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Abstract: Northwest China mainly belongs to arid and semi-arid region, where water resources are
scarce and unevenly distributed spatio-temporally. In the past, a large number of investigations
and evaluation of groundwater resources and scientific research were carried out around water use
for urban and rural life, industry, agriculture and animal husbandry production, and played a
crucial role in the security of water supply. With the increasing impact of global climate change
on hydrological and water conditions, the implementation of national strategies, such as the con-
struction of a new development pattern in western China and ecological protection and high-quali-

ty development in the Yellow River Basin, the situation of water resources security in northwest
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China has changed significantly and higher requirements for water supply security have been put

forward. Based on the review of existing work and summarization of the development and a-

chievement, it is suggested that the investigation and research should be strengthened in three as-

pects, including the exploration of underground reservoirs, the exploitation and utilization of

brackish water resources, and the joint operation of surface water and groundwater in the future

hydrogeology work. Suggestions to solve the problems and meet the challenges from eight aspects

are also put forward based on the underground space formed by natural and human engineering

activities in this paper.

Keywords: Northwest China; hydrogeological survey; water resources security; underground res-

ervoir; storage and utilization of water resources
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Fig. 1 Hydrogeological sketch map of Northwest China
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Fig. 2 Typical profile of hydrogeological structure and groundwater flow in endorheic region
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Fig. 3 Typical profile of hydrogeological structure and groundwater flow in exorheic region
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TH R X 7K B R 5 e AF 5L 51 N A A 7K S Ml T 2 B
W RHEN T —E TR TR AES
7K SC Hb 5T 9 A 0 R T AR R (FE 9, 20085 45 4
2008 ; 5K 48 55, 2008) , £ % A AR A VR Ak T3 M 2
TAKFRAGHIFR SR EEWIFHET —&
IK GV PRPCR SRR R 58 IR A 55,2014 5 £465F
4F.2014a,2014b) , @ HbJ7 5 ™ 5 X M T 7K ) A K
HEIK 22 42 7R R XY — KA R AR B AL T 22 4 Tk K
5 Cr 6] b o 9 4 )=y, 2019)

CA) 55 U B B T AR 35 B2 [l 58 ik 5 74 b K A g
V5 4 Hh | B2 T KOK IR ORI 5 AR S IR AR 3, &
7L 391 55 1l DX B 0 L A I e Ok R L BT I e R S
PP 5 i i kR DA R [ AR W R A 3 R A K R DR
EE R A SR B R TRERE., Hd,
JoT 8 2 Ry A TA 32 0 D AE SRR 2 307 A i AL 3R v
DX T AR BB T A AR R | S8 KK 2 TR K
T3 3 T PG B AR 3 T it Bl 5 PR AR TR B
R 3 Hb | I S 7 3 b P AT A5 e IR o BT iR R 1
15 T3 K SCHb SR IR IR, D K S B b 3ok 455 o5 76 SRy b T
JET 110 7.1 20 J5.1 ¢ 25 J7 7K 3C H o 14 5 8
A FEPHAE (2010~2018 4F) . @ IFALF Ji K V5 b Hb
DX 32 3 T b K T G I A PP A L S b K X
Hb 795 X MR K 8 Ay MK 4 7R (2011 ~2015
AE) . QFRE PEAL T 5 P Bl 2 M DX K Sk BT A T
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T L B O] 3 S K S M 5 A TR L 7R EOK L Hh T AR
TR L A8 V0 A B 7 MBS K 2 3 4 ST e s L ) P
JBR A7 20 3t S5 L Y K T A 38 VR T 9 S8 R ) K S Hh
SR A S DL TR 3 S P b i DX TR A T R Y
T KA G I R M T KOG IR AR B E A L PN Bl b
b DX 7K SC Hl BT 5 K B R I A I A T4 (2019 ~
2022 ), PEdLA A (KO R A G FHR. 45
b 5T 9 A JR) TAE T & T R T A N Y K SCHb S TAE
HCrp IR A R K e 3 R BT AL B A R o BT
T OAH 3 ASEIME R 1+ 5 T3 7K T390 Hb it 25 4 o Ax
FE T 16 P B S T R VTR IR T 12 5
T3 7K T30 1l 5T 25 6 I A 78 5% 3K K 45 L 1 3 43 b
RIFET 15 H~1 1+ 10 J5 7K 3CHb 5 i 2 5 57 98
TE AR B8 00 1 I 4t o W) J)K 25 b 1Y A T O L A
B R R Il A6 7 B A i L P AL AL 3 HLR
M R L B el H s T R ISR L R T
155 ~1 1+ 10 J5 7K SCHb BT 8 2 . b B B 78 4k 7K
A3 B T /E N & A 3L ml b, 3 m i AR5 A
75 B X UK 3 R X I K g B R R T
KA AW 9T 5 K 58 8 BT = 1Y PF M L SOK BE
TSI 2 A FH 09 A 25 30 B e 7 1) F 9. 3 2 T AR
JE AR 7 M B - D 4 3t (DX 380 | 37 38 A R b
B3R RERR T EZH T K E KA K%
() 73 A5 AR AE bR 7K A % 8 B HRM 428 HE 45 1F
Hb R K K BT K B S R AR R PR T X 8k
KBV FERF A B E T — KAt T K s
KB . @G &R YR B KR AL R
BERCR 43 M B 5% K SCH BT A5 1 R KB B A
5iZ 8 # A (Yin et al. ,2010,2011a,2011b; H ¥
J,2012; 9K 8 % ,2017a; Zhang et al. ,2019) , JE 5%
T TR TR XK SO A A B R O ik
RZR . QAR ALK 7 b Hb X K B 5 5 3R B8 52
Wi AIF 58 (5 2% W25, 2019a) , JE TAE S AR T # T
K B IR A VA AR R oK S b BT AR YRR A
(3245 ,2019b; Dang, 2021) , & J& T A 457K XX
T2 PR S (5K % 8 45, 2008, 20145 B 4 5 4,
2011;Yin, et al. ,2015), @ 4T+ T & T1EK
S RHE R K B UE PE A R B IR OB 5L 2017 5 3R AR
& ,2017b;Yin et al. ,2018; FF 37y 45,2021 ; Zhang
et al. ,2021) . @ WA 2 VY b Ml DX 3 T K fif 77 it
AR FEAR AL A MR K R SR IR B M T IIC R B A R K
PRI G T R AR T SR

4 KBEPR LA 3R] R B

CEATVEALHLIX Y B AR SIS TR B RRAE 2B
FA A H P AL b DX K B R A TG 6 5 TE Y
[*) R0 b K,

(1) THI W A A 35 A 0 S S 48 ) ) R, 7 I i X
) % B W R 2 L 43 AT A T R K DXL K B IR AR T R
o JE R Y AT RE TR IR M R R AR S S
WL KR | S R 4R 2% ESRAT S S A
W K BRI BEF LA . 2020) , K B
PR 11— 2B 1 R (RBARIT, 2021) . A RS
AR AT PG A6 R K AT 1 2 e B (AR B R SE R MR
JE AR BT R S A O S AR el 4 g AT R K R
A BE Hh i 2 A AT 45l AR i DR 7K B8 R 22 4 i B K
Z—.

(2) T I 25 10K 7 ) J3E 15 v A58 R R e % 52 1) ()
Hi R K R HL R K — kA 7L SR K BEIR Y 2 B AEAE TP
A M B AR L [ T P B R K B R A A
% % (Shang et al. ,2016; Wang et al. ,2016), {H[H
Xif i 2% K Rl R 7K 56 RN 2047 . H A AT i
LT KA B A AR AR AR Ak TR B A 2 Sk R K
BETF R IF A R 2 P Bl T 5 2 b A b R K 48 K
G35 RO A Hb 6 K S TR R R K
233 R KR R R S R g AR TR
16 i IR Hby % /K ) TR R Y ™ R I U ST DT 3
A SRS L © N I B Ak VDS ke R TE RO 1Y)
2 BRI VT I AT 8 YR K B8 2R T A8 R A KR TR
(ZE il B 25, 2010) | 3 [ K A1) 7 26 76 07 %2 3k [ %
TR S R T AIE 52 (RBERYT,2020) . £ M 20 4R
2015 AEHRBR MR A AE BRSO BB 52 i K 1 UK
JERINE 3K 1 300 Ay M (43255, 2015), 7O
& 3L 5 ] 7K B 2 B 18 458 % FH K O =8 (H s > T
T UL T KRN . 4R 2020 AR H RS A WIS R
5 S 30k R S4TT.2018) , T 4 58 JAR 3 A TT o a8 %
R LR b 3 T3 R U T KOS 8 RN b T K SR
I A S IEE I TRk . HAT, PEAL RN Togk
TR H 25 34 Kok T B R /K B2 IR TH FE , b 3% L Hh
KRS R 2 & A T R I T BT R ARG R
/L (Wang et al. ,2018) . Ul ¥ 52 1 27K 3 F K
WG VR R DA 2 R 2E S 3R 0 1 B R A I DX K R
IR Z =,
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(3) THI I 5 N ZE 3 275 Y {7k i A8 25 5 0] H K
SR IR, AR TG AR RIS K AN AR T K A
WD T ] B K B R A Bk B 1), AR Rk s R
TV K ik B R R A R ARk, 20085 B & K],
2016) . VYL E A BE IR B A A X AT R X,
FE kS 2 Bl S T 7 R RN AR R T R
S5INTARA . HE. =5 b B AR 5 B G g Ak P
Wi EEITAER L2 HMR S, FHt, K%
TR T W 2 V5 G 0 P AR L 0 . 25 04 R A A
AR R IX U R K AL IR KR X 50K 5 R K
b BEAS 2 X K IR A 5 e g s RS- BT R 4 AR E LR
Ly A5 A XX % PN I VT 7K R A TR I S T A ) R
N AR] 75 SR AR B AR Ak B 5 7K 2 A A K TR 22 4 1 Bk
iz =.

(A TH] I 5 7K 0% V5 7 7% B L 52w N J IR 5 22 4
() R, Bk A A A5 R T PG b b IX vk 1 R - il
AR R Clk ABTA , 2013 5 XB 8% YT, 2018) o A i % WY . 5
RN K 38 2, T SO L SRR 5K | ok it
AR v N L5 B N VA 3 i N S 3 P
RS A K 0 VRN 5 L v TE M X ) T R A L i — 2
TR 25 % A7 AL 0T 7K 9% U5 22 4 A I G XU
(ZE3E, 2018 WhMEA%R . 20195 T 7k 4, 2020) , 1fif H 43
IR K SCAE A R G A8 IR A Jmy & A AR 25 N s R %
BT RASTNFE R o WAL IR 7K [ L A7) 2 Ay
K B R MR 2 A 1 I M XK R R A i Bk R 2 1

(5) T Ifi 25 JF % 8 i 5 2 A5 AR B FH K B 8 R %
(o T AL, VG b B AR RE IR BT R b 3 BRI
HOHF A 5 B R i KR S 4 . TRl X P AR 2 ) A
R RPEE 5 R ERIFE. HEAW RS
02 22 Sy R TR Ao e ARG L X 2 R R OR A TR A K
IKHE B ik B A& 5 i DX 3K AT B0 66 A8 e 28 5 o 7™ K i
5 A1 i N o 8 B i VAT A N
B db 35 - e JEU RIS IR 22 Hr v 155 e DA A A8 A 5 el 11
5% 32 W1 o AR 306 I 8 1 LD T
K AT AR A A B s CE R 4K 45,2012
VIR IEEE , 2017 BE L2, 2020 22 BRI 45,2020 ; H Bk
545, 20205 2267 4, 2021 S B AF,2021) 3o B b i
PR 23 3 SO UK G I B AR A Ak R AR BB A
b T AL 1] T T G 5 K A B E g  T 2E HE A
N AR —HB 5 T T F5 K 2 50 K
VF 216 5 X R B BT 105 gk Bk R JRi . dn el
AT IERMOK OE R B2 G B A B A AR R

DX A 7K B8 R 22 4 i PR R T

(6) THT i 5 25 I 8] A K PR AE 32 7K X 35 L OR3P
5 TH B R B G R0, 14 TR A A KR A Rk
BEURIS 25 o A AN ) E BT B, H AT, 7E b XY
P K TARA 51D 6 G 51 ORIBERD 55 38
D) 5 B8 Cha At 8 ) B A% COR AR o A9 7K A
327K DX Ml 3 8 B K PR 1 K T 7% 2 K U B R
K AR B 21T TR B A TR X — )
()], 3 2R K PR 8 T 3 St R K A2 B T 7 A I
SN O A YR R REE . TR B
F4 P R 7K K DR s it R DX SsRK DR 22 4 B B R
2R,

5 JKICHLR TAETr 17 53 71 54

5.1 THEHE

fiff R PG A Hb DX 8 7K IR 5 PR 0] LA K T
B AP ARG )2 T8 b 200 fiff D 385 7K ¢ s AT )
FH B Bl D 7K B R A 2R TR B A v 280 T AL D
T 2 T 0 AR R 4 L KPR I R A i 2 [ A4
& BER YIRS A ORI B[R], 4 MIRZE
THT o7 %o R TR i it = B R Y K L B SR K R TR
PH 7K S 4 b 7K O SR A5 o DT 8 )23 T oy XoF 5 S R i
MEFIEE S HF T . PEdb i X B A 7K SCH R E A T 5T
TAE B R TR X P9 2 1L R G Ak 2 Y 185 X dk
PEE K LA AR 2l 35t B 0 1 22 R K 6 B 7%
TR I R P e B g U B P = Ak
TR X E K B IR 5 4R R XK B R AT
I T 5 TR s 22 S 30 3 R G O kR e, H
H AT B 3X 2 52 5t 1 b o 9% 5 DA AN 2 2D
FH 7K S 5 I 2 R 45 L K bR BRI R v A i S TR A
MRS SBEEERRGERIT. EH AR KR
7R SCHb 5T T AR RV 25 G 7K S H 5T A% 14 o b 3 i R
P A 25 8] 2545 R R I 58 R0 T R S R by 0 0, DA
BR R G0 B2 B R OK SCHE BT S A 8 5 AR A ()
8 B[] ) JEVARL 8 ) 70 0 B M 3R 5 b T 28 R AR A
7 VR 3 A AU S A2 1 7K 9% R A S 4 T 340 £ R v
ROR FE LA K 1L KRR ER 30 R 0 A i 3 ] A v & B 1Y
e IR G 6 P bl X K IR A, R
1 PG b DX K SO BT T A B9 T 1 2 98 A 3 A 2K ST
Hb 5T 25 4 R D T 7K B IR Y B 28 AR Ak 45 5 1l T KoK
SCOK P ARAT S P A fige A2 A 4 ke T 7K 15 22 19 1E &%
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7o B 25 2 A2 i ok Bk 5 i 5 1 B 7K 9% I 28 4 1Y)
Hh2F 5 22 5 S0 A M TR B R R AR

MK bR 7K FE G 78 53 J #4547k e R 3
Ty RE 4 R K B2 IR 4 ml R . PE L XA BRI M
TS [ B K FIR (GE 4, 20190) L BR T KRR
R K ZE iR A5 L [RI] 258 3 Ml L1 DX Ml R 2K AL [ 7
U b R B SR 25 35 B v S D o 0 U 15 45 R
JCH BN B BCH A S B Hb T 2 ) 2 8 & R
KFEWHFERTWE . OILH X Z1LES Wi # .
ST 2T IS5 558, & KT 25 6] o g i b
KR LR R R a2 ik b X —ad K R A T
KL B 7K SC b B 4% 1F (T SCRR 55, 20025 i DA %5,
2011 s XBERYT, 2019) 2 5k b At e >4 B HE K K IR AS /2
A R AR (220 R A5, 2009 5 56 % 5246, 20105 4 1%
BELE 2019 XBERIT . 2020) . @ X PR KR/ LT
KAV, B8 % T = 2 N FH S 2R 25 W T B2 8 K B R K
JBE S R LAFE A R . O R ARE 53 — i1 B R S AE 98
T E K JZ S YT LA R 2 X BT B R A LI LR
B R G5, 2 AT 0 R i 7K 23 (8] 9 T A 84 By 1k 7K R
R 5 %o IO J2 RS R B i 2 1) S UK 2 i A b
IS b DX T i AR DX AT R 2 R R T R K%
@ BEAR T 25 P9 Bt 4T O T T 1 T o 7 2 8 5 K ¢
TR LG R 25 (8] UM R K 2. s T P GE AR 3 K
T Kk B R 22 R I b B TR B K R IR A D g
5H671 . @UEIbHIX S RV A UL
B U B AE R AE T IR K 02 W] T KR I &
M E R . © KIS KZRIEEKFRKE X
T 23 [a) L AN vh T Jb A 3 B B X H K &
St BGE 7 000 km® . FE 20 4l 90 AEAR LT, Hb
TOKALAR B A GE R AE 380 m 22 A L LR E O A%
KA, BEE TF R, B ATK A2 FBEE 360 m
PUR L8 T B R ZEZS 0T LA B S 6 4 3 X P it 7k
YRR RLELE,

(2) FF & F) K B2 5 3 3 K IR 2 A OB, 78
At 52 P Bl o D A T AR 4 A 8 OR K L R K R R 7K
25 B K TR R T K A oL i LR A
AT IR K BT IR B IS FE G2 R OK R Ty . AN, 55k
K F i 19 B K A Rk K 52 4 AT L 0 R O R 4
FH - EURT DR = WA R i 7= L IR e A T R R K
FUE K P 2 A

(3) i3 b 2 7K 5 b T K- A EE L Bl IR K JE TS
Y R K PR A A R B . B D b K R A Y

TRz K s LA B K 5t i G 5 B0 K BE IR IR 2% R g
5325 YL [ KA . 7E K SCHb I 4% PR S F 0 b B
OF Hb 3R 7K P A7 i 7K URL L B 40 30 3o ol 20 o A 3 7 7K
PR A0 o AR b T KR A7 K U5 Bk 35 K 2 5
T IK PRI A A A K R AT AT B0 0 K SRR AR K @
AR R WAL BRYS K St 9B D8 kb R TS K A
G546 B AR bR KA 32705 g A 4 A n
A ) FH G K 9 PR R

5.2 ITHEEHR

(DEFXF S — KK 2 M P8 77 B8k oK Ll 7Y
RN sl R I N T 187, 7 17 NN VR S (T
G LRI S D45 3T B 20 O DX ORI 3 a9 UK K
VEAFE PR P S K G IR 2 S PR B ) L, 408 Wb BEAE
ZE W4 L AT JR T AL T R K R G0 1 KT A4S
FIKFRGE B8R R G kLS R R b 4 P
VG508 LU il ) 2% V0T VG A R 8 IS 342 A58 KT U 1Y Ll
Ji | o e b, b 5 R PG S 1L P R R Ll b 3 A R TRT
Ot LU AT T B B R 435 1l ] 5 45 R S U I LT D
PP RLYA] 25 P O IR T J R K R G0 bR KA B TR
T S FRK A5 I 2 P 08 & B O M i T
7K B PR B 8 I S B R KO R U R G b 2
2 M0 55 15 U H UK AE 32 K X K VR AE i S ik 1R 5
TR AR Hb 27K bR K IR A 8 B DA R It el K U
PEALHC & 5 R 24 B

(2) B XF B PE AR AR L P 52t SRR 22 0 L H R B AR
TE TR AE AR R AR M A KPR B L Ll AKOPR > A
B RGOSR R TF R 7 A SR 23 35 F 25 ) K %
R R & T RE 5 K I 858 0 2 L TE A LR B BE ) B H
Vb T 7K I PR A I B KB TR R R T Y
M 2F 5 26 B HE L KoMK B R 00 AR S R Ge B B R TR
T, MR 55 BT I ke VD A B AR A IR AR AP 5
KRR,

(3)EF X B pu T At 2 £ SR ALK 2 2 (R s, I
PO HL R K R G K R E BE ) RN R BE IS L P 1 A
TEA W 5% 1 52 S 80 1 b 2 AR

(A T T o Y 4 1l DX oKk N 5 = A8 b 8 2, FA 7K
e Sh A AR Ak R X B K 2 R B K BRI BE O A fk .
3 AT [ AR K PR 725 S e 4 R B 358 0N 5 Sy I e 7K U8
5B R R AR 2R

) FF IR /K AL K IR X s N K RGEHLi5 e N
5 bae Iy A, DL AT GLBH T L 5 7K Ak 315 K R &
S0 L BT B R s Sk B A L HE KRR T i U



533

562 A TGl DX R S R A 5 K B R 4 91

K5 Gl 7K K R $ A e SR A 0 R B R SR i O
K E K5I K TR KR R,

(6) T Jr Vb WL 25 /K B IR RE ) 55 b T K R # ik
(18 7K S HiL 3G 2% 1 R A DEAY IR 55 U0 IX BT A A A
7= K« DA R s i SR K OK WA & S .

(7)) FF J 535 K 230 1 %5 52 XA /K R sl 7K 7
TEM s N X 28 B 4k 4 & S R AL /K B AR 9

(8) FF Ji M T 7K R X3 L L 185 3 3 981 /K 7K U Jon
AR R KA R R S T X R K 2R B R i
VA A 5 PEH o 27 I TT 7K VR E A 0 b T AR B A 4

6 4t

(1) PG b Hl DX 7K %6 35 25 T8] 43 A 5 i 9% U A
ANVC L 76 S A8 Ab RN 283 A R 7K 05 R A 8
KA T AR K B R 2 A T I A K B IR AT
AN 5 s S R 7 2RO D SRR 2 T
e KR FE T NG B L KK IR B SR i £ ) 1
ki

(2) W7 6 G At 7K 5% U5 2 4[] 50 20 figk e 4n {1
AT I K U A R TR 2 AR B R RO TR A
DA R Ll Kk bk B v A i o ] A 4% R B 9 S 2k
AN AT i B S %) ) A0, DX 3 1T ) I 1 L 3 [
ST UK KT R K BB R AT SR e K R TR
FRRE I K BT IR 4 A PR R RE 7 o X I b 27 A RE 2 i
il R 7 58 RO SR SR K SCH BT A B K ]

(3) B P b b DX 7K 9% 5 22 4, K SCHb i TAE 1Y
R A IR L X VD R AR XM TR
25 [B) I8 5 7K B R A g 0 R A T AN = I AR b DX AR
K P 55 DX K 2 E K BRI RE ) MoK B IR B A AR
AR A PEA L B K AL TR 2R RNV £R K TR X R K &R
GEiTs e )15 AL RE 1 IR A DL R e K R e A )
FH 5 G BHL W 5 7K 98 U85 52 1 b B R AF L BT I
KR ) b A i e [ A % R B A S A T K
J 8 25 1 A M2 Oy 58 HE Bl K B TR R AR A L AL
FIH

A A LR B 3R & B B MR
PBE PSR L 60 B F ., BB, G R TR A UK
Fert Ao 4 s 6 P B3 RAE B B &R AE POk
MESB IR IR ESRIEZNT ,F LAHE
R EBEZRIAEN LT IRIF KAE LR
I, A 5% o B By Tk R AT IE B B TAZIF TG B EH R

IRF GREEEZA IR AHFFESA IR
W ORI ESA IR, AEETRFAETEES K
ESH% TART,

S Z 3wk (References) :

BeRAg ZEHL MK S L 5. 3T Budyko BE E 40T
P YA 3, 3 AE % AR A T A 3 A s i [ 0. b sl bRl R 2 2
#2,2020,42(8) :61-71.

BI Zaoying, LI Yanzhong, LIN Yixue, et al. Quantitative
assessment on the effects of vegetation changes on run-
off based on Budyko theory in the Kuyehe River Basin
of northern China[ J]. Journal of Beijing Forestry Uni-
versity, 2020, 42(8). 61-71.

BB R M. KR IRE R AEAME SRR hE
LA R 2008,18(8) :12-19.

CHANG Mingqi, LIU Ping. Basic concept of water re-
sources security and Its research development[J]. China
Safety Science Journal, 2008, 18(8): 12-19.

WA i o Bk 42, W ARG, AL N7 K SC T TR 1l 5T 24 B8
HBTOFE R EE S R GER D] s R
#,1998.2:55-58.

BV S R T R I AL X 5 Ik AR K BE R S R A
sz )], o E M T, 2019a,46(2) :359-368.

DANG Xueya, CHANG Liang. LU Na. The impact of cli-
matic warm-wet of the Tibetan Plateau on the water re-
sources and environment in Qaidam Basin[ J]. Geology
in China, 2019a, 46(2) . 359-368.

B BN L 2L A SRR G R R & RS LR ],
r 1] 5T 9 A SR P4 22 b 5T A A g, 201 9¢.

B BUN UL W R, SR R 4 T K B R AT S R
KR AAELT]. PidEHe R, 2021,54(3) : 213-221
DANG Xueya, GU Xiaofan, ZENG Qingming. Prospect,
Development and Utilization of the Mineral Water Re-
sources in Qaidam Basin [J]. Northwestern Geology,

2021, 54(3). 213-221.

B PR BN L B S8R R A3 H R A S 0 R K
{807, K SCHb R T 7% HB %, 2019b,46(3) 1 1-8.

DANG Xueya, LU Na, GU Xiaofan, et al. Groundwater
threshold of ecological vegetation in Qaidam Basin[]].
Hydrogeology and Engineering Geology, 2019b, 46
(3): 1-8.

T, TR AR . Bl BE R Ak T b K R AR
mi PR 22 L], M 3 . 2008.27(8) : 1138-1142.

DANG Xueya, ZHANG Maosheng. Mode of occurrence of



92 o b B

NORTHWESTERN GEOLOGY

2022 4

karst groundwater in the Northern Shaanxi Energy and
Chemical Industry Base[ J]. Geological Bulletin of Chi-
na, 2008, 27(8): 1138-1142.

A, TR AR B, S PR PR B 2 R K AR 3 X0 5K
IR A 7 0 ge L) ], Hh % 6 2, 2010, 17 (6)
200-207.

DANG Xueya, ZHANG Maosheng, DONG Ying, et al. Re-
search on protection and exploitation of groundwater re-
sources in Northern Shaanxi Jurassic Coalfield [ ] ].
Earth Science Frontiers, 2010, 17(6): 200-207.

R EFIL. 5 XK B R 4 29 F) F PR A T 1. o =K AL 2021,
14.8-14.

DENG Mingjiang. Connotation of intensive utilization of wa-
ter resources in arid areas[ J]. China Water Resources,
2021, 14. 8-14.

EEGIL. AR P Bty T 5 DX K W U Rt i) A g O e 5
BT 5 XK ) R 5 e s LT . A KA
2018.6:14-17.

DENG Mingjiang. Water Conservation Action is a key meas-
ure for alleviating water shortage in inland dry areas: a
study on the development trend of water issues in the
dry areas of Xingjiang Uyghur Autonomous Region and
its allocation and regulation strategy[J]. China Water
Resources, 2018, 6. 14-17.

WEIL., =R R Z B KIEH WIS S TREARK R
[J]. THRIXHHE,2019,42(5) :961-975.

DENG Mingjiang. System of three-scale multi-objective wa-
ter cycle regulation theory and engineering technology
[J]. Arid Land Geography, 2019, 42(5): 961-975.

MG B0 WA AL . RO AR R BRI oY 55 S Bk () .
KA 2EAR,2020,51(7) : 757-773.

DENG Mingjiang, HUANG Qiang, CHANG Jianxia, et al.
Large-scale ecological operation research and practice
[J]1. Journal of Hydraulic Engineering, 2020, 51(7):
757-773.

TR SR AR, SR g, 5. o [ kR B K SO ok AR A K H
X XK e A R LT . ok I PR 4 2020, 42 (1)
23-32.

DING Yongjian, ZHAO Qiudong, WU Jinkui, et al. The
future changes of Chinese cryospheric hydrology and
their impacts on water security in arid areas[J]. Journal
of Glaciology and Geocryology, 2020, 42(1): 23-32.

L, TR I A B AL e R AL T AR B IR R TR
R A 25 R LT ). BT 4R . 200827 (8) 1 1313-1322,

DONG Ying. ZHANG Maosheng., LU Na, et al. Ecological

risk of vegetation caused by resource exploitation in the

Northern Shaanxi Energy & Chemical Industry Base
[J]. Geological Bulletin of China, 2008, 27 (8):
1313-1322.

Kb 382, 5. PR AL AR VR Ak T be AR 1 43 T R
fIE B 7K SC M B RE SC LT, M T a iz, 2008, 27 (8):
1168-1172.

DU Zhongning, DANG Xueya, LU Na. Distribution charac-
teristics of burnt metamorphic rocks in the Northern
Shaanxi Energy and Chemical Industry Base[J]. Geo-
logical Bulletin of China, 2008, 27(8): 1168-1172.

T VN A= I B 7 N i o T R W 1 e PN S N
5 5 m )], AR .2019.41(10) : 103-108.

FENG Qi, LONG Aihua, WANG Ninglian, et al. Integra-
tion of Water Resources Security Technology and Its
Application in Northwest Inland Areal J]. Yellow Riv-
er, 2019, 41(10). 103-108.

ML B TLAR , B E L 5. T V4 0 AR oK 3 4 Ml 5 /K 2 1K
BEUR A YRR 1 43 B L) ). Hb % RT 2. 2010, 17 (6D
208-214.

HAO Aibing, KANG Weidong, LI Zhiheng, et al. The aqui-
fer ? s capability of regulating water resources in Zhan-
gye Basin Hexi Corridor Gansu Province China [ ] ].
Earth Science Frontiers, 2010, 17(6) . 208-214.

WA, A BRI, E T 38 EhA T
B — AR S 2R M]. dbnt: BT R, 2019,

BOGCA BRI A X T, B SRR £ 0 4 b b R K ) A B 5
[MI. dbst: 5 i Bt 2008.

BECA B HR S WRAE 4. SRR £ W R UR ik i R K SR S
M. db st 5T H At , 2017,

AR L/ . 2230, 2. Z2 08 L #5185 1T KR
PRI EE K FLHp [R) 50 R AF 5% () ). 7K 3C i Bt TR b i, 2011,
38(2):8-26.

KANG Weidong, QIU Xiaogiang, LI Wenpeng, et al. Re-
search on diversion-infiltration of flood and storage of
underground reservoir and its collaborative effects in the
piedmont of the Qinling Mountains[ J]. Hydrogeology
and Engineering Geology, 2011, 38(2): 8-26.

R EREY]. RERMG L] KI5 % 42,2015, 4
74-78.

ZREIR I %, BN L AL VT g SR I ek 7D AR Ak
B R 2 A (D0, % JE R 2%, 2020, 42 (3).
499-507.

LI Huijuan, SHI Changxing, MA Xiaoqing, et al. Quantifi-
cation of the influencing factors of runoff and sediment
discharge changes of the Kuye River catchment in the

middle reaches of the Yellow River[]J]. Resources Sci-



533

562 A TGl DX R S R A 5 K B R 4 93

ence, 2020, 42(3): 499-507.

&Y IR N o A Sl EE I e | A W P R T R AR 1 R
[J7. HuERAF 5T . 2021,40(4) : 1180-1194.

LI Ming, SUN Hongquan, SU Zhicheng. Research progress
in dry/wet climate variation in Northwest China[]].
Journal of Geographical Research, 2021, 40 (4).
1180-1194.

AR 2 S AL TR T R XK SCAE A 5K 4 B AE S
() LCL. PI% - PRV RL-# R th At . 2010.

AT FEH M. BT THA-RVA 3% (19 N2 5% 8 %l 55 3] 3 45k
K S 5w AL [T, oK i BB IR AR 22, 2021,39(4)
24-63.

LI Shu, QI Qingsong. Assessment of hydrological regime
change under human activities in the Kuyehe River
based on IHA-RVA[J]. Water Resources and Power,
2021, 39(4): 24-63.

A0 L A 2 %, b S b Y BT 5 At R KR i A AR
AP IR SCLT L K SCH BT T8 b 5T, 1999 ,4: 28-30.
2N T AETE i K AL T T b R B —— 5 R R
T 55 7 1 7K SCH BT TR ST R R T AE LML db ot

MBI H RAE 52009,

R R R e, B R AF. VUL PR A R K B IR T R
I FH 1] B K Hx HEmE 5 LT . B0 5 7, 2009, 11
(6):48-54.

LI Yamin, HAO Aibing, LUO Yuechu, et al. Issues and ap-
proachcs to groundwater resources dcvclopmcnt in in-
land basins in Northwest China[ J]. Resources and In-
dustries, 2009, 11(6) . 48-54.

AR AR, AR AL X F O K R 2R e [T ], bR
TAHESE,2018,36(3) :42-157.

LI Zhifei. Analysis of the Effects of Climate Change on Wa-
ter Resources Security in Qinghai-Tibet Plateau [ ] ].
Journal of International Security Studies, 2018, 36(3):
42-157.

TERKIS WS 8028, A5 LR P I I A A IR B e R K
VRAAALT]  E ok & 655 B 2, 2020, 18 (4)
53-61.

LIAN Qiuhan, TIAN Peng, ZHAO Guangju, et al. Change
of the runoff-sediment relationship and its response to
ecological management in Jialu River Basin[J]. Science
of Soil and Water Conservation, 2020, 18(4). 53-61.

B ke S 5ak , B B AR 4. 2000 AF LR # 9 S BRI I 1 AR AR
e E5REEZ MmN OC R L] WAR % .2019,31(2)
573-589.

LU Li, ZHANG Tingbin, YI Guihua, et al. Changes of lake

areas and its response to the climatic factors in Tibetan

Plateausince 2000 [J]. Journal of Lake Sciences, 2019,
31(2) . 573-589.

Ty R4 3 55 Bl BUR . S R v A 28 U R R XK S 5
VO35 b 9 2 A (VL. b st o A L 2017,

A ). K A XK B R B T VA AR
e—— LR AL i S B LT ], A= 4 T, 2020, 36
(7):154-163.

NIE Chunxia, LI Ren. Evaluation and Optimization of Re-
gional Water Resources Allocation Based on Water Se-
curity; Taking Urban Agglomeration in the North Slope
of Tianshan Mountain as an Example[J]. Ecological E-
conomy, 2020, 36(7): 154-163.

B WRJe oot AL S T L P B A R K T RE AR AR
K FK AT R A LT ], T 5 X B 538, 2012, 26
(1) :46-48.

NIE Zhenlong, ZHANG Guanghui, SHEN Jianmei, et al.
Characteristics of groundwater function distribution and
its indication for sustainable groundwater resource de-
velopment in interior basins, northwestern China[ ] ].
Journal of Arid Land Resources and Environment,
2012, 26(1) . 46-48.

ZEB U, IR B A UK AR IR E K BT R A T 1 B A B
X HEmE I SELT ] RBE LR YT, 2019, 47(10) 1 46-48

QIN Changbo, SU Jieqiong, RONG Bing, et al. Research
on the Challenges and Countermeasures of Water Re-
sources Security in China [J]. Environmental Protec-
tion, 2019, 47(10) . 46-48.

IhGK WL, B L BV YL AFL T B K S b B AR b 5 B 5 b
BT CAE RS M. R 7 J R i At , 2011,

VIR, £ B, X b 4. 7S R VT U AR O R K Bl ) [ T
SERTLY . FAR YRR 2 42, 2017,32(2) :310-320.

SUN Zhaofeng, WANG Shuangyin, LIU Jing, et al. Driv-
ing Force Analysis of Runoff Attenuation in Tuwei Riv-
er Basin[ J|. Journal of Natural Resources, 2017, 32
(2): 310-320.

FALTE IR WL S ST AR A A 5 R O 4 b
AR A B RIAF 57 [T ], 4 VTR 2 B B 4 - 20144, 31
(4).21-25.

WANG Huaqi, ZHANG Maosheng, DANG Xueya, et al.
Optimal groundwater management model for Salawusu
Formation inconsideration of ecological constraint[]J].
Journal of Yangtze River Scientific Research Institute,
2014a, 31(4). 21-25.

FALTE IR W S AR TH K BT R B R R
G kL]]. AR, 2014b,36(5) :48-51.

WANG Huaqi, ZHANG Maosheng, DANG Xueya, et al.



94 Piodb o SR

NORTHWESTERN GEOLOGY

2022 4

Research on water resources management decision sup-
port system in Yulin[J]. Yellow River, 2014b, 36(5):
48-51.

ERiE RSP N N Bie ] 5 N S PO 2
T R A Y TR 4 BT R B R A AR A R BT
TRE B BN (). M B2 4. 2012.67(37) - 388-397.

WANG Suiji. YAN Yunxia, YAN Ming, et al. Contribu-
tions of precipitation and human activities to the runoff
change of the Huangfuchuan drainage basin: Applica-
tion of comparative method of the slope changing ratio
of cumulative quantity[[J]. Acta Geographica Sinica,
2012, 67(37): 388-397.

FCHRE AL, AL A S A 20 L FT R KR
D REAE LA 58 [T 1. 7K S H i T 7 4 J3t» 2002, 29 (4)
5-9.

WANG Wenke, KONG Jinling, WANG Zhao, et al. Simu-
lation of regulation capacity of groundwater reservoirs in
the piedmont of the Qinling Mountain for Guanzhong
Basin [ J ]. Hydrogeology &. Engineering Geology.,
2002, 29(4) . 5-9.

FIR T R AR, AL Sk R A i TR K BE IR % PR A
(i) 250 98 5 7 A LML b s 3t 5 A L 2008.

WANG Yonggui, GUO Hongye, LI Jian, et al. Investiga-
tion and evaluation of groundwater resources and their
environmental issues in the Qaidam Basin[ M |. Beijing:
Geological Publishing House, 2008.

T I AR LT, AR P, Wl P [ K 22 2 )5 R K g R
Wi AR AT ], #5241, 2016,90(10) : 2939-2947.

WU Aimin, JING Jihong, SONG Bo. Water safety issues of
China and ensuring roles of groundwater[J]. Acta Geo-
logical Sinica, 2016, 90(10): 2939-2947,

7, AT AR h E K 4 R 5 5 R B LT . K
F 24 .2016,47(3) :292-301.

XIA Jun, SHI Wei. Perspective on water security issue of
changing environment in Chinal J]. Journal of Hydraulic
Engineering, 2016, 47(3): 292-301.

WM. T 0 K AR A N 28T 2l 25 SR 9T 5 7R I K
BE7 00 5% A B F A5 b s AE XU [T ). Bl A% 58 4z 2019, 64
(27):2761-2762.

YAO Tandong. A comprehensive study of Water-Ecosys-
tem-Human activities reveals unbalancing Asian Water
Tower and accompanying potential risks[J]. Chinese
Science Bulletin, 2019, 64(27). 2761-2762.

I A A 5 2% RO S W T A5 7 9 e B K R A A R R X
BOKTERR A A S R sgm [T]. A 44,2018, 35
(3):179-185.

YAO Tandong, QIN Dahe, SHEN Yongping, et al. Cryo-
spheric changes and their impacts on regional water cy-
cle and ecological [ J]. Chinese Journal of Nature,
2013, 53(3): 179-185.

=) B BT I 400 AT B K 2 4 IR AR R Y X 3R e T .
BN TR YET,2021,12:1467.

MR EE  BARVL JE A B 22T i R K P R S B R )
g e gy 2201 ]. KRBT ,2019,42(3) :109-118.

YANG Huiqin, DENG Mingjiang, PEI Jiansheng. Solution
of critical technical issues in the demonstration project
of underground reservoir of piedmont depression of Tai-
lan River[J]. Yellow River, 2019, 42(3): 109-118.

PARVA G| S 0 SR U 1 [ 1 R 1 7 L N N T 7 1 T
R K BB LT b B O BT, 2021, 48 (4):
1094-1111.

YIN Lihe, ZHANG Jun, WANG Zhe. et al. Groundwater
circulation patterns and its resources assessment of in-
land river catchments in northwestern China[ J]. Geolo-
gy in China, 2021, 48(4); 1094-1111.

TROCHE, P AT, R iR e, AL X3 R K AL ST e Ty
HEIMIL JERT, Bhog et . 2017,

TRCHE SR E AT A R U UK A P A AR o R oK
) 137 2% 48 AR B b 25 8000 [T 0. 3t 3R R 2 3 i, 2005, 20
(5):511-519.

ZHANG Guanghui, NIE Zhenlong, WANG Jinzhe, et al. I-
sotopic characteristic and recharge effect of groundwater
in the water circulation of Heihe River Basin[]]. Ad-
vances in Earth Science, 2005, 20(5): 511-519.

TOCHE, T Jy A= S, VE b P Rl K 98 BRI A KK BT R A
MR A KLCL A+ 307 B A7k 3%
B R BB 4 2006 :53-54.

S AR, GESRT, S AR, LML R K R S LS R
O] KSCHUBT TR ML . 20174, 44(4): 8-14.

ZHANG Jun, HOU Rongzhe, YIN Lihe, et al. Formation
and influencing factors of regional groundwater flow
systems[ ] ]. Hydrogeology &. Engineering Geology.,
2017a, 44(4) . 8-14.

FRAR TS Bt L SFL SRR 22 0T iR RV K IR 3R R AE
HAR L], TR IXAFSE.2017b,34(4) ; 748-754.
ZHANG Jun, YIN Lihe, MA Hongyun, et al. Isotope
Characters of Shallow Groundwater and Their Forma-
tion Causes in the Ordos Plateau[ J]. Arid Zone Re-

search, 2017b, 34(4). 748-754.

TR XK HARRK, . & KR 2R AR 3 BT R K &R
SRR, v E T, 2020,47(6) 1 1715-1725.

ZHANG Jun, LIU Tiangang, DONG Jiagiu, et al. The impact



533

562 A TGl DX R S R A 5 K B R 4 95

of aquifer layered heterogeneity on groundwater flow system
[J]. China Geology, 2020, 47(6): 1715-1725.

KA TS /N L SEL [ R KAk 2 4 s 1 T 8 L A
TR K 5 R OK R LT ] VAL L BT, 2021, 54 (1)
185-195.

ZHANG Jun, YIN Lihe, GU Xiaofan, et al. Study on the
Relationship Between Groundwater and Surface Water
in Xinjiang Kongque River Basin Using Isotopes and
Hydrochemistry method [J]. Northwestern Geology.,
2021, 54(1): 185-195.

KA A, A TR T R XK B IR M H A B R
il W A i A B U Ak T 3 b B LML b 5t Bl 2
f AL, 2014.

KA T AR SR AL SE L B AL 8 YR Ak T RR SR X b R K
PR I 5w B x5 [T Hb A T %, 2010, 17 (6) .
235-246.

ZHANG Maosheng, DONG Ying, DU Rongjun, et al. The

strategy and influence of coal mining on the groundwa-
ter resources at the Energy and Chemical Base in the
North of Shaanxi[J]. Earth Science Frontiers, 2010, 17
(6): 235-246.

TRBEAE ., BRED M. B AL AR IR A T b R K R 9 A
Bk 25 BOn; Boxd HE 1], b BT E 4, 2008, 27 (8):
1299-1312.

ZHANG Maosheng, LU Na, CHEN Jinsong. Ecological
effects of vegetation during groundwater exploitation in
the Northern Shaanxi Energy & Chemical Industry Base
[J]. Geological Bulletin of China, 2008, 27 (8).
1299-1312.

SCHEE, TR, R AL T R I U A o A X AR
s L) KRR AR, 2021,52(02) :40-52.

ZHI Tong, ZHANG Hongbo, XIN Chen, et al. Vegetation
cover variation and its impact on runoff in Tuweihe Riv-
er Watershed [J]. Water Resources and Hydropower
Engineering, 2021, 52(02) . 40-52.

JE & e o B RTS8 BT R KRR 30l 9 R R 5 AL
M. Ab st . E KA K H R, 2012,

SRRV AR, 22 SIS . MR K K BT M I 5 A (D] K SO BT TR
M, 2008, 1:1-11.

ZHOU Yangxiao, LI Wenpeng. Groundwater quality moni-
toring and assessment[ J]. Hydrogeology and Engineer-
ing Geology, 2008, 1. 1-11.

BT, B GEAE A5 1 dle a6 R R ) B UK 22 A PR B R LT .
Hi%k,2021,2.32-35.

RMEENIE A X =, 5. Pl Hh DX HL TR K BT R B R (]

R A LS TP R LR]. PE % 3 BT 7= BF 5 Bir » 2003,

o [ B A . TR 32 M 5 X T K 5 K 2 4R
JEEMIL BB [ K 2 R4, 2019,

w57 I A R A SR A ST L. 2019 4 4 [ Ml T R A TAR
AR {5 E 5 A )R, 2019,

DANG Xueya, LU Na, GU Xiaofan, et al. The relationship
between groundwater and natural vegetation in Qaidam
Basin[ J ]. Journal of Groundwater Science and Engi-
neering, 2021, 9(4). 341-349.

HOU Guangcai, YIN Lihe, et al. Groundwater Systems and
Resources in the Ordos Basin, China, Acta Geologica
Sinica, 2008, 5: 1061-1069.

SHANG H, WANG W, DAI Z, et al. An ecology-oriented
exploitation mode of groundwater resources in the
northernTianshan Mountains, China [ J]. Journal of
Hydrology, 2016, 543 386-394.

WANG Huaqi, Wu Zhao, He Shuaijun, Ma Hongyun,et al.
Research on sustainable utilization of the drainage water
in Jurassic Coal Field in Northern Shaanxi Province[ ] ].
Open Journal of Soil and Water Conservation, 2016, 4
(3): 45-51.

WANG W, DAIZ, ZHAO Y, et al. A quantitative analysis
of hydraulic interaction processes in stream-aquifer sys-
tems[ J]. Scientific Reports, 2016, 6: 19876.

WANG W, WANG Z, HOU R, et al. Modes, hydrody-
namic processes and ecological impacts exerted by river-
groundwater transformation inJunggar Basin, ChinalJ].
Hydrogeology Journal, 2018, 26(5) . 1547-1557.

YIN Lihe, HOU Guangcai, SU Xiaosi, et al. Isotopes in
precipitation, groundwater and surface water in the Or-
dos Plateau, China; implications with respect to
groundwater recharge and circulation[ J]. Hydrogeology
Journal, 2011b, 19(2) . 429-443

YIN Lihe, HOU Guangcai, TAO Zhengping, et al. Origin
and Recharge Estimates of Groundwater in the Ordos
Plateau, P. R. China[]J]. Environmental Earth Sci-
ences, 2010, 60(8): 1731-1738.

YIN Lihe, ZHANG Jun, HUANG Jinting, et al. Groundw-
ater-recharge estimation in the Ordos Plateau, China:
comparison of methods [ J]. Hydrogeology Journal,
2011a, 19(6): 1563-1575.

YIN Lihe, ZHOU Yangxiao, XU Dandan, et al. Response of
phreatophytes to short-term groundwater pumping in a
semiarid region: Field experiments and numerical simula-

tions[ J]. Ecohydrology, 2018, 10, 1002/eco. 1948.



