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Combining Climate Change and Remote Sensing
Images for Evaluation of Small Hydropower

Susceptibility in Rural Villages

Abstract

This study explores the feasibility of small hydropower in rural
villages in mountainous areas. The study areas are the Mingder and
Fengchiu villages in Sinyi Township in Nantou County. The Junken river
and Shibachong river watersheds are the main watersheds in this study.
The study has finished the analysis of international small hydropower
development trends in recent years and international case analysis of how
to combine rural development with small hydropower in Chapter 2. The
study also finished the analysis of annual NDV1 values, land use changes,
and time distribution of flow and rainfall in the two watersheds in the past
10 years, and analyzed preliminarily the power generation benefits,
economic benefits and carbon reduction benefits of small hydropower in
two villages based on data from the past 10 years in Chapter 3. The study
also finished the analyses of the rainfall characteristics under four climate
change scenarios in the future in Mingder and Fengchiu villages in Sinyi
Township in Nantou County in Chapter 4.

The East and Southeast Asia regions where Taiwan is located still
have considerable potential for small hydropower development to be
developed based on the analysis of international small hydropower
development trends. The preliminarily assessment of small hydropower
should be carried out first from the analysis of related references, and the

v



study also proposed the steps of how to do the preliminarily assessment
of small hydropower. Based on the analysis of how to combine rural
development with small hydropower, the study proposed 3 rural villages
In mountainous areas in Japan where the small hydropower was
combined with the rural development. In the three rural villages, the
discharge used to hydropower generation was less than 1 cms. But the
economic benefits from small hydropower have become the economic
driving force for the development of this rural village. The three rural
villages are worthy of reference for the future development of small
hydropower generation in hilly rural areas of Taiwan.

The annual NDVI values in the Junken river and Shibachong river
watersheds gradually decreased based on the analysis of annual NDVI in
the past 10 years. The annual NDVI values in the two watersheds from
2015 to 2016 were larger than 0.6, and those from 2022 to 2024 were
dropped below 0.35. The change of land use has not been obvious based
on the change of land use in the past 10 years. The area of trees, shrubs
and grassland occupied more than 90% of the two watershed areas, while
the area of human development occupied less than 3%. Each of the three
alternative locations in the two villages can provide more than 40
households with electricity by using the four river discharge settings
based on the analysis of small hydropower in the two rural villages. The
small hydropower can save the residents more than 500,000 NT in
electricity bills every year and may provide an income of more than
700,000 NT. Hydropower also has significantly lower carbon emissions
than burning coal or natural gas.

The rainfall characteristic in the Mingder and Fengchiu villages in
\Y



the future tend to gradually increase the annual rainfall, and the annual
rainfall fluctuations will increase based on the comparison of the rainfall
characteristics in the past and future. The accumulated rainfall in the
rainy seasons occupied 79.2% to 82.6% of the annual rainfall. The
maximum daily rainfall in the future is estimated as 1.18 to 1.38 times
larger than that in the past.

This study uses the SWAT model to build the discharge prediction
model of Junkeng River and Shibachong River, and trains the prediction
model by using the daily discharge data from 2013 to 2022. The accuracy
of revised discharge prediction models for Junkeng River and Shibachong
River are 76.8% and 78.4%. The study combines the revised discharge
prediction model and the projected daily rainfall from 2025 to 2044 to
predict the daily discharge of Junkeng River and Shibachong River under
four future climate change scenarios. The predicted the daily discharge of
Junkeng River and Shibachong River are used to estimate the economic
and carbon reduction benefits of small hydropower generation. Compared
to economic and carbon reduction benefits from 2013 to 2022, the
predicted economic and carbon reduction benefits from 2025 to 2044
declined significantly. The main reason for the significant declined
benefits is that more than half year are unable to generate electricity.

Based on this year's research results, the study also proposes
conditions and future development methods suitable for the development
of small hydropower in the rural village in the slopeland in Taiwan. This
study suggests that in order for small hydropower to develop rapidly, the
unwinding of relevant regulations is the primary key. The introduction of

professional lectures and assistance in providing low-interest financing to
VI



rural village in the slopeland are processes recommended by relevant

international literature.

Keywords: Small hydropower, Climate Change, Satellite Images,

Rural Development
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$=2% BEHMATERRFER kI FR N2 HETEER

2015 # 3 2024 & NDVI Tl rm 3 » FMpuier L A €28 KR e
AFBRAEM L RAEF REFAPFELRTZLR A &5 FH

BB Mk m iR AR A GRS RS B8 iR

o

Bt Pl gARF Ik RKE
A52 3 & % Dynamic World Z 3 FALE “7ic &k B s 175
Ed QI L F R AT HRFT T £ A KL 2015 & 3 2024 &
£ 10 BE o B 3152 B 3-1-7 A8 5 s HEMpLEE L A E 58
KR €.2015 & 5 2024 # 4 B )% A F > £ 3-1-3 P 5 @ FEAEELE
Brb o~ E R B KR 2016 £ 3 2024 & 2 B A A G HcdR o
VUREE D B A %%—%’K%i‘%’k?\z 89.7% 1 F 5 jE A
Plib %) 1.2%3 34%2 fF » a2 > B kR I AEPLE A
BEALL c BALGEEY  FELEFFMER2ELE 05%T
A RES R ERE G063 21%2 B0 B R ARAE 3% 0 4
AEE AT PR ESROREH T ECE > TV R g
NEERLRFAGEBHN B LTI LY 2B RE T I 3% -
2o U FERE AT KA B TR AN A WA
FoF AR ERRIGH PMEPRENENERAFFTELT LG
Frime mrp HEpEe L A EEEREA T L E BFHELNE

PR PR
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BHP S ERBEE |k BT N2 #28570

% 3-1-3 FyERALANEERLTFRHREI B L5

ok 2015 2016 2017 2018 2019
kRl 1.8 1.7 3.8 43 3.0
5~ 94.8 94.2 92.1 89.7 91.3
gt 0.2 0.2 0.2 0.2 0.2
5 0.0 0.0 0.0 0.0 0.0
2 0.1 0.1 0.2 0.2 0.1
i A 1.2 1.7 1.6 2.7 3.4
LLiEd | 0.6 0.6 0.6 1.1 0.7
o 0.8 1.0 1.2 1.1 0.9
kE B 0.4 0.4 0.2 0.8 0.4
oA 2020 2021 2022 2023 2024
K 1.4 2.4 1.7 2.1 0.9
5 A 93.2 925 93.4 91.7 935
gt 0.2 0.2 0.3 0.1 0.2
A 0.0 0.0 0.0 0.0 0.0
B it 0.1 0.1 0.2 0.2 0.3
# 2.8 2.8 2.1 2.6 2.1
CiEp | 0.9 0.8 1.0 2.1 1.6
B 1.0 0.9 1.0 0.8 1.3
kT 0.4 0.3 0.3 05 0.2

e R @:fﬁﬁ;z?vﬁ&%ig:’}\?v\if%'ﬁ/w\“ °
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#3213 ¢ea Bxbh 2013 & 3 2022 & 0 kA TR 0 T g4
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'FA R A 2013 £ 1 2022 £ B E% A £ 43 1280.5mm %
2416.5mm 2. (2015 & B {6 = B P T > Fp 2 A~ G H) o
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P BEHPTERSFE PRI FTSNEFTETR

%3-2-1 e ex2013 2% 2022 &8 %% FTH 2
# 2013 2014 2015 2016 2017
17 19 0 22 248 1.5
21 1 46 10.5 37.5 2.0
37 30.9 81 20.5 170. 5 41.5
4 7 322 42.5 52 175.5 230.5
57 448 406. 5 387.5 135 219
6 * 63 312 32 384.5 909. 5
77 566. 5 341 164. 5 97 600. 5
8 ! 611.95 246.5 386 135 145.5
91 165. 5 50 41 496. 5 92.5
10 * 13.5 0 L8l 79.5 95
11 * 31.9 11.5 L8l 84 58. 0
12 * 72.9 84 Eal 20 20
£ R T 2344.5| 1686.0| 1116.0| 2068.0| 2416.5
& F b (%) 19.7 84.3 90. 6 64. 2 85. 3
# 2018 2019 2020 2021 2022
17 146 18.5 16 12 73.5
27 71 3.0 12 26 135
37 44,5 155 69 14 101.5
47 94.5 99 78.9 46 58
57 78.9 650 406. 5 89.5 308
6 * 339.5 449 65 445.5 177.5
77 374.5 127 229 375 123.5
8 ? 503 683 272 489. 5 260
97 126. 5 4.5 46.5 147.5 250
10 * 44 22.9 24 56 61.5

3-15




5% PHPMTEIREEE

DOSE LAFEE T8 oy

11 * 22.9 0 13 27.9 28
12 * 0 127 49 19.5 43
EE R F 1894.5 | 2409.0| 1280.5| 1748.0| 1619.5
7 F ik (%) 80. 0 83. 3 81.9 91.7 72.9

4 3-22 L frita §

4 i‘&% XA

-~ ‘f["?y"’ﬂt

2600.5 mm 2 ¥ (2015 &

#2013 &3 2022 & E

Hf 2013 & 3 2022 & 0 fE & TR T RE R

e g5 17727 mm e

- R EER
10 # T 1o % /%

SN ENLERN A Timsa B

A

S I R L

NIE

ER A5 80.7% -

/1% 1109.0 mm =

HEM A E) 210 & T0E

& EF A4 635% 1 91.1%2 FF > i

ARG BCRGE T

I 55w % T 308.0Mm~329.1 mm~274.8 mm £ 330.6 mm-2017

£60 1

£ 1222.5mm B 3

_&ﬁ)‘rgﬂﬂ

* £

o

% 3-2-2 frars £ 2013 &F % 2022 2R TR A

# 2013 2014 2015 2016 2017
17" 13.5 0.0 24.5 192.5 0.5
27 2.0 58. 5 13.0 41.5 12.0
37 36. 0 81.0 22.9 203. 5 60. 5
47 327.0 47.0 49.0 178.0 181.0
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F-2% BHPTERFFR|RIFTNEFTEITR

57 527.0 394.0 430. 0 131.0 225.5
6 * 80. 0 287.9 32.0 368.0 | 1222.5
77 572.0 374.5 146. 0 108.5 529. 0
8 ! 691. 5 180. 0 397.5 124.5 94.5
91 204.0 97.0 56. 5 481. 0 50. 5
10 * 9.0 3.0 ik 66. 5 84. 0
11 * 52.0 22.0 ik 92.5 56. 5
12 * 36. 0 82.0 i 217.0 18.0
£ A g 2600.5| 1627.0| 1171.0| 2014.5| 2534.5
& F ikt (%) 80. 1 82.1 90. 7 63. 5 87.0
# 2018 2019 2020 2021 2022
17 140. 5 23.0 21.0 11.5 67.5
27 73.9 3.0 10.5 26. 0 143.5
31 60. 5 162. 0 59.0 18.5 81.0
47 53. 5 110.0 31.0 22.5 5l.5
57 72.0 598. 0 286. 0 73.0 343. 0
6 ? 263. 0 464. 0 86. 0 339.5 148.0
77 256. 5 121.5 269. 0 223.0 148.0
8 ? 398. 5 520. 5 139.5 628. 0 131.5
97 61.5 81.5 117.0 92.5 229.0
10 * 56. 0 22.0 29.5 57.0 41.0
11 * 19.5 0.0 17.5 34. 0 41.0
12 * 0.5 98.5 46. 0 26. 0 34.5
£ A g 1455.5 | 2204.0| 1109.0| 1551.5| 14359.5
7 Z ik (%) 76. 1 82.0 83. 6 91.1 71.3
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SHPH TN T ERAEF N TEF{EE S 2EFP T
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“n

$zd PHASERBHEELIHTSIETEER

RBEITHaF+FHuiag (HFxFsR)
DAILY MEAN DISCHARGE IN 2018 ( C.M.S.)

&8 » ® @
Sponsoring Agency

Lt L SR
WRA, MOEA
T RS MIRL AR PR R EE R A Km*
Basin No. Station No. Basin Tributary Station Drainage Area |
1510 HO063 AR AAE EX 2 2008.94
290 0125 Zhuoshui River Zhuoshui River YUN-FENG BRIDGE 5
Month A - A | = ZA|wA|EA| A +A | NA| LA +A | +-A | +=A
Day # Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
1 50.67 49.99 4234 38.30 35.27 37.40 55.63 79.80| 186.08 89.16 58.61 3396
2 50.54 46.31 4148 38.74 35.21 38.78 83.30 83.20| 177.42 88.07 61.82 3363
3 50.46 45.30 41.36 38.45 3521 42.82 96.13 8260| 168.84 85.18 61.82 3275
4 50.58 4425 42.82 38.07 35.00 37.03 74.50 83.19 151.78 87.46 55.72 3209
5 53.79 42.83 48.83 37.60 34.95 51.57 64.15 89.26| 14287 89.69 5170 3174
6 55.09 4264 46.57 37.60 34.77 50.14 63.62 9414| 14140 82.57 48.50 3125
7 71.36 43.31 4234 38.39 35.03 46.84 65.36 83.40 139.87 86.62 47.40 3148
8 77.98 51.61 42.90 38.63 47.12 47.08 71.33 81.10| 14267 88.73 4585 31.03
9 171.76 56.29 52.00 37.72 50.62 40.25 58.76 88.54 13213 87.50 4415 30.91
10 196.74 53.13 45.41 37.16 54.75 4217 55.14 80.15 125.27 88.03 4193 30.99
1" 14374 53.13 42.83 36.87 45.86 4957 319.14 81.20| 124.80 11466 4113 30.35
12 88.93 51.47 42.00 45.36 43.16 42.49 198.10 76.20 114.69 171.31 40.50 30.16
13 54.71 44.89 41.59 41.41 41.33 37.94| 14354 73.40| 108.38 172.65 4046 2094
14 50.71 47.55 40.99 37.22 40.58 36.80| 12297 8464 104.08 125.73 39.96 29.90
15 48.96 47.29 40.76 37.40 40.73 41.04| 11127 129.33| 31191 111.67 40.04 29.49
16 46.39 46.35 4455 38.26 40.76 41.36 96.52| 131.12| 854.44| 105.97 40.04 29.26
17 43.91 4564 41.44 39.45 40.65 56.59| 11355| 15258 206.58 103.82 4033 2829
18 4253 45.15 40.39 38.55 4054 53.48| 10344| 15358 183.92 95.29 39.75 2870
19 4403 43.84 39.32 37.28 39.91 96.90 9045| 169.82| 258.96 95.11 39.46 27.95
20 43.50 43.09 37.66 36.75 39.98| 147.08 8645 188.39| 251.88 92.14 38.83 27.58
21 4275 43.13 37.51 36.73 40.31 115.50 86.55| 180.92| 258.96 87.08 3817 27.28
2 46.13 4461 38.54 36.61 40.39 91.67 9579| 160.26| 258.02 75.80 36.88 27.05
23 46.99 53.29 38.18 40.72 39.68 84.18| 11286| 166.17| 255.21 69.60 3592 26.56
24 45.94 46.13 38.21 4435 38.59 67.19 9857 | 561.73 73.07 63.98 3538 26.83
25 45.15 43.58 37.69 40.12 39.50 60.01 107.83| 33446 76.27 61.58 35.33 26.83
26 4455 4271 37.60 38.22 38.95 54.88 93.36| 333.54 91.30 60.01 37.29 26.41
27 44.85 42.56 37.69 37.67 38.15 52.38 93.05| 321.96| 106.12 56.98 38.04 2589
28 44.78 4241 37.92 36.78 37.98 49.08 92.81 306.73| 107.08 54.82 39.17 25.03
29 45.79 37.98 36.00 38.27 48.46| 10222| 29229| 109.39 53.20 37.04 2435
30 46.69 38.45 35.18 38.15 49.59 88.71 263.10 90.70 51.60 34.67 2379
3 45.34 38.65 38.18 8460 198.67 52.06 2315
11;‘: 3:1 82.90 47.57 44.60 38.07 39.79 43.41 68.79 8454 15083 87.30 51.75 31.98
POEN 60.74 46.84 41.15 38.86 41.35 60.32| 13854 124.03| 251.96 118.84 40.05 29.16
2nd 10-day
T
45.36 44.80 38.04 38.24 38.92 67.29 96.03| 28362 14261 62.43 36.79 2574
3 rd 10-day
:o"i':z 63.00 46.40 41.26 38.39 40.02 57.01 101.12| 164.06| 181.80 89.52 42.86 28.96
% #3t _Annual Summary
FHHRE FEAE P18 mABPEH b8P
Average Discharge Annual Runoff(cms-day) Max. Peak Discharge Max. Daily Min. Daily
1605.00 854.44 23.15
7489 2753310 2018/9/16 £ 404:00:00 (2018/9/16) (2018/12531)
B gt WH( 819945 220184 + #4314 # © 25) Statistics For Recorded Years(From 1994 To 2018 ,Recorded Years : 25)
:ot‘\f}g 33.19 33.74 4422 50.71 98.17 | 213.44| 16533 | 23367 19211 122.91 62.08 43.68
AR ARG 73.46 8546 199.03| 208.61 346.52| 1179.56| 582.16| 79254 699.45 347.10 162.33 | 162.93
Mo. Avg Max 2016 1998 2016 2016 2013 2017 2004 2009 2008 2007 2011 2007
A R34 15.22 12.10 10.43 20.07 2285 37.34 31.00 47.79 49.90 2924 19.32 14.58
Mo. Avg Min 1996 1996 1996 1994 2003 2004 2015 2003 2002 1995 1995 2017
FHHRE RAFF4 R FF RN E A 884 #oh 8P
Avg. Annual R. Max. Annual Min. Annual Max. Peak Discharge Max. Daily Min. Daily
11014 176.37 51.12 12000.00@ 7884.90@ 1.80@
' (2017) (2003) 2001/7/30  E412:00:00 (2009/8/9) (2008/7/5)

W) 3-2-2 I % 4f 2018 # it £ o b
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Sid PHAWERSEE| LI FRS S FTEER

REIN 8 FHHAE (XF2R)
DAILY MEAN DISCHARGE IN 2018 ( C.M.S.)

& m ¥ g
Sponsoring Agency

LA F
WRA, MOEA
RT3 25 3 3, MG R R R @ A Km?
Basin No. Station No. Basin Tributary Station Drainage Area |
1510 HO75 EES S EES W aits 154230
290 0195 Z River Zhuoshui River BAO-SHIH BRIDGE
Month A =R = = @ A %A N + A N A A + A +-A | +=A
Day © Jan. Feb Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
1 30.45 36.29 35.41 25.1 24.87 23.25 28.38 42.67 92.13 105.23 67.25 4762
2 30.02 27.34 34.32 24.48 24.46 25.44 33.43 45.15 91.00 98.76 70.08 4682
3 31.51 25.21 32.78 23.32 24.05 27.40 4017 45.95 86.60 95.38 70.41 4690
4 28.69 24.19 31.24 22,01 2417 23.43 37.14 45.76 7473 91.73 6264 4728
5 28.72 24.02 38.77 20.30 24.10 31.29 3299 46.22 66.86 87.87 5064| 4697
6 29.56 23.95 32.87 20.10 2378 33.35 33.38 45.72 61.77 85.73 58.08 4671
7 32.00 26.34 34.32 21.36 24.66 27.99 33.87 41.89 58.89 85.40 57.00 4584
8 31.34 40.26 32.57 20.94 35.35 26.66 37.10 39.93 56.94 85.93 55.44 45.08
9 71.54 43.93 41.77 19.69 34.81 22901 3276 44.43 53.79 85.13 5490| 4652
10 96.31 39.27 29.33 19.15 37.38 2243 31.37 40.83 51.81 86.12 55.08 45.46
" 67.01 39.37 28.81 18.66 28.59 2476 22470 42.72 54.02 89.74 53.36 4504
12 46.98 35.60 28.75 29.27 26.41 25.00| 13847 39.93 47.54 85.67 5293 45.00
13 41.87 27.48 2993 26.71 25.92 2327 80.60 39.37 4493 84.13 5167| 4447
14 41.83 31.60 29.59 24.87 2528 23.20 66.58 4277 46.25 79.93 51.71 43.53
15 41.57 31.28 28.91 26.44 25.06 24.51 61.09 54.03| 33264 77.33 5250 43.94
16 40.17 31.34 29.81 27.38 24.80 23.69 55.95 49.00| 1205.94 74.80 51.47 43.04
17 39.17 29.61 28.93 28.87 24.29 27.89 68.18 53.71| 902.28 74.00 51.26 4375
18 37.27 28.42 27.55 27.58 279 34.01 59.15 63.51| 580.05 71.53 51.19 43.18
19 38.27 27.38 29.30 26.88 228 37.12 53.40 83.13| 44163 72.80 52.02 4324
20 35.79 29.41 29.30 25.91 2228 48.08 45.99 7960 31931 69.27 5538| 4270
21 30.36 31.42 29.30 25.35 2901 45.04 51.12 71.13| 21264 65.97 5217 4230

2 28.16 33.85 29.90 26.09 23.95 49121 51.52 64.41| 19274 64.15 51.99 41.95
p< 28.63 38.74 2061 27.33 2431 37.10 61.47 68.48| 21089 63.30 50.84 4178
24 26.00 30.59 29.33 26.98 2414 33.21 5217 | 18260, 186.26 62.40 49.82 41.80
25 23.39 33.52 30.30 26.38 2434 30.36 6070 157.40| 16528 61.26 49.97 41.40
26 240 34.13 30.42 26.27 24.27 28.84 4591 213.38| 155.13 60.66 51.68 41.40
27 21.60 35.37 31.40 26.34 23.49 2825 4298 | 22246| 14985 60.54 51.57 41.23
28 21.38 35.60 30.94 25.45 24.02 27.08 4231 23379 14151 60.66 5235 4097
29

30

2436 28.80 2564 24.00 25.82 4455 213.09| 133.41 60.18 50.88 4077
2495 27.59 2572 24.10 26.40 4185 159.34| 12240 58.80 4754 4057
31 228 26.49 23.76 4223 104.51 61.00 4087
EOFH 41.01 31.08 3434 21.65 27.76 26.42 34.06 43.86 69.45 90.73 61.05 46.52
1 st 10-day
ARk 4299 31.15 29.09 26.26 24.77 29.16 85.41 54.78| 397.46 77.92 52.35 4379
2nd 10-day
LR
2486 34.15 29.46 26.06 23.94 3233 4880 153.69| 167.01 61.72 50.88 41.37
3 rd 10-day
'j:‘:?ﬂ 36.29 3213 30.96 24.66 25.49 29.30 56.09 84.11 211.31 76.79 54.76 43.89
4§ #.3t  Annual Summa
FHAE FiEAE RARGATF P EN: R b8y
Average Discharge Annual Runoff(cms-day) Max. Peak Discharge Max. Daily Min. Daily
1385.00 1205.94 18.66
5a.87 2148870 2018/9/16 £ 407:00:00 (2016/9/16) (2018/4111)

M dst WO B 2004 220185 + s&3tF $¢ © 15) Statistics For Recorded Years(From 2004 To 2018 ,Recorded Years : 15)

ATH 28.07 24.04 33.36 34.43 7456 13494 12140 15922| 146.47 91.04 41.25 35.00
Mo. Avg
AR A 51.00 47.23| 130862 81.22| 25680 457.82| 34364 | 439.08| 42481 233.94 61.56 84.22
Mo. Avg Max 2016 2016 2016 2005 2013 2017 2004 2009 2008 2007 2007 2004
A R oh 3y 11.05| 1049 1012 1552| 2549 2234 2146 47.368( 4424 25.56 2000 1827
Mo. Avg Min 2004 2006 2004 2011 2018 2004 2007 2016 2014 2004 2015 2015
FHRE BAFP4 o3 P RS 4 MK B4 &haFH
Avg. Annual R. Max. Annual Min. Annual Max. Peak Discharge Max. Daily Min. Daily
. 12218 39.72 4505.00Q 3367.85@ 5.49Q
(2005) (2015) 2009/8/9 F402:00:00 (2009/8/9) (2017/4/10)

W 3-2-3 F %4 2018 &k B jesk
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% 3-3-2 ¥TIREFRFREBF I RE TR L

FHR T FH1 (82 |[H#e3 |H54

10 # w4 Ric(E R) 439. 3 324.9 257.9 147.3

Tiag 3 R#(FR) 43.9 32.9 20.7 14.7
10 # A2 7 % # 105 679 35 1591
B &g Mt 0cms * #i 1 584 | 1560
B EE R oems  #k 104 95 34 31

FERESSF R(7) 108. 3 80. 1 63. 5 36. 3

A REYE £(E ) 151.6 112.2 88.9 50. 8

poTrE(E ) 215. 0 159.0 126. 0 72.1

e i AL o

kAT AR E(E g) | 1054.3 779.8 618. 0 393.5

ekt R E Rpdc(l g) | 8786.2| 6498.3 | 5149.7| 2946.2

Vg R A pedc(l g) | T468.3| 5523.5| 4377.2| 2504.3

iR T 123 44w L8 2 E B4 0.5cms g -
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% 3-3-3 FRERKRLGRPIFL%EFTRZ

FHR T FH1 (82 |[H#e3 |H54

10 # w4 Ric(E R) 514. 0 363.5 291.5 163. 2

Tiag 3 R#(FR) 51.4 36. 3 29.2 16. 3
10 # A% % % ¥ 94 788 32 1704
B &g Mt 0cms * #i | 703 | 1678
B EE R oems  #k 93 85 31 26

FERESSF R(7) 126. 7 89. 6 71.9 40. 2

A REYE £(E ) 177. 4 125.5 100. 6 56. 3

poTrE(E ) 2501.9 177.9 142.7 79.38

e i AL o

kAT AR E(E g) | 1233.5 872. 3 699. 7 391.6

ekt Ppdc(l g) | 10279.4 | 7269.4 | 5830.6 | 3263.2

Vg R A Redc(g )| 8737.5| 6179.0| 4956.0| 2773.7

Wi idvd 332 & i
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FHR T FH1 (82 |[H#e3 |H54

10 # w4 Ric(E R) 581.9 387. 0 330. 2 169. 0

Tiag 3 R#(FR) 58.1 38. 7 33.0 16. 9
10 # A% % % ¥ 66 1040 17 2008
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B EE R oems  #k 65 60 16 14
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poTrE(E ) 284. 6 189. 4 161. 6 82.7

e i AL o

KA B R EREE(E g)| 1395.6 928. 7 792. 4 405. 7

ekt E Ppidc( o) | 11629.8| 7739.4| 6603.4| 3380.5

Vg R AR Ec(l g)| 9885.3| 6578.5| 5612.8| 2873.4

Wi idvd 332 & i
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P BEHPTERSFE PRI FTSNEFTETR

%3-3-6 L AEEERRL N EEBHF T RE TR L

FHR T FH1 (82 |[H#e3 |H54

10 # w4 Ric(E R) 747.0 587. 6 460. 0 299.1

Tiag 3 R#(FR) 74.7 58. 8 46. 0 29.9
10 # A% % % ¥ 202 476 62 1252
B &g Mt 0cms * #i | 294 | 1195
B EE R oems  #k 201 182 61 57

FERESSF R(7) 184. 2 144.9 113.4 73.8

A REYE £(E ) 257.8 202. 8 158. 8 103. 3

poTrE(E ) 360. 9 287.9 225.1 146. 4

e i AL o

kA4 F T E R E(F g)| 1792.8] 1410.2| 1104.0 717.9

ekt R Ppdc(l o) | 14939. 7| 11752.0 9200.2| 5982.8

Vg R A ReEc(l )| 12698.8| 9989.2| 7820.2| 5085.4

Wi idvd 332 & i
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FHR T FH1 (82 |[H#e3 |H54

10 # w4 Ric(E R) 605. 3 469. 4 367.9 230. 7
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e i AL o
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RROCE TR R T 0 5 L

KA BT ERRE(E g)| 1334.8| 1034.8 809. 3 519.0
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iR A Redc(E )| 9454.5| 7330.0| 5732.4| 3676.5
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AVIEARMA 114 3 126 8 2R A AKRE R R B E R
FEAT RS x S AR R Ay GRABFHET oA EEA Y
Wi A4 135 % 142 Rh ) ESEAaE N5 H/A092 %

113 R » R4 A KEYARBEREL AP TS > L ¥a E57

4 ERE

% 4-1-1 25 & §:632000 & 3 2100 & &% & FH
7 P TiaE AL E B & Bo| &
2000 & % 2023 & il &
2000-2023 1991.8 532. 4 2945. 5 1087.0
2024 & 3 2100 # 3¢ B &
SSP126 2260. 1 674. 3 4181.3 1227.0
SSP245 2012. 1 646. 0 3902. 6 997. 7
SSP370 1991. 6 631. 0 4053. 8 997. 7
SSP585 2320. 6 611.7 3904. 8 1051.5
24-1-2 2ragaw200232100Erfagadktpiad
TP & | A (%) B PR g
TiaE kLB | & E | (mm)
2001-2023 ¢ ¢ | 81.6 91.7 64.2 491.5
* % SSP126 80.0 95.5 57.0 653.5
* % SSP245 79.2 93.0 50.8 581.5
* % SSP370 81.1 95.9 58.2 622.8
* % SSP585 82.6 97.7 48.5 679.5
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s foikd B R A A KE A TR 4T
ATk friks B £ xbiEAd 2000 £ 1 2023 £ 2 %A F

Foood 2023 & 3 2100 # % A& FARHE Y $ 2 £3=E 42 (ARG
F i BN S 7 o foaka £ 50 2000 £ 1 2100 # # 7 &
SAL Ao @] 4-1-2 1 0 BedpRlAe £ 4-1-3 8 & 4-1-4 A0 o

B 4122 &% a § 4 B4 2000 # 3 2023 & 9 w5 4 T
Eva R L A#H > foibs £xb A 2000 £ 3 2023 # TiaE o
1896.1 mm -
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4 4-1-3 qoira 2302000 & 3 2100 & &% & TR

%R T 35iE L BB ] B

2000 # 3 2023 & # | &

2000-2023 | 1896.1 558. 0 2796. 5 1061. 0
2024 # 3 2100 & 53R &

SSP126 2222. 4 662. 0 4179. 1 1186. 0
SSP245 1967. 5 643. 6 3843. 1 969. 9
SSP370 1948. 9 613.7 3747.9 947. 6
SSP585 2279. 4 616. 2 3998. 2 1024. 3

2 4-1-4 feitm 230200022 2100 a2 Z 2 £ oA pfEa g

3F P F | A (%) Bk P Ea g
Tl | RxE  |[& )& | (mm)

2001-2023 4 i 81.1 91.1 63.5 504.0

A X SSP126 80.0 95.6 56.0 702.1

A K SSP245 79.0 93.2 52.0 515.9

4 % SSP370 81.0 95.9 57.6 561.7

4 % SSP585 82.5 97.6 48.7 713.1

R FH > foikn @A A R A B0 RT RP 4T
(-)MBAEARTHESR R Ake BF pREFRTH

EAaEO5EA 1033 120 R PAEFINARF AT

EuaRAE S ARe BF GRABFRIEE R L E AN

40 110 2 119 8 > B A R hfoiba Bk A BT R4
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CUEESS LRSS EL LS SN R )E § e

M-

Ake fBf ERAFRTIHELEG X FF A 79.0%1
825%2 F » tA kR EFRAfUYAELEEAE 2L H A EG P
kA o b B FRETE et T AR AR A
HE R AR BRE A RIVIL G o

(Z)rEALE R ke fBF GREFHE TR pEAE R T 0 A
ke i EREFE TR P AR YL EL 1.02 1 142

B P ERS

3
1y
>

PR EMERMPRHE Y HE LR RN

SASELE B LG SRR LA BN AR T YR
FH - L rEE(FELL? 2ELY R) S LN
¥ A2 FR0E  ERFFEPERFEPUGEL A 5

HErafoiba TR EH AT TR) > 2 BBAKE G Hi iFg8

4-9



Frd AAFOEETIHKPHEE I ERLT FETE

TR o L kA FREREL- BRFAFESE L EE
FHB P AR FET 2P S kE Y BT o R K
PHERELET P Ao TR AR ET AN E LA TSR

Ly

3=
)

Bk # Rl ARETITNEF LhokE Mt
WFCRE F iR EML R ¢ (PCC)» 2021 # 8 7 #F 5~ =
TRHEL(ARG) I B A K p A E TR Flltdem JI* ol p A g

BrORRIERA 685 AR A N AR AR RHT

SRRl KRG RMP RN EE AP AA K 17 %8
g TmEAD AT & SWAT # 7 (Soil and Water
Assessment Tool)i& {7/ £ #5782 7] - 41 SWAT 382 = &
KB IEIRRB I SR R kA BRI TR AT E R
7 % KA 3 i * (Orkodjo et al., 2022; Ahialey et al., 2023; Tayyeh and
Mohammed, 2024; Waheed et al., 2024; Yang et al., 2024) -

AP THA B EEUERE kRS A EEE kR L SR
SWAT #-5ViE 4738 (730 o
- ~EBUL B R E SWAT B2 % B S % wmp

4 SWAT 58 42 F & B B A2 T 4L (DEM) ~ 4 3 1% T

=\

IRFHCAATHREEESATHEMETAL AT H L
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Hy

S

o
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) —

?\_
o

THE R EREEL AT F AT R
te BAaEso R EE ok a B KA E (2R
CLI310 » ‘g /& % © 120.8840 - ‘i & [k # @ 23.7545) ~ A7 8 4 (k5L
C11340 > =& A& : 120.8687 > ‘# /& A& : 23.5633) > i&w B a £ 2
33 2013 # 2 2022 &£ p A BT AR HSAEH L AL 6
B R AEPUEA 2013 £ 3 2022 E R E TR R ARG 2
i e

AT L R SWAT B3¢ fra 38 UL B -k % 30 2013 # 3 2022
E2PREAGRVHATL R F ke FEEL PR
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Frggre A I R LRpriad) e gt B g Wi

Aok SR R RS R AR LB 0 L A AR B
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=]
L

2014 2016 2018 2020 2022

Year (2013-2022)

W 4-2-1 #FR#Eer 2013 1 2022 & R Rl £ (88 3

(25 HH

2014 2016 2018 2020 2022
Year (2013-2022)

W 4-2-2 2/puiEat 2013 3 2022 E R BB ()i

BELS(RA)HE

AELRABERA ISR R E LR AT P BFQ

I PFEIRFF)REF B A AR B P 5 AL R
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Daily Q (cms)
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ARG FRBT F 2 ER LS v A8 2 2024 £ 3 2100

(¢ 2025 & 3 2044 #)tew fEH B T ' A £ A - P45 2024
£33 2100 @ RP AR RAFTHETREBHER > LB

ESATHMIEETAAEA R EERE R HMERL L AT
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SO ERLRTHE I AET AT REE BT R TEAE o FIM A

—\

|

~

FEg oLk Kk 20 & F % si80E

T A TR RS R
AR R H AR R T T R R TR

MEHEQ@ I ~2ELG A H RS T A AR) B :I';«‘FVK% g # o
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FRETFH FAFT Ut ide Ba P BT o FRBET
PRE AR TR $E A Bk §E 7 R 120.90 & R 23.65 7

A FAR o frika Bk £ E ¥ A 120.90 22 s 23.60 ' A TR 0 & &
F Rk g EY SR 12090 &2 & 2375 " & TR ATEMGE £k g E
% 5B 120.85 2 s 23.55 % @& AL o
243124 432 52 B 2302025 £ 3 2044 £ v f 15 F

R lciE R 0112025 &£ 1 2034 & hn BEBESE T o BAE
T ¥oE s £ 49 4 1770.8mm (SSP2-45 ) I 2245.1mm
(SSP1-25 ) 2 X A A% a E b Eada £ A 943 747%
(SSP5-8.5 f#4:) T 81.0% (SSP2-4.5 14) > tit 10 # % & %t #chh
TR S ARSI %o 2 2035 £ 3 2044 & Low fE 5 BE

"o

v B BRI IES A& 54> 1860.4 mm (SSP2-4.5 1) %
2386.8 mm (SSP5-85 #)  * Z A a R EE Fa £ AL 4
% 76.7% (SSP1-2.5 3 &2 SSP2-4.5 -1)% 78.8% (SSP5-8.5 {4)
i 10 & B RE A Sl s TR IR N R R G o

B 4-3-1 2 F 434 5 A7 H* KA k%a FRsd Saindg

RIS AT gL g L N 200 2025 3 2044 # 0 hw fE i %R

T2 pmEs T
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% 4-3-1 = RREE32020 &3 2034 & o ARBRE S Ky
7§ b Al foit v AT
SSP 1-2.5 {8 3t 2025 & 3 2034 &
T 3o E % % £ (mm) 2178.1 2128.7 2148.0 2525.6
T ian EF A (%) 79.2 79.1 79.4 79.9
SSP 2-4.5 5%t 2025 & 1 2034 #
T 3o % % B (mm) 1715.9 1680.8 1728.9 1957.6
T ian EF A (%) 80.7 80.5 814 815
SSP 3-7.0 5%t 2025 & 1 2034 #
T $0E % A& £ (mm) 2103.4 2051.4 2064.1 2467.6
T o £ F A (%) 80.4 80.3 80.7 81.4
SSP 5-8.5 -5+t 2025 & 3 2034 &
I 35E ' & § (mm) 1833.2 1778.2 1837.6 2073.9
Tias T & (%) 74.3 74.2 74.7 75.4
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% 4-3-2 = RREE¥ 2020 £ 3 2034 & o ARBRE S &g

& ¥ foit o ATE A
SSP 1-2.5 {4 %t 2035 & 3 2044 &
T35k % A& £ (mm) 1917.7 1899.7 1935.3 2247.7
Tyaa £ F A (%) 76.4 76.8 76.2 774
SSP 2-4.5 15 %+ 2035 & 3 2044 &
T 3ok % A& § (mm) 1814.2 1754.6 1827.4 2045.3
Tina EF A (%) 76.5 76.3 77.0 76.9
SSP 3-7.0 5%t 2035 & 1 2044 #
T $0E % A& £ (mm) 2003.6 1968.2 1924.2 2334.7
T o £ F A (%) 78.7 77.9 77.8 79.4
SSP 5-8.5 -5+ 2035 & 3 2044 &
T $0E % A& £ (mm) 2296.0 2284.5 2283.6 2683.2
Tiaa £ F A (%) 78.4 78.3 78.9 79.4
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ARG R RUREY SR L E e BRI E S TR &
4-3-3 87 % 4-3-4 & w| L ERpuEe Lo F L 2025 & 3 2044 & TE ]
BAGARM 4 o d £ 43324 434§ T A (05 2013 £ 3
2022 &R A AR WP R IR MOE £ (Q<loms)Fin P AR 3

Yo 0 %R (Q>20ems) few BB T SR & 2003 T%2 T -

4 4-3-3 WP 2025 & 1 2044 E Rl B ATARE X 4

Q(CMS) | 2025-2034 i 4z A% 45 % (%) | 2035-2044 i 4z A% 45 7 (%)

1-25 |2-45 |3-7.0 |[5-85 |1-25 (245 |3-7.0 |5-85

47.45 | 41.29 | 39.48 | 39.42 | 40.66 | 43.51 | 46.41 | 54.99

33.45 | 29.92 | 29.73 | 28.58 | 31.32 | 33.62 | 34.55 | 43.84

27.18 | 21.62 | 23.45 | 22.33 | 25.10 | 27.73 | 28.00 | 35.78

23.42 | 1551 | 19.07 | 18.49 | 21.37 | 22.47 | 22.85 | 30.71

o B~ W |DN |

20.66 | 12.44 | 15.97 | 15.64 | 18.49 | 18.05 | 18.85 | 27.10

10 1263 | 534 | 849 | 7.64 | 11.56 | 847 | 11.18 | 15.51

20 468 | 184 | 342 | 238 | 559 | 285 | 6.63 | 548

40 145 | 0.77 | 1.32 | 044 | 142 | 129 | 192 | 145

60 0.74 | 038 | 063 | 0.27 | 093 | 0.88 | 1.01 | 0.68

80 036 | 0.14 | 036 | 0.16 | 0.55 | 0.55 | 0.63 | 0.36

100 025 | 008 | 025 | 0.11 | 0.36 | 0.27 | 052 | 0.25

150 0.11 | 0.00 | 0.11 | 0.00 | 0.08 | 0.14 | 0.25 | 0.03

200 0.00 | 0.00 | 0.05 | 0.00 | 0.00 | 0.08 | 0.11 | 0.00
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3 4-3-4 L AE£5%32025 & 3 2044 ESERIAEARARMF A

2025-2034 & Ag A% 5 (%) 2035-2044 & 4z A% 5 7 (%)
Q(cms)

1-25 | 2-45 | 3-7.0 | 5-85 | 1-25 | 2-45 | 3-7.0 | 5-85

4523 | 39.21 | 37.97 | 38.22 | 39.81 | 41.48 | 45.07 | 53.45

3247 | 2797 | 28.03 | 27.26 | 30.49 | 31.53 | 32.55 | 41.86

26.79 | 19.40 | 22.25 | 2148 | 24.08 | 24.74 | 25.84 | 34.90

22.85 | 1441 | 18.36 | 17.89 | 20.60 | 19.64 | 20.99 | 29.62

o B~ W |DN |

20.22 | 11.67 | 15.45 | 14.96 | 17.75 | 15.97 | 18.08 | 26.08

10 12.08 | 518 | 844 | 7.18 | 11.12 | 7.70 | 10.55 | 14.05

20 449 | 205 | 367 | 238 | 403 | 260 | 562 | 548

40 1.70 | 0.79 | 164 | 055 | 153 | 1.21 | 148 | 1.62

60 099 | 044 | 096 | 025 | 101 | 0.85 | 0.85 | 0.77

80 044 | 016 | 052 | 0.14 | 066 | 0.47 | 055 | 0.44

100 025 | 0.08 | 0.30 | 0.08 | 044 | 0.30 | 0.41 | 0.22

150 0.11 | 000 | 0.11 | 0.00 | 0.08 | 0.16 | 0.16 | 0.03

200 0.05 | 000 | 0.05 | 0.00 | 0.00 | 0.11 | 0.11 | 0.00

g s o~ E R 2025 £ 3 2044 #FERINE A G R T

(- EAm T R el AT AR TR RS
FAASAE A AERET G 20%3 25% = + 0 e F R
P s Gird? A PR R RLEE AT NE

B g xhat 2025 & 3 2034 & TR A T 0 EfEA R
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4-3-5 1 4 4-3-8 #i7 o

% 4-3-5 ¥HUER KRR AR 2025 £ 3 2034 & F TwE R A

i 1 M5 % 2(SSP) 1-2.5 2-4.5 3-7.0 5-8.5
TyoE T REER) 31.9 31.5 28.8 30.2
£ T E§<05cms = #& | 160.4 188. 4 189.0 192. 2
£ T anE>9cms X #k 48. 5 21.9 39.0 30. 8
EAORE o N TR GgHRToE g LR Y

FRAES S F(F) 89.1 88.0 80.5 84.2
A REE £(E ) 99.5 98.2 89.8 94.0
phEoRvELE(E ) 156.3 154.3 141.1 147.6
FEOTE o TR R TR TR

kA F T E R Q) 15.7 157.6 144.1 150.8
MR T E R pllc(d g) | 3992.0| 3940.9| 3603.7| 3770.9
WE R T ERpE(Y g) | 7984.0| 7881.7| 7207.3| 75417
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Frd ARFERITLHRPHER kS FELT FEER
% 4-3-6 FHUEH-K TG AR 2030 £ 1 2044 & F TR E TR Z
i HB 2 2(SSP) 1-2.5 2-45 3-7.0 5-8.5
TioEF T RE(ER) 29.1 36.8 345 41.1
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