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Fig. 1 Meteorological stations for the Yellow River basin
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Fig. 2 Multi-factor driving and multi-element stress diagram
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Fig. 3 System dynamics model flow chart of water resources in the Yellow River
#=1 SDRBIFESYHIE
Tab. 1 Main parametric equations of SD model
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Tab. 2  Error statistics of model simulation results from 2006 to 2017

eIt AR 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
DigfALm® 3462 3249  317.8  323.0  327.0 3304 3215 3364 3308 3285 3214 3177

RIEMT KR FE(EAL® 3245 2934 3106 3162 2873 3218 2773 3050 287.6 3305 3034 3158
W% -626  —9.69 227 -211 -1213 260 -13.74 -933 -13.07 062 560 —0.61

DigEAcm 311 29.7 322 34.7 36.2 38.9 38.4 37.7 38.6 39.4 403 418

AT K PiEfE/ALm® 290 29.8 30.3 319 327 334 343 36.6 36.4 37.6 385 38.9
/% -671 013  —6.11 —812 -977 -1412 -1062 -271 -571 -469 438 —698

222 AR RBIENAT  REE SR TR RIS BN 2 T E B vk, T S5t
RIS m i S5 R = A e . — AR M B SRR R B IR RO o W I Ay Oh s A
Tk, BVRRRARAE 1 S8 RIS R B RSB BT 2R 58 R A T 2087 o

PRUK GEUR 2R 48 i SR 22 S80S f, AR GY R R 98 AR GBI 5 DS H0R1 6 A8 i, AR
2006—2017 “FEHR AT 40T BRI 1 ANSE OG8N 10%), 737X 6 NSRRI . X T B
BRI AR UE, AR5 . Tolk, =72, fRolk, AR ST /KR AR AR K B S AN K 7 TR R G532 45 I8 R 52
() E AR R, AR GDP B R | A TGRSR | 3T S i o ARG 35 | A ORI P SR Tk v AR £k
RMJE RGP RN EER 5 A EF, 5 FEAPRSZER BB, REESERILE 3.
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Tab. 3 Sensitivity analysis results of model

Eiztan GDPHI KR UNEE: 3 FEA KR % Tl b T R T T ARA bR
Vi 7S 0.5764 0 0.0011 0.0004 0.0007
Ll T K 0.0003 0 0 0 0.0268
Tk K= 0.5764 0.0001 0.0011 0.0004 0.0007

SR 0.0090 0.0001 0.0183 0 0
HERIETK 0.0028 0 0.0007 0.3629 0.0004
HE TR K A 0.0168 0.0257 0.000 1 0 0.0001
R R 0.1970 0.0043 0.0035 0.0606 0.0048

H15% 3 AT UL, GDP M AR R GE ) RBE L 10%, HARSHO RGERBIERIRT 7%, FW RGNS
Ben) REUEBUR, FEVERSR . LRI Es A, i ] ] T SR S PR R G

3 HERG
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B Ik T o b T R | A ZSOMROR K 8 U kg A S IR B UK TR S5 P A ORI R AR R
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ARRESE, MR R R AR E X, e SH T S Al s B smnimislny (iR g o, 255
B 4,

AR SCHRIEFABTE Y 95 G5 G BRI T INBCT ¥ (R R 2008 ) 15 B A 1] X sk i < 5 44
i, e £ BRI (CMIPS) b i1y MPT AR XX, 38 o B RUBE 2 B, FL4l RCP4.5 1% 5t T 380 V] i Bl
2017—2030 4F AR K AR A o AR A MK BEEREIRZE R R 1.75, /T 1.96(0.05 B EKF), A
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F4 TERBESRTHEARBKERRENEESH

Tab. 4 Main parameters of water resources system in the Yellow River basin under different scenarios

Z I8 TR E

B 44y GDPHEK R Tl ok B A /% ANEHRAE WeR bR IES ATE AR HEWEKRI I 2R 8K
2020 0.0580 72.50 0.0035 0.540 0.060 0.5250
PORGELENG S 2025 0.0490 77.25 0.0035 0.585 0.060 0.560 0
2030 0.0490 82.00 0.0035 0.630 0.060 0.580 0
2020 0.0551 75.76 0.0033 0.540 0.069 0.536 0
lip 2025 0.0466 80.73 0.0033 0.585 0.069 0.580 5
2030 0.0466 85.12 0.0033 0.630 0.069 0.6100
2020 0.0522 79.02 0.0030 0.540 0.063 0.5674
= 2025 0.0441 84.20 0.0030 0.585 0.063 0.616 8
2030 0.0441 88.40 0.0030 0.630 0.063 0.650 0
2020 0.0551 76.49 0.0032 0.550 0.066 0.550 0
%5y 2025 0.0466 81.50 0.0032 0.600 0.066 0.600 0
2030 0.0466 86.10 0.0032 0.650 0.066 0.6300
2020 0.0638 74.68 0.0037 0.550 0.063 0.5300
TEEH 2025 0.0539 79.57 0.0037 0.600 0.063 0.5750
2030 0.0539 85.12 0.0037 0.650 0.063 0.600 0
32 FKEGRSH
DL ARYEA [T 7K A5 S 45 a7 434, AR SCTR K IS R 3% 5.
RS 2030 FEMRBRKERLE
Tab. 5 Comparison of water demand in the Yellow River basin in 2030
kA PR IS I =g = %5 {1 LRGSR
HeE A g K AL 48.06 48.45 48.26 50.00 50.98 48.89
AR HHEME R K Ao m? 305.40 290.40 272.60 281.20 295.30 312.50
S KA 2127 20.22 18.98 19.58 20.56 16.80
fall PR AKEAL 7.25 7.25 7.25 7.25 7.25 11.25
fuEroK /A m? 6.45 6.45 6.45 6.45 6.45 6.45
CEV/Zm 340.40 324.40 305.20 314.50 329.50 347.10
e Tl K AL m 115.10 98.80 84.00 94.50 106.30 110.40
A S =7 R K A m? 13.71 13.96 13.66 14.52 16.17 16.30
A2 AT KR AL 37.93 41.08 39.12 40.08 38.97 24.65
RFEAKAL 555.20 526.60 490.30 513.60 541.90 547.30
(1) BURIE S 5 AU A5 4 SN PSR IUIR 7K F T iz AT, 20 RS e b E 4R r A &

JREHEAAS . 2 2030 4, EIIL GDP AR R[] 35 77940 27T, P S5 P A 2, =7 Lefslhy 0.39,
Tl IME R 33390 /270, /K BRIRAS HAE EERAR, Tl /K BRI RN 82%, 4l K R FH 22 50K 0.58,
T Tk R R, Al BE I T /K F 3k 327.00 12 m?, E AT KR R 37.93 2 m?, T g K &N
555.20 12 m?, PRIBHETS 7 & B0, MUK Sk 48.46 14 m’
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(2) 16 5 s 5 8 RN W i 3 Ak 25 FH KB AR 7 FH BRI, 18 5t T T 1 2% SR i A S R i K 7
SR o 30 3G A T g b TR AR, 4 R T PR B AR AR KT, B e AN A S AR 0 K =, [l Rb g o5 T B A= S
Ko #2030 4F, AR ACE Bih 276 m?/T, 35T S T RS K 33K 0.069, A= B TR K B ARG N, 15
41.08 12 m’. %M & T W AKIKT, TolkKEE FIHR KR 85%, £V FEB K FIHZRECH 0.61, 4l E %
K IA 310.70 12 m?, Tolb 75 7K 4 98.80 /2 m?, it 3l i 75 7K & 4 526.60 12 m?, 2030 4F i duk Bl /K & ik
21.05 12 m’,

(3)15 5t = MU SR AR K e RS BT B, ROIEHE K BOR K, a5 83 11 KK . BT
b 7K B 7 IR T K 1Y 65%, BT K EOR FEAE TR K st e O T KB AR B, AN
DA AR 5 HE AT, 45 v It N AR AR A48, Bt Sl o v TR R, 3201 e 28 2030 AR HE /KR R 85068
0.65, A< HHEME T /K 20 273.00 12 m’ 456 Tolk AR 16 7K FlK 25 52 R R ML S A 1 A= 356 A0 Tk A 35 7K 48
HH, Tl K # RN 88%, Tl 57K ik 84.00 12 m®, A 1G5 /KN 48.30 12 m*, {HIZiZ MG T AT A
S H B9 KAKOE, PR T K, — e R LIRS T &5t SR BIK, R B T 2030 4 E#]
WA GDP i 74700 42.7C, T3 TR K R 490.30 12 m?, SRS T4

(4) 50U i FomsR AR B B, DUR AT REWE B4 S AT R . SR 75 R, 776 vl Frst
KIBHFEATOAL . BURE 52 T 7850 % IR RV R i Bt N I At & & R a3l g2, AR AT K m iy g, it
T IR T AR FHK ks, AR 2% & Al sl 1 /K B AR 25, i &5 Tl K B All K i R ARCR,
e Bl U P A KR R AR B, 38 B 5RA T K B K B IR AT BEOK T o B BE & 2030 4R, B S GDP ik
76 440 1270, =72 oI5k 0.429, HEBE /K F FH 280K 0.63, HEET K50 28142 m?, Tl sk 88 F FHER K
86.1%, Tl T /K N 94.50 12 m®, IR 7 G b 1 FLHE KR 5K 0,066, AT K AR K, 35 40 12 m®, i
ZAE SN S A B T A LTS S, ORI A s R R R . RIS S 2 2030 4F, I
TKEN 513.06 12 m?, kR 7.60 12 m’,

(51 5 s BT S BRI 0T R SR LT, LSRR A= 25 1 200, BRI R B 28 4 &7 K1)
i, KA AT KA B R A — K. ZEICR G R TR A LA B S A R R, 2030 4F B
T4 GDP $ K3 2 0.539, GDP ik 82120 147T; /Ml AL KBR Bl AF 7 FH /K S 3S , Tolk 75 /K & 38
106.30 12 m?, VEME T /K iR 295.30 12 m; FEREZE T &, A= TG K- 5 AR 16 a3t i, A= 16 FHACKE A Bk &
BIHRK, A TETR KRR 51.00 /2 m*. IR KRR 541.90 12 m?, K GEIRKE S (n) B0 H 25 ™ 8, ok
1K 35.08 12 m’,

(6) BRI ZE A FIN A 25 SRR B CRETRT oK SR 2R SRR )Xtk 2030 45 =5 K I3 .

XF HL AT 4515 S A B 25 B IR 0 T5 K S5 5%, mT LUE Y, BT 255 G B0 R X6 A SR /K B 5 A4S B K S A1 7K
BLTR ) 29 A AR TR BAIC, 50mT Tolk . b TRk S8R, BT /K st 10 m MU R I S T, A5
() 4545 S50 o AN [ R B 2 JEOK BE R R R R 19K 8l S Wt A, AE 3B 4 Serbonas 17 Tk A= = TG K i 2
IR, AR I R R T L, 3 YN T AR AR K TR SR, B — 2 A R

4 % iE

ASCH BT Y B A 75 K B 7 A5 28 SD RGesh Syl rh k| Ahas . Ak ARIRES
TR GEIRIL IR K GEIR B AR GE, LB ], 2858 1T O BEALEI 7RO . Tolk KA 16 A K R A 1
L 38 TOKBEERAST REE 2 B R M 2 T 9K i 5 28, PAWTRR AN [R] 23 s K a2 e A, e
BEHERN I, 856 KRG8 S AR AT TR K I . EEA T

(1) Bt s e At 2 RO TE AT B R R B BE, W R 5 N AR PR AR R Y IR 3, Il B AL it 7
AN, BT K G IR B TR AN, K SR P sk . RN SR A TR R K
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R B T TR S KR GBI, B 25 M, Tl fK i 2 B e i b 53, R3S
Lo =i KB ARIG N, A B AG K B 5 R e

(2)XF L 5 Bl 5T B BT K T ER Al A0, A5 i K B IS BT E, 3T K BB B Y
HIEE T, PRIBOARZE T | Fh s UM A 8, 0 A R 28 5 A [ AN S At S A A PRI DR, T 2 BT Il — By
BBt o n R A SR R, WA A s K B ) e LA T %

(3) Ay P Wi B AT K B 5T P8 i J, S IR R i A A R R g S i e, R DU B H AR 1S K
AR SR, i ZAC IR IR 2 Tt 2 A R A K465, A B I ik A PSR eG o sl i BRI 2 S R Yy
PR HCR AT R, £ KRR, SRR K BORBEA, BEATTRIOR P45, KR A L, T LI Rt
Ul D R 5 K i AT T ML AR R R, DR S SR AR =M, etk SR AL, A7 B T A e AR K
Pl AT K A o L, TP B 75 /K G544 AR A PR IR 5 A 2 T R K RE B DRI, M Sk
e A A, T AR AR K B AN, DLORIE A A e 2

(4) A3 R BT AN R4 70 Ai DX CGRAAE AN TR B4 TR, AR A AN [R5 FHAS [ e DX i) < 5%
BT PIREBE R K AT, (EURAIP X TRARE T, BRI . KM B e 0 2 e s ) JURE |
FHZERR, PRI B B R 5, 3R 2 B 80— e IR K B iR 22, IR et — B0 ml L Jr A X AT
T o

& £ X W
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System dynamics model-based water demand prediction under changing

environment with consideration of physical mechanism

CHEN Yingjie"?, JIN Baoming', JIN Junliang>**, WANG Guoging>**, CAO Minxiong>**

(1. College of Civil Engineering, Fuzhou University, Fuzhou 350108, China; 2. Yangtze Institute for Conservation and Development,
Nanjing 210098, China; 3. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic
Research Institute, Nanjing 210029, China; 4. Research Center for Climate Change, Ministry of Water Resources, Nanjing 210029,
China)

Abstract: With the intensification of climate change and human activities, water resources in the basin are more and
more affected by the changing environment. It is of great significance to study the change characteristics of watershed
water resources system and water demand prediction in the changing environment to support the management and
rational allocation of watershed water resources. Based on the principle of system dynamics, coupled with the water
demand prediction method considering physical mechanism, this article establishes the model of water resources
system. Taking the Yellow River basin as an example, this paper analyzes the change characteristics of water resources
system in the Yellow River basin under the action of multi-factor driving and multi-element stress, and predicts the
evolution trend of water resources supply and demand in the Yellow River basin from 2017 to 2030 according to five
different economic and social development situations in the future basin and the predicted future temperature and
precipitation results using MPI climate model. The results show that: (1) The domestic water demand of the Yellow
River basin increases continuously with the increase of the population and the per capita water demand of the basin.
With the adjustment of industrial structure, the water demand for industry shows a trend of slow decrease, while the
water demand for ecology and production increases year by year. (2) On the premise of strengthening the river basin
water resources management and increasing the investment in water-saving technology, we should ensure the
coordinated development of the basin economy and society, pay attention to the development of the economy while
giving consideration to ecological environment protection in the basin, and meet the requirements of sustainable
economic and social development in the next stage of the Yellow River basin. (3) In order to ensure the sustainable
development of water resources in the Yellow River basin, and realize the ecological protection and high-quality
development of the Yellow River basin, it is necessary to adjust the strategies of water resources management in the

basin, improve the degree of water-saving, and promote the optimization of the industrial structure of the basin.

Key words: system dynamics; physical mechanism; water demand forecast; Yellow River basin



