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The impacts of climate variability and human activities on
streamﬂow in Bai River basin, northern China
Chesheng Zhan, Cunwen Niu, Xiaomeng Song and Chongyu Xu

ABSTRACT
Both the time series analysis method and hydrological modeling approach are integrated to analyze
the streamﬂow response to climate variability and human activities in the Bai River basin, northern
China using data from 1986 to 1998 in this study. Also, the quantiﬁcation and separation of effects
from climate variability and human activities is investigated. First, the Fu formula based on Budyko
hypothesis was applied to explore the integrated underlying surface characteristics in the whole
basin, and then the SIMHYD model was calibrated and validated using the data from 1986 to 1990
(pre-treatment period). The calibrated model was then used to simulate streamﬂow in the period
1991 to 1998 (testing period) and obtain quantitative assessment on the impacts of climate variability
and human activities. The difference of observed streamﬂows between the pre-treatment period and
the testing period reﬂects the combined inﬂuence of climate variability and human activities in the
basin, while the difference between simulated and observed streamﬂow during the testing period
reﬂects the impact of human activities in the catchment. The results show that the contribution rate
of climate to the streamﬂow change in the basin is 37.5 and 62.5% for human activities. Human
activities exerted a dominant inﬂuence upon streamﬂow change in the Bai River basin.
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INTRODUCTION
The large-scale hydrological cycle of a catchment is a complex

researchers have mainly investigated hydrologic response to

process inﬂuenced by climate, physical characteristics of the

land use/cover change and climate change (Legesse et al.

catchment, and human activities (Rind et al. ; Green

; Mohamad & Glenn ; Lan et al. ; Li et al.

et al. ; Ma et al. ). With worsening of water shortage

; Vimal et al. ), which are the two important factors

problems and increasing numbers of water-related disasters

inﬂuencing hydrological conditions (Li et al. ). For

globally (Song et al. a), the study of the impact of climate

example, dams/reservoirs and land use change can result in

change/variability and human activities (e.g. human-induced

a change of ﬂood frequency (Brath et al. ), base ﬂow

land use change) on hydrology and water resources has

(Wang et al. ), and annual mean discharge (Costa et al.

become a hot issue in hydrology in the 21st century (e.g. Voros-

), while climate change/variability can change the ﬂow

marty et al. ; Kang et al. ; Milly et al. ; Fu et al.

routing time, peakﬂows and volume (Prowse et al. ). In

; Scanlon et al. ; Barnett et al. ; Piao et al. ;

addition, some studies have stressed the effects of vegetation

Wu & Jiang ; Liu & Cui ). Some studies indicated

change and urbanization with climate change/variability

that the impact of human activities exert a dominant inﬂuence

(Zhao et al. ; Chung et al. ; Jung & Chang ).

upon runoff change in northern China compared to climate

To assess the hydrological effects of environmental

change (Li & Li ; Wang et al. ; Zhan et al. ).

change, several methods were developed, which mainly fall

Human activities include many aspects, among which land

into three categories: paired catchments approach; time

use/cover change is the primary part. Therefore, most

series analysis (statistical method); and hydrological

doi: 10.2166/nh.2012.146
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STUDY AREA AND DATA

qualitative explanation and quantitative analysis to study
the hydrologic response to climate change and human activi-

Study area

ties. The qualitative explanation mainly focuses on the
relationship of the climate change trend and hydrological

The Bai River basin (115 250 –117 E, 40 250 –41 300 N) with

process change, and the inﬂuence of human activities on

an area of 9,227.5 km2, which is a sub-basin of the Hai

river basin features and underlying surface characteristics

River basin, is within northern China (Figure 1). Cur-

(Kezer & Matsuyama ). The quantitative evaluation of

rently in the river basin, forest, grassland, and farmland

the effects of climate variations and human activities on

account for more than 95% of the total area. The Bai

W

W

W

W

streamﬂow is signiﬁcant, but currently makes little progress

River converges with the Miyun Reservoir, and accounts

(Wang et al. ). Most of the studies reported in the litera-

for 60% of the upstream watershed area of the Miyun

ture use either the statistical analysis method or the

Reservoir, which is the main source of water supply for

hydrological modeling method to quantify the impacts of

Beijing City (Pang et al. ; Zhan et al. ). The

human activities on streamﬂow (Xu & Vandewiele ;

river basin is located in the continental monsoon climate

Yates ; Jothityangkoon et al. ; Chen et al. b; Li

zone with transition from temperate and semi-arid cli-

et al. ). The statistical analysis methods lack physical

mate to warm and semi-humid climate. Most runoff is

mechanisms, and are usually based on mean annual timescale

generated in the period June to September. The majority

and so provide generalized relationships without considering

of soil texture in the basin is brown and cinnamon soil.

species differences within forest and grasslands, partial land

The yearly average precipitation within the basin is

use change and heterogeneity within river basins (Li et al.

roughly

). The hydrological modeling approach is more complex

obvious seasonal variation, and mainly occurs between

440 mm;

however,

the precipitation

shows

due to all these differences. Hydrologic models are usually

June and August, accounting for 65–75% of the whole

used to quantitatively analyze the impact of climate and

year due to the effect of the continental monsoon climate

human factors on the water cycle ( Jothityangkoon et al.

in the temperate zone (Zhan et al. ). In the study,

; Chen et al. b; Li et al. ). In this study, a concep-

Zhangjiafen station is the control guaging station of the

tual lumped model was used to simulate the streamﬂow

Bai River basin, and the observed data from Zhangjiafen

change and quantitatively investigate the impact and relative

station were used to calibrate and validate the con-

importance of climate change and human activities on runoff.

structed SIMHYD model.

The objective of this study is to quantify the impact of
human activities and climate variability on streamﬂow
using the SIMHYD rainfall–runoff model, which was success-

Data

fully applied in northern China (Wang et al. ). The data,
from 1986 to 1998, are split into two periods, 1986–1990 and

Meteorological and hydrological data required in this study

1991–1998, by the Fu formula (Fu ); the period 1986–

are shown in Table 1. The meteorological data mainly

1990 is deﬁned as the pre-treatment period, and the period

include rainfall, daily mean temperature, and total radiation

of 1991–1998 is deﬁned as the testing period. First, we brieﬂy

quantity of short wave, and the hydrological data mainly

describe the study area, the structure of the SIMHYD model,

include precipitation and streamﬂow. The streamﬂow

and the Budyko formula. Second, the SIMHYD model is

data are sourced from the Zhangjiafen hydrometric station,

calibrated using the data from 1986 to 1988, and validated

the precipitation data from the rain-gauge stations, and

using the data from 1989 to 1990. The calibrated model is

the meteorological data from the State Meteorological

then used to simulate streamﬂow during the testing period.

Administration. Daily potential evapotranspiration (PET)

Finally, we compare streamﬂow changes between pre-treat-

is calculated by the Hargreaves method (Hargreaves &

ment and testing periods to quantify the impacts of climate

Samani ), which is suitable for the arid–semi-arid

variability and human activities on streamﬂow.

region in northern China (Liu et al. ). The Hargreaves
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The location of the Bai River basin.

Meteorological and hydrological data

Data

Data item

Format

Station and location

Meteorological data

Precipitation, T, Rs

DbaseIII

Huailai

40 240 N,115 300 E

Zhangjiakou

40 480 N,114 540 E

Miyun

40 230 N,116 520 E

W

W

W

W

W

W

Hydrological data

Precipitation

Text

64 stations

–

Hydrological data

Streamﬂow

Text

Zhangjiafen

40 370 –116 470
W

W

model is an empirical equation and takes the form with

change (Fu ). Evapotranspiration links with both water

some modiﬁcations (Liu et al. ) as:

and energy balances and plays a key role in the climate–
soil–vegetation interactions. The primary controls on the

Rs
PET ¼ 0:0135(T þ 17:8)
λ

(1)

where Rs is the daily total short-wave radiation, MJ/(m2 d),
T air temperature, C, and λ the latent heat of vaporization,
W

λ ¼ 2.45 MJ/kg.

long-term mean annual evapotranspiration are precipitation
and PET. Budyko () proposed a semi-empirical
expression for the coupled water–energy balances, here
deﬁned as the Budyko hypothesis, which is a partition of
annual water balance as a function of the relative magnitude
of water and energy supply (Yang et al. ; Cong et al.
; Han et al. ).
On the basis of the Budyko hypothesis, Fu () gave the

MODELING METHODOLOGY

differential forms of the Budyko hypothesis; he postulated
that over a mean annual timescale for a given PET rate (E0),

Budyko hypothesis and Fu’s theoretical formula

the rate of the change in basin evapotranspiration with respect
to precipitation (∂E/∂P) increases with residual PET (E0–E) but

In the study, Fu’s analytical solutions to the Budyko hypoth-

decreases with precipitation (P). Similarly, for a given precipi-

esis were used to predict the hydrologic response to climate

tation, the rate of the change in evapotranspiration with

Downloaded from https://iwaponline.com/hr/article-pdf/44/5/875/370528/875.pdf
by guest

878

C. Zhan et al.

|

The impacts of climate change and human activities on streamﬂow: a case study

Hydrology Research

|

44.5

|

2013

respect to PET (∂E/∂E0) increases with residual precipitation

(www.toolkit.net.au/rrl). The model estimates runoff gene-

(P–E), and decreases with PET (E0).

ration from three sources: inﬁltration excess runoff,

Through dimensional analysis and mathematical reason-

interﬂow (and saturation excess runoff), and base ﬂow.

ing (Fu ; Zhang et al. ), the analytical solution of

The detailed description on the structure and the algorithms

Fu’s equation is expressed as:

of the model can be seen in the work of Chiew et al. ().


 ω 1=ω
E
E0
E0
¼1þ
 1þ
P
P
P

Model calibration and validation
(2)
In order to validate the simulation results, some criteria

where ω is a non-dimensional model parameter, and it indi-

must be used, and then some statistical goodness-of-ﬁt

cates the degree of the runoff response to the change of

approaches are employed to evaluate the model (Song

characteristics due to human activities for the whole catch-

et al. b). The generalized pattern search algorithm with

ment.

of

particle swarm optimization in MATLAB (The Math

evapotranspiration using Equation (2) requires mean

Works, Inc.) is used to optimize the parameters of the

annual values of precipitation, PET, and estimates of the

SIMHYD model. The model is calibrated by maximizing

model parameter ω. These relationships are shown in Figure 2

the Nash–Sutcliffe Efﬁciency (NSE) (Nash & Sutcliffe

(Zhang et al. ).

) of monthly streamﬂow. NSE is deﬁned as:

It

should

be

noted

that

the

estimation

n 
P

SIMHYD model

NSE ¼ 1  i¼1
n 
P

inputs into the SIMHYD model are daily precipitation and
daily PET, and the model estimates daily runoff. SIMHYD
is one of the most commonly used rainfall–runoff models
in Australia and China (Chiew et al. , ; Wang
et al. ; Zhang & Chiew ), and has been tested
using data from China (Wang et al. ). It is one of the
rainfall–runoff models in the RRL (Rainfall–Runoff Library),

Qobs,i  Qobs

2

2

(3)

i¼1

SIMHYD is a daily lumped conceptual rainfall–runoff
model (Chiew et al. ; Zhang & Chiew ). The

Qobs,i  Qsim,i

Meanwhile, a water balance error (WBE) in percentage
is considered as the linear inequality constraint compelling
the total simulated streamﬂow to be within 5% of the total
recorded streamﬂow. WBE is calculated as:
0

n
P

B
B
WBE ¼ 100Bi¼1
@

a software product in the Catchment Modelling Toolkit

Qobs,i 
n
P

1
Qsim,i C
C
i¼1
C
A
n
P

(4)

Qobs,i

i¼1

The performance of the conceptual rainfall–runoff
model is evaluated in this study using the two criteria,
NSE and WBE. The model calibration and validation
periods are determined from within the pre-treatment
period to make sure that both the calibration and validation
periods have a relatively similar vegetation cover. A 3-year
warm-up period is used for both calibration and simulation.
Separating the effects of human activities and climate
variability

Figure 2

|

Ratio of mean annual evapotranspiration to precipitation (E/P) as a function of
the index of dryness (E0/P) for different values of parameter ω.
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streamﬂow between two independent periods with different

To separate streamﬂow impacts caused by climate

human activities and climate characteristics can be esti-

change and human activities, only ΔQhum or ΔQclim needs

mated as:

to be quantiﬁed since ΔQtot is available. A widely used
approach to quantify ΔQclim is the hydrological modeling

pre
ΔQtot ¼ Qtest
obs  Qobs

(5)

ture which use fully distributed and semi-distributed

where ΔQtot indicates the total change in mean annual
streamﬂow,

Qpre
obs

and

approach. There are numerous studies reported in the litera-

Qtest
obs

are the mean annual measured

streamﬂow during the pre-treatment period and the testing
period, respectively.

hydrological models to simulate impacts of human activities
(e.g. land use changes) on catchment water balance (Bultot
et al. ; Nandakumar & Mein ; Niehoff et al. ;
Siriwardena et al. ; Elfert & Bormann ). In this

The total change ΔQtot in mean annual streamﬂow

approach, a hydrological model is ﬁrst calibrated for one

between the two independent periods is a combination of

period, and then is applied to another independent period

change in streamﬂow caused by the climatic differences

to quantify ΔQclim.

and change in streamﬂow due to the human activity difference between the two periods. Thus, the total change in
mean annual streamﬂow can be described as:

RESULTS AND DISCUSSION

ΔQtot ¼ ΔQclim þ ΔQhum

(6)

test
ΔQhum ¼ Qtest
obs  Qsim

(7)

Abrupt point analysis
The parameter ω is a non-dimensional model parameter, and
it is closely related to the degree of the runoff response to the

where ΔQclim is the change in mean annual streamﬂow

basin characteristics’ change due to human activities. The

because of climate change/variability between the two

abrupt point of ω change is used to deﬁne the time point

periods, ΔQhum indicates the change in mean annual stream-

when the basin characteristics change signiﬁcantly due to

ﬂow as the result of human activities,

Qtest
sim

Qtest
obs

are the

human activities. The moving average of the parameter ω

average simulated and observed annual streamﬂow for the

in the Fu formula and the observed monthly streamﬂow

testing period, respectively.

for every 5 years are shown in Figure 3. The results provide

Figure 3

|

and

The moving average of ω and observed streamﬂow for every 5 years.
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the basic judgement criterion for dividing the whole period

rain fell on the ground. It could not permeate easily because

into the pre-treatment and testing periods. The main curve

of the weakened permeability caused by the hardened and

break point for two moving mean curves for every 5 years

expanded road development in the urbanization process.

is about 1989–1993, thus the abrupt point for streamﬂow

Thus, the capacity for the runoff yield of the catchment

change is regarded as the early 1990s, which also is the

was strengthened. Meanwhile, with the consolidation of

abrupt point of synthetic characteristics’ change of the under-

the embankment and construction of water conservation

lying surface. The increasing trend of ω appears in the moving

projects, the evaporation from the catchment becomes

average change for every 5 years from 1986 to 1993. The

less, and much more runoff yield is routed into streamﬂow.

moving average of ω for every 5 years reduces in the period

Such comprehensive effects due to human activities have

1989–1998. Based on the change trend of ω, the study

resulted in the increase of the runoff yield in this period.

period is separated into two parts by 1990, i.e. the pre-treat-

The actual evapotranspiration in the Bai River basin in

ment period (1986–1990) and the testing period (1991–1998).

northern China is mainly decided by the rainfall and tempera-

The parameter ω can reﬂect the characteristics of the

ture in the area. The ω value mainly ranges between 2.5 and 3.5,

underlying surface and the capability of runoff yield from

which means the actual evapotranspiration somewhat

the whole basin. It is also possible to make some generaliz-

approaches the rainfall according to Figure 2. Meanwhile the

ation as to how the parameter ω will vary with the river

change of ω values showed that, after integrated remediation

basin characteristics. The result suggests that runoff

in this small river basin, the evaporation from the catchment

change is closely related to the characteristics of the under-

has decreased with the evapotranspiration taking a smaller

lying surface from 1986 to 1998. The land use/cover change

proportion of the rainfall, thus the runoff increases.

caused by human activities, such as building water conservation projects, is a main factor inﬂuencing the characteristics

Time series trend analysis

of the underlying surface. As shown in Figure 3, ω increases
gently during 1986–1990, which means that actual evapo-

The time series trend analysis was used in the study. The

transpiration had increased according to the Fu formula.

annual time series for streamﬂow (Qobs), precipitation (P),

In other words, according to the water balance theory, the

and PET, along with linear trendlines ﬁtted to the observed

runoff decreased in that period. The planning for soil and

values are shown in Figure 4. The linear trendlines showed

water conservation was only carried out in some areas,

much sharper decreasing trends in precipitation and PET

with large-scale remediation yet to be conducted, while

and an increasing trend in streamﬂow as a whole.

little change took place in the way people used the land.

In addition, the rank-based, non-parametric Mann–

With good water permeability of the underlying surface

Kendall statistical test is commonly used for trend detection

and relatively weak inﬂuence by human activities, the

due to its robustness for abnormally distributed and cen-

runoff was small. After the abrupt point of 1990, the

sored

period 1991–1998 was characterized by the decreasing

meteorological and hydrological time series (Chen et al.

value of ω. We could assume that the actual evapotranspira-

a; Burn ; Zhang et al. ). In this work, the

tion was decreasing, with the runoff increasing. After 1990,

Mann–Kendall trend test was also used to analyze the

the integrated remediation, reforestation, embankment con-

trends in annual Qobs, P, and PET (see Table 2 below).

solidation, water conservation projects, and urbanization

Table 2 obviously shows that only annual streamﬂow Qobs

changed the underlying situation in the Bai River basin.

had a rising rate of 1.518 mm/yr, with a decrease of P and

Land utilization statistics showed that, comparing the pre-

PET. The results of PET reduced signiﬁcantly (α ¼ 0.05) for

treatment period and the testing period, the area of farmland

the Bai River basin, with a decreasing rate of 5.601 mm/yr.

data,

which

are

frequently

encountered

in

and grassland decreased by 7.21 and 12.25% respectively,

However, more signiﬁcant decreasing trends (α ¼ 0.1) are

while the forest area increased by 20.02% (Zhan et al.

found for P, with a decreasing rate of 6.403 mm/yr. The

). With the forest still being in the growing stage and

trend analysis results here suggest that the increasing trend

its canopy interception capacity being weak, most of the

in the observed streamﬂow in the Bai River basin cannot
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Changes in annual precipitation, potential evapotranspiration, and streamﬂow in the Bai river basin during 1986–1998.

suggested that the SIMHYD model and the calibration

Summary of Mann–Kendall trend analysis for observed data

method used in this study were robust enough for the calib-

Time

First

Last

series

year

year

Signiﬁcance

Qobs

1986

1998

0.92

P

1986

1998

1.65

0.1

6.403

PET

1986

1998

2.26

0.05

5.601

Z

level

–

βs (mm/yr)

1.518

rated model to be used adequately over an independent
simulation period. The nine parameters of the SIMHYD
model, which are displayed in Table 3, were calibrated
Table 3

|

Nine calibrated parameters of the SIMHYD model applied in the Bai River basin

Note: Z and βs are the Mann–Kendall test statistic and Kendall slope.
Range

be explained by the reduction in P and PET alone, and the

Parameters

Description

Min

Max

introduction of human activities may be an important con-

COEFF

Maximum inﬁltration loss (mm)

50

400
6

tribution to this increase.

performance of the SIMHYD model. From the calibration
and validation results, we can see that the model performed
extremely well, with the NSE ¼ 0.886 in calibration and
NSE ¼ 0.821 in the validation period. At the same time,
the absolute WBE is 0.51% in calibration and 1.15% in vali-

SQ

Inﬁltration loss exponent

0

Baseﬂow linear recession
parameter

0.003 0.3

0.08

INSC

Interception store capacity (mm)

0.5

5

5.00

SUB

Constant of proportionality in
interﬂow equation

0

1

0.04

SMSC

Soil moisture store capacity
(mm)

50

500 201.5

CRAK

Constant of proportionality in
groundwater equation

0

1

1.00

XE

Muskingum routing model
parameter

0

0.5

0.37

KE

Muskingum routing model
parameter

0.5

10

0.50

dation. Otherwise, the results indicated that there was no
evidence of systematic errors in simulated monthly streamﬂow in the model calibration or validation. The results
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To separate and quantify the impacts of climate variabil-

streamﬂow in the testing period in the Bai River basin.

ity and human activities on streamﬂow during the testing

Hydrological effect of human activities and climate

observed streamﬂows in the pre-treatment and testing

variability

periods. The differences between observed and simulated

period, the simulated streamﬂows were compared with the

streamﬂow values were caused by the differences in climatic
In this study, the SIMHYD model with the calibrated para-

conditions and human activities during the pre-treatment

meter values and land cover information from the period

and testing period. Table 4 summarizes the annual statistics

1986–1990, is used to quantify the effects of human activities

for observed streamﬂow Qobs, precipitation P, and potential

on streamﬂow during the testing period. The simulated

evapotranspiration PET for the pre-treatment and testing

results compared with the observed monthly streamﬂow

periods. The results show that the total increment in ﬂow

for the Bai River basin are shown in Figure 5. Figure 5

for the testing period (when compared to the pre-treatment

shows that there is large difference between the simulated

period) due to climate variability and human activities was

and observed monthly streamﬂow during the testing

12 mm, which represented a 37.5% increment in stream-

period 1991–1998 for the Bai River basin, which indicates

ﬂow. On the whole, the increment in streamﬂow during

human activities have played an important role in this differ-

the testing period due to human activities was 7.5 mm

ence. The observed monthly runoff values are almost higher

(23.4% of the pre-treatment ﬂow) and the increment due to

than the simulated runoff in the testing period (1991–1998).

climate variability was 4.5 mm (14.1% of the pre-treatment

The effects of human activities between the pre-treatment

ﬂow).

and the testing period have been eliminated through simulation for the testing period by using observed climate data
from 1991 to 1998 which drive the calibrated SIMHYD.

CONCLUSIONS

The difference between observed and simulated streamﬂow
during the testing period only reﬂects the inﬂuence of

A monthly water balance model was used to evaluate the

human activities, and the human activities had caused an

impact of climate variability and human activities on the

increment in streamﬂow during the testing period.

changes of streamﬂow in the Bai River basin in northern

Figure 5

|

Time series of monthly precipitation, observed and simulated streamﬂow.
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Annual statistics for observed precipitation, potential evaporation, streamﬂow,
and simulated streamﬂow

Period

P (mm)

PET (mm)

Qobs (mm)

Qsim (mm)

Pre-treatment

485

931

32

–

Testing

471

884

44

36.5

China. The Fu model based on the Budyko hypothesis was
applied to explore the integrated underlying surface characteristics of the overall basin. The moving average value of ω
for every 5 years indicated that the year 1990 was the abrupt
point for the runoff change due to human activities. The
SIMHYD model was calibrated using meteorological and
hydrological data from the pre-treatment period, and was
used to simulate streamﬂow in the testing period to estimate
the impact of climate variability and human activities on
streamﬂow.
The differences of observed streamﬂow between the pretreatment period and the testing period reﬂect the combined
inﬂuence of climate variability and human activities in the
basin. The increment between the simulated and measured
streamﬂow during the testing period, which is 7.5 mm,
reﬂects the contribution rate of human activities to the
streamﬂow change in the basin is 62.5%, at the same the
contribution rate of climate variability is 37.5%. Thus, it
can be concluded that the impact of human activities
exerts a dominant inﬂuence upon the runoff change in the
Bai River basin compared to climate variability.

ACKNOWLEDGEMENTS
This work was jointly supported by The Natural Science
Foundation of China (Grant No. 41271003, 50939006)
and the National Basic Research Program of China (973
Program) (2010CB428403).

REFERENCES
Barnett, T. P., Pierce, D. W., Hidalgo, H. G., Bonﬁls, C., Santer, B.
D., Das, T., Bala, G., Wood, A. W., Nozawa, T., Mirin, A. A.,
Cayan, D. R. & Dettinger, M. D.  Human-induced
changes in the hydrology of the western United States.
Science 319, 1080–1083.

Downloaded from https://iwaponline.com/hr/article-pdf/44/5/875/370528/875.pdf
by guest

Hydrology Research

|

44.5

|

2013

Brath, A., Montanari, A. & Moretti, G.  Assessing the
effect on ﬂood frequency of land use change via
hydrological simulation (with uncertainty). J. Hydrol. 324
(1–4), 141–153.
Budyko, M. I.  Climate and Life. Translated from Russian by
Miller, D. H. Academic Press, San Diego, CA.
Bultot, F., Dupriez, G. L. & Gellens, D.  Simulation of land
use changes and impacts on the water balance – a case study
for Belgium. J. Hydrol. 114 (3–4), 327–348.
Burn, D. H.  Climatic inﬂuences on streamﬂow timing in the
headwaters of the Mackenzie River basin. J. Hydrol. 352
(1–2), 225–238.
Chen, X., Chen, Y. D. & Xu, C. Y. b A distributed monthly
hydrological model for integrating spatial variations of basin
topography and rainfall. Hydrol. Process. 21, 242–252.
Chen, H., Guo, S. L., Xu, C. Y. & Singh, V. P. a Historical
temporal trends of hydro-climatic variables and runoff
response to climate variability and their relevance in water
resource management in the Hanjiang basin. J. Hydrol. 344
(3–4), 171–184.
Chiew, F. H. S., Peel, M. C. & Western, A. W.  Application
and testing of the simple rainfall-runoff model SIMHYD. In:
Mathematical Models of Small Watershed Hydrology and
Applications (V. P. Singh & D. K. Frevert, eds). Water
Resources Publication, Littleton, CO, pp. 335–367.
Chiew, F. H. S., Teng, J., Vaze, J., Post, D. A., Perraud, J. M.,
Kirono, D. G. C. & Viney, N. R.  Estimating climate
change impact on runoff across southeast Australia: method,
results, and implications of the modeling method. Water
Resour. Res. 45, W10414.
Chung, E. S., Park, K. & Lee, K. S.  The relative impacts of
climate change and urbanization on the hydrological
response of a Korean urban watershed. Hydrol. Process. 25
(4), 544–560.
Cong, Z. T., Zhao, J. J., Yang, D. W. & Ni, G. H. 
Understanding the hydrological trends of river basins in
China. J. Hydrol. 388 (3–4), 350–356.
Costa, M. H., Botta, A. & Cardille, J. A.  Effects of large-scale
changes in land cover on the discharge of the Tocantins
River, Southern Amazonia. J. Hydrol. 283, 206–217.
Elfert, S. & Bormann, H.  Simulated impact of past and
possible future land use changes on the hydrological
response of the northern German lowland ‘Hunte’
catchment. J. Hydrol. 383 (3–4), 245–255.
Fu, B. P.  On the calculation of the evaporation from land
surface. Sci. Atmos. Sin. 5, 23–31 (in Chinese).
Fu, G. B., Barber, M. E. & Chen, S. L.  Impacts of climate
change on regional hydrological regimes in the Spokane
River watershed. J. Hydrol. Eng. 12 (5), 452–461.
Green, T. R., Taniguchi, M. & Kooi, H.  Potential impacts of
climate change and human activity on subsurface water
resources. Vadose Zone J. 6 (3), 531–532.
Han, S. J., Hu, H. P., Yang, D. W. & Liu, Q. C.  Irrigation
impact on annual water balance of the oases in Tarim Basin,
Northwest China. Hydrol. Process. 25, 167–174.

884

C. Zhan et al.

|

The impacts of climate change and human activities on streamﬂow: a case study

Hargreaves, G. H. & Samani, Z. A.  Estimating potential
evapotranspiration. J. Irrig. Drain Eng. 108 (IR3), 223–230.
Jothityangkoon, C., Sivapalan, M. & Farmer, D. L.  Process
controls of water balance variability in a large semi-arid
catchment: downward approach to hydrological model
development. J. Hydrol. 254, 174–198.
Jung, I. W. & Chang, H.  Assessment of future runoff trends
under multiple climate change scenarios in the Willamette
River Basin, Oregon, USA. Hydrol. Process. 25 (2), 258–277.
Kang, S. Z., Su, X. L., Tong, L., Shi, P. Z., Yang, X. Y., Abe, Y., Du,
T. S., Shen, Q. L. & Zhang, J. H.  The impacts of human
activities on the water-land environment of the Shiyang River
basin, an arid region in northwest China. Hydrol. Sci. J. 49
(3), 413–427.
Kezer, K. & Matsuyama, H.  Decrease of river runoff in the
Lake Balkhash basin in central Asia. Hydrol. Process. 20 (6),
1407–1423.
Lan, C., Dennis, P. L., Marina, A. & Jeffrey, E. R.  Effects of a
century of land cover and climate change on the hydrology of
the Puget Sound basin. Hydrol. Process. 23, 907–933.
Legesse, D., Vallet-Coulomb, C. & Gasse, F.  Hydrological
response of a catchment to climate and land use changes in
Tropical Africa: case study South Central Ethiopia. J. Hydrol.
275 (1–2), 67–85.
Li, Z. J. & Li, X. B.  Impacts of precipitation changes and
human activities on annual runoff of Chao River basin during
past 45 years. Sci. Geogr. Sin. 28 (6), 809–813 (in Chinese).
Li, Z., Liu, W. Z., Zhang, X. C. & Zheng, F. L.  Impacts of
land use change and climate variability on hydrology in
an agricultural catchment on the Loess Plateau of China.
J. Hydrol. 377, 35–42.
Liu, Q. & Cui, B. S.  Impacts of climate change/variability on
the streamﬂow in the Yellow River Basin, China. Ecol.
Modell. 222, 268–274.
Liu, X. Y., Li, Y. Z. & Wang, Q. S.  Evaluation on several
temperature-based methods for estimating reference crop
evapotranspiration. Trans. CSAE 22 (6), 12–18 (in Chinese).
Ma, Z. M., Kang, S. Z., Zhang, L., Tong, L. & Su, X. L. 
Analysis of impacts of climate variability and human activity
on streamﬂow for a river basin in arid region of northwest
China. J. Hydrol. 352 (3–4), 239–249.
Milly, P. C. D., Dunne, K. A. & Vecchia, A. V.  Global pattern
of trends in streamﬂow and water availability in a changing
climate. Nature 438, 347–350.
Mohamad, I. H. & Glenn, E. M.  The effect of climate and
land use change on ﬂow duration in the Maryland Piedmont
region. Hydrol. Process. 22, 4710–4722.
Nandakumar, N. & Mein, R. G.  Uncertainty in rainfall-runoff
model simulations and the implications for predicting the
hydrologic effects of land-use change. J. Hydrol. 192 (1–4),
211–232.
Nash, J. E. & Sutcliffe, J. V.  River ﬂow forecasting through
conceptual models. J. Hydrol. 10 (3), 282–290.
Niehoff, D., Fritsch, U. & Bronstert, A.  Land-use impacts on
storm-runoff generation: scenarios of land-use change and

Downloaded from https://iwaponline.com/hr/article-pdf/44/5/875/370528/875.pdf
by guest

Hydrology Research

|

44.5

|

2013

simulation of hydrological response in a meso-scale
catchment in SW-Germany. J. Hydrol. 267 (1–2), 80–93.
Pang, J. P., Liu, C. M. & Xu, Z. X.  Impact of land use change
on runoff and sediment yield in the Miyun Reservoir
catchment. J. Beijing Normal Univ. – Nat. Sci. 46, 290–299.
Piao, S. L., Ciais, P., Huang, Y., Shen, Z. H., Peng, S. S., Li, J. S.,
Zhou, L. P., Liu, H. Y., Ma, Y. C., Ding, Y. H., Friedlingstein,
P., Liu, C. Z., Tan, K., Yu, Y. Q., Zhang, T. Y. & Fang, J. Y.
 The impacts of climate change on water resources and
agriculture in China. Nature 467, 43–451.
Prowse, T. D., Beltaos, S., Gardner, J. T., Gibson, J. J., Granger, R.
J., Leconte, R., Peters, D. L., Pietroniro, A., Romolo, L. A. &
Toth, B.  Climate change, ﬂow regulation and land-use
effects on the hydrology of the Peace-Athabasca-Slave
system, ﬁndings from the northern rivers ecosystem initiative.
Environ. Monit. Assess. 113, 167–197.
Rind, D., Rosenzweig, C. & Goldberg, R.  Modelling the
hydrological cycle in assessments of climate change. Nature
358, 119–122.
Scanlon, B. R., Jolly, I., Sophocleous, M. & Zhang, L.  Global
impacts of conversion from natural to agricultural ecosystem
on water resources: quantity versus quality. Water Resour.
Res. 43, W03437.
Siriwardena, L., Finlayson, B. L. & McMahon, T. A.  The
impact of land use change on catchment hydrology in large
catchments: the Comet River, Central Queensland, Australia.
J. Hydrol. 326 (1–4), 199–214.
Song, X. M., Kong, F. Z. & Zhan, C. S. a Assessment of water
resources carrying capacity in Tianjin city of China. Water
Resour. Manage. 25 (3), 857–873.
Song, X. M., Kong, F. Z. & Zhu, Z. X. b Application of
Muskingum routing method with variable parameters in
ungauged basin. Water Sci. Eng. 4 (1), 1–12.
Vimal, M., Keith, A. C., Dev, N., Ming, L., Bryan, C. P., Deepak,
K. R., Laura, C. B. & Yang, G. X.  A regional scale
assessment of land use/land cover and climatic changes on
water and energy cycle in the upper Midwest United States.
Int. J. Climatol. 30, 2025–2044.
Vorosmarty, C. J., Green, P., Salisbury, J. & Lammers, R. B. 
Global water resources: vulnerability from climate change
and population growth. Science 289, 284–288.
Wang, G. S., Xia, J. & Chen, J.  Quantiﬁcation of effects of
climate variations and human activities on runoff by a
monthly water balance model: a case study of the Chaobai
River basin in northern China. Water Resour. Res., 45,
W00A11.
Wang, G. Q., Zhang, J. Y., He, R. M., Jiang, N. Q. & Jing, X. A.
 Runoff reduction due to environmental changes in the
Sanchuanhe river basin. Int. J. Sediment Res. 23 (2), 174–180.
Wang, G. X., Zhang, Y., Liu, G. M. & Chen, L.  Impact of
land-use change on hydrological processes in the Maying
River basin, China. Sci. China Ser. D 49 (10), 1098–1110.
Wu, X. N. & Jiang, Y.  The impact of climatic change on
runoff in Chaohe River basin. China Acad. J. Electron. Publ.
House 2, 5–7.

885

C. Zhan et al.

|

The impacts of climate change and human activities on streamﬂow: a case study

Xu, C. Y. & Vandewiele, G. L.  Parsimonious monthly rainfall
runoff models for humid basins with different input
requirements. Adv. Water Resour. 18, 39–48.
Yang, D. W., Sun, F. B., Liu, Z. Y., Cong, Z. T., Ni, G. H. & Lei, Z.
D.  Analyzing spatial and temporal variability of
annual water-energy balance in nonhumid regions of China
using the Budyko hypothesis. Water Resour. Res. 43,
W04426.
Yates, D. N.  WatBal: an integrated water balance model for
climate impact assessment of river basin runoff. Water
Resour. Dev. 12 (2), 121–139.
Zhan, C. S., Xu, Z. X., Wu, Y. D. & Xue, M. J.  LUCC and
its impact on runoff and soil erosion in Chao river catchment
of Miyun reservoir basin. J. Sichuan Uni. 41 (2), 148–153.
Zhan, C. S., Xu, Z. X., Ye, A. Z. & Su, H. B.  LUCC and
its impact on runoff yield in the Bai River catchment-

Hydrology Research

44.5

|

2013

upstream of the Miyun Reservoir basin. J. Plant Ecol. 4
(1–2), 61–66.
Zhang, Y. Q. & Chiew, F. H. S.  Relative merits of different
methods for runoff predictions in ungauged catchments.
Water Resour. Res. 45, W07412.
Zhang, L., Hickel, K. & Dawes, W. R.  A rational function
approach for estimating mean annual evapotranspiration.
Water Resour. Res. 40, W02502.
Zhang, Q., Xu, C. Y., Tao, H., Jiang, T. & Chen, Y. D.  Climate
changes and their impacts on water resources in the arid
regions: a case study of the Tarim River basin, China. Stoch.
Environ. Res. Risk Assess. 24, 349–358.
Zhao, F. F., Zhang, L., Xu, Z. X. & Scott, D. F.  Evaluation of
methods for estimating the effects of vegetation change and
climate variability on streamﬂow. Water Resour. Res. 46,
W03505.

First received 23 October 2011; accepted in revised form 12 April 2012. Available online 26 October 2012

Downloaded from https://iwaponline.com/hr/article-pdf/44/5/875/370528/875.pdf
by guest

|

