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Abstract; China and USA are representatives of developing and developed countries respectively. Both of
them exploited and utilized groundwater at a early time, and have accumulated abundant experiences in the
process. This paper examines the status of exploiting and utilizing groundwater and reveals the law of
groundwater use for many years in China and USA. The results show that the groundwater use is still over 100
billion m’/a in recent years. The groundwater use accounts for about 20% of the total water use, and
approximately 60% is used for agricultural irrigation. The overall trend of three indexes has declined. The
primary factor of groundwater use is the effective irrigated land area among the influencing factors including the
population, per capita GDP and the effective irrigated land area. With the establishment of the water diversion
project, the stress from the groundwater exploitation is released and the groundwater use is reduced. The water
utilization efficiency of China is low, compared with that of USA. More efforts are made to extend the water-
saving technology and strengthen the management of groundwater resources in the future.

Keywords: groundwater resources; exploitation and utilization; China; USA

WS B H: 2015-05-10; &7 B #Y: 2015-07-14

HE4WH: BEXARPEILSTE (41172203, 41201029, 41301017)

E—EE: e (1992-), &, Wi-EMFsRAE, FBMNF K FOKFTEMS . E-mail: michelle - 00@ 163. com
WBIREE: REe (1964-), B, #&F, S, FTENFB T REEFEN SEFMS . E-mail: leshu@ hhu. edu. cn



- 38 - 2Bk, S RS T OKBEIRIT R R TN A B

2016 4F

W A2 B A T L ST Al R B R DA e N
FUECR RT3 n, K SRR R i H 25 5 . oK
SRR GRSy, TR BRI AR A
BWEE K EEEREEEN. eREAKENE, 4
), KEMMNEE, NGZiEg, TR MAKER:
AW HOIT L AT, 20 40 80 4E AR
W], 2R T KIFFREL S 500 x 10° m*/a, Hri
B, oE., HA . BKHE 538 1135 x10° m*/a,
760 x10° m*/a. 138 x 10° m*/a 1 27 x 10° m’/a, %]
20 220k, kM PRI REBEC LML 7 500 x 10°
m’/a, JEME P EED R = AN E KA IR T
1000 x 10° m*/a, &t F 8 IF R &1 50% LI E2,
RBERIF R A TR K, HEFNHLR
YEBEPEZEAGWEEENSZMNE, FralExh
EFEDRE . Hb T KA T A, Bk TABR
BASN T, RINERITRIT K, £51%—R5H
BT R, R, A ET R MR K R R
T A% 1 M (] OC v R EE A A ), v 36 9 [ (] A K
PGS E R, AR SO LB AT N & R T R R
KR E R, A4 R K 8 R R AR
FBIR 48 78 H 22 A0 b T 7K FH 7K B 1 28 fb B A 5 F
PR LA BT, G5 [ & R b K B R ) 2 5
XN 25 [ Ml K B8 I A R 24 A A A R

B,
1 fEMTRKALZFA

L1 #b R /K TIF % R AR 1

ERE—ADKEBEEZ WEEK, ANBKERE
it A SO KR U 3 22— 20 g 80 AR AR LA
K, WA E RSP &R, 3E K2
i, KBFEALTE PG H a5 58, MR KT R Ry
K. HAT, 2EA 400 24030 kA M K, dt
T3 R4 3 i DA R KR Sy AR KOK R, fede . 7S
A3k 7 A FH bR K LG 43 1 R Ak T2% K 66% , bR
IKIF R LTS 7K A 3 o A 7 0 4 38 i D) AT b 3 K 75 e 4%
Sy, IR IT SR LR K AR Bk K Kk BT YL 2012
AR K BRI A R, A MR K B N
8296.4 x 10" m*, £ E/K¥EH BRN 28.1%, #1 T
KA KR 1 133.8 x 10° m*, 25 4 Kk &
) 18.5% ",
1.2 MR K HE K AR f6 A% B 53 Bt

1997—2012 4F, FKEH/KEZMERLILE 1, H
KRR TS, H T KAE KM 1 031.5

x10° m® #KF] 1 133.8 x10° m*, K T 9.9% . #
ToAKHKE S SHKEWILOIRIFELS 18.7%,
1997—2003 4, F& [ /K F K &2 2k sh 22 4k, 4
BRI RE N 0. 7% , B Ak hFa . Hid, 1999 4F
FREIL X R, P KKK R, B
4.5% ; 2003 4EFREFEK & LE AR Z, T KHK
IR R, H4.6% ., Hasit, P EILTr oK
X, oK %8 U5 G 80% #R A FE 4l -, MR 2k
TR Y 22 57 32 2 A ) AR O ARl T K 5 AN [R] e 3
2004—2012 4%, BEFH N AR WiB i, #h S48
P & R, IREH T KHKERRENE K,

7000 - - 100
6000 -
E 5000
(=)
= 4000
5 3000
X 5000 o
B
1000

R AHT v Bl %

AN HFOILD/RQRIL D
' PH O
NENEN NSNS

B TKAIKE COMRKAKE - HTFKET A

1 19972012 FHERKETLFR
Fig. 1 Changes in water use in China from 1997 to 2012

1.3 K KRR KX

TR MRS ARSI, IR E R AL it
KRB ERHB K, A, BEKFEN, RAKEE
Fw, M FOK K & 5 H SRR Y 90% . db Uy
X, BEKEATZS A EEANEY b 3K B TR ) R o R
AR E TG Y m o b, R KRk 32 28 0 fE K K IR,
HALH K& 5 A R . 2011 4F 38 = #b T K A
K R AR M X K GE it WL 2 MR 7K K =i R
FIAT X B AEAL T, KChTTAG . BORYT . W B
SRR S o A X R KO K BRI 4 [ b
TIKAKE M 56. 5% , 32 ARl HE WA K &=
BRK. wdb, dbmt. R, IR S A X R
MR K K R 2 A K Y 50% DL

ZAEK, A6 B HEL TR 7K K 8RR 7K K
7S K B A6 2 e e A . B M AR AR LT,
HWECEH, AN AR, 2R E R KA,
T0% e A7 0 R 7K 5t A0l v 8E o {F 7K e 5 dife [ R
BHR, ANBKEEIEEAL 307m’, &4 [E S Bk F
£z —, AT E B AN B B 8K bR
500m’, HFE MK TR, MRKEIREZ Hi5%
JEE, PECRE IR K DL R KK .

2001—2011 4F, ffdt 4 HIK & A2 1E ol WL IEl 3,



JK SCH TR M R -39 .

o5 2 1]
600 100
o 300 80 =
£ 400 S
= 60
& 300 g
é 200 40 :‘f
100 20 =
0 0
No < - | -
R SN
HX

. ROKAKE OO MESOKAKE —— HURRET
B2 2011 EFREHTKAKERAMER ARSI

Fig. 2 Statistics of large groundwater use
regions in China in 2011
e B R IE T b A N AR E KRB b KR IR A i 2011 )

MR KAE K AR AR 2 BN RS, Z4F
S 2.9% , 2011 4F, AL T K H K &R
154.9 x 10" m*, HE44 4 [F 5 00, R K KR 5 &
FHK B B9 He 1 5 55 79. 0%, H: 32 35 J0 2 Ak K
KM KR SEGTICE T KK ST
R . HbTTUTRE . MK AR . KBE YL A A, 45 Hh
BB S AT kR R E P, ARk,
Bl 5 KR T AR I 438 . WK BEARMHET . T KRS
FoAR I 5E % 8 A B B ™ s K 8 4 3L o) B 1) S it
Hb T 7K R R AT 2 A

250 100
&
= 200 80 =
> R
= 150 60 3
1 100 40 B
E 50 20
H
0 RS 0
\S N
Q \] \} \) Q N\ \] \ N
ANRESIE S PSR RN RPN
4y

G RKAHKE OO #RAKAAKE —— KR B

B3 2001—2011 it 4 AKETHBER
Fig.3 Changes in water use in Hebei from 2001 to 2011

2 EEMTAFERA

2.1 Hb R KT R B A

2= E ML T KIF R R D K, 19 48 60 44K
JE I, IR AR SR e A H . 2 hnEF . e AR
ML IR K . SEEE SIVEEIF R LG, Rl
ICTT R X bR K B SR O TG . R L IX A
TAOM W, 365 W) LU AR 32 15 Y i b 3R KAl AR
6K . 48 56 B K PR Al i 45, 2010 4F M F 7K H K
10955 x10° m’, 2% SF KR 22.3%
2.2 MR KA K AR TR AR B 4 B

1950—2010 4F, SEEFHKEAZLEI I IE 4, H
FKAE K 469.7 x 10° m® #4K 5] 1 095.5 x 10°
m', AT 13 4%, R K KR R KR A
BIRFEAE 19.7% Fo 47, Hoh 96% LA b ¥ ik oK.
1950—1980 4F, & [ & 7K & & b K K & &
T, FESRH A AE R Y RS IR M, 1977
M, EEEARRTR, WERAKTHEES, KIS
KK H TR K, MK KR B R R, 1980
AR K B3R 3 e, S5 [ BUR TR B T K BRI E
ek, SRR R KRR, FE S R B i R A H R K
PR A TR AR AR AR, XL KB IR EAT
GHF A SAE R, SRER BN T XA KR R G B
H (RASA), TEBEJS JLAE b T 7K HIZK ft R 28 b
1980—1985 4F, M T 7K A /K & 09 B i & K,
11.7% ., 1985—2005 4F, H 7K & f& 7 /) g 22 fk.
2005—2010 4F, Bl 1K EB B AR W) BT
BHRGE WS, SRR AT 13.2% , WA W
By RE L FRK, X BT H R K K & T A
IR BN S LUK R = (E 22.3% .

7000 4 100
_ 6000 {0 =
E 5000 E
(=
< 4000 160 3
18 3000 |- 140 B
¥ X
&= 2000 =

1000 S

0
\“‘)Q\Qg)\q(oQ \q@ \Q«Q\q& \“”%Q\"’%‘) \QQQ\QQ% ’»@QW@%@\Q
E4
. TOKAKE OO RKAKR —— KT

B4 1950—2010 FXEHAKETLER
Fig. 4 Changes in water use in USA from 1950 to 2010

2.3 bR K FH K R AR B ML IX

EEUKFR L RBERIES, \BHARKRZ, N
REKRTE, REVEA 35 [ 70 X K 9 IR AL o
JEIL R, JUH R A S B T B e A R ) KO
Jr i DX, MR K T R AR R A . 2010 4ESE
R KK SR X K Ge 3T LR 5, e K K
S HE AT A A AR YR R AR JE S (AR fa AR o) |
(1 SN T e TN I VLT | B2 v N 0 N B
TR K AR 4 MR K K R 46.9% .
DL b b DX ROl 3 R ik, o BT R S A Y 53 %
2 A bR K K B — 2 TR . KL
e, Bkl XK A K B ] T AR RE R, 1 Al R
JKAEH RIS Rk i B PR

PEBA TR, H 1950 ALK, i B e R K



- 40 - 2O, M. PRHL R K BEIERIT R R TR AT

2016 4F

500 0 o§
z§400 o §
E%i300 ;g
% 200 40 ¥
B 100 20;
0 0
R, N R . A I SRS
PRSI AN VSO AR
gy@@§@& TF SRR
A

G RKAKER OO #ERKRKER —— HFKAT A )
S 2010 FEEMTKAKERKBXAKSET

Fig. 5 Statistics of large groundwater use
states in USA in 2010

KB LARFR S — o IMAL TS PU A, 2 5E [ =
KM, NABHRZ, @ MR, Rk E
ik, Aol HHs 542 M 30% o 2010 4F, Hoh T K K
B 175.5 x10°m”, 5 &M B KA 33.4% ; b
POKHKE A 68.7% F T A REBE, L 4 [ 3 B
Pt M R K B 17. 6% o 2010 4, M 25 FH K P Y
FKBRGETEWZE 1, R HEB KA 37.6% J i T
Ko 1980 4F, 3 [ BURF $2 1 K MR, 4 [ RO
KM KHEBELA . 5 1980 FEAHLL,  IinJH A4 B b 1w
BUBINT 7.2% , ¥t 45. 2% B o R FH 5 8 A1 fof
AR, T HE WA T 7K S R 7K R K ) sk 2
45% H1 56. 6% o T /K B ULHY AL BE AT R FA B 55
NOE? T =E: N <R R DS 5 & SO T B ) N R S
PIMI7E A A 5 HI K st R K B o b A, 29
83.3% . 20 ftB LIk, Mfe it PR kg, KEERF
JRy R4 T A B X K TR R B OK TR, AR A
M58 A RS B 0 v el 4% T AR o KR AR B A
AU D T N M DX A K SR R T o LAk, A
P T D A v 0 ML BR A 3t R K BT R A, LA R
R R AL TP RS, At T RS R R SR T
A IR
R1 2010 F i & RAKPERKESE T
Table 1 Statistics of water use by water-use categories

in California in 2010

~nik At K

£ W 2 DA )
JHIK Bk IR WM HEF fopm Tl k& ke
i/
Kj)?(;f% 87.0 2.4 319.1 2.6 13.4 5.5 3.8 91.3
X m°
;li]‘;:ﬂf()}?ﬂi 39.1 2.0 120.1 1.2 2.4 5.5 3.6 1.1
wH/ X m
Hi R 7K i

44.9 83.3 37.6 46.2 17.9 100.0 94.7 1.2
o Ee /%

3 Xfteo#r

3.1 fEHIKGE T

1997 4Fjke, rp A AR 6 A K R A AE & A —
WP EKREIREAMRY, BB EA T 18 A4 B [k
TR . FEE N 1950 4R TR UG, B AR g 4R — R
B KRS, MR REAR (USGS) %,
R 2014 A8 & AT 2010 4F 4 8 K AL e 2, B0
& E 13 s

FAKOK IR 25, FRE S MK . Hu R 7K AT Al
KIE=2, MR AREK R Z IR K . BRIZ 7R R K R
KA NG, K BRI AR E S50, NTA
SVIEK L S8 DR LK K R 43 b 2R K R R K P2,
PR YR K AR 00 0 MR K FIJRLK o 5 B 0 fire P 1 4
KTET 1 g/L I RE0oK, makEARFFITL 2 ¢/L
VERFIRA TR, K2 AR AT,

ek P a2, REHEAEFHAK . TA K, &
M K AR A S PR A K 43 S H 2 . HET, 3 E K B
AN R & K P i S K, R AR R R B AN TH]
KV K AT X 58 o S B K P 30 N2, 4
W Atk BAEATE K. EB. HE . KT
FRAE . Tl SR FJCHL . 58 E K PPAS i 2 6ok A
ANTR) KV K S 64T X4y, A T AT 50 4T o
3.2 MUK R KR R e R

i T KK EREARZ, AR H
FESEW KRN AHA . AN GDP, A %0 B i .
6 FE T 43 51 Sk vp 55 5 b T 7K K 252 ) L3R 1Y)
WK R AR B R Gt 4 A e SPSS X [
1997—2012 4F J% 3 [§ 1950—2010 4F (1) 4 56 B 347 K-
S Ky, S5REKYKL RIS IESSAM, 55 mH
R 5H T K K R LA OC, £E 0.01 & 2 /K F
T, B R KK =5 45 m K R 31T Pearson £ 3¢ 43
Br, AT KK B 55 4% 52 0 R 3R AR 52 TE AR OG .

£0.01 BF KT, REAH., A¥GDP, A
ZKCVRE R T FR MR K FH K it Y Pearson AH G R 5043 il
9 0.646 . 0.756 F10.768, Mk U645 5 Al 41, 1997—
2012 4, R b T 7K 7K 5 0 5 PR R A AL
T AR, LR A GDP AT, EATS R K
FHK B (0 A DG P B30 . 2241 R 3R ] A T 8 R 1 AR
SRE K AR R AN 1.2% , S BT H R Kk
TR N o Al R R TR R K B K R
20 fi2d 80 AFEARHE K H R it h 44 88% HI T 4% I
W, 1997 4EB L FRE%] 54% , 1999 4E2 % 62% . i



52 1

7K S Hb J5T T A% |l 5T .41 -

kB, FAREMM T RKIFRGEE D, HiKAERK
Z., EAEck, WEATRME LR, AN GDP 4
WK RN 12.8% , Horp 2009 4535 K 30 5 B 32 2
JEAZ ARG ALISE IR . K AR K Tk (9 & L fm gl 1
R KB TR o BURN I R SR ALK E IR A B, 76 b
KR R R K PR M KR SR T ORI )
A b DX TR R A, A E L R OK R4 AT 3
ek T bR ARG R XA SR L, e T OK BEIR I
— &,

B0 KR

~ AL

- A¥GDP
15 F — BRI

WK%

1 1 1

1 1 1 1 1 1 1 1 1

)Y S —
AN PO AN OIXH LA IO O N
O D SR RO LSRN
WA A DA AR A AR A AR A A AN A

F4
B 6 19972012 FHEMTAKAKERZMEZREKE

Fig. 6 Increase rate of groundwater use and its influencing

factors in China from 1997 to 2012

70

—~ H KK E
60 |- AL

50 | = ABGDP
10 L~ HROEBEEA
\ :

30F

BRI /%

20
10

0
-10
-20 Il Il | | 1 1 1 1 1 1 1 |
SE S F P F S & Q’Q@ N

Fhr
B7 1950—2010 FXEMTAkAKERZMEREKE
Fig.7 Increase rate of groundwater use and its

influencing factors in USA from 1950 to 2010

1E0.01 BEFAF T, XEAD, A¥GDP, A
A5V R TET AR5 B R K FH K B Y Pearson AH G R B4
7 0.826, 0.655, 0.971, 1950—2010 4F, 5[ M F
K K B 1 S ) R 2R TR R R A R e e AR, DK
RN, BATTS H R K FH K B A A S AR, i
GDP 5 HAH Mok, R E M T KK, &
P EBE T 7 L B K, 1980 A2k 67% , 2010 42
N 62% , FHE R T BUM R HEAT T K S, 1Y
HEMWOE RS, M) KM HESRL RGN T
MR, a7 HKME,

3.3 UK TR Hb R K FH K 5 A 52 e
Hh g R SR TR 55 [ D S b AR A K R K

AR, BB T ERRE B L2 e K 2 B AR T A e 1]
Ao WAL T PG, RAaEHENRM,
BNV, . T, KR, BEEZTW
PR B, i K T SRR IT R MR K, MR
K H K k3 K B LR 0T 5 . 1950—1970
4, WA F 9 b T K K B 4R 4 HE 4 BT I, 1980
HLOWHERIWAG T (BT KEMEE), Wi T kY
TEHL R 5 A PR AL B . TR, A S8 T K A Uk
S BT B, 2010 AEHES B L. g WA SR
PR TARRARAE T LA 18 NI fiE/k 25 18.5 x 10° m?,
235 T2 5 M 80% , K i B4 15 % M Y
20% U TRRGEE, KROKRZEM T M T K
FER RS, SR X1 R KK A © 2 FF 4R W1 i Il 7
BRI T 2 S 2 T R R

2003 4k, Tk [ I 4R 16 1 1o A i R R A KA
FE AL TE TR . 2004—2009 4, 114 44 R 2k ok
ARZHEZ HE U, 2010 4F R B A HL, 2011—2012
LN IWRE N ARZ, TR KL,
RGPS & B T B AR a2 i, 7K
Ko KT, BHKEFEEABBAL, ANELHAE
A, WIS A AR, R HL TR K R IR S % K TR A
JE R A . MR OK B AE S M P A & kg
BT, ZAF Sk 4R AR R K K I L i
50% , R IG ™ E, 2001—2012 4F, INARE T
KK 133.7 x10° m® 3§ /0 %) 89.3 x10° m*, M
IKHCBI T 52. 9% FEAR 28 40.2% . H: 35 5 5 (A 1 UM
WA S8 BRI IR T4 K 18, KSR K
KA o P K b TR A 5 A AR A MR UK
R BRI 2R B2 K X 95 e 14 AT, 7 36 T AR
KR 73.3% . 2013 4F, FEKIL IR AR L — ) TR
R BEIE sl AGE T, BOUK UL 500m’ /s, ik #
1R 3 ok i 13,53 x 10° m®, W] A 2k 20 Ml
TR, il AT [ A B R K K
e 3 52 K X 1 A A R
3.4 R K IF S ) T T B 55 ) 5 i

KWL, o T K BRI & B = 55— L
RSEM, SR THTAKS TR, MR, B
B ARG R WK AR S5 R B M R
fi]

TESEME, 294 80% () H Tf 1T M 1) A J2 oy o & OF
KT K GERBE . HF KKK IE T e S 5% 1k
(9 FLBK TR T30, AR s, iR E— i RS
W) S A Ml TG TR o S ) S0 N 64 Hb T 35 A8 ) A 2



.42 . s

e, S ST K BRI R R TN A

2016 4F

K o s, X 38 3t T 390 6 ) T AR R 5 8 000 km®, 4R
W X B O R, Hb T T M I BLIK 1750 km?,
1985 4 H g RUTFE L 4 m, @l TR &, A
T IRTHE ) KR K, A O R T M T R TR
20 fHhed 80 44X, EEIF4A L ASR TR R, 1T
RN TAMA IS o XA S T MR TRS | Mo
SAEE RN K AAR S AIEL, 38 ST K B U8 A 8 1 Rk
T ek 3

20 el 80 AR LK, FRE LA E M TT 2K K
AR, NIRRT R REIFRIT K, ST
TAKAKDIRIE TR, IR KAR. BT RMASE
b JoT e) A, f D K BT IR B R RR P, 1999 4E,
R KPE TREFF B 8, FE IX i AR 68.5 km®, B
785693 x 10° m*, F ] R K E =R R, MR koK
PF¥ 42 3.3 m, WK AR A>T 68% , Cl1°
WREI /D T —2 754 . H R K IEA SUb i s T Ak g
F1, BGE T KR RS

4 it

(1) AT4F Sk, o 2 W [ b oK A K & 58 ot
1 000 x 10® m*/a, b F 7K FH 7K 5k i B FH 7K B A9 L 3] 24
H20% , Hhg 60% A H AR HER, = AFis
AR LRI A T T K K 2 =
ANEZEWHEE: AO . AY GDP AT ZHE I 1 L
2 B R Ml KR K Y R e DR 2 8 S A A
AR, R B e R R N GDP, 35 [ 1
A,

(2) & [ o KA, ek T
2o, FERRAERTE M BN, OR MR = T KRR
PR TR EE I TKEIER S, AR08 THTF
KIF R, SEE Y ASR B A F A [ Y b oK P T AR
T T KBTI WY, O T KB IR A A BN 34 4
MR, AT, S5 X R K BR B AR O
P, 3 2 B PR AR, R o A OOR ) T
Hb R K B IR A T & R .

(3) SUEENRFMREEZML, |E%E
KEPEZH KRR, S5, 38 EAEIF LR i
TR R, BRI R R, 2 m
SROK GEURAL A B, TR BT AR B R K B S AR
A S AR R K o e N T TR Ay 28 i R KK A
R, 28 fiff b T I7C A R b, 28 4% 45 A 5% Ml T[] A1) % 8
)L A N 2 K e B TR 280 L N ) B L B
W, 5 36 A O 1 I R

S %% Uk -

(1]

[2]

[4]

[7]

®let, FgAB. HT KK [M]. dbat:
= K K H Bkl , 2009, [SHU L C, TAO Y Z.
Groundwater hydrology [ M]. Beijing: China Water
& Power Press, 2009. (in Chinese) |

Alley W M, Healy R W, LaBaugh J] W, et al.
Flow and storage in groundwater systems [ J].
Science, 2002, 296 1985 -1990.
AKFNTRABEIR T, R ROKFIR AR 21 4
W E T KRBT LA [M]. dbat:
E 7K F] K B OB #1, 2004. [ Water Resources
Department of Ministry of Water Resources, Nanjing
Hydraulic Research Institute. Groundwater
development and efficient utilization in China in the
early 21" century [ M ]. Beijing: China Water &
Power Press, 2004. (in Chinese) ]

FLHIBE, PhAESE, TE. TRRZR IR R SEAL
wArsE [J]. KE#dEE, 2013, 24 (4): 581
- 588. [DU C Y, ZHONG H P, YU J .
Mechanism of sustainable water resources system
[J]. Advances in Water Science, 2013, 24 (4):
581 —588. (in Chinese) |

O, WM, BB, 5. et T KRR
TERMMRIX [T]. FMREMR (BERB ) ,
2009, 39 (1) 107 -113. [WEN Z H, WANG B B,
LU C P, et al. Development and utilization division of
groundwater resources in Nanjing city [J]. Journal of
Jilin University ( Earth Science Edition ), 2009, 39
(1): 107 =113. (in Chinese) ]

W, Gs. i E KBRS R A E K R
Gt HE AR LR [T]. KB e, 1996, 7
(4): 375 - 380. [PAN L Z, JIN M G.
Comparison on water resources statistical index
between China and other countries [ J]. Advances in
Water Science, 1996, 7 (4): 375 - 380. (in
Chinese) ]

MREFEE. TR OKBRE S TR ERUE Y B s iy
HRHR AR [T]. EARRZFEEMR GhERF
), 2007, 37 (2): 209 - 215. [LIN X Y.
Historical ~ change and  prospect of discipline
development of “groundwater science and engineering”
[J]. Journal of Jilin University ( Earth Science
Edition), 2007, 37 (2): 209 —215. (in Chinese) ]
JRoEAE, FFUR. hTEM T KRER (6%)
[M]. dbst: v [ s fEl ik, 2004, [ ZHANG
Z H, LI L R. Groundwater resources of China



7K 3T 5T TR

. 43 .

[10]

[11]

[12]

(k#%

[12]

[13]

[14]

[ M ]. Beijing: Sino Maps Press, 2004. ( in
Chinese) ]

HAe N RN E DR A ER. o K B IR A i 2012
[R]. dtmt: b E KA K 8 bR AL, 2013.
[ Ministry of Water Resources of the People’ s
Republic of China. China water resources bulletin;
2012 [R]. Beijing: China Water & Power Press,
2013. (in Chinese) ]

A4, B K B UR AY AT 2 R T AT AT
[Jl. EAE - SR, 1999, 9 (2): 21 -
25. [ZHANG S Q, HUANG W. Some issues on model
of sustainable utilization of water resources in China
[J]. China Population, Resources and Environment,
1999, 9 (2): 21 -25. (in Chinese) ]

EI NGO R 1 S S N L
[J]. JK3CHB B TR, 2003, 30 (6): 1-5.
[ ZHANG R Q. Characteristics of groundwater
resources and their reasonable development [ J].
Hydrogeology & Engineering Geology, 2003, 30
(6): 1-5. (in Chinese) ]

Maupin M A, Kenny J F, Hutson S S, et al.
Estimated use of water in the United States in 2010
[R]. Reston, Virginia; U. S. Department of the
Interior, U. S. Geological Survey, 2014.

36 ;)

SRR, £, KRR, %F WTFKSHEXLR
RIRFSE bR [J]. KBRS TR, 2013, 24
(5):36-40. [MA Y L, WANG D, LIU J M, et
relation  between

al.  Research progress on

groundwater and vegetation [ J]. Journal of Water
Resources & Water Engineering, 2013, 24 (5): 36
—-40. (in Chinese) |

FEN, MIE, ZFE. FEF MODIS )T 7 X
WAL B S R e Btk (7). E R IRE
J&, 2011, 89 (2). 115 -118. [GUO Y C, HE
Y, LI X. Remote sensing inversion of vegetation
coverage and optimization of vegetation index based
on MODIS data in arid area [ J]. Remote Sensing
For Land & Resources, 2011, 89 (2). 115 -118.
(in Chinese) |

MRS, HIEL, BRA, . MR O A A
WrE ke [J]. ZgcRb R, 2012, 40 (12):
7580 - 7585. [ YANG H B, DONG J H, CHEN ]
Q, et al. Research progress of vegetation coverage

model [ J]. Journal of Anhui Agricultural Science,

[13]

[14]

[15]

[16]

[15]

[17]

MAFEE. LEH T OKFRIEE MM [J]. K3
JR TR HL BT, 1983 (2): 52 -57. [LIN X Y.
General situation of groundwater resources
management in America [ J]. Hydrogeology &
Engineering Geology, 1983 (2):. 52 - 57. (in
Chinese) ]

PrAesE. EEMEAKRERAA [T]. mAdLES
KFIRLE, 2011, 9 (2): 137 —139. [ ZHONG
H P. Water withdrawal and water use in America
[J]. South to North Water Transfers and Water
Science & Technology, 2011, 9 (2). 137 -139.
(in Chinese) |

B, SRR R SRR TR [T, KR
KEMSE, 2003 (3): 55-58. [LIY H. Central
arizona project in America [ J]. Water Resources
Development Research, 2003 (3):. 55 -58. (in
Chinese) ]

Jesis R G, Chuck C. Application of the Colorado
River simulation system model to evaluate water
shortage conditions in the Central Arizona Project

[J]. Water Resources Management, 2013, 27
(7): 2369 —2389.

EEEE: kB

2012, 40 (12): 7580 —7585. (in Chinese) ]
TR, M0, sk, 4. 1999—2010 4 [
VG b b DA Bl B 5 X A A2 A N 3 3 19 52 )
[J]. P EY#, 2014, 34 (6): 1665 - 1670.
[WEI Z F, WANG D G, ZHANG C, et al.
Response of vegetation cover to climate change and
human activities in Northwest China during 1999 -
2010 [J]. Journal of Desert Research, 2014, 34
(6): 1665 —1670. (in Chinese) ]

ZENG B, YANG T B. Natural vegetation responses
to warming climates in Qaidam Basin 1982 - 2003
[J]. International Journal of Remote Sensing, 2009,
30 (21): 5685 -5701.

ROBINSON D A, CAMPBELL C S, HOPMANS ]
W, et al. Soil moisture measurement for ecological
and hydrological watershed-scale observatories: A
review [J]. Vadose Zone Journal, 2008 (7). 358
-389.

RIERE: KeHk





