Hydrologic responses to climate change and implications for reservoirs in the source region of the Yangtze River
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Background Data and Method

As the third longest river in the world and the longest river in Asia, the Yangtze River (YZR) is extremely rich in water resources In Hydrological data

particular, the upper reaches of the YZR have the world's largest reservoir group and hydropower production. « Three hydrological stations (Zhimenda, Shigu and Pingshan) on the main stream of the JRB, for daily streamflow observation covering the period from 1961 to

2015, and monthly naturalized streamflow covering the period from 2001-2010.
The source region of the YZR is located in the inland region within the Qinghai-Tibet Plateau with the components of alpine, glacier,

frozen soil and snow, its hydrological cycle is thus extremely sensitive to global climate change. Climate data

* The CNOS.1 gridded meteorological observation dataset (https://ccrc.iap.ac.cn/resource) was constructed from over 2400 weather stations across China and
The present study focuses on the Jinshajiang River basin (JRB), the source region of the YZR, aiming to: 1) quantitatively investigate interpolated to a resolution of 0.25° x (0.25° (Wu et al. 2017).

the hydrological impacts of climate change in both the historical and projection periods by using multi-source observations and physical * Annual terrestrial evapotranspiration (ET) on 0.25° grid from Global Land Evaporation Amsterdam Model (GLEAM) covering the period from 1980 to 2020
models; 2) demonstrate the hydrologic responses especially for the snowmelt process to climate change; 3) expand understanding of (Martens et al. 2017).

hydrological impacts of climate change to their implications for the hydraulic infrastructures. « A remote sensing based composite 5 km resolution daily snow cover extent record over the Tibetan Plateau (TPSCE) from 1981 to 2016 (Chen et al. 2018).
* Climate projection from 14 GCMs under two emission scenarios (SSP2-4.5 and SSP5-8.5) were originally obtained from the latest CMIP6 archive.
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Hydrological model: SWAT was set up for the JRB based on DEM, soil, and land-use data at 1 km spatial resolution with a 1-day time step.

1200 Model calibration and validation: The period 2001-2010 was used for calibration and 1961-2000 was used for validation. The temporal trend of key components of
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Fig.2 Spatial pattern of the trend in annual mean (a) temperature ("Cper dacade)
and precipitation (% per decade) in the Jinshajiang River basin from 1961 to 2015

Tab.2 Temporal trends of observed and climate-driven simulated annual 1-, 5-,

Fig. 3 Projected changes of annual mean temperature (°C) and precipitation (%) for
the Jinshajiang River basin relative to 1961-2000 for 2021-2060 under SSP2-4.5.

Tab.3 Projected changes of ensemble mean in annual mean and extreme

Fig.4 Response of water balance components to
temperature increase in the Jinshajiang River basin.
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Fig.6 Distribution of reservoir inflows at each stage during a hydrologic
year for four reservoirs in the Jinshajiang River basin during 1961-2015
and under SSP5-8.5.

15- and 30-day peak flow and the annual low flow (Q10), median flow (Q50) flows at three hydrological stations in the Jinshajiang River basin relative to : SI
and high flow (Q90) at three hydrological stations over 1961-2015 (m>/seyr). the baseline period (1961-2000) 5 — svsss Tab.4 Temporal trends of natural inflow for each reservoir over
_ Eh 1961-2015 (m3/seyr)
Group Station Q10 Q50 Q90 Rx1d Rx5d Rx15d Rx30d Scenario Period Stnton 010 Q50 Q90 Rx1d Re5d Rx15d  Rx30d ! \ ~ Flood control stage _Impounding stage _ Falling stage
. () (%)  (%B) (b)) (%) () (%) Reservoir
Zhimenda 0.2 14 26 58 48 25 2.1 w  aww  ww o we  mo  aw
Zhimenda 24.7 13.3 135 245 239 216 21.8 - @ Scenario Wudongde -1.1 -1.6 2.2
Observed  Shigu 11 09 -11 -62 -51 -59 -32 5 < £ = s - ] )
J 2021-2060  Shigu 105 152 114 135 127 125 123 & : - B)ffl'he;a” 13 iz if
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Pingshan 7.2 1.2 -15.0 -36.0 -30.1 -33.7 -23.2 Pingshan 09 71 44 106 79 56 48 m Xiangiaba s o .
. SSP2-4.5 ‘ ' ' '
Zhimenda 04 13 15 89 67 40 28 Zhimenda 284 17.8 154 366 296 258 238  orireicier oormiroes eerern m
Simulated  Shigu -0.1 -04 0.6 0.5 1.3 0.2 -1.9 2061-2100  Shigu 13.7 199 182 256 240 209 20.1 Fig.5 Temporal variations of snow hydrological components in the Qin Pengcheng, Xu Hongmei, et al. Hydrologic responses to climate change and
. _ Jinshajiang River basin (a) trend of SWE, (b) snowfall/precipitation implications for reservoirs in the source region of the Yangtze River. International
Pingshan 0.9 08 -1.5 5.9 4.5 2.2 3.2 Pingshan 74 149 134 256 1838 144 12.9 ratio, (c) snow melt water and (d) annual cycle of SWE. Journal of Climatology, 2024, https://doi.org/10.1002/joc.8639
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		Group

		Station

		Q10

		Q50

		Q90

		Rx1d

		Rx5d

		Rx15d

		Rx30d



		Observed

		Zhimenda

		0.2

		1.4

		2.6

		5.8

		4.8

		2.5

		2.1



		

		Shigu

		-1.1*

		-0.9

		-1.1

		-6.2

		-5.1

		-5.9

		-3.2



		

		Pingshan

		7.2**

		-1.2

		-15.0

		-36.0

		-30.1

		-33.7

		-23.2



		Simulated

		Zhimenda

		0.4

		1.3

		1.5

		8.9

		6.7

		4.0

		2.8



		

		Shigu

		-0.1

		-0.4

		0.6

		0.5

		1.3

		0.2

		-1.5



		

		Pingshan

		0.9

		-0.8

		-1.5

		5.9

		-4.5

		2.2

		3.2








		Scenario

		Period

		Station

		Q10

(%)

		Q50

(%)

		Q90

(%)

		Rx1d

(%)

		Rx5d

(%)

		Rx15d

(%)

		Rx30d

(%)



		SSP2-4.5

		

		Zhimenda

		24.7

		13.3

		13.5

		24.5

		23.9

		21.6

		21.8



		

		2021-2060

		Shigu

		10.5

		15.2

		11.1

		13.5

		12.7

		12.5

		12.3



		

		

		Pingshan

		-0.9

		7.1

		4.4

		10.6

		7.9

		5.6

		4.8



		

		2061-2100

		Zhimenda

		28.4

		17.8

		15.4

		36.6

		29.6

		25.8

		23.8



		

		

		Shigu

		13.7

		19.9

		18.2

		25.6

		24.0

		20.9

		20.1



		

		

		Pingshan

		7.4

		14.9

		13.4

		25.6

		18.8

		14.4

		12.9
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