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Abstract . Water is an important resourcefor. our life and production, and the development of human beings and society are
closely related. The accelerating growth in.water consumption and exploration is creating serious water scarcity problems in
China. Ecological economist William Rees first formally presented the concept of the Ecological Footprint in the 1990s. With
the development of this research, scholars attempt to introduce new methods or indicators to improve research methods into
the ecological footprint. In particular, Niccolucci and Wackernagel put forward two indicators of a 3D model footprint depth
and size, and the model'is a temporal-spatial approach that more clearly explains the differences between human demand for
natural capital flows and ‘stocks. The water ecological footprint was derived from the ecological footprint concept, and
represents the amount of water resources productive land areas still need, in terms of a the water resources account. In this
paper, we applied footprint size and depth to the sustainable use of water resources. Using the ecological footprint method to
distinguish between flow and the stock of water resources, this method was used to analyze water ecological footprint size and
depth among 31 provinces in China during the period from 1997 to 2014. The results showed the following three points: 1)
The depth of the water ecological footprint was affected by water resource quantity change between continuous high flow
years and low flow years. They exhibit a fluctuating trend in the interior nationwide, and the water ecological footprint size of
different provinces differ with footprint size higher in the south than in the north. 2)) During 1997—2014, the water

ecological footprint depth was 1 in 1998, and in other years flow capital could not meet people’s needs, and an increase in
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the stock capital of water was needed. The water ecological footprint depth exhibited a large difference between countries,
but it was obvious that it was lower in the south than in the north. Among these, the average size of the water ecological
footprint was 1 in the other 14 provinces and this lasted for 18 years, and included Zhejiang, Fujian, Jiangxi, Hubei,
Hunan, Guangdong, Guangxi, Hainan, Chongging, Sichuan, Guizhou, Yunnan, Xizang, and Qinghai, with the highest of
in Ningxia, being 308.12. 3) We analyzed the water ecological footprint size for 31 provinces using the global spatial
autocorrelation method. In China, the water ecological footprint size and depth existed as an obvious spatial agglomeration
spatial cluster feature. The water ecological footprint size had a H-H (high-high) correlation in provinces mainly in southern
China, and in L-L (low-low) correlation provinces in the north of China. The water ecological footprint depth was'in H-H
correlation in provinces mainly in the north of China, and in L-L correlation mainly in the south of China. This provided a
new method to analyze the water ecological footprint through analyzing the water ecological footprint size and depth, and at

the same time, it provided a theoretical basis for regional sustainable utilization of water resources.
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0<EF, < EC, (7)
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Table 1 The Yield Factor for water resources of all provinces in China from 1997 to 2014

X o a X FEm T X T X T
Region Yield factor Region Yield factor Region Yield factor Region Yield factor
4= National total 0.92 BT 0.59 TR 0.75 M 1.81
dene 0.45 g 1.78 Wk 1.64 PN 1.68
K 0.31 L 1.22 i kee] 2.68 i 1.18
ik 0.24 Wi 3.08 IR 3.31 BV 0.57
1 0.19 g 1.60 i) 2.59 H 0.17
e 0.13 e 3.13 jiz3s] 3.45 T 0.30
Ly 0.64 PN 3.07 GIV/N 2.07 TH 0.06
AR 0.71 IR 0.59 i 1.63 i 0.18
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max[ EF,, — EC,,0]

EF ,=1+ (8)
ECW
R EF O IR A 25 IR T . HE— 00T, K AR 25 R SRR BE SR [ SR T 0 BRI % B k311 D
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g, B 2014 AFIR AR R T R ZE O N B AR AR, BFIE I A Tk R HERA R R N 61.8% ETH=
90% LA I, K AL BRAR 4 5 A5 Qe Yy HECREAS 2 7 AR R R K AR 25 T R 2 A

£2 19972014 HEEEHFHKESBIBIAKESKEH/10°hm?
Table 2 The average EF, and EC,, all provinces in China from 1997 to 2014
1997 4 2014 4 SEH Average

7J<%$ 7J<FE¢ K KA 7J<%f$ 7J<Fﬁ\él; K 7J<$?§ 7J<%$ 7kﬁ§l§ Kk KA
i BRI SRE 0L KRN SR BRE S, RS SEE BRE S RN
Region Water Wal-er Water Walt?r Water Walrar Water Wale‘:r Water Walfer ] Wau?r
volume quality . ecological  volume quality . ecological  volume quality . ecological
ecological ecological CCOIOgl,Cal carrying  ecological ecological CCO]Ugl,cal carrying  ecological ecological GCUlUgI.Cal carrying
footprint  footprint footprint capacity  footprint  footprint footprint capacity  footprint  footprint footprint capacity
et 1428.57  62.02  1490.59  62.03 1989.54  34.81 2024.35  51.68 1649.86  48.85 1698.71 70.79
R 962.61  52.19 1014.80 4.80 1416.18  43.72 1459.89  22.97 112529  50.65 1175.94 23.75
{EE]4 9414.33  405.04  9819.36 152.51 13472.64 268.95 13741.58 126.56 11153.85 / 367.38 = 11521.23  222.40
i) 3596.66 168.74  3765.41 80.96  4517.92 112.23  4630.16 166.01  4069:61.  144.07- 4213.68 121.62
e 4590.91 152.41  4743.32 379.00 782290 243.46  80066.36 526.05  7052.81 217.97  7270.77 432.43
SN 5517.03 260.95  5777.98 822.22  7485.67 244.92  7730.59 308.01° 6576.18 271.30  6847.48 1235.40
bk 3912.28 220.45 413273 681.16  6618.04 174.92  6792.96 1051.83.  5335.45"7228.03  5563.48 1803.89
BIpIL 11109.05 265.92 11374.98 3300.61 11861.84 248.59 12110.43 4128.54 12214.89 265.43 12480.32 3001.84
[ 2733.18 111.99  2845.17 290.00  3119.39  58.29  3177:68 736.74  3035.31 84.82  3120.13 415.49
1L 13599.82  263.46 13863.27 1367.12 1843279 272.66 18705.45 3292.62 13295.92 290.61 13586.54 3153.16
WL 7214.17 205.97  7420.1524875.75  6170.27 175.40 | 6345:67 26000.64  6440.77 191.51  6632.28 20394.74
L 9368.60 321.45  9690.05 3754.22 12098.02 240:32, 12338.33 9150.51 10877.67 256.20 11133.87 7732.07
At 5353.11 132.88  5486.00 38732.86  6540.29 16875 | 6709.04 25288.67  5580.63 150.26  5730.89 25137.85
VLPY 7720.61 222.65  7943.26 46052.71 10214.89 257.28  10472.17 33581.36  8052.53 232.80  8285.33 32717.81
IIZR 12901.12  607.56 13508.68 413.56 21089.85 377.43 21467.29 296.01 15254.23 491.54 15745.77 1117.76
baN| 11908.94  569.31 12478.25 659.20 « 16464.91 469.78 16934.69 1021.50 15243.41 545.75 15789.16 1916.43
il 9789.54 329.03 10118.57 692468  9631.31 312.32  9943.63 9467.96  9815.75 309.52 10125.28 10332.35
i) 10862.45 384.39 11246.84 38984.96. 12123.38 382.80 12506.18 32183.29 11678.71 406.08 12084.79 31584.37
IR 12675.00 412.58 13087.58 85160.55  16627.24 429.31 17056.55 35012.01  13525.94 418.52  13944.46 40380.74
i 8014.08 433.27  8447.3554050.41 11435.35 314.40 11749.7535265.62  8265.89 416.63  8682.52 33041.31
i3] 1137.65  53.52 1191.17 10410.45  2004.67  55.13  2059.80 9067.17 1498.14  57.57 1555.71 8421.85
GIDN 4674.47 131.63  4806.10 4979.56  5106.75 141.20  5247.9510551.59  4777.51 134.05  4911.56 7320.53
syl 14462.34 © 534.03  14996.37 18959.29  12320.48 531.83 12852.31 28446.26 14440.78 549.06 14989.84 26802.62
G| 4490.29 205.76.  4696.04 19256.47  4674.96 206.15  4881.11 17587.92  4850.51 215.92  5066.43 12031.90
=M 4535.13  306.29  4841.4128254.87  6143.11 340.95  6484.06 16378.65  5796.62 301.18  6097.80 22564.42
[iF: % 365.67 121.04 486.71 28362.63 516.28 141.41 657.69 34154.69 488.85 137.09 625.93 34447.18
(S 4467.54 150.83  4618.37 412.34  8561.31 138.39  8699.70 1266.10  5980.66 153.51  6134.17 1395.40
Hr 2779.21 119.49  2898.69 136.66  3301.53 178.47  3480.00 208.73  3322.45 147.82  3470.27 238.32
HiF 75095  93.52 844.48 713.84 461.69 125.48 587.16 1856.76 729.79 112.07 841.86 1360.93
TH 791.78  47.70 839.47 242 201550  57.68  2073.18 4.14 1178.50  54.77 1233.27 4.00
HhEE 2644.34  138.86  2783.19 89598  6738.88 189.30  6928.18 676.33  4229.65 172.78  4402.43 1080.45
|

National total 193771.42 748494  201256.36 172196.18  250977.57 6936.30  257913.88 165282.27 = 217538.16 742375  224961.91 166745.58
ational tota

2.2 KESKIET
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1 43R 55 i B K R R B (28 3 A AR AL, R 7K e A5 5 A2 1) T il IX K A SR 3 8 Ok AR
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AR BAR, TE R AT g b, ik 5 AN AL T AL AP At b X SR 32 B oK X,
IKAEZS AR HEAE R ST X 5 A
2.3 KAEZRIL)E

DX 3SR B I Bl 1 — A X s A 3 o B AR g PO K A 2 A 3 ) R DU ) L R S Bl X s KA
TR DL, ARIEA(6) A R E A K AR R B I(E 1) B, AR R s g5
ANF(T) 4 K AR ZS AR I B RU{E Y BBl P 40, Bt o R K AR 28 R I R B B 1998 A A1 AR AR 477 1 7K
A 25 I 357 v F R4 B K AR SR AR T A S A e A 3 X KRR T I R ) o T L R B R, K AR SR R
H AR R B R 7K A R3] — 80, FEIUAS TR . MK 0 I i B8 AR 5 4 7 L, R il 2 A = AR 0 R K
R IKBEIRA S BEA W IF AR THAE
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Fig.1 Water ecological carrying capacity and water ecological footprint size change in China from 1997 to 2014

BB TR BT AR (SR 3R 456 (3£ 2) AT Wi As e YLve de e . AR
VY R PO EEEG BN s PR T 14 AT 18 AR K A SR MR T Y P A K A AR R T 1)
B A T R A3 T ] AR A X T R A R T X 2 AR RE N, e O b XK R ik K,
IKGER R 4 KBS IR E B A 8090 LA Y BRIBIAL (F DS 2 A, HiA i XA 2K R PR 2 HE 4 2000m” , K BE
PSR e A AT DA K TG oK HAR A T K SR IR s AR B g st &b L K ARSIl B BUE 2 2
MK AR SR BB o T E LI KA A )T BERRAR, A 4x10*hm®, 5K AR R ) R B e 1 Y )1 AH
Lo, T B KA S R0 B ) Y 173747 , NBSKBEI5 R 1718, 7K B U5 i 12 b XK AR 28 Rl T B
AR FER A
2.4 KSR

TRV P RAE T N A R 3 38 0 B UR A B ok T XK A 25 L YR R Bl T — A X 38
X ACRYEAT B AR B T R AR B, BB | 2 P AR 5 DX sl 8 1 7K A 25 7R 28k T 3508 0 18 70K 0 DR T R L 91k
AR AR FUK AR ) BE I A5 3R 256 A2 (8) , DN 4 [ /K A 25 R o0 R RN 45 M4 T Y
IRA: SR (£ 3) . 45 WN,1997—2014 4E[A] B 1998 4F /K A= 25 IR BE N 1 Ab, oA AR K 2B 25
SEIBREEY S T 1, b 2011 AR KA SR TR B R 2] 2,13, ST I N 4 /K A 2 2 i R B e KA,

AT K AR S R TR BE AR 22 50K, B AR 1 Pl g 1) b3 38 5 P28k A A R i I T 2 b 34 K AR SR
ERRAY 14 B TTHFFTHI N 2K A A5 R R B R 1, fh 2 A 72 A i FH KO 35 B2 3 FH K R A7 B A K AR S
JE IR R A Ve 1 b DX B T b [ A Dy i DX, R B B L S LR TR DA ORI
MR A T Hh DX R K ARG TR O B DX 2 G AR PG L AR S R R | BT ek v
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TG DAY AN VE L, S 30 e XK BEIR R B AR 52 4 5, R /K B R A T R A H™ 8, Sk AR S
JE 0 VR e ) T IR EL A ) 308,12,
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Table 3 Water ecological footprint size all provinces in China

ﬁin 1998 4 2000 4F 2002 4F 2004 4F 2006 4F 2008 4F 2010 4F 2012 4E 2014 4 Aifge
Jea 189.53 35.64 36.17 57.11 61.08 146.68 66.80 195.64 51.68 70.79
Kt 34.48 1.85 2.51 36.19 18.06 59.18 14.96 191.74 22.97 23.75
Tt 379.47 233.73 83.25 266.95 129.29 290.87 216.56 622.49 126.56 222.40
17 126.96 90.67 83.55 115.31 105.58 102.93 112.93 152.11 166.01 121.62
ZESn 2429.16 248.38 180.34 348.29 307.66 308.88 274.56 473.53 526.05 432.43
o7 2350.46 273.02 318.10 1180.65 988.40 1023.81  5325.48 4334.14 308.01 1235.40
K 2225.32  3620.45 1526.98 1177.11 1404.76 1238.17  5296.79 2381.81 1051.83 1803.89
IR 4616.42  5693.47 1852.84 1969.06  2453.33 988.24  3372.62 3277.90  4128.54 3001.84
st 588.51 313.85 704.83 207.23 253.72 454.65 449.99 381.66 736.74 415.49
95 5198.29  3796.95 1481.94 859.58 3377.27 2950.71 . 3037.62 2878.23 4 3292.62 3153.16
T 7304.18  6532.35 6190.02 6205.78 6685.60 6561.32  6573.72 6879.93  6345.67 6632.28
LR 8930.83  6238.95  10267.42 3784.40  5087.83 7383.38  12205.71 7419.32  9150.51 7732.07
Cinyes 567425  5111.96  5270.90  5334.62  5624.22 568036 5999.84 6397.25  6709.04 5730.89
i} 7268.94  7143.08 7021.59  7471.81 8151.58 8625.57.  8753.25 942271 10472.17 8285.33
IIFR 2228.86 872.62 132.21 1641.69 534.00 1452.26  1284.43 1011.34 296.01 1117.76
g 4184.57  5722.98 1279.59 2102.58 1316.91 1753.43  3638.89 896.79  1021.50 1916.43
Wi 10468.44  9347.47 9119.94  8935.48  4634.60  10337.97  11122.02 7502.45  9467.96  10125.28
L] 11882.63  11208.44  10946.93  11689.13 {12055.75  12188.01  12755.03  13436.54 12506.18  12084.79
IR 13133.46  12700.64  12660.94  13241.64  13596.01  13109.17  14289.18  15370.69  17056.55  13944.46
] 8627.87  7887.73 7954.09  7649.87 8355.52 8034.75  8680.56 9177.70  11749.75 8682.52
lGT] 1149.81  1310.70 1468.98 1379.72 1520.32 1645.95  1716.20 1939.61  2059.80 1555.71
EiV;S 4966.88  4373.04  4377.30" .4688.75 3696.01 5094.25  5455.48 5223.56  5247.95 4911.56
pu)i 15101.94 1441540  14170.04.. 1459778  14470.66 1478225 15783.96  16055.17 1285231  14989.84
| 5016.91  5035.08 5027.65 5322.82  5385.54 5248.55 507291 4822.48  4881.11 5066.43
P 5204.91  5419.56  5433.04  5643.50  6209.09 6587.04  6803.40 7548.69  6484.06 6097.80
T 534.65 573.99 613.03 595.68 651.65 737.92 650.45 653.94 657.69 625.93
5] 1666.49 ' 1287.94 667.98 980.48 777.38 946.49  2637.83 1561.70  1266.10 1395.40
H 227.84 187.03 119.32 156.75 180.68 186.43 245.69 377.89 208.73 238.32
T it 867.91 723.18 809.86 812.14 879.34 925.16 851.53 813.02 587.16 841.86
TH 5.12 1.99 6.61 3.94 4.56 3.43 3.53 4.74 4.14 4.00
s 1224.06°  1110.32 1457.46 936.56 1162.75 851.45  1586.00 1038.23 676.33 1080.45
4 H

209616.39 7 170252.94  177149.25 129454.47 142636.56  167319.77 212350.49  193829.41 165282.27 166745.58

National total

F4 PEZSETKESBTRES R
Table 4 Water ecological footprint depth of all provinces in China

HBIX Region 1998 4 2000 4F 2002 4F 2004 4F 2006 4F: 2008 4% 2010 4F 2012 4F 2014 4F P Average

dent 8.20 43.32 41.06 26.61 27.53 12.09 27.59 9.96 39.17 23.99
KHE 31.68 522.18 412.28 29.11 64.34 19.88 88.00 7.33 63.57 49.51
L 27.82 41.39 117.67 38.57 90.98 42.36 57.70 22.26 108.58 51.80
17y 34.65 43.06 49.26 37.08 41.21 39.45 37.93 33.66 27.89 34.65
S 2.09 17.96 27.68 18.21 26.92 30.05 34.85 21.31 15.33 16.81
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HiIX. Region 1998 4F 2000 4 2002 4% 2004 4F 2006 4 2008 4 2010 4F 2012 4F 2014 4 FHJ Average
o7 2.90 19.37 18.50 5.48 6.92 7.25 1.41 1.87 25.10 5.54
bk 2.24 1.16 3.37 4.62 4.16 4.80 1.18 2.82 6.46 3.08
2T 2.34 1.75 5.80 5.73 5.12 14.27 4.55 4.88 2.93 4.16
[ 4.96 8.94 4.05 13.79 12.31 7.07 7.48 8.83 431 7.51
i 2.61 3.13 8.04 13.88 3.99 4.63 4.56 4,98 5.68 431
Wit 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LB 1.12 1.53 1.05 2.75 2.23 1.58 1.00 1.76 1.35 1.44
At 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
paNi) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
IIZR 6.48 16.40 100.32 8.43 28.75 10.79 12.85 16.97 72.52 14.09
R 3.16 2.34 11.42 6.77 12.40 9.84 5.09 21.22 16,58 8.24
il 1.00 1.00 1.00 1.00 2.17 1.00 1.00 1.54 1.05 1.00
Wir 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
IR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
] 1.00 1.00 1.00 1.00 1.00 1.00 1400 1.00 1.00 1.00
i3] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
G 1.00 1.00 1.00 1.00 1.21 1.00 1.00 1.00 1.00 1.00
pu)i| 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
| 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
g 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(S 3.28 3.81 7.29 5.60 7.90 6.83 2.65 4.91 6.87 4.40
A 14.62 15.72 26.55 20.02 19.80 19.87 16.21 11.55 16.67 14.56
Hifg 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
TH 175.65 431.08 144.63 243.63 254.04 394.84 421.15 339.59 500.90 308.12
B 2.60 2.92 2.48 3.84 3.68 5.33 3.42 5.80 10.24 4.07
£l

. 1.00 1.15 1.13 1.60 1.58 1.39 1.16 1.34 1.56 1.35
National total

3 ZERE

A SRR TN 5] TN s R A TE A T RIS A SO K AR S R T B SR R T2 SR
AR XTEL, I X G5 AT 4 Jmy R ey 38 2 T AH DG 20 A o BORHRICRT ARSI ER A =2 1] Y 22 B (S8t s 44 o
TNz ol B A TR 43
3.1 &Jm AT

FEMFIRIRARZS ) B SR B Y 25 5] A AH OC R, A SCEERE 42 JR) Moran's F8EU/EHE— 20 B 43 AT F 5%
1997—2014 4F[H] rh E K A A 2 ) BE 42 Jm) Moran's F8 80 B 45 R 403k 4 FoR IR 2 e, fk5, b
Bl A5 ARy (R K AR 25 308 ) B 42 JR) Moran’s 8 8ES ST Z (HI KT 0.05 Ei5/KF T AIGSHE(1.96) , H
BB R  BETEA AR 35 H I IE AR G, A AR M XK A 25 0 ) 45 8 i 48 T R A i 2 Hh 8
AN IR B GE  K A S Al T B A v A8 3 EARARAIE , /K AR S Al | BE AR IR 9 48 13t F AR AR

1997—2014 4F 1] H [ 7K A8 25 2 3 VR BE 42 JR) Moran's 38BN B 45 AN3E 5 Fin B8R L i shka s, HEDK
A SRR E 42 JR) Moran's F8EUMIEAS ST Z (K TE 0.05 BRI AE (1.96) , thE &
B 7K AR 25 IR BEE A A A0 247 HH B IE A 5%, 33X 100 I A 408 1t 1X 7K A 285 3B % R 4 vy ) DX S RM 5 R Ay X 32
PUAHNT AL RIS, /K AR 2 R S TR B2 A e i A8 T AR, K AR 28 R il TR B AR A A4 T R
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£S5 HEZFEHKRESRE ELBBEX Moran's 55

Table 5 The global spatial auto correlation index of water ecological footprint size in China

Y Year Moran's 1 Z(I) P Ay Year Moran's 1 Z(I) P
1997 0.5259 4.5436 0.0000 2006 0.5500 4.7389 0.0000
1998 0.3851 3.4017 0.0003 2007 0.5630 4.8449 0.0000
1999 0.5795 4.9803 0.0000 2008 0.5319 4.5938 0.0000
2000 0.4681 4.0756 0.0000 2009 0.5278 4.5595 0.0000
2001 0.5863 5.0345 0.0000 2010 0.4699 4.0890 0.0000
2002 0.5966 5.1168 0.0000 2011 0.4463 3.8981 0.0000
2003 0.4393 3.8395 0.0001 2012 0.4270 3.7431 0.0001
2004 0.5125 4.4345 0.0000 2013 0.4572 3.9865 0.0000
2005 0.4475 3.9082 0.0000 2014 0.5752 4.9432 0.0000

3.2 KA R R A [ A S A pr

42 Jr) Moran's F8 AT LLFY A5 DX 358, A ORI (1 11 2R A2 A0 B3CREAE , (AN R W A 2 31 1R Ay e L A g 3
] 5 AL, BB BURI T Moran's 8 BCRBFFEH E &S K AR R ) R Bl R M S . AR
MATLAB #A A T E 31 DA KA R BER#E Moran’s 5 1, 15 1 #5411 2 [H) 52 R AT O, I8
T 1997 - 2014 AR E K AE S R 90T BE LISA SRR ML, a8l 2 s, KA S R i) FE v s 2 5 (H-H)
SRR (L-L) X5 2 | s IR 2R (H-L) SRR R (L-H )30 KA D o [k A= 25 Rl | AR 25 (8]
ARG A PR /K GER I i A 5 AR B0 A7 78 B I 0 ] DRIk

19974

>z

]

EEpe ' .
[ | H-HEER g /
[ H-LA%

I L-HEER \ ¥e )
Bl L LR

0 750  1500km PRI
| S

2 HEZEMKRESEE EH LISA £

Fig.2 LISA cluster map of the water ecological footprint size in China

(L) KA ) B H-H 4R HIX

Pl 2 w0 KA S ) BERA E AR H-H 2R 14 DA T 0B TT IR WL 2880 Ase 7T e 9
B AR TP e R DU SR R, R ARV R R AR R I X, B2 FE KRR X LA T
IR K AR TR, BRYLIN R R A, HoAx A T 18 A 17K A28 b P HE R TR A SR 0 F 3 E )
B, Bt N TR 2255 R, FK st RK AR 2SR ) B R B AT vl AR A /K AR R8T BRI | iX s i
7K GEUR T 1 BT AR W] LA R 8 DAL S AR TS AR oK . R RORIVE IR AL TR BEUR i E %D i ad P IX , H A K
W R R SR K SR IR A SRR IR R /IR FE K K, R B VR R AR B o 4 L S A
FEL Ml DX K AR 2 ) 8 H-H SR
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(2) KA R BE H-L R X

FRIRVTRE AR AES ) B H-L AR H0IX, DR R LK A 3l R TR [ 31 M4y
BRI, BIRTT K SRR AR 722 , AR S IR R I 2000m’ , Bl A 138K N2 5 4 Ji  FE/K IRt TE 12 473
I AERFRCREAR Y RO FE R AR, S BCHK A 25 L I A v, DT AF A K A 25 L T 2 et T TR)A4F 7K
AEBIRET ) SHARBITE MRS K B IR AR Sk, W48 T 9 D3 A 7K A A5 R i A T [R)AR i 7K AR AR
7 PR KA ) BERARR AT 5 PR VT i {5 ] T DX iR A 285 ) B H-L AR 2R

(3) KAL) L-H R H X

B VR A XS E AR K AR AS )T RE L-H AR R M IX PO R Y K B R T (H 2 T K REAT X i
Je , N BRI, KA S Rl BB/, K AR R I F A AR E O BB, 5 HARSR A 1Y 1A 2 R Hb X K
AR SRR RE A AT 5 PO AL TR DR, A7 L-H R, BRI R K SR ABCR, (H B ™K X sl
FRAAXS /N KA SRR, [RI A F g v N 10 %8 B de K ML DX, 8 Tk 3k, WK B8 I A 75 SR L
FERLAR LA KA A R O et /K AR SR 3R ) B 5 R B XSO B L-H AR5

(4) KAL) L-L 42 R H X

At K b ps S LT RS BRPE CHOR TR B 11 D RGeS R L-L
FERMIX X T AL T EAC 7 H X RTPGAC B 1K, 32 SRR 7K et FH 4R B il PG b 3o Dol 42 T 3
S R A EOK X KBRS AR N BRSSP 11 A K BRI S e E Y 10.75%
E TR T 4 FE AR = BE A 28.81% , A LB 4 R 309% , 7K 9 PR 52 MU I 11 BLASE Al A DT I, (45 7K
PEUR T FEA L™ HE K R VR R AN SE 4 i 5 VS b M KRR NG g R R, SRR RE K R
HE— 2L IR T ARG IR B, S ZOE B T K ARSI B L-LEESR,

TN K AE S RV B L-H ERXEART LLERK, WAL TRAESER)E H-L 4
B3 L-L AR EMX, 52 WA, 5 ARAHLEIYIET 2014 4EK A Rl FERL 1997 44 KR BERE
fi%, SR L-H RN L-L AR, FRA T FIAE K i & Wb, /K S8R s R, B 1997 4E46, DT 4F
ARSI F oK A SRR T, K GRS 0 A A, AU R JRMIXTE J5 , N3 3k, i &
T8 18 AP P34 7K 0 Ak 4 ) i (I, AR AR B VD1 BT P M IX. 2014 (7K AR BE3E 1997 4E A BT T
R, O AR DX IO A R, K AR R0 B 5 8 Bl Xl L-H ERVEA L-L R,

3.3 KA IR R A [H) A AHSC T

AR SCHE 4 SR AR M R 3l | | SR BRURIHS Moran's 8 BCIRBIFE Hh 4548 T 7K AR 25 2 308 TR B 2 5 A7 AE JR)
TREERIG . FIH MATLAB 3545 1 T E 31 A8 T K A2 R IR B JR) i Moran's $8 %4, 15 8458 Th
ARG O, AN 1997 4FF0 2014 47 rp [E K AR S R B URBE LISA SRR MRl Wikl 3 s, KA 2 R i I
FE R AR (H-H) SIEER (L-L) X2, S ER (H-L) S8 HER (L-H) #h XA 2B E K
AR EAEES MR G 48 PRk SR A7 5 DR AR o IS OO AEAE B S A 23 ) DG I

Fx6 PEZBETKESRITRELFBBEHEX Moran's 152

Table 6 The global spatial auto correlation index of water ecological footprint depth in China

4EAy Year Moran's [ Z(I) P FAy Year Moran's 1 Z(I) P
1997 0.6358 5.4333 0.0000 2006 0.6750 5.7506 0.0000
1998 0.4504 3.9312 0.0000 2007 0.6738 5.7426 0.0000
1999 0.6696 5.7096 0.0000 2008 0.6365 5.4413 0.0000
2000 0.5490 4.7309 0.0000 2009 0.6314 5.3994 0.0000
2001 0.7057 6.0007 0.0000 2010 0.5518 4.7530 0.0000
2002 0.6776 5.7720 0.0000 2011 0.5537 4.7685 0.0000
2003 0.5324 4.5942 0.0000 2012 0.5274 4.5562 0.0000
2004 0.6244 5.3409 0.0000 2013 0.5443 4.6919 0.0000
2005 0.5411 4.6666 0.0000 2014 0.6287 5.3760 0.0000
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(1) KA R H-H R H X

et R b P S LT AR R BRPE CH O T 1 AN T K AR A R TR B AR AR
H-H SR M X, FB oA 7E A6 A BT 0T LA S AT Il ik, 52 04 RN R K R 35 R ) 36 2 b [X 2 o [ 32 22
FIBIK B IX , 7K B IR I B WA 5 4 i . BCERERRL TR P ARG Tl XY L AR YT g ) v A G A
Ml AR 0 sk el XN 19 B i, b K TR B =, 3540 T SR R A 7 A T RO R R R R M R K Y
T PR L™ B (R KGRI AR BE N T 2R R 55 7 R 1) AN D 2 3 K 9 VA7 ek B AR T 1 2 B i
sLLPG  PNSE BV CHO T R X AR R RN AR A2 S AR K S5 e, m R A 7K 9 s
AAE D TR K IR A FHACRARAR , S BOK SR A7 i P A T FE ™

(2) KA R H-L £ R HIX

KA BRI R H-L LR X2 — AR R X, b T — R X 148 A xR A 9F 1997 4FF1
2014 FEA B IIFEELE H-L R X 05 E 448 AR ARG B9 /K 8 IR E RS T A 56, 1997 4F L b
FACES LR H-L SR, 2014 47T FUHT AL T /K A= 25 30 VR BE H-L 42 R M DX oK AR 25 2 il PR
H-L R M X 240 F H-H R XA L-L R X A1 X, 5) 323X A K800 52,

20144

>

= 45 = .
B o j /
[ | HHER a3, "
. [ HLEER N R s
" [ L-HER %
) Lr g ie / . L'L%% ) L g ier /

23T 0 750 1500km a5

B3 FEANSETKESEERERN LISA £85 7
Fig.3 LISA cluster map of the water ecological footprint depth in China

(3) KA R L-H £ R X

SRR R T KA SR E L-H SRR MK, SETp VT A /K BV AR X 78 K2, (AL T b RE K AR,
PSR AR ASAR A A TR R BE 0 T E T /K B URA7 2 W2 AR, 1997 AF 1 2014 4F (1 7K A 25 J2 300 VR B 43 4
3.45 1 2.93, (HEARE T 5 HABLBI 5t R RLAR B (B 12.52 15.33) I AR (X R AR A3 (B R 6.07 ,6.46)
Rk, HK A 75 TR BE A TFAIRAEL X, 55 ] Pl XS g L-H AR5,

(4) KA R L-L B R M X

WL LR s TIVE EIAE e AR P RS R DU SN m PR T 1S A TR AR
JERE R ETE L-L A RHIX SR T oK B U5 AR K 78 I (R X, BRI , iR i e o
WP K AR 2SR I VR BE AN 1, K SRR L e W AR AT LA J2 24 Ak 7= AR 0 i R K F5 R P RV 26 5 &3
18 T AR FEZR BT N ERUE RN FH /K RORA — 2 1925 31, (R4S 25 1 AE X 78 J2 19 7K %% U5 it BRI T K 75 oK 4k ¢
FEK BB R AR Z N, RN HIAF AR, PEIRCAI T I T 38 R, D MU /N | b/ B R 14 1R 0 A
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XA, 7K B8 I o A RV A) i PR T oK

BRI K A ZS LI TR N 1997 4RI L-L 295 AF] 2014 4R H-L 828, 25 R B DKk 1
BRI AR IR R T KA S TR S U Bl b T B A7 PR AR I T AR H B MO L-L AR RS A HA-L 4R
B VLKA R VRt H-H R IEA R H-L R X, R r /KA 285 R R i H-L 2R EAH] L-
L AR IHIL DX, AT AN 1538 R 1, B A A, AR 28 i R B T L-L A2 SR X 3] H-H 4 3R X P
BAAEDYITEFE T A FAREE (K SERAF R A (B TH 2014 4R A9 K AR 25 I VR BE AL 1997 4R AH HL 34 K
MR BE R, T 5 VT IR AI 2 A e B 2014 AT /K AR 75 R s TR 45 1997 AT ABAT T AR, 5T 5 A 7K A 25 L adblgt g
A H-H R H-L 4R, BigH H-LERE N L-LER,

4 ZHie

A5 38 0] T A B K AR S R B TR BN AR S A T K AR R AR U KRS TR )T R
VREEVEAT T IS XS5 R IEAT T o fiE . 255 B .

(1)1997—2014 4F, P A K A 8 R 0 SR 1 52 b a3 s e K AR A8 R i b RO T, 7K 26 28 R 98/ L%
AL Th KBRS R AR Y K A SRR T A2 AR PR K B R AR S K A A A T SR
A T B 7K AR SRR ) 28 AR, 45 7 L KO0 R e 1] 3 Dk 1 43 A AR A — 350

(2)1997—2014 4, P E 7K A R 38 BE SR S ka3 B 1998 4F Z 4K, AN AR5y i /K BEUR It 1 BE AR
Ppise 4 i, AR A L, 45 T K AR S T B R 2600 B A - P e I b,

(3)1997—2014 4, H [ i 7K AR 25 2 3 TR S 0 8 b Ttk 34, 535 1998 AR A1, AR 1 /K 2B 2685 FE 0 IR
FEXIE T 1, T2 S A R AR R KT oK, FE A IR, e b XA K AR 2 R R R B /DN, A T i DX U AH
X, o 14 AT 18 AR K AR 25 R B D1, 3 845 T K B U5 B AR T DA A 2 A 4 FH K
TR, TR R R R, 55 308.12,

(4) {5 Bhzs ] B A x4 31 ANE T ISR AK AR 25 30 ) B S5 VR BE R A 7 4 [H] SC KRR AE A A 6 A
HE KRS R B SR AR R A S R 4 . Horh KAEZS R IR B H-H AR R IX F 2 e
[ R 7 i IX H-L AR R XA 45 B e VL, L-L B8 3R X A v e v [E AR AP b IX | L-H AR R XA R e, &
BLALHG AP ; K AR S R R H-H SR X A R e E AL X, L-H-E R XA eV, L-L 4 5
X AP E R X H-DAER KB AR S, WA — M T RE T H-L R X, KRI85 R 2
KA ZS L) B 5 1 LISA S R L T84 74347

M TR FE = 44 T 0 FERE K AR R B 5 TR BE A A N AR AR AR SR e e i) [l 8, LAk, 1998
AF R ] K AR S BT M AR K AR SRR, HOK ARSI REE A | HZ A p AR & TR K, 24
BT RZ T AN RR EE 07 0 L 45 A 0 L J5ORI FH AT BEAFAE A R 25 57, b /K A 03 7K 9 TR o 9 A ] BB
BUARA ROF 0
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