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Abstract: The present study has sought to quantify the spatiotemporal dynamics of blue and green water resources in the Minjiang-Tuojiang River Basin.
In addition, the study has sought to disentangle the differential sensitivities of these water resources to climate and land-use changes. The study has thereby
proposed context-specific management strategies and adaptive pathways for sustainable water governance. The utilization of the Soil and Water Assessment
Tool (SWAT) model and the Future Land-Use Simulation (FLUS) model, in conjunction with climate projections derived from the Coupled Model
Intercomparison Project Phase 6 (CMIP6), was employed for the analysis of historical changes (1981-2021) and the projection of future dynamics of blue and
green water up to the year 2100. The following key findings were identified: (1) From 1981 to 2021, the Min-Tuo River Basin was dominated by blue water,
accounting for 63.2% of the total water resources. Climate change was identified as the primary driving factor for variations in blue and green water, with
contribution rates of 79.12% and 63.29%, respectively. (2) Between 1990 and 2020, there was a decrease in cultivated land and grassland of 4.0% and 2.1%,
respectively, while urban land expanded by 138%. This has resulted in a significant reduction in agricultural and grassland areas and has exacerbated spatial
imbalances in water resources. Projections indicate that by 2040, urban land is expected to further expand by 135%, further compressing the spatial extent of

grassland and cultivated land. The expansion will be centered in the Chengdu Plain, located in the eastern part of the basin, thereby exacerbating water scarcity
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risks in densely populated areas. (3) Future climate trends indicate a precipitation increase of 1.43-1.80 mm/a and a temperature rise of 0.025-0.042°C/a. Green
water will increase significantly by 0.35-1.02 mmy/a, while blue water will decrease until 2050 before rebounding. In the context of the four Shared Socioeconomic
Pathways (SSPs), the fossil fuel-dominated pathway (SSP5-8.5) demonstrates the most significant alterations in blue and green water. Conversely, the strategies
of curbing urban expansion and prioritizing sustainable development (SSP1-2.6) have the potential to effectively alleviate water resource pressures. (4) The
concentration of blue water is observed in the southwestern basin, while the shift of green water hotspots towards the southeast is evident. The Chengdu Plain is
susceptible to water scarcity and extreme events, a phenomenon attributable to population density and elevated temperatures. This study provides a scientific
basis for adaptive water management strategies in the Minjiang-Tuojiang River Basin in the context of climate and land-use pressures.
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Fig.1 Overview of the Minjiang-Tuojiang River Basin, hydrological and meteorological stations
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Tab.1 Data for the SWAT model
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Tab. 2 Information related to the CMIP 6 models

ETRS BT (5 EZEN Ellpip =S
1 ACCESS-ESM1-5 (ACC) Australia 1.2%1.8°
2 BCC-CSM2-MR (BCC) China 2.8%28°
3 CanESM5 (CAN) Canadian 2.8%2.8°
4 CMCC-ESM2 (CMCC) Italy 3.2%1.6°
5 IPSL-CM6A-LR (IPSL) France 1.3%2.5°
6 MRI-ESM2-0 (MRD) Japan 1.1%1.1°
7 MIROC6 (MIR) Japan 1.4%<1.4°
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Tab.3 Overview of SSPs
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Tab.5 Scenarios setup framework
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Tab.6 Model calibration and validation results

K Alls
IR R
g R2 NSE PBIAS (%) g R? NSE PBIAS (%)

Yl 1982-1984 0.9 0.82 23.9 1985-1987 0.85 0.72 203
B3I 1982-1997 0.8 0.72 21 1998-2013 0.77 0.66 24.7
PiE 1996-2007 0.82 0.77 -18.8 2008-2019 0.71 0.71 0.9
ey 1983-1985 0.87 0.77 20.4 1986-1987 0.86 0.8 18.4
PN 2011-2012 0.78 0.77 0.9 2013-2014 0.7 0.65 109
=) 1982-2001 0.8 0.7 38 2002-2021 0.69 0.57 -21.6

ST 2004-2011 0.71 0.65 -4.9 2012-2019 0.79 0.65 -10.2




[ T i, ok 981 1991 2001 011 2021
2001 2011 2021 120

0

‘ 0 y 50

12000 i s ] : 100

i k100 ; - 150

10000 i 2 : - 200

| - 200 e I . s - 250
] JEI8 MUHITAH e bt e
"y | s £ '**3.);15!5!‘,1ﬂ;’l%.‘ﬂ!.f.x.;ﬂl T ser

= 6000 ) . i % & sl | "‘ylil""":t “‘1.'1}\%“'11'1‘& AARARE KA 400
g M St e

4000 : THRIITHERRT F1 i a0 R 500

R M f”\;‘lm{-ucw h, M'w R

S S

0 ‘JWW "L.’J@UJUF,.;L‘NIJEWJJ“L*‘(/HN”U W pe Lk it (ks v

1981 19Ig| 2(;()1 2()|| 1 2021 1981 1991 2001 2011 2021
(a) ma it ARG R (b) HIIZEHBORBLE R

B2 HRR () 5EBK (b HEHLER
Fig.2 Simulation results of monthly runoff (a) and evapotranspiration (b)

3.2 RFEI T RIS IR LRk B 25 3

HE 3 (a) A%, 1981—2021 FFURYETLAER 2 4P K R 2005 891mm, A KFE/K & HILLE 2019 4FJy 1215mm, f/bRE/KE
HBLAE 2015 4520 719mm, ¥/KEFMEEKEEBRE S5 571 mm 5 333 mm, WIETTR B IR DUE KA, 2 5K IR SRR 63.2%.
Mk, SUKERELRSIRS AL 0.04mm/a, 1.36mm/a Fl 0.0017°C/a 8GN, WK EIL-1.57mm/a B P30T M.

Kl 3 (b) 48T 1981—2021 FIRTETLIREFEK R WK KRR A ZRE, WBUKBIEENLE 5-9 H, 5-9 AKX
B KBS KED S SEKRERRER 78.8%. 70.5%M1 64.4%, HohHZp A4 55 2% KE, 49.4%KHKE, 41.6%
HIZEK

B 4 48R TURVE LRI K & AK PR R s R AR SR S R AR E . FHE 4 W0, URVEVLIRIREE K
BLOERARR . Bem s AR BRI R BT, R T UL VO K AR 1300-1450mm 2 [, [EKE
5K E RIS LRI G e T AR AR

Rk i — 4# 8- §K .

A K 2509
Rkt RBERN EABYHR SABHE
1400 4 rl6
200 4
1200 +
. V= 0.0167x + 14.166 14
1000 4 -
MR R T 8150
S oo Jlmlln ’ o Ly 5 0.0420% + 899,51 o U
= | 1 [ -]
: Wl Ul - = 2
ot L I il ¥ > b
& ..«m-kﬂ Lt I 729x + 4}&\ - i %IUU
i I ‘ ‘ | ‘ ‘ i .
100 4} | Bl s
g o E b I | 10 50
i y 6x +326.35
200 4|
! . *
| - 4
0 -— .z " T T T8 0T ! . = - ! 0
1980 1990 2000 2010 2020 1 2 3 4 5 6 7 8 9 w0 11 12
(a) 4ERAE (h)y HIE

B 3 1981-2021 500 FEKE . BWARMSGUKERTL () 5HZL (b)

Fig.3 Annual(a) and monthly(b) variations in temperature, precipitation, blue and green water from 1981 to 2021
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Tab.7 Relative contribution rates of blue and green water quantities and respective influencing factors under

different scenarios

' AEER TKE (mm - at) FHXT TTHRZE/%
e S1 S2 S3 S4 SURAEAY T Hb R AR A FE R
WK 543.74 580.23 550.25 589.86 79.12 14.12 6.76
2K 323.40 340.74 33243 350.80 63.18 32.96 3.86
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Fig.5 Temporal (a) and spatial (b) changes of land use from 1990 to 2020
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