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Abstract. Surface runoff from the Wei River basin, the cluding land use change, dam construction, river diversion,
largest tributary of the Yellow River in China, has dramat- and other engineering and management practices also mod-
ically decreased over last 51 years from 1958 to 2008. Cli-ify hydrological cycles locally and therefore temporal and
mate change and human activities have been identified as thepatial distribution of water resources (Govinda, 1995; Milly
two main reasons for the decrease in runoff. The study periogkt al., 2005). Quantitatively assessing the influence of climate
is split into two sub-periods (1958-1989 and 1990-2008) uschange and human activities on surface runoffis vital for sus-
ing the Mann—Kendall jump test. This study develops an im-tainable water resources management.
proved climate elasticity method based on the original cli- Quantitative evaluation of the effects of climate change
mate elasticity method, and conducts a quantitative assessnd human activities on runoff has yielded significant results,
ment of the impact of climate change and human activitiesbut with complex regional patterns. For instance, Zhang
on the runoff decrease in the Wei River basin. The resultset al. (2008) used the sensitivity of runoff to precipitation
from the original climate elasticity method show that climatic and potential evaporation to study the response of runoff to
impacts contribute 37-40 % to the decrease in runoff, whilechanges in climate and land use/cover in the Loess Plateau of
human impacts contribute 60—63 %. In contrast, the resultChina and pointed out that LUCC (land use and land cover
from the improved climate elasticity method yield a climatic change) accounted for over 50 % of the reduction in mean
contribution to runoff decrease of 22—29 % and a human conannual runoff in 8 out of 11 catchments. Bao et al. (2012)
tribution of 71-78 %. A discussion of the simulation reliabil- discussed the reasons for runoff changes in the Haihe River
ity and uncertainty concludes that the improved climate elasbasin, analyzed the influence of human activities through the
ticity method has a better mechanism and can provide mor&1C model, and then proved human activities were the main
reasonable results. driving force for the reduction of water resources. Wang et
al. (2009) established a distributed monthly water balance
model (DTVGM) to analyze the Chaobai River basin up-
stream of Miyun Reservoir in north China, and concluded
1 Introduction that human activities were therefore the main cause of runoff
changes. Ma et al. (2008) estimated that the effects of cli-
Climate change is expected to extensively alter global hydromate change accounted for over 64 % of the mean annual
logical cycles (Legesse et al., 2003; Milly et al., 2005; Piao rynoff reduction in the Shiyang River in the arid region of
etal., 2007;Tang et al., 2013) by primarily changing the pat-northwest China. For the same basin, human activities and

tern of precipitation (IPCC, 2013; Sun et al., 2012). After cjimate change may have different influences on runoff for
the falling of precipitation into basins, human activities in-
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different periods. For example, Qiu et al. (2012) analyzed thenual runoff. The hydrological model was implemented at
influence of climate change and human activities on wateithe daily scale, and therefore needed more data and parame-
resources in north China and found that in the 1970s-1980¢ers but yielded more detailed, high temporal resolution re-
the effects of climate change were dominant, but in the latesults. These two independent methods based on different
1980s and early 1990s the effects of the two factors werdimescales obtained consistent results. Thus, the climate elas-
similar, and since the 1990s the influence of human activitiedicity method is considered to be an important indicator for
has been slightly higher at around 55 %. Guo et al. (2008)quantifying the sensitivity of runoff to climate change and
employed the SWAT model to analyze the annual and seafor separating the effects of natural and anthropogenic fac-
sonal runoff variability caused by climate change and humartors at catchment scale (Dooge et al., 1999; Fu et al., 2007;
activities and found that the main influencing factor on an-Milly and Dunne, 2002; Sankarasubramanian et al., 2001,
nual runoff was climate change, but that changing land useSchaake, 1990; Zheng et al., 2009). However, the main point
was the main influence on seasonal runoff changes. for the climate elasticity method’s previous research indi-
So far, there are many different methods used to evaluateates is that the method is used to separate the sensitivity of
and separate the effects of the two factors (Sun et al., 2014yunoff to climate change without considering the human ac-
One such method is based on physical processes or physdiivities directly, and furthermore the accuracy of the original
cal mechanisms. This method controls the evolution of theclimate elasticity method should be improved.
various elements and analyzes the changes in driving fac- Inthis paper we improve the climate elasticity approach by
tors and contributions in a physical process simulation. Theadding the influence of human activities to evaluate the hy-
approach may be physically sound but requires major ef-drological consequences of climate change and human activ-
forts on model calibration and can lead to remarkably dif- ities. To compare the original and improved climate elasticity
ferent results because of uncertainty in model structure aneépproaches, we choose the Wei River basin as a case study.
parameter estimation (Nash and Gleick, 1991; Revelle and’he application results have a great strategic meaning in the
Waggoner, 1983; Schaake, 1990; Vogel et al., 1999). Otheregional economic development and the development of west
methods can be classified as statistical data analysis metl&hina (Song et al., 2007). The rest of the paper is structured
ods, such as the climate elasticity method used in this paas follows: Sect. 2 describes the study area and data; Sect. 3
per. The statistical data analysis methods are based on megmesents the methodology; and results and discussion are in
annual change trends in long time series, and provide genSect. 4. The conclusions are presented in Sect. 5.
eralized relationships which do not consider species differ-
ences. This approach incorporates measured or observed data
via a variety of data validation techniques, and analyzes the
contributions of different factors on different processes. The
method is relatively simple, but requires a large volume of

high-quality dgta (Risbey and Entekhabi, 19,96)' .. The Wei River is the largest tributary in the Yellow River. It
Many studies have proven that the climate elasticity 4ginates from Niaoshu Mountain, and runs into the Yellow

method is reasonable and credible (Chen et al., 2014)p; or at Tongguan. The basin is located betweer? Q0%—

Chiew (2006) evaluated rainfall elasticity of streamflow in 1120 E and 3350 N—=37°18 N. with a length of 818 km

219 catchments across Australia using the nonparametric cliz 4 4 drainage area of 1.3510° km2.

mate elastigity estimator and comparedl the estimates with 1o \Wei River basin is located in temperate continental
results obtained from the conceptual rainfall-runoff model ,,osoon climate region. The climate is cold, dry and rain-

SIMHYD, showing a consistent relationship between cli- o5 in winter controlled by the Mongolia high, while hot and
mate elasticity values estimated using the ramfall—runoﬁrainy in summer affected by the western Pacific subtropical
model and the nonparametric estimator. Ma et al. (2010)high. The mean air temperature is 7.8 to L5 the mean
used a distributed hydrological model (GBHM) and a cli- 431 precipitation is 400 to 800 mm, and the mean annual
mate elasticity model to conduct a quantitative assessmerﬁotential evapotranspiration is 800 to 1000 mm. The mean

of the impacts of climate change and human activities 0nypn a1 runoff in depth is 450 to 550 mm, with the coefficient
inflow into a reservoir. The GBHM simulation and climate ¢ \ariation falling within 0.1 to 0.2 (He et al., 2009).

elasticity model showed that climate change accounts for

about 55 and 51% of the reservoir inflow reduction, re-2 2 Data description

spectively. Hu et al. (2012) analyzed the impacts of cli-

mate change and human activities on the Baiyangdian upThis study uses the continuous daily series data from 1958 to
stream runoff, using two assessment methodologies (climat2008 at seven national meteorological observatory stations
elasticity and hydrological modeling). The climate elasticity in and around the Wei River basin. Observed daily mean
method was implemented at the annual scale and was conair temperature, precipitation and solar shortwave radiation
putationally relatively simple; it needed fewer data and pa-could largely reflect climatic change in the region (Fig. 1).
rameters to calculate the impacts of climate change on ank addition, observational runoff data for 1958-2008 comes

Study area and data

2.1 Study area
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Figure 1. Location of the meteorological and hydrological stations
used in this study.

from Hua County hydrological station, located in the river
outlet downstream.

The potential evapotranspiration within the watershed can
be calculated using the Hargreaves method, an empirical forA

mula which was derived using the permeameter by Harg
reaves and Samani (1982) to estimate potential evapotrans
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The statistical test valug,. is calculated by the following
formula:

S-1

A 5>0
0, S=0
Ze= st ¢ _p ®)

JVar(S)’

When|Z.| < Z1_4/2, we accept the null hypothesis, which
indicates the sequence does not have a trendZ/f >
Z1_4/2, We reject the null hypothesis and conclude that the
sequence does have a significant trefig., > is obtained
from standard normal distribution function, amds the sig-
nificance level of the test.

To test the trend of the sequence in the Mann—Kendall test,
it is usually necessary to estimate the slope of the monotonic
trend, estimated as follows:

(

positive value ofg indicates a rising trend (positive rate of
change with time), and vice versa for negaife

)ff>,(\fj<i,15j<i5n).
j

p = Media( “— (4)

1

pr-

ration, and most appropriate in all radiation and temperature3 1.2  Change-point analysis

estimation methods in north China (Luo and Rong, 2007).

The expression is as follows:

1)

where Egp represents potential evapotranspiration,
mmday!; T represents mean air temperature, Rs
represents solar shortwave radiation, M¥/(ay1); A
represents latency for vaporing watee= 2.45MJ kg L.

R
Eo=0.0135T + 17.8)75,

3 Methodology
3.1 Detection of hydrologic changes

3.1.1 Trend analysis

Identifying the change-point for runoff substantially influ-
enced by human activities is significant. Depending upon the
change-point, the hydrology series could be divided into two
periods: before change-point, it was regarded as having no
influence from human activities, and after change-point it
was believed that human activities sharply affected runoff.
Under the hypothesis that the time series is independent and
stochastic, we can compute the following statistics:

Sk — E(Sk)
Var(Sy)
whereE (S;) and Var(S;) represent the mean and variance of

Sk, respectively.

Next, the time series order is reversed (ix§.,x,—1, - .,
x1), and the above process is repeated to yield the statistical

UF, = (k=1,2,....n), (5)

In this study, the Mann—Kendall trend test is used to test theyariables UB (k =n,n —1, ..., 1), such that

long-term trends of precipitation, evaporation and runoff in

the Wei River basin. The Mann—Kendall trend test is a non-

UB; = —UF; (6)

parametric statistical test method. It does not need the SaNKext the curves of UBand UF, are drawn, and if the two

ple to follow any particular distribution, and is not subject to
interference from a small number of outliers. Moreover, the
method is relatively simple (Mann, 1945; Kendall, 1975).

For a time serieX which hasn samples, construct vari-
ables:

n—1 n
S=Z Z sgnix; — x;),

i=1j=i+1

()

wherex; andx; represent the values in yearsand j, i >
Jj. n is the record length of the series, and 6gn- x;) is a
characterization of the function.

www.hydrol-earth-syst-sci.net/18/3069/2014/

curves have an intersection point and if the valugjoht
this point satisfiegU | < 1.96, then that point is regarded as a
change point, with a confidence levebf 0.05. Because the
time series length in this study is 51 years, we use a signifi-
cance test of test.

3.2 Original climate elasticity method

Runoff (R) can be expressed as a function of climate vari-
ables ) and other characteristic&l( (Hu et al., 2012):

R=f(C,H), 7

Hydrol. Earth Syst. Sci., 18, 306877, 2014



3072 C. S. Zhan et al.: Runoff changes in the Wei River basin, China

where the parametell represents the combined results of 3.3 Improved climate elasticity method

terrain, soil, land use/land cover and human activities (such

as artificial water transfer). If the topography and soil in the At the catchment scale, and over a long time period, the wa-
study area remain constant during the study period, fiien ter balance equation can be simplified/as= £ + R. Here

can represent human activities. So the runoff change can bé1e mean annual runofR can be divided into observed

expressed as runoff and changing runoff caused by human activities, i.e.,
R = Rops+ Ry, where Rops is observed runoffRy refers
AR = ARc+ ARn, (8)  mainly to water consumption or water intake by human activ-

ities which mainly include measures of water and soil conser-
. vation, river dam construction, water intake from rivers, wa-
and A Rc, ARy represent the runoff changes caused by cli- .

ter transfer and so on. So the water balance equation can be

mate change and human activities, respectively. N o .
The total runoff change can be obtained from the formula_e)(presseOI aB = Rops+ RH + E, which in differential form

AR = Rops1— Robs2z Where Rops1 and Rops2 represent the
measured runoff before and after the change point, respe@P = dRops+ dRy + dE. (12)
tively. ' .

Schaake (1990) first introduced the climate elasticity M&anwhile, according to the Budyko hypothesis=
method to analyze the sensitivity of runoff to climate Change.PF(¢)’¢ = Eo/ P, the total differential form can be ex-
Climate elasticity of runoffgy) can be defined as the propor- Pressed as

where the parametex R represents the total runoff change;

tional change in runoffR) relative to the change in climatic §r — [F (¢) — ¢F' (¢)]dP + F' (¢)dEo. (13)
variables ) (such as changes in precipitation or potential _ _ _
evapotranspiration) (Fu et al., 2007): When substituted into Eq1®), this leads to

OR/R dRobs=[1— F () + ¢ F'(¢)]dP—F'(¢p)dEg—dRn. (14)
EX = m (9)

After dividing Eq. L4) by Rops, We obtain the following
According to the long-term water balance equatidgh= equation:

P — E), we assume that the runoff response to climate fac-qpg , . / P dp
tors is mainly caused by the precipitation and potential evap- R = [1 —F(p)+oF (¢)] o (15)
otranspiration. According to the theory of total differential obs obs

Eo dEg Ry dRHy

RobsE_O B RobsR_H.

ARc = sPEAP +eEO£AE0 and ep+eg,=1, (10) The climate and anthropic elasticities are calculated as fol-
P Eo lows:

where AR¢ represents runoff change caused by climate

equations, the differential form is as follows: —F'(¢)

change, AP and AEg are the change of precipitation and ¢P = [1_ F(@)+oF (¢)] Rob (16)
potential evapotranspiration, ang andsg, are the precipi- Eo o0
tation and potential evapotranspiration elasticities of runoff, ez, = —F'(¢) R a7)
respectively. R obs

According to the Budyko hypothesis, actual evapotranspi-gy, = — H , (18)
ration (E) is a function of the dryness indice¢ &€ Eq/P), Robs

specifically E = P * F(¢), and the precipitation and poten- which satisfysp + eg, +en = 1.

tial evapotranspiration elasticities of stream flow can be ex- From Table 1 and Eq. (16), the elastic coefficientse,,

pressed as andey, which respectively represent the precipitation, evap-
, , otranspiration, and human activities elasticities, can be calcu-

ep=1+¢F'(9)/(1-F($) eg=—9¢F ($)/L-F@¢). (11) lated. Next, the runoff chang®y caused by human activities

The following formulae (one with a parameter and the others'S computed. The contribution of human activities to runoff

without) for the Budyko hypothesis are often used to estimateFn be expressed by, wherePy = R/ AR, thus the con-

F(¢), as shown in Table 1. tribution of climate change can also be calculated.
According to Table 1, the precipitation elasticity,§ and

potential evapotranspiration elasticityz() can be deter-

mined, allowing the runoff change caused by climate change

(ARc) to be calculated, and thus the contribution of climate 4.1 Detection of hydrologic changes

change can be assessed. Calibration of Zhang's (2001) for-

mula using land cover and land use conditions yielded a pain this study, the Mann—Kendall trend test is adopted to de-

rameter value of 1.5. termine the significance of the trends in runoff, precipitation

Results and discussion

Hydrol. Earth Syst. Sci., 18, 30693077, 2014 www.hydrol-earth-syst-sci.net/18/3069/2014/
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Table 1. Different formulae for the Budyko hypothesis.

F' )
15
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Figure 2. Time series of annual precipitation, annual potential evap- basin.

otranspiration and annual runoff in the Wei River basin from 1958

to 2008.
the hydrological gauging station located the river basin out-

let. Vogel and Fennessey (1994) provide the details of the

and potential evapotranspiration, and to analyze the trendsDC method, which represents the relationship between the
in meteorological factors and corresponding runoff changesnagnitude and frequency of runoff, and provides an esti-
over nearly 50 years. Figure 2 shows time series of precipimate of the percentage of time a given runoff that is equal
tation, potential evapotranspiration and runoff from 1958 toto or exceeds an historical period. The relationship between
2008, and the runoff series are observed at the hydrologicathe magnitude and frequency of monthly average runoff are
gauging station located the river basin outlet. Qualitative in-shown in Fig. 4, which indicates that the percentage of time
spection shows that the trends in precipitation and potentiatunoff exceeded in the period 1958-1990 is larger than that
evapotranspiration are not obvious, while runoff notably de-for 1990-2008, and the runoff relative change for the two
creases. The fluctuation range of potential evapotranspiratioperiods only have large fluctuations at percentages less than
is not obvious in different years, but the fluctuation range of 10 % and more than 90 %. Figure 4 also implies the decrease
precipitation is significant, and its overall trends are stable.of runoff for 1990-2008 correlates with human activities.
Thus, the decrease of runoff implies that precipitation andFurthermore, the influence on decreasing runoff is facilitated
potential evapotranspiration are not the only influencing fac-by the high-flow and low-flow periods at which the percent-
tors on runoff, and instead human activities may have beerage time runoff exceeded is less than 10% and more than
the main influence on the decreasing runoff. 90 %.

The Mann—Kendall test is also used to analyze the change
point of the runoff in the Wei River basin, at a confidence 4.2 Results of the original and improved climate
level set toe =0.05. The normal distribution shows that elasticity methods
the critical value wag¢/, /> = 1.96. The result of the change-
point test is presented in Fig. 3. It can be seen in Fig. 3 thatt.2.1 Original climate elasticity method
the two curves intersect in 1990, and the intersection is within
the critical value rang@/,,» = £1.96. The result illustrates  In order to evaluate the influence on runoff caused by cli-
that an abrupt change of runoff occurred in 1990. mate change, Eq. (11) is first used to calculate the elasticities

According to the results of trend analysis and change-poinbf precipitation and potential evapotranspiration for 1958—
analysis, the monthly runoff data in the periods of 1958—2008, which can be expressed &s andesg,, respectively,
1990 and 1990-2008 is used to plot the flow duration curveas shown in Table 2. These results reveal that if precipitation
(FDC) that indicates the runoff change of the basin in dif- decreases by 10 %, runoff will decrease by 25.8-27.7 %, and
ferent periods, and the monthly runoff series are observed af potential evapotranspiration decreases by 10 %, runoff will

www.hydrol-earth-syst-sci.net/18/3069/2014/ Hydrol. Earth Syst. Sci., 18, 306877, 2014
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10000 120 method are 22—29 % and 71-78 %, respectively. Early studies

= 19912008 100 showed that during the 1970-1995 period, the contribution

———— Relative change rate

of human activities to runoff decrease was 58.3 % in the Wei
River basin (Zhang and Wang, 2007). In recent years, hu-
man activities have intensified, so that by 2008 the contribu-
tion of human activities most likely increased, and may now
exceed 60%. Gao et al. (2013) found that the contribution
of human activities to reduced stream flow in the Wei River
basin was even as high as 82.80%. Zhan et al. (2014) used
the SIMHYD model to partition the effects of climate change
LT m n m wm wm e m e w” and human activities on surface runoff in the Wei River basin
Percentage oftime low is exceeded(%) and found that the contribution rate of human activities to
stream flow change was more than 65 %. The results of the
improved climate elasticity method are closer to the exist-
ing results than those of the original, suggesting that the im-
proved climate elasticity method, which is more adaptable

increase by 15.8-17.7 %. Then, according to the calculate(‘jlnd easier to _implt_—zment, is much more reIiabIg and practi(_:al.
ep, £5, and Eq. (10), the runoff decrease caused by climate Moreover, it is important to note that the improved cli-
change can be computed. The total contribution of precipi-mate elasticity method is the first to introduce human activ-

tation and potential evapotranspiration to the runoff decreasdieS elasticity en. Without the trend analysis and change-
is 32.1 mm. Therefore, the contribution of climate change toPoint test, the strength of the influence of human activities on

the runoff decrease is 37—40%, and the contribution of hy-tunoff changes can be calculated. When calculating the con-

1000 Y
1

=
S
3

Relative change rate (% )

=
1)

Monthly average flow(m?/s)

Figure 4. Flow duration curves under different periods in the Wei
River basin.

man activities is 60—63 %. tribution of human activities to runoff changes, the change-
point test is needed so that the total runoff decrease can be
4.2.2 Improved climate elasticity method calculated.

The improved climate elasticity method broadens the con-
In order to evaluate the influence on runoff caused by humar¢ept of climate elasticity, and provides a more intuitive and
activities, Eq. (16) is first used to calculate the elasticitiesPractical formula for calculating the contribution of human
of precipitation, potential evapotranspiration and human acactivities to runoff changes. Compared with the hydrologi-
tivities for 1958-2008, which can be expressetases, cal simulation method, the climate elasticity method not only
and ey, respectively, as shown in Table 3. We realize thatneeds fewer data and parameters, and is more reliable and
if annual runoff decreases by 32.1 mm, the decrease causeBsier to implement, but can also be easily extended. How-
by human activities is 22.9—24.9 mm. So the contribution of€Ver, its temporal resolution is low and it lacks a physical
human activities to runoff decrease is 71-78 %, and the conbasis. There is a trend towards coupling hydrological simu-

tribution of climate change is 22—29 %. lations with the more reliable hydrological and meteorolog-
ical statistical methods, to quantitatively study hydrological
4.2.3 Comparison of the simulation results responses to climate change and human activities.

In this paper, two methods are used to analyze the causes df3 Discussion

the runoff decrease in the Wei River basin. One is the origi-

nal climate elasticity method, and the other is the improvedin this paper it is assumed that over a long period of time,
climate elasticity method. Each method adopts two formu-change in catchment storage can be neglected, so that the
las based on the Budyko hypothesis (noting that one forwater balance equation can be expressell ast + R. Itis

mula includes parameters and the other does not). Results aedso assumed that the Budyko curve can comparably and pre-
compared with each other and with those calculated by othecisely estimate mean annual evaporation. In fact the two as-
methods, and the precision of the two methods is analyzedsumptions are fundamental and commonly used in Budyko-
Both methods are implemented at the annual timescale, antype elasticity studies for long-term averages (Gentine et al.,
require relatively simple computation. The contributions of 2012). We do not think there is an approach that can esti-
climate change and human activities to runoff variability mate the mean annual evaporation “precisely” but if any, the
can thus be computed by fewer data and parameters conBudyko curve would be comparable at least for long-term
pared with other methods. The results of the original cli- means.

mate elasticity method show that the contributions of climate The maximum daily precipitation as well as the averaged
change and human activities to runoff variability are 37—40 %top five maximum daily precipitation for each year are es-
and 60-63 %, respectively. Meanwhile, corresponding contimated as shown in Fig. 5. The results show that there is
tributions calculated using the improved climate elasticity no steady decreasing trend in these two measures of extreme

Hydrol. Earth Syst. Sci., 18, 30693077, 2014 www.hydrol-earth-syst-sci.net/18/3069/2014/
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Table 2. Results of the original climate elasticity method.

3075

Period Formula P/mm Eg/ mm ep €gg ARc/mm  ARc/% ARy/%
1958-2008 Turc (1954); Pike (1964)  569.3 923.1 2.771.77 11.9 37 63
1958-2008 Zhang (2001) 569.3 923.1 2.58-1.58 12.9 40 60

Table 3. Results of the improved climate elasticity method.
Period Formula P/mm Eg/ mm ep £Eq &4 ARy/mm ARc/% ARH/ %
1958-2008 Turc (1954); Pike (1964) 569.3 923.1 3.532.16 -0.37 22.9 29 71
1958-2008 Zhang (2001) 569.3 923.1 3.89-2.49 -0.40 24.9 22 78

80.00

——————— The top five maximum daily precipitation

The maximum daily precipitation

60.00

40.00

20.00 |

Extreme Precipitation (mm)

0.00

1958 1978 1988 1998

Year

1968 2008

Figure 5. The top five maximum daily precipitation and the maxi-
mum daily precipitation curves.

rainfall and distribution, while the steady decrease in runoff
investigated in this study would require a steady decrease i
rainfall intensity if the change in distribution is the cause.
Those results are consistent with our experience with thi

ing point in the area of woodland and grassland area, but the
corresponding trends are opposite to those of the cultivated
area. Because the area of cultivated land and woodland and
grassland reaches 90 %, and considering the turning points
of the three types of land, the year 1990 can be regarded as
a more general turning point in surface characteristics (Song
et al., 2012). This decreases the uncertainty regarding 1990
as the runoff change point.

Major sources of uncertainty in the simulation associ-
ated with the climate elasticity may arise from the input
data, classification of the stages, and the parameter in the
Zhang (2001) formula. Precipitation data used in the models
are from seven rain gauges and meteorological stations in and
around the study catchment. The flow data are measured dur-
ing the 1958—-2008 period from the Hua County hydrological
station, which is located at the downstream end of the basin,
but may not sufficiently represent the whole basin. Even
though the breakpoint test is found to be reasonable, there

Pemain some uncertainties, which may be caused by the test

method and artifacts when reading the results in the chart.

SThe parameter which is very sensitive in the Zhang (2001)

catchment in that precipitation and potential evapotranspiraTormLlla is calibrated according to the land cover and land

tion are not the only influencing factors on runoff, but in-

use conditions.

stead human activities have been the main influence on the Furthermore, itis essential to point out that climate change

decreasing runoff.
The impacts of human activities on runoff are reflected in

e
land use and land cover changes. Land use and land covz%
change is a gradual process, and the impacts on runoff als

accumulate gradually. We can decrease the uncertainty
quantitative predictions by analyzing the LUCC changes in
the Wei River basin in 1980, 1990, 2000, 2005 and 2007, an
then checking whether the results are reasonable. The ma
type of land cover in the Wei River basin is cultivated land,
which covers more than 50 % of the total area, followed by
woodland and grassland.

By analyzing the changing areas of cultivated land an

woodland and grassland in the Wei River basin in 19801intens.e water cc:jnsumpti
1990, 2000, 2005 and 2007, it can be concluded that the yedhula iSAR = ep = + ¢k,

(0]

and human activities are supposed to be two mutually inde-
ndent variables when separating their impacts on runoff;
owever, we note that land use and land cover can be influ-
%nced by both climate change and by human activities.

In this studyR is divided into Rops and Ry because the
ater intake directly from rivers is a significant amount in

almost all rivers in China. However, in the original Budyko-
ll@/pe elasticity, this part is not considered directly and the

. dr;
main formulae aré\ R = sPdTP +eg, 72 andAR = ARc +

ARy. Then that framework is extended by including the di-

grect influence from water intake to adapt to catchments with

on and intake, and the main for-

dEO dRH . . .
o teHRE We believe this is

1990 is the turning point in cultivated land area, since thea néw contribution to the climate elasticity method reported
area decreases during the 1980-1990 period, and then begifisliteratures.
to increase again after 1990. The year 1990 is also the turn-
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