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Abstract ; In this paper, the 3D water ecological footprint model was adapted to measure the water ecological footprint size,
depth, water ecological carry capacity, and water ecological pressure among 31 provinces in China from 2000 to 2018 from
the perspective of water footprint. The Exploratory Time-Space Data Analysis ( ESTDA) model was used to analyze the
spatial change characteristics of water ecological footprint size, depth and water ecological footprint pressure in 31 provinces
of China. The results showed that; (1) during the study period, the total water ecological footprint of China indicated a
fluctuating and ascending tendency. The water ecological carrying capacity fluctuated greatly, and the spatial distribution
pattern presented a trend of gradually decrease from southeast to northwest. (2) The water ecological footprint size and water
ecological carry capacity changed simultaneously, and were close to the upper limit of flow capital that water resources can
provide. There were great differences of water ecological footprint depth in provinces during study period. The water

ecological footprint depth of 15 southern provinces was 1, while the rest of the provinces needed to use the water resource
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stock capital to make up for the shortage of water flow capital. (3) The area with water ecological pressure index less than 1
coincided with the area with depth of 1 of the water ecological footprint. The regions with water ecological pressure index
greater than 1 were mainly distributed in North China and Northwest China. (4) The LISA ( Local Indicators of Spatial
Association) time path showed that the overall spatial pattern of the water ecological footprint size, depth and water
ecological pressure had strong stability; the stability of the three local spatial structure in spatial dependence direction was
strengthened in turn. The spatial integration of spatial pattern evolution presented water ecological footprint depth >water
ecological pressure>water ecological footprint size, in terms of space. The provinces with positive and co-growth of water
ecological footprint were mainly concentrated in southern, while the areas with positive and co-growth of water ecological
footprint depth and water ecological pressure were distributed in north and northwest China. The spatial distribution pattern

of each feature showed strong path dependence and locking characteristics.

Key Words; water ecological footprint size; water ecological footprint depth; water ecological pressure; ESTDA; LISA

time path

Bt DA B I FFE it IR O B IR 5 e AR RGBT $H ™R |, K R Bk K
A S E KoK PRI T e S5 ) A in o€ o, 7™ H I 20 B XS 28 0% & e M AR A 4, T IR LAK 8 Ik L LK 2
M DIAKE N DAAKGE P K B IRAE R KIS 3, A& BRI B 3T 5 7l & Jr S v IR K e R
ORI R EE28 4 PR, el 2 0B 3 DX oK BRI 22 0 R T K R | SE3E 0 & A B o T R R R B R
MR TE I E

HZSJE I (Ecological Footprint , EF) /E A —Fil e A1 S008I 9 FE B AW B SR 98 7 B WA AEp it
JERHRA T, B9 T M E A s AR R IR RE ) oM Se it 9% O ik S 2 Ak R 4 ik
(LCA) P #EA= I (T0A) % )2 277 S (NPP) V8 L R REAE 1) 45 05 1k | T Bl 26 AH S BT 5T B9 AS T TR
A, Niccolucei S85 5 A R A8/ Smi/b R B F it v R e i 55 , 7 DL mty 38 i 2B S B )
SUREWANES , TR At &k BT AR A I & M7= 00 5 I ANEFERR B, b i 3 A2 28 2 i A 7R
TG — Ak 1) = RO FEAS e ST M R T ) K SR WiAT ek ik — B BB T AR AR
IS BRIX S T R4 i 2 (e AR LG R | BV CELORIE X 8, B AR AR A/ g i m WA SR S e &
i AR AT LS X ] s A S R A 2 S R A SRS B T N A AT
te A I L1 K WO N i B N T £ S o e i o5 I N i 5 70 =551 L ) A

T FH AR 2SR AR AT A R A K AR 2SR 3 D) FH T4 e X ) 7K W TR A S Bl SRR 5 S 0 . 24, [
A KRR I R IE 248 b T4 XU Iy CBF) 120 O A X RIAE A A E T OKAES
W5 KA S AT B PR, R K A S T o0 SR K AR SR K TR A A R I TS Y A S R G, A S
fift E43H T 2000—2007 AEATITA W0 N TI7 A4 7K AR 25 AL 508 A /K A Z5R 3k 1 R 4 3 FH I W D A 75 L S A
A FEJE R BT OB X 2006—2014 4FJE HR 3 T RE K 9T TR AR AR 3R T W (LR S | B s S A ST v
TR B AR BE AT 1AM 24 5 T2 384 35 T Bt (10 7 A 25 JE A 2R | ok vl SR T 8 2001—2016 47K A= 25
SRR B A 2 BT T IR e S IRl A T R B4 P A R R BEARS A | I X X S8 % A B AOK 9%
VRSB E S R AT RS SR A A S TR R T 5 A UK BRI T XA SRR I 2001—2011
AEARAEAS I KA SRR ) BRI AT TR s A0 A R A 3 T A S R e B /K W TR 43 A 3 i %
ARRAFREGA FE B SR B EE BT T 1997—2014 A [ 31 A48 KA S R B S IRE, %) Hizs 1] 4
ARG SRR AT A3 M) S I S K T 55 K A S L T AR S G FE I SE R 32 FH YT B 1Y Kaya 1825201 LMDI

R T P 25 A T B NS RO AR ZS R AR A B SR Bl R 2 HEA T BE , FF 45 ISODATA 2R ISAR Y X 4435 i

PEAFAS 1A S , M2 B 45 R0 Y 25 Tl AR T

IR GERAE R —Fa] A TR R, a8 i R ME XSk AR 25 R 3 KA R 3R ) 5K AR S R D, i iR K B IR

http ; //www.ecologica.cn



12 #5 FBI A5 LT ESTDA AR v 7K A= 75 8 08 Bk A 25 13T 4653

T BEAS Y 7 PR FE S AE B GEAS I ARG, Xof S R DX IR 5 I 00 T 4 28 A1) T AR B 208 L, A, Xl 22
SIS FE BRI A PR FOAN I A 1 A b s SRS TS A R A A R BOK AR A R D A3 Rl 43
AT SHASVERF A s (R4 RE , Z 400 17 I [R] PR 32 0T b $HL 28 2% 245 (] 0 A R A (4 52 0 107 35 % b 390 88 3R Ay sf
[E1 J P 5 45 [ S AR 45 4, A R A (10 48 7 b B 32 245 o) 3 A A B S A Rey 25270 SR IR
Bt 23 B4 4387 ( Exploratory Time-Space Data Analysis, ESTDA) |, 5a Ik TA&E G #R R M43 (0] 8045 43 M7 ( Exploratory
Space Data Analysis, ESDA ) {5 Je A T £5cH0 1M1 240 B[] 408 22 1) Jag B, DI SEE 80 1 Bt ] 5 25 () i) RAPERR & 108
T AW PR R B 25 B AS VT P A LUIS T R B T BARSCR 250 Sl AR SCOK R SR A
KA =R A AR X 2000—2018 4F [ 31 AN K ARSI T BE SR KA SR oK
ATESTHEATINE T, RIS EE T Rey 4542 (9 ESTDA BEHL {5 Bl LISA i ] B A2 B2 i 23 BRIE A58 347 77 1, %7K
AR RE REE KoK AR 28 T 25 180A% 5y (8 sl A A2 AR R EA T 204, LAIDI DR S 3 e Bl K R R A mT R 22 00 T
KRS RIS

1 W7 ESHERR

1.1 KA 2 b AH AR A

IRAEZS R R N A T I AR I K SR S A A AR I A P K TR, RTaE— 2D 3R e — 4
X PN, 2250 FIAE SN T R B — @ FE I 9 e 12 X 3 i T T R A 7K R W A 7 A T T P AR Y
I S Tt B K R IR R K A A R I K AR AR 0 K AR AR (TR R AR SR A
S R T X IO K B IR A SEBR 7 P S SRR B 5 K AR AR 3 ) W T R AE S X IR oK AR S R e nT R S
P X I 2 B —th S — IR D & R B s R AL 25 B8 7, BV P /K BB 07 i RE ML 45 1Y e R s T AR 3 3l X R 28 g X6
FEATHIT , BESE f- b 4B 7 [X sl K W PR T SRS R FPIR DL , A A R,

WEF=WEF,, +WEF,, (1)
WEF,, =yx(WF/w) (2)
WEFW/ =yxXMax (EF o, ’EFNH3> (3)

AP, WEF \WEF,, \WEF, 351 0 IXB0K A= 35 78 B (hm?® ) 7K A2 25 R 38 (hm?® ) FIZK BT A2 25 2 38 (hm?)
WF 7R 3K R I S (m) 5y ow FR7R K B8R B 45 PR 7 FOK IR 2426 72 B8 7 (y B 5.19,w BX 3140m°/
hm®) S EF o, EF gy, 53013678 K38 COD \NH, /K ZE 2 2388 (hm?)
1.2 KAESER)ESRE
IKAEZS TR I T BE FIUR BE 73 3 FRAE N Sk 23 K J %t /K B U It 2 B8 A 1) oy TR FAFE B B8 AS (I TH FE AR JEE
BEAN, H oK A AR ) B R K AR 28 R G0 T B B /K SR e AR 1 PR R 2K AR 2 R T BE ) B FR
LEE SR /A WIS G
1.3 KRR
P T AEAE 25 ) RUBE [R]85, DA T SR FH 9 7K A 250 JE 30 s 7l 2 A e L A ) A DXl 9 05 mT e 82 0
IR U B A 2SR BE T AR 2 B R T3 E A /N TR AR SO AK AR S R 850, T TR AE X Sk A S R
IR, HHEARIT .
WEPI=WEF, /WEC (4)
WEC =kxyxpx(Q/w)  ¢=WM/w (5)
Ao WEPL Ak A= 256 /3680, 24 WEPT> 1 56 B DX sl /K 5% P50 2% 2 ot i 45 5, /K W VRUR A T AR 22 4otk
;52 0<WEPI<1 B, K BT IRMLLG R TIH 3%, A T2 2RA 2 WEPL=1 B, P 18 214, K 98 8 &2 e 4b
T FRAS . WEC XIS R T (hm®) |,k A7 GEIE AT R 280, A SeiF o8 im0 25— A~ KAy
IKGEIRIF R ZE L 30%—40% W) 2575 R A I G, Tt 75 22 101 FE 29 60% i 7/K i F T 4E 54 SR 17
7, Wk B 0.4, o Frm XIUKEFR B IH T, Q N XK E SR (m’) , WM XI5 KA (m®/hm?)

http ; //www.ecologica.cn



&t
s

4654 2 SO Eire 41 %

1.4 BRRMERZ B M52
1.4.1 LISA Wfa]f&42

LISA I [i] AR e F ) 248 B A9 A AL GE IS LISA S T 3 A i 243k IR & LISA %5 ) By /R Bk
RSB — R SRR . H T R e B 2R 1 R S BRI AR AR R AE 38 s DX e b B 2R s 58 VR
AR BE 5 1] (B A3 ) LA S s 25 A5y of DX 3 2R 98 T AL () 52 i A 8, LISA B[R] B AR A JL AT R AiE 5 AR
X A s AR

T-1

nx > d(L,,L...) Ti d(L,,,L,..)
Rl = - D, == (6)
> S d(L, ) Wi lir)

A R D53 R HX A BE RN B s n R KB ; T Rt B P95 L, | Ly, 20 03RS ¢ e+ 1 4R
Gy X3 i 78 Moran’s T BUSE P OOIE ;d(L, |, L, ,,) d(L, L ;) 5 WZFoR X300 I ¢ AERE B3] o+ 1 4R RAR
BRI 5 G SR X I, ¢ AE AT A B PN A8 Bl B G S K7 U RE > 1, 22 RE< 1, RIS 3 B X dul s 1 22
F Y ey RS RS A 25 () 285 1) 5 LA shAS 1, (W)t 10 B s B2 3R Moran’s 1 IS RS )4 RS, AL sh 4%
FoE PR 2% s DK, SR ITIX S8 i 098 Bl B AR B il S ket — A SN 3l 25 1) Jeg 8 2 TRIAACSA 7 o) R0 5 Jan 35 50 )
R R A T I X7 SR R 2 A P B 2 A0S Ml e R, BV DXk ) B A2 S T (i /A Ak ) R0 52 ikl
R, [T S [ i o [ 448 e 0 S 3 0 SRR A B U8 Sl 21, oz 22 W) 32 58] P s M e/ DN 30 Bl et
1.4.2 LISA W25 BRIT

LISA ‘¥ 8 FH T8 7m Hh 2 28 19 25 OBURFAIE | Rey S5 7E IRl F2K Moran’s 1 8IS T H 4% 23 M) B IT 74
S B[] (B) B N R A Sh R B 7 1) B 2R A i M S A% e Dy R B R B RS AR AR S & B2 10 T R E R BR R A I
FE 22 BT, IR BRIERI 50N Type, (Type, \Type, . Type, PUFFZREL > - o Type, B KR X 38, [ & F4BIE4 A
RAREFEFS s Type, BIFRIR X3k 7 B BRAE , ABIURAS A48 . & M — s S IR — AR AR & — & & R —
11K ; Type, BUFR/R X 3 1 B AR | A8 3K AR BRAE AL 4G i o — AR R IR — & e AR s — IR AR — K
Type, BF/R X Il 7 B 5 P54 A& A BRAE, b 25 H B 5 AR BIERIE 77 0] —BUFRN Types, (F45 « = m— LA
AR —E) , SWFRHN Types, (145 B IR—Km RS — K)o Rey $5 DXIUR 5 v i) s 28 3k 0 A 2R R 3R
TEBFFEXT G0 25 (A1 Jrg B AR S RN A A THAE A T
_ Type, + Type, SC = Type, + Type;,

~

SF - - (7)
ZPi,i
p=1—’K (8)

o H,SF SC 43 R R FE X B Bsh 25 iR sl A 2R 5 Type,, (Type, \Type, . Fl Type, , 733K R 45 B W R £ p
ISR s P, A A BRI R MEXT R TC R K =4, p=1 BRI X & A RS BRAE , p = 0 BF R
WA XU A BRIT  p MR R PR TR BRI 2, A3 m = (2018-2000) x31 =558,
1.5 Bk

ASCHTHE AR YRR T 2001—2019 AEC T ESITHELE)  (hEUKEEAH)  CH RS ITHEL) |
CHEPREE ST 55 , B B Bl A B LG AT . AT SRR B A S R i B V5 e W HE ok B A v
S FH R b K B AR ) ( GB3838—2002) H N2 /K Tt ML AE A 75 e 1) & e L COD FI4 & R e
JERRAESN 4 20 mg/L. 1 mg/L,

2 ERAW

2.1 PEZRAZS R BoK A 2SR IR T 2 FEAE S b
FRPEAH A 2 AS 3] 2000—2018 4F- [ K AR A R KB AR S R B AR A 5K 88y, FF 22 ) ARk

http ; //www.ecologica.cn



12 #5 FBI A5 LT ESTDA AR v 7K A= 75 8 08 Bk A 25 13T 4655

P (& 1), Besb, T st R, AR A2 K AR SR K AR S R 3 K AR 2SR B K AR R B 003
A BIGME, G5 RANIE 2 Fs

T g 2or aOKRESEE o KEBRE 1° =
£ 2 £ - RAERET) - KR AL &
= E T 2400 180 =
X g X X
~ - ~ i
b=} X > =
g < F =
HEazRg M 5 E
neRige =g
RomgE 2 150 ®o
4&4.2_@84@'; H 8
R &
gV g% S %
g BT 1500 8
s % % z
E 8 2 5
e g g 120r 140 &
T
§ § 900 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 30 B
g 88888888833 3335 3 3 3 3
N o™ N (9} o™ (S} (o)} N N o™ N N N N (9} N o (9} N

1 2000—2018 FHEKEBEREIT KFESBITEMKESRENTHER
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from 2000 to 2018
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Fig.2 Water ecological footprint and water carrying capacity of all provinces in China from 2000 to 2018
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F1 2000—2018 FHEEEMKESET B RERKESENEH

Table 1 Water ecological footprint size, depth and water ecological pressure in China from 2000 to 2018

2000 4F 2018 4 I Average
K KAESR KESE  KEBESE
Region WE/x100hm? R ' Wa@ 7{@?%5 7J<ij§ 7ki7§ 7@7& 7}\@?&\ 7J<tt?£§
Water ecological Water ecological  ecological ) SR JES4EE RS R ESWAE
footprint size footprint depth  pressure index

Jex 0.55 31.35 30.30 115 25.19 24.95 0.82 29.93 29.39
Kt 0.08 164.60 157.72 0.43 53.34 52.39 0.32 66.34 64.40
Rl 2.36 26.93 25.28 2.69 34.37 33.31 2.39 33.29 31.72
1L g 113 27.23 26.11 1.68 23.53 22.90 1.41 24.44 23.97

e 2.93 9.59 9.07 3.66 10.99 10.25 3.53 10.39 9.67
T 5.60 9.32 8.93 9.60 6.10 5.87 11.52 5.93 5.69
& 15.94 1.72 1.60 21.77 1.51 1.43 18.21 1.80 1.68
AT, 21.55 2.39 2.30 35.17 1.49 1.43 27.17 2.02 1.93
Lifg 3.70 8.90 8.64 4.66 9.17 9.05 4.36 10.08 9.88
3 36.87 2.95 2.87 32.52 4.13 4.05 35.98 3.65 3.56
Wit 66.91 1.00 0.32 85.51 1.00 0.47 77.37 1.00 0.38
EH 73.13 1.00 0.97 94.10 1.00 0.97 76.19 1.00 0.96
T 52.58 1.00 0.19 65.53 1.00 0.39 58.96 1.00 0.25
bW 59.52 1.00 0.27 69.78 1.00 0.31 62.00 1.00 0.35
IR 9.76 10.65 10.13 13.29 9.40 9.11 10.95 11.82 11.35
TR 32.74 2.89 2.71 16.61 6.50 6.24 18.94 5.87 5.54
e 81.27 1.00 0.70 83.72 1.00 0.85 80.05 1.00 0.76
k] 90.90 1.00 0.29 104.55 1.00 0.44 95.32 1.00 0.32
I 132.97 1.00 0.37 173.10 1.00 0.41 157.73 1.00 0.39
R 61.46 1.00 0.21 70.64 1.00 0.21 69.31 1.00 0.20
o3 ] 10.69 1.00 0.10 13.04 1.00 0.13 12.62 1.00 0.15
NN 38.97 1.00 0.47 48.90 1.00 0.67 44,75 1.00 0.63
gl 105.45 1.00 0.35 125.61 1.00 0.38 114.40 1.00 0.42
S 40.42 1.00 0.27 39.45 1.00 0.33 41.89 1.00 0.35
P 49.62 1.00 0.18 54.31 1.00 0.21 53.28 1.00 0.24
it 3.25 1.00 0.01 5.07 1.00 0.01 4.32 1.00 0.01
53] 13.83 2.33 2.23 14.48 2.89 278 14.84 2.50 2.39
il 1.90 14.89 14.19 3.36 9.87 9.42 2.19 14.28 13.56
i 5.07 1.00 0.33 6.28 1.00 0.26 573 1.00 0.34
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Fig.3 The changing trend of the water ecological footprint size, depth and water ecological pressure in China from 2000 to 2018
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Fig.5 The spatial distribution of curvature of LISA time path
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ARAS, IE B0 B S 0 P ) g A P B s 2 A T W DG K A 48 O BB 20 30 ok 9 A 14 A4S 12 4 4 TR
HTE K AR SRR AR TG AL X A IR A7 12 AR 78 e B K G VR AR FH Ak —F X6 2 4 RS B e L X,
AR S D R R AR AE
2.3.3  LISA B 53 BRIE 4T

FRAE Moran’s 1 HLE L 43 5045 2 H: 2000—2018 4EA 28 BEAR R, A AR (7)—(8) , 400l 5 5]
1B K B R B 2 ) B2 BER XS RS a3 25 -3k 2 IR,

R2 KEBTEBE RERKESES Moran B = B8 i = B F 58 B

Table 2 Spatial-temporal transition probability matrix of Moran scatter plots

i’im Vit HH LH I HL ﬁij Aﬁ(fm Prfgﬁon SF sc »
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Water ecological footprint size {(ig=n 0.136 0.864 0.000 0.000 Type, 37 0.066

A% 0.000 0.000 0.940 0.060 Type, 9 0.016

=108 0.074 0.000 0.147 0.779 Type; 2 0.004
KA R 12 0.961 0.022 0.006 0.011 Typey 531 0.952 0.041 0.955 0.090
Water ecological footprint depth {i= 0.121 0.828 0.051 0.000 Type, 15 0.027
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