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Study on urban eco-environmental water requirements in the Yellow River Basin

YIN Min,CUI Bao-Shan, YANG Zhi—Feng " (State Key Joint Laboratory of Environmental Simulation and Pollution Control,
School of Environment,Beijing Normal University, Beijing 100875,China). Acta Ecologica Sinica,2005,25(3) :397~403.

Abstract; Urban eco-environmental water requirements (UEEWR) is an interdisciplinary field of urban water resources and
urban ecosystem. The theory and methodology put forward in the previous section have been applied to the study of the Yellow
River Basin in this continued one.

A total of 45 cities in the Yellow River Basin are chosen and classified into five categories through the fuzzy comprehensive
evaluation. They include urban categories 1, 1, I, N, V, representing top, high, medium, lower and lowest grades,
respectively. Among the 45 cities, urban categories I , 1 , 1 , N, V contributed to 8.9%,11.1%,17.8%,57.8% and 4.4% of
the total, separately.

The UEEWR in the Yellow River Basin is calculated based on.precipitation and water resources concepts, respectively.
The results arise as follows. (1) The minimum UEEWR based on precipitation concept in the basin is 7. 955X 10°m*; while the
minimum UEEWR based on water resources concept is 6. 043X 10°m?*. The latter occupies 12. 86 % of the current urban water
supply in the basin, and it could be realized if there were rational planning and allocation of water resources in the cities. (2)
According to precipitation concept, the minimum water requirements of urban greenbelt and urban rivers & lakes are 3. 12X

108m?® and 4. 843 X 10°m?®, separately. Water requirements of plant evapo-transpiration and ecological base flow in river

channels are the key components of UEEWR, accounting for 28.1% and 54.2% of the minimum UEEWR in the basin,
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respectively. (3) UEEWR depends greatly on urban categories, the minimum UEEWR drops with the decrease of urban
grade. (4) The minimum UEEWR in the basin shows distinctive spatial characteristics. It is relatively higher in some regions,
such as the middle and lower reaches of the Yellow River Basin, the section between Lanzhou and Hekouzheﬁ, the Weihe Basin
and the Fenhe Basin. (5) The current water use of urban eco-environmental system in the basin is 2. 876 X 10®m?; the minimum
water deficit is 3. 662X 10° m®. In most cities in the Yellow River Basin, the current water use of urban eco-environmental
system can’t meet the minimum water requirements. Much more water resources should be allm;étqd to urban greenbelt, rivers
and lakes. o

In addition, the relationship between UEEWR in the basin and its impact factors is analyzed. Some conelusions can be
drawn as follows. On the one hand, UEEWR is with great correlation to areas of urban greenbelt and water surface of rivers
and lakes. On the other hand, UEEWR is influenced by some social and economic elements, includihg urban area, population
and GDP. On the contrary, natural factors, such as precipitation, evaporation and water resources, have less power on

UEEWR.

Key words :eco-environmental water requirements ; water resources;urban;the Yellow River Basin
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Fig.1 Spatial distribution and urban classification in the Yellow River Basin
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1.2.2 Ha¥HE RE(PEETHITFEL(1991~2001 F) (P EB T HE L Y1997 4F) . FE W H & A K FEE A # (2000
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S, IRXERBRTRINPE, NERBTHIBME, VERBTRINEM. AR PR E KK EHR 5,153 5
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Table 1 Standards of urban classification
- ) & 5| Grades -
= Indi
1§ ¥ Indicators I - - m .
F 0% B 5 B Aridity <2 2~4 4~6 6~8 =8
R Annual average temperature('C) >14 12.5~14 11~12.5 9.5~11 <9.5
ARIK BT IR B Per capita average water resources ~ 400 300~ 400 200~ 300 {00~ 200 <100
(m?/person)
#h A K B R B Per area average water resources (mm) =200 150~200 100~150 50~100 <50
LHHEF- KB Annual average precipitation(mm) =750 600~750 450~600 300~450 <300
it 7K 8E /7 Ability of water supply (X 10*m?/d) >3 2~3° 1~2 0.5~1 < 0.5
&K # Ratio of water scarcity (%) 0 0~10 10~20 20~30 =30
)\i@@ﬂﬁ:ﬂﬂﬁfﬂ Per capita average green areas < 95 20~ 5 {520 1O~ 15 <10
(m?/person)
2 C '
#2 WX &4 E® 3% F Coverage ratio of urban green areas < 40 3040 20~30 10~20 <10
(%)
A ¥378] 3% 7K T [ #R Per capita average areas of urban rivers ~8 58 35 1~3 <1
and lakes (m?/person) |
fTE( 3 Administration grade 5 4 3 2 1
I AT HRBE 5 #E i Urban function and character 5 4 3 2 1
X JER A A 0 Urban population( X 104 person) =200 100~200 50~100 20~ 50 <20
# A X # # Urban areas (km?) =>150 100~150 50~100 20~50 <20
A GDP Per capita average GDP( X 10¢* RMB/person) =>2 1. 5~2 1~1.5 0.5~1 <0.5
%2 BARSRTHRGR
Table 2 Urban classification in the Yellow River Basin
I T 28 5 T 24 R A TR BV (%)
Urban categoroes Name of city Number Proportion
I P& Xi’an, M Zhengzhou, 5r 8 Ji’nan, 1 Zibo 4 8.9
I 2 M Lanzhou, ¥ 1 ¥ 4% Huhehaote , i3k Baotou, KXJ& Taiyuan, #& P Luoyang 5 11.1
II A 7 Xining, #8 }I| Yinchuan, X [f] Datong, JF #f Kaifeng, # £ Xinxiang, & [H 8 17. 8
Anyang, 7R ‘B Dongying, % & Tai’an
N H 48 Baiyin, X /K Tianshui, 5 ¥ 1| Shizuishan, & £ Wuzhong, & ¥ Wuhai, fH R 26 57- 8
Yangquan, {< J§ Changzhi, ¥ 3 Jincheng, {f #} Xinzhou, ¥ # Jinzhong, I ¥
Linfen, #i ]!} Tongchuan, 38 Baoji, & fH Xianyang, ¥£% Yan’an, 3 Weinan, £
{E Jiaozuo, 5 8¥ Hebi, ## fH Puyang, =[] 8% Sanmenxia, 3 3 Laiwu, 5 T Ji'ning,
&M Dezhou,E M Binzhou, 75 7 Heze, B3k Liaocheng
v iz 3% Yuncheng, i A Yulin 2 4.4
3 HAREETESHKERKEITRERS
B8 R R TASHRERTKEBEITEFE . ETHRKEAKBFEREEE SR NDIHRFEGITEIRE (2000 4£)FH
S T A 5 T K R 46 A 2T R B K TR A3 0 2 A S A S TR 7 K B 450 7. 96X 10°~19. 58X

08 m3 F 6. 04X 108 ~16. 98X 108 m?
3.1 ARARFEHRTATE/NE

o BEXEEXNBWHR/NMNESHETKEHITIH.
SHEGFKE
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M?KE%#E&&BEE‘ ETFRABBESHRTESHFERKBENREEIEQERREKIS BRID ATHA R T
KABETE,METKREBERESHBTASHRTKEORBENMEBRRABEAI ST KPS S B TR KR
FREEMER ETKREERENBETESHETKEZEELISMER TERKSHHRKFALRERTHE, BN,
MNHREROSHEMACEARNAERRZ - . RIWTEGREZN . ETHEAKERIHTREW T R/DMESHETKE
A 7.955X10°m*, Hoop 32. TUHIKBEHMATHYHIARE MM KANAZARSEREFIET . 2T /KRB B 37 38U
BR/DMESHIET KRN 6.043X10°m?®, 5 B FLIHLTH T X ALK & B (47. 042 m*) By 12. 86 %%, MR F B AR 4L # J5 A5 K
P T 43¢ 3t 8 B0 53 35 17 T 38 9 b K, 3 36 40 0 R ST b 3R A2 O T A AT A K, S B pb 45 35 TiT A b 0T B R SE R K B o5 K R
BRHAFH—PRRK. REXNKERATAEANAYNSEE  BARERETREBETAR/NESIHERKER 2T LIARH.

R3 HUREEDTEBMNESHAEEKE(X103m?)

Table 3 Minimum urban eco-environmental water requirements in the Yellow River Basin

A

a

TR H Items BKEIO KB FEKE (YO A kRO EKEIC® FKEBI/FTAKE T (%)@
& H Greenbelt 3.112 2. 240 72. 0 1. 590 1.522 AR. O
¥ Rivers & lakes 4. 843 0. 363 7.5 0. 322 4. 521 93. 3
T Urban 7. 955 2. 603 32.7 1.912 6. 043 76. 0

OF/KE 1 & T KBS Water requirements I depending on precipitation concept; @ Water consumption; @Ratio of water consumption
to water requirements 1 ; @Effective precipitation; ®F/KE I E T /KEE R .S Water requirements I depending on water resources concept;

®Ratio of water requirements I to water requirements [

3.2 AFBBHHTRDMESHERTKE

BATESHAEFTKERFARMNESHENE, R4 HHETRER =S REFTKERHEAXR MNETES
KARRE , WA SRMEBE/NESHERTARN 3. 2X10m®, GG R/PMESHERTKEN 39. 1%, MEHTHAMEPNMESHIER
KER 4. 843X 10°m®, G T R/PDETHRETAKER 60. 9%, ERMREBBTAESHERTKENER . AESIHIRIREREI K
EAHYABTAKEMITEASERES R TR AT MESHFREFTKENEELARI 4, ZHF 0GB &/DMESIFE
KB 28. 1% M54 2%, MBETELHEANEYERNHKE BIHFESR KT AKBUEAKERXSBRTKEN SWTH &
NESABERAKEHL17.7%. TR, B RERTESHETKENDIRBETEARANERFBRTRMEFEYNERLR, DX
BB HTE—ERKAARE NKORAFLRE  HYEEFT KB KAREAFTKENAH ST KEAINBEEETKE,
HMLR SEHEET K. ARITH - HYXBFKELSRTSEMBFTKEN 72. 0%, BT AT EFE K EEK, MKERE
ERMBRERKENSBBTFRBHEKEN 7.5%, HIERTESHEFREKE &,

X4 AELABIPOEARBBETERNESHERKE(X108m?)

Table 4 Minimum urban eco-environmental water requirements of different categories in the Yellow River Basin

125 Ry Y A

=

% b T 7K Water requirements of greenspace

7] 3 7% 7K Water requirements of rivers and lakes

I
PUH Trems HOABRAC HYRBBAS THHA® WHER® PHEES AKEAZ® WHBRC  BHSKA®
2 7k B Water requirements 2. 24 0. 023 0. 849 4.313 0.103  0.286 0. 078 0. 063
H. ] Ratio( %) 28.1 0.3 10. 7 54. 2 1.3 3.6 1.0 0. 8

(D'Water requirements of plant evapo-transpiration;(2'Water requirements of plant metabolism; @ Water requirements of soil; @Ecological
base flow in river channels ; & Water requirements of lake maintenance ;(&Water requirements of water surface evaporation; M Water requirements

of leakage ; ® Water requirements of exchange in lake

3.3 R[RIE T3S B B 3 T B /v A

- AR ERTKE

RER 2 WRBRBORTT 2 RE R, R IT B AR REA

1) 288 1] 3% T ) B /N £

%)

- AFEHEAKEGE S fIE 2),

R T

TH 2R A 5 i £

=S E T KB E AR, BEE BT R H R, 37

~ ek 7K B A A K BT R BB R T B/ .

- SHETKEY

% W 0 20 B LA 2

K SR B A S T K B O 6 15 B R AR AL

ZE-

1E 2B AT LAEH : 1 BT 5 HE RN ZH #9F 35

KBEZFIBAITRBHE 1 RIRTHFHR/ARAE 0.188X10°'m*, B V R FHFKEN 10 FZ L, HERHBD
ZEFERHFTRKEZHB/N MIRETE I XBEWHFHFTRKEMRE 0.072X10°m’, I N RIWWT 5 V RIWT K FHIHKE

X AH 2 0.037X10°

i UG AT B , 24 36 T 3K 2

SRR/ AKEE SR B, X 45 38 i K 5T IR a9 BT

BHRBKANEH  BENBEIRTHE
3.4 RAEZHRMWBRATBDMESHKEEKE
F= 6 A /A

AT E Z R H
HHRK &
FTFHBXIERBRTTR/DNESHERTKBEIREX , X 5

TRERBBR SO R/PDTKEL G 3
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BT B/PESHRTKER 45.27% . A EE, —RE N AKF RS KA EE, & 20 8 S 88 35.56 %, — 2
KBRS R AT AT B, 1 R AR 5 THE, U R BRI FS ZHRKE . BLEFEW
P RENKERD X P b, 227 T 5t X 8] | 38 0 F 350 % 0 338 S5 K B IR o X 3T 20 AR AR X R P, ST R B AT B
=M FRES AL . KRFER, RETR/NMERRETFTRKELCBRXK . 2N ESHAEXBETRNESHAETKERD
13.8%.14. 70% %1 8.58% .

25 ORI T 2 B0 A 9 7 15050 7 I 4 A BR R A A (X 108m®)
Table § Minimum urban eco-environmental water requirements depending on urban categories in the Yellow River Basin
aEs R B T AO Ik ® Rk ©
|
Urban categories Number Fﬁ?ki kB R Fﬁ?ﬁi KRR ﬁﬁ(ﬁ KEH R
Precipitation  Water resources  Precipitation  Water resources  Precipitation Water rescurces
I 4 0. 885 0. 394 1. 310 1. 212 2.196 1. 606
| 0. 819 0. 408 0. 827 0. 655 1. 646 1. 063
H 8 0. 536 0. 265 0. 923 0. 863 1. 459 1.128
1\ 26 0. 847 0. 405 1. 715 1. 604 Z. 561 2. 009
v 2 0. 025 0. 013 0. 069 0. 067 0. 094 0. 079
& it Total 45 3.112 1.522 4.843 4.521 7. 955 6. 043
(DWater requirements of greenspace ;@ Water requirements of rivers and lakes; @ Water requirements of urban
—— £t Green space —i— T Rivers & lakes —A— 3T Urban
0.60 - 0.50
?éOﬁ” S8 o040
) 0.40 =) E
-;:1 . ")'<' _g 0.30 -
! 0.30 - -
i g W 2 020 -
P 5 0.20 [ ¥ &
E =
% 0.0 B 0.10 [
0 | 1 L ] 0
I 11 11 I\ \'} I I 11 \Y \'
W 2% Urban categories 3% 71 255 Urban categories

B2 BMHRHNITMTESHAER/KBRXR

Fig. 2 The relationship between urban categories and urban eco-environmental water requirements

Re ARZAPRARBETR/PMESHERKESGRAKER(X10°m?)

Table 6 Minimum urban eco-environmental water requirements and deficit based on regions of water resources in the Yellow River Basin

AFESK % #b Greenspace ?%J-ﬁ Rivers & lakes ﬁﬁrban
Region of water /K Water Ak R K =K Water R 7K R K TIK Water ik K
resources requirements Water use Water deficit requirements Water use Water deficit requirements Water use Water deficit
K H RO 0. 025 0.019 0. 007 0. 104 0. 042 0. 061 0.129 0. 061 0. 068
27 X [|@ 0. 391 0. 168 0. 237 0. 443 0. 343 0.158 0. 833 0. 511 0. 440
¥ F R @ 0. 155 0. 063 0. 092 0. 364 0.223 0. 285 0.518 0. 286 0. 460
SREE B A 0.113 0. 083 0. 037 0.775 0. 340 0. 600 0. 888 0. 423 0. 529
o 1 X 8@ 0. 053 0. 022 0. 031 0.193 0. 084 0. 107 0. 245 0. 106 0. 186
=K 8® 0. 026 0. 004 0. 022 0. 051 0. 039 0. 022 0. 078 0. 043 0. 038
3% T R D 0. 075 0. 033 0. 042 0. 230 0. 098 0. 196 0. 305 0.131 0. 000
30 T 1R © 0. 067 0. 038 0. 034 0. 242 0.116 0.036 0. 310 0. 154 0. 810
BH T #H© 0. 617 0. 275 0. 348 2.119 0. 887 1. 364 2. 736 1.161 1.132
&1t Totz_ll_r 1. 522 0. 705 0- 849 _4.521 2.171 2. 830 6. 043 2.876 3. 662

(DThe Huangshui Basin; @ The section between Lanzhou and Hekou ; 3 The Fenhe Basin;@)The Weihe Basin; ®The section between Hekou

and Longmen ; ©) The section between Longmen and Sanmenxia; @ The Yiluohe Basin; ®The Qinhe Basin; (@ The lower reaches of the Yellow

River Basin

R EERTN S, M RERTESHEHRAKENR 2.876 {2 m®, B/PRKEN 3.662Z m®, Ko, bR KE R
0.705 42 m*, STl G M b /N BRAK B 0. 849 12 m® s F T B 9 #b K B O 2. 171 42 m®, STl B B /N BRVK B O 2. 830 /2
MOKBE RS KR E , BT ¥ 0 22 Py X 16) 3 T S 3t 19 B /) SR 7K 8 80K, T 36 17 3 388 e /DN BROK BB K Y 7K B ¥R o K b 330 B A
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4 WTHESHERKEREWEFSH
RFEBHMREBRTESHERFTKRITESR, ﬁﬁl%ﬁ'ﬁlzﬁﬂ TEIZEIIEZUI:AD GDP. KB KRERE. KB RRE.

B X AR KEEER TR, ITESIZMER S BT H /DA
BHHEHFSBTR/DMMEREEKEBENXRET

W RAERBTESHEFTKENESREREZ ;QBMASHERTKEST K]
HRERREE BT AESIHETKE /I, T IR T 4% 1 AW 3 /Y £
SEARFKEEARARI —ENBEBRKENE MW, (B

. HRBRTEMM L LE

ESHAETREHHERREGR D, H

TR KK RE KB IM EE B RAR B R L RES 11 73R B S /T K& »
= {1 15 B AR
RN g

KE ;M

AN E DI BE B K HF , R T X B 7T L 453 i R 3 R 9 2 AT

XA o R BB

3. ZREFH WHASHERTKESERRE
BT RIERLAD GDP KB BRXSHEBMT N KEERS 6 MR YEEENHEMAXXE MSEAKR. XEE
MAKRERFSMISIAAHEXEARE AT H - ORHTASHEFKESHETHERAE A ODRAENE T ARETHEX,

LR HEER/NEEHNZIAAEZERNRERNER, {Zlif'l'.ﬂj@‘fﬁﬂﬂ)\iﬁ

7 BHESHKEFKESEWEFHEXRAY

Table 7 Correlative coefficient between urban eco-environmental water requirements and its impact factors

=R IR B0 28 U0 A 5K, 38k T 46 3 40 T 38 K TET
5 B TR R BB E S IR i £

L3S

T R AFAE

i

A NS ERXERC TRIERLAO? GDP
(km?) (X 10%*person) (X108 RMB) (mm) (mm)

Impact factors

EARO EERO KRFERC HAR® BRKXSH  FWHKE
2y HEAE®(km?)

(X108m3) (X 108m3) HEFP(km

MR RE

Correlative coefficient

0. 90 0. 92 0. 80

0.18 0.03

0. 31 0. 89 0. 90

0. 75

(DUrban area; @ Urban non-agricultural population; (@) Precipitation; @ Evaporation; & Water resources; ® Water supply; 7 Area of urban

greenspace ; ® Water surface

area of urban rivers and lakes

- (a) | 0.6 - (b)

0.5 0.5 [ (c) y = 0.6E-05x + 0.0598
o8 4| »=00021x+00094 g7 o5l ¥~ 0:0081x+0.021 o
£ 0.4
% -5 0.3 '
~ & 0.3
S 02
_K,g 0.2
3 0l 0.1
0 | | | 0 I 0 | |
0 40 80 120 160 200 0 50 100 150 200 250 300 0 2000 4000 6000 8000
g X H A Urban area (km?) A O Population (x10*person) GDP (x103RMB)
s 0571 (d y=0.1084x + %0246 0.6 y= 0’0%711-4. 0.0259
j“; g 04 0.5 |-
S g 0.3 0.4
3 = 0.3
W = 02 0.2
¥ g '
mgg 0.1 0.1
0 } 0 J |
o 1 2 3 4 0 20 40 60 80 0 1 2 3 4 5 6
K B Water supply (%x10%m?) BRXSHER (km?) A #i # (km?)
Area of urban greenbelt Area of water surface

5 #Hik

(1% F 98 1t 25 57 6 7 K B B 5 60 BEOR 6 0T o0 B 45 1 M08 B b 3R T (2000 45

B3 WHESHEEKBREERMEFHXATESHMAE

Fig. 3 Correlative equations and curves between urban eco-environmental water requirements and its impact factors
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() FETFE) KEREEMEH IR EE
W R/PMESIHEEFEKERN 7. 955X 103m®, T & -
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K B SR TS5 T 1 B/ T K R 53 B i B KRR A D 39. 196 0 60. 9%,
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KER 28.1%M54.2% . OB R SHEMTESHBERKEFNHX, BERTRAINVFR. ETRKERSHKEREHS

K iT R/ DESHETKENZEHBL . OH

39T A R A SRR T 26 B B R W, B B T AR SRR K BRI L H B S (6]

EZRE,AWNPTHEX . ZW THEE GERREM G RRFEKRRSIEABRTESHETKERR ORAREBBTES
HIRBRAKER 2.876 /2 m®, B/PERKE K 3. 662 42 m®, H Hp 3% Ty 4% #tb 70137 39 B9 Bz /) BR 7K B 20 Bl O 0. 849 42 m*® F1 2. 830
2w’ BB KW ESIHFEIRAKENEREH/DFKEBRITER, BT XT 5 {7 Jit 15035 17 2% b 500 3 2 17 #b K

DETRARBHETESHARFTAETESR, NMERZWEATHT N . SREZW BT ESHERTKESTRKEIERHR

AEVHX, HFZRWTER AN GDP FHELFARERWEAL W, MEKRE.ZXEANKERESERKAEXTIRT

H

BRVILHESREL . UM RTH/EA PR LLFHRA NEfER

- SR EFKEHNERB /D EKRHIETAESHERTKEABEENRFIE.
A AR UERNRE RV, MBEBRTEESREZNETHERAMERITERTASHEFTKE . EKEREEP R
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