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Fig. 1 Percentage of annual water use by the three industries in the Yellow River Basin
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Table 2 Comparison of the main water use indicators in the Yellow River Basin and the main national water use indicators
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Fig. 3 Marginal benefits of agricultural water use in the provinces of the Yellow River Basin

a b
2 626 696 650 661 661 560 583 723 743 814 839 1400 3000
944 1069 1205 1284 1616 1747 1999 2332 2484 2887 3192 1200
2500
790 802 906 937 985 1003 998 1116 1012 1057 1073 1000 2
2 — 2000
VI 34 41 42 48 54 54 59 71 75 8 90 95 1l 140 800 &
.?<
= =
BEEPY 32 37 46 S5 64 75 80 85 80 8 93 102 104 27 400 R 1000
Hifll-3 =16 -17 21 22 23 30 33 =32 32 -36 -4 -49 68 200 500
PG T 2 23 26 30 33 43 46 54 64 78 97 ~l10-170 | _() oF 1
TEHEERE S e e e -=200 2008 201020122014 2016 2018 2020
A0 O VD VNIV DD HXH O B9 ARy
O R AV VTN QDN VN P
A S S S
Ay

P4 Bsas A X K PR

Fig. 4 Marginal benefits of industrial water use in the provinces of the Yellow River Basin
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Fig. 5 Marginal benefits of water use for the tertiary industry in the provinces in the Yellow River Basin



3124 H % % | 2% i 38%:

2.2 HAFIEASFIE—K R IR R iR iR K EHE
2.2.1 AV 2T HUASE—A b FH /K T PR A AR i) S 6 2R

HE 6 T LA, 2007—2013 4400 28 B UL —A b /K 21 B sl 2 DA IE S 36 <y
F, ACAEWT., PSS, Hd R KA ILAR 1,163, 2014—2020 4F R85 L
e — ol FH K Brai 25 DAIE Sl Ko 32, BR T DU ARl /K 0 B3k 25 308 4 Fn 2 AL
R AT EIMRAO KA, Horb s K I AR 1.501, UhIA GRS K 38R0
PRl 28 3 e 2 T2 B MU e, PR IE rT R AR AR K A, (e dE 28 5 AL Ay 2
Tt SR KB IR K PR e iR Tt

a. 2007—20134F S5 4k, b. 2014—20204F -3 254k, c.

A

FIWAE

3m
=i

P
=Z fi5u

S5t f i
PR BRI
B 1.01-2.00 R B 1.01~2.00 T 50-35~0-67 — EHR
[ 0.86~1.00 b [ 0.86~1.00 ey F£20.15~0.34 e
1 0.51-0.85 —AER o 0s1~085 HAS ~0.09~0.14 "Y1
[10.01~0.50 0O 1000 km [70.01~0.50 0 1000 km 8 -0.53~-0.10 1000 km
0160 — 091~ —— B -075~-054 o
W S: G5(2019)18225 A 5: GS(2019)1822%5 [ GS(2019)1822'%
ARV il VAR VEURHS 1 ORVEIRES Wl

K6 Aol Zi M —ihbrakas A b

Fig. 6 The scale of agricultural economy-marginal benefit changes at different speeds

b4 2007—2013 4 F1 2014—2020 4 4% 1 28 BF AR —A b FH 7K 21 BRad 25 S5 O A8 1L
Hrbm NGBS NS Ve TE, R KPR I R R, AR L T
B BEVE . FUE I LA, R K S I AR R U PR A R S I N4 S . IRt
AT DA X 648 1o iy Al FHAK A, il A0l FH K 32 Bl s B AR B KAk, MNITTEE i
PR 8RB K BER
2.2.2 Tl 25 BB — Tl FH /K PRk 25 (A 1n) 538 5 2R

HE 7T LAE H, 2007—2013 45 Tl 28 55 B — Tl 7K 3 BRal g DA B Sl 3 Koy
F, AN, BT IE SR, 2014—2020 4F Tl 2855 MR — Tl F /K I BRaes LAIE 5
BRSO, HAp R FilE . TR TG BRR g IR B

FE#8E 2007—2013 4F 1 2014—2020 4 Tk 285 AR — Tl 7K 31 Bl 25 5 3 1 A8 4k
b ARSI AR . BRPE . HOR . TREAEEE. Mve . NS R . )i e
ARG, X A X Tl K S PR SR S I N2 ) o FF HLIX BE48 X AE 2014—
2020 4F[A] A IE S, BRI ] DU R 648 IX %) Tl KA, Al Tl /K BRak
t AR BB AL, DI SE N 38 A8 R FH oK B2
2.2.3 =P A TR = b I AKGH PRl et iR 1) S 5 2R

HE 8 I LIF i, 2007—2013 4555 = P b 8 B MR —25 = =\l /K i Bl 5 DL 7 57



124Y] ChYfEw 55 ST DA S K BRI PR S I I S R KB ER 3105

a. 2007—20 1 34F S5 254k, b. 2014—20204F 5745 4k, c. SRR AY,

A A

>z

s EIT e
T fi st A 1E2E A
U F 53 bR brEEFEEL
RIS — [ = 1.79-2.13 —E* —Jim — R
C10.86~1.01 - = 0.95~1.78 Y .17~0. e
B 0,67-0.85 was  m0-1Ts, BEF mm-0.62-0.16 S
BE-054-0866 O 1000km =9 5'g7-~118 O 1000km B -2.01~-0.63 0 1000 km
C0R0ss L 088 [ . 202 (I

TR GS(2019)1822% IS GS(2019)18225 TS GS(2019)18225

H SR TEUEHS Wi F AR GEURER Wil ISR GEUB Wil

K7 TP &Il bRl S d 2 e
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Table 3 Influence factors index system for the marginal benefits of water resources in the Yellow River Basin
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Fig. 9 Regression analysis of main factors affecting marginal benefits of water resources
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Fig. 10 Spatial heterogeneity of factors affecting marginal benefits of water resources



3130 H % % | 2% i 38%:

A 28 5 BB —AR b K i Brsd 25 DAIE Sl Ko B, AU Ve . Uik B Sk
2007—2013 4FF12014—2020 4R 28 B A —AR O 7K 2 BRad g S AR fk [n] T A8 Bl B
W IPg . 7', m AR LR R . BEPE . HE. 2007—2013 4F Tl 289
FUBE— Tl FHK I BRak as LSRG Ko 3, 2014—2020 4F Tl 2 35— Tl K
Praftss AIE S 32, o Hlr . & . TE TR PRk 2R A, 5 =
P 28 B FUASE—5 =\ FH K BRak e DA B s 3 o 320 2007—2013 4FF112014—2020 4
Al 28 B R —A M 7K 7 BRAl i S s AR A B 43 A 1) T AR B, AU HR ke
AR

Tl EAKBARR . ARREB AL 5 —r=l el . Ak AL . 5 = el
SR SR IR PR 25 ) E BRI N . 5 R R IE AU S A AR A, JF L
HAR S M2, b, Hil . gt el K BRcas F Tk 7K br
RS T Z B CR o B, AR R NP2 RO AN e R
XSRS H R EBRAO, S TKEAR, KALZRMALKN; 5 Tk, KAt
A P R I SR B R B R AR P AR, e AR B TR K R R sk
th s AWHRAES =gy, SeEIembieitae, AHET A R TRk B TR A o
4 4fig

ARICFEF RIS, B eE A REES T T BRIk = 0™ oK B85
Prafes, JF3ET M T 40 IR —l PRal 5 e B KBRS, 2 J5 JE s i (R R B HE
A0 R RO B T AR Y = K I PRk 25 1 R 2 N 2, s
Hiy PR IIAL AR | 2R R AT ek — kK B R A PR Ak 25 A5 s el PR 22 A5 AT A
A L it P = &2 S & 2| E o XA vog (1l

(1) BRI =00 Mk 7K PR s VA S B a3, 58 =k K PRl 5 48
Kt g, R KBt 200%. Al Tl /K 1 Braskoas s o B RS TR, A
%, BRIEHAGEE T 180%; AR UL FH K PR AE =Ryl A e i, BT
A FHAK (T SR ARG K, DR 0% ] 4 BRI FH AR FH K, 3R K BRI 3%
RS IEA TR ST s BEE T ALIERR AR, R 2248 0 Tl FH K J ol ) R 5 e e, 75
B Z K GERBA S Tl Az = b, BEREE IR 7K R Tll i) & R R

(2) gelr 2 B —L b K bRl s LAE S Ko 3, A IS . PJ1]  f s
o 2007—2013 4FF12014—2020 4F S AR (LA v ) R AR Sh R N S8y L ILvE . T &,
WL, R . BEVE . R AR 2007—2013 AR AT S 3, 2014—20204F
PUES K3, Hb R, &, 752 TIHAGHPRSGEEs 21 A 5 ==L i
SRR . 2007—2013 A1 2014—2020 4F- 5 3 AR AL K43 M 1a) FASShRL, AUl
Hf R EAR R,

(3) ISR P R PRk 28 B2 MR A . TR KBARR . AR m A
el bl Ak A 5 el e, AR e R R B I I Y 2 ) SR
PEo BSRETNRIAS A (52 2] =K PV S MR A A, (HRE . Hlh. W&
A KBRS AN Tl FH K 3 PRl 25 5 1 52 205 sl R i o 3, IR . e .



121 ChYEw 55 ST U IS S K SR PR G S R I A A S R Bl P 3131

P2 B MSCR B AN . I, RN = EE AT R BOR DA™ b 4 H 5
g5ty RO EEIAAO o RIS 2L T Tl AR K-, 3228 2 w5 /K SR
R, AWOIEE K GEIRE AR A o JF B S B RS A | B AR B
B, SR BT K B A TR

BET T A v B R e R, BT UK SRR S BN AT B DT S ROR
ST L B GDBRISA RIS IR MR W 2, WFTEHE TR —TE AR A 7 ek B 38 1
IKRGEIRIL PR, I Bl 28 P — sl S ARG AR o 7R 0 2% 7l K B
SulaNy € e A S EN:E3 i N S=y  E PSSO R S A LINAY L Bith7 S ot A s 3D AL L ES P B g 7
52 e PR 3R 1) 2 T e e, DA 705 AN [ DXl =0 7 Ml K 9 1530 ol 9K 2l g 11472 1) 22
St o WFSTAE RS R BT K BRI 2855 Dp ] i e 4t S LA X MR R DU AR I, LA
FAF sl SOk INT 5 CgEil” A LgE .,

22 3k (References):

[1] NOURI H, STOKVIS B, GALINDO A, et al. Water scarcity alleviation through water footprint reduction in agriculture:
The eftect of soil mulching and drip irrigation. Science of the Total Environment, 2019, 653: 241-252.

[2] MICHELLE V V, EDWARD J, MARTINA F, et al. Global water scarcity including surface water quality and expansions
of clean water technologies. Environmental Research Letters, 2021, 16(2): 1-13.

[3] ZHANG Y, KHAN S U, SWALLOW B, et al. Coupling coordination analysis of China's water resources utilization effi-
ciency and economic development level. Journal of Cleaner Production, 2022, 373(1): 133874, Doi: 10.1016/j.
jelepro.2022.133874.

[4] MARASENI T, AN-VO D-A, MUSHTAQ S, et al. Carbon smart agriculture: An integrated regional approach offers sig-
nificant potential to increase profit and resource use efficiency, and reduce emissions. Journal of Cleaner Production,
2020, 282: 124555, Doi: 10.1016/j.jclepro.2020.124555.

[5] RAVAR Z, ZAHRAIE B, SHARIFINEJAD A, et al. System dynamics modeling for assessment of water-food-energy re-
sources security and nexus in Gavkhuni Basin in Iran. Ecological Indicators, 2020, 108: 105682, Doi: 10.1016/.
ecolind.2019.105682.

[6] AYF Z, BYPL A, CJ S, et al. Optimizing water resources allocation and soil salinity control for supporting agricultural
and environmental sustainable development in Central Asia-Science Direct. Science of the Total Environment, 2020,
704: 135281, Doi: 10.1016/j.scitotenv.2019.135281.

(7] " RCR, PRI TBHAT T 0 XS oK B IRA PRalas IBFSE. K BEIR 57K TRR%4R, 2019, 30(2): 19-24. [YUE S Y, LI H
N. Study on the marginal benefits of water resources in Baoji section of main stream of Weihe River. Journal of Water
Resources and Water Engineering, 2019, 30(2): 19-24.]

[8] DUMONT A, SALMORAL G, LLAMAS M R. The water footprint of a river basin with a special focus on groundwater:
The case of Guadalquivir Basin (Spain). Water Resources and Industry, 2013, 1: 60-76.

[9] BIERKENS M F, REINHARD S, DE BRUIIN J A, et al. The shadow price of irrigation water in major groundwater-de-
pleting countries. Water Resources Research, 2019, 55(5): 4266-4287.

[10] ARENA C, CANNAROZZO M, FORTUNATO A, et al. Evaluating infrastructure alternatives for regional water supply
systems by model-assisted cost-benefit analysis: A case study from Apulia, Italy. Procedia Engineering, 2014, 89: 1460-
1469.

[11

—

KIPROP J K, LAGAT J, MSHENGA P, et al. Determining the economic value of irrigation water in Kerio Valley Basin
(Kenya) by residual value method. Journal of Economics and Sustainable Development, 2015, 6(7): 102-107.

[12] SANDERS G D, MACIEJEWSKI M L, BASU A. Overview of cost-effectiveness analysis. The Journal of the American
Medical Association, 2019, 14: 1400-1401.



3132 H % % | 2% i 38%:

[13] LU C, ZHAO T, SHI X, et al. Ecological restoration by afforestation may increase groundwater depth and create poten-
tially large ecological and water opportunity costs in arid and semiarid China. Journal of Cleaner Production, 2018, 176:
1213-1222.

[14] JWARFORD G S J, #%'H.55, W JCH. WE ARS8 P 2800 & e 2 Ji v [ % ) W VR A B 4 B 5 0 B ORI
I - SR 5 R 88, 1992, 2(1): 78-84. [JLWARFORD G S J, YANG Y Y, QIU T C. Environmental management and eco-
nomic development. China Population, Resources and Environment, 1992, 2(1): 78-84.]

[15] WARD F A, MICHELSEN A J W P. The economic value of water in agriculture: Concepts and policy applications. Wa-
ter Policy, 2002, 4(5): 423-446.

[16] Dri . 7 th il G 3 55 50 ST KOG R WP 6T A 7 el . AT, 2022, 39(4): 3-9. [FANG H G. Research
on the relationship between output gap estimation and inflation: Based on the production function method. Contempo-
rary Economics, 2022, 39(4): 3-9.]

[17] MOHAJAN H, KJAOSHUE S. Estimation of cost minimization of garments sector by cobb-douglas production func-
tion: Bangladesh perspective. Annals of Spiru Haret University, Economic Series, 2021, 21(2): 267-299.

[18] MENON M, CASSON S A, WARREN J M, et al. Water-use efficiency: Advances and challenges in a changing climate.
Frontiers in Plant Science, 2019, 10: 103, Doi: 10.3389/fpls.2019.00103.

[19] ZOU D, CONG H. Evaluation and influencing factors of China's industrial water resource utilization effticiency from
the perspective of spatial effect. Alexandria Engineering Journal, 2020, 60(1): 173-182.

[20] T4 55, T #hif, T &8 9%, 45 0048 1 J5 i X K 0% U5 R 9 31 PR AR 35 43 A, 3t B~ 3, 2000, 55(3): 318-328.
[WANG Z Y, WANG J F, YU J J, et al. Analysis on marginal revenues of water in Hebei province. Acta Geographica Si-
nica, 2000, 55(3): 318-328.]

[21] 7T, B fh. P EDC T X Tk FH K bRt g Mo i R F 5. A RSERYL, 2022, 43(11): 8-15. [DIAO Z C, ZHAO
J. Marginal benefit of industrial water use in Northern China and is influcing factors. Pearl River, 2022, 43(11): 8-15.]

[22] HUXLEY]J S, TEISSIER G. Terminology of relative growth. Nature, 1936, 137(3471): 780-781.

[23] NAROLL R S, VON BERTALANFFY L. The principle of allometry in biology and the social sciences. General Sys-
tems Yearbook, 1956, 1(Part IT): 76-89.

[24] LEE Y. An allometric analysis of the US urban system: 1960-1980. Environment and Planning A: Economy and Space,
1989, 21(4): 463-476.

[25] BATTY M, CARVALHO R, HUDSON-SMITH A, et al. Scaling and allometry in the building geometries of Greater
London. The European Physical Journal B, 2008, 63(3): 303-314.

[26] LOBO J, BETTENCOURTL M, STRUMSKY D, et al. Urban scaling and the production function for cities. PLoS One,
2013, 8(3): 58407, Doi: 10.1371/journal.pone.0058407.

[27] REN H, LIU B, ZHANG Z, et al. A water-energy-food-carbon nexus optimization model for sustainable agricultural de-
velopment in the Yellow River Basin under uncertainty. Applied Energy, 2022, 326: 120008, Doi: 10.1016/j.apener-
gy.2022.120008.

(28] 4 RUH, Thl, V4, 55, SO Ik 2 (U B R TR IGRL 27 R S B 7 e 2. rh [E B2 K 42, 2021, 35(4): 537-543.
[JIN F J, MA L, XU D, et al. Scientific issues and research prospects of industries green transformation of Yellow River
Basin. Bulletin of National Natural Science Foundation of China, 2021, 35(4): 537-543.]

[29] fHAAAS, 0, SRR, 45, B RG-S LS Ik . ERL 2R3 4, 2021, 35(4): 504-509. [FU B J,
WANG S, SHEN Y J, et al. Mechanism of human-natural system coupling and optimization of the Yellow River Basin.
Bulletin of National Natural Science Foundation of China, 2021, 35(4): 504-509.]

[30] LU C, JI W, HOU M, et al. Evaluation of efficiency and resilience of agricultural water resources system in the Yellow
River Basin, China. Agricultural Water Management, 2022, 266: 107605, Doi: 10.1016/j.agwat.2022.107605.

[31] & RUE. Sl e A AR 5 i 0 kS 0 PR HE R S M. 09, 2019, (11): 33-39. [JIN F J. Coordinated promotion
strategy of ecological protection and high-quality development in the Yellow River Basin. Reform, 2019, (11): 33-39.]

[32] i2e, APERA, PTRIME, 55, 10T Wi 2 r s /K U IR Bad a0 HE B s i R 2R 4 . AR RAA 41, 2015, 30(1): 78-



121 ChYEw 55 ST U IS S K SR PR G S R I A A S R Bl P 3133

91. [GAIM, HAO HJ, KE LN, et al. The Marginal benefit of water resources andis influence factors in Liaoning Coast-
al Economic Belt. Journal of Natural Resources, 2015, 30(1): 78-91.]

[33] LETCHER R A, CROKE B F W, JAKEMAN A J, et al. Integrated assessment modelling for water resource allocation
and management: A generalised conceptual framework. Environmental Modelling and Software, 2007, 22(5): 733-742.

[34] B Z UK. KGR B80S b S 25 AL o, K% KGE PR T.K2%, 2012. [LYU S B. Benefit analysis of water
use and evolution of water consumed structure. Dalian: Dalian University of Technology, 2012.]

[35] ERHN, £, e TASHPLA Y P E DT A5 1 3T A SRl T b [N B - B S BR35E, 2016, 26
(8): 135-141. [WANG C X, WANG B T. Study on population urbanization allometric growth on China based on the
structural. China Population, Resources and Environment, 2016, 26(8): 135-141.]

[36] FF Iid. K = A Hi DT N T —f b [ RR S 8 B R AiE S SRS L. M EEIIFSY, 2021, 40(10): 2780-2795. [YIN S G.
The characteristics and driving mechanism of allometric growth of urpan and green space area in the Yangtze River Del-
ta region population. Geographical Research, 2021, 40(10): 2780-2795.]

[37] WLA%, VENRI, &, 45, BT I AL A W VA8 1 X 2 Tty B HR TR I 23 3 A R iR B2 e R 2R 3 7. A SRR IR 3R,
2020, 35(2): 329-342. [SHEN Y, WANG C C, GAO C, et al. Spatio-tempora cistrbution and its infuencing factors of ca-
roon emissions in economic zone of Zhelang Bay Area based on uroanization. Journal of Natural Resources, 2020, 35
(2): 329-342.]

[38] WXUKAR, FR K. 2805 22 AL TR A= 25 2R G IR 55 A0 1 9 P 23 VAR R E: DABRVT—PUVLZR 55l S A1), H AR BE i
R, 2022, 37(7): 1782-1798. [ZHAO Y C, SU F L. Spatio-temporal dynamic characteristics of the ecosystem service val-
ues under differential economic growth: A case study of the Pearl River-West River Economic Belt. Journal of Natural
Resources, 2022, 37(7): 1782-1798.]

[39] ZHANG X, XU D, WANG Z. Optimizing spatial layout of afforestation to realize the maximum benefit of water re-
sources in arid regions: A case study of Alxa, China. Journal of Cleaner Production, 2021, 320(1): 128827, Doi: 10.1016/
jJjclepro.2021.128827.

[40] WANG G, XIAO C, QI Z, et al. Development tendency analysis for the water resource carrying capacity based on sys-
tem dynamics model and the improved fuzzy comprehensive evaluation method in the Changchun city, China. Ecologi-
cal Indicators, 2021, 122: 107232, Doi: 10.1016/j.ecolind.2020.107232.

[41] ZHANGY, LIU W, CAl Y, et al. Decoupling analysis of water use and economic development in arid region of China:
Based on quantity and quality of water use. Science of the Total Environment, 2021, 761: 143275, Doi: 10.1016/j.scito-
tenv.2020.143275.

[42] CHENY, YIN G, LIUKJ R, CONSERVATIO N, et al. Regional differences in the industrial water use efficiency of Chi-
na: The spatial spillover effect and relevant factors. Resources, Conservation and Recycling, 2021, 167: 105239, Doi:
10.1016/j.resconrec.2020.105239.

[43] 1WA, 3L T Cobb-Douglas A£ 7= pREL A IR TT Tl FH /K BE IR PR A5 AT 5% . K FIE AR WEEE, 2019, 147(1): 107-109.
[XU H D. Study on marginal benefits of urban industrial water resources based on cobb-douglas production function.
Technical Supervision in Water Resources, 2019, 147(1): 107-109.]

[44] T+ L ixi, Wi, RIG . K& = A Tl 28 5 MU 5 35 Y Hl il 5 3 O 3 S T sh L. Hh 3244z, 2022, 77(9): 2202-2218.
[YIN S G, YANG S, GONG H B. The allometric relationship and interaction mechanism of industrial economics and
the emissions of industrial pollution in the Yangtze River Delta. Acta Geographica Sinica, 2022, 77(9): 2202-2218.]



3134 H % % | 2% i 38%:

Spatiotemporal characteristics and driving factors of allotropic
growth of economic scale and marginal benefits of water resources
in the Yellow River Basin

MA Wei-jing', ZHANG Wen-shun', LI Cheng-yi’, KOU Jing-wen',
WANG Mei-mei', XUE Bing’
(1. College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China; 2. School of
Economics and Management, Ningxia University, Yinchuan 750021, China; 3. Institute of Applied Ecology,
CAS, Shenyang 110016, China)

Abstract: On the basis of the Cobb- Douglas production function, for the first time, we
constructed an allometric growth model of "economic scale - marginal benefit of water
resources" in the Yellow River Basin (YRB), and further explored the key factors affecting the
marginal benefits of water resources and their spatial heterogeneity through multiple linear
regression models and geographically weighted regression models. The results show that the
multi- year averages of the marginal benefits of water resources of the three industries in the
YRB from 2007 to 2020 were 102.34 yuan/m’, 3755.56 yuan/m’, and 457.73 yuan/mv’,
respectively, showing an overall growth trend. The scale of agricultural economy-the marginal
benefit of water resources was dominated by positive allometric growth, the industry presented
a phased change trend of first negative allometric growth and then positive allometric growth,
and the tertiary industry was mainly in negative allometric growth. The industrial wastewater
discharge standard- meeting rate, the effective irrigation area, the proportion of the primary
industry, the per capita green area, and the proportion of the tertiary industry were the main
factors affecting the marginal benefit of water resources in the YRB. The research results are
beneficial to correctly understand the trade- off and synergy between economic growth and
water resources in the YRB.
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