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Topography-climate-vegetation-runoff relationships are important issues in hydrological studies. In
this paper, based on analyzing water isotope characteristics of river water, the influence of these variables
on the relative contribution of rain to river water was investigated during one rain event in the Heishui
Valley of the upper Yangtze River in China. During one rain event on August 19, 2005, a total number of
182 river water samples were collected at 13 sampling sites located along the principal river course and
its tributaries. The analysis of water isotopes in the principal river course and its tributaries showed that
new rain water and secondary evaporation precipitation caused great variation in values of 8D and high
d-excess increased with altitude. Based on calculations of two-component hydrograph separation using
8180, the results showed that the biggest relative contribution of new rain to river water (43%) was found
in tributary B, while the smallest contribution (less than 5%) was found in tributary I. According to
stepwise linear regression analysis, topography (elevation and slope) was the most important factor
affecting the contributions of new rain to river water. When only vegetation variables were considered in
the regression model, alpine shrub coverage proved to be negatively correlated with the contributions of
new rain to river water, while alpine meadow coverage was positively correlated with the contributions
of new rain. This would imply that increasing the relative coverage of alpine shrubs in this mountainous
region of China may decrease the risk of flooding.
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1. Introduction characteristics of the ground surface (Bosch and Hewlett, 1982;
Brown et al., 2005; Dou et al., 2013). The influence of vegetation

Rain-vegetation-runoff relationships are very important issues change on water yield at relatively large scales has also been shown

in hydrological studies and eco-environmental construction. Many
studies have reported that changes in vegetation type, such as
afforestation or deforestation, can affect water yield by altering
evapotranspiration and redistribution of soil water, and infiltration
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by both several modeling studies and different statistical methods
(Zhang and Schilling, 1940; Sun et al., 2006). For example, Sun et al.
(2006) showed that afforestation reduced annual water yield in the
semi-arid Loess Plateau region. However, a contrasting view has
also been reported: water yield is not so much influenced by
vegetation change but more by characteristics of rain events, such
as intensity (Niehoff et al., 2002), amount of rain water (Pizarro
et al, 2006), and by topography (Welsch et al., 2001). These
contrasting findings indicate the necessity of increasing our
understanding of the effects of topography, climate and vegetation
on water yield. Our paper aims to elucidate these effects by
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Fig.1. Map of the sampling sites. (a) The location of the Minjiang valley in western China; (b) the location of the Heishui Valley within the Minjiang Valley; (c) the distribution
of sampling sites in the Heishui Valley. Sampling sites C, D, G, ], L and M were situated in the confluences; sampling sites A, B, E, F, H,  and K in the tributary watersheds. The
location of the precipitation station is also indicated.
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investigating rain-vegetation-runoff relationships in the Heishui
Valley in China. The Heishui Valley, the upper watershed of the
Yangtze River, was chosen because the Yangtze River is the longest
river in China, harbouring 1/3 of China’s fresh water (Varis
Vakkilainen, 2001; Wang et al., 2006) and is now the foundation of
the rapid economic growth of middle and eastern China. Increased
flooding risks potentially threaten the economic development and
security of this area (Jiang et al., 2004; Wang et al., 2006) and a
better understanding of rain contributions to river water may
decrease the risk of flooding in this area.

The Heishui Valley has climatic, soil, vegetation and hydrologi-
cal characteristics representative of the Minjiang Valley in the
upper Yangtze River catchment, which makes it an ideal subject for
the study of the interaction between the hydrological dynamics
and landscape characteristics in this region. However, due to the
remote location of our sampling sites within seven tributaries in
the Heishui Valley it is not easy to use traditional methods to
monitor hydrological processes of the different tributaries. Yi et al.
(2008) successfully used a coupled isotope tracer (stable hydrogen
(3D) and oxygen (8'80) isotopes) to characterize input water to
lakes in remote regions assuming conservative behavior for both
isotopes during mixing and evaporative enrichment. However, due
to time-series isotopic sampling limit (Yi et al, 2008) we
undertook this study using a more conventional dual-tracer
approach. This technique enables the distinction of precipitation
variability from evaporation effects (Gibson et al., 2005) and
identifies temporal and spatial variability of the isotope signatures
in this region during the dry and wet season (Liu et al., 2008a,b).
The objectives of our study are: (1) to study causes of temporal and
spatial variation of the water isotopes 8D and §'®0 during one rain
event, (2) to clarify whether topography, P/AET or vegetation
coverage is the most important factor in affecting the relative
contribution of new rain to river water, (3) to emphasize roles of
vegetation coverage in mitigating flooding processes, assumed that
effects of topography and climate factors are excluded in stepwise
linear regression models, because in practice topography and
climate factors are not easily controlled by humans.

2. Study area

The Yangtze River has an upper course of 4511 km and an upper
catchment area of about 1.0 x 10° km?. One of the most important
tributaries in the upper course of Yangtze River is the Minjiang
River, which is located within the transition region between the
Tibetan Plateau and the Sichuan Basin (Pu, 2000; Li et al., 2003).
The Heishui River is the largest tributary of the Minjiang River and
stretches 122 km from the Ruoergai Grassland to the Shaba village
(Fig. 1). The average annual temperature in the Heishui Valley is
9°C and the average annual rainfall is 833 mm (Liu et al., 2008b).
The climate is monsoonal and is affected by two atmospheric
circulations. A westerly dry circulation from the Atlantic Ocean

Table 1

prevails during winter, and southwesterly wet monsoons enter
into this region from the Indian Ocean during summer (Zhang
et al., 2002).

The Heishui Valleys are formed by the effects of the rivers and
fold, uplift and fracture of the earth crust through the Indosinian
movement, the Yanshan movement and the Himalayan orogeny.
Being located in the southeastern rim of the Tibetan plateau, the
Heishui valley falls in elevation from northwest to southeast. The
northwestern mountain ridge is over 4500 m above sea level (a.s.
1.). The highest mountain ridge is more than 5400 m a.s.l. in the
southwest of the Heishui Valley (Zhang et al., 2002; Chen and Chen,
2003). Thus, the plateau mountain topography is in the northwest
and the mountain valley topography is in the south of the area. The
main rocks include muscovite granite, biotite diorite, granite,
phyllite, slate, shale and sandstone (Sichuan Vegetation Editing
Committee, 1980). Seven different vegetation types and five soil
types are distributed along the altitude gradient (Table 1) (Jiang,
1994, 2004; Zhuang et al., 1995; Zhang et al., 2002; Chen and Chen,
2003).

3. Methods
3.1. Field water sampling

According to the records of precipitation amount in August
from 1996 to 2000 in the Heishui meteorological station, there was
a total of 81 precipitation events happened. By computing,
precipitation amount less than 5mm, precipitation amount
between 5mm and 10 mm and precipitation amount more than
10mm occupied 60%, 28%, 12% of 81 precipitation events,
respectively. Therefore, we chose one precipitation event (precipi-
tation amount between 5 mm and 10 mm) on August 2005 to study
different catchment characteristics how to affect variation of
tributary water.

Based on field experiment design, thirteen sampling sites along
the principal river course of the Heishui River and its tributaries
were selected (Fig. 1c). Six sites (C, D, G, ], L, and M) were situated
along the principal river course and seven sites (A, B, E, F, H, [, and
K) in the tributaries. Water samples from two rain storms were
collected by rain gauge at the Heishui precipitation station
(32°03.00'N, 102°35.4’E) at an altitude of 2400 m above sea level
(a.s.L.). The first storm (“old rain”) began at 23:00 on August 14,
2005 and lasted for 7 h, during this time a total of 10 mm of rain fell
and was collected. The second storm (“new rain”) began at 21:00
on August 19, 2005 and lasted for 4 h, during this time a total of
6 mm of rain fell and was collected. At each of our sampling sites,
one river sample (pre-event water) was collected on August 17,
2005 before the new rain event and a total of 13 sequential samples
were collected to measure dynamics of river water for 24 h from
21:00 on August 19 to 21:00 on August 20 in 2005. In addition,
seven samples of spring water at two sampling sites (Fig. 1c) were

Vegetation types with their characteristic species and corresponding soil types along the altitudinal gradient in the Heishui Valley.

Vegetation type Altitude (m a.s.

L)

Dominant plant species

Soil type

(1) Arid shrublands 2300-2400
(2) Deciduous broadleaved forest 2400-2600
(3) Mixed broadleaved and coniferous 2600-2900
forest liaotungensis
(4) Subalpine coniferous forest 2900-3800
(5) Alpine shrub 3800-4000
(6) Alpine meadow 4000-4500
(7) Hillside and mountaintop >4500

Aophora viciifolia,Cotinus coggvria and Lucium chinense

Quercus liaotungensis and Betula davurica
Picea asperata, Pimus tabulaeformis and Quercus

Abies fabric and Picea asperata

Spiraea alpine and Lonicera litangensis.
Kobresiap ygmaea and Carex alpine

Few herbaceous and fruticous plants present

Alluvium and mountain gray cinnamon
soil

Mountain cinnamon soil

Mountain cinnamon soil

Mountain brown soil
Mountain brown soil
Alpine meadow soil
Alpine cold desert soil
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Table 2
Topography and vegetation coverage characteristics of the studied sub-watersheds. P is mean annual precipitation and AET is mean actual evapotranspiration during 1950-
2000.
Watershed  Location of sampling site (E/ Area (ha) Altitude (m Slope Subalpine forest coverage  Alpine meadow coverage  Alpine shrub coverage (%)
N) asl) ) (%) (%)
A 102°45.89'/32°06.12' 30,205.6 3801.8 16.2 35.5 441 10.4
B 102°45.92//32°06.17 21,590.2 4042.9 18.9 23.2 529 121
E 102°55.62//32°09.44' 60,342.0 4022.6 173 19.6 56.6 13.0
F 102°55.88'/32°06.38’ 11,625.5 37475 17.7 33.0 43.6 115
H 103°11.99'/32°06.26 250,121.8 3785.6 12.6 20.6 48.1 15.9
I 103°12.28'/32°06.41 59,580.8 3477.7 15.1 431 33.2 10.5
K 103°25.96'/31°53.8' 76,033.0 3531.5 22.8 253 53.2 15.6
Table 3
Spatial distribution of maximum (MAX), minimum (MIN) and mean (AVE) annual precipitation (P) and actual evapotranspiration (AET) in the studied watersheds.
Watersheds A B E F H I K
Parameters P AET P AET P AET P AET P AET P AET P AET
MAX (mm) 720 680 720 680 800 740 800 760 760 750 720 680 720 710
MIN (mm) 640 570 680 510 680 570 680 670 640 510 640 450 640 520
AVE (mm) 696 642 700 599 715 627 717 700 684 566 692 546 665 643

also collected on August 21, 2005, four samples were taken at an
altitude of 3600 m a.s.l. and three samples at an altitude of 3700 m
a.s.l. In total, 191 water samples were collected.

3.2. Measurement of water isotopes

The analyses of the stable hydrogen (8D) and oxygen (8'%0)
isotopes were carried out by a Gas Bench Il and MAT-253 mass
spectrometer (Finnigan MAT, Bremen, Germany) in the Key
Laboratory of Atomic Resources and Environment, East China
Institute of Technology, China. The accuracy of the measurements
was +1% for 8D, and +0.1%. for 8'80. The final results of 8D and 58
were expressed as the relative to the value for standard mean
ocean water (SMOW), respectively:

[(180/16O)sample - (180/]60)SMOW]

x 10°%o
("*0/"°0)smow

5'%0 = (1)

[((D/H)gampie = D/H)_ ]

SMOW

oA = (D /Hsmow % 103%0)

Legends

Elevation (m)

[ ] 1,800 - 2,550
[ 2550 - 3100
[ 3. 100 - 3,500

I 3. 500 - 3,900

I 3. 000 - 4,300

I - 300 - 5,200
W Iﬁ;«mers

18

In this study, the water samples were analysed in a random order
and analytical errors of 8D and 880 of each sample was less than
+1%0 and +0.1%., respectively.

3.3. Data analysis

Contributions of new rain to river water at various times within
the seven tributaries were calculated by the two-component
model described below:

Qe xCe=QexCe+QpxCp (3)

Qe + Qp = Qt (4)

Q was the discharge, C was the concentration of the stable
isotope tracer, and the subscripts t, e and p referred to total, event,
and pre-event water components, respectively (Pinder and Jones,
1969). In our study, the concentration of the stable oxygen (3'80)
isotope was used in Eq. (3), and t was total flood water at different
times, e was the new rain water on August 19, 2005 and p was river
water before this new rain event.

The average $'0 of rain water (Cyq) Within each of the seven
watersheds was calculated by Eq. (5) (Liu et al, 2008b), as

Legends
I subalpine forest

Alpine shrub

Alpine shrub meadow
Alpine meadow
Slash land

Arid shrub

Barren land
B croptand
water body

I crocier

15

Kilometers

30 60

Fig. 2. Topography (a) and vegetation types (b) in the Heishui Valley.
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described below:

Cwd = Cave + (Hwa) < AC (5)
Ho

where C,. was 8'®0 values of the collected rain water at the
Heishui precipitation station, H,,q was the average altitude of each
of seven watersheds (Table 2) and Hy was the altitude of collected
new rain sample from the Heishui precipitation station. AC was
—0.2 +0.04%. (Liu et al., 2008a), which is the rate of decrease in
880 with each 100 m increase in altitude in the Heishui Valley. In
this experiment, 8'0 and 8D of the first storm (“old rain”) were
—106.69 4+ 0.50, —13.55 + 0.09 and that of the second storm (“new
rain”) were —117.99 +0.42, —14.7 +0.03.

In order to study effects of topography, climate and vegetation
on runoff during rain events, 10 parameters were chosen to
represent these variables. This selection was based on expert
experience and their importance in topography, climate and
vegetation in this mountainous region. The selected parameters
included four related to topography (location of sampling site, area,
altitude, slope), two related to climate (mean precipitation (P),
mean evapotranspiration (AET)) and three related to vegetation
coverage (subalpine forest coverage, alpine shrub coverage, alpine
meadow coverage) (Tables 2 and 3). Topography, P/AET and
vegetation coverage parameters of the seven studied sub-water-
sheds were computed by the following methods: the topography
parameters of the seven watersheds (Fig. 2a) were obtained by a
digital elevation model and the Hydro model of ArcView from
Environmental Systems Research Institute (ESRI) of America. Our
study areas form one part of the Minjiang Valley, as such,
maximum, minimum and mean annual precipitation (P) and actual
evapotranspiration (AET) were computed according to spatial
distribution of P and AET in the Minjiang Valley (Jiang et al., 2004).
Coverage of each vegetation type was obtained by the optimal
iterative unsupervised classification (OIUC) method (Jiang et al.,
2004) based on distinct natural vegetation types distributed along
various altitudes in the Heishui valley (Jiang, 1994; Zhuang et al.,
1995). The classification (Fig. 2b) was carried out by using Landsat
7 TM satellite images acquired on 10 July 2002. The accuracy of the
vegetation classification was calculated to be 92% for the whole
area, assessed by field validation and previously published
ancillary spatial database (Jiang et al., 2004).

Stepwise linear regression models (Verma et al., 1983) were run
to determine the most important variable(s) among the ten
variables (Tables 2 and 3) affecting the relative contribution of new
rain to river water. All statistical tests were done using the
Statistical Package for Social Science (SPSS) 14.

4. Results

4.1. Water isotope characteristics of different tributary water during
one rain event in summer

Based on visual observation (Fig. 3), the values of river water
samples falling above the local meteoric water line (LMWL:
dD=9.3 5'80 +25.9 reported by Liu et al. (2008a)) may be divided
into two groups: elevated group 1 considered only of samples from
tributary B; and elevated group 2 consisted of some samples from
tributary H, I, and K. The two groups were able to be described by
fitted lines with the following equations: group 1 8D=9.3 §'80
+52.9 (p <0.01); group 2 8D=9.3 8'30 +38.5 (p<0.01) (Fig. 3).
Most of the river water samples D, E, F, G, L, M and some of the river
water samples A, C were distributed around the old rain water
sample, while some of the river samples B, C were distributed
around the water sample of new rain, as showed that new and old
rain waters were the main source of these river waters. While most

of the water samples H, I, ], K were far from the new and old rain
water samples, indicating they were not supplied directly by the
two recent event rains.

All 3D and 880 values of the spring water samples were similar
to that of the old rain water sample, which indicated that the main
source of spring water was from the old rain water. Since springs
are one of the main paths supplying the river in this region, spring
water consisting of old rain water should be thought of as the major
source of river water in August.

The initial glacier melt water in spring was located between
group 2 and LMWL. Because later glacier melt water in summer
had lower d-excess than initial glacier melt water, water samples in
group 2 and 1 with higher d-excess were not supplied by glacier
melt water.

Altitude effects were obvious in distribution of river samples
along the LMWL: river samples B with the highest altitude of
4046 m were located at the bottom part of the LMWL, river samples
D, E F A, G K, L, M with higher altitude from 3531 to 4022 m were
distributed in the middle part, and river samples I with the lowest
altitude of 3477 m were lain on the upper part. Moreover, the
locations of group 1 and 2 also displayed altitude effects.

4.2. Spatial and temporal variation of 8D, §'80 and d-excess within the
seven tributaries and their confluence

The spatial and temporal variations of 8D and §'80 within the
tributaries and their confluences during one rain event were
shown in Fig. 4. Most of the 8'80 values from the confluence sites C,
G, ], M were distributed between that of their tributaries, whereas
for dD this trend was only observed for confluence site G. These
results indicated that there were differences existing in hydrologi-
cal processes within the seven sub-watersheds. A decrease of the
isotope content relative to their initial value was observed, which
was more or less expressed in the different sampling sites, and this
phenomenon meant that some new rain water entered into the
rivers and mixed with original river water after this new rain event.
Based on Fig. 5, large positive d-excess offset occurred within
tributary B, H, K and confluence J. Moreover, for d-excess more than
10, d- excess in tributary B was higher obviously than in tributary
H, K and confluence |, and their temporal variation presented linear
trends that were consistent with the fitting lines of group 1 and 2 in
Fig. 3. This d-excess offset was attributed possibly to relatively local
humidity and temperature.

-60 4 % Old rain water Tr!butary A
] =  New rain water = Tributary B
704 %  Spring water g 2 anﬂuence [o!
Glacier-melt water _Group2 /- v Tributary D
A8 + Tributary E
-80 > ’ ‘_Q < Tributary F
n 7 [y > Confluence G
Groupt g  Tributary H
A ’ = Tributary |
2 4+ Confluence J
~ 100 Tributary L
a1 Tributary K
o Confluence M

-110 —— The Local Meteoric Water Line
reported by liu et al.. (2008a)
- ~The Global Meteoric Water Line (GMWL)
-120

~ = Fitting line of group 1
- - -Fitting line of group 2

-130 . . . . . . : . .
16 14 12 -10 8

5 "0 (%o

Fig. 3. Distribution of the hydrogen (3D) and oxygen (8'0) values of rain water,
river water, and spring water along the local meteoric water line (LMWL:
3D =9.3 8'80 +25.9 reported by Liu et al. (2008a)).
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4.3. Contributions of new rain to river water within the seven
watersheds

By calculation of two-component hydrograph separation using
8180, the relative contributions of new rain to river water were
shown in Fig. 6. The biggest relative contribution of new rain to
river water (almost 43% at about 4 h after the start of the rain
event) was found in sub-watershed B. In contrast, tributary I had
the smallest contribution (not exceeding 5%) to river water.
Generally, humped back-shaped curves were observed within each
sub-watershed: increased contributions of new rain to river water
after the start of the new rain event till maximum contribution and
then gradually decreasing contributions over time. The trend and
duration of the rain water contributions differed among the seven
watersheds as a result of differences in their landscape and climate
characteristics.

In addition, the maximum contributions of new rain water to
river water at site G was from 14% to 18% calculated by 880 while
at similar times the maximum contribution was about 10%
calculated by flow amount recorded at the Heishui hydrological
monitor station (Fig. 1). This meant our results could be applied in
analyzing influence of different factors on contributions of new
rain to river water.

4.4. Influence of different factors on contributions of new rain to river
water

Of the ten variables (Tables 2 and 3) to account for temporal
variability in the relative contributions of new rain to river water
included in the stepwise regression model, the topographical
parameters, especially elevation and slope, were the most
important predictors, explaining almost 27% of temporal variation



Y. Liu et al./Ecological Engineering 74 (2015) 241-249 247

—a— Tributary A

50 — —o— Tributary B
p —aA— Tributary E
45+ —v— Tributary F

—O— Tributary H
—*— Tributary |
—<— Tributary K

40 -

35

Contribution of new rain to river water (%)

'1\067:2’000’\0603000606()1 060900\ A \'500'\600;\1 00,\900 1\00
sampling time

Fig. 6. Contributions of rain to river water in the seven watersheds calculated by
stable oxygen isotope (8'%0).

of contributions. The relationships with elevation and slope were
linear and positive with contribution of new rain to river water
indicating that more new rain water was discharged to the rivers
with increasing elevation and slope, as described by Eq. (6):

Contributionofnew rain to river water at differernt time
= 0.898 x (Meadow) — 2.0.65 x (Shrub)
—6.649(R
=0.43,p < 0.001) (6)

Moreover, by linear fitting between contributions of new rain
and elevation or slope, Fig. 7 showed clearly that elevation and
slope were positively correlated with contributions of new water,
respectively and the slopes of the two fitting lines (0.02 for
elevation; 0.8 for slope) were similar to the slopes of elevation and
slope in Eq. (6). This further proved that contributions of new rain
were affected by elevation and slope in the mountainous regions.

In the Eq. (6), P/AET and vegetation variables did not play a role
in explaining new rain contributions to river water when all
parameters were entered in the regression analysis. In this
stepwise regression model, elevation/slope, P/AET and vegetation
coverage variables showed some correlation, therefore, when
elevation/slope was used to describe contributions of new rain
water to river water, roles of P/AET and vegetation coverage

[ —— Linear fitting line(Contribution=0.02*(Elevation)-68.9(R=0.43,p<0.001)) |
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variables were obscured. However, when topography variables
were excluded in regression analysis, climate variables (P and AET)
were more important than vegetation coverage variables in
affecting contributions of new rain water (p < 0.001). Therefore,
it was obvious that topography and climate parameters played
more important roles than the vegetation coverage parameters in
controlling contributions of new rain water to river water.

Interestingly, when topography and climate variables were not
considered in regression analysis, alpine meadow and alpine shrub
coverage variables proved to be significantly correlated with the
contributions of new rain water to river water. Alpine meadow
coverage was positively correlated with new rain contributions to
river water, which meant that increased alpine meadow coverage
led to lower retention of new rain water and greater discharge of
new rain water. In contrast, increased alpine shrub coverage led to
higher rain water retention and lower contributions of new rain to
river water (Eq. (7)). Subalpine forest coverage had no effect on
new rain contributions during this rain event.

Contribution of new rain to river water at different time
= 0.898 x (Meadow) — 2.0.65 x (Shrub)
— 6.649(R
=0.43,p < 0.001) (7)

5. Discussions
5.1. Analyzing reasons of large d-excess offsets

Generally, river water samples supplied by rain water are
distributed along the GMWL (Clark and Fritz, 1997). However, in
this study, some river samples were located above the LMWL with
large positive d-excess offsets. In similar region adjacent to this study
area, a study undertaken near the PiTiao River in the Wolong Nature
Reserve, Cui et al. (2009) found that a large part of rain at the alpine
meadow was derived from secondarily evaporated water by
deuterium (d) excess analysis, and fog line (8D =7.9 §'80 +37.99)
formed by secondarily evaporated water paralleled the rainy season
local meteoric water line of the alpine meadow (rsLMWL,
dD =79 80 +34.28). Ingraham and Matthews (1990) also reported
a similar finding like Cui’ that Kenya Mountain fog contained water
that was recycled terrestrially by evapotranspiration and these fog
water data points were distributed above the local meteoric water
line. Therefore, the elevated distribution of some samples in our
study above the LMWL can be described as being supplied by
secondarily evaporated water. However, why were there two fitting
lines within river water samples above the LMWL? This occurrence
can be described by differing altitudes between the sites. Group
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Fig. 7. Relationships between altitude/slope and contributions of new rain to river water.
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1 was composed of data from tributary B, and the group 2 was
composed of data from tributaries H, I, K. Based on comparison of
altitude, the altitude of tributary B was obviously higher than that of
tributaries H, I, K(Table 2), hence altitude effects played animportant
role in formation of secondary evaporation. Cui et al. (2009) found an
abrupt rise of d excess values was correlated with elevation. Our
study findings also reflect this phenomenon. Moreover, further by
analyzing relationships of d-excess and altitude (Fig. 8), d-excess
with about and above 20 increased with altitude while there was no
apparent relationship between altitude and d-excess with about and
below 10. Based on study results of Tibetan Plateau from Bershaw
etal., (2012), d-excess in our region was about 11 and caused mainly
by Indian Monsoon in summer, while relatively high d-excess was
possibly affected by Mediterranean or westerly derived vapor (Karim
and Veizer, 2002; Tian et al., 2005, 2007; Hren et al., 2009) or local
environmental conditions (Cui et al.,, 2009; Bershaw et al., 2012).
Therefore, river water of d-excess with about 11 in this study was
caused by Indian Monsoon, while high d-excess should be attributed
to local environmental conditions, especially secondary evaporation
precipitation that significantly supplied tributaries B, H, I, K at a
certain time. Boronina et al. (2005) found enrichment generally
affects 8D values less than 8'®0 values during evaporation
fractionation. As a result, variation of §'®0 was affected less than
that of 8D. In this study, evaporation at different humidities was the
main factors affecting variation of 8D and §'®0 or high and low d-
excess (Hren et al., 2009). Therefore, the oxygen isotope values are
more stable and have a better predictive capacity. Based on this
premises, 880 values of mixed water should almost distribute
between the values of its tributaries, and then it is a reliable

5.2. Effects of topography, P/AET and vegetation coverage on
contributions of rain to river water

Variation in the amount of runoff at the outlet of watersheds can
be affected by many factors (Cognard-Plancq et al.,2001) such as the
amount and intensity of precipitation, the area of the watershed, soil
characteristics, and vegetation cover (Llamas, 1993; Pizarro et al.,
2006). However, our study showed that there was a sequence of
importance among topography, P/AET and vegetation coverage
variables that determined the effects of contributions of new rain to
river water in the Heishui Valley. Slope and elevation were the most
important factors of these variables. Moreover, our results showed
that with increasing elevation and slope, contributions of new rain
to river water would increase. Many studies also have reported that
topography was very important in driving water flow during storm
events, and that elevation gradients largely controlled hydrologic
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Fig. 8. Relationships between altitude and deuterium (d) excess of river water
samples.

pathways and subsurface soil moisture distributions especially in
steep, headwater catchments (Welsch et al., 2001; Beven and
Kirkby, 1979; Siebert et al., 1997; Liu et al., 2012). Furthermore,
topography can also control the spatial patterns of surface water
distribution, soil water properties and soil moisture in mountainous
areas (Ambroise, 1995). Our work supports the conclusions that
elevation and slope affect contributions of new rain to river water in
our study region by controlling hydrological pathways and different
water distribution.

If topography plus P/AET variables were not considered in our
regression analysis since they are physical characteristics of
watersheds and uneasily changed in the practice of managing
watershed ecology and hydrology, some vegetation coverage
variables proved to have a significant effect on the contributions
of new rain to river water. This is an interesting result and worth
some attention in the future management of watersheds. At first
our results may appear to differ to those of Pizarro et al. (2006).
Their study reported that peak flows were more highly dependent
on precipitation amounts and were not correlated with variation of
vegetation coverage. However, this conclusion was not seriously
contradicted by our results, because we found the effects of
vegetation coverage on contributions of new rain to river water
were weaker than that of precipitation (e.g., P/AET analysis).
Although topography and climate played more important roles
than vegetation coverage in affecting contributions of new rain to
river water, the roles of vegetation coverage should not be ignored
during management of watersheds because in practice, different
vegetation coverage could be controlled by humans (Lin et al.,
2012). In our study, the roles of different vegetation coverage in
affecting contributions of new rain to river water varied: increasing
alpine shrub coverage could decrease contributions of new rain,
and the opposite was true for alpine meadow coverage. In this
region, alpine shrub mainly exists on the south slopes and at lower
altitudes than alpine meadow, whereas subalpine forests are
distributed on the north slopes with the lowest altitude (Sichuan
Vegetation Editing Committee, 1980; Jiang et al., 2004). The soil in
alpine shrub was not easily saturated as significant evaporation
occurred on southern slopes and the water holding capability of
alpine shrub canopy was higher than that of alpine meadow
canopy (Sichuan Vegetation Editing Committee, 1980), preventing
alot of rain from reaching the soil. Moreover, we further found that
alpine shrub utilized shallow soil water from new rain water easily
(Liu et al., 2011). Therefore, less new rain water entered river
channel, as a result alpine shrub coverage negatively affected the
contributions of new rain to river water. In contrast, alpine
meadow was mainly distributed at relatively higher altitudes
(Sichuan Vegetation Editing Committee, 1980; Jiang et al., 2004),
and the soils where this vegetation grow have relatively less water
holding capacity and a lower rate of evaporation of soil water (Cui
et al., 2009). The low water holding capacity of the soil where
alpine meadow occurs can be largely attributed to the inability of
alpine meadow to increase soil organic matter, improve soil
structure, decrease soil bulk density, and enhance soil porosity
(Chang et al., 2003). As a result, the shallow soils of alpine meadow
allow new water to easily enter into the subsurface water.
Therefore, alpine meadow coverage would increase the
contributions of new rain to river water (Wang et al., 2010), as
was found in our study. It is important to consider different
vegetation coverage and its various hydrological functions in
management of watersheds, especially in decreasing risk of
flooding, as was described by toposequences of ecosystems
resulting from climate and vegetation altitudinal zonation
(Ambroise, 1995). In thefuture, we should consider the different
and important roles of alpine shrub coverage and alpine
meadow coverage in adjusting contributions of different rain to
river water.
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6. Conclusions

During one rain event, water isotope characteristics of river
water and relationships between topography, P/AET, vegetation
coverage variables and contributions of new rain to river water
were studied within the seven sub-watersheds of the Heishui
Valley. By comparing 8'0 and 3D values of the collected water
samples, we could establish that in the middle of summer river
water was mainly supplied by a combination of old rain water and
new rain water. Our results of regression analysis also showed that
topography, especially elevation and slope, played the most
important roles in affecting the contributions of new rain to river
water. However, alpine shrub proved to be able to retain much
more new rain water than alpine meadow when only vegetation
coverage factors were considered. This difference was due to two
factors. Firstly, the effects of evaporation on water from soils of
alpine shrub were higher. Secondly, the water holding capability of
alpine shrub canopy was higher than that of alpine meadow. Both
of these factors combined to reduce contribution of new rain to
river water in alpine shrub. Subalpine forest was found to have no
effects on the contribution of new rain to river water. Therefore,
our study implied that increasing alpine shrub coverage would
produce a buffer for new rain water flowing to river and could
decrease risk of flooding in this region during summer.

Acknowledgments

This study was supported by NKBRSF, PR China (No.
2002CB111504), the National Natural Science Funds, PR China
(No. 40901029 and 31370474), the Shandong Natural Science
Funds, PR China (No. 2007BSA06018 and 2008ZRA06061).

References

Ambroise, B.,1995. Topography and the water cycle in a temperate middle mountain
environment: the need for interdisciplinary experiments. Agric. For. Meteorol.
73, 217-235.

Bershaw, |., Penny, S.M., Garzione, C.N., 2012. Stable isotopes of modern water across
the Himalaya and eastern Tibetan Plateau: implications for estimates of
paleoelevation and paleoclimate. J. Geophys. Res. 117, D02110. doi:http://dx.doi.
org/10.1029/2011]D016132.

Beven, KJ., Kirkby, M., 1979. A physically based: variable contributing area model
of basin hydrology. Hydrol. Sci. Bull. 24, 43-69.

Boronina, A., Balderer, W., Renard, P., Stichler, W., 2005. Study of stable isotopes in
the Kouris catchment (Cyprus) for the description of the regional groundwater
flow. J. Hydrol. 308 (3), 214-226.

Bosch, .M., Hewlett, ].D., 1982. A review of catchment experiments to determine the
effect of vegetation changes on water yield and evapotranspiration. J. Hydrol. 55
(1/4), 3-23.

Brown, A.E., Zhang, L., McMahon, T.A., Western, A.W., Vertessy, R.A., 2005. A review
of paired catchment studies for determining changes in water yield resulting
from alterations in vegetation. ]. Hydrol. 310, 28-61.

Chang, Z.H., Lu, Z.H., Guan, W.B., 2003. Water holding effect of subalpine dark
coniferous forest soil in Gongga Mountain. Chin. J. For. Res. 14 (3), 205-209 (In
Chinese).

Chen, N.S., Chen, Q.B., 2003. Frequency of different scale debris flows in limited
triggering earth - taking Luojiaba Valley debris flow for example. ]J. Chengdu
Univ. Technol. 30, 612-616.

Clark, 1.D., Fritz, P., 1997. Environmental Isotopes in Hydrogeology. CRC Press Lewis
Publishers, Boca Raton, FL.

Cui, J., An, S.Q., Wang, Z.S., Fang, C.M,, Liu, Y.H., Yang, H.B., Xu, Z,, Liu, S.R., 2009. Using
deuterium excess to determine the sources of high-altitude precipitation:
implications in hydrological relations between sub-alpine forests and alpine
meadows. J. Hydrol. 373 (1-2), 24-33.

Cognard-Plancq, A.-L., Marc, V., Ddon-Lescot, J.-F., Normand, M., 2001. The role of
forest cover on streamflow down sub-Mediterranean mountain watersheds: a
modelling approach. J. Hydrol. 254, 229-243.

Dou, X.L., Deng, Q., Li, M., Wang, W.B., Zhang, Q.F., Cheng, X.L., 2013. Reforestation of
Pinus massoniana alters soil organic carbon and nitrogen dynamics in eroded
soil in south China. Ecol. Eng. 52, 154-160.

Gibson, J.J., Edwards, T.W.D., Birks, S.J., Amour St, N.A., Buhay, W.M., McEachern, P.,
Wolfe, B.B., Peters, D.L., 2005. Progress in isotope tracer hydrology in Canada.
Hydrol. Processes 19, 303-327.

Ingraham, N.L., Matthews, R.A., 1990. A stable isotopic study of fog: the Point Reyes
Peninsula, California. Chem. Geol. (Isot. Geosci. Section) 80, 281-290.

Hren, M., Bookhagen, B., Blisniuk, P., Booth, A., Chamberlain, C., 2009. d'®0 and dD of
streamwaters across the Himalaya and Tibetan Plateau: implications for
moisture sources and paleoelevation reconstructions. Earth Planet. Sci. Lett.
288, 20-32.

Jiang, H., 1994. DCA ordination, quantitative classification and environmental
interpretation of spruce and fir communities in northwest Sichuan and Gansu.
Acta Phytoecol. Sin. 18 (3), 297-305 (In Chinese).

Jiang, H., Liu, S.R,, Sun, PSS, An, S.Q., Zhou, G.Y,, Li, C.Y., Wang, ].X., Yu, H., Tian, X].,
2004. The influence of vegetation type on the hydrological process at the
landscape scale. Can. J. Remote Sens. 30 (5), 743-763.

Karim, A., Veizer, J., 2002. Water balance of the Indus River Basin and moisture
source in the Karakoram and western Himalayas: implications from hydrogen
and oxygen isotopes in river water. ]. Geophys. Res. 107 (D18), 4362. doi:http://
dx.doi.org/10.1029/2000JD000253.

Li, A.N., Zhou, W.C,, Jiang, X.B., 2003. Dynamic change of land use/land cover during
15 years in the upper reaches of the Minjiang River, supported by RS and GIS. J.
Soil Water Conserv. 17 (4), 153-156 (In Chinese).

Lin, H., Shao, Q.Q,, Liu, J.J., 2012. Forest restoration to achieve both ecological and
economic progress, Poyang Lake basin, China. Ecol. Eng. 44, 53-60.

Liu, Y.H,, An, S.Q., Xu, Z., Fan, NJ., Cui, J., Wang, Z.S., Liy, S.R,, Pan, ].Y., Lin, G.H., 2008a.
Spatio-temporal variation of stable isotopes of river waters, water source
identification and water security in the Heishui Valley (China) during the dry-
season. Hydrol. J. 16, 311-319.

Liu, Y.H., Fan, NJ., An, S.Q., Bai, X.H., Liu, ED., Xu, Z., Wang, Z.S., Liu, S.R., 2008b.
Characteristics of water isotopes and hydrograph separation during the wet
season in the Heishui River, China. ]J. Hydrol. 353, 314-321.

Liu, Y.H., Xu, Z, Duffy, R,, Chen, W.L,, An, S.Q., Liu, S.R,, Liu, ED., 2011. Analyzing
relationships among water uptake patterns: rootlet biomass distribution and
soil water content profile in a subalpine shrubland using water isotopes. Eur. J.
Soil Biol. 47, 380-386.

Liu, X.P., Zhang, W], Yang, F., Zhou, X,, Liu, Z., Qu, ], Lian, F,, Wang, X.Q., Tang, C.L.,
2012. Changes in vegetation-environment relationships over long-term natural
restoration process in Middle Taihang Mountain of North China. Ecol. Eng. 49,
193-200.

Llamas, J., 1993. Hidrologia General, Principios y Aplicaciones. Servicio Editorial
Universidad del Pais Vasco, Espafia, pp. 635.

Niehoff, D., Fritsch, U., Bronstert, A., 2002. Land-use impacts on storm-runoff
generation: scenarios of land-use change and simulation of hydrological
response in a meso-scale catchment in SW-Germany. J. Hydrol. 267, 80-93.

Pinder, G.F,, Jones, J.F.,, 1969. Determination of the groundwater component of peak
discharge from the chemistry of total runoff. Water Resour. Res. 5 (2), 438-445.

Pizarro, R., Araya, S., Jordan, C,, Farias, C., Flores, ].P., Bro, P.B., 2006. The effects of
changes in vegetative cover on river flows in the Purapel river basin of central
Chile. J. Hydrol. 327, 249-257.

Pu, ED., 2000. Present conditions of ecology and biodiversity protection in the
upstream areas of the Minjiang. Sci. Resour. 22 (5), 83-85 (In Chinese).

Siebert, J., Bishop, K.H., Nyberg, L., 1997. A test of TOPMODEL's ability to predict
spatially distributed groundwater levels. Hydrol. Processes 11, 1131-1144.

Sichuan Vegetation Editing Committee, 1980. Sichuan Vegetation. The People's
Publisher of Sichuan, Chengdu, China, pp. 465.

Sun, G., Zhou, G.Y., Zhang, Z.Q., Wei, X.H., McNulty, S.G., Vose, J.M., 2006. Potential
water yield reduction due to forestation across China. J. Hydrol. 328, 548-558.

Tian, L.D., Yao, T.D., White, JW.C.,, Yu, W.H., Wang, N.L., 2005. Westerly moisture
transport to the middle of Himalayas revealed from the high deuterium excess.
Chin. Sci. Bull. 50 (10), 1026-1030.

Tian, L.D., Yao, T.D., MacClune, K., White, J.W.C., Schilla, A., Vaughn, B., Vachon, R.,
Ichiyanagi, K., 2007. Stable isotopic variations in west China: a consideration of
moisture sources. ]. Geophys. Res. 112, D10112. doi:http://dx.doi.org/10.1029/
2006JD007718.

Varis Vakkilainen, O.P., 2001. China’s 8 challenges to water resources management
in the first quarter of the 21st century. Geomorphology 41, 93-104.

Verma, S.S., Bharadwaj, H., Zachariah, T,, Kishnani, S., Bhatia, M.R., 1983. Prediction
of body volume by a stepwise linear regression technique. Eur. J. Appl. Physiol.
52,126-130.

Wang, X.X., Shang, S.Y., Yang, W.H., Clary, C.R,, Yang, D.W., 2010. Simulation of land
use-soil interactive effects on water and sediment yields at watershed scale.
Ecol. Eng. 3 (6), 328-344.

Wang, Z.S., Zhou, C.F, Guan, B.H., Deng, Z.F,, Zhi, Y.B., Liu, Y.H., Xu, C., Fang, S.B., Xu, Z.,
Yang, H.B., Liu, F.D., Zheng, ] W., Li, H.L., An, S.Q., 2006. The headwater loss of the
western plateau exacerbates China's long thirst. Ambio 35, 271-272.

Welsch, D., Kroll, C.N., McDonnell, ].J., Burns, D.A., 2001. Topographic controls on the
chemistry of subsurface stormflow. Hydrol. Processes 15, 1925-1938.

Yi, Y., Brock, B.E., Falcone, M.D., Wolf, B.B., Edwards, W.D., 2008. A coupled isotope
tracer method to characterize input water to lakes. J. Hydrol. 350, 1-13.

Zhang, Y., Schilling, K., 1940. Increasing streamflow and baseflow in. Mississippi
River since the: effect of land use change. J. Hydrol. 324, 412-422.

Zhang, WJ]., Li, M., Wu, Z.G., Yang, B.G., 2002. Features and evaluation of glacial
landscape resources in Heishui County, Sichuan Province. ]. Mount. Sci. 20 (4),
461-465 (In Chinese).

Zhuang, P, Pen, Q.X,, Liu, R.Y., Wu, H., 1995. Study on the decline state of the abies
fabri forest in Emei Mountain. J. Wuhan Bot. Res. 13, 317-328 (In Chinese).


http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0010
http://dx.doi.org/10.1029/2011JD016132
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0065
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0065
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0065
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0090
http://dx.doi.org/10.1029/2011JD016132
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0170
http://dx.doi.org/10.1029/2011JD016132
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00554-0/sbref0215

	Water isotope technology application for sustainable eco-environmental construction: Effects of landscape characteristics ...
	1 Introduction
	2 Study area
	3 Methods
	3.1 Field water sampling
	3.2 Measurement of water isotopes
	3.3 Data analysis

	4 Results
	4.1 Water isotope characteristics of different tributary water during one rain event in summer
	4.2 Spatial and temporal variation of δD, δ18O and d-excess within the seven tributaries and their confluence
	4.3 Contributions of new rain to river water within the seven watersheds
	4.4 Influence of different factors on contributions of new rain to river water

	5 Discussions
	5.1 Analyzing reasons of large d-excess offsets
	5.2 Effects of topography, P/AET and vegetation coverage on contributions of rain to river water

	6 Conclusions
	Acknowledgments
	References


