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Model PCA-BP PCA.

Wells #11 #12 #11 #12
MAE 1.06 22 0.19 023
MSE 1.84 379 0.05 0.09
RMSE 4.08 5.49 022 031

MAPE 24.03% 25.43% 5.06% 277%
NSE 1.84 132 0.95 0.97
R 0.02 -029 0.99 0.99
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Data source

fall

Hydrological Data of the Haihe River
Basin. Volume 1. Luanhe River Basin,

Small Rivers along the Coast of Hebei
Province. Hydrological Yearbook of the
Peoples Republic of China

Water consumption

‘The water supply company’s centralized
‘management system

Groundwater level

‘The water supply company’s centralized
management system

Collection method

Data composition

Time period

Compiled by the Hydrological Bureau
of the Haihe River Water Conservancy
Committee of the Ministry of Water
Resources, China, etc.

Fengnan (r1), Qianying (r2), Tangfang
(13), Laopu (r4)

2018-2021

Monitor the user's water meter; Upload
data to the management system in
real-time

FN, QY, DX, XJ, CH, XG, DO, HG

2018-2021

Monitor the water level gauge in the
well; Upload data to the management
system in real-time

12 Wells (#1~#12)

2018-2021
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Small watershed Time interval hury&Yang

€ET0
1963-1979 292 | -192 -229 | 298 | -198 -032 | 259 -159 -071
Beihedian 1980-1998 422 | 32 -220 | 428 | -328 -034 | 276 | -176 -083
1999-2019 695 | =595 -379 | 708 | -6.08 -008 | 296 | -196 -0.97
1963-1979 226 | -126 -221 231 -131 -034 | 233 -133 -051
Xidayang 1980-1998 285 | -185 -210 | 290 | -190 -037 | 254 | -154 ~0.67
19992019 424 | 324 -295 | 434 | -334 -0.18 | 284 -184 -0.89
1963-1979 188 | 088 -211 192 | -092 -036 | 202 -102 -028
Wangkuai 1980-1998 2381 -1.81 -226 | 286 | -186 -033 | 256 | -156 -0.68
1999-2019 267 | -167 —245 | 273 | -173 -028 | 254 -154 -0.67
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Study area  Base period =~ Mutation period FU(%) Choudhury&Yang

(%)
ARer, | AR, ARer, AR,
1963-1979 1980-1998 9.75 3227 57.98 9.77 3253 ‘ 57.70 9.59 27.55 62.86
Beihedian 1980-1998 1999-2019 24.61 10.47 64.92 2497 10.67 64.36 14.90 524 79.86
1963-1979 1999-2019 16.51 14.12 69.38 16.70 14.40 68.90 14.33 10.85 74.81
1963-1979 1980-1998 1143 30.31 58.26 1143 30.68 57.88 1149 2947 59.03
Xidayang 1980-1998 1999-2019 16.34 7.06 76.60 16.65 725 76.10 1337 523 81.40
1963-1979 1999-2019 1399 1355 72.46 14.17 13.89 71.95 1334 1212 74.54
1963-1979 1980-1998 817 16.46 75.38 823 16.85 74.92 821 1647 7532
‘Wangkuai 1980-1998 1999-2019 21.09 34.87 44.04 20.83 34.87 [ 44.30 2193 34.66 [ 4341
1963-1979 1999-2019 14.82 9.95 75.23 15.02 10.28 74.70 15.05 10.31 74.63
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Formula Parameter References

ET/P=1+ET,/P-[1+(ET,/P)*]"/* w Fueet al. (2007), Wu et al. (2016)
ET/P=1/[1+(P/ET,)"]""" n Choudhury (1999), Yang et al. (2008)
ET/P=[1+w(ET,/P))/[1+w(ET,/P) + (ET,/P) "] w Zhang et al. (2001)

In the Fu formula, the parameter  reflects the underlying surface conditions of the watershed, which is related to land use, vegetation, soil, etc. In the Choudhury-Yang formula, the parameter
n has the same meaning as i the Fu formula. In the Zhang formula, the parameter w represents the vegetation's effective water coefficient, indicating the relative differences in the way plants
aillize:scil molstine for transpiration, n.thls: sty we e the walod notation "5’ to roprestnt those parkmeters:
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-172"

nd test Z-value

ET,
-099 -3917
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-0.26 ‘ -270"

121
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Coefficient of

variation Cv

P

0.96
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0.95

ET,
096
096

0.96
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Species

Dominance

Dry season  Wet season

Bacillariophyta | Cyclotella spp. 005 0.10
Fragilaria spp. 006
Synedra spp. 008 015
Navicula spp. 007
Asterionella sp 012 0.36
Chlorothyta Scendesmus sp 012
Cosmarium spp. 0.06
Chlorella spp. 014 023
Pectodictyon spp. 0.03
Cyanobacteria | Microcystis spp. 011
Planktothrix sp o) 7 023
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Ite LXW GBX SX

Reservoir area (km?) 383 1394 3158 2 136 131

Total storage capacity (10° m’) 247 1079 165 55 264 57

Dam height(m) 178 250 155 139 100 147

Average depth(m) 64 774 516 282 1941 2

Average annual runoff (10° m*) 205 208 2138 226 21 263

Hydraulic residence time(a) 12 005 008 0.02 001 025
Reservoir regulation type Annual Runoff Runoff Runoff Runoff Annual
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Jingzhou (32) ianli Huangshi (HS) The middle reach of the
Yangtze river (MYR)

Before After After Before After Before After
fishing ban fishingban fishing ban  fishingban fishing ban fishingban fishing ban fishing
ban

Simpson 0.87 + 0.08 077 £0.15 0.80 + 0.05 078 +0.12 ‘ 0.60 £ 027 090 £ 0.05 085+ 012 081 %011
Shannon- 271059 212 061 241202 223047 174 £ 080 269 %04 278 £ 048 248 £ 059
Wiener
Margalef 619 % 195 471105 581%035 505 % 049 ‘ 455153 478 £ 104 7.14 %053 625054
Pielou 0.68 = 0.08 061 017 0.61 £ 001 063 0.14 ‘ 048 £ 021 080 001 0.6 % 0.10 0.63 013 ‘
CPUE (kg/ 8.86 + 239 2104 £ 596 13.96 + 1.06 2764 £5.12 ‘

boat*day)

14.98 + 1.86 2022 £ 632 13.6 % 328 21.85 £ 3.46 ‘
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Huangshi (HS) Jingzhou (32) Jianli (JL)

2017-2019 2021-2023 2017-2019 2017-2019 2021-2023

Nodes ‘ 2 20 2 16 18 |3
‘ Connectance | 0.12 0.5 02 017 0.09 ‘ 02
‘ cc ‘ 0.08 006 0.09 0.05 013 ‘ 006

‘ ChPath 12 104 120 110 134 ‘ 109
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\EUELIES

ormalized coefficient

Normalized coefficien

Constant 10446 - 12.063 -
P Agricultural population 0589 -0327 -4749 8.540
Al Gross output value of agriculture | 0.245 0350 6.803 4747
A2 GDP per capita ~0.032 ~0085 -2.003 2963
A3 Industrial structure 0.164 0334 5791 5.996
T Degree of effective irrigation -0.827 -0278 ~7.830 2.268
T2 Agricultural machinery density ~0.233 -0.108 269 2.885
s Planting structure 0410 0237 3924 6555
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Maximum Minimum Average Variation trend

(x108m?) (x108m?3) (x108m3)
Total WF 2407 3.86 16.04 -5.14 Downward trend
Wheat 4.08 0.07 127 ~5.06 Downward trend
Maize 890 121 5 =523 Downward trend
Green WF Soybean 0.57 0.05 0.29 -497 Downward trend
Rice 1.62 0.00 0.53 -8.18 Downward trend
Total 1413 1.33 7.27 -542 Downward trend
‘Wheat 475 0.21 2.16 ~6.11 Downward trend
Maize 4.16 0.00 0.59 -0.50 No significant trend
Blue WF Soybean 045 0.00 0.10 -1.01 No significant trend
Rice 040 0.00 0.05 -048 No significant trend
Total 8.50 0.22 v 2.90 -5.17 Downward trend
‘Wheat 375 0.48 1.98 -457 Downward trend
Maize 498 174 3.51 -0.80 No significant trend
Grey WF Soybean 023 0.01 0.09 -542 Downward trend
Rice 0.71 0.01 0.29 “517 Downward trend
Total 921 223 5.87 -3.86 Downward trend
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T1 Degree of effective irrigation | %
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First-level
Subjects

Fl

n

Second- Biophysical Biophysical ~ Monetary Monetary  Percent Total Total
level Value Value Value Value (%) Monetary  proportion
Subjects Indicators Indicators  (x10* CNY) Value (%)
(x10* CNY)
F11 COD purification 923.63 cop 48029 642 587.68 785
capacity/(t/a) purification
Total phosphorus 7159 Total 35.80 048
purification phosphorus
capacity/(t/a) purification
Total nitrogen 7159 Total nitrogen 7159 096
purification purification
capacity/(t/a)
F12 SO, purification 6155 50, purification 1847 025 2070 028
capacity/(t/a)
NO; purification 173 NO, 069 001
capacity/(t/a) purification
Dust purification 90.56 Dust 154 002
capacity/(t/a) purification
F13 Total amount of 2098.81 Carbon dioxide 1242 017 1242 0.17
carbon dioxide fixation
fixation/(t/a)
Fl4 Total amount of 152641 Oxygen release 15264 204 152.64 204
oxygen supply/(t/a)
Fl5 Total heat absorbed 319,522.19 Temperature 1747 023 1747 023
by regulation
ecosystems/(KW-h)
Fl6 Total water sources 198.04 Conservation of 1210.14 1617 1210.14 1617
conservation water sources
capacity/
(x10* m*/a)
F17 Total flood 60021 Flood regulation 3,667.68 4901 3,667.68 4901
regulation and and storage
storage capacity/
(x10* m*/a)
F18 Total ecosystem’s 921183 Sediment 299 004 143.15 191
soil conservation accumulation
capacity/(t/a) reduction
Soil fertility 14016 187
preservation
F21 Total amount of 74.00 Leisure and 968.73 1295 968.73 1295
leisure and recreation
recreation
personnel/
(x10" person/a)
F22 Activities carried - Promotion, 166.56 223 166.56 223
out for promotion, education and
education and scientific
scientific research research
23 Total number of 67.00 Employment 536.00 7.16 536.00 7.16
social labor engaged promotion
in wetland park
related work/
(person/a)
Total 748317 100.00 7,483.17 10000
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First-level
subjects

F1

Second-level
subjects

Biophysical value indicators

Indicator description

Monetary value indicators

Indicator description

F11 Total amount of COD, total phosphorus, and total nitrogen | t/a. Water purification value
for purifying water pollutants

Fl2 Total amount of SO, NO;, and dust for purifying air ta Air purification value

pollutants
F13 Total amount of carbon dioxide fixation tCOy/a Carbon dioxide fixation value
Fl4 Total amount of oxygen supply tO,fa Oxygen release value
FI5 The total heat absorbed by ecosystems KWh Temperature regulation value
F16 Total amount of water sources conservation m’fa | Conservation of water sources value
FI7 Total amount of flood regulation and storage m'a | Flood regulation and storage value
FI8 Total amount of ecosystem’s soil conservation ta Sediment accumulation reduction

value
Soil fertility preservation value
F21 Total amount of leisure and recreation personnel person/ Leisure and recreation value
a

F2 Activities carried out for promotion, education and scientific . — | Promotion, education and scientific

research research value
23 The total number of social labor engaged in wetland park | person/ | Employment promotion value

related work

Unit

CNY
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Second-level Subjects Connotation

F11 Water Purification Wetland ecosystems including rivers, lakes, and swamps absorb, degrade, biologically transform, and transform water
pollutants through physical and biochemical processes, thereby reducing the concentration of water pollutants and
purifying the water environment (Wu et al., 2020)

F12 Air Purification Ecological systems, such as forests, grasslands, and wetlands absorb, flter, block, and decompose atmospheric pollutants,
thereby reducing the concentration of air pollutants, and enhancing air quality (Kong et al., 2023)

13 Carbon Dioxide Fixation Forests, grasslands, wetlands, and other ecosystems utilize organisms to synthesize organic matter from carbon dioxide or
dissolve carbon dioxide in water bodies, thereby reducing concentration of carbon dioxide in the atmosphere (Wang, J. M.
etal, 2019)

F14 Release of Oxygen Forests, grasslands, wetlands, and other ecosystems release oxygen through plant photosynthesis, to maintain stable
oxygen concentration in the atmosphere (Wang, J. M. et al,, 2019)

Fl5 Temperature Regulation Ecosystems such as forests and grasslands absorb energy through vegetation transpiration, occlusion, and evaporation,
thereby regulating temperature and enhancing the comfort of human living environments (Zhao et al., 2019)

F16 Conservation of Water Sources Ecosystems such as forests, grasslands, and wetlands intercept and store precipitation, enhance soil infiltration and
accumulation, thereby achieving the goal of conserving soil moisture, replenishing groundwater, regulating surface runoff
and river flow, and effectively redistributing precipitation (Hu et al,, 2021)

17 Flood Regulation and Storage Forests, grasslands, reservoirs, lakes, and other ecosystems absorb and store precipitation, regulate stormwater runoff,
reduce flood peak during rainstorm, to mitigate the threat and loss caused by flood peak in flood season and mitigate flood
hazards (Ping and Zeng, 2023)

F18 Soil Conservation Ecosystems such as forests and grasslands slow down the erosion of topsoil by rainwater, and increase soil resistance by
retaining soil through root systems, thereby reducing sedimentation and soil loss, and maintaining soil nutrients (Wang
W.J. et al, 2022)

21 Leisure and Recreation Wetland parks provide services such as recreation, sightseeing, entertainment, and landscape appreciation, allowing
visitors to relax mentally and achieve non-material benefits such as emotional pleasure (Liu et al., 2023)

2 Promotion, Education and Scientific Wetland parks provide public education and promation of wetland functions and values to the public, while universities
Research and research institutions can conduct comprehensive studies on wetland ecology, and provide venues and services for
educational and scientific research activities (Liu et al., 2023)

23 Employment Promotion Wetland parks require social labor for their daily management and operation, providing employment opportunities for
relevant groups (Li et al., 2020)
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Well name Aquifer type  Hydraulic conditions =~ Aquifer depth (m) Initial water level (i

Qw Quarter-nary alluvium Porous Confined 80.5-93.6 1732
Nw Neogene-nary alluvium Porous Confined 3312-3453 18
Cw Carboniferous limestone Karst Confined 422.7-478.7 17.11
Oow Ordovician limestone Karst Confined 550-765.1 1773
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Ecosystem category Types of land use included Area (hm?) Percent (%)

Grassland | Other grassland 278 027
Forest land Other forest land 7159 | 701
Wetland River water surface | 7236 7.08

Pond water surface 15061 1474

Inland mudflat 61343 [ 60.03

Others Other types of land use 11102 10.87

Sum 1,021.78 100.00
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Land use/cover 2020 30 scenario 1 2030 scenario 2 2030 scenario 3

Maize 35,719.20 38,975.00 39,292.00 38,063.00

Forest 602.91 542.00 542.00 68100
Grassland 2,20032 1,988.00 [ 1,988.00 2,631.00
Water 3,168.36 3,168.36 3,16836 3,168.36
Construction 7,486.11 673700 [ 6,737.00 6,737.00
Unused land 3,32235 1,662.00 1,662.00 1,662.00
Soybean [ 222651 245000 [ 2003.00 2,450.00

Rice 3,276.18 3,921.00 2,948.00 2,948.00
Other crops 25,944.93 24,682.52 25,785.52 25,785.52
Wetland 1,70001 1,530.00 1,530.00 1,530.00
7 Total s 85,655.88 [ 85,655.88 85,655.88

*2030 scenario 1: grain crop planting priority; 2030 scenario 2: ethanol crop planting priority; 2030 scenario 3: maximize carbon sequestration priority. Meaning of symbol a: It explains the
weibiie seanaelin: scorennoniing wi sih v
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Resource carrying capacity

Environmental carrying capacity

Economic and social carrying

capacity
First Second Third First Second Third First Second Third
factor factor factor factor factor factor factor factor factor
Xi Xiu RS R9 RI E8 E9 E6 3 6 s2
1661% 10.25% 631% 12.79% 7.32% 6.97% 5.98% 576% 216%
Ping Ba R7 RS RI E8 E6 E9 s2 $5 s
9.95% 9.38% 879% 746% 7.03% 6.48% 478% 274% 220%
Pu Ding RS R9 R E8 E9 E6 3 s1 s5
10.03% 934% 9.07% 5.80% 5.16% 497% 544% 468% 428%
Zhen Ning RY R2 RI0 E8 E6 E5 3 $5 s4
9.34% 9.17% 9.36% 8.60% 7.29% 476% 6.66% 543% 381%
Guan Ling RI0 RS RI E5 E4 E9 3 s5 s1
9.13% 539% 5.16% 840% 6.34% 5.46% 832% 7.68% 652%
Zi Yun RIO R3 RO 6 E5 B4 si s3 s5
7.33% 527% 426% 9.33% 5.86% 5.65% 815% 7.68% 557%






OPS/images/fenvs-12-1530694/fenvs-12-1530694-t007.jpg
Grassland Forest Rice Maize Unused land Soybean Other crops

293.68 37478 337.33

02






OPS/images/fenvs-12-1499757/fenvs-12-1499757-t003.jpg
Region Resource carrying Environmental carrying Economic and social Comprehensive bearing

capacity capacity carrying capacity capacity
0.2265 0.1941 0.1866 06072
0.2026 0.0410 0.1625 04061
0.1556 0.1439 0.0904 03900
0.1986 0.1421 0.1049 [ 04456
02707 02540 00894 06142
0.2530 [ 01727 00394 [ 04651
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Crop type Water demand  Effective precipitation  Irrigation water consumption

Hulan River Basin Maize ‘ 12 467.11 21434 25277
Soybean ‘ 05 336.25 21434 12190

Rice ‘ 12 390.08 18857 20151

Others (cabbage and potato) | 1.1 369.01 176.09 19292
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Average purchase price of crops (yuan/kg)

Maize Soybean Rice Cabbage Potato

Theoretical maximum output (kg/ha)

65,000 60,000 250,000
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Evaluation

standard layer

Evaluation
index layer

Measurement index

Number

Measurement
unit

Indicator
attribute

Weig|

Resource bearing capacity Land resources Per capita cultivated land area Rl hm?/human being + 00522
(0.4087) (0.1934)
Proportion of the rocky desertification R2 % - 0.0503
area
Proportion of the effective irrigated R3 % + 00282
area of cultivated land
Proportion of unused land R4 % - 00184
Proportion of regional soil erosion RS % - 00291
area
Proportion of flooded area R6 % - 00152
‘Water resource Per capita total annual water use R7 m*/human being - 0.0591
(02153)
Per capita water resources owned RS m?/human being + 00652
Average annual rainfall RY mm + 00518
Utilization rate of water resource RI0 % + 00392
development
Environmental bearing Atmospheric Annual nitrogen oxide concentration El ng/m - 0.0204
capacity environment (0.0662)
(0.3408) Annual SO, concentration B2 ng/m® - 00207
Excellent rate of ambient air quality E3 % + 00251
Water environment | Centralized treatment rate of E4 % + 00302
(0.1125) wastewater and sewage
Water resource contamination S Ton + 00324
capacity (COD + NH,-H)
Area proportion of regional water E6 % + 0.0499
ecological protection area
Geological Number of geological disaster points E7 Individual/km - 00304
environment per unit area
(0.0806)
proportion of karst area E8 % - 0.0502
Ecological condition | Land area covered with trees E9 % + 00385
(0.0815)
Forest area E10 hm?/100 km? + 00236
Ratio of nature reserves to the total Ell % + 0.0194
area
Economic and social Financial condition  Per capita total GDP s1 Yuan/person + 0.0436
carrying capacity (0.2505) (0.1721)
Proportion of the tertiary industry s2 % + 00284
in GDP
Per capita fixed asset investment s3 10,000 yuan/person + 00411
Per capita disposable income of urban 54 Yuan/person + 00289
residents
Per capita disposable income of rural $5 Yuan/person + 00301
residents
Social condition Density of population 6 Human being/km? - 00226
(0.0784)
Urbanization level s7 % + 00179
Number of health institutions for s8 10,000 people + 00161
10,000 people
Proportion of the number of residents 59 % + 00218

with minimum living security
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use/cover

Code Allocation in 2020 (hectare)

Maize X1 357192
Forest X2 [ 60291
Grassland X3 220932
Water X4 | 316836
Construction X5 7486.11
Unused land X6 [ 332235
Soybean X7 222651
Rice X8 3276.18
Other crops X9 25944.93
Wetland X10 [ 1,70001
Farmland X1+X7+X8+X9 67,166.82
Total - 85,655.88
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