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View on process of water catchment and its vegetation effects in micro-region of sandy area//QIAO Yu', XU
Xianying' (1. Mingin Desert Control Comprehensive Experimental Station, Chinese Academy of Forestry, Mingin 733000,
China; 2. State Key Laboratory Breeding Base of Deseriification and Aeolian Sand Disaster Combating , Gansu Desert Conirol
Research Institute , Lanzhou 730070, China)

Abstract: This paper defines the concept of micro-region in sandy area, on the basis of which analyzes the formation and
transformation of micro-water harvesting and its important role in arid ecological hydrology. Additionally, it presents a
summary the domestic and foreign research trends on the effects of micro catchment in soil hydrology, soil development and
its application in agroforestry and ecological restoration. Overall, the future research trend lies in the more accurate
quantitative analysis in the process of micro zone hydrology and indicates the complete significance in sandy hydrological
models in order to provide a theoretical foundation for accurate quantitative evaluation of the hydrological cycle and
ecological restoration in sandy areas.

Key words: arid desert area; micro-water harvesting; soil hydrology; eco-hydrology; soil development; vegetation effects;

ecological restoration; review

Hr SR 2 VA ™ Y E R 2 —,
S VB REEFVI AL+ 2 165.3 7 km®, H:
Wi A 280 B BV AL+ 37,0 5 km® B
SATERREDL TR TR TR
IKFG D W28 A AN R HSCRAR G RE w51 &
TR AL R A AL | TR AL A — R A A AR ]
RS TREAESRGE 2B A B
)42 0 R A A AR R 2 K B R0 V0 b - 38 1Y Tk A= T
TR P A 1 R B AS 2 58 1 7K PGP phe 2 VR
KIILICE , B NN H T2k T R X R A = A
A TR K SRR AT T OB A BIRFZE >, SR %
TRV KA K S RE W T AR A BR , Y IX
IR SO FEIIF 55— LAY 17K 43 5 R JE Rl BT AT 7K
SIERBA R IR+ HE (VY ) JRIEAE T K4

S L[] O 5 K 0B A TP MR B 2 A BE S

PR R WSOR T KK X AL 1 A 0Pk 55 R K i
J& Dt Fb M R A 5%, 10 IX TG MK o AR %
IKT2% " XTI REARAR I, 805 A 70 1
BOA AR A FEAE AR K P 7 e b o B =i 22
AT BCE YO AR R T R HETORE R AT
KGR T o 1 A (N AR ) R A
Dol s THIGE 3T KK 28 AR TS A 70 IR R
KHETR AR R A BER ORI . il TRUX 4R
IR NS ) 12 i) L 52 73 B ORI A7 A7 BRI, l
W JCRR K AR SR K B M IR TRt O
JERT X AR 7K G R Y BIF %) T 86 T A /L 22 i 20
AT R VD X HAT BB RIS R S, AR SO XX
IR IXAR LRI B T AL, b XA A2 3L ) R K R A

FLTH R AR SES (41161006 ) 5 H R4 VAR Y440 A RIBLEL B3 121 BA%E B35 5 (1207 TTCA002 )
YEZE R T (1988—) , & T dbEF H A Wi 0F 5 A, 8 N EE T 5L XK SCilse . E-mail ; qiaoyu2008 @ 126. com
- 86 - KA K A ,2014,34(5)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



SISV XX HHOKSCIEIS Mgk AR
FRISEME 1) P DX DX A28 7 K 52 0 ) T A R D 55
Jr W R AT ZR 5 e A S A, DUBA 5
WX A=K RIS

1 WEMSED XX EKBFER

1.1 XS

X = BAE T AR H SRR LR 52
ANTR] AR HS0 (A3 T e S MR T, JE it 3R AR |
FK/NAR TR SOOI, — %275 B N B i
b3k BRI AEP AR L S
SRR AUAR R JE B T DX 0 JE A B X, B
T N AT T D T A B B S, ELAH G B8R
LDOA N, Boers 2 FEHFST I FLAE N R G0
Ferhdg H ORAE K X FE B2 K T ALAE 0.5 ~ 1000 m?
Z IR DX 3, L 1 9 R A2 i 2 N KT 100 m 1Y
BB, B AT A X R L gerh | (LAY or]
o DR BEED LR 5 8 4 R R X AR
SR AR R 3 U SR B, R AR B8 4
AR A SR SRR AR 4 55 77 2 1 = I
PFEY AR X1 SEAbE, TRmAsE " 7
Tt B bR VA B IX b I X 338K o A= W e 1Y)
e b 8 B VA B X SO 2R R IR |
Yl 3R &G BEIRE HRK/NAFER RS R
JRFBHBIE ; AN [A) A B TR X 1 KNS [R] g B2 K X
{HTF— AN KT 1000 m* 70 DX AR 7K Bk DX 442 1 [
ANTA], w53 R A ARG R R R i X, E 2R
TR IX AT 45 PN Bl T ek K 2R e X wp il ) SRR AR
Y EIE R 5 BB R )2 B F R M U e [ S
HE WS K LR 7N DX 5 31 5 V0 Fr ) e T i 5 70
T XU XL 8 R 5 R 2 0 1l i XU e 5 X B e
RIS O R RIS X A R VDR
T AT B RV 1l 5 B TR rh A T | SO A
FH 8 Jo T8 A /N XSl 5 FH () Y V) 28 R G046
1.2 DERUMREKNERSEL

Vb DX B X BE 7K A B 7 e 1T DA GE ) 381 5
Tie Bl AR A B . TR B K S 20 T 15
b DX A S A I R L A AR I RO T BRI VD RS
BORIK 0 = B IE A —V7 Ui 155 B2 14 14 T 1 A )
(ALFERE K B A2 1 a3 SO AR AR ) AR T 1R 4 Y I £
SIFTRNARSE N B R SRR 1999—2002 4F A
VBB KV REPEAN T B A 5T R W, f 2 Hb 2
PR DL AR T B £ B g R ™ R E T 20
20 80 AFACTE Y MBS IR 4 Hb 5 28 V8 X} 4 Hb A% It iF
TR WBFSE T LAZK A3 S FE A A f, 2 i A A
KA TR Ak 2 T S mm,

R 27— WM RAR YL, FERLBE D X, Hh
FHA K LA 2l BT i PR K e R
IKIPBCAR JR B RO K AB IRIZ AL 5 Te 2
B b X AE K 53 75 2R 803 Ty THIATAE 1 3 2%

19
50,

U DX b AR 38 R AR AN, 7K 23 B 1
AR M XY - S T A A, 3 1K 3 AB I I], DA
11T i KK s K T I 25 A S O, T
LA VD DO L, 3 3% L R RUE W 45 B IR U 15
TBRBAR, R R BOE W E BEIE B
XA AR PUE R VD X, Tz AFE N TR KB
IRt - VD B L K B Vb B ST R 2 AR B
AR T, B 1 MR AR IR B0 25 A B R S, th T
W5 B R T RS RE ) i KA E] T
TRALIRZS , 724 S5 A4 AUk [T T 2 JE I AR, 3
T AR A B v 7 XU et i Y i IR A, B i 7K
], — ¥R 7K o AB b 3K o sl T oK —&R 23
WFEAR . TE MR A AR K DX, T K o3 2 1
A, —F AR AR A MY T IR AR AE R, XK
A TERG LR UL, JoIe HAR A JC A W45 B AT AR
BRI EARAN B, AR i AR RL 5 AR
AR R EI S - e o R i 2 N )
TR X AR U B9 BT A5 PRI AR R L 1y 4
B AR A W45 B 1) R A R U X A T A
e,

2 PR EKI LEAHIF N

TET R EMIX, 2R SRR AB R
IR P A FEA S R Vo i 3 K e
MK 28 A B I Z2 N R R % AR iis
B HJZBENE B S5 B RS X X il
AR
2.1 XFERBIRM

T AR R T R K i R B £ EE
o FETEHX, 2 AN, HAREA BRIK 74
20 5 A ARk i A R — R R )R
e e UM R B2 H i A BB, A B D
HEOK o 1 25 KA, KK o B B TR L R
Johansen ™ PN B W45 e i AR R R T2 R, 2
DR R A A 0 45 B ) I 6 A TR DTG 75 o RO H
G s WA A RN, T AR Al B B R
Fr7KBE T, BERS A I (B ML FE K S AE R FE 3R 1, A
TR 73 AN 20 B 4R A AR A AT, it B v 17K 73
BEAR A T e 5 (L 045 24 D A W 285 B A
T MR WM FEAR K S 28 % T 7 > e R S
H WU A8 B M 3 2 S Y2 PR R B 40 B R i 3

KA R A B 2014 ,34(5)  Tel ;025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 87 -



RN R S B B A Ak, % 2% & 4 ) AR 2 AEAS
[F] R 28 A B Be R AN [A] 5 &b A RS TR 2520 A OC
BERFEM ST, 45 fe 3= B3R Ry W 28 & 1y 4 il 4
BN ZRAE T PR3 o 1) 22 S R BN ]
AL LAk B0 T K 78 R B S R A 22 A8
1, BTV RS B, 2V X UIXTE
PAARAR N H A R VRL, 3k 2Ly R HE AR TE I
DI X, ZK A3 28 aok A8 b 25 2 A X J—
TR TR I ST BH AR 3K 53 1y i — 20
R AT HHOK G
2.2 INEHRM

TET 500 DA AR R (9l DXl AR AR D3 i B K
(R e 7 T R o [ R RS N e o N N R
BEEVD DX D BE X AR Uk, TE VD X Ry TR T i 5
JKIX, Evans 457 3 H Vb A K 43 6] R 103 1R B
— AR TR S RIER I R AR 2R A TR
T JE K o3 i T 28 & e T o g b, 8
TR TP LR gl UL A 98 B FE R b X, 4d
PIBTZERE RS 25 mm (IE DL T, BEAK AB IR L1
B ( AB R 28.2 ~35.6 cm) HH b v B #0310
(ABIREE 20. 7 em) ARV, 3% R W 2 1 V0 BB iU
IXBUKTE—E B B3 T A BN A AL &
i, TS R B )b, 25 B R K B B R T
SEA U, — B B\ Ry A ) S e AR A
FARIFAB T i s — e B M HAEAERRAR T
KFAB ) FAL, George SR E NS
HPAMRISARLS 5 1051 DHIE T AR ) 43845 e X 1 43¢
IO IR FENR AN R ) - 3R 25 e T DL b 1 hn e
J2 K BE ) e B i RO A A R

- S5 T M X K SR B s e s AR )
HELE R Abu-Awwad > ZE L HI 4 b Al-Muwaqqar
TSIV AR A5 T Rk e s HIEA
B 53 m IR A K B ER, 5 5 T8 L4
RIS, Y A B T R (560 em) F”
IKiE, RIS, B TR ABIE S & 0L
TR RS AT AT, BT R AN SR VD v SR
I bR Y LRSS B X Rh A S5 TR B
T2 UK 20 N B K iR L R 2 A A+
WK RE, MABTREEKABRED XY
Hillel 25" BRIFSE &5 5 Aok 1 32 J2 3 B 30kt B 1
K 3 A8 B AR R LB A RURL - 48R 7 A —
B, R, B S A0k - ) TS B A S K
SrA R RIS AGRHORDRE 3 =
2.3 xtTESKERFIT

B VDB R T S (] 5 MU b, 2 A B R
IK BRI IZIK 3 SR IR RENA &G

il RS A LI S S 20 ~ 50 em 2, B VbR
At /K LI 16. 65 mm, 5 57 3048 HE VD B A 7. 28
SRRV AE ) /NT 10 mm,aﬁm\ﬁﬁﬂ/{]ﬂff 13. 35 mm,iéj
INFEEEVRE, TV 2R R UL, B VR (8 ~
10 cm) Fb &% BEVDRE (18 ~20 cm) i, K T2RTRK
T KRR AR B F 5 AT TR AR A2 46
K FEARPHES TR R R, 7—9 A2
BRI R K B - EE R AOR N 40. 4% ~
62.9% ,F 5 M V4% HE 5 51% LA Suleman 261
1F U L0 - 52 X PO B X R K e 4 AR X 1 3
IO RCR AT T0E5E, 45 R Wos T3 5 K%
BERE ANEZH 45 em WS KRB ST
59% ~80% , XX FHOGIEYII K & A EEARE
BEVEIH ; Ojasvi 250 FEEA2 0 1 m HIFRN 3. 14 m® 1)
T 53 S T RS K DX S AR AR, 2 K X R B A 7
AR R IZ AR T DUE 4+ HE S ORI 3 A
Singh %7 X E[EE P IR ALY Aravalli 111 i) 537
KK RIS, 25 ek T TR0, B8 T 1 4%
ot AN K LY 2 RE PR A AR At B R
W TETRUYX, i PAFEA X AT, B =
A B M R AR AT X RS TR 4 A, (T PRS0 21 3
T AN [ EB A N B VR B 7= A 22 53 R TR] J2 IR
() S K R P AR A 22 5
2.4 X TKEIR T

FE3E TR VD AR TR 56 3 0 WL & BR, 1T
IR | PRSI R W VD SRR, FE T sh U0 e VD 248
VR AR AT 7 A X R K BN T IR K B A [
A, FE VD Fr )G Hb (4 26 11 M2 il 1) b 3R 42 T 7
AR T, %A KB AKTELI HREKM
Wb FZR)Z AT IR P 28028 AR Bl i, B BR
IKBFIR,, Fleskens % FEH TR H7 3 U VD3 1]
JH e 24 bSO BE M 3R A% T ) Q1 i, BT e 2 3k
BRI A2 — AN TRBE AT LUK B AR VD 2 B3, WicsE 3 35t
FL 7K ATS B ER 50 R KA B A 1 IR K 158
KA, Gontia 250 3 i 38 PPl T B
2 ELX R RIARE IX A28 3 6T Ml R K B 2, 5
T A K 7 B9 DX 7K B R 25 5 1Y 38, 53% , 1]
TG X S AR T3 b 7K RN 2A 2 AR o E AR
oAb, U0 B R BB A AR R ) 24 | U AR
FLUA B 2R ZE 0 + 3 R FLER, B K A2 7 A B e 7=
AR B FARTE R E + EAE 2 N B
PEA L HERZ AN T KO

3 R BX &KX E R RN

[ AN VD AR 25 R GE P M T A AR K
S E AR A A Y o S SR B RY

- 88 - KA K A ,2014,34(5)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



B & GRHEAT T R AR BT B BT A B
A SR AN TR oA AR R LA RO RS R
SR RERE AT FT , R T U DL IX AR L B9 b 25
XHHE BRI L K A ) ZE A P )32 T VA e Bt —
BRI
3.1 PREERFBRXERERNS BRI

CAMTTERMA, HHOK R = | AR B
XK R I R I R LA S 7R R RS A AR S
B AT 235 R R SCHE DR 7, e AR -
T AR AR T 14 52 AR B0 2 R A T AR B A B s A
AR TR AK B A R SR AR B IX - 4
A ROK G F KPR

AT X K 3 A 38 SRR AN ), R4S 3 2
55 SRR IR A O R o A A S TR
JER B KA PR Bk DX A K X - 3K 3 11 1
TR AR K S YR 2R BTG, 45 B
PR K X R 3K 7 A S e v A ) T
BAARREA REARYMER, HURECEX £
SRR GERIWTFE P I, WS s L VDB By XU 0 1A
R 220t 30a BEES  BVP X LA A b AERE T A%
SEPEARTH AL D9 LA A i O E R R Y [
I ARSI RIT U6 -5 AR AR ST TRARYE
HEARZHR BT R &R, X SIS BUK %R
AR T AV R GRR AR — 2, 4k
IR XA AR 53 A1 B 52 T 2 B U XA i ) RE B
SRS R b B T XK 2 MR I3 o3 A AR
51T XSRS R BRSBTS R
RS, BRI B AP L, 475 BESCIRAE )
(R R P2 T A3 A A% JR AR AE AN 2 5T
AR P A7 o 5 e N N 1 N R
ZE L ABLERE— AN (] B v DX A B o e
G IEAR L S
3.2 HEHXPRBXIAEERISRER

TR T3 B 2 WEUREL B 20 K AP 2 i 14 5 T )
GEIR, [ RO - 5K o0 sh 28 7 A0 H B S 154
Mo YT X PRSI LU, 41
PR G T HK 7312 3l = A2 0 o W S i R 297E
Bl 5K iz Bl 5 S R L Z AT IR, DT
TR LA RIBOREAE 5 375 B i G
HYEZ R U S AB SR, BV XK AS
2 SE AT TS 22 BA |, JEOR R P O A AR U0 e R AR
BN R T AR PR VD L, O HLR VD [ E
JE VD T A8 A BTN S5 o HORBAN 3 L AR A )
(TR B AR ) (AR TRl Sk AR v
FREIX, ZARR I 24T L HOK M RZB AR 3R
WS T TRE AL AR 2R 355 sl M) A 283 K kb E Y

SRS AL TROK AT HIERZ BRI A A
ZRI AR PSR 1 e G R T W) S ATt R K
TS BV AR B 2 A R BB R R AU R AR AN 1R
o=, DACTRT 42 T T RS T AR e 1 R A )
SRR R BRI K EE
PR A L8 A S iR MR 0 B T 60 .25 il
45 i, LIEHT R T 20 245,

4 DPEREHREKNTELAERIFIN

Xof 1 4 HL VDV AR R g N TR A X ) ek o
DI v [ 5 S T S0 BT B ) T — A X
R R —@ H R W TR eSS R R
JEA TS R B DL R A 1) L G DURLSY | bl L
TR R G TR | RIS e AT Y A S
R A S 55 A PUR R SR R ; R
VO DX =5 1 XU T AR A S 485 B (A R A1 T 4 o i
filt, LBy RD 38 B B0 R A0 U 1) B2 2 B 25 B 2
Y 14 PR, 3R T AT UAMCEEL S B 0 Bk ] 9% 35 o i 4 AR
A, AR R A T BB A, — e oY B AIF
B MR W e A8 1 o+ A SR 9 A% E 1 |, Greene
SRR T OB S FUE R , + A W2 B
JREAR A B 2 D) b B 25 4 — 82, T A WL SRR
WAk E— A Fh 4, T iR e T A 2R X AR BE AR
BT oA 2200 T e b B Se M RR 45, SR S )
AR 7/ N B 118 e oI = Wl i s Lt M (T
FK

5 DRHEXEKRNA

5.1 7Edl FRRA

TR K DR — A - J7 K 1 Bk AR AR B2 IK 1Y
D3k, B ph A1 DRI AR AR I AB IX A A, HoAR I
ICAABIXIG &R, AR ARTHFE, BRME
K D2 T 5 DR AR A R K B8R ) — o i e i)
FR AATEEK R G 7o LK i T e T 4R
PR 2 P A RO 2R I S R | Ry
(18 L& P N7 A S bR D RS B2
SHCE /N Y A3 R ISR R AR KT 4 TAE
RO BRI AR LE KFF 2, BT 5 2R TR XA
) EER AL O FEEN A E 150 mm (970
T X B Y MR I8, T 23t 295 e S R A Rl
KRR ER R, DeRE ER IS
A X N TR BARIEAT T 1 845 i vlod il 4w
RIS U E R [ AR T 57 10 ~20 m* Y4
VLI, TERRIR IR IFAZ AR 0.25 ~ 0.5 m® MR
5U, AP R RV AR IR AE R KL 0.5 m? A7 T4t
T—WKFCEFEK, AbFE 1 a JERMAE R

KA R A B 2014 ,34(5)  Tel ;025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 80 .



S KRIRER1.77% 2 a 515 H 1.95% , i
PR IEH AR A T IAK A, % A
STBRIES S/1\BIARZ 1= Y Ayl 0 N IO ST g3 2 IR Bk
TEREAS A R R R T TR IZ TS, EL SR S 37 T R
K, BT AB IR, AR R K 22 b g 3
BRSO AR IK RN 116, 5 mm I EERIE
RIS SR MR R 0, S 2 E MR
FRART e RIS A 35 3 R AR AR AR IRIIE AR 1 A% LA
b BRURR ML 1 2R A Y R R SRR Y
13 4% BRI UD iR A S BE X, RV 4 7K bk =X
IR E I 60 ~ 80 em R AHE/KE /K HIE BRI ,60 cm
DAES SR E A A K BRI K fed =
SR YR S PRI T U IXE AR, 72V R R
B B R i R R K RE T, STER /T
PR BRI 26 R v X i X 7K LA i
5.2 fFERA AR

R X4 Bl A K o R AR 3 A ) 4 SR A
28 | S ZB R R, B K 28 T 1 98 VSR  BAE
TRER RS2 o0 A, LIk 2 s VE PR IX 38K 43
WM E W, HET, VF 224258 1 R 50 AT
ok TR0 X V) 2B S TR P S KON 38 7 SN ST R T R
GRS A 70 A T R 2 R X AR B
P i AR ] B I SRR AR Bk 43R, £ 2
VeI A=K, I35 78 2 ) 5 3 2 i A 9 A 7
A K53 34 25, FEIH 22 R 60 cm = 60 cm 175 ¢m -
75 em MSRIF R &N E BER BT BT BT
FIL T B G AR AR o AE H AR e e i
5P b T K 4 R 28 V475 A ARl R K ) P 3 e v ik )
75.2% FE K R 33K 5] 70. 1% , ff F KK 43
F R e 153 35. 93 kg/ (mm « hm?) |, 443K F)
33.63 kg/(mm « hm®) , 76 FAVEAR H B K i 580R)
S TR H TR E AR A X
BB A g R IX | f AR /K B R 3 R TR
M 250 ~ 440 mm Z [8])*7) | H Tabor' ™! 45 B 483 it
RIGIOUE T2 A XS T 38 5 1 b 1938 B, 75 H 6
BEKBEAR AT DL 4w T e b i) ek 0y B R
REMFE 2k 7 L b E B S 2 SR, VB 2
T KRB R VD X X B K TE VD R F i v
20 2 80 AFAR ) b EIRR AR B 24 N VBRI 5% 9T 7 1
6 LY DI YD 3 Sk L DI V0 i HEAT 4 Bl B K 2 A
TR TAEALS 90 AFEAAERL K I VD Hb v 3 2% 2
X 3 7 V0 b T S K R 3% B R F s 3RS T
e

6 MREE
[ P AR R K SR D7 s AR F AR A, B2 T AR

Xof R 7K SR L AR G AR SR 7 A7 R o A58 FH 2% 3019 4k
T RGBS, B R T 2K SR B B IF 5 A4
JTE &R T TR R XNE YOKFIE A TH A
TRE R AL, SR T XA DX A 7K B BIE 5 ARy R 2 1 572
DA AR AR 7, Xof 1) 2B B K A0 T R R BIE 5 O BT
TREFNICR, KT TR BERNMIX AR, h TR
IKGEIRA P E AL, AT T R 7K E T B
DA b A= AT RE , X S AR B LI

W58 R WD B b A7 7 HoA B K R SO R IX
S, 3 DX SBRTE o ) AR SR 8 RPN 35 X g A 25K ST
i S HAR AR A A R R, A SCRVP IX R X AR
KR KAHEENL AT T 2538, 5 Ja BB AT 5T A
[l 3 X B K X AR I B AL R R X AR i
KA R IR X AR AR DX K o R4 T S 2500, 9F 5
TR UK B AR VD X AR K S0 R S AR 2
e, $2 0 X EA 58 B R SCR K SCRERY R il X K
S RS S A B A A 5 e X AR K X
AT R E S AR AR RS AR ST, IR VD IX
AR FH ol XA DR K A ) P A

B TR K A BIF S 2 T I - S D 1 M X
P, VD DRI AR A i — 2B 5T, — 5 T
B T TV XA K SR BIE TS, o5 — 05 L
VOB DX A AR 2SR O R AR AR A

S Xk

[ 1] E¥ ARRE R EWEABITEL) ]t E RS
4%,2001,9(2) :7-12. (WANG Tao,ZHU Zhenda. Studies
on the sandy desertification in China[ J]. Chinese Journal
of Eco-Agriculture,2001,9(2) :7-12. (in Chinese) )

[ 2 ] National Academy of Sciences. More water for aridlands
[ M]. Washington, D. C. ; National Academy of Sciences,
1974 .34.

[ 3] FINK D H,FRASIER G W,MYERS L E. Water harvesting
treatment evaluation at granite [ J ]. Journal of the
American Water Resources Association, 1979, 15 (3) .
861-873.

[ 4] BOERS T M,De GRAAF M,FEDDES R A,et al. A linear
regression model combined with a soil water balance model
to design micro-catchments for water harvesting in arid
zones[ J |. Agricultural Water Management, 1986,11(3) :
187-206.

[5] EEHMH.Bugl. BT 2L mEZERRZE[Cl/Fk
L TR a8 SCEE. b at v KR K | R
1998 .12-34.

[ 6 ] DUFFY C J,AL-HASSAN S. Groundwater circulation in a
closed desert basin: topographic scaling and climatic
forcing[ J ]. Water Resources Research, 1988,24 (10) .
1675-1688.

[ 7] WANG X P,BERNDT R, LI X R, et al. Water balance

-+ 90 - KA K A ,2014,34(5)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



[8

[

(9]

(10]

[11

[

[12]

[13]

[14]

[15

[

[16]

[17]

change for a re-vegetated xerophyte shrub area [ J].
Hydrological Science Journal ,2004,49(2) :283-295.

H bR, AR VB IR N T A PB4 A R K-
BRI AR [T, o E Y, 2005,25(2) ; 166-172.
(XIAO Honglang, LI Xinrong. Fifty-year history of water
balance research ecosystem in Shapotou, Tengger Desert
[J]. Journal of Desert Resarch,2005,25(2):166-172.
(in Chinese) )

BOERS T M, BEN-ASHER J. A review of rainwater
harvesting[ J ]. Agricultural Water Management, 1982, 5
(2):145-158.

TR R iR B b J T XA K R8O R
WRIPIFE[I]. R AT IE, 1994,15(3) : 166-
171. (MA Tianen,GAO Shiming. Research of efficient use
of water harvesting in Loess Plateau Semiarid region[ J].
Research of Agricultural Modernization, 1994, 15 (3) .
166-171. (in Chinese) )

JRE A RTERL, XU rhar, A5 B b b T A X e T Xt
BRI AR [ )] K 2 ORRRIESE,2012,19
(3): 74-77. ( KUANG Gaoming, ZHU Qingke, LIU
Zhongqi, et al. Effect of microrelief on the soil water and
vegetation arrangement in loess hilly and gully region[ J].
Research of Soil and Water Conservation,2012,19(3) .
74-77. (in Chinese) )

JEET . TR Ty K B A TR M. JE s B R
1t,1965:3745.

RINGERSMA J, VINK M,MAMEDOV B. Deterioration of
Central Asian water harvesting systems[ C]//Proceedings
of the Xlth International Soil Conservation Conference.
Buenos Aires:[s.n. |,2000:22-27.

MR W . R R A M B AR T B AR T B 5
[J]. TEIXWEFE, 1989 (3) :31-36. ( XIAO Duzhi, HU
Yukun. A study on the surface runoff of crust soil in
mesuwan| J ]. Arid Zone Research, 1989 (3) :31-36. (in
Chinese) )

FRME, S, s DL R R A R A R S 1)
PROHAE Y PRI 1 SO0 5 S RO [ )] A B8 5 30
55,1999, 8 (3):29-33. (WANG Yuhui, ZHOU Guang
sheng, HUANG Peiyou. The responses of plant to
environment and its feedback based on the general
sucession in takir [ J ]. Journal of Plant Resources and
Environment ,1999,8(3) :29-33. (in Chinese) )

G\t R R Y R E VR AR B G AT A S R
ALY ). B i 26 B DR A, 1995,17 (3/4) - 4-6.
(HUANG Peiyou. Analysis on the relevant problems in the
ecological succession from plant community building in
takir[ J |. Environmental Protection of Xinjiang, 1995, 17
(3/4) :4-6. (in Chinese) )

R R L R, . TR T R IR RUE
W2 B PR 25 SR TR [ 1] v R v e
2001,21(1) :4-8. (LI Xinrong,JIA Yukui, LONG Liqun,

et al. Advance in microbiotic soil crusr research and its

KA K A 2014 ,34(5)

[18]

[19]

(20]

[21]

[22]

[23]

(24]

[25]

[26]

(27]

[28]

[29]

ecological significance in arid and semiarid regions|[ ] ].
Journal of Desert Research, 2001, 21 (1):4-8. (in
Chinese) )

GEORGE D B, ROUNDY B A, CLAIR L L, et al. The
effects of microbiotic soil crustson soil water loss[ J]. Arid
Land Research and Management,2003,17(2) :113-125.
TR, 2o kst , 4. T 3EAE W2 je 2R BIURFAE A
SE[J]. RE TP 2006,26(2) :159-164. ( HE Mingzhu,
LI Xinrong, ZHANG Jingguang, et al. Evapotranspiration
characteristics of soil microbiiotic crusrs [ J ]. Journal of
Desert Research,2006,26(2) :159-164. (in Chinese) )
ABU-AWWAD A M. Water infiltration and redistribution
within soils affected by a surface crust[ J ]. Journal of Arid
Environments, 1997 ,37(2) :231-242.
BRAH e 2R R . NG TSR s VD i 1
IRIPIRBLE 73 AT [ 1], T 5 X BEIR 15 3R 8, 2000, 14
(1). 80-85. ( CHEN Youjun, GUAN Shiying, LI
Shaoliang, et al. Soil water regime of hunshandake sandy
land in Inner Mongolia [ J]. Journal of Arid Land
Resources and Environment, 2000, 14 (1) 80-85. (in
Chinese) )

JOHANSEN ] R. Cryptogamic crusts of semiarid and arid
lands of North America[ J]. Journal of Phycology,1993,29
(2) :140-147.

WARAT A= . V3 Sk b DX A W 45 B 1 K SO B 5 S B A
B[] TR RXWFE,1992,9 (1):31-38. (CHEN
Hesheng. The characteristics of biological crust and its
environmental significance in Shapotou Region[ J]. Arid
Zone Research,1992,9(1) :31-38. (in Chinese) )
EHOE R, Bt A T RE T R X TR
PEAIR A 75 R GE R FRAE [ 1], £ 45 %441k, 2005, 25
(8):1974-1980. ( WANG Xinping, LI Xinrong, XIAO
Honglang, et al. Evolution characteristics of the artificially
re-vegetated shrub ecosystem of arid and semi-arid sand
dune[ J]. Acta Ecologica Sinica, 2005, 25 (8): 1974-
1980. (in Chinese) )

RIS . A= Wy 4 B J2 ) i 3R 28 % ik 8 52 ) 1) 1L BT
FELT]. K £ R R %4, 2010 (1) :208-213. (ZHOU
Lifang. Mechanism of microbiotic crust effects on
evaporation process [ J |. Journal of Soil and Water
Conservation,2010 (1) :208-213. (in Chinese) )

EVANS D D, THAMES J L. Water in desert ecosystems
[J]. US/IBP Synthesis Series,1981 (11) :200-210.
GIFFORD G F. Infiltration rate and sediment production
trends on a plowed big sagebrush site [ J ]. Journal of
Range Management,1972,25(1) :53-55.

CLAIR L L S, JOHANSEN J R. Introduction to the
symposium on soil crust communities[ J . Western North
American Naturalist,1993,53(1) :14.

LOOPE W L, GIFFORD G F. Influence of a soil
microfloral crust on select properties of soils under pinyon-

juniper in southeastern Utah[ J]. Journal of Soil and Water

Tel ;025 - 83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn - 91 -



[30

[31

[32

[33

[34

[35

[36

[37

[38

[39

[40

[41

.92 .

Conservation, 1972 ,27(4) :164-167.
BROTHERSON J D, RUSHFORTH S R. Influence of

cryptogamic crusts on moisture relationships of soils in

—

Navajo National Monument, Arizona [ J ]. Western North
American Naturalist,1983,43(1) .73-78.

] B BRI, 2000 , 45 il DX e A RO %)
A AB [ )] . BB LR 2003, 18 (4) :592-
596. ( WANG Xinping, KANG Ersi, LI Xinrong, et al. The
influnce of initial soil conditions on water penetration and
soil moisture distribution[ J]. Adwance in Earth Sciences,
2003,18(4) :592-596. (in Chinese) )

] HILLEL D, GARDNER W R. Transient infiltration into

crust-topped profiles[ J . Soil Science,1970,109(2) :69-

76.

SACKSCHEWSKY M R,KEMP C J,LINK S O, et al. Soil

water balance changes in engineered soil surfaces [ J].

Journal of Environmental Quality,1995,24(2) :352-359.

] AR TR RAER XA T IR KRR RS R BEY
[J]. i bk 2 e 2% 41 , 2010, 20 (4) : 12-16. ( HUANG

Wei. Technique of output increase of micro-catchment on

[

foxtail millet on in arid farming of South of Ningxia[J].
Journal of Yulin University, 2010, 20 (4 ) : 12-16. (in
Chinese) )
] SULEMAN S,WOOD M K,SHAH B H, et al. Development
of a rainwater harvesting system for increasing soil
moisture in arid rangelands of Pakistan [ J]. Journal of
Arid Environments,1995,31(4) :471481.
OJASVI P R, GOYAL R K, GUPTA J P. The micro-

catchment water harvesting technique for the plantation of

[

jujube in an agroforestry system under arid conditions[ J].
Agricultural Water Management, 1999 ,41(3) .139-147.

] SINGH G,CHOADHARY G R,RAM B, et al. Effects of
rainwater harvesting on herbage diversity and productivity
in degraded Aravalli hills in western India[ J]. Journal of
Forestry Research,2011,22(3) :329-340.

] FLESKENS L, ATAEV A, MAMEDOV B, et al. Desert

the

potential of traditional and experimental technologies in

water harvesting from takyr surfaces: assessing
the Karakum [ J]. Land Degradation & Development,
2007,18(1) ;:17-39.

] GONTIA N K, PATIL P Y. Assessment of groundwater
recharge through rainfall and water harvesting structures in
Jamka microwatershed using remote sensing and GIS[ J].
Journal of the Indian Society of Remote Sensing,2012,40
(4) :639-648.

] BEVEN K, GERMANN P. Macropores and water flowin

soils[ J]. Water Resources Research,1982,18(5) :1311-

1325.

e 2 R4, DA A L ORFLIR X L 3K 52 Bl Fiv

s £ B L AT [ ], HEBEHE K, 2001,20 (4) 14,

( CHEN Qihui, HAO Zhenchun, FENG Jie. Effects of

macro-pore on water and solute movement in soil [ J].

KA KB AR 2014 ,34(5)

[

(42]

[43]

[44

[

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Trrigation and Drainage ,2001,20(4) :1-4. (in Chinese) )
R AP £ SCHA. B A Y R AL B R A AR ALBR
AT ST (1], 7K PR 45 2% 4z, 2003, 17 (4) ; 168-171.
( ZHANG Jianfeng, LIN Xingcui, WANG Wenyan.
Characteristics of macro-pore and macor-pore flow in loess
soil[ J]. Journal of Soil Water Conservation,2003,17(4) :
168-171. (in Chinese) )

AORE BRIXUEE, TS IR VT - Ui AR K - 19 K AL BRARAE
LXK o3 s R 2w [ )] AR 2574, 2005, 25
(3) :507-512. (SHI Hui,CHEN Fengqqging, LIU Shirong.
Macropores properties of forest soil and its influence on
water efflunent in the upper reaches of Minjiang River
[J]. Acta Ecologica Sinica,2005,25(3):507-512. (in
Chinese) )

B35 N, T SR T A R S
AP S8 1 (1], WS Rzl A SRR,
2007,38(1) :102-108. ( FENG Xiu, TONG Chuan, DING
Yong,et al. Potential role of soil seed banks in vegetation
restoration and reclamation[ J]. Journal of Inner Mongolia
University :2007 ,38 (1) :102-108. (in Chinese) )
CRAWFORD C S, GOSZ J R. Desert ecosystems; their
time [ J].
Conservation,1982(9) :181-195.
GARNER W, STEINBERGER Y. A proposed mechanism
for the

resources in space and Environmental

formation of * Fertile Islands’ in the desert
ecosystem[ J |. Journal of Arid Environments, 1989, 16
257-262.
TINLEY K L. Ecology of tropical savannas[ M ]. Berlin;
Springer, 1982 :175-192.
STEPHENSON N L. Climatic
distribution ; the role of the water balance[J]. American
Naturalist, 1990 :649-670.
WANG X P, BERNDTSSON R, LI X R, et al. Water
balance change for a re-vegetated xerophyte shrub area
[J]. Hydro-Logical Science Journal,2004,49 (2) ;283-
295.
VFHH'% BIFR B0 5 . S e I aod 7 S AR 9 5 1
FFIEZE R W 2s [ S Bt o I (1], 2R B 24l
2003, 14 (6):904-908. ( CHEN Peng, CHU Yu, GU

Fengxue. Analysis of spatial heterogeneity of vegetation

control of vegetation

and soil in Oasis and desert ecotone[ J ]. Chinese Journal
of Applied Ecology, 2003, 14 ( 6 ). 904-908.
Chinese) )

H bR 2R, BOR R, A U I R A
B R G AS X K IR EE 2 [) ], 4324, 2003, 40
(6):809-814. ( XIAO Honglang, LI Xinrong DUAN

Zhenghu, et al. The impact of soil vegetation system

(in

evolution on water environmen in the process of quicksand
be fixed[ J ]. Acta Pedologica Sinica,2003,40 (6) :809-
814. (in Chinese) )

MACFADYEN W A. Soil and vegetation in British
Somaliland[ J]. Nature,1950,165 :121-121.

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn



[

[

[

[53] ARy ™ 3 F 4. T 54 X BEHCRAE S R T ik

MK o> JR S AL e HAF sk e [ 1], A2 40K,
2012,31(8) :2137-2144. (DU Jianhui, YAN Ping, DONG
Yuxiang. Water driving mechanism of patched vegetation
formation in arid areas:a review [ J]. Chinese Journal of
Ecology,2012,31(8) :2137-2144. (in Chinese) )

W 4EVE . e E ALy XN AR B Y 3 Tk )
[J]. Mol A2 ,1996,32(1) :78-85. ( YANG Weixi. The
preliminary discussion on soil desiccation of artifiial
vegetation in the Northern Regions of China[ J]. Scientia
Silvae Sinicae,1996,32(1) :78-85. (in Chinese) )
ANDRASKI B J. Soil-water movement under natural-site
and waste-site conditions ; a multiple-year field study in the
Mojave Desert, Nevada [ J ]. Water Resources Research,
1997,33(8) :1901-1916.

GURNELL A M, HUPP C R, GREGORY S V. Linking
hydrology and ecology [ J]. Hydrological Processes, 2000,
14(16/17) .2813-2815.

BT AR |, BRI BLIRID VD M TN - X
JUHBOK 53 AB 05[], A5 544k, 2004, 23
(1):56-59. (ALAMUSA, JIANG Deming, PEI Tieyao.
Soil moisture infiliration dynamics in plantation of
Caragana microphylla in Heerqin sandy land[ J]. Chinese
Journal of Ecology,2004,23 (1) :56-59. (in Chinese) )
ANGE TR, R KT S A B TR B B 53 A1 %
FRW AR R [ ]]. h E VB 2011,
31 (5): 1112-1118. ( LI Xiaojun, WANG Jun, GAO
Yongping. Effects of vegetation patchy distribution on
runoff, erosion and nutrients loss in desertified steppe area
[J]. Journal of Desert Research,2011,31 (5):1112-
1118. (in Chinese) )

AEF TN, FELYE. RO S X - S BT AR AR R R
M EFE [ J]. K B AR FFAFST, 1993 (1) 3743, (ZHA
Xuan, TANG Keli, BAI Hongying. The effects of vegetation
restoration on soil erosion resistance characteristics[ J].
Research of Soil and Water Conservation, 1993 (1) ;:37-
43. (in Chinese) )

GREENE R S B,CHARTRES C J. The effect of fire on the
soil of the degraded semiarid woodland I:cryptogam cover
and physical micromorphological properties[ J]. Australian
J Soil Res,1990,28(5) .755-7717.

BOERS T M, GIDEON O, 5K 33U, T8 /K DX /K [T Y
2P [T]. K R ORFS R R, 1986 (4) < 21-
24. (BOERS T M, GIDEON O, ZHANG Hanxiong.
Economy benefit evaluation on rainwater recycling in
micro-water catchment [ J ]. Scientific and Technical
Information of Soil and Water Conservation,1986(4) :21-
24. (in Chinese) )

FHEMR. AR bRl . YBR[ T ] IR MBHE 1994
(4):57-58. ( YIN Zuodong. Runoff forestry: Hanyuan
dawn[ J]. Science and Technology of Qinghai Agriculture
and Forestry,1994(4) .57-58. (in Chinese) )

[63] EslkH, £ H, 5. 38 0 5 5 AR RO 5E

[J]. Molk BH% 38R, 1996 (9) : 13-15 ( WANG Bingrui,
WANG Baitian, ZHANG Fue. Research on Loess Plateau
runoff forestry technology [ J ]. Forest Science and
Techonology ,1996(9) :13-15. (in Chinese) )

oAbk, FARFD XTS5 GRAE N TR BRI IR S HEAR
5[ J]. Aol B2 857, 2006,19 (2) : 151-157. (MA
Quanlin, WANG Jihe, ZHAO Ming, et al. Research on
restoration technology of degenerated artificial Haloxylon
ammodendron forest[ ] ]. Forest Research,2006,19(2):
151-157. (in Chinese) )

LR PN EARA S SR GOR AR M bR 4R T
WEHFELT]. WS RAL #2741, 2006,27 (1) : 115-
120. (AN Fubo,SUN Kun, WANG Jihe,et al. A study on
precipitation collection on the degenerated Halaxylon
ammodendron woodland on oasis boubdary[ J ]. Journal of
Inner Mongolia Agricultural Univercity,2006,27(1) :115-
120. (in Chinese) )

B, KRR, B ARSI AL D5 [T ].
HrIE A B, 1985 (6) :23-25. ( HUANG Pizhen, LIU
Zhijun, CUI Wangcheng. Preliminary research on H.
ammodendron catchment afforestation [ J ]. Xinjiang
Agricultural Sciences,1985(6) :23-25. (in Chinese) )
XVEEAR  aRal, XN AR AR R AR AR T ], B Sk
W,1987 (5) :23. (LIU Yuhua, ZHANG Chun, LIU Jin.
Techniques for H. ammodendron runoff forestation [ J ].
Forestry of Xinjiang,1987(5) :23. (in Chinese) )
R, AR, XK P 48 KPR A SBE T IRV R K i
MITAWIFE [T ], BT AR, 2012,43 (11) : 1737-
1740. (LU Tianping, SHI Zheng, LIU Yongping et al.
Research on deep groove catchment afforestation modes of
sand gravel gobi[J]. Journal of Southern Agriculture,
2012,43(11) :1737-1740. (in Chinese) )

WAL, P HT, FALAE. F T S BRI 2B AR U
IR T]. T R KR AF5T,1997,15(1) .
4449. ( HU Xiyuan, TAO Shiheng, WANG Lixiang.
Research on ridge and furrow planting of prosoin semi-arid
and drought-inclined areas [ J |. Agricultural Research in
the Arid Areas,1997,15(1) :44-49. (in Chinese) )
EARMG, DT, BB S TR T R R AR K
TR AR ZORBIFT[J]. POk K22 54,2000, 28
(4):16-20. ( WANG Junpeng, HAN Qingfang, WANG
Longchang, et al. Research on the technique of micro-water
harvesting plant in semiarid area of South Ningxia[J].
Journal of Northwest A&F University, 2000,28 (4 ) : 16-
20. (in Chinese) )

XA AR 2Rt | 45 S ORI ZE VA 4L
AR IR T]. TR X AR F5T,2008 ,26
(6) :18-28. (LIU Guangcai, YANG Qifeng, LI Laixiang et
al. Effect of dryland corn all membrane technology on the
double ditch planting on the soil moisture[ J]. Agricultural
Research in the Arid Areas, 2008,26 (6):18-28. (in

KA R A B 2014 ,34(5)  Tel ;025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 03 .



(72]

[73

Chinese) )

/NI B AR Y, 45 T R X B T T Ve 2
SRR B R A TR [ ] Al TR 23] 2007,
23 (10).45-50. ( REN Xiaolong, JIA Zhikuan, HAN
Qingfang, et al. Effect of ridge and furrow rainfall
harvesting planting system on production of summer corn
(Zeamays L. ) under simulatedrainfall conditions in semi-
arid areas [ J ]. Transactions of the Chinese Society of
Agricultural Engineering, 2007, 23 (10 ). 45-50. ( in
Chinese) )

SRR AR, N AMER AR SR )],
FEH X 40k #F 5T, 2005, 23 (2) :223-229. ( ZHANG
Jianxin, ZHWNG Dawei. Advances and expectations of
[T1].
Agricultural Research in the Arid Areas,2005,23(2):

[

international rainwater catchment researches

[74]

[75]

[76]

223-229. (in Chinese) )

. TR A B RGEWTE M. P94 BT AL
HAH AL, 1998.

TABOR J A. Improving crop yields in the Sahel by means
of water-harvesting [ J ]. Journal of Arid Environments,
1995,30(1) :83-106.

KRR FAEEAR, 567 8. AT5 261 50 okl i g s o
TOKEARR R AT FEHEREL T ] F AL AT 5T, 2006, 19
(6): 2226. ( SONG Yunmin, ZHOU Zefu, DANG
Hongzhong. Progress of application research of water-
saving technologies in vegetation recovery in Northern
semi-arid sandy area[ J |. World Forestry Research,2006,
19(6) :22-26. (in Chinese)

(WeHs B 352013 -09 - 17 Zki; BBk

(E#&% 27T W)

[5

[ 6

[7

[8

[9

[10]

[11

(12]

[13

[14]

.04 .

] KIM D G. Numerical analysis of free flow past a sluice gate
[J]. Journal of Civil Engineering,2007,11(2) :127-132.

] ROTH A,HAGER W H. Underflow of standard sluice gate
[J]. Experiments in Fluids,1999,27(4) :339-349.

] WANG Huaming, ZOU Zaojian, TIAN Ximin. Numerical
simulation of transient flow around a ship in unsteady
berthing motion [ J ]. Journal of Hydrodynamics: Ser B,
2009,21(3) :379-385.

] ST R R R R I RO RS E PR AT [T ] KR
#2,2005,36(8) ; 1014-1018. (FU Zongfu, YAN Zhongmin.
Stability analysis on a new type of floating sluice [ J].
Journal of Hydraulic Engineering, 2005,36 (8) . 1014-
1018. (in Chinese) )

] ZOU Lin, LIN Yufeng. Force reduction of flow around a

sinusoidal wavy cylinder[ J]. Journal of Hydrodynamics:

Ser B,2009,21(3) :308-315.

ZHANG Jun,MIAO Guoping. A liner hybrid model of mse

and bem for floating structures in coastal zones [ J].

Journal of Hydrodynamics ; Ser B,2006,18(3) :649-658.

] SHI Zhongkun, WU Fangliang,ZHOU Feng. Fluid dynamic

performance of grooved planing boat and its effect on

resistance[ J |. Journal of Hydrodynamics:Ser B,2005,17

(5):571-579.

ZHANG Jun,MIAO Guoping. Analytical models of floating

bridges subjected by moving loads for different water

depths[ J ]. Journal of Hydrodynamics: Ser B, 2008, 20

(5) :735-740.

1 ZHU Renchuan, MIAO Guoping, YOU Yunxiang. Influence

of gaps between 3-D multiple floating structures on wave

forces [ J ]. Journal of Hydrodynamics; Ser B, 2005, 17

(2):141-147.

SUN Ren,CHWANG A T. Interaction of a floating elliptic

cylinder with a vibrating circular cylinder[ J]. Journal of

Hydrodynamics ; Ser B,2006,18(4) :481-491.

KA K A 2014 ,34(5)

[15]

[16]

[17]

[18]

[19]

(20]

(21]

AT R R B AR R ) AR K T8 7
L] K RK BB g 2007, 27 (5) - 69. (FU
Zongfu, YAN Zhongmin, LU Jiacai. Method for hydraulic
model test of large-scale floating sluice [ J]. Advances in
Science and Technology of Water Resources, 2007, 27
(5) :6-9. (in Chinese) )

KOVALEV S V. Investigation and operation of water gates
[ J]. Power Technology and Engineering,2009,43(2) ;:99-
102.

FU Zongfu, YAN Zhongmin. Experimental
resistance characteristics in pulling process of pontoon gate
[ C]//Proceedings of 16th TAHR-APD Congress and 3rd
Symposium of IAHR-ISHS. Beijing: Tsinghua University
Press,2008 : 1646-1651.

WANG Wei, YANG Yongquan, XU Weilin, et al.

study on

Experimental investigation of emergency gate shutting for
orifice tunnel[ J]. Journal of Hydrodynamics:Ser B,2002,
14(3) :29-34.
Rlis ik B ET AR5 VIR R F IR
YERI WA OF 5T [0 ). KB w0 St e A B,
2007,22(1) :135-141 (LU Zhimei, MIAO Guoping,ZHU
Renchuan, et al. Analytical research on the wave force
exerted on V-shaped hottom-mounted breakwaters [ J ].
Journal of Hydrodynamics:Ser A,2007,22(1) :135-141.
(in Chinese) )
MRS, B &, 5 TR, RN 5 5 AT A A ) 1
FELT]. 2 B % 4R, 2003, 16 (2) : 58-60. ( LIN
Jianzhu, ZHENG Zhenfei, ZHOU Weidong. Experimental
study of force of ship collision with Houzhu bridge of
Quanzhou[ J]. China Journal of Highway and Transport,
2003,16(2) :58-60. (in Chinese) )
WU Chao, HUANG Guofu, ZHANG Ting, et al. Bearing
forces of emergency gate during shut off[ J]. Journal of
Hydrodynamics: Ser B,2000, (1) .42-48.

(KR F 8 .2014 05 -04 Sk fgskot)

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn



