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Research progress on relation between groundwater and vegetation
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Abstract: There is a complex relation between groundwater and vegetation, which involves dynamic bal-
ance between groundwater, soil and vegetation. The change of groundwater can cause the transport of wa-
ter — salt in soil, this outcome influences the growth, distribution and succession of vegetation. This pa-
per firstly summarized the current progress of study on relation between groundwater and soil moisture,
soil salinity, vegetation, surface desertification etc. Secondly, it studied the important role of rational
groundwater depth on vegetation. The study on relationship between groundwater and vegetation and un-
derstanding of vegetation degradation process and mechanism aimed at ecological negative effects caused
by groundwater are an important tool important of groundwater management and ecosystem protection so as
to copy with future climate change and human activity . Finally, it indicated that eco-effects caused by
groundwater is still the future research direction.

Key words: groundwater; vegetation; soil salinity; soil moisture content; ecological groundwater depth

FURT, Hr 3t R 7K S22 15 R A AR 2SR [
SR B VD AT B S BUE Y 2 REERY
TR AR 25 e 55 TR K, 52 Mk 2 R R I 14 o
MZETEAL 20 A, Ay 7 1k DI ke o i T 7K A2 4k
S A AEZS RO (AR A T 5 T R
XML ) , REEAE S RG - TS R G R
PR TR A, i 2 ] P 2 R 7 i R A G B ]
FEURII ATk 14 2530455

MR KR 29 S TR X AR T SR )
AU DR B OCHE B ORI R . MR K R
SEMARL AT R PR DL S b 2 B4

W #E B #3:2013- 05- 14;

&3] B #5:2013- 06- 21

B Yoo F AN LA BB i E R
—. I, B A KA R A A0 , TR
TR SR R FSE, AR e B f Ry 3
FRRIBL, A H R S AR A 5 AR S
2175 R AR 600 D) AR I 4, B
SRR RIS s P —
IR (Y SR w2 00 ST P S
IR BRRE K& B RO 57,
LR R (K B HIOK 4D R 90 00 1 T B3
T 9 K 95 48 025 20 B 00 1 A

BEETE : [HR A RR IS IH (41001360) ; [65 F ARABLATFAFIL T H (YIY13N1201)
BB BT DR (1988-) &, TR AP DN LA TS A W5 07 1 DRy 3t R 7K BB READ LA B 3t R 7K B A 252808
BIRAER : T 18(1977-) , 5 INARZRAN , 1, BIBESE B3, W50 [ it il s WA o SR A A 2



4551

IR, 5 M PR RO RBETER 37

PAERKES , 2 SENEEIET . TR T5
X TR SN L SR = AN, R oKk 5 A4S
BRI R BT, K ER AL R K B R K
WAL BE R i ik e X R PR B R R . 4
M kSIS KE HIESHREN R, AT
PRIT - R ER B AR Y B 551, R A B AR S
(B LA B AR AR S BN, A i — 20 i Bl R K AR SR
BER5ON [R] B LA A
1.1 #TKkETESKENKR

IR RFE TR 2 R K DA )R
KA, IR b B AR A K A L A K
w7 Z KA, 052 2 T K FER A
FIEZIR , 4 Chen S57E 13 /K SO AR o A BR e 7K A1
(R AR 3K 43 52 e, BAE N A MR K 52
M PRl -2 &, 38 7K 43 B J 138 i 5 B8 422 3 1 S PR L
DA, 17 5 A 3EK o 10 25 (8] A8 53 M 22 R K LR
m 'l EFET S T R X B G L Ry =
NS, TR M T KM T 7R M X
KA B A LR G R {4 I
AARIZEEI K53, A A K EE R K R,
AR ENZRP R, AR THEEAER LT 5
RAEY =i P71k MV . BRWE T 5 AR LR
TR W Xk 5 AN AN R R KA by
IR AR, SR KA AE S5 ~6 m B, 21N
SR KR R 11, 5% , T 2430 F KALAE 10 ~ 11 m
B, 2N E 38 Bk ik 1. 69% |, BIY A 3385 K 2 1 33
PR i M T 7K A7 3R T S N T A O T 0
B0 W A A O T A B 7 U M XA T 6
I LA 3B, I IR SR E (W, ) 5
R KR H ) BIRBURFESR . W, = 0. 444"
(r=0.9441)"7 | IR BF o 2 W, 7E 2245 A0
A, R KRR i 2% 2 F0 S SR R )2 19 K
SRR R X EORAR R 2 MR R, R
AsAl b MR 2 RISk R a R o™ g b
R, Y KRR BRI, BANAE A B, 3K
R, LA AL 17K 53 78 00 s METR SR BT, DA I o
1.2 #TkELESHENXER

ISR EXE A KA R, T
K5 LSRR OC R A F T 1k - Ak A
IAAER =& MR /K-S B3R ZRK TTER R,
HiEsEm L IEEEKNEEIEE (5K &5
IRANHE MK ) | 52 00 = e K 43 W3S 12 8l 1 7 S AN
T 1K VRS 25 R B, DT 52 M) 4 38 g R ER
7N AR £ N &) PN G O e e

FRIX EE RN L R4 = A T B v
I ARG L R KA K
P25 1 2 1 3 E 43 1 £ 5 R4 A3 : Thrakhimov 45 BFF 5%
1T KR IR AKH PR B4 3 AR A e 5t
PL AR, Fe W] R 20 S HL R KR R K ik
JiE 56 2R ), BE A M T K BRA AR, b SR AL
T, P EAE AR AN 3.5 ~ 14 iRt s B
S PR IO b A BEAT LR G, 0 R ) R K
BB AL VR T 4 F 0 ~ 40 em 31 110
HAMBEIEIEAT TIRABIGE, G5 R0, O b IX
JR B SR Al M R KB H R K S R A
FH 25 5 T EL R K 0 AR i S A = A B
B A0 R 2> RBUR R B B | Py e AR
LB B RIOR 12248 FHLER B B, AN ] I3 - 098 5 36 i
5 T KSR T KB L 6 RARIA 5 Ma 4
IS b TP F B Vb S R 2 X M K5 - R s
(6 2, W] b B3 Eh B S WK IR L, S5
IKE PR RE L 5 4 240 450 2 ML 127 1
JRGEH2 07 1, G54 GIS AR, A Wrin 258 IX vbig 12
PSSl R K HEIR X MR 4 (4 S, e L L 4
It 4 J2 M 7K B (4 08 DR T /N, — % 22 ) AL 4
B 2, T EL ML R K HE IR B ) 24 25 4 48 R
B BRT R TR T R G S 2
ASAZ T K B SR AL, 4 = U A S R
SN S Rl 10 7 5 e S 5 5 R B TR NG RSSO 25
14 P, BRI 52 3 4 7K 43 PR 0 - 4 TR 7 9 XL
5 (AR AT MR K B AR T R
W ALBoR e " Nielsen ZERIF 58 IR K F)IF 1%
KA S R G L B, h T M KK AL T s A
WAL, SO M A 2 2R G 0 5 4 R D B ok A
AR5 Wk v T 45 A S i) LSBT T B = A s T K
{3 5 FHEER I R, R T T KBRS R 4y
(K45 727 25 39 2 BN 45 14 23 ] AR e, O L
T KRR SR S AR S A7 AR 23 ) L R
HEPE S ARLE

2 W PORSRIRERIE &

M AR LI o0 AT BB S R K AL
W KA SRR KA FE VI OC R, LR
JEH R KR Chimner %845 H M F K Bk -
UK R , A8 408 78 73 MR AR AR IR SR
J2EHOK S, LU R ZE I 1R Snyder %
KRR Fe ik A W] 1 A A AR A 3t T
JK K BN [RIAR M) H 3K 55 3R 7K 4 LA



38 KISk TR i

2013 4¢

AR R4 LA 2508 B S LA, AR
R AT T TR 400 1) B AL iR o e
ST TR K UR SR Y K5 R KR E R Y
PEOE Aoy AR, KR 7 A R A5 T R X
TR ) 4 5 L /K BER 3 BLH F KBE  IX
HPERBE N T 1 2 B D4REAE ] GIS 5%
AP R KB (9 FEFLOW 2045 & B U 5%
F N PR R HE S M R Bl A B R 0 e 25 A
b, R HL T KRG /NTF 2 m B, DUy TR 20 A B 40
BN, T R AR 20 B 3, s a3
AR i T SR T, - R S X
(R R BRI A IS R R
R X T K SRR O B T M M T K e
56 22 AR B 1)« Milzow 25 A #8145 T 4E ¥ Okavango
= AN AR B R A S KSR K 2R, & R
iR KR S A S0 A A ARG A AE G s 2 T
Modflow2000 -5 FF & it 7K SRR Y 15 00 o >f < A A8
RS BRI 8T KA Bh 2, I3 Ak ORI 1) 18
FERY A7 ], Sk 8 A B 22 A 1 PR B P A E B K
SO Watt 25 ABIFFE T 057 T Hi o o 3 il O
PRI A A K A0 TR o A 40 o B 4 5 0, ) o
18 FHAE B B0 S0 AT 3 CANOCO 4. 0 B89 X6) iy
SMHT (CCA) FNZB 3R] B 4047 (| DCA) ZE 4 7047 T
ANTRIAF K 2= IRk 2 - 24 7K 57 AN+ 338 6 B 5 300 b A
PRI 2 S WA 7E B = A NI AT X
FELBE AR H T KR 25 DX o Y X HE i XA [R) 8 A= S
AUF R TR I P ) L, 5 14 368 Bl BT = 4 U A 25 0B Ak
) = T PR R A DX i 22 YR K R AR 7 o U X1
LR AL A X T K AR, T TR
O = N A S IR B R KA R R0 2R
AR B G h s T R R R ik M 3S
AT E =AU R K - B AR AR R
SR B PR T B HAB ROV BEAT T IRARTAY, 45 5
FW] WK ¢ (C17) R /K IX — A 25 B 3 AR B
Fh SRR N T M S K e (CL ) [ BAT )
PIVE S BRI C &, 78 BESERE b X 4 37 7 1 10 Hb
fit e A S R

3 MK SHIASERIE R £

T AL RAET 5 R T Rl AR X
H ARG HIE S5 A+ iR A EE R
P FEALFIER T . T /KIS Slad B rh s Fi g B
OKAL HRER A BE b 45 | HlE & 2 K )
P 1o B R, 2B R M52 M) - S 5, B8R

ARSI AE AL T U VAR AN R T Ak i 0 AR 1Y
AR,

PSR 5 X R /KA A0 3K A AR T S
1 2% b DXV YA R AN T i B 1 1 T R R B [
Fo TR AR AR RoE Ty T A A
APRRRAER, REAE SN, b feE
FEPE AR X 5%, 7 JC A i SR8 v, XLV U
Ty A MR KA AR Ak | R 1 K R
AR T 3K 43 B B 14 e AU L 5 M AR B 19 A R
Mo TR YRR BE ST, X —AE i —
B A MO 6T, AR ST AR B S b
KA R P A O BV S %
XIHEZE ZEFr o= SRR gT 85 AT N Wy b 1) A, 25
BRI T AEARE BRI K16 sh 5 i N KA T
R - HE SR R R 5 0 A B AR S R SR
b ZRERE TS, (AR BRYD AL ) MR R
WL H- | 0 4 X 7K A7 20 22 70 AFAR L 50 4F
OFFE3 ~5 m, b X FRE 1 ~3 m, 5 fLJE A
1977 4E 11 A Y 1. 305 /L B %] 1980 4E 9 J ()
2.092 /L, 1E /& T HU N KA R bR KB b
TEES (0 R BRI — 5 A T8 3k B0 B KU T bR — b
4G 0.3 J7 hm® ZET7,0. 58 J7 hm® A= K 3538, i
JEok B [ b B V0 B AL+, SO R T U B RS
Zh10T s F B A S A b AR S I R A A
KB, AT 40 AE MR KA HRLE T, R K FORAL B
PR TG, S AR Bl AR Ak AN 4 b VD Ak Y 32 5
FUT L g b T KSR T AR KAk
PANCIN L LS S UL R f RS LeEs: NI AT S ey i
[EZN T

TR o) — R R wi Ak, 2 T 5
A RRIX I SR YN ANER S = A X, e AR R
50 R K SO VIR G, T b K SR b
JEDE T K A A ER S RE 75 A8 Ay 43R 4 sk A
TR EE N R . ISR BRI XU
TKIRR S ER BT OC 2, 2R B h e b 3 2% % v O B
M RO R B AR v, - 59 ph Al R el AR
AR TAL PR L AN SR B . e F ST
GIS FE45 A Hb R 7K A 01000 e ek, 2 7. 8 Y] = £ M
FR B R A B, I 3R B K S IR AR K
W0 S e R 6 b 2l R M B R B ) e 1k A
T R EREEAERTST T S K A S R
o F KR b T KR R BOG &R, a5 R R +
B E (S) 5 TR ILE (m) MK (L) 2
PR PS4 %:0 ~30 em BF, S =1.3115



4551

IR, 5 M PR RO RBETER 39

"R =0.995);0 ~60 cm Hf, S =1.1292
"M (CR* =0.958) ;0 ~100 cm [}, S =1.3943
e0.254] m/h

(R =0.904), JF A4 1 3R 56 R LI S F KB 1k
Ji A TR SRR G T K R

4 TRAsHL R OKBERITSE

H R K BRI AR Ak 2 B4 5 | AR R RN
WHEHGR L E bVl R IR A . i K
Wi, R PERT , R K R T s v 510
BE LARE TR M LR AT g2
S ER A3 ol 77 5 0GR S A0 T R b VDAL R T
Ho R K HEERAE KB R, 2 T KR K, # R K
ek E B LI EEYAR R )2, MY A K IR
IR e R B GRAEEL B AT UL, B BE
ANl 3R AR RS R ER B OR & & A vk
()1l KRR T FE LY, A B M T K R
PRFF 1 KA KR AR g A K A B A
MIVERT . I PN A48 X R KSR S AR OC R AT
TREMIWFIE, RS2 T AN R KR,

Horton Jonathan 55 A\ X A5 4 76 AS [ Hb T 7K 3L
TR AE SR N AT TS, B8 8 T A AT 6 B 4
A BEVE T R K BEIR BB . Rossatto 2575 [1 3
S I R BT 9T T AR R 5 4 L 3K A 5 R KA
PR 2 [ B0 IO B 6 R 1) 5 Derek 58P 58 T HAK 4R
R KR AERFRE B (R A o T K A R G, /B b
K R A O &R, R R B Y 3 A K
fr ) BRSE R R I, R K A AE TE — A I
JE AR K IR K TR IR, & 5 S0k oK
M, A B SZ K AT T a T I [ NI 22 M 20
20 90 X b W I G A % 07 TH ST, B B
ST AERE IR K SR FU 78 TR BEAE A bR K SR R
(B, PRk 25 A B TR B3 A R B 5 5 K A 5
FERW], AP b T /KA BRA KA R A B
1B IEER AL KA, — R 2.0 ~2.5 m, FRR K
M AR ARAH B K AN B FRAEK A7, 76 1L FTF B A 10
m ZEA7, AR IR 3 ~5 m'™ 5 K ik 2 s vt
BE SR T KRS b ik A K S
IR ZE R BIAHE G R IWESE, B T SN X3
PEFIRVE R 3.0 ~4.0 m" T SCSUSE R I Y i T
IR IR R AL T e AR A 25 AR VR A A K e,
HEABRF AR, WP A A A K,
BIASE BRI 7 (Vo 25 R R, B 2k 25 i
KRR E SO < Ay M P 1 R A K T

T /K A3 103 2 1l T 7K SRR AR A A b K MR (
FRAZSH R KHE) o B2, WA 25 iR K BRI )
WF5E A R TR 4 R RIS B 1 R 4 TR R A
T+ SR Ak VDAL X R
ARSI A K A A MR X,

5 SR

SIRTEH T KAL) B S 3R /KA 56 R KSR
ARACAE R XA B AR e R S LR T TR AT
I, AR FI IR . (A3 AR AR 22 R
FRTHIBESE 24 o T RIR R 1E T K A A 25
5 R ARDT, k= N30 3l (T KRR, AL 019
S5 ) SR M T 7K IR AR B B4 A 2 0 Rz 5 0 BT R UK
PR e e A R — BRI i X AR A W B T
G, R Z 3 T KA UL R - K B LR S AT
X AR AR R B RIT ST 5 R = A 7K SCRERY (- iy T~ 7K
- e - O AR S

T E A AME ML R RS RLBC R BT R4S,
WO LA JLANTT 24 BF 58 A B

(D) HRARGIT M T K25 5k #7281k
SEHAEHTT R R AR A= 25 0 Rz e, A S A R A
ANTR A A KR T B B B A AR 2SR AR AL 5 R AR
A BE, AR AT AT R B A A A 4R (A B
ek

(2) 3B M3 SR R~ 15 B BOR LA LK S
SERRIRE S RAR L RS s B A
RK ORI Z T8 15 2 2 Y AR A5 KSR
AT I

(3) w5 oo Xof i T 7K AR 2 PR 5 (R ) BF
BT KT R LA KK AR 5 | 76 A B 85 ) AL 4 (4t
BRI, BRF oSSR A ISR

SE

(1] TR, AT B7r . KRR S5ITR T ].
KBS 1999,10(3) 311 - 318.

[2] Chen Xi, Hu Qi. Groundwater influences on soil moisture
and surface evaporation [ J]. Journal of Hydrology, 2004,
297(1 -4): 285 -300.

(3] WU, HERL, A, MR e wif SHwR &
FIHL T ACGHGOCR [T]. B4 CHiLT ,2009,23(1) ;23 -27.

[4] EPR. T HEN T EKE ST KRS LR
[D]. B& A B key,2010.

[S] VFFm, 5K &, 2AH 08, 45, 0 FH I 320 3t -+ 0 55K da
SRR ARSI BT [ CT /. A e iR 18 5
8, MRt AR R A, 2011



40 KISk TR i

2013 4¢

(6] BRIET, 25 DAL, fRifg i, 55, 38 BRI T et T oK (o %
FBERIRZME L] ]. B~ , 2003 ,58 (4) :542 - 549.

(7] BgRA:, £ 45,45 Jr, 5. M R KBRS 138 5 /K 300
KR ARACHEBE AL A Rl I 58 [ 1] HEBEHEK , 2000,
19(4) .68 -71.

[8] ELFLVL, KRR ES, R - MRS, R KIS F FoK
HH 3K 53 B i s [ T]. K 0952541, 2004, 18
(3):57 -60.

[9] rh IR AR MBI Ll 2 51 2. Al PR A SR A B
WHITEIM . Abst Bl i, 1963.

[10] 2L, TIRHE H5HUF K CR T [T] - K FI2

#,1964(3) :1 -12.

[ 11] Ibrakhimov M,Khamzina A, Forkutsa G, et al. Groundwa-

ter table and salinity: Spatial and temporal distribution

and influence on soil salinization in Khorezm region ( Uz-
bekistan, Aral Sea Basin) [ J]. Trrigation and Drainage

systems ,2007,21(3/4) ;219 -236.

XN H SRS M ARPE ISR T R R IR Y

[J]. H3E2#4% ,2003 ,40(1) :65 - 69.

[13] Ma J Z,Qian J,Gao Q Z. The groundwater evolution and

[12

(R

its influence on the fragile ecology in the south edge of
Traim Basin[ J ]. Journal of Desert Research, 2000, 20
(2):145 - 149.

[14] 24, T, &b 5. Shwi el X 1 2k 7 19
B3 AR SRR AR B S KRR R[] RS
#2,2012,32(4) ;1202 -1210.

[15] Antonellini M, Mollema P N. Impact of groundwater sa-

linity on vegetation species richness in the coastal pine

forests and wetlands of Ravenna, Italy[ J]. Ecological En-

gineering, 2010, 36(9) :1201 - 1211.

BOoE AR IL RO, 45 KRR B B = A UiE

HuAE ) 0 B 9 2R 2562 [T ] B AR 25 2 4z, 2008, 19

(5):969 -975.

[17] Jolly L. D,McEwan K L, Holland K L. A review of ground-

[16

[

water — surface water interactions in arid/semi — arid wet-
lands and the consequences of salinity for wetland ecology
[J]. Ecohydrology, 2008,1(1) :43 —58.

[18] Drexler J Z,Ewel K C. Effect of the 1997 — 1998 ENSO —
related drought on hydrology and salinity in a micronesian
wetland complex| J]. Estuaries,2001,24(3) ; 347 - 356.

[19] Nielsen D L,Brock M A,Rees G N, et al. Effects of in-
creasing salinity on freshwater ecosystems in Australia[ J].
Australia Journal and Botany,2003,51(6) :655 —665.

[20] WEIRVL, A EhAS. BT = A Y1 ML 4 3 X 30 T K oz 5 1
oA A B FE 7R SESLAS AN [T ] A PR}
4% ,2007,26(6) ;2118 —2124.

[21] Ahmad M U D, Bastiaanssen W G M, Feddes R A. Sus-

tainable use of groundwater for irrigation: a numerical a-

nalysis of the subsoil water fluxes [ J].
Drainage ,2002,51(3) . 227 -241.
[22] Yang Jianfeng, Wan Shugin, Deng Wei, et al. Water flu-

Irrigation and

xes at a fluctuating water table and groundwater contribu-
tions to wheat water use in the lower Yellow River flood
plain, China[ J]. Hydrological Processes,2007,21(6) :
717 - 724.

(23] PNIER, A WelR, 7 7. HU T /KR P BRAR AR KA
S [ )], BACHL R ,2008,22(2) 321 - 324.

[24] Chimner R A, Cooper D J. Using stable oxygen isotopes to
quantify the water source used for transpiration by native
shrubs in the San Luis valley, Colorado U. S. A. [J].
Plant and Soil, 2004, 260( ) :225 -236.

[25] Snyder K A, Williams D G. Water sources used by ripari-
an trees varies among stream types on the San Pedro Riv-
er, Arizona [ J ]. Agricultural and Forest Meteorology,
2000,105(1/3) : 227 - 240.

[26] 5K i, #HG)1, B De Ry, T 5 X M AU ) A 4 S 1l R KA
KAMBRIISELT ] RV, 2004,24(1) : 110 - 113.

[27] E24nE, 2R, RS, 55, REZUN JOIR A R I
UM T T KA 2 AR [ ] JKRE ik,
2003,14(1) .85 -90.

[28] Milzow C, Burg V, Kinzelbach W. Estimating future
ecoregion distributions within the Okavango Delta Wet-
lands based on hydrological simulations and future climate
and development scenarios [ J]. Journal of Hydrology,
2010,381(1 -2): 89 - 100.

[29] Watt S C L, Garcia — Berthou E, Vilar L . The influence
of water level and salinity on plant assemblages of a sea-
sonally flooded Mediterranean wetland [ J]. Plant Ecolo-
gy,2007,189(1) .71 - 85.

[30] JEImeA. BT = F N R K Sh& R ILA SB[ D]. /E
5L HER A, 2007

[31] Z2iRA:, 2T, R, 45, B0 = A KOG K
R T SRR, [T]. KB 3EfE,2011,22(5) ;
689 —695.

[32] tRifps, BRIV 7, 28 D40 38 LA R i 58 15 1
BAAKRRZIOTEIFH[T]. T 82X B, 2003,20
(1):39 -43.

[33] F>ett:, 25208, BE BRI R ek (8 iR i v i Ak Je
HBPARLT]. hEPE, 1983,3(1) :31 -43.

[34] XIEEAE, 9 0. 35 MUK T iife 4 b 2 55 3 28 28 Ak 43 i
[J]. FEE I ,2001,15(3) ;142 - 146.

[35] ZEF =, KT, T TAF. B R R ISk 6 R a5
EWURHA AT T]. TRXAFFE, 2001,18(4) :26 -31.

[36] ZmZik, x| A, R R, T E p v Efk S HOR (M ]
JUET Bl2E AL, 1989.27 — 42.

(T#% 44 1)



44 P S @1 IS S I o

2013 4¢

54 i
(1) 2LBURLEE B2 0T 2L 22 AT BRI

AV FIAEAS [RIRELRE 2 2R B 49 S 14 s g 5 I, B 79
R R £ 08 0 2 BT PR O S P07 2 D/ 5 A
N [ RELAES 52 284 B B R B B 1 I, I AL e 2
ARSI , A5 I T A i ) s 22 T 1

(2) BN TG 5 37T 1 =2 18] A4 5C A% it e R BE
I AR LA RS A, BB IR 5 S0 A5 Hh A 3
LA, IFFE RO A

B2k

[1] Lomize G M. Flow in fracture rock [ M ]. Moscow: Gesen-
ergoizdat, 1951.

[2] Romm E S. Flow Characteristics of fractured rocks [ M ].
Moscow: Nedra, 1966.

[3] Louis C. A study of groundwater flow in jointed rock and its
influence on the stability of rock masses[ R]. London: Im-
perial College, 1969.

[4] Patir N, Cheng H S. An average flow model for determining
effects of three — dimensional roughness on partial hydrody-
namic lubrication [ J]. Journal of Lubrication Technology,
1978,100(1) ;12 - 17.

[5] Barton N, Choubey V. The shear strength of rock joint S in
theory and practice[ J]. Rock Mechanics, 1977,10(1 -
2).1-54.

[6] Jiang Yujing, Li Bo,Tanabashi Y. Estimation the relation

[

between surface roughness and mechanical properties rock

joints [ J ]. International Journal of Rock Mechanics and

Mining Sciences,2006,43(6) :837 — 846.

[7] Hosseinian A. Analytical and numerical analysis of fluid
flow through rough natural fracture profiles[ C] //. 2010,
SPE. ARMA218.

(81 BT, K E A, My . AN[] BOHLRS B2 R AR R 5
ARSI FE (1], A J1 5 5 TR 441, 2010, 29
(z1) ;3235 -3241.

[9] T & PRBHE RS BARESREL) ] A ey
5 T4 ,2002,21(1) :83 - 87.

[10] 57, 4% T, NI, 58 5 A 24505 R Rl R AT 52

BB [T]. A 12 5 TR % 41, 2008, 27 (12)
2377 -2386.
[11] g e, FETT . MBE 2B E AT 5 ik
K ,2009, (4) :18 -23.
[12] ferfa, AN, ERE. A0 RS m R
[J]. BA 015 5 TRAEHR ,2009,28(9) 1839 - 1847.
[13] Barton N. Review of a new shear strength criterion for rock
joints [ J]. Engineering Geology,1973,7 (4) :287 —332.
[14] Barton N. Modeling rock joint behavior from in situ block

WL BgERE

tests; implications for nuclear waste repository design[ R].
Columbus, OH :Office of Nuclear Waste Isolation,1982.

[15] Barton N, Choubey V. The shear strength of rock joints in
the organdy practice [ J]. Rock Mechanics, 1997,10 (1/
2):1-54.

[ 16] Mandelbrot B B. The fractal geometry of nature [ M ]. New
York: W. H. Freeman, 1983.

[17] E &, &% E. PRSI & E
[J]. /KBl ,2002,13(1) :61 - 68.

[18] A XR. Ak G TRIM]. dE5.: ih EUK A K H
i fAt:,2005.

SRR T B BE

R e e e e e e ) e e e e LU

(L% 40 )

[37] F B, oAk, girpry, S5 7 ) Ui PR 8 IR S
HALESE [ T]. A E VS, 2003,23(1) 146 - 52.

[38] #¥EoC, ESCRE, BB AE , 5. BRAL KPR X A 22 4
R K AEERRDEFE ) ] P ACARARA B2 4l ( HAR
Bl AR ) ,2006,34(8) .67 —74.

[39] XKoo, Xy, E2hWe. BT GIS Ay BT = 1 U R 98
Mk RorIX [T ] HPae 4R 2001, 56(2) : 198 -205.

[40] KBk, SRVIHE, E4 U, 55 B HUR G -3 Eh 73 2 1k
BT[], A SRR R, 2007, 17 (8) : 1091 -
1097.

[41] Horton J L, Kolb T E, Hart S C. Physiological response
to groundwater depth varies among species and with river
flow regulation [ J |. Ecological Applications, 2001, 11
(4):1046 - 1059.

[42] Rossatto D R, Silva L. C R, Villalobos — Vega R, et al.

Depth of water uptake in woody plants relates to groundwa-

ter level and vegetation structure along a topographic gra-
dient in a neotropical savanna[ J]. Environmental and Ex-
perimental Botany,2012,77:259 —266.

[43] Derek E,Ray F,Robyn L, et al. A functional methodology
for determining the groundwater regime needed to maintain
the health of groundwater — dependent vegetation [ J ].
Australian Journal of Botany,2006,54(2) .97 - 114.

[44] B [ 5z, BRI T, A, 55 fp EPEIE R IXAES T
7kﬁﬁ%ﬁﬁﬁ§5%ﬁ%[ﬂ - TR BEHE S #5E, 2008,
22(2):1 -

[45] 5k K&, ”13 j] BRA S ARIUCT R T K AR SRR
IKAERFFEL T ] F R4 (b IRAL 2 i) ,2003(3) :
323 -326 +330.

[46] FE/Kik, = W, B4, 5. 5 & USRI X RS %
AT T KRG A E [T]. BEFRE,2011,33
(3) :422 -430.



