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Abstract

Climate change has significantly impacted the water cycle in the high mountain
regions of Central Asia, exacerbating regional water supply-demand conflicts.
Understanding the characteristics of runoff components in inland rivers is cru-
cial for water resource management. Based on meteorological and runoff data
from the past 60 a (1957-2016) in the Tizinafu River basin in southwestern
Tarim Basin, this study analyzed regional climate change characteristics and
runoff component responses. The results show: (1) Over the past 60 a, basin
temperature and mountain precipitation have exhibited significant increasing
trends, with the regional warming and wetting trend becoming more pronounced
since 2010. Under these changes, summer and autumn runoff in the Tizinafu
River has shown significant growth. (2) Runoff separation results indicate that
ice-snow meltwater, groundwater, and precipitation contribute 17%, 40%, and
43% to annual runoff, respectively; runoff components vary significantly across
seasons, with precipitation making a particularly notable contribution to sum-
mer runoff in the basin. As a typical inland river in southwestern Tarim Basin,
future regional climate change, particularly precipitation changes, will signif-
icantly impact the sustainable utilization of water resources in the Tizinafu
River.
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Abstract

Climate change has significantly impacted the water cycle in the alpine regions
of Central Asia, intensifying regional water resource supply-demand conflicts.
Understanding runoff component characteristics in inland rivers is crucial for
water resource management. Based on meteorological and runoff data from the
Tizinafu River Basin in the southwestern Tarim Basin over the past 60 years
(1957-2016), this study analyzed regional climate change trends and runoff com-
ponent responses. Results indicate that warming and humidification trends have
become more pronounced since 2010, leading to significant increases in summer
and autumn runoff in the Tizinafu River. Using isotope samples, we investigated
variations in isotopic signatures across different water sources and analyzed
source contributions via isotope hydrograph separation. Meltwater, groundwa-
ter, and precipitation contributed 17%, 40%, and 43% to annual streamflow,
respectively. Runoff components showed distinct seasonal differences, with pre-
cipitation contributions being particularly significant during summer. As a
typical alpine inland river in the southwestern Tarim Basin, future regional
climate change—especially precipitation changes—will substantially affect the
sustainable utilization of Tizinafu River water resources.

Keywords: Tizinafu River Basin; climate change; runoff; isotope; hydrograph
separation; Tarim Basin

1 Introduction

Water resources are essential for human production and livelihoods, exerting
profound influence on sustainable societal development [citation]. In inland
regions characterized by harsh environments, scarce water resources, arid cli-
mates, low precipitation, and high evaporation, water supply-demand contra-
dictions are particularly acute [citation]. Over the past century, global climate
change has significantly impacted Central Asian inland river basins [citation].
Research demonstrates that inland river basins in arid northwestern China re-
spond markedly to climate change [citation]|, with clear correlations between
climatic factor variations and runoff changes [citation]. Studies indicate that
since the late 1980s, the entire arid inland region has experienced pronounced
warming [citation]. Accompanied by rising temperatures, runoff in inland rivers
heavily reliant on alpine meltwater has fluctuated significantly [citation], while
precipitation variability has further complicated annual runoff patterns [cita-
tion], increasing challenges for regional water resource management. Conse-
quently, systematically understanding runoff and its component characteristics
in arid inland river basins under climate change has become a research priority
both domestically and internationally [citation].

Interpreting river runoff responses to climatic factors requires in-depth knowl-
edge of runoff component characteristics. Runoff separation methods effec-
tively quantify mixing proportions of multiple water bodies in streamflow [ci-
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tation]. Traditional approaches include graphical methods, time-step methods,
electronic filtering, hydrological modeling, and water balance methods. While
each offers advantages, their inability to be scientifically validated through ex-
periments has generated considerable controversy among theories and methods
[citation]. Environmental isotope technology, an emerging hydrological research
tool, has been widely applied to investigate hydrological processes and climate
issues, providing insights into hydraulic connections, mixing ratios, and wa-
ter vapor sources across different water bodies [citation]. Since isotope tech-
niques were first integrated with runoff separation methods, their physical basis
has effectively reduced subjectivity inherent in graphical approaches, leading to
broad application [citation]. In recent years, isotope-based runoff separation has
combined with other hydrological methods to form comprehensive multi-source
runoff separation models with established error control protocols [citation]. How-
ever, isotope runoff separation research has progressed slowly in northwestern
China [citation], with existing studies focusing primarily on typical inland river
basins in the Tianshan Mountains and Hexi Corridor, while research on the
southwestern Tarim Basin remains limited [citations]. This region represents
the intersection of two major geomorphic units in China, featuring complex and
variable climate conditions and serving as the source of multiple inland rivers.
The area also hosts concentrated ethnic populations with relatively developed oa-
sis agriculture, substantial water demand, and significant water supply-demand
conflicts, necessitating urgent research on runoff component characteristics of
inland rivers in this region.

This study selected the Tizinafu River Basin in the southwestern Tarim Basin as
a representative research area. Using meteorological data (temperature, precipi-
tation) from the past [years|, we analyzed regional climate change trends. Based
on stable isotope observations from different water bodies, we applied an isotope
runoff separation model to analyze runoff composition during a normal water
year, exploring the response mechanisms of runoff processes to climate change
in the southwestern Tarim River region. This research provides important the-
oretical support for regional water resource utilization and Central Asian water
cycle mechanism studies.

2 Methods
2.1 Data Collection and Sample Analysis

Meteorological data were obtained from the China Meteorological Science Data
Sharing Service Network, while hydrological data were sourced from local hy-
drological stations (Table 1). Water samples from different water bodies were
collected during [year], a normal water year that well represents the river’ s
average conditions. Specific sampling protocols were as follows:

Precipitation samples: Collected at Jiangka Hydrological Station on an event
basis throughout [year], totaling [number| samples. Rainwater collection pre-
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vented evaporation, avoided pollution sources, excluded direct sunlight on col-
lectors, and maintained sampling ports at least [height] above ground, with
precipitation amounts recorded. Snow samples were collected using bucket con-
tainers, melted at room temperature, and stored.

Glacier and meltwater samples: Glacier ice was collected from Muztag
Peak in the Karakoram Mountains. To avoid surface ice contamination, deep
ice cores were extracted using ice augers, placed in brown glass bottles, and
melted for preservation. Bottles were sealed with parafilm, refrigerated at [tem-
perature], and stored. Meltwater samples were collected during autumn and
spring snowmelt periods from snowmelt areas within the basin, totaling [num-
ber| glacier and meltwater samples.

River water samples: From March to December 2016, [number] river wa-
ter samples were collected at Jiangka Station using a vertical sampler. After
collection, samples were immediately sealed with parafilm, placed in insulated
containers, with concurrent records of temperature, humidity, and geographic
coordinates.

Groundwater samples: From civilian wells located at Jiangka and Kudi
within the basin, [number| groundwater samples were collected monthly from
each well, totaling [number] samples.

The Tizinafu River Basin is located in the southwestern Tarim Basin (36°31 -
38°54 N, 76°27 -79°04 E). The river originates from the Karakoram Mountains
at Kakelakedaban Pass (elevation 5518 m), flows out of the mountains at Jiangka
Hydrological Station in Yecheng County, Kashgar Prefecture, passes through
Yecheng, Shache, and Maigaiti counties, and ultimately joins the Yeerqiang
River, serving as a vital water source for oases on the southern margin of the
Tarim Basin [citation]. The basin’ s average elevation is [value] m, with moun-
tainous river sections showing steep gradients, creating distinct vertical climate
zones. Mountainous areas have low temperatures and relatively high precipita-
tion (multi-year average 186.9 mm), while downstream plains are arid and hot
with scarce precipitation (53.1 mm), representing typical temperate continental
climate. The Tizinafu River has a total length of 335 km, with 190 km above
the Jiangka Station outlet, and a runoff depth of 165.2 mm.

Hydrogen and oxygen stable isotopes were analyzed at the State Key Laboratory
of Desert and Oasis Ecology, Chinese Academy of Sciences, using a Los Gatos
Research DLT-100 liquid water isotope analyzer with precision of $+$0.5%0 for
5180 and $£$0.2%o for JD. Results are expressed in standard d-notation relative
to VSMOW.

2.2 Runoff Separation

Isotope hydrograph separation is commonly applied to two-source, three-source,
and multi-source hydrograph partitioning. Based on mass balance and con-
centration balance equations, the multi-source isotope hydrograph separation
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method can be expressed as [citations]:

Q=> Q.

m=1

<
3

CbQ = Cbm Qm

m=1

where () represents total runoff from multiple water sources, @,, represents the
m-th runoff component, and Cj,, represents tracer b in component m. Two
key considerations for parameter Cy,, are: (1) it must remain stable during
the observation period, and (2) tracers with appropriate characteristics must be
selected to minimize errors. This study employed [number] different tracers.

3 Results
3.1 Temperature Changes

Over the past several decades, the Tizinafu River Basin exhibited a signifi-
cant warming trend of 0.30°C - (10a)~!. Average temperatures increased by
1.10°C in plain areas and 1.35°C' in mountainous areas relative to multi-year
averages. This warming trend critically impacts arid inland rivers where melt-
water constitutes a major water source. Seasonal comparisons revealed that
autumn temperatures in mountainous areas warmed fastest at 0.44°C - (10a) ™.
Conversely, plain area temperature increases during winter and spring substan-
tially exceeded those in mountainous areas, while the opposite pattern occurred
in summer and autumn, with mountainous areas showing more pronounced
warming. Although spring temperatures increased most significantly across the
basin, they also displayed the greatest variability. Kendall test results showed
significant increasing trends in annual average temperature for both plain and
mountainous areas (P<0.05). Mountainous area temperatures underwent rapid
increase after a breakpoint around [year|, consistent with the temperature mu-
tation point for the entire Xinjiang region [citation]. Plain area temperature
breakpoints occurred around [year]. Comparison of plain and mountainous tem-
perature changes revealed lower annual temperature variation rates in plain
areas, indicating more stable temperature conditions.

3.2 Precipitation Changes

Kendall test results indicated that mountainous precipitation exhibited a sig-
nificant increasing trend (P<0.05), with a growth rate of 6.23. Mountainous
precipitation increased rapidly from [year] at a rate of 7.30mm - (10a)~!. Plain
area precipitation showed greater variability compared to mountainous areas.
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Seasonal precipitation analysis over the past [years] revealed that summer pre-
cipitation in mountainous areas displayed the most significant increasing trend
(Fig. 3), with a growth rate of 4.95mm - (10a)~ !, followed by plain area summer
precipitation at 3.72mm - (10a)~!. In contrast, spring precipitation in mountain-
ous areas showed the slowest increase at only 0.06mm-(10a)~!. Since [year], the
basin has experienced a significant overall precipitation increase. Kendall test
results demonstrated significant increasing trends in annual average precipita-
tion for both plain and mountainous areas (P<0.05). Mountainous precipitation
increased more substantially (by 20 mm, 23.27 mm) compared to historical pe-
riods. This precipitation increase likely enhances the precipitation contribution
to river runoff.

3.3 Runoff Changes

Based on multi-year runoff data from the Tizinafu River’ s mountain outlet,
Kendall test results showed that basin runoff exhibited a significant increasing
trend over the past [years|, with a mutation point around [year] followed by rapid
increase. This lags behind the runoff mutation point for the entire Xinjiang
region (1993) [citation], indicating that runoff on the northern slope of the
Kunlun Mountains responds more slowly to climate change than the broader
Xinjiang region.

Seasonal runoff comparisons (Fig. 4) showed that summer runoff increased
fastest at 0.045 x 10%m? - (10a)~! (or 0.55). Interannual variation analysis re-
vealed that summer runoff had the smallest coefficient of variation, while autumn
runoff showed the largest variation.

3.4.1 Stable Isotopes and Hydrochemistry of Different Water Bodies

Hydrochemical analysis showed that precipitation in the Tizinafu River Basin
had relatively low mineralization, with TDS values ranging from 70-130 mg -
L~!. The primary anion was [missing], while [missing] was the dominant cation.
River water TDS ranged from 150-174 mg+ L ™!, with [missing] as the main anion
and [missing] as the main cation. Groundwater TDS values ranged from 370-
410 mg - L1, with [missing] as the primary anion and [missing] as the dominant
cation.

Stable isotope monitoring of different water bodies at Jiangka Station showed
5180 values ranging from [missing]%o to -7.00%0, with a weighted average of
[missing]%o. Clear seasonal variations were evident across the basin. Precip-
itation 6'®0 was depleted (Table 4). Snowmelt water in spring and autumn
(March, September-December) contained higher stable isotope concentrations
than summer (June-August). Groundwater 60 values ranged from [missing]
to [missing] %o, with maximum values occurring in spring. This enrichment likely
results from seasonal snowmelt and permafrost thawwater infiltration.

Like most inland rivers, Tizinafu River water exhibited significant seasonal vari-
ation in hydrogen and oxygen stable isotopes, with 68O ranging from -37.77%o
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to -6.88%0 and dD ranging from [missing] to [missing]%o. Minimum 620 values
appeared in [month].

3.4.2 Runoff Component Characteristics

The southwestern Tarim Basin has experienced significant warming and humid-
ification trends in recent years, inevitably altering runoff components in alpine
inland rivers. To understand runoff response to climate change, this study
employed isotope hydrograph separation based on stable isotopes and hydro-
chemical parameters from multiple water bodies to comprehensively analyze
Tizinafu River Basin runoff components. Research shows that runoff in north-
western China’ s arid inland rivers primarily originates from mountain precip-
itation, meltwater, and groundwater (including fractured bedrock water), with
component characteristics varying across basins due to differences in geology,
geomorphology, and latitude [citations].

Isotope hydrograph separation results detailed contributions from precipitation,
meltwater, and groundwater to basin runoff during the study period (March-
December 2016). Figure 6 shows that precipitation and groundwater contri-
butions to Tizinafu River runoff increased from March to [month], followed by
a decline. Groundwater contributions exceeded precipitation and meltwater
during [month]-[month]. Meltwater contributions displayed a bimodal pattern,
with peaks in [month] and [month]. The [month] peak resulted from substantial
alpine meltwater input during summer, while the [month] peak likely stemmed
from seasonal snowfall melting (when surface temperatures remained unfavor-
able for snow accumulation). Precipitation contributions exceeded concurrent
groundwater and meltwater contributions.

Analysis revealed complex intra-annual runoff component variations sensitive to
temperature and precipitation fluctuations. Meltwater contributions peaked in
[month] at the highest level during the observation period.

Using isotope hydrograph separation results combined with seasonal runoff vol-
umes, we calculated quarterly runoff component characteristics (Fig. 7). In
spring (March-May), meltwater contributed [value]% to Tizinafu River runoff.
During summer, precipitation dominated as the primary water source, contribut-
ing [value]% to summer runoff. Groundwater (including fractured bedrock wa-
ter) also contributed substantially to summer flow at [value]%. Weighted by
annual runoff volume, precipitation constituted the largest annual runoff propor-
tion at [value]%, followed by groundwater at [value]|%. Meltwater contributed
[value]% as an important water source.

4 Discussion

Research results demonstrate that Tizinafu River runoff is jointly controlled
by meltwater, groundwater, and precipitation. Summer represents the primary
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precipitation period, and interannual precipitation variability constitutes the
main cause of annual runoff variation. If current climate change trends per-
sist, policy responses should be formulated promptly, including strengthening
rational allocation of irrigation and domestic water resources and constructing
supporting water conservancy infrastructure to better address potential climate
change impacts on basin water resource security.

5 Conclusions

1. The Tizinafu River Basin has experienced significant temperature
increases and notable precipitation increases in mountainous areas.
Consequently, runoff shows an increasing trend, with summer runoff
increases being most pronounced.

2. Runoff component results show that meltwater, groundwater, and precipi-
tation contribute [value]%, [value]%, and [value]%, respectively, to annual
runoff in the Tizinafu River Basin.

3. Runoff component characteristics exhibit significant seasonal differences.
Summer runoff contains a large precipitation proportion, and annual
runoff variation responds significantly to precipitation changes. Future
climate change, particularly precipitation fluctuations, may substantially
impact regional runoff.

References

[1] Zhang Xuebin, Shi Peiji, Luo Jun, et al. The ecological risk assessment of
arid inland river basin at the landscape scale: A case study on Shiyang River
Basin[J]. Journal of Natural Resources, 2014, 29(3): 410-419.

[2] Sun C, Li X, Chen W, et al. Climate change and runoff response based on
isotope analysis in an arid mountain watershed of the Western Kunlun Moun-
tains[J]. Hydrological Sciences Journal, 2016, 62: 319-330.

[3] Chen Z, Chen Y, Li W. Response of runoff to change of atmospheric 0 °C
level height in summer in arid region of Northwest Chinal[J]. Science China Earth
Sciences, 2011, 56(1): 58-67.

[4] Zhao Liangju, Yin Li, Xiao Honglang, et al. Isotopic evidence for the moisture
origin and composition of surface runoff in the headwaters of the Heihe River
basin[J]. Chinese Science Bulletin, 2011, 56(1): 58-67.

[5] Chen Y, Txkeuchi K, Xu C, et al. Regional climate change and its effects on
river runoff in the Tarim Basin, China[J]. Hydrological Processes, 2006, 20(10):
2207-2216.

chinarxiv.org/items/chinaxiv-202201.00112 Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00112

ChinaRxiv [f)]

[6] Cheng Yaning, Yang Qing, Lou Yi, et al. Ponder on the issues of water
resources in the arid region of Northwest China[J]. Arid Land Geography, 2012,
35(1): 1-9.

[7] Kong Yanlong, Pang Zhonghe. Isotope hydrograph separation in alpine
catchments: A review[J]. Journal of Glaciology and Geocryology, 2010, 32(3):
619-625.

[8] Li B, Chen Y, Chen Z, et al. Trends in runoff versus climate change in typical
rivers in the arid region of Northwest China[J]. Quaternary International, 2012,
282: 87-95.

[9] Hao Yue, Yu Xinxiao, Deng Wenping, et al. The variations of hydrogen
and oxygen compositions and moisture sources in the precipitation in western
Mountain areas of Beijing[J]. Journal of Natural Resources, 2016, 31(7): 1211-
1221.

[10] Li Lanhai, Bai Lei, Yao Yanan, et al. Projection of climate change in Xin-
jlang under IPCC SRES scenarios[J]. Resources Science, 2012, 34(4): 602-612.

[11] Li Fei, Liu Miaomiao, Wang Shuixian. Change in snow coverage and re-
sponses to climate change from 2001 to 2013 in the upper reaches of Kaidu River
Basin[J]. Resources Science, 2016, 38(6): 1160-1168.

[12] Gui Juan, Li Zongxing, Feng Qi, et al. Characteristics of runoff components
in the Gulang River basin of the Qilian Mountains[J]. Journal of Glaciology and
Geocryology, 2019, 41(4): 918-925.

[13] Li Zongxing, Feng Qi, Li Zongjie, et al. Ecohydrology based on stable
isotope tracing in the northern Qilian Mountains: Preliminary progress and its
applications[J]. Journal of Glaciology and Geocryology, 2019, 41(5): 1044-1052.

[14] Zhang Y, Song X, Wu Y. Use of oxygen-18 isotope to quantify flows in the
upriver and middle reaches of the Heihe River, Northwestern Chinal[J]. Environ-
mental Geology, 2008, 58: 645-653.

[15] Zhao L, Yin L, Xiao H. Isotopic evidence for the moisture origin and com-
position of surface runoff in the headwaters of the Heihe River basin[J]. Chinese
Science Bulletin, 2011, 5656(1): 58-67.

[16] Kong Y, Pang Z. Evaluating the sensitivity of glacier rivers to climate
change based on hydrograph separation of discharge[J]. Journal of Hydrology,
2012, 434: 121-129.

[17] Chen Z, Chen Y, Li B. Quantifying the effects of climate variability and
human activities on runoff for Kaidu River Basin in arid region of Northwest
China[J]. Theoretical & Applied Climatology, 2013, 111: 537-545.

[18] Sun C, Chen Y, Li X, et al. Analysis on the stream flow components of the
typical inland River, Northwest China[J]. Hydrological Sciences Journal, 2016,
61: 970-981.

chinarxiv.org/items/chinaxiv-202201.00112 Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00112

ChinaRxiv [f)]

[19] Sun C, Li W, Chen Y, et al. Isotopic and hydrochemical composition of
runoff in the Urumgqi River, Tianshan Mountains, China[J]. Environmental
Earth Sciences, 2015, 74: 1521-1537.

[20] Sun C, Chen Y, Li W, et al. Isotopic time series partitioning of stream
flow components under regional climate change in the Urumqi River, Northwest
Chinal[J]. Hydrological Sciences Journal, 2016, 61: 1443-1459.

[21] Buttle J. Isotope hydrograph separations and rapid delivery of pre-event
water from drainage basins[J]. Progress in Physical Geography, 1994, 18(1): 16-
41.

[22] Kendall C, Coplen T. Distribution of oxygen-18 and deuterium in river
waters across the United States[J]. Hydrological Processes, 2001, 15(7): 1363-
1393.

[23] Burns D. Storm flow hydrograph separation based on isotopes: The thrill
is gone—what’ s next?[J]. Hydrological Processes, 2002, 16(7): 1515-1517.

[24] Sun C, Shen Y, Chen Y, et al. Quantitative evaluation of the rainfall influ-
ence on streamflow in an inland mountainous river basin within Central Asia[J].
Hydrological Sciences Journal, 2018, 63(1): 17-30.

[25] Sun C, Chen Y, Li J, et al. Stable isotope variations in precipitation in the
northwesternmost Tibetan Plateau related to various meteorological controlling
factors[J]. Atmospheric Research, 2019, 227: 66-78.

[26] Sun C, Chen W, Chen Y, et al. Stable isotope of atmospheric precipitation
and its environmental drivers in the eastern Chinese Loess Plateau, Chinal[J].
Journal of Hydrology, 2020, 581: 124404.

[27] Li Z, Qi F, L Z, et al. Climate background, fact and hydrological effect
of multiphase water transformation in cold regions of the western China: A
review[J]. Earth Science Reviews, 2019, 190: 33-57.

[28] Li Z, Gui J, Wang X, et al. Water resources in inland regions of central
Asia: Evidence from stable isotope tracing[J]. Journal of Hydrology, 2019, 570:
1-16.

[29] Gui Juan, Wang Xufeng, Li Zongxing, et al. Research on the response
of vegetation change to human activities in typical cryosphere areas: Taking
the Qilian Mountains as an example[J]. Journal of Glaciology and Geocryology,
2019, 41(5): 1235-1243.

[30] Sun C, Chen Y, Li X, et al. Climate change and runoff response based on
isotope analysis in an arid mountain watershed of the Western Kunlun Moun-
tains[J]. Hydrological Sciences Journal, 2016, 62: 319-330.

chinarxiv.org/items/chinaxiv-202201.00112 Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00112

107°E 108°E 109*E 110°E
oz I T T T T | OZ
A A
Luochuan
Z| &
A A
&'| DEM (m) z
v
on on
= 227 Shangzhou
— Water System  Foping b
e Meteorological Station® ° 0 40km
Z| & Guanzhong Plain Boundary e &
on | | | | on
on on
107°F 10R°F 100°K 110°F

Figure 1: Figure 1

chinarxiv.org/items/chinaxiv-202201.00112

Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00112

—— Temperature (Gridded Data) —— Temperature (Station Data)
&) | i !
5 I i 1k ‘ | i M Ul J
2 ,*"' M ,‘f‘l“'| I . M )Ihh ‘»” " [ﬁ' ‘\
2 | | | i Al |
g L. M i Mmoo |
g | \ " i
£ U N | I
= |
1 1 1 1 Il 1
) ) 9 & NS v
& \\;1, /Qf-;’\ NG o \qu’
i 7 4
Q@/Q & & & \Q/Q NS
S o S o S S S

Date/Year-Month-Day

50
(b) EE Precipitation (Gridded Data)
E B N Precipitation (Station Data)
_E 30 |
E | |
B 20t !
i |
= of I b,
i 1. il W' P |
0 L L L . |
N o o o & g o o o
> S S ~ S oS N
@Q}B & & Q@(“ & @Q{ & & g
v v v v v v v w N

Date/Year-Month-Day

Figure 2: Figure 2

chinarxiv.org/items/chinaxiv-202201.00112 Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00112

>z

B 496003

A
PRCPTOT -4
o 778285
£y

v
v

A
A
v
RX1day
o 66.59 ‘

.56

SDII
o 109.15 s pr 9.59 i

- 833

— 81.66 A v A n

0 60 km A Increase ¥ Decrease & Sienificant increase W Sienificant decrease

Figure 3: Figure 3

chinarxiv.org/items/chinaxiv-202201.00112 Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00112

Proportion/%

3

m

Flow /10°

100

80

A =R A = W
A O 00 O N
| T

&
e iv

T

T

@ Groundwater
m Meltwater from Ice and Snow
o Precipitation

Annual Spring Summer Autumn

Figure 4: Figure 6

m Groundwater
o Meltwater from ice and snow
B Precipitation

Month

Figure 5: Figure 7

chinarxiv.org/items/chinaxiv-202201.00112

Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00112

ChinaRxiv [f)]

Figures

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202201.00112 Machine Translation


https://chinarxiv.org/items/chinaxiv-202201.00112

	Analysis of Runoff Component Characteristics in Inland River Basins of Southwestern Tarim Basin under Climate Change: Postprint
	Abstract
	Full Text
	Stream Component Characteristics of Inland River Basins in the Southwestern Tarim Basin Under Climate Change
	Abstract

	1 Introduction
	2 Methods
	2.1 Data Collection and Sample Analysis
	2.2 Runoff Separation

	3 Results
	3.1 Temperature Changes
	3.2 Precipitation Changes
	3.3 Runoff Changes
	3.4.1 Stable Isotopes and Hydrochemistry of Different Water Bodies
	3.4.2 Runoff Component Characteristics

	4 Discussion
	5 Conclusions
	References
	Figures


