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Spatial and temporal evolution characteristics of groundwater mining in China from 2000 to 2020/ XU Lili'*, SHU
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University , Nanjing 210098, China; 2. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering,
Hohai University, Nanjing 210098, China; 3. Hydrology and Water Resources Department, Nanjing Hydraulic Research
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Abstract: The Mann-Kendall trend test method, gravity center model, and standard deviation ellipse method were used to
study the temporal variation characteristics, spatial distribution characteristics, and the evolution process of gravity center
migration of groundwater mining in China from 2000 to 2020. The results indicate that since the 21st century, the amount of
groundwater mining in China has shown a fluctuating decreasing trend on the whole, with an average annual decay rate of
0.83% . Under the influences of strict groundwater mining management, comprehensive control of groundwater overmining,
and the South-to-North Water Diversion Project, the amount of groundwater mining in North China has been reduced. Due
to the development of agricultural economy in Heilongjiang Province and Xinjiang Uygur Autonomous Region, the amounts
of groundwater mining in northeast and northwest regions have increased significantly. The gravity center of groundwater
mining is mainly distributed in the junction of Hebei Province, Shanxi Province, and Inner Mongolia Municipality, and has
a tendency to move to the northwest. The spatial distribution pattern of groundwater mining has gradually deflected from
northeast-southwest direction to east-west direction, with more significant directional trend.
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Fig.1 Amount of groundwater mining and groundwater

supply proportion from 2000 to 2020
K I g K AL JE TR, &R KO JE 4R B H
T2 FELIYIA], T R R T — 2 545 it i e o
KT RAG A B 140 4 N K HE T R AR AR
FERNE K ), A0 A R 9 G 22 3 0 DL KA S 1)
7R, A4 M T F A8 T T X R KR
HEATATEUE R, R T /K SR A0 8 B2 A B Y 29
PRAPASEInaR , B 2002 458 F7K4F 2003 4FFFEK &
Fow AR 2210 3% R UK JT R B AE 2001—2003
AEA R D, H TR E b bl XK B R R A
BEL, Hb T ZK T 2 A S B 83 i 5 = J2 % 1) KR AR
S0, B G it — 20 R KGR T SR AT Rp 23
hn, T 7K HE SR MEJE R, 2003 4F J5 # R 7K 3% T
BEARHTEE AN, 2012 AF3AF 1134.3 /2 m® P HE K H)
T 2011 ARG B R R K R X 8 300 £
ARG 19 7 km® "B HRETRGE 7.2 7 km®,
B X6l 1 K™ R R SR T [ 55 B 2012 AR R AR T
(T IAT I ™ R 7K B 545 B ] B (R 0L Y | 5 Ak K
PEURAER KRR A ;2014 423 H L 2T
B AR LA H e I 28 5 R 2 X AR X
H R AR SR 25 AR B Y TR SR 8, DR R SR BRI
SR DX R K BRI A& T KBRS A
R ACGHERIG L, A, M KL AR 2 — I TR T
2013 4F 11 1 15 Bk, P T 2014 4612 A 12 H
STHTERE A K, 22 1 3R A 5 30 T K B R 5K
T, B2 T U b IX /KBS VR AR )R, R G2 fif kb
TR B T K PR R A KRS, AR
Hi T KA BRI B | DX KR R 5 A IR BRI B I
BRI R AR IR, R E 2012 4FJ5 i HL R K IF
KA N
M T ALK G R, TR EHL R KK & L
FEPRAFREAGE S B S R K, 2000—2020 4R, 3
B B AR R K SR B, I 22 b2 D) b
FEIRHEAR AR T AR ALK, R KA K S L
2001 “F-de i 20. 03% k> E] 2020 4114 15.35% .,



T EAS A b X Hb B KR 22 AR K, &R
1 AT UL, B 5 bl X R T b R OK SRR =5, i K I
KEHB D, EEB X N KAFRE S 2EB
3.58% ,PEEg ML IX AN (5 2. 69% , b 77 Hi X H1 /K
PR 7 H X Y 6. 42 i, R AE L L X R
JKIT At 5 2 Y 40. 65% , AL HLIX (5 22.70% ,
PO X (523, 17% , J6 77 Hb DX i K I 2 A1) 1] 8
HZ I, ARGHE A MK B350 % =T 4L
PUAL AR = K S X A R K TR AR AL i 3
£1 B 20002020 EEHMTAFRE
Table 1 Average annual amount of groundwater mining

in various regions from 2000 to 2020

X AERHE T KA R/ m? || X AR KR A/ m?
ek 429.40 e/ 37.79
pinal 239.83 fiif] 28.45
R 76.16 [iii[ 244.76

L XK [R] s BEAE 43R K IR i Fl MK #4
FHRGE AR AR 2 s, ARALHLIX 2000—2020 4F
FEIHL TR K TR H 239. 83 /2 m®, Hoh TR 0
K E H X S B I, & R e X T R & i
56.87% ,iL T 1 Mo o5 25. 86% F 17.27%
Rt Hb X M K TF SR 57 51 MK 350K 56 {8k
2.60,i 3L T 0.01 g FVEAKEA L, FF R m R 2
PIE 2 A IE A, 2011—2020 4F R /K PR = AH
X 2000—2010 4G T 12, 77% , At HL X M
KT R i B AR AR A 3 R U SR A R
ST T AR & T, MR K T SR 4K
PEdE Hb X 2000—2020 4F 4F ¥ R K FF R &R
244.76 12 m® R K48 9 X 2B, S vh At
M X TR 1Y 36. 07% , HUOR NS, i 34.91% ,
B s A H 29 13.56% 1 10.94% |, H M T H
L2, 19% F1 2. 32% , VEALHb X b F KPR
5] MK B3R IE A 4. 56, 13 T 0.001 K
SR B, 2R BT R R AR 5 IR W 2 A ks
2011—2020 4FH T K FF 2K & AH X T 2000—2010 4F
BINT 21.96% , #Edb#IX 2000—2020 4F4F 44 #y
FAKIF RN 429. 40 12w’ , FF R B R IE HIX
ST Ab TR RN L AR 43 ) A b DT SR Y
33.81% .29.17% H1 22. 66% , 11 74 b 5T A1 K H AL
Hi8.01% 4.97% F11.38% , AEJLHBIX Hb 7K FF2R
P MK B EAE R - 5. 65,14 T 0.001
EMEKOF R, 2 B IR IR S 0 I 25/ 1
#,2011—2020 4FEH T ZKHF K 1 AH XS T 2000—2010
P T 17.63% , AL IX A AR K AL TE TR
FFAZIK X, 2011—2020 4F f T H 2 K P59 4 72,
Xof Hh R K SR

R2 ERMRARERRESMTAARER
MK #EZ0EER
Table 2 Average annual amount of groundwater mining

and MK trend test results in different periods in key regions

AR R R R /AL m?
X MK K56 {4
2000—2010 4F 2011—2020 4F
At 226.08 254.95 2.60"*
(L[4 221.58 270.25 4.56% "
4t 468.75 386.12 -5.65%*"

VE: T Rt 0.01 B EHOK T MAUR KR, * T FoRilad
0. 001 2 7K I SR AG 56
3.2 HEEHRLEHTKIF RSB S HIFE

HE 1 ATLLUE 2003 4F 1 2012 4F 2 3% [ b
TFAKFERASAEE N I B A P AT R A A R IX
2000—2020 4FHb T /K IF R 5751 MK 28 748 46 56 25
IR,2003 4 4 N8 YK LT K IR AS AR ) 98 A8
IFIA] 0, 2012 AFJ& 5 A48 GIX 1 98 722 B[] A5, 2003
AEFN 2012 4F 2 T [ R 2K JF R 28 28 IX ek A 2 1Y)
WIAE, N T 5F 2 A 3 R 7K JF SR 25 ) 43 A3 PR
XF 2020 44 [ LT K IR (1 45 18] 43 A6 R AE E AT
I3

MR 44 901X 2003 4F 2012 4F 2020 4F4F K
FERALGORHZ: ] T WARLAEA 42 [F b N K FF R 25 8]
A3 IR 2 R ES8 GS(2020)4619) IR,
PET T >R FH BB BIL A B0 O3 A1 B B 2548 2 IX Ml T 7K I F %
1 AR 0.5 12 mP H T KR & 2T 550 A
B E RAE ARG T K TFSRABER, 21 55 53 A7 i 2%
S PR TR M R KT SR B A, R i85 0
INEAAT AR E AR RN, IR 2 LU 3
A 13 = b 5 i DX R K IR £ 45 (] 40 A 25 S48
K AEWFFE A e A T 4ok W 78 Ak 5 e s X b
TKIF RS o AT B A 5] A X IR K I
SR 2R 25 10 m® Z 0, H.25 (8] 43 A 7R A58 3 ]
AN,

2003 4 J& 2000—2020 4F-F8 [F #b T /K IR 5t/
W Sk F1 S SEHE K () 5 47 13,2003 4F 4 [E i T
IKFFRAE R 1018.4 42 m*, MK 2(a) ATLLF
2003 4 R KPR EHE T 100 12 m® 1948 9% XA
A6 AR R YRR X, e Ak, db st I ]
At L AR AT F b K I RAE AR R HUOE R e
LRI 77,

2012 AEFREHL K IR INE 1134.3 /2 m’,
ME 2(b) °] LLE H 2012 4538 [ b F K IF %5
i 100 12 m’ (A G XA L RS R IE VT HUHT
2003 FLUG , FRZE XL X RSB & T — R 5
RERIATE MR K B IR R AP B BOR AR, DL ik T
JKITRAE T, Ht, 5 2003 4EAH L, At HbIX ATt



0 1250 2500 km

)

(a) 2003 4F

0 1250 2500 km

> 7

(b) 2012 4

0 1250 2500 km

>z

5l
— BRI
O BRI X
R IKFF R ML m? .
0~25 . >75~100 &
m>25~50  mm>100~125 o o
>50~75 125 b ” 3

(¢) 2020 4F
2 £EMTAFREZESH
Fig.2 Spatial distributions of amount of

groundwater mining in China

g A HL N K IR SR A Bk b, o I AR
IKIF AR F] 100 12 m® LN, (HG TSR, 5
2003 4FEAH L, B i AN 2R R VT M R K R 2 G 4
T, I VUSRI K % s A S it A4 20, S e B
T BRI 4, 2010 A7 I 7K & 7 K i
(4991.3% )| 7K 45 ¥4 30 % 1685 (i 558 b R 7K FF
R AlEE R ) 2003 4R 53. 1 42 m® B hnE|
2012 4EA9 110.9 12 m’ . BIRVLAL S LR AR

AP 2855 AN W & J', 2000 4 LA JE 7K T R K i B
T, AR LA U K 5 BT R K
FER ARG INE] 100 12 m* 2L L,

2020 44 LN KR EE R 892. 4 12 m* . A
Bl 2(c) Al LAE H,2020 43 [ b T K I R
100 A2 m® (B G XA R il /e RIE VL AUR 8, AH 3L
T 2012 4F,2020 454 [ 1T 7K R 3 KA s
A 3R TR TR D R KGR R R T A Y
BB 1T K FF R B WAL , S ™ A 7K B I
PR BE T 4R S0, TR R A b T K IR A5 H R
I, At DXCHE R KR SR 25 BT BRERAS W iRk,
BEAI, FE 7K A6 TR TR A 3 K Ry b Ty H X R TR
PRI AR XA REe b JTrg AR i
FAKIFR B S R
3.3 FEMTAKFREOCERETHE

R 40 T ) 458 0 XM K R B 5, d2
RS RURIARE 25 10 B 2 H 58 7 M AUAE {7y (2003 4F
2012 42020 4) Hb T K FF R O SO sh Lk,
SRR ULIE 3, NI 3 ATLLE B E R KR E
O FBBA AR AR AL | PR P 52 s AL LT
112°E ~ 115°E 38°N ~40°N ZJf]

N 0 1200 2400 km // 20204F

A \.20124P

Y

20034

Pl ﬁ
— HHRXHR Sl T
—y C Fr
FFREL FEEME ‘ Jnl |
* 2003 3 2003 Mo L S oo
¢ 2012 2012 l_g;%’
* 2020 2020 b g s

B3 ANFEGRLETKFREDLSHRBEIHHIT
Fig.3 Distributions and movement trajectory of gravity

center of groundwater mining in typical years

2003 473 [ 1 T K T 2R O TR b PG
AL, 2003—2012 4FJF R 8048 Y AL J5 10 7% 3l
123.81 km, B R INPUZRILE, Z )5, MR KT R E
D AREE P E T A2, 2020 AERS R ILPEILER S
S T4 B E T 123,61 km, FMLAT WIREHL T
KT R BRI RS i — A AU B 5 8 F S
) AL [ A s R, 21 20 DK 78 A 14 1
TARTFRAGH T K R £ 45 16 B g 7K AL T
FERYSZE T, At DX T K TFoR A% LTI, T8
AN R VR T RE R A R TR XoF Ml T K A R K
L PR MR B I 3, VU ERAIAL M R KT R AR

.83 .



ST E R K TSR O AT 1 PG A O e S Y
k08

R T 25 M A5 B RLARE (5 W T K TR 43 8] 4
A7 T R O, A A T R [R)AF 0 R K IR
25 [ AR AR IE2ZE R R (11 3 ), FREIH T /KR
V) A A o 206 180 6 1) P b O B8 ) 2o 2 e, L 1)
FE I 2R A & A2 T A8 4k, 2003 4 ik 22 1 R
AR 4 57°, KAl T AR db—Pa a7 1, KB R
1140. 11 km, B304 T AR p—oad0 J5 ), K B2
879. 67 km , #15 J & J9 0. 23, P41 2003 4EFR E b F
IKTFRZS [0 3 A b Jry 76 45 7 ] L85k B, 24y
AFEARIL—PERI 7 1], T 2020 4F A e 22 1 8 5 17
K I R AR AR —PE Jy 1, K 1 488. 26 km,
JERN EE R 932. 49 km M B e 383G 0k 0. 37, KBk
2020 AFEH R K ISR 55 6] 43 A 32 B 1) 25— )
£, 52003 AR L, FF 2R 25 8] 40 A () 7 [ f4 #4 0
SRR, PG b DX R T K TR AN T
i, P AL X 5 AR b X A TR 2 22 S s L
i T AR TR 2 8] 2 A AR A — V8 g o) S8 i
HHR—FEIr

4 & ¢

a. 2000—2020 4=FE FE Hh T 7K FF 2R i e AR 5L 8
sl > B AR B I R 0. 83% , Hih,
2001—2003 4EHl T /K PR a2 A /b, 2003 4 )5 I
KA RT3 2012 Ak B 5 B Wi >

b. 3% FE b 77 b X bR 7K R 53 A o) A 22 57
B, R B m kAT E W BN Z L,
2000—2020 4F ARk X | PG b M X AR b T K 5F
KA N 239. 83 2 m* 1 244.76 12 m® , JT R im
Yy 5 TR G 5 0 g i s AR b b IXCAR 34 b K O
KN 429, 4 42w’ TP OR B R R R B 3 0
G

c. WEHTAKIFRELME KIMLT kKRBT
SREEVIMISE | 52 7K 9% 5 A5 HHL B 5 R85 97 dm A K 45 T
FEFEHE A, AEAbH DR B AL R Tk A
AR bR AR FF R A5 DA R J8E: 74 i 3t R KT
KA Hb R KSR £5 A IR B A R K LR TR
AV 5 A5 b i DX RN V8 b i X 4R 7K IR 2 B I 44
ISl 28 55 00 A A O, JUH 5 B8 e VRN i g
AR 1 & A

d. FREH T KIFREO F B e b L7
NS B s SR | BT 75 A0 A AR b X R K F
SR B TR ELOA 10 PE AL 5 I R AL G 3
IRFF R 25 [R) 43 A A% S i 2 AL — P e O ) i i i
IR—PU 7 1), 7 T M A Sl B

S

[ 1] WRAFRE. Hp K SO SR I58 5 ) AT 58 [ M) bt
M2 i RAE 1998 :6-8.

[ 2 ] FAMIGLIETTI J S, FERGUSON G. The hidden crisis
beneath our feet[ J ]. Science,2021,372(6540) :344-345.

[ 3 ] AKFIFAKFIK BRI B 1 S B v K B IR e T &
I A PEOT [ M]. JE5T: F EDRMK L A, 2014,

[ 4] B4R, RaEan, Z2000E, 45, 518 5 22 2 T K BEEIT
W BTTERAE T3 0[] KBRS ,2021,37(6) +60-
66. (ZHAO Zhen,CHEN Huijuan, QIN Guangxiong, et al.
Groundwater resources evaluation and exploitable potential
analysis in Wulan Basin, Qinghai Province [ J ]. Water
Resources Protection,2021,37(6) :60-66. (in Chinese) )

[ 5] Bhxs, 220k, G AR VL. 8 T R 2K 45 0T 2R X /K St
PERPERIZN [T ]. /K B IR, 2020, 36 (2) : 8591,
(LU Wei, LI Zhao, LUO Zujiang. Control effect of
goundwater compression mining on water salinization in
Nantong City [ J ]. Water Resources Protection, 2020, 36
(2) :8591. (in Chinese) )

[ 6] ZE9Eik, /M AL BT 35 R s st /KR 1h 2
B S5 [1].  EKFL 2017 (1):28-30. (LI
Yinglian, WU Bin, DU Mingliang. Ideas and strategies to
govern groundwater overdraft under new situation in
Xinjiang[ J ]. China Water Resources, 2017 (1) ;28-30.
(in Chinese) )

[ 77 K4 R BTV AR IS PR B S IR 9 [ ], KB
{3371, 2022,38 (1) ; 141-146. ( ZHANG Jinliang. Eco-
environment recovery of rivers and lakes in the Yellow
River Basin [ J]. Water Resources Protection, 2022, 38
(1) :141-146. (in Chinese) )

[ 8 ] akds, S5, w2, ARAU LTl B9 DX T 7K
IROTASTE R PN RS0 HT [ 1] T2 241 (A SRR 27
f),2022,50 (1) :21-28. (ZHANG Jing, MA Guihong, GAO
Ya,et al. Analysis on influencing factors of groundwater level
change in typical well irrigation area in piedmont plain of
North China [ J]. Journal of Hohai University ( Natural
Sciences ) ,2022,50(1) :21-28. (in Chinese) )

[ 9] SERFS RULAR, ole, 5. PEAUHh DX b R 7K T 5B 25

AR R RS S B[ J]. KBRS,

2022,38 (1):3442. (SU Xiaoling, CHU Jiangdong,

ZHANG Te, et al. Spatio-temporal evolution trend of

groundwater drought and its dynamic response to

meteorological drought in Northwest China [ J ]. Water

Resources Protection,2022,38(1) :34-42. (in Chinese) )

THNAR , RS Rk A5 TLIR IR T K R &

WAL A A A [T ], KR K o B L Ji, 2021, 41

(6):52-57. (WANG Lijuan, SONG Qiaochu, WU Wei,

—
—_
o

s

et al. Variation law of groundwater depth and



mineralization of coastal tidal flats in Jiangsu Province
[J]. Advances in Science and Technology of Water
Resources ,2021,41(6) :52-57. (in Chinese) )

[11] 25,2 5 %k, 5. Lt Him iR S 3 T K IT R 28
BEAENF L[ )] . F R ALIR S K A RHE ,2017,15(2) 1163~
169. (TIAN Fang,LUO Yong,ZHOU Yi,et al. Contrastive
analysis of spatial-temporal evolution between land
subsidence and groundwater exploitation in Beijing [ J ].
South-to-North Water Transfers and Water Science &
Technology ,2017,15(2) :163-169. (in Chinese) )

[12] BR&, TERIT, 2R, 45, Aedb i DX b R 7K R 4 15K
S BE[T]. KIS KA RHE ,2020,18(2) :191-
198. ( CHEN Fei, DING Yueyuan, LI Yuanyuan, et al.
Practice and consideration of groundwater overexploitation
in North China Plain[ J ]. South-to-North Water Transfers
and Water Science & Technology,2020,18(2) :191-198.
(in Chinese) )

(137 B5W], RN MO, 45, AT oK B IR IR 5 T
IRIF SR A3 M [ 0], 7K SCHB 5t T A% i 5, 2005, 32
(3):70-73. ( CHI Baoming, WANG Zhigang, LIN Lan, et
al. Water resources state and groundwater exploitation in
Songliao Basin [ J ]. Hydrogeology and Engineering
Geology,2005,32(3) :70-73. (in Chinese) )

[14] E5RF  BRfBae e sCi, 55, vh L7 H DX R 7K B8 i
MIEBH Z RSP [T]. FEVE,2007,27(4)
684-689. (WANG Guiling, CHEN Dehua, LIN Wenjing, et
al. Reasonable exploitation and utilization of groundwater
resource in North China[ J]. Journal of Desert Research,
2007,27(4) :684-689. (in Chinese) )

[15] Toe057, 207 R 55 VL s R AT & F
PR RS R 23 L] AR ALK AR L, 2020,38 (5) -
32-34. (DING Yuanfang,LI Yuening, WU Haochen, et al.
Exploitation utilization problem and cause analysis of
groundwater in Xiliaohe River Basin[J]. Water Resources
& Hydropower of Northeast China,2020,38 (5) .32-34.
(in Chinese) )

[16] JEtR, 4, B 815, B 7 M b K I &R AEAER]
RS XA [T ] KR BOR W B, 2021 (12) :62-65.
(TANG Shinan, YANG Yan, YUN Jianwei. Problems and
countermeasures  of  groundwater  development and
utilization in Changjizhou [ J ]. Technical Supervision in
Water Resources,2021(12) :62-65. (in Chinese) )

(177 MRAETIL 3 = 3t T K IF S R IR B A3 A [ 1] 0K
3C,2004,24 (1) :18-21. ( LIN Zuoding. The status and
analysis on the groundwater development and utilization in
Chinal[ J]. Hydrology,2004 ,24 (1) :18-21. (in Chinese) )

[18] /N M K. R b T /K & AR 5 SR 4%t
W], K F], 2010 (13) :38-39. ( WANG Xiaojun,
ZHAO Hui, GENG Zhi. Current groundwater exploitation

situation and protection countermeasure in China[ J]. China

Water Resources,2010(13) :38-39. (in Chinese) )

[19] 23, e, CHEN Xunhong. 26 #8 T /K ¥ T % Fl
FXEHEA3HT 3] K SCHB BT T 4 5, 2016,43 (2) :37-
43. (LI Xuan, SHU Longcang, CHEN Xunhong.
Comparison and analysis of groundwater resources
exploitation and utilization between China and USA[J].
Hydrogeology and Engineering Geology,2016,43(2) :37-
43. (in Chinese) )

[20] MJTHE,HVLE S, 5F b E EE PR P L
HEENZ Y I 2 AR RRAE [ )] R 3E2E R ,2023,60(3)
673-684. (LIU Kailou,DU Jiangxue,MA Changbao,et al.
Spatio-temporal evolution characteristics of soil potassium
in main dry-farming grain arable land of China[J]. Acta
Pedologica Sinica,2023,60(3) :673-684. (in Chinese) )

[21] sk =, EEPK, &H K, 45, 1956—2018 4F H [F {1
PR AL S HASA AR ()] K B2 2E 2020, 31
(2):153-161. (ZHANG Jianyun, WANG Guoging, JIN
Junliang, et al. Evolution and variation characteristics of
the recorded runoff for the major rivers in China during
1956-2018[ J ]. Advances in Water Science,2020,31(2) ;
153-161. (in Chinese) )

[22] Pk 3C, B o2 R, 268, B IS X 1961—2014
AR K I 28 AR AR 2 AT [ 1] K BT AR 37, 2022, 38
(4):56-65. (FU Tiewen, XU Zongxue , CHEN Hao, et al.
Analysis on spatiotemporal evolution characteristics of
precipitation in Guangdong-Hong Kong-Macao Greater Bay
Area from 1961 to 2014 J]. Water Resources Protection,
2022 ,38(4) :56-65. (in Chinese) )

(23] shtibse, BRzsde. AL AL me 2 b i i 9K
FER Ok e vy BRSO [ )] KR K o R4 a0 i, 2022, 42
(3):32-38. (HAN Shiliang, CHEN Tailin. Future power
generation prediction of cascade reservoirs in upper
reaches of the Yellow River under climate change [ J].
Advances in Science and Technology of Water Resources,
2022,42(3) :32-38. (in Chinese) )

[24] SRR, BIEGE, 570, %, ST A b 7K 06 i ) 5 Y
FEAR [T ], 7K B 24 HE g, 2013, 24 (3) : 303-310.
(ZHANG Jianyun, HE Ruimin, QI Jing, et al. A new
perspective on water issues in North China[ J]. Advances
in Water Science,2013,24(3) :303-310. (in Chinese) )

[25] B3 BUAURGETH2 W S TIE AR [ M. 2 Jig. db
ARG, 2007,

[26] PhSRIR, AAREE, EANGE, 5. TMPA TR R K Bdli 1 07
S5 BIE[J]. K241, 2014,46 (10) : 1135-1146.
(SUN Leqiang, HAO Zhenchun, WANG Jiahu, et al.
Assessment and correction of TMPA products 3B42RT and
3B42V6[ J]. Journal of Hydraulic Engineering,2014,46
(10) :1135-1146. (in Chinese) )

(F#%93 W)

-85 .



[26]

[27]

[28]

[29]

[30]

LIN Xiaohu, REN Jie, XU Jingcheng, et al. Prediction of
life cycle carbon emissions of sponge city projects:a case
study in Shanghai, China [ J ]. Sustainability, 2018, 10
(11) :sul0113978

SHAO Weiwei, LIU Jiahong, YANG Zhiyong, et al. Carbon
reduction effects of sponge city construction:a case study
of the city of Xiamen [ J]. Energy Procedia, 2018, 152
1145-1151.

KIM D,PARK T,HYUNK, et al. Life cycle greenhouse-gas
emissions from urban area with low impact development
(LID) [J]. Advances in Environmental Research,2013,
2(4) :279-290.

LIU Jiahong, WANG Jia, DING Xiangyi, et al. Assessing
the mitigation of greenhouse gas emissions from a green
infrastructure-based urban drainage system [ J]. Applied
Energy,2020,278 :115686.

PRI IR TG A5 R T A i R 091 1 1 A0 O
TR RGEBRHEIE [ )], 58 5 AT Rrgl & i 2019,
44 (1). 132-137. (LI Chenlu, ZHENG Tao, PENG
Kaiming, et al. Study on carbon emission of sponge city
stormwater system based on life cycle assessment[ J].
Environment and Sustainable Development,2019,44 (1) .
132-137. (in Chinese) )

[31]

[33]

[34]

[35]

[36]

A N R AN [ £ 55 AR £ i, T 2 3T A e 4
ARIGR ARSEWIT AR R gk (A7) [M]. Jbst.
rp AR Tlk A 2015,

WV R WE . T At 300 5 7K 38 A MR S | A0F 5 Uk R
JEXTBOR AR [T ]. K BEIRAR D, 2018, 34 (2) : 15-21.
(SHANG Haiyang,SONG Nini. Carbon footprint and water
footprint: comparison of concepts, methods, and policy
responses| J ]. Water Resources Protection,2018,34(2) .
15-21. (in Chinese) )

B IE  ARE  EAR AR BT I Y X K
PEACTEEAL R[], K BEIR PR, 2020,36 (4) :47-51.
(HUANG Xianfeng, SHI Zhikang, JIN Guoyu, et al.
Optimal regional water resources allocation model based on
carbon footprint[ J]. Water Resources Protection,2020,36
(4) .47-51. (in Chinese) )

FEMS. EESU A= i Jo S0 A ke PR A v o R
[D]. HiAt: ARF R, 2015.

2R 3% R TR P T A R A 4 ) S LR A -
IR XA B[ D], Jb5t . Jb R4 2013,

P SRR E BT WS e 3 11T 3 -5 O ik s TRl IR
DAy A N i R B [ S S o o U s
#t:,2006.

e

(W B #1.202207-08 4 . AEAKOR)

(E#% 85 W)

[27]

[28]

[29]

[30]

[31]

e de B OCPE. 3T 20 AFR P RN O EH OS5 23 E L
YA Ry HF Fe A [ ], M ERARL2% 2001 ,21(5) :385-
389. ( XU Jianhua, YUE Wenze.

comparative analysis of the population center gravity and

Evolvement and
the economy gravity center in recent twenty years in China
[J]. Scientia Geographica Sinica,2001,21(5) ;385-389.
(in Chinese) )

WONG D W S. Several fundamentals in implementing
spatial statistics in GIS; using centrographic measures as
examples [ J ]. Geographic Information Sciences, 1999, 5
(2):163-174.

KRR, To] LA Ml T 7K SROPR B0 HEAIE R 7K b I S A A
7017, P EKFI,2001 (10) :53-55. (ZHANG Fenglin.
Serious over-abstraction of groundwater in Hebei Province
calls on immediate action of south to north water transfer
[J]. China Water Resources, 2001 ( 10): 53-55. (in
Chinese) )

e N RAEFNECRIES. o EK SR AR (2011) [R].
et sp AR NRILFNE K AR, 2012.

il o [ 50 AT A b T IO R 1% o e — M

[EB/OL]. (2011-11-16) [ 2022-06-12 ].
chinanews. com. e¢n/gn/2011/11-16/3465178. shtml.

https : //www.

[32] XBEAIT. 38 S5t 3ty /K B8 UETT 2 R 0 SR 2 18 0 o3 b

[J]. T8 X 12, 2009, 32 (5) . 647-654. ( DENG
Mingjiang. Current situation and its potential analysis of
exploration and utilization of groundwater resources of
Xinjiang[ J ]. Arid Land Geography, 2009, 32 (5) ; 647-
654. (in Chinese) )

[33] MRZE, M, 2. 3F 20a 2 M % A b b T /K 3 PR AR

(3

4]

fhas [ 7]. N R B, 2013,35 (12) :73-76. (ZHENG
Haoan, WU Bin, LI Shen. Groundwater change tendency in
Hami Basin in the past 20 years[ J]. Yellow River,2013,
35(12) ;73-76. (in Chinese) )

WA ARTHAN , A, 45, = T0F J5U R DX R 7K 3
G e EEE W 0 [T ] KA 5241, 2022, 53
(6) :644-654. (SHU Longcang, XU Lili, YUAN Yajie, et
al. Analysis on variation of groundwater flow field and its
main influencing factors in the typical district of Sanjiang
Plain[ J]. Journal of Hydraulic Engineering,2022,53(6) .
644-654. (in Chinese) )

(Wke B 451:2022-0906  Zikk: k)

.03 .



