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Quantitative method and empirical study on the ecological footprint of water

quantity and water quality and their sustainability in China
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Abstract: Scientific measurement of water resources and water environmental sustainability is of great significance to
regional water management. This study evaluates ecological footprint, ecological carrying capacity and ecological pressure
index of “water quantity” and “water quality” in 31 provinces and regions in China. The results show that: (1) From 2000
to 2020, water resources ecological pressure index of China was less than 1, with the highest value of 0.86 which indicates
water resources supply being sufficient and sustainable. Water quantity ecological footprint per ten thousand Yuan GDP
showed a fluctuating downward trend and water use efficiency increased significantly. (2) From 2000 to 2020, water quality
in China was relatively sustainable and in a safe state, while ecological surplus of water quality was about 200 million hm®.
Per capita water quality carrying capacity is about twice the ecological footprint. And the amount of sewage generated by ten
thousand yuan of GDP shows a decreasing trend. (3) Spatial centers of per capita and ten thousand GDP “water quantity”

ecological footprint are both located in Gansu Province. The high value areas of water quantity and water quality ecological
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footprint are mainly located in the northwest of the Huhuanyong Line, while the high value areas of water capacity are
mainly located in Tibetan Plateau and southern China. (4) The proportions of areas with safe, critical and unsafe water
quantity sustainability are 55% , 6% and 39%, respectively, and the numbers of areas with safe, critical and unsafe water
quality sustainability account for 61% , 3% and 35% , respectively. The ratio of the number of areas with strong and weak
water sustainable is about 6:4. The results reveal the regional differences in water quantity and water quality risk in China,

which helps to provide a scientific basis for the utilization of water resources and water pollution prevention.

Key Words: water quantity ecological footprint; water quality ecological footprint; ecological carrying capacity; ecological

pressure index of water resources; ecological pressure index of water environment
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1 ARFEESHIERE

11 W55k
L1l R T RFEERE T
KGR AT RREERE T, K IR AR 25 J148 8 ( Ecological Pressure Index of Water Resources, EPI )
P EPI,, %5 F 7K i A 25 JE 378 ( Ecological Footprint of Water Resources , EF . ) Bk LK &4 254K 38
(Ecological Capacity of Water Resources, EC ) , A< 3CH EP1,, X430 A, i HE AT .
(0,0.5) , Z4RTE
[0.5,0.8) , 82 4R A
EP1,, = EF,,/EC,,4[0.8,1] Il FARZS (1)
(1,1.2] , AZRE
> L2, WMAZLRE
EPIL,, B8 A, /K & FTRREERE T8GR . 0<EPI,,,<0.5 I, KBS R 25 fE e R TIHAE R, 1 T2 42 R3E;0.5<
EPI,,<0.8 B}, /KA T 22 400k 2550.8 <EPT,, <1, K W IRIH FE B 2 0T ol & T i KL A B /K &AL Tl Utk
A5 1<EPL, < 1.2, K EIRHFE A i R A KB T AL 2RE EPL, > 1.2, KB TRA L 2R,
(1) KBRS R
KA I EFy, (hm?) JE 468 4k 25 R e N2 A A7 55 T AR I /K B8 R, 7 380 A 2 A 7 Pk 1 b T
BT RN

EFy, = 21 EF e, =7, X (Z W/P,) (2)
X EF R j F8T KBRS IR, y, JK B IR A ek D B 51978 5 W (m*) g j #81)HIK & n R
FEKERT ) SEG P, (m/hm®) /KGR AR 244 7 B8 ), 45 Tt ST AR 3R OK B P it ok DA T S ) - i AR, H
AT AR T A A B A S 2014 45 BRICR T 2014 4R 400 , 11845 P, o4 3186.36 m’/hm’,
(2) KRBT
KA ] EC,p(hm®) JEARTENER AL IR HIK G | A28 K BT RE TT 25 ) HT B fie KK B¢ 18 ek o i
{14 - b TET R 388 6 7K B U ) Jpilh BT R A, AN e XK SRR B Y 4096 AN
ECu =04 xy, xo x(Q,/P,) (3)
K Q.(m?) AIFFRIX § KBRS ;@ FIFFEIX @ KSR A TR A (4) F(5) ,P,(m’/hm®) Ky
WFFEIX § BYK BEIR A P RE T, 55 T IX BUK BE IR AR Q BRUAITFEIX i TR I S, (hm?)
¢=P/P, (4)
P, =0Q./S, (5)
1.1.2 KB nIHFERRE S
“OKB” FIRESERE T, WK oK PR EE AT KR LL iR 7, UK 5 A2 25 s ) 48 %1 ( Ecological Pressure Index of
Water Environment , EPT,, ) fiii """ | EPT,, 45 T X 38K fi 4 25 /2 3 ( Ecological Footprint of Water Environment
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EF,, ,hm®) BRLAZK 5 A 257K 2% 7 ( Ecological Capacity of Water Environment, EC,,, ,hm®) | &5 550 AN 1T
=R/ /(1
(0,0.5) , Z4R3E
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EP1,,>1.2, ARG YA 5 ™ E KA T AN RAS KA rT RS2 MR 1155, EF,, M EC T8 )7k
mr.
(1) KBS 2
IR R EF p (SOPRAKTS Y25 0 ) ik, B Je s B0 IOK R | SR Je B K e b 16k £
AL, KRB A TS e Sk BIPRBERRIE , BT ag AR KR 7K AR 2 R 2 Tl Al A= 7
SR AR YRR R (m® ) B R AR A+ R (hm® ) TR RR AR
B — B ARTS G IR Al R BIAEAE AR 25 S SR 15 /K SR A K 5 Y i) BN IR i 2 X 45 2 R B
15 G HE R T LR AR N, ZEUNE S ARl 25 2 AR T i FH 2 v A = 19, 1T 4k 52 7% %03 ( Chemical Oxygen Demand,
COD) J& Tl FAE G 15 K HEBCE fe KR T5 4y, DRI, AR SCREBRCEUIE (RE R 3R ) 1 A P A b 7K B A= 28 2 8 Y
F8H%, COD 1A IFH Tl AN AR 36 7K A 285 2 508 A P8
5 WK AR ORISR R VPR MR b FK IR BE bR i TIT 28K R | 3 /K 3R 5% P iy
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WF con-gey = Ceon/ (Crrs-con = Cot) (8)
K, (%) MEAEMRIR, F] TR BIRE R ECE S E A B, BT o (EREAS [R] X8 AS 5] B 300 e
TR f2E DA B - S S A ) 17 A Ak, DA 2 FE LA (B, 7R S o BUE R 1095 € (k) SR AR Ml I it o
C,.. v N 0.0lkg/m’; C o, (kg) A COD JRKHENE , C, .. cop N 0.02kg/m’ | C,  HZHKAKIK) B IRAEHRE , th T
BRAE  BUE 0(kg/m?) .
5= ARIE K R B T EF,,, B ESCEAUK R R BRI A PR P A3186.36m’/
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ARG S KB R FH BN 8, DU RO Tk AR AR S R K FEKR K 455K
P, R VE T 2000—2021 4T EGIHFL) (P EDKBRAHR) DL AE i XK IR A, AETHRK R
AR SR WA TS JE X S K B S I T | i T A T B e F IR X A R BLAE, T R
H DX 5 1K K Y XA K R R R A AR R BRI e ROK B AR AR AR AR AR
B AR R B, KA K BRI R S 5 RS UK R, B TR RIS A A T Rk &, TR % A
BTG ERKE B B = A KRS, oAl XIS AR 5 KRR S KRR RN

2 ERAMH

2.1 KEAES RIS AR I A E AR
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BV REER PN H 2016 F 2020 4FW] 5 & T HRES , KEASBIBER FRE, A LI, REK
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Fig.2 Water quantity ecological footprint (EF ;) and ecological capacity of water resources (EC,;) change from 2000 to 2020 in China
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Fig.3 Ecological pressure index of water resources ( EPI;;) change from 2000 to 2020 in China
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BB b DX RSB e VAR, Wb DX R TN V3 B3 e, AR B AR SR 8 1 5 eIk . IAJTIT GDP /K it AE 7S 2
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Fig.4 Water quality ecological footprint ( £F, ) and ecological capacity of water environment ( EC, ) change from 2000 to 2020 in China
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Fig.5 Ecological pressure index of water environment (EPI;) change from 2000 to 2020 in China
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Table 1 Regional differences and changes of water quantity and water quality sustainability in China

2005 4F 2010 4F 2015 4F 2020 4F (kR KT )
AVENC KR KR KR KRR KB ke ke kg )R ETSREREEED
Region EI I e T o e L L T o f.?‘gj’.‘” e e
(EPly,)  (EPLys)  (EPIy)  (EPly.)  (EPLy:)  (EPIyz)  (EPly)  (EPIyy) ¥ Sustainabiity
Jext 15.67 8.39 11.76 8.62 13.76 6.95 8.56 7.97 IKAE+IK TR A 42
PN 19.43 7.85 34.17 7.19 12.34 4.54 9.76 4.45 KA+ KRN 2
iOEl4 13.59 16.69 8.12 15.03 19.23 15.36 15.21 12.77 KK AN 4
1 4.03 9.83 3.28 9.51 4.20 10.40 4.69 6.83 KA+ KRN 2
e 0.46 7.91 0.54 11.36 1.08 6.07 1.01 7.05 KB L+ KN %4
L7 1.19 1.10 0.58 0.46 6.44 5.18 2.16 0.97 IR TR K BN % 4
HAK 0.46 0.47 0.32 0.38 1.59 1.81 0.62 0.51 KK TR 4
22y AN 0.48 1.84 0.37 1.67 1.28 2.01 0.70 0.58 KK R4
iR 2.23 0.31 1.06 0.19 14.04 1.28 5.98 1.43 KA+ K TR AN 4
b 2.87 2.04 5.02 3.21 2.25 1.45 2.86 1.65 IKE KA 4
WL 0.37 0.17 0.21 0.09 0.30 0.08 0.32 0.13 T+ % 4
L 0.41 0.45 0.31 0.38 0.65 0.38 0.59 0.18 KA+ K %4
it 0.17 0.09 0.14 0.07 0.28 0.11 0.53 0.31 KB+ K T4
AN 0.19 0.12 0.11 0.06 0.22 0.08 0.37 0.11 K+ KA
IES 1.44 1.53 1.87 2.93 17.96 9.44 3.39 1.99 IR KA 4
O] 0.90 0.84 0.86 1.04 4.32 3.59 2.90 1.89 IKE KA 4
il 0.4 0.43 0.29 0.26 0.65 0.43 0.54 0.13 KB AR T2 4
iifEe] 0.34 0.20 0.26 0.15 0.39 0.15 0.43 0.11 T+ % 4
T 7R 0.40 0.22 0.28 0.17 0.54 0.17 0.65 0.22 KB AR T2 4
i 0.39 0.20 0.32 0.17 0.18 0.10 0.30 0.11 T+ % 4
i3] 0.19 0.13 0.11 0.05 0.61 0.33 0.41 0.18 KK T4
EWN 0.32 0.18 0.32 0.26 0.52 0.25 0.25 0.08 KK 4
paji| 0.16 0.10 0.17 0.13 0.32 0.21 0.24 0.09 KK 4
M 0.16 0.20 0.13 0.16 0.16 0.10 0.52 0.07 KR A+ %4
P 0.09 0.14 0.08 0.12 0.16 0.13 0.23 0.15 KK 4
[ 0.00 0.02 0.00 0.02 0.00 0.02 0.07 0.01 KK 4
[54) 0.44 0.54 0.38 0.53 0.98 1.34 0.75 0.84 KR FER A+ K PR & &
Hilr 0.51 5.74 0.63 8.92 2.09 14.89 0.97 2.24 IR 2+ K B AR A
i 0.05 0.23 0.07 0.32 0.10 0.4 0.05 0.14 KK T4
TH 2.08 6.51 1.95 7.01 3.61 7.34 3.60 5.32 KK TRA G 2
b 0.22 7.25 0.20 5.71 0.61 8.82 0.79 11.76 IR A+ K U %4

AHIFFE iy e PRV IR 2 AU
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Fig.6 Spatial patterns and centers change of water quantity & water quality ecological footprint and carrying capacity of China in 2020
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