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Abstract. The middle route of South-To-North Water Diversion in China transfers water from the Han River
and Han-To-Wei Water Diversion project of Shaanxi Province will transfer water from the Ziwu River, which
is a tributary of the Han River. In order to gain a better understanding of future changes in the hydrological
conditions within the Ziwu River basin, a Mann—Kendall (M-K) trend analysis is coupled with a persistence
analysis using the rescaled range analysis (R/S) method. The future change in the hydrological characteristics of
the Ziwu River basin is obtained by analysing the change of meteorological factors. The results show that, the
future precipitation and potential evaporation are seasonal, and the spatial variation is significant. The proportion
of basin area where the spring, summer, autumn and winter precipitation is predicted to continue increase is
0.00, 100.00, 19.00 and 16.00 %, meanwhile, the proportion of basin area that will continue to decrease in the
future respectively will be 100.00, 0.00, 81.00 and 74.00 %.The future potential evapotranspiration of the four
seasons in the basin shows a decreasing trend. The future water supply situation in the spring and autumn of the
Ziwu River basin will degrade, and the future water supply situation in the summer and winter will improve.
In addition, the areas with the same water supply situation are relatively concentrated. The results will provide
scientific basis for the planning and management of river basin water resources and socio-hydrological processes

analysis.

1 Introduction

According to the Intergovernmental Panel Climate Change
report (IPCC, 2014), climate change acts as the driving fac-
tor of water cycle in hydrological processes and precipita-
tion and evaporation are the main climatic factors affect-
ing fresh water resources. The interaction of climate change
with other factors has had irreversible negative impacts on
the ecological and hydrological cycle of the basin. The Ziwu
River basin, which is a tributary of the upper reach of the
Han River, is located in the warm humid and semi-humid cli-
mate region of the north subtropics. The precipitation in the
river basin changes significantly between seasons. Summer
has the most precipitation, accounting for 46 % of the annual
precipitation averaged across the basin, and winter the least

at about 3 % (Zhang and Zhang, 2004). The seasonal varia-
tion of precipitation will inevitably lead to differences in the
temporal and spatial distribution of hydrological conditions,
and therefore it is very important to study the temporal and
spatial variation of hydrological condition in the basin of the
climate change.

In the context of the growing shortage of water resources
in the world, the impact of water resources in the chang-
ing environment has received widespread attention (Xia et
al., 2015). In view of the study of changing environment,
domestic and foreign scholars mainly study the characteris-
tics of river basin climate element change (Zhu et al., 2005;
Chebana et al., 2013; Ma et al., 2012). Qiu et al. (2003) used
the 20 cm caliber evaporator data from 123 meteorological
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stations in the Yellow River basin and its surrounding areas
from 1961 to 2000 to analyse the climatic trend of pan evap-
oration. The study found that the average annual temperature
of the Yellow River basin increased by 0.6 °C during the pe-
riod from 1960 to 2000, but the evaporation of the evaporat-
ing pan showed a decreasing trend, especially during spring
and summer. Shi et al. (2006) established an exponential for-
mula for estimating evaporation capacity according to the re-
lationship between evaporation capacity and temperature in
the Yellow River basin, to analyse the influence of tempera-
ture change on the evaporation capacity. The results showed
that the basin evaporation capacity increased by 5.0-7.0 %
when the temperature increased by 1 °C.

Generally, the methods of M—K mutation point and trend
test, rescaled range analysis (R/S) and wavelet analysis are
used to analyse the change characteristics of climate el-
ements in the basin (Rzeszotko, 2012; Wallis and Mata-
las, 1970). For the trend analysis of meteorological ele-
ments, most scholars adopt the mature Mann—Kendall and
rescaled range analysis method (Whitfield and Hendrata,
2006; Polemio et al., 2008). Ling et al. (2011) tested the tem-
perature, precipitation and evaporation in the Manas River
basin for nearly 52 years and used the R/S analysis method
to predict the future trend. The results showed that the tem-
perature and precipitation increased significantly from 1956
to 2007 and the evaporation is significantly reduced. Using
the R/S analysis method to test for long-range temporal de-
pendence in the data, Dinh and Molnr (1999) showed that the
R/S analysis method has good robustness. It can be seen that
in the time series, a trend has a significant influence on the
estimated Hurst value. Using global inventory modeling and
mapping studies (GIMMS) data, Bisognin and Lopes (2007)
selected three periods to study seasonal vegetation trends, re-
sulting in a nonlinear variation in vegetation changes caused
by drought. Zhang et al. (2012) used R/S analysis to pre-
dict the dynamic trend of future groundwater level in the
Loess Platform area of Xingping City. The results show that
the annual precipitation in Xingping decreases slightly, and
the quantity of irrigation water decreases significantly, which
is consistent with the dynamic trend of groundwater level
change in the same period. Previous studies have mostly an-
alyzed the temporal and spatial evolution characteristics of
the meteorological elements in the basin under the histori-
cal conditions, while there are relatively fewer studies of the
impact of meteorological factors on the future hydrological
conditions of the basin.

In summary, this paper takes the Ziwu River basin of the
upper reach of the Han River as the study area. In order
to gain a better understanding of the temporal and spatial
distribution of future water resources changes in the Ziwu
River basin, the Mann—Kendall (M-K) trend analysis method
is combined with a persistence analysis using the rescaled
range analysis (R/S) method in this study. The temporal and
spatial variation characteristics of precipitation and evapora-
tion trends and persistence in future is obtained by setting
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Figure 1. The location of the meteorological stations and the river
network of Ziwu River.

indicators set for determining the future change of regional
meteorological elements and setting situations of regional fu-
ture water supply. This will provide scientific basis for the
planning and management of river basin water resources and
socio-hydrological processes analysis.

2 Study area and data

The Ziwu River, which is a tributary of the Han River,
originates in the south of the Qinling Mountain of Gangtie
Town, Ningshan County, flows through Ningshan County,
Shiquan County, Yangxian County and Xixiang County, and
enters into Han River at Xixiang County. In Fig. 1, the Wen-
shui River above Sanhekou reservoir is 106 km, the Jiaoxi
River is 70 km and the Pu River is 58 km. The basin area
is 3028 km?, and the altitude ranges from 360-2960 m. It is
in the warm humid and semi-humid climate region of the
north subtropics, where summer is warm and humid, winter
is cold and dry and the spatial difference of seasonal precipi-
tation in the basin is significant. The average annual tempera-
ture is between 7.7-15.7 °C and annual average precipitation
is 900 mm.

In this paper, the precipitation and potential evapotranspi-
ration data of the four meteorological stations in the Ziwu
River basin from 1960 to 2013 are used and the poten-
tial evaporation data are calculated by the Penman—Monteith
formula revised by the Food and Agricultural Organization
(FAO). The Penman—Monteith formula is used to calculate
potential evaporation data because it considered the influ-
ence of meteorological factors such as temperature, relative
humidity, sunshine hours and wind speed and it is also a com-
monly used formula for calculating the potential evaporation
in hydrological, meteorological and agriculture fields (Yang
et al., 2012).

proc-iahs.net/379/313/2018/
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3 Methodology

3.1 Mann—Kendall trend analysis

The nonparametric M—K test (Mann, 1945; Kendall, 1975)
has been commonly used to assess the significance of mono-
tonic trends in meteorological and hydrological data time
series, but it can’t predict the future trend of the sequence
(Hamed, 2008). Suppose a set of hydro-meteorological time
series X = (x1, x2, X3+, X;,) (n is the number of variables in
the sequence), and then establish the standard normal distri-
bution statistic Z.

The M—K test statistic (S) is calculated in the following
Egs. (1) and (2):

+1; Ifx; > x;
sgn ()Cj —x,‘)z 0; Iij' =X , (1)
—1; Iij<xi

-1
= Z:lzl Zr;:iHSgﬂ (xj — xi), 2)

where x; and x; are the data values at times i and j, n indi-
cates the length of the data set. While a positive value of §
indicates an increasing trend, a negative of S indicates a de-
creasing trend. The following expression, as an assumption,
is used for the series where the data length n > 10 and data
are approximately normally distributed (variance (o2 = 1)
and mean (u = 0) value).

nn—1)Q2n+5 -3 (- DH2x +5)
18

in this equation, P is the number of tied groups, and the sum-
mary sign (3_) indicates the summation over all tied groups.
t¢ is the number of data values in the “Pth” group. If there
are not the tied groups, this summary process can be ignored.

After the calculation of the variance of time series data
with Eq. (3), the standard Z value is calculated according to
the following Eq. (4).

S—1

; IfS>0
«/Va(S)
Z=1 0; Ifs=0 “

S+1

m, IfS <0
the changing trend of judging the standard: (1) If the statistics
Z is greater than 0, the past trend is increase, on the contrary,
if the statistics Z is less than 0, the past trend is reduced; (2) if
the statistics Z is greater than or equal to 1.96, the trend is in-
crease significantly, on the contrary, if the statistics Z is less
than or equal to —1.96, the trend is decrease significantly.

Var(S) =

3

3.2 Hurst Exponent

The R/S analysis (Rescaled Range Analysis) is a statistical
method proposed by Hurst, a British hydrologist in 1951 to
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deal with hydrologic time series from the Nile (Hurst, 1951).
This method is used to quantitatively characterize the persis-
tence or long-range dependency of a time series. The statistic
Hurst exponent can well reveal the relationship between the
future and past trends of the time series so that future trend
changes can be predicted based on the past trends of the time
series. Up until now, it has been widely applied to the qual-
itative prediction of meteorological and hydrology time se-
ries such as rainfall, evaporation and runoff. And the magni-
tude of the H value can be used to determine the strength of
persistence and anti-persistence of future trend components
(Feng et al., 2008). The Hurst index rating table is showed in
Table 1. Although the H value can show the trend of change,
it can’t determine the actual historical trends. The Hurst ex-
ponent calculation process is as follows:

Suppose a set of hydro-meteorological time series {X(#)}
(¢ is the number of variables in the sequence). For any pos-
itive integer (t > 1), the mean value series (Y) is calculated
in the following Eq. (5).

X (1) = %Z’;ZIX(T) t=1,2,---n, 5)

then the cumulative deviation can be calculated in the follow-
ing Eq. (6).

xeo=3",

The range R () and standard deviation S (7) are calculated
in the following Eqgs. (7) and (8) respectively.

[X(H-X(@®)] 1<t=x. (6)

Ro="_x @0 -_ X1 7
l
S(r)= / -2 L XO-Xx@P. ®)

Therefore, the Hurst exponent can be expressed by follow-
ing Eq. (9).

R(7)
S(t)

where « is constant and H is the Hurst index.
Eventually, the Hurst exponent is calculated in the follow-
ing Eq. (10). It can be obtained by logarithm of Eq. (9).

H_[ |:R( )i|]/(1nr+1noz) (10)
S(7)

The criterion is as follows: if H value is greater than 0.50
and less than 1, the variables are positively correlated and
the trend of future changes is consistent with the past; the H
value is closer to 1, the persistence is stronger. If H value
is greater than 0 and less than 0.50, the variables are nega-
tively correlated and the trend of future changes is opposite
to the past; the H value is closer to O, the anti-persistence is
stronger. If H value is equal to 0.50, the time series is random
and future trends have nothing to do with the past.

= (an)f, )
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Table 1. Hurst index rating table.

L. Ziyan et al.: Hydrological condition in the Ziwu River Basin

grade the range of H value

persistence strength  grade  the range of H value

persistence strength

1 0.50 < H <0.55 very weak

2 0.55<H <0.65 weak

3 0.65 < H <0.75 alittle strong
4 0.75 < H <0.80 strong

5 0.80 < H <1.00 very strong

1 045 < H <0.50 very weak

2 035<H <045 weak

3 0.25 < H <0.35 alittle strong
4 0.20< H <0.25 strong

5 0.00< H <0.20  very strong

3.3 Discriminant analysis of hydrological condition

Precipitation and evaporation are important links in the pro-
cess of water cycle and also important indicators of the local
hydrological conditions. Because the test method of Mann—
Kendall and R/S are unable to independently obtain the past
and future trends of hydrological sequences, this paper uses
the method of Mann—Kendall test and R/S test coupled to de-
termine the indicators set for determining the future change
of regional meteorological elements, which are shown in Ta-
ble 2.

Regional hydrological conditions are greatly influenced by
evaporation and precipitation under natural conditions. If one
of the following three situations can happen, the regional wa-
ter supply situation will improve in the future. In the situation
one, the future regional precipitation increases and the evap-
oration decreases. In the situation two, the trend of precip-
itation increase is greater than that of evaporation increase.
In the situation three, the trend of decrease in precipitation is
smaller than that of evaporation reduction. If one of the fol-
lowing three situations can happen, the regional water supply
situation will degrade in the future. In the situation one, the
future regional precipitation decreases and the evaporation
increases. In the situation two, the trend of precipitation in-
crease is smaller than that of evaporation increase. In the sit-
uation three, the trend of decrease in precipitation is greater
than that of evaporation reduction. Scientifically and reason-
ably evaluating the evolvement characteristics of the water
supply situation in the future will have important practical
significance for the sustainable development of the regional
economy and society. This paper sets the situations of re-
gional future water supply, which are seen in Table 3.

Whether the future water supply situation will be advan-
tageous or disadvantageous depends on the relative differ-
ences in the change degree of precipitation and evaporation.
This paper considers a total of six situations of advantageous
(situation one, situation two and situation three) and disad-
vantageous (situation one, situation two and situation three)
situations.

In summary, the advantageous/disadvantageous area for
future water supply in the river basin is calculated as follows:

The Thiessen polygon method is used to calculate the area
weights f; of basin features represented by the meteorolog-
ical stations in the river basin and calculate the area repre-
sented by each station.

Proc. IAHS, 379, 313-321, 2018

The Mann—Kendall analysis method and R/S analysis
method is used to calculate the Z and H values of rainfall
statistics at each station.

Based on the water supply evaluation indicators, the future
water supply characteristics of the areas represented by each
site are analysed.

Collect advantageous and disadvantageous sites for future
water supply and calculate the area of advantageous or disad-
vantageous area for future water supply in the basin by com-
bining the area weights of advantageous or disadvantageous
sites calculated in step (1) with Eq. (11):

F, advantageous/disadvantageous = Z fl / F, (11)

where F is the total area of the river basin and f; is the area
weights of advantageous or disadvantageous area for future
water supply.

4 Results and analysis

4.1 Analysis of tendency and sustainability of
precipitation change

4.1.1 Precipitation historical change trend

The Mann—Kendall nonparametric test method is used to cal-
culate past trends of precipitation for all 4 weather stations
considered in this study. The results shows that the propor-
tion of sites with decreasing trend respectively in spring,
summer, autumn and winter is 100.00, 0.00, 100.00 and
84.00 %, respectively, and the proportion of sites with in-
creasing trend in spring, summer, autumn and winter is 0.00,
100.00, 0.00 and 16.00 %, respectively. It can be seen from
historical trends that the supply of water in spring and au-
tumn is in a form of harshness and the water supply in sum-
mer is in a good form.

4.1.2 Precipitation change sustainability

The precipitation H statistic value of each weather station is
calculated by the R/S analysis method, and spatial interpo-
lation is carried out by kriging interpolation method based
on the ArcGIS environment. The result is shown in Fig. 2.
According to Fig. 2, the H values of the four seasons are
mainly concentrated in the range of 0.50-0.75 and the pre-
cipitation H value is significantly different in the spatial dis-

proc-iahs.net/379/313/2018/
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Table 2. Indicators set for determining the future change of regional meteorological elements.

VA Hurst value  variation characteristics of meteorological elements

Z < —1.96 H >0.50  The trend of reduction in past is significant, and it will continue to decrease in the future.
Z<—-1.96 H <0.50  The trend of reduction in past is significant, but it is likely to reverse in the future.
—-196<Z <0 H >0.50 The trend of reduction in past is not significant, and it will continue to decrease in the future.
-196<Z <0 H <0.50  The trend of reduction in past is not significant, but it is likely to reverse in the future.
0<Z<1.96 H >0.50 The trend of increase in past is not significant, and it will continue to increase in the future.
0<Z<1.96 H <0.50 The trend of increase in past is not significant, but it is likely to reverse in the future.
Z>1.96 H >0.50  The trend of increase in past is significant, and it will continue to increase in the future.
Z>1.96 H <0.50  The trend of increase in past is significant, but it is likely to reverse in the future.

Table 3. Situations of regional future water supply.

future water

supply situation  situation

state of water resources

statistical reflection Z and H

advantage situation one precipitation increases Zprecipitation > 0, Hprecipitation > 0-5
and the evaporation decreases and Zeyaporation < 0, Hevaporation > 0.5
situation two the trend of precipitation increase is | Z precipitation > | Z levaporation
greater than that of evaporation increase and Hprecipitation > 0.5, Hevaporation > 0-5
situation three  the trend of decrease in precipitation | Zprecipitation < |Zlevaporation
is smaller than that of evaporation reduction  and Hprecipitation > 0.5, Hevaporation > 0-5
disadvantage situation one precipitation decreases Zprecipitation < 0, Hprecipitation > 0.5

and the evaporation increases

and Zeyaporation > 0, Hevaporation > 0.5

situation two

the trend of precipitation increase
is smaller than that of evaporation increase

|1Z |precipitation <|Z |evap0rati0n’
and Hprecipitation > 0.5, Hevaporation > 0-5

situation three

the trend of decrease in precipitation
is greater than that of evaporation reduction

|Z| precipitation > |Z |evaporation9
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and Hprecipitation >0.5, Hevaporation >0.5

tribution. The spatial distribution trend of the H value in the
four seasons is as follows: In spring, the H value of precip-
itation gradually increases from southwest to northeast, that
is to say, the intensity of future sustainability gradually in-
creases from southwest to northeast; In summer, the H value
of precipitation is the smallest in the northwest local region
and it is very large in the southeast part; In autumn, the H
value of precipitation increases from south to north, that is to
say, the intensity of future sustainability gradually increases
from south to north; In winter, the H value of precipitation
gradually increases from west to east, that is to say, the inten-
sity of future sustainability gradually increases from west to
east. Each season has a strong sustainability and regularity,
which is conducive to the study of future water supply and
development.

4.1.3 Precipitation trends in the future

The results of the trend of future precipitation in the Ziwu
River basin with time are shown in Table 4. The propor-
tion of basin area where the spring, summer, autumn and
winter precipitation is predicted to continue increase is 0.00,

proc-iahs.net/379/313/2018/

100.00, 19.00 and 16.00 %, corresponding to the average an-
nual precipitation of 0.00, 360.60, 279.69 and 21.15 mm, re-
spectively; The proportion of basin area that will continue to
decrease in the future respectively will be 100.00, 0.00, 81.00
and 74.00 %, corresponding to the average annual precipita-
tion of 161.02, 0.00, 308.43 and 27.44 mm, respectively. The
proportion of area where precipitation will be reversed in the
future will be smaller in the seasonal scale.

4.2 Analysis of tendency and sustainability of potential
evaporation change

4.2.1 Potential evaporation historical change trend

The Mann—Kendall nonparametric test method is used to cal-
culate past trends of potential evaporation in all weather sta-
tions in the basin. In theory, the reduction of potential evap-
oration is conducive to the change of water supply at all sea-
sons from poor to favorable trend.

Proc. IAHS, 379, 313-321, 2018
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Figure 2. Spatial distribution of H value of precipitation in the four seasons (a) spring (b) summer (c) autumn (d) winter.

Table 4. Changes of the future precipitation trend in the Ziwu River basin.

108°3070" E

future trend of increase future trend of decrease future trend reverse as increase future trend reverse as
decrease

season (Z>0,H>0.5) ‘ (Z<0,H>0.5) (Z<0,H <0.5) (Z>0,H <0.5)
proportion of  historical av- | proportion of historical av- | proportion of historical av- | proportion of historical av-
occupied area  erage annual | occupied area erage annual | occupied area erage annual | occupied area erage annual

precipitation precipitation precipitation precipitation

% mm % mm % mm % mm

spring 0.00 0.00 100.00 161.02 0.00 0.00 0.00 0.00

summer  100.00 360.60 0.00 0.00 0.00 0.00 0.00 0.00

autumn  0.00 0.00 81.00 308.43 19.00 279.69 0.00 0.00

winter 16.00 21.15 74.00 27.44 0.00 0.00 0.00 0.00

4.2.2 Potential evaporation change sustainability

The potential evaporation H statistic value of each weather
station was calculated by the R/S analysis method and spatial
interpolation was carried out by kriging interpolation method
based on the ArcGIS environment. The result is shown in
Fig. 3. According to Fig. 3, the spatial distribution of po-
tential evaporation H is significantly different. The poten-
tial evaporation in summer is the largest, even in some areas
reached 0.88; it in winter take second place; and it in spring
is the smallest. Each season has a strong sustainability and
regularity, which is conducive to the study of future water
supply and development.

Proc. IAHS, 379, 313-321, 2018

4.2.3 Potential evaporation trends in the future

The results of a comprehensive analysis of potential evapora-
tion past trends (Mann—Kendall test) and future sustainabil-
ity (R/S test) are shown in Table 5. The results show that the
potential evapotranspiration of the four seasons in the basin
shows a decreasing trend. The historical potential evapotran-
spiration in spring, summer, autumn and winter respectively
are 246.40, 354.68, 150.45 and 89.40 mm, which indicates
that the basin will be humid in the future and is beneficial to
the sustainable development of the local water resources.

proc-iahs.net/379/313/2018/
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Figure 3. Spatial distribution of H value of potential evaporation in the four seasons (a) spring (b) summer (c) autumn (d) winter.

Table 5. Changes of the future potential evaporation trend in the Ziwu River basin.

future trend of increase future trend of decrease future trend reverse as increase future trend reverse as
decrease

season (Z>0,H>0.5) | (Z<0,H>0.5) | (Z <0, H <0.5) | (Z>0,H <0.5)
proportion of  historical av- | proportion of historical av- | proportion of historical av- | proportion of historical av-
occupied area  erage annual | occupied area erage annual | occupied area erage annual | occupied area  erage annual

precipitation precipitation precipitation precipitation

% mm % mm % mm % mm

spring 0.00 0.00 100.00 246.40 0.00 0.00 0.00 0.00

summer  0.00 0.00 0.00 354.68 0.00 0.00 0.00 0.00

autumn  0.00 0.00 81.00 150.45 19.00 148.83 0.00 0.00

winter 0.00 0.00 100.00 89.40 0.00 0.00 0.00 0.00

4.3 Variation characteristics of future hydrological
conditions in the basin

According to the trend of precipitation and evaporation in
the future, the precipitation and evaporation in the basin
have seasonal variation, which lays a good foundation for
the study of the future hydrological conditions of the basin.
Table 6 and Fig. 4 show that the future water supply situation
of the basin is severe (disadvantageous) and good (advanta-
geous) in regional spatial and temporal distribution.

The results show that: the area of severe water supply in
spring, summer, autumn and winter respectively are 100.00,
0.00, 81.00 and 0.00 %. The future of the water supply in the
spring and autumn is predicted to be more limited than in
the past. The trend of decreasing precipitation in spring and
autumn is greater than that in potential evaporation, and most
of the water supply in the autumn basin is severe excluding

proc-iahs.net/379/313/2018/

area which is 19 % in the southeast. These indicate that the
future water supply is severe and are not conducive to the
good development of regional hydrological conditions.

The area of water supply in spring, summer, autumn and
winter good areas respectively account for 0.00, 100.00,
19.00 and 100.00 %. The summer water supply is situation
one and the contradiction between supply and demand of wa-
ter resources will be eased in the season; The water supply in
autumn is situation two, which mainly distribute in some ar-
eas of the southeast of the basin; The water supply in winter
are situation one and three. The trend of decreasing precipi-
tation is less than that of potential evaporation in most areas
of the river basin, and the contradiction between the future
water supply in summer and winter will be alleviated.

To sum up, the water supply in the future will be severe in
spring and autumn, and the water supply in the future will be
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Table 6. Changes of future water supply characteristics of the basin.

L. Ziyan et al.: Hydrological condition in the Ziwu River Basin

advantageous situation proportion %

‘ disadvantageous situation proportion %

season
Situation one  Situation two  Situation three ‘ Situation one  Situation two  Situation three
spring 0.00 0.00 0.00 0.00 0.00 100.00
summer 100.00 0.00 0.00 0.00 0.00 0.00
autumn 0.00 19.00 0.00 0.00 0.00 81.00
winter 16.00 0.00 84.00 0.00 0.00 0.00
(a) (b)
z z
54 54
= =
z z
2 S
z z N_
2 Legend g W rE Legend
Disadvantageous situations (situation three) B S j Advantageous situations (situation one)
107°50"0" E 108°0'0" E 108°10"0" E 108°20'0" E 108°30'0" E 107°50"0" E 108°0'0" E 108°100" E 108°20'0" E 108°30'0" E
(a) Space distribution of spring water supply (b) Space distribution of summer water supply
(c) (d)
z z
-] &
z z
& &
z N z
Sw LE Legend = Legend
= Advantageous situations (situation two) = Advantageous situations (situation one)
5 Disadvantageous situations (situation three) Advantageous situations (situation three)
107°50"0" E 108°0'0" E 108°10"0" E 108°20'0" E 108°30'0" E 107°50"0" E 108°0'0" E 108°100" E 108°20'0" E 108°30'0" E

(e) Space distribution of auturmn water supply

Figure 4. Spatial distribution of future water supply in the basin.

good in summer and winter, especially in the summer with a
good space for development which precipitation will increase
and evaporation will decrease.

5 Conclusions

In this paper, the Mann—Kendall non-parametric test and R/S
test methods were combined to analyse the historical trend
and future trend of precipitation and potential evaporation
in the river basin. After combining the characteristics of fu-
ture hydrological conditions, the following conclusions are
obtained:
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(d) Space distribution of winter water supply

The future precipitation and potential evaporation are sea-
sonal, and the spatial variation is significant. In addition, the
areas with the same water supply situation are relatively con-
centrated. The proportion of basin area where the spring,
summer, autumn and winter precipitation is predicted to con-
tinue increase is 0.00, 100.00, 19.00 and 16.00 %, mean-
while, the proportion of basin area that will continue to de-
crease in the future respectively will be 100.00, 0.00, 81.00
and 74.00 %.The future potential evapotranspiration of the
four seasons in the basin shows a decreasing trend.

The area of water supply in spring, summer, autumn and
winter good areas respectively account for 0.00, 100.00,
19.00 and 100.00 % and the area of severe water supply in

proc-iahs.net/379/313/2018/
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spring, summer, autumn and winter respectively are 100.00,
0.00, 81.00 and 0.00 %. The future water supply in the spring
and autumn of the Ziwu River basin will be severe, and the
future water supply in the summer and winter will be better,
especially in the summer.

Data availability. The meteorological data in the paper are pro-
vided by China Meteorological Data Service Center, from their web
site at http://data.cma.cn/en.
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