 to 2017,
and strictly controlled the quality of these meteor-
ological data. To more accurately calculate the
precipitation in the study area, this investigation
also selected the daily precipitation data of three

meteorological stations surrounding the basin-Zi-
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chuan, Yanzhou, and Chaoyang-for the same 52-
year period.

The SDSM primarily requires three types of
data: (1) Measured data of the river basin. This
study selected the 40-year meteorological data of
Mount Tai, Yiyuan, Yanzhou, and Chaoyang in the
study area from 1976 to 2015, mainly including dai-
ly maximum temperature ( T,,.x) , minimum temper-
ature (Ty,) ,and precipitation data (P). These da-
ta were quality controlled using the aforementioned
methods. (2) A large-scale reanalysis dataset from
the National Center for Environmental Prediction
(NCEP) consisting of 2. 5°X2. 5° latitude and lon-
gitude grid data. The grid near the study area was
selected in order to cover-all meteorological sta-
tions. (3) Atmospheric/ circulation data. Through
the verification ‘of Calibration Model in SDSM, un-
der CanEMS2 scenario, the R* of maximum and
minimum temperature of each station is greater
than 0. 7,and the R? of rainfall is greater than 0. 5,
which meets the accuracy requirements. Therefore,
the CanEMS2 future climate scenario model was
selected and the data were used as the main input
data of the downscaling model to obtain future

weather data in the study area.

2.3 Methods

We first detected the trend features of climate
variables based on the time series of the annual
precipitation and annual mean temperature datasets
from six meteorological stations. The spatial distri-
butions of temperature and precipitation were ana-
lyzed using ArcGIS software. On this basis, the fu-
ture trends of temperature and precipitation in dif-

ferent scenarios were studied.

2.3.1 Linear tendency estimation

Linear regression uses the principle of data
statistics to determine the correlation between a
hydrometeorological sequence and its correspond-
ing time, which is then utilized to predict future

changes in the time series >/,

Y()=at+b (D
where a is the linear trend term, such that >0 indi-
cates that the climate variables increase with time

and a<Z0 indicates that the climate variables de-
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crease with time. The larger the value of a, the

more obvious the change trend.
2.3.2 Mann-Kendall test

The nonparametric Mann-Kendall trend test
was used. Given its low sensitivity to abnormal val-
ues in time series, it is effective for identifying
monotonic trends and mutation points in meteoro-
logical time series. For this reason, it is widely used
in the trend analysis of climate and hydrological

time series!?%%%

. Assuming a time series X = {x,,
Xos*t*s Ty—1s T, that does not exhibit a constant
trend throughout the length of the time series.

di (2<k<N) is defined as;

n—1 n

dk: 2 Z i (2)
i=1 j=i+1

_Jl il x>z

" IO il <z

The random sequence d, approximately obeys

(3

a normal distribution.
The expected value E (d,) and variance
Var(d,) are defined as:

E(d@z@ (4)

Var(d, )= k=1 (2k+5) N
72

The statistic UF is defined as;

UF(q, ) =% —Eld 6

VVar(d)

The above calculation process‘is-then applied
to the inverse sequence of X5 X< = {2, 2y 15"
x1 ), and the above processis repeated to obtain
UF' (dy)

UB(d,) ==UFE (d{) D)

From the. interSection of the UB and UF
curves along with their ranges, we can determine
the start and duration of the mutation'*), UF >0
indicates that the sequence is on the rise; UF<C0
indicates that the sequence exhibits a downward
trend. If the curve is greater than 1. 96 (signif-
icance test) , this means the upward trend is
obvious, otherwise, the upward trend is not
obvious.
2.3.3 Wavelet analysis

Wavelet analysis is a mathematical tool that
has recently been developed and quickly applied in

many fields, such as image processing and speech

analysis. It is another major breakthrough follow-
ing Fourier analysis. The concept of wavelet trans-
form was first proposed by the French engineer
Jean Morlet. It is a basic mathematical method used
to approximate a signal or function with a cluster

01 Since wavelet analysis is

of wavelet functions
particularly advantageous in signal processing, it is
widely used in the analysis and research of the
time-frequency structure of meteorological and
hydrological sequences**.

In wavelet analysis, the basic wavelet function
W (1) satisfies certain conditions. It ‘ean form a clus-
ter of functions through scalé expansion and trans-

lation on the time axis:
V., (0=la| PTED) @ bERAO (®

where: ¥, ,(t) is the subwavelet;a is the scale fac-
tor, reflecting the period length of the wavelet;and
b is the translation factor, reflecting the shift in
time;

The/continuous wavelet transform W,(a,b) is

defined as.
W, (a.b)=|a| " J";"\X;f(t)\ff(ta;b)dt 9

where W, (a,b) is a wavelet transform coeffi-

cient; W(¢) is a given wavelet function; /() is a
. . . =, 1—b, .
signal or square integrable function;and \F(T) is

a complex conjugate function. If f(¢) is equal to
V,, (1), the wavelet coefficient at this point is
taken as 1.

The discrete wavelet transform form of W, (a,b) is

N o _
Wtash)=lal " a3 [k anwRAD)

a
1o

In actual research, the most important proce-
dure is to obtain the wavelet coefficients from the
wavelet transform equation,and then use these co-
efficients to analyze the time-frequency change
characteristics of the time series.

The square value of the wavelet coefficient is
integrated in the b domain to derive the wavelet va-
riance, using the following formula:

Var(a)=|"_|W (a.b)|*db an

The discrete equation is

Var(a):%éWz(a,xt) (12
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where: W? (a, x,) is the scale a, time ¢ square of
the wavelet coefficient or the square of the coeffi-
cient modulus at x,, and n is the length of the
sequence.,
2.3.4 Climate change prediction

This study selected the daily maximum tem-
perature (T,..),minimum temperature (7T,;,),and
precipitation data (P) from the Mount Tai, Tai'an,
Zichuan, Yiyuan, Yanzhou, and Chaoyang meteoro-
logical stations,and these data had undergone strict
quality control. Then, based on the observation data
from the meteorological stations in the study area

and the NCEP reanalysis data, the predictors of the

Fig. 1

3 Results

3.1 Analysis of temporal characteristics of

climate change

3.1.1 Analysis of temperature characteristics

The linear trend estimation (Fig. 2 (a)), the
Mann-Kendall test (Fig. 2 (b)) and the wavelet
analysis(Fig. 2(¢))are performed on the 1966-2017
average temperature data from six meteorological
stations in the study area.

The results of Fig. 2(a) reveal that the annual
mean temperature of the Dawen River basin in-

creased significantly (p<C0.01) overall from 1966

© 500 ¢+ Kk x KK B

meteorological elements were selected. Next, using
the designated predicted values and predictor varia-
bles, the simulated data were verified by the meas-
ured data,and the parameters of the regression e-
quation were calculated according to the least
squares method. Ultimately, the weather generator
was utilized to verify the calibration model. Based
on the RCP2. 6,RCP4. 5,and RCPS. 5 scenario data
in the CanESM2 model, the SDSM4. 2 model that
was constructed was used to simulate the future
daily maximum temperature, minimum tempera-
ture,and precipitation data in.the study area. The

specific operation is shown-in Fig. 1.

The flow diagram of SDSM

to 2017, at an average warming rate of approximate-
ly 0.32 'C/(10 a). The Mann-Kendall test graph
(Fig. 2(b)) shows that before 1988, the UF statis-
tical value fluctuated around zero, indicating that
there is no obvious trend in the annual average tem-
perature from 1966 to 1988. In the 1990s, however,
the UF statistics began to gradually increase, indi-
cating that the temperature was rising. The UF and
UB curves intersect in 1994 and 1996, and both of
these intersection points are within the 95% confi-
dence interval, indicating that the annual average
temperature of the study area fluctuated drastically

during the five years from 1993 to 1997.
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The linear trend estimation (Fig. 3(a)), Mann-

Kendall test (Fig. 3(b)) and wavelet analysis (Fig. 3(c))
are performed on the 1966 -2017 average precipitation
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Fig. 3 Time series analysis of annual precipitation in the Dawen River basin
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The results of Fig. 3(a) reveal that the overall
increase of annual mean precipitation in the Dawen
River basin was not significant ( p>>0.01) during the
52-year study period, with an average increase rate of
9. 541 mm/ (10 a). The results of the Mann-Kendall
mutation test (Fig. 3(b)) show that the UF and UB
curves intersected in 1989,2011,and 2015,and all three
of these intersection points are within the 95% confi-
dence interval, indicating that the precipitation muta-
tion points are 1989,2011,and 2015.

The precipitation wavelet analysis and vari-
ance diagram of the Dawen River basin from 1966
to 2017 is shown in Fig. 3(c¢). The wavelet coeffi-
cient value represents the change between dry and
wet. If the wavelet coefficient is greater than zero,
this indicates that there is more precipitation and
the study area is in the wet season;conversely, the
study area is in the dry season. There are three dry-
abundant alternating oscillations in precipitation on
a 15-30 year time scale and four oscillations on a
12-25 year time scale. It can also be seen that the
cyclical changes of these two scales during the
overall time period were relatively stable and</ex-

hibited global characteristics. At a 3-8 yéar time
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scale, however, due to its short length, the cyclical
changes are relatively insignificant. According to
the wavelet variance diagram,the peak value of the
wavelet variance was highest when the time scale is
28 years, indicating that the signal vibration is
strongest when the scale is 28 years, which is the
first main period.

3.2 Comparative analysis of spatial varia-

tion of meteorological elements
We used the inverse distance weight interpola-

tion module of ArcGIS to analyze the spatial chan-
ges of maximum temperature, minimum tempera-
ture and precipitation between historical (1976-
2017) and future (2026-2100) in Dawenhe River
basin, and the results were.shown in Fig. 4 (a)-
4(D). As shownuin Fig. 4 (a)-4 (h), the maximum
and minimum femperatures in the future will rise
radially in the center of the north central region,
and the .spatial” distribution will be roughly the
same_in-different scenarios. The future precipitati-
on'is the highest in the north central region, and
décreases radially to the surrounding. As the for-
mer two, there is almost no change in the spatial

distribution of rainfall under different scenarios.
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Fig. 4 Comparative analysis of spatial variation of meteorological element in the Dawen River basin

3.3 Comparative analysis of temporal varia-
tion of meteorological elements in the
future

To better assess climate change, the baseline

+ 502 « KX KK R

period (BP) is the 40 years from 1976 to 2015,
while 1976-1995 and 1996-2015 are selected as the
calibration and validation periods to construct the

SDSM and to subsequently simulate the maximum
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temperature, minimum temperature, and precipita-
tion from 2026 to 2100 under the RCP2.6 Chigh
global emission), RCP4.5 (moderate global emis-
sion) ,and RCP8. 5 (low global emission) scenari-
os. To clearly analyze the changes in different peri-
ods, the simulation period was divided into the
early phase (EP, 2026-2050), middle phase (MP,
2051-2075) ,and latter phase (LP,2076-2100)5",

3.3.1 Projected monthly maximum temper-

atures

Fig. 5 (a)-5(c) shows the variation of monthly
maximum temperature under different scenarios
and period. For the RCP2. 6 scenario, during the
EP, the average monthly maximum temperature in-
creased by 0.29 ‘C. June, October, and November
are the largest increase, compared with the baseline
period, the increase is 0. 87 'C,0.81 C,and 1.20 C,
respectively. During the MP, the average monthly
maximum temperature increased by 0. 48 ‘C. Same
as MP, June, October, and November are the
months with the largest increase, the increases are

i

i i T TN

1.00 C,0.93 C,and 1. 15 ‘C,respectively. During
the LP, the average monthly maximum temperature
rise is 0. 49 C. June, October, and November are
the months with the highest increase which is the
same as that in the EP and MP, and the increases
are 0. 93 C,1.01 C,and 1. 51 C,respectively.
For the RCP4. 5 scenario, the temperature of
each period shows an upward trend. During the
EP, the average monthly maximum temperature in-
creased by 0.28 C, and the largest increase is
June, October, and November, the increase is
0.85 'C,0.74 C,and 1. 27 C,respectively. During
the MP, the average monthly, maximum tempera-
ture increased by 0. 54 °C, June, October, and No-
vember are the largest increase, with the increase of
1.00 'C,1.15 Csand 1. 26 C, respectively. Dur-
ing the LP, the average monthly maximum tem-
perature rise is 0. 69 C. June, October, and No-
vember are the months with the largest increase,
withtan inerease of 1.12 C,1.36 C,and 1.73 C,

respectively.
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I, lll""ll

Fig. 5 Monthly mean annual maximum temperature for different scenarios

For the RCPS8.'5 "scenario, as in the previous
two scenarios, the trend is upward in all period.
During the EP, the average monthly maximum
temperature increased by 0.36 C, and the maxi-
mum temperature increase in June, October, and
November, and the rise is 0.81 C,0.84 C, and
1. 20 ‘C, respectively. During the MP, the average
monthly maximum temperature increased by 0. 75 C,
which is the same as EP. June, October, and No-
vember are the months with the maximum temper-
ature increase. Compared with the base period, the
increases are 1. 15 C,1.42 C,and 1. 89 C,respec-
tively. During the LP, the average monthly maxi-

mum temperature increased by 1. 11 C., Compared

with the baseline period, June, October, and November
are the months with the maximum temperature
increase, and the increases are 1.43 C,2.33 C,
and 2. 68 C,respectively.

Fig. 6 presents the average annual maximum
temperatures for the RCP2. 6, RCP4. 5, and RCPS. 5
scenarios, This figure shows that the annual maxi-
mum temperatures under the RCP4. 5 and RCP8. 5
scenarios are projected to increase over time, while
the growth trend under the RCP2. 6 scenario tends
to be flat. Specifically, the RCP4.5 and RCPS8. 5
scenarios indicate that there may be increases in
mean maximum temperature by 0.06 C/(10 a)
and 0. 15 'C/(10 a),respectively.
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Fig. 6 Trends of average annual maximum temperature for different scenarios

In the different periods, the three scenarios
forecast different changes. During the EP, the
change curves of the three scenarios cross multiple
times, the monthly maximum temperature in the
basin fluctuates greatly, the average annual maxi-
mum temperatures do not differ significantly, and
the growth trends are basically the same. Com-
pared with the baseline period, the RCP2. 6,
RCP4. 5, and RCPS8. 5 scenarios predict respective
increases of 0.49 C,0.46 C,and 0.58 C, with
corresponding fluctuation ranges of 16.91-17.43 C,
16.80-17.42 'C,and 16.89-17.58 C. During the
MP, the average annual maximum temperature gap
between the three scenarios becomes larger and the
growth trends accelerate. The change trend of’the
RCP8. 5 scenario is greater than that “of the
RCP4. 5 or RCP2. 6. Compared with the baseline
period, the RCP2. 6, RCP4. 5, and RCP8+5.scenarios
predict increases of 0.47 C,0.64 Csand 0.87 C,
respectively, with corresponding.fluctuation ranges
of 16.89-17.41 C, 17.06-17.55 C, and 17.27 -
17.88 C. During the LP, the average annual maxi-
mum temperature.gdp between the three scenarios
changes significantly, and the relative growth
trends are RCP2. 6<CRCP4. 5<_RCP8. 5. Compared
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with the baseline period,the RCP2. 6,RCP4. 5,and
RCPS. 5 project increases of 0.51 C,0.74 C,and
1. 32 'C, respectively, with corresponding fluctuation
ranges of 16.94 - 17.37 C, 17.15-17.66 C, and
17. 74-18. 35 'C,respectively.

3.3.2 Projected monthly minimum temper-

atures

Fig. 7(a)-(¢) shows the variation of monthly
minimum temperature under different scenarios
and period. 'For the RCP2. 6 scenario, During the
EP, thesaverage monthly minimum temperature
increased by 0. 39 C. the monthly minimum tem-
perature in June and November are the largest
increase, with an increase of 0.93 C and
0.91 C, respectively. During the MP, the aver-
age monthly minimum temperature increased by
0.53 C. Same as EP, June and November are the
months with the largest increase, with an increase
of 1. 09 C and 0. 80 C, respectively. During the
LP, the average monthly minimum temperature
rise is 0.58 C. June and November are the
months with the largest increase, which is the
same as that in the EP and MP. Compared with
the base period, the increases are 1. 08 ‘C and
1.11 C, respectively.
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Fig. 7 Monthly mean annual minimum temperature for different scenarios

For the RCP4. 5 scenario, During the EP, the
average monthly minimum temperature increased

by 0.50 C, the monthly minimum temperature in
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June, November, and December are the largest in-
crease, with an increase of 1. 02 C,0.90 C and

0.93 'C, respectively. During the MP, the average
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monthly minimum temperature increased by 0. 54 C,
and June, November and December are the largest
increase, with the increase of 1. 13 C,0. 94 C,
and 0. 80 C, respectively. During the LP, the av-
erage monthly minimum rise is
0.69 C. Same as MP, June, November and De-

cember are the largest increase. Compared with

temperature

the base period, the monthly minimum tempera-
ture increases by 1.34 C,1.24 C, and 1. 39
‘C, respectively.

For the RCP8. 5 scenario, during the EP, the
average monthly minimum temperature increased
by 0.56 C,the monthly minimum temperature in
June, November and December are the largest in-
crease, with an increase of 0.95 ‘C,0.86 C, and
0. 87 'C, respectively. During the MP, the average
monthly minimum temperature increased by 0. 95 C,

and June, November, and December are the largest

] e s Bt e [ =——pyrems =

increase, with the increase of 1. 35 'C,1.34 C,and
1.58 C, respectively. During the LP, the average
monthly minimum temperature rise is 1.30 C.
Same as MP,June, November and December are the
largest increase. Compared with the base period,
the monthly minimum temperature increases by
1.68 C,1.92 C,and 1. 54 C,respectively.

Fig. 8 presents the average annual minimum
temperature for the RCP2. 6, RCP4. 5,and RCP8. 5
scenarios. The temperature increase predicted by
the RCP8. 5 scenario is the largest.in the three pe-
riods, followed by the RCP4.5 scenario, while the
temperature in the RCP2.6.scenario is basically
unchanged. Specificallyy'the RCP4.5 and RCPS. 5
scenarios indicate .that 'there may be increases in
mean maximum temperature by 0. 06 C/(10 a)

and 0. 15 ‘C/(10 a),respectively.

Fig. 8 Trends of average annual minimum temperature for different scenarios

During the EP, the average annual minimum
temperatures projected by the three scenarios are
not much different,and.the growth trends are basi-
cally the same. The change trend of the RCPS. 5
scenario , howeversis slightly larger than that of the
RCP4.5 or RCP2.6.Compared with the baseline
period, the RCP2.6, RCP4. 5, and RCP8. 5 predict
increases of 0.38 'C,0.45 C,and 0.62 C,respec-
tively, with corresponding fluctuation ranges of
7.05-7.74 'C,7.36-7.92 C,and 7. 32-8. 06 C,re-
spectively. During the MP, the gap between the av-
erage annual minimum temperatures of the three
scenarios becomes larger and the growth trends
accelerate. The change trend of the RCP8. 5 sce-
nario is still greater than that of the RCP4. 5 or
RCP2. 6. Compared with the baseline period, the
RCP2. 6 ,RCP4. 5,and RCPS8. 5 scenarios predict
increases of 0.44 C, 0.66 C,and 0.96 C,

respectively, with corresponding fluctuation ranges
of 7.02-7.80 C,7.50-8.34 'C,and 7.72-8.54 C.
During the LP,the gap between the average annual
the
becomes larger and the relative growth trend is
RCP2. 6<ZRCP4. 5<CRCP8. 5. Compared with the
baseline period, the RCP2, 6,RCP4. 5, and RCPS.
5 project increases by 0. 49 C, 0.79 C, and

minimum temperature of three scenarios

1. 42 C, respectively, with corresponding fluctua-
tion ranges of 7.31-8.02 C,7.61-8.25 C, and
7.93-8.96 C.
3.3.3 Projected monthly precipitation sta-
tistics

The best way to evaluate the characteristics of the
change in precipitation pattern is by examining the
monthly statistics. The monthly precipitation simu-
lation results of the three scenarios are shown in

Fig. 9(a)-(c). These results reveal the following.
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Fig. 9 Monthly mean annual precipitation for different scenarios

For the RCP2.6 scenario, the precipitation
trend is increasing generally. And the increase is
2.79,5.17,2.92 mm for the EP, MP, and LP pro-
jections, respectively. The precipitation is projected
to increase in February, March, July, August, and
November, with the largest increases in July and
August. Specifically, these increases are 31.09,
37.81, 36.27 mm in July and 14.73, 36.13,
21.62 mm in August for the EP, MP,and LP pro-
jections, respectively. For the RCP4. 5 scenario, the
precipitation trend is increasing generally. And the
increase is 5.29,4.09, 3. 78 mm for the EP, MP,
and LP projections, respectively, The predicted
increases are also the largest in July and August,
and slightly larger than RCP2. 6. Specifically, these
increases are 47. 31, 37.95,44. 92 mm in July and
22.44,16.54,12.82 mm in August, respectively.
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For the RCPS. 5 scenario, the precipitation trend is
increasing generally. And the increase is 3. 74,
3.81,4.19 mm for the EP, MP, and LP projec-
tions, respectively, The future precipitation in Feb-
ruary, March, July, Augustsand December exhibits
an increasing trend. As<with the previous two sce-
narios, the largest increases-are projected to occur
in July and August. Specifically, these increases are
28.82,37.26,34.20'mm in July and 14. 73, 36. 13,
21. 62 mm in August, respectively.

Fig..10 shows the average annual precipitation
for‘the RCP2. 6, RCP4. 5, and RCPS8. 5 scenarios.
Thete will be no obvious trend of precipitation in
the next three scenarios. The projected precipitati-
on will increase by 3.37,0.53,—2.07 mm/(10 a)
in RCP2. 6,RCP4. 5 and RCP8. 5 scenarios, respec-
tively.

L] L 11

Fig. 10 Trends of average annual precipitation for different scenarios

During the EP, the trends in the RCP2. 6,
RCP4. 5, and RCP8. 5 scenarios are basically the
same. The interannual precipitation varies greatly
in all three scenarios. The average annual precipita-
tion of the three scenarios are 785.81, 784.02,
798. 02 mm, respectively. Compared with the base-
line period, the RCP2. 6, RCP4. 5, and RCP8. 5 predict
increases of 53. 84,52. 05,66. 05 mm, respectively, with
corresponding fluctuation ranges of 719.55-841. 15,
745.07-818. 02, 747.83-855.43 mm. During the
MP, the average annual precipitation of the RCP 2. 6,

+ 506 « KXKER

RCP4. 5, and RCPS8. 5 scenarios are 797. 88,
787.22, 787. 73 mm, respectively. Compared with
the baseline period, the RCP2.6, RCP4.5, and
RCPS8. 5 change by 65. 92, 55. 24, and 55. 76 mm,
respectively, with corresponding fluctuation ranges
of 769. 43-823. 31, 846. 87-747. 20, 739. 82-823. 62
mm. During the LP, the differences in average
annual precipitation among the three scenarios are
small and basically the same. Compared with the
period, the RCP2.6, RCP4.5, and
RCPS. 5 increase by 72.03, 58.07, 58. 20 mm,

baseline
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respectively, with corresponding fluctuation ranges
of 758. 02-857. 65,750. 64-848. 22, 745. 75-832. 44 mm,
Overall, there are no obvious precipitation trend
changes during the EP,MP,and LP.

4 Discussion

4.1 Change features in the Dawen River basin
The temporal trend change features indicated
that there was a warmer-wetter trend in the study
area from 1966 to 2017. In fact, the increasing tem-
perature trend of the Dawen River basin is greater
than the global 0.14 ‘C/(10 a) rate and China’s
0.22 C/(10 a) rate’®), This indicated that the
semi-humid areas of China are more affected by
global warming. This conclusion coincides with
that of Xu et al. " on climate change research in
Inner Mongolia. Although the annual precipitation
of the Dawen River basin did not increase signifi-
cantly, it fluctuated sharply after 1989, which is
closely associated with the rapid urbanization of
this region. According to the relevant data,over the
past three decades, Chinese cities have experienced
unprecedented growth, and the resulting urbaniza“
tion process has exerted a significant impact on the
hydrological cycle at the local and regional scales™!.
Spatially, elevation is closely related to chan-

ges in precipitation and temperature in’the Dawen
River basin. The rain gradient in complex terrain is
usually not linearly related to elevation™**). In terms
of the spatial distribution of the climate in the Da-
wen River basin, however, precipitation is not com-
pletely independent of elevation, which may be re-
lated to monsoon activities, although specific con-
clusions still require scientific appraisal.

4.2 Characteristics of future changes in the
Dawen River basin for different scenar-
ios

The future maximum and minimum tempera-
tures in the Dawen River basin were projected to
increase with time in the RCP2.6, RCP4.5, and

RCPS8. 5 scenarios. The predictions of global sur-

face temperature from 2018 to 21004%), as well as

those of the Tibetan Plateau and most of northern

China from 2011 to 2035, under the RCP4.5 sce-

nario'" displayed the same increase. This indicated

that the continuous emission of greenhouse gases
associated with global warming will progressively
impact the temperatures of the Dawen River basin
more seriously in the future. The relative predicted
increases of annual and monthly average maximum
temperature and minimum temperature in the Da-
wen River basin were expressed as RCP8.5 >
RCP4. 5>RCP2. 6, indicating a strong correlation
between greenhouse gas emissions and temperature
in the Dawen River basin, i. e. , the more greenhouse
gas emissions, the greater the temperature rise,

For the RCP2. 6,RCP4. 5,and RCP8. 5 scenar-
ios, there was no systematic/difference in the varia-
tion trend of annual .precipitation in the Dawen
River basin. The annual curves had multiple inter-
sections, and the precipitation in the RCP8. 5 sce-
nario was not always greater than the precipitation
in the RCP4.5 and RCP2. 6, confirming that the
impact/of greenhouse gas emissions on precipitati-
on in the Dawen River basin was likely to be non-
linear. I.v Yanming's prediction of rainfall in China
also supported this relationship'*?’. Under the com-
prehensive influence of the East Asian monsoon,
complex terrain, large amounts of aerosol emis-
sions,and greenhouse gas emissions, the simulation
and prediction of precipitation in China remains a

(3441 Therefore, a simulation that

huge challenge
provided a more accurate prediction of interannual
future precipitation was still required. The precipi-
tation of the Dawen River basin exhibited pro-
nounced seasonal changes,and the summer precipi-
tation in the future was projected to be significant-

[45-46]

ly higher than other seasons »which may be re-

lated to anomalies of large-scale climate indices.
S Conclusions

Based on daily maximum and minimum tem-
perature and precipitation data from 6 meteorologi-
cal stations from 1966 to 2017, we analyzed the
temporal and spatial changes of history and future
in the Dawen River basin. The conclusions are as
follows:

(1) From 1966 to 2017, the temperatures in
the Dawen River basin exhibited a significant in-

creasing trend (p<<0. 01) ,with a trend rate of 0. 032 3
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mm/a. Abrupt changes of temperature occurred in
1994 and 1996, and the main oscillation period was
28 years. The annual precipitation in the Dawen
River basin showed an upward trend (p>0.01),
and the trend rate was 0. 954 1 mm/a. The abrupt
changed occurred in 1989,2011,and 2015, the main
oscillation period was 22 years.

(2) The spatial distribution of historical tem-
perature shows a trend of decreasing to the sur-
roundings with the central and northern part as the
center; On the contrary, the spatial distribution of
historical precipitation shows a trend of increasing
to the surroundings centered on the central and
northern part. In different scenarios, the spatial
distribution of the projected maximum tempera-
ture, minimum temperature and precipitation will
hardly change compared with history.

(3) In the Dawen River basin, the overall tem-
perature and precipitation will increase in the fu-
ture. Under the three scenarios of RCP2.6,
RCP4. 5, and RCPS. 5, the monthly average maxi-
mum temperature will increase by 0.42 'C,0.50 C,
0. 74 C,and the monthly average minimum temper-
ature will increase by 0.47 'C,0.58 C,0.94%C, and
the monthly average precipitation will increase, by
3.63, 4.39, 3.91 mm respectively.The ‘months
with the largest monthly maximum temperature in-
crease are concentrated in June, Qctober, and No-
vember; the minimum temperatare were June and
November; the precipitation increase was concen-
trated in July and Adgust.

(4) The anntalmaximum and minimum tem-
perature were projected to gradually increase as the
time scale increases under RCP4. 5 and RCPS8. 5
scenarios. The projected maximum temperature
will increase by 0.01 C/(10 a),0. 06 C/(10 a),
and 0.15 C/(10 a) in RCP2.6, RCP4.5 and
RCPS8. 5 scenarios, respectively. The projected min-
imum temperature will increase by 0.03 C/(10 a),
0.06 C/(10 a),and 0.17 'C/(10 a) in RCP2.6,
RCP4. 5, and RCPS8. 5 scenarios, respectively. The
projected precipitation will increase by 3. 37,0. 53,
—2.07 mm/(10 a) in RCP2.6, RCP4.5 and
RCP8. 5 scenarios, respectively. The future annual

mean precipitation trend was not predicted to
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change significantly, with no obvious increase or
decrease trend. For all scenarios, however, the fluc-
tuation range of future precipitation was relatively
large,indicating a high degree of uncertainty.

The results are helpful to understand and pre-
dict the future climate change in Dawen River basin
under the condition of climate warming, and provide

guidance for agricultural production in the basin.
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