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ABSTRACT

Climate change will affect the environment and ecology of the watershed and threaten food
production in the future. Understanding the differences in water resources and crop growth in
watersheds under climate change and making adjustments are the key points to maintaining the
sustainable development of upstream high mountain watersheds. In this study, the statistical
downscaling weather data, generated from TCCIP AR5 and SWAT model were applied to simulate
the upstream watershed of Shihmen Reservoir, and combined with the water footprint concept to
analyze the environmental changes of the basin in the future. The simulated results of the SWAT
model under the RCP4.5L and RCPS8.5L indicated that the upstream watershed of Shihmen
Reservoir would face the impact of uneven distribution of precipitation in the wet and dry seasons.

@ Under the most severe RCP8.5L scenario, the blue water will decrease by about 18 % in the dry
season, and the wet season will increase by about 28 %, demonstrating a significant threat and
challenge to the water supply of Shihmen Reservoir in the future.

In addition, the increased rainfall intensity in the wet season, a large number of fertilizers were
washed into the river channel, and the average amount of gray water demand from August to October
under the RCP4.5L scenario had to increase by 137 %; under the RCP8.5L scenario, the average
graywater demand have to increase by 29 % from June to November. The results demonstrate that
maintaining agricultural farming under climate change will seriously affect the water quality of the
river and also affect the crop yield (crop yield will decrease by about 21 — 36 % in the RCP8.5L
scenario). Therefore, this study attempts to convert cabbage gardens with high fertilization rate.
According to the results of conversion, if the sweet potato is converted in the wet season, the export
of nitrate can be reduced by about 10 %. The export of nitrate can be reduced by about 16 %, and
the yield of sweet potatoes can still maintain a certain yield under climate change. Conversion to
sweet potatoes will provide about 4 to 5 times the original nutritional value. This study showed that
agricultural transformation and adaptation will be effective in achieving the goal of maintaining food
security and sustainable development of river ecology in high mountain watersheds under future

climate change scenarios in Taiwan.

Keywords: Upstream watershed of Shihmen reservoir, SWAT model, Water footprint, Adaptation
strategies, Sustainable development.
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Parameter Method Sensitivity rank Fitted Value Min Value Max Value
CN2 (AGRL) relative 11 -0.16 -0.24 -0.08
ALPHA BF replace 17 0.64 0.57 0.72
GW_DELAY replace 16 23.85 0.00 30.76
GWQMN replace 7 3100.27 2704.02 4509.27
CN2 (FRSE) relative 2% -0.36 -0.47 -0.30
CN2 (URLD) relative 13 -0.50 -0.50 -0.48
CN2 (PAST) relative 9 0.28 0.12 0.42
CN2 (BARR) relative 15 -0.27 -0.29 -0.09
CN2 (ORCD) relative 5* -0.38 -0.50 -0.24
RCHRG_DP replace 14 0.91 0.86 0.95
REVAPMN replace 20 133.13 0.00 174.82
GW_REVAP replace 6 0.04 0.02 0.16
SHALLST replace 19 4224.79 2930.02 5000.00
DEEPST replace 12 2571.44 292.42 4996.28
SOL AWC relative 1* 0.48 0.18 0.50
SOL_K relative 3* 0.15 -0.11 0.18
ESCO replace 4% 0.02 0.00 0.28
CH_N2 replace 8 0.04 -0.01 0.04
ALPHA BNK replace 18 0.47 0.25 0.62
GW_SPYLD replace 10 0.23 0.22 0.36

*p value<0.05
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Parameter Name Method Sensitivity rank Fitted Value Min Value Max Value
CN2 (AGRL) replace 20 -0.18 -0.22 0.03
ALPHA BF replace 9 0.30 0.14 0.43
GW_DELAY replace 10 65.19 21.94 66.67
GWQMN replace 17 968.76 547.06 3267.67
CN2 (FRSE) relative 1* -0.38 -0.55 -0.21
CN2 (URLD) relative 16 -0.47 -0.55 -0.17
CN2 (PAST) relative 12 -0.18 -0.28 0.10
CN2 (BARR) relative 13 -0.18 -0.26 0.11
CN2 (ORCD) relative 6 0.18 0.04 0.30
RCHRG DP replace 14 0.89 0.69 1.12
REVAPMN replace 11 209.71 67.50 251.94
GW_REVAP replace 19 0.02 -0.02 0.10
SHALLST replace 18 4136.52 2276.08 5000.00
DEEPST replace 15 1668.63 0.00 5102.85
SOL_AWC relative 2% 0.35 0.09 0.35
SOL K relative 4% -0.01 -0.22 0.05
ESCO replace 3* 0.02 0.00 0.29
CH N2 replace 7 0.07 0.06 0.18
ALPHA BNK replace 5* 0.50 0.30 0.80
GW_SPYLD replace 8 0.36 0.20 0.38

*p value<0.05
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x7 EESKEREMEMESEER
Parameter Method Sensitivity rank Fitted Value Min Value Max Value
CN2 (AGRL) replace 20 -0.18 -0.22 0.03
ALPHA BF replace 9 0.30 0.14 0.43
GW_DELAY replace 10 65.19 21.94 66.67
GWQMN replace 17 968.76 547.06 3267.67
CN2 (FRSE) relative 1* -0.38 -0.55 -0.21
CN2 (URLD) relative 16 -0.47 -0.55 -0.17
CN2 (PAST) relative 12 -0.18 -0.28 0.10
CN2 (BARR) relative 13 -0.18 -0.26 0.11
CN2 (ORCD) relative 6 0.18 0.04 0.30
RCHRG_DP replace 14 0.89 0.69 1.00
REVAPMN replace 11 209.71 67.50 251.94
GW_REVAP replace 19 0.02 -0.02 0.10
SHALLST replace 18 4136.52 2276.08 5000.00
DEEPST replace 15 1668.63 0.00 5102.85
SOL_AWC relative 2% 0.35 0.09 0.35
SOL K relative 4* -0.01 -0.22 0.05
ESCO replace 3% 0.02 0.00 0.29
CH N2 replace 7 0.07 0.06 0.18
ALPHA BNK replace 5% 0.50 0.30 0.80
GW_SPYLD replace 8 0.36 0.20 0.38

*p value<0.05
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Parameter Method Sensitivity rank Fitted Value Min Value Max Value
SOL_NO3(AGRL) replace 17 21.20 20.90 31.18
SOL_NO3(ORCD) replace 8 32.10 23.21 37.57
SOL NO3(FRSE) replace 13 0.91 0.78 1.00
SOL_NO3(BARR) replace 7 1.78 1.23 3.68
SOL_NO3(PAST) replace 11 1.61 0.99 1.88

SOL_ORGN(AGRL) replace 5 21.81 18.06 37.89
SOL_ORGN(ORCD) replace 10 19.35 12.98 35.64
SOL_ORGN(FRSE) replace 15 7.65 5.32 15.69
SOL_ORGN(BARR) replace 3 22.99 18.67 36.91
SOL_ORGN(PAST) replace 14 0.93 0.00 6.81
NPERCO replace 1* 0.90 0.75 0.90
SHALLST N(AGRL) replace 16 19.17 16.55 22.16
SHALLST_N(ORCD) replace 14.21 12.68 18.63
SHALLST N(FRSE) replace 9 0.81 0.71 1.00
SHALLST N(BARR) replace 18 0.80 0.66 1.00
SHALLST N(PAST) replace 19 0.84 0.65 1.00
BIOMIX(AGRL) replace 6 0.95 0.74 1.00
BIOMIX(ORCD) replace 12 0.67 0.58 1.00
N_UPDIS replace 2% 51.81 43.15 73.96

*p value<0.05
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BIO E(% B %) replace 58.56 36.00 59.09
BIO E(-k & +%) replace 19.20 15.00 20.00
HVSTI(® R %) replace 0.94 0.89 0.98
HVSTI(-k & #Y) replace 0.45 0.25 0.47
WSYF(% B %) replace 0.83 0.82 0.91
WSYF(-k & F¢) replace 0.23 0.11 0.30
HEAT _UNITS(% K ¥) replace 1100.73 736.40 1245.60
HEAT UNITS(% B %) replace 846.62 713.80 1141.62
HEAT_UNITS(K & ) replace 1660.35 1411.05 1755.63
HARVEFF(-k & V) replace 0.78 0.62 0.87
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