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Dynamic Characteristics and Drainage Assessment of Deep Soil Moisture
in the Irrigated Farmland of Piedmont Region of North China Plain
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Abstract: In this paper, the observation equipment of deep soil water profile in the Luancheng ewlogical experiment station of
Chinese Academy of Sciences was used to perform i situ measurements of the soil water content in the depth of 15.4 m of soil
profile for one continuous year based on the neutron moisture view er. T he deep soil and w ater sam ples were collected regularly,
which were used to perform quantitative analysis of the variation of soil water content and deep drainage. The results showed
that the distribution of soil moisture in the vertical profile is controled by the soil texture, and the variability of soil moisture de
creases with the depth of soil. Meanwhile, the distribution of soil moisture w as affected by the precipit ation and irrigation within
a year. Due to the effects of precipitation ( irrigation) and evapotranspiration, dramatic variations of soil moisture occurred in the
root zone. However, the response of soil moisture to the precipitation was delayed below the root zone. During the observation
period, there was abundant water for the whole soil profile in the depth of 15. 5 m and the soil water storage increased by 216
mm. H ow ever, the soil water content decreased in the wheat seasons and the soil water storage decreased by 208 mm. Estimated
by the chloride mass balance method, the deep drainage was almost 65 mm in the depth of 560 c¢cm of the soil profile.
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U SRR KA SCHE X R I E R B . AR,
Iy T K RSB 1 X R K AL 4R R B, K SR I A
AT SR 3 ol 1) M AR R B R 21 TS AR
NGESEe o iR 32 s i s I IR DTN N 7 ]
DX, ARG (e U BL KK HE O 8, 2ol 50T 75% (1K
S TR AR, JER T RREBE (K K 73 BR A8 R BRSP4 28 th
TR B IR S AT S AR R HOK s F
TGS TR 2 1 HEWL T 58 AT ROM 42K 2, 45 21K BRI A
FARAED T B RA T EE AR . AL LT PR IX
(RIS R E AR, AR 25 2 5 BT X L3 K 7 3 a8 AR A A O
MR AR El T EURE 7 VR RO T B 1 5 R, SX 25 5F 5
ZHEPEAYRARZH L MR RZZ T MrRgd. Wik
ATV R BB YR S - HE KB A At — DBk ST, DL W] 4
IR AEGR 2 BT K388 A 5 s A Ak, D izt DR ()
HSEE B AN 7RI 5 BT A AN BELAR (AR S ol -

PRSI MR K. %l A7 T b4 3753, K& 11441,
IR 50,1 m, JE LA ZEIm L5 Py, AR K AT Ay - Js
L PR O N - B AR ERRRRAER: AN T 10
AR, 8 =4 6 A EAlekl; FKT/h ZWeHInT 10 K2
AR 9 H FRWGER. HFFEIX 388 U 1 0 3, Hh A
VAR, TR AR, BT T R R AR, 28R
7K 487 mm, BRI ZIB W ) AR S5 B 28 B 7E 800~
900 mm Z [A], B & i T [F) IR Kt o JLrp & AR K
ZEBK 24X 130 mm, IR MR S VEW K, A& 32 2 [ HEREFEK
YER . KM EL MR K 5 B2kt 1 R K RN 20 1H4L
70 FAR 10 m 24 FRER HETIN 42 m.

7E 2011 45 10 A - 2012 45 9 A GBI i, 05 X B
W 553 mm, FEAKLRIEZEN 20.7 %, J8 TFHKFE(EK D) »
Hrp &N A W B RBERT 77. 8 mm, J& 75% {R31E & 1) i 5
FEM,HEEMABWNEN 4.1 %; E L KEFHBEW
4752 mm, HAB LW E185.9 % . MG KAELE

1
KNFZIRE G, 29T 2012464 8 H.4 H27 HA5 H27
1.1 X3 bRl H S & /N2 047 088 8, EOK B4k YCh 96 mm, 92 mm A1 104
REARAE D ERL 2 B A R B ARG R s (RS mm, SUTREK 292 mm.
1 (201F10-5 20129 26) (1985 - 2011 )
Table 1 The precipitation during the observation period (Oct 5, 2011 to Sept 26th, 2012)
and the average precipitation for many years (1985 to 2011) mm

Aoy 10 11 12 1 2 3 4 5 6 7 8 9 Gt

A S o] TN, 20.7 13.5 2.8 2.7 4.7 10.3 26. 1 39.3  49.6 118.4 112.5 44.7 445.4

UL $4 18] B 2 14.5 30.0 0.0 0.1 0.0 6.2 18.7 0.0 61.9 213.2 125.2 83.2 553.0

1.2 138 Ko Wom)

RGN DRI HUAEA TSI RO AR F, T AL 5 mx 5 me
2011 FE Z0F/NX Py — IR B 33 I A i) I E HEAT i, R 2
LKA A A O e, T 2011 4E 7 A TE/NX s
15. 4 m WP T OCERE, TR SRAR HHERE S 2007 A UREE
FIHURR A & o AR 7] 2k 2011 4E 10 H - 2012 4 9 H, i
G AR, N 10 A 5 HE/DNEZFBERITIH IR 9
HAR B FRWCREE A R o743 a0 398350 T 1) 7K 49 A2
A, BRI Ry B 5 R 1 IR, B K RVRE S I o 0 0 ¢
R4 304 10 em( % 1 m LA =+ 2) 220 em (1 m LA F+
) o AEMLIN I 25 B O HE A K FUAS B 17 3, B
1 2 L T VR B A 9 m, B 25 BREN 2% 1 ¥R B 1) B 43 i) A 20
em (X2 m BLEEE) 100 em(2 m LF L) o SRR
(HEME) f5 24 h Pyt 3 KAy HE AT SR 4R, SRAE JE 1N KA
BTN 30 mL B ZIGHE T 4 CUKAE A A R AT, JTR L%
NS B B HEAT AR A AR B RAR OC IR . 3 H S S 3 B AR
WG E BRI, K BRI ATS 1 m 2L
HeK e B ZE AR .

1.3 BEAKEEARAALER 2%

K B R R AE R T — 8 AR R Y R oK gy
AT B, oS WA R ERUK 2 )R BN T EY
FRER %o 7K 40 1R B ORI i %oF = 39K 43 I bt shse K, ml LA daeAE
YR RE NI R O B RR Y. AN FE T+
BOK R EA R ZE S, I 58, BL200 em 3985
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TEREDIARL ot o dhah, R HE 8K 4 o A A, PR
200 em +JZ 41434 0~ 40 cm, 40~ 100 cm, 100~ 160 cm Fl
160~ 200 em. AMRFRJZ T L FEREEH h 200~ 1540 cm .
MR 55 2>k 200~ 560 em Fl 560~ 1 540 cm 5 &
95 o K ANIRE R A v S K e =, TF AR R

D.= 0,%xh (1)
KD, A ERE LJZ B 3K (mm) 50, A 1 34k
B IKE (%) s h T2 E % (mm) .

K FCF TP AL SRR (#ERE) 5 K2
HIEM AR RIZ R TR AR RZE R N R PEE
T EIL T DU BEN Y (1) YR 4L R ) S IR
WAL (2) HTH P SR AR BE N I8 B 3l )1 i 50 58 4 1
Tods, RA M N R AR MR A8 Ak (3) AN AL AR
e o g, AN AR KR ALBR 2 S IL S /K 0 (4) AN EE B B
JK(VEWE) AT B LAAMM oAt S0 (5) *hga vl I Bk
SR R A ) 1 UL SRR BE, AR ST K AR TE] . Hi Uk, ST
B B P PR A6 B T K b 2 R s

R= P+ Cp/Cy (2)
A R RS BE AL R 7K N 453 2 (mm) 5 P oy KA BRIK
fi(mm); Cp HRAEARPEE T IRE(mg/ L) ; Cr HHE—IR
FEL R AL R B K s T EE FIREE (me/L) o B TS
Db T 7K BB, 0 SR, XA 3 (1) I DA vt B A T
W) Ko NIBJE & R IR LIRE R A N gl e

D= (P* Cp+ 1* Ce— ADy * Cs)/ Ck (3)
o D AR R(HERE) K Zr 48 el 3 — RIE T 2B s (mm) 5
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P g Wk (mm) s 1 2% S Bk (mm) s ADy BT FUI B L
HOKIE A AGAE (mm) 5 G Sy W 7140 B 7 VR JE(mg/ L )
Co ML T A GE TR (mg/ 1) 5 Cs Sl 3K 8 Tk
FE(mg/ L): Co e —RBE b SR AL T 87K 2 B S0 T i
W (mg/L) o

2

2.1 KILFE2 @ LIEKSA 5T AL
A - 3T AE B HUBRZL I 11 49 W 45 5L, W5 (X - 4 b
LETE 7 BRI KN A bk, /R E F 2 F 500 em

1
Fig. 1
T AR K S o0 AT A DL 1] 1, K gy
FETE T 0 23 A1 52 30T M S i A7 A B IR ORI R R .
L HERIZE 500 em 5 FEW A HEZE oK G e, b
IR RS KA T ML 0.31. s 0~ 160 em
AR DX L 187K 3 AR By 52 7K S IBERT 142 A1 3R IR 7K 119 5% 1,
AF E B 1(b1)) o £ 560 em ¥ JEALTT 45 1O 240 + 5
KOy B AMICAY, I+ 3K 20k 0.1 &2 4, BN IERIR
0. 03( &l 1(b3)) o WP JZ W L4 ¥R 2 760 cm AL, HoAL
BRI HE 20% ~ 30% 2 [, e b — A0 2 1 AR K e R 4
AR BEIEE] 15% , IR RCBE L AK, B, 7T CUA Y i
KAFBREZELEKRSERBR, LA T K. &
760~ 1000 em M2, 87K 4 B B RAR R 21, 43
K 5 iR AR AR D 1 R A SRR B K 224520 0. 1, K

VRT3, bbr . b o FH R 1) LU B K AR A i, g
SR % B ot . A AE 160~ 200 em RJE ALK H —E
JE 40 cm HZEFHE. £500 em LA 1540 em WE T+
B, Y T D b R A IR A FE IR A 560~
640 cm 645~ 790 cm 810~ 860 cm 925~ 960 cm Al
1 250~ 1 430 em RIRAF TG JERE NS P 1 2, F LR
IIATGEE H 640~ 645 cm 790~ 810 cm 860~ 925 em .
960~ 1250 cm F1 1430~ 1500 em( &l 1(a)) » 35 ik
SE T ARIAN - Y FEKRE A KRR T o - R
IO O3 A B FLARBNAEAR KRR PE AR T 3 i 4 gt sT

Distribution and variation characteristics of soil texture and soil water content in the soil profile

B ARG 1R RS K E N A 0. 4, IR AR, B
BB BRI B, BOR T %2 K Z T A Fu
ik 1000~ 1 240 em ¥EJE L2 A0 4 Bk /5 7E B H A L
(0 53 AT IR A R, 4 4F T SR & K 26 0. 32, [
W & 500 cm FEE LIEZ K SRBARLL. 1200 em BLF
o) L HEK A AR S ) (7R S RS TR S Uk 5 1
FHIE, 22 1 440 em Ab 1338 7K 43 B2 4 L, AR B K3 0. 35,
TSR BEBOAR I TF B BR#, 1 540 em AR [ 23K 4>
A REM
2.2 MM & 13E Koy B o Bt 4 AL

WEFU X HE T KRR, VR R AR s X R — A ER B
K IR, MR 5 7K B 6 W ( FEBE) NS4k 45 R Ko
FHE ) T — 2 MV, Al T 2K B IR 2 358 2K 23 4 B
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( FEE) T B ELA R R . T R SR A TR K B0 B A
8 m MR KR — VR NS 1R 9 B, IR 45 R R
MR 193 mm £cfF R, NS R OK RN WA 9 IR
60 K, HEANBERT NS X R K i Ah s I AR ik 360 R LA L.
TEf TN I RN 388K oA R 1) WF SR (20 kB
T FERUKGAF T NS B A SRR 2, (0 7RI X Hh
FAKHEVRIE 40 m B4R, RHUK B AR A, TBE T
K BT (HEE) N R IE WA S50, 5 — AN FRRT (HEBE) A
Bl BN ST, Bkt Bk shas RIh Z R Nigid
T 00 2B 10 5% 1
2 09— WAk WY A AR S I g T K 3R AR i 42, B
WARARE R 2012 457 B 4 H, FWE 79. 1 mm. ks
AR R AT 2 H, BEEE 1 H.7 HA 20 H LA
B KRR G L A . WA 6 W/ R B
PRk, BN R 36.7 mm. M 2 Hha] LLE W, RN
KAEJEN 24 h 9,160 em BLE LIRS /KR B8 i, 13
JKI & f B R A AT 447 mm BEINE 498 mm, £ IEIK
FEF LR AT 4T 50 mm P PR HAEAFAE T MR MR T
160 cm AWM L2 M. TEEREEN 160 ~ 300 em 1) 12
W, BERRTE LK R N T 14. 2 mme 7E 300 em 2T
W32, B 24 h )5, 3K K 2 B BE W T B A
oo VEUCERR 1A G 85 KA T 200 em B LR
PR ARSI R, 2T 7 H 8 H- 10 HiE4: 3
/NI EE [ T AR (5L . 200~ 550em - ARIK ) & BN
W2, BOR T LHEK > T BN 152 M 0k IR B, (HAR T
e BT B R IRROK I NIB . R IR A 20 HIG )
KA E TR T LU H, 560 em IRE LR - 2K & & B
K, B A 5 E 52 B T vk B Rk AR 5 ), % B
(20124E 7 H 2 H-7H 24 H) WAL KIEEAE 0~ 560 cm

2
(7 A4 HBEM 79.1 mm,8 H- 10 HBEM 19. 7 mm)
Fig.2 Redistribution of soil water content after a rain storm event
(precipitation of 79. 1 mm on July 4", and precipitation

of 19.7 mm between July 8 and July 10th)
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TEANEEIMT 130 mm o KR35 R JE L ALK 41 5o B, 7R
500 em ALHILEE — AP R, 500~ 560 em WA )N
Wrm M EZE . BT e H IR 2 K A
LB, X B FLBR LR B LR, WK A EE WT).
BRI AT BUA A /K A DR T & 3w 12 T 35 R AR
KA EER . 7 560~ 1 540 cm # T L, AN E BT
2570 mm, K BRI NBI NG .

2.3 M AE BEEKET TR SR B4

ST RIVEDIAESE 2 I A2 E P9 88K 208 A0 1
(B 3(a)) ZI: R34+ el 5 70 L, &/ FAEK FHE
TR LK A8 K2 Fidid, H7E 160 em AL AR)E
T . B SRR R RN, 43 K 43 Rk /B R RS9
& AT FEE B E A S . T AR EOK AR
P, ORISR 19 L 338K 43 B LR ol b A 1 2 A 3
I, S SN AR KNG .

MALER K RE (B 3(b)) , T K2R THRIX
B A, R TP 0 EH, X5 SR 0 B K
BRI K

TR T RE WA E WIS A2 IR K B AR
B, AR A () HRA AN B EKRE KRR+
Bk i R ILA i . ANA /N2 B R0 2 B BRI B,
W 0~ 160 em [FIHR 52 0 3K 8 A S 1 491 mm
WD BWCRIN G 372 mm, JRADMEZ) 119 mm. H LD 2
AE AW, BRI D, AR R A% v B R A
W) 2 AE 4 B R AL 10.2 mm. HENEIRF A, WKS
R SRR, 7 20 1 B R AN BE 95 W 2 1 6 Ko IR
3R, A /N AR SE RO ) 3 SRR (KK A ke R AE K, b Ab
T 75 A RAR R, LK W RER R . I 4 s [N 3
TNEAEE MR RS )Z P LK SRS . b,
1£ 560 cm 405 2 H A R b K & B E Y 46, 7
mm, A LA KR A& /N A E WIRIREE R 560~ 1 540 em
1 L JZ K 3 1) BB 2 IR R I R

TR B R K RIE SR 301 0], 3 5 7K e 5 32 B 388 T
HAfE 160 em PA LR 2L A K B8N T 113 mm,
160~ 560 em HII% )z 3K I Z985010 75 mm, 560 em BLF
A1 540 em L2 K20 237 mm. H THFSEIXAE6 H
P RENTZR G, K FRARA0 0k, B3R5 30 Im) 4 dd e w1 =
JKAE, T & 7l BAR T OKAEE I 1 78 R I W78 B4R H
TREY, KT REAS B I K IR A I K e B

76— AR S0 B By, L HEKI BAEMYZ 0~ 160 em
HES T H, 48— 6 mm, ME 160~ 560 em 1= JZH KI5
M3,y 32 mm, 7E 560 em AR A 210 1T R R K 4 &
A, K EHEINT 190 mm. X LK 85 5 T LA 2
Aksf NiB A ML R OK, (HR 1% 4R I S, XA SRR b
FREE b B T W0 0 1) AT (R NI AN R, R 0 o L)) 7
20 AT S I B 1) S

M ST P RN 38 e 5 — A LD 2 S 1T 560 em)
MK AT TE, 4R BR N &N FIRE)G(20123
26) Z 5 T RISRTT (2012 9 26) 121 6E I 1A) A % STl Ak 1A R
MR7K 43 &2 4 65 mmo  [F]IN B A7 % =4 408 mm,
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3 —
Fig.3 Variations of soil water content in the soil profile during
(a) the wheat and maize seasons and
(b) the whole y ear
VEWEREZ00 292 mm, 0~ 160 em HJZ P () L 37K it A2 40
K 69 mm, 160~ 560 cm 32 K BN 137 mm. HIK
ST DU 22 R AR 21 R K 20l E O 202 mm, %
I B ZE B 290 429 mm

3

R 1 LA ST R AR P 5K 3 1 T L) A2 R
M2 B R, O~ 160 em R JZ ) A HE7K 23 X5 [ 7K AR Wi
IV BB, BRI 8] (4 A2 352 2 40 AR AR WOK ) 5% Wi o B

Z, BRI K . 560 em IRJE AL IFRLRD 2 n DAVE 1 488 K I
B ANE I K ¥ — AN S T8 i S0 # R P ANA A
762012 45 3 H 26 HFFAARMEAE P, il i Sl T i3m0 L
KANIE 65 mm 2% . LKA E A KA, 560~ 1 540
em 2 A EE MK g BB NE 190 mm, B i% 2 &0 T HF5K
I B LART 1) 3 AVB 50 . BRI, w] LA A LS L A7 TR
A HAF TR 2 IR IR N B AL TR KA T, {EDRS B E A
B AF LI EC AN 2 F U5 B0 SR SRR IR . (A dE
H 92, 3K A B 19 A 6 1 B VF A b 7R R K 27
7, AT 5 7 A% 1 K R O R M R K R PR AR R K

(References) :

(1] SRR, X1 E W) Adb-F J5 gt T 9 DR B KRR 0 BT 5L o]
JE [ J]. R AR ARk 2R, 2011, 19(05) : 1004 1010. (SHEN
Yarr jun, LIU Chang Ming. Agroecosystems Water Cycles of
the Typical Irrigated Farmland in the North China Plain [ J].
Chinese Journal of E co Agriculture, 2011, 19(05): 1004 1010.
(in Chinese))

[2] Q. Fang, L. Ma, Q. Yu, et al. Irrigation Strategies to Improve
the Water Use Efficiency of Wheat Maize Double Cropping
Sy stems in North China Plain [ J]. Agricultural Water Manage
ment, 2010, 97( 8): 1165 1174.

[3]  BEdi G, B R bR Hidr 5 21 Al JE 5K R KR
[J]. T FHe X A 85T, 1998, 16( 01): 1420. (KANG Shao
zhong. New Agricultural Scrtechnological Revolution and De
velopment of Chinese W ater saving Agriculture in 21* Century
[J]. Agricultural Research in the Arid Areas, 1998, 16(01) : 14
20. (in Chinese))

[4] Jie Jiang, Yongqiang Zhang, M artin W egehenkel, et al. Estima
tion of Soil Water Content and Evapotranspiration from Irriga
ted Cropland on the North China Plain [ J]. Journal of Plant
Nutrition and Soil Science, 2008, 171(5): 75t 761.

[5] He Jin, Wang Zhongfu, Guo Shengxiu. Simulation of Water Dy-
namics of Farmland in the Piedmont Plain of the Taihang
M ountains in the North China Plain [ J]. Procedia Engineering,
2011, 12(0): 66 73.

[6] Juana Paul Moiwo, Yonghui Yang, Shumin Han, et al. A M etlr
od for Estimating Soil Moisture Storage in Regions under Water
Stress and Storage Depletion: A Case Study of Hai River Basin,
North China [ J]. Hydrological Processes, 2011, 25( 14): 2275
2287.

[7] Xianfang Song, Shigin Wang, Guoqiang Xiao, et al. A Study of
Soil Water M ovement Combining Soil Water Potential with
Stable Isotopes at Two Sites of Shallow Groundwater Areas in
the North China Plain [ J]. Hydrological Processes, 2009, 23
(9):1376 1388.

[8] Yonggiang Zhang, Eloise Kendy, Qiang Yu, et al. Effect of Soil
Water Deficit on Evapotranspiration, Crop Yield, and Water
U se Efficiency in the North China Plain [ J]. Agricultural Water
Managem ent, 2004, 64( 2) : 107 122.

[9] skEH, skEE5, 4 I 45, #edb AT AT 1 5K 3K 4y
A HEE MW Bk [ J]. 8 243R, 2006, 43(01) : 1725,
(ZHANG Yu ming, ZHANG Jiad bao, HU Churrsheng, et al.

Nitrate L eaching in Wheat maize Rotation Field in the North

Tk K Al e 159



F 11 BF o4 H - BACKE 5 AR R 2013 F 5% 14

[10]

[11]

[12]

[13]

[14]

[15]

China Plain [ J]. Acta Pedologica Sinica, 2006, 43(01): 1725.

(in Chinese))
Changming Liu, Xiying Zhang, Yongqiang Zhang. Determina
tion of Daily Evaporation and Evapotranspiration of Winter
Wheat and Maize by Large scale Weighing Lysimeter and Mt
crolysimeter [ J]. Agricultural and Forest Meteorology,2002,
111(2): 109 120.
VT, X E W, FARAE, & KAT fr-F T 40 SEREK AR
Wk S JERHE B R g [ ], P A S RO R,
2007, 15(06): 18&21. (SUN Hongyong, LIU Chang ming,
WANG Zherr hua, et al. Changing Trend of Precipitation and
Its effects on Crop Productivity in the Piedment of T aihang
Mountain [ J]. Chinese Journal of Eco- Agriculture, 2007, 15
(06): 18 21. (in Chinese))
WA, e [M] . dbnt drE ML R, 2000. ( HU ANG
Chang yong. Soil Science [ M]. Beijing: China Agricultural
Press, 2000. (in Chinese))
TR, SRFEIE, AR NI LK BRI T [J]. AR
PEE 4R, 1990, 5(03): 230236. (ZHANG Li, ZHANG Cat
ying, PENG Churr xiang. A Study on the Soil Water in Cang
zhou Prefecture [J]. Journal of Natural Resources, 1990, 5
(03) : 230-236. (in Chinese))
JUEE AR 17 3R KO 2 [ M) BT B2 HHRRCAE, 2011, (GU
Wer zu. Isotope Hydrology [ M |. Beijing: Sciences Press,
2011. (in Chinese))
GB Allison, MW Hughes. T he U se of Environm ental Chloride
and Tritium to Estimate T otal Recharge to an Unconfined Aq
uifer [ J]. Soil Research, 1978, 16(2) : 181- 195.

[16]

[17]

[19]

[20]

FECHE, sk = B LR BEAL S K 48 B S B ARG
[ J]. KFI2E4H, 1991, 1( 1) : 13-17. (WANG Werryan, ZHANG
Jiair feng. Correlation betw een the Consist of Loess Granularr
ty and the Parameter of Moisture M ovement [ J]. Journal of
Hydraulic Engineering, 1991, 1(1): 13 17. (in Chinese))

ke S, F K CE, P, A5 BT 0 K 2R I R R
[J]. PUAERMA BOK 2222 40 ( BAR BHE RR) , 2003, 31( 06) :
153-157. ( LAI Jiar bin,, WANG Yong ping, JIANG Qing
hua, et al. Study on Phrestic Evaporation under Different Soil
Textures [ J]. Journal of Northwest SciTech University of
Agricultural and Forest (Natural Science Edition)), 2003, 31
(06): 153 157. (in Chinese))

Wik, DG AN TA) A T ) 08 K e B s ) AR R (]
& MK A, 2010, ( 11): 3632, (YANG Quan, LU O Hao. Spa
tial Variability of Soil Water Contents in Different Soil T ex-
ture[ J]. Jilin Water Resources, 2010, ( 11): 30-32. (in Chr
nese))

TARTR, 5K T, M 75, 4. K SR 22 S0 5 05T KUK,
K, LK, MR K AR AL OCR [ M. b at: th [RE
AR AR A, 1992, (SHEN Zherrrong, ZHANG Yir fang,
YANG Shrxiu, et al. Water Resources Scientific Experiment
and Research atmosp heric, Surface, Soil and Groundwater Iir
teractions [ M ]. Beijing: China Science and Technology Press,
1992. (in Chinese))

EA Colman, GB Bodman. M oisture and Energy Conditions
during Downward Entry of Water into Moist and Layered
soils [ J]. Soil Science Society of America Journal, 1945, 9(C):
11

(E#F 135 W)

[3]

Lautenbach S,J rgen B, Graf N, et al., Scenario Analysis and

Management Options for Sustainable River Basin Management:
Application of the Elbe DSS [J]. Environmental Modelling &
Software, 2009, 24( 1) : 26 43.

BIP 22, BRK, BRde 5, 45, S K ZEDLAL T8 B2 P35 SRR R ¢
KR F[T]. KR KB HE R, 1994, (12): 2 7. (ZHONG Ping
an, CHEN Jirr shui, CHEN Wer hui, et al. Decision Support
System for Optimal Reservoir Reat time Operation and Its Ap
plication[ J]. Water Resources and Hydropower Engineering,
199, (12): 2-7. (in Chinese))

TR AE, BRFEM]. Agent FI Agent RETI Bt R HIT M. I
K2 AL, 2001: 8. (HE Yarrxiang, CHEN Sher ming. De
sign and Aplication of Agent and Agent Systems [ M]. Wuhan
University Press, 2001: F 8. (in Chinese))

Be, ik, BNEE A TR R A £ Agent REE
FOREFE[ ] . IR G AR 5 5, 2010, (21) : 96 103. ( LT Jing
hua, WET Hua, XIA Xiac qin. Multr Agent M odel and Method
for Units Commitment in Energy saving Generation Dispatc
hing [ J]. Power System Protection and Control, 2010, (21) : 96
103. (in Chinese))

Logenthiran T, Srinivasan D, Khambadkone A M. Multr Agent
System for Energy Resource Scheduling of Integrated Micro-

grids in a Distributed System[ J]. Electric Power Systems Re

160 = 5 K K A

[10]

[11]

[12]

[13]

[14]

search, 2011, 81( 1) : 138 148.
Chen Y M, Wang B. A Study on Modeling of Human Spatial
Behavior Using Mulitagent Technique[ J]. Expert Systems
with Applications, 2012, 39( 3) : 3048 3060.
By ytar, AR, ARAr . BT K B2 Agent { FUIRKE
BT 7], KA 2 4, 2007, (S1): 288292, (MA Zherli, LT
Cher ming, XU Lt zhong. M ulttagent Simulation Enviromr
ment M odel in Water Diversion across River Basins Manage
ment [ J]. Journal of Hydraulic Engineering, 2007, (S1): 288
292. (in Chinese))
BERE, FRE T Z Agent WIKTHRRLEHIAL J]. Bt
FHLEE, 2008, (9):89. (ZHAO Jiarr jun, LI Sshur gn. Re
search on the Flood Forecast System based on Multr Agent
[J]. Microcom puter Information, 2008, (9): 9. (in Chinese))
Pieter R. van Oel, Maarten S. Krol, Arjen Y. Hoekstra. Applr
cation of Multt Agent Simulation to Evaluate the Influence of
Reservoir Operation Strategies on the Distribution of Water
Availability in the Semr Arid Jaguaribe Basin, Brazil [ J].
Physics and Chemistry of the Earth, 2011. 07. 051.
Farolfi S, M ller J, Bont
Multt Agent M odels to Represent Water Supply and Dem and

B. An lterative Construction of

Dynamics at the Catchment Level[J]. Environmental M odek

ling & Software, 2010, 25( 10): 1130-1148.



