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Abstract; In the loess hilly and gully region of northern Shaanxi Province, the CoupModel was used to
simulate the water balance of the soil-vegetation-atmosphere in the south- and north-facing slopes of
grasslands. The simulation results showed that simulated values of soil water content and soil temperature
was generally in good agreement with measured values in the investigated stands, implying that the
CoupModel could be successfully applied to demonstrate the complex interactions between hydrological
processes in the soil-vegetation-atmosphere system. Soil evaporation in the south-facing slope of grassland
was higher than that in the north-facing slope, while vegetation transpiration in the south-facing slope was
lower than that in the north-facing slope, indicating that there was a significant difference of water
exchanges between the interfaces of atmosphere and soil, and soil and vegetation. In the dry year,
vegetation transpiration and soil evaporation were the main components of water consumption in the
investigated stands, which was more than the precipitation and water input was lower than water output in
the soil reservoir. While in the wet year, 20% of precipitation was recharged and stored in the soil
reservoir. This study indicated that water transfer and balance in the south-facing and north-facing slopes
was quite different. Since there was high soil evaporation and low water storage in the south-facing slope,
it is important to carefully choose planting species during the processes of the sloping land conversion
program.
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Comparison of soil water between measured and simulated values

Fig. 1
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Fig.2 Comparison of soil temperature between measured and simulated values
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Fig.3 Seasonal prevalence of precipitation

in experimental plots
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Fig.4 Seasonal prevalence of interception by

canopies in experimental plots
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Fig.5 Seasonal prevalence of soil evaporation in
experimental plots

3.2.5 fHBEEE

TR 6 300 [ B BH 395 37 0 b A DA 2% s et )
4 390. 3 mm #1320, 4 mm, PHIEZEE & W /NTFH
Y, T RIHLZE SO E 5 K B VA G BRI e 2%
i S A K 3K TR R DR O R T S b 1 4
P T BRI TR B ) ZE I RE K B i 3 K
IR AHZE WG B G5 B PHI R R 28 % o
BEAF 4 1) A A ] 00 A EL A W I 1 2 T A Ak R
(FE16) 4 H a5 B Mk g 7 4 i, 250 1 i b
5,57 ~ 8 ARk BNE(E, bl f5 SO TS5, 11 A
KU 1A V% J5 26 B8 58 B 08/ 0 mm/d, 2006 4F
8 H{nFEsK 81. 0 mm, + /K AL, FEBEAFEK Z
B, Sic i RS 4% 2 05 1 ) B R %5 2007 4F 7 H %
7K 153. 4 mm,8 H 3K 55.9 mm {07 H 43K T
AR T A, AR KGN, (5 8 H A%
BN 7 Ay B EIERL 8 H e, 7 ~
9 H U Je A 1 7% B e ok S A AT, 5 AE SR R
63.7% ~97.2% .,
3.2.6 THEffKIE

R R T b 1 5 AR A E— MR TR, R A
KAMBERB AN LIRSy A 758Kk 750 K28
J& Z A K AT T HEK b, X 1 75 K ke 3
PFTAER . LA 2006 4F 5 H 27 H - 3EAHK & A3 E
FPRIGLE R B BHIE 0 ~600 cm +IERH K 5
S, e BH B 5 A 1219 mm, BH 3% 5 ML

80 - —h— [T
70 | —— e

6 8 10 12

2 4 6 8 10
Hir

K6 KB g i = o A
Fig.6 Seasonal prevalence of transpiration

in experimental plots

115 mm( B 7), B PH3ESE A b+ e fig K B 14 3%
A TE RN e VN, B S 28 2>, 2006 4F 5 H
.6 A RA) .8 H NAILLIK 2007 45 H TAIE
6 A W) FEK D | S B LAY AR 22§ Y 3 — I B
K A T EE N, FLAY R ] S K R b T
PLRAS . 2006 4F R ZEFFK I/, BAR G FEK Y
#hFE 15 10 H 0 LUG FE 5 b i K AT ks b,
I RMEIL S ;2007 AEREK B K, 10 A0y
M2 4 A K B Y R, LA (A R R
(2956. 8 mm) JJSEE | FH3 e #0385 KR 75 il
T 941. 2 mm BABESEH A 790. 3 mm™

150 -

=== = FHE
MEgrRes

f=
(=]
T

(%3
(=]

At K I B /mm
=)

|
w
(=

~100 : ' ' ' : ' ' '
5-27 7-27 927 11-27 1-27 3-27 5-27 7-27 9-27
npi
7 i K A i
Fig.7 Increment change of soil water in experimental plots

3.3 TE-HE#H-K[EFHKSEHTE
3.3.1 TH4E

THAE R R RRGOK a4 o0 5 )
B 3, S R g0 32K & AR B RROK
WY 57.2% ~63. 6% A2 55 A SR K 1
33.3% ~43. 8% M i 2 MK B i AR R K
16.4% ~7.1% MR FE/N, H 54 BREKE
f90.4% ~1.1% , FEHHRFEIFEK 172 LI
FET A, MATCR RS 2 AR T K
YIS A K AL | K b A kM
R PSR ) BB B3 [ 3k 22, 30k FH 33 4 458
By e b O NN EL R TR Al R N
TR R 5.3% ~7. 1% , B FHIEFE K Y 1/2




86 P A1 R S S ¢

20134

DL EYEAE T R K ,33.3% ~43.8% HIF%
KRG S5 1 | K A 50R R A1
TERAE, LE-Mg - KRR KT AR
463. 0 mm, FHIETE AT Z8 5l i A 478. 4 mm, B35
U Ry 500. 7 mm, BEK 5 28 U P 25800 5k
—15.4 mm, - 37.7 mm, 3¢ 5 H A9 AT 28 505 O AR
Bk, R G0 B A B G BH Y% b 2 (1% 7K 4 B
HMEE 2255 /N B S AH ) 28 | 32 302 ROk B 3 £
BEROh T, T A A R K A3 80 R LT AR
PERIZRIEFEK . T RFEZEBE R T REKEZ5 &
i FH AR A R T R A K T 2 B £ A
3.3.2 FIK4E
FIAKAETE R MRS, ok A RSREK 41.5% ~
47.8% THFET 3K K ,26. 5% ~30.0% M FE T
PEFEE,5.2% ~ 5.4% I FE T A B e 2 0 B,
1.1% ~1.8% JHAE T HLRAZ W, 18. 7% ~21.9% fi#
T (£3) ., 5T REML, HE R H )
3R e RV B 7% I e WA RN 938 T R
W, T RARREK BN, T2, SR K
FEIETRE AN -0 B AN BRI T 28 R 2RI 3

IKARE, FHENR K 78R 2RI 2 BRI, I I 28
K FEMEEEA RGN, 54, B3 S i o 28 AR
FHit Z i THFE T2 I AE K FKAR  ARIRIE
WIER K ZEBAKIEE, AR ZEBE/N, T
AR E K AR AR L, AR B 0 A B8 A R AR I
IR AT REACAH 55, 328 % A DY 25 1 RN 36K
Ht i T o5 K E A AR, R 3R - KRR
GeK e P R, T RAE KA S R R 5
Ko EEHFE T 78 R B 25 5 | (H = /KAF
R K 2 00 LAt /)N, i 2 A8 9 0 o A 7K 6 1 L £ 24
KA AR 5 (R o o LI R K S 09 A A3 )
AARFEAE | SR FKHEFE N TUROA , 385 K%
WK BB K o3 T AR AR X B /D 4 3% KR
AL, FAKAE, FE-R R RGE KR
AN 630. 7 mm, FH3E T F M ZE HE S 501. 5 mm, B
YT Bk 485. 5 mm, BFH3E BA & 5 F B 3%, (H 3470\
TR IR K i, - 87K R4S 2 B K (9 B S #b 52
I, REFEACE R B X R KRR G
R AT, RS K V-7 R A i
AR TREK B 255, IF HFE KR E B RS
IR RIS

x3 MEMARERLEER KSEFKMMERTEEIERELLSG]

Tab.3 Water transfer balance of soil-vegetation-atmosphere system in experimental plots
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Tab.4 Water flux of soil-vegetation-atmosphere system in experimental plots

24 BB RA K & M 2R 7= +HegE Rk TR & T HEfg K
ib213 979.0 65.6 8.8 392.5 390.3 121.9
A ME/mm
BH 3 979.0 61.1 16. 4 469. 7 320. 4 111.5
ek B T FA3 6.7 0.9 40. 1 39.9 12.5
RIR S % PH 3k 6.2 1.7 48.0 32.7 11.4
PR R AK BER A 979. 0 mm, 5 A MR K ik B3
=A

(1) B3 B3 A e o e 7 ) 46 R 5 Bk 1
AR — 2, PR R A s A R A
Sy T BRSPS, U BA
PR3 S R M ARk B T AR At e SR Tk
ST, TR SRR RS, R AR
K FZEFET LI 7R R R 2R N, YR R
JERIBER RS, 2R R T R KR B A
RGN A T K231 32, B K A 2k
D, RHORFEAL T RAMARES . FAKAE, RG>
WART S,

(2) B, R A LSRR RS

Hi247 901. 5 mm , B3 i 52 904. 6 mm,, FHYE 32
O AR AR R 2 | R R R B R LR
BIERGR RS 7K S H9 851, 1 mm, BT R by
848.4 mm, AHPE— I F K 43 1Y 28 32 BRI K
FE B 2R (A W /K Z5 I B33 5 2 L PR 0 78 10 1R
R b 7 A A A9 SR TR K 43 R0 28 48k BT 305 L PR 5 2
(3) il + 1A b KRR GK Lo
FU FEHE A e X BH 3 AR 3 2 KRSk 1 22
SR ST Y SR P T R R K
GyiZ , R MR K AR, P TE PR A TR e R
LB A PR PR YRR IS AR N S 5 R
TR AT DARRA % R 2R A

2 % x #t

XIE B PVE. KBRS 25T LR RGO RE R BT SE bR [T ], K B2 7R ,1999,10(3) 1251 ~
259.

Liu Changming, Sun Rui. Ecological aspects of water cycle: advances in soil vegetation atmosphere of energy and water fuxes [ J].
Advances in Water Science, 1999 ,10(3) :251 ~259. (in Chinese)

AT BRI AT RURL B s LA B 55 T SPAC RGUKESTFARIULT]. Al HLIRA:HR 2011 ,42(5) .73 ~78.
She Dongli, Shao Ming’ an, Yu Shuang’ en. Water balance simulation in SPAC systems of slope lands covered with typical
vegetations on Loess Plateau [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(5): 73 ~78. (in
Chinese)

Hoff H. A new understanding of the role of the land surface [ M]. BAHC NEWS, No 7. Potsdam: Potsdam Institute for Climate
Impact Research, 2000; 1 ~16.

ORI, R R, R S, 2. ) P A TR T L DX A S AR R R GERE KPR ST [T ). R D B kRl
2004 ,34(6) .544 ~551.

Kang Ersi, Cheng Guodong, Song Kechao, et al.
mountainous area of Hexi Corridor [ J]. Science in China Ser. D: Earth Sciences, 2004, 34(6) : 544 ~551. (in Chinese)
SRR, IR B GRIE AR, SRR S K - IR R R S AOK BB LR SE [J]. db iRl A A,
2006,28(6) .88 ~92.

Zhang Zhanyu, Su Litan, Zhang Guohua. Computer simulation of water movement and heat transfer in groundwater-soil-vegetation-

Modeling of water balance of soil vegetation atmosphere system in the

atmosphere continuum at oasis-desert ecotone [ J]. Journal of Beijing Forestry University, 2006, 28(6) : 88 ~92. (in Chinese)
SO KR, TUT 4, AN R BT SO M 5 5 LA J]. HEFHR 1997 ,52(6) £536 ~ 542,

Mo Xingguo, Liu Suxia, Yu Huning, et al. Seasonal variation of energy budget and evaporatraspiration partitioning in wheat field
[J]. Acta Geographica Sinica, 1997, 52(6) : 536 ~542. (in Chinese)

FEZH L., TR a0, XIBE]. AR 285 5 AR IR 28 S /0 MR Bt TR (0], KRR 11995,6(4) 1285 ~289.

Kang Shaozhong, Zhang Fucang, Liu Xiaoming.
evaporation from farmland [J]. Advances in Water Science, 1995, 6(4) : 285 ~289. (iin Chinese)

Zhang S L. Soil hydraulic properties and water balance under various soil management regimes on the Loess Plateau, China [D].

Calculation method of the ration between crop leaf transpiration and soil

Umea: Swedish University of Agricultural Sciences, 2005.
P=oF 8 e X IR R IR GUK RIS [ D] B UL MR K2 ,2008.
Wei Sanping. Study on the simulation of water and energy of soil-vegetation-atmosphere system in the loess hilly region [ D].

Yangling: Northwest A&F University, 2008. (in Chinese)



88 S A1 R = 4 20134
10 x5 ,Sidle R C. &+ Bz XM ik 4 oA AL SO0k R ¥ [1]. HiB~A3K,2001,56(6) :657 ~ 666.

Xu Yong, Sidle R C. Land use change and its regulation of Yangou Watershed in loess hilly-gully region [ J]. Acta Geographica
Sinica, 2001, 56(6) : 657 ~666. (in Chinese)

11 %, CoupModel FLl - KRB RGBS J]. R RGERE HLEGHIHT,2001,17(4) :250 ~252.

Zhao Jun. Application of CoupModel in the research of soil water and heat process [ J]. System Sciences and Comprehensive
Studies in Agriculture, 2001, 17(4) : 250 ~252. (in Chinese)

12 Jansson P E. Simulating model for soil water and heat conditions [ M]. Division of Agricultural Hydrotechnics, Communication
98: 2. Swedish University of Agricultural Science, Uppsala, Sweden, 1998.

13 Eckersten H, Jansson P E, Johnsson H. SOILN Model, Version 9.2, User’ s manual [ M ]. Division of Agricultural
Hydrotechnics, Communication 98 6. Swedish University of Agricultural Science, Uppsala, Sweden, 1998.

14 Christiansen J R, Elberling B, Jansson P E. Modelling water balance and nitrate leaching in temperate Norway spruce and beech
forests located on the same soil type with the CoupModel [ J]. Forest Ecology and Management, 2006, 237(1 ~3) : 545 ~556.

15 Jansson P E, Moon D S. A coupled model of water, heat and mass transfer using object orientation to improve flexibility and
functionality [ J]. Environmental Modelling & Software, 2001, 16(1) ; 37 ~46.

16 Jansson P E, Karlberg L. Coupled heat and mass transfer model for soil-plant-atmosphere systems [ M ]. Royal Institute of
Technology, Dept of Civil and Environmental Engineering, Stockholm, 2004.

17 Wang L, Wei S P, Horton R, et al. Effects of vegetation and slope aspect on water budget in the hill and gully region of the Loess
Plateau of China [J]. CATENA, 2011, 87(1) : 90 ~ 100.

18 Dy MUK M. Jbat: s E bRl A, 1993.

19 Manzi A O, Planto S. Implentation of the ISBA parametrization scheme for land surface processes in a GCM—an annual cycle
experiment [ J]. Journal of Hydrology, 1994, 155 (3 ~4) .37 ~46.

20 Murai H, Iwasaki I. Study on the mechanism of soil and water conservation in forestlands [ R]. Report for Forestry Field, 1975,
274, 23 ~ 84.

21 BUPRSE. RGEIM]. LRt P EMOl Rk, 1998.

22 XU R R SR A, AF. B o A P IR R SR I [ T ] K R ARFFIIESE,2005,12(5) 88 ~91.
Liu Puling, Zheng Shiging, Ju Tongjun, et al. Ecological and environmental construction in the Yangou watershed of the Loess
Plateau; models and benefits [ J]. Research of Soil and Water Conservation, 2005, 12(5): 88 ~91. (in Chinese)

23 W, TV, LM, % MOSEEF TR RISt g (1], REHZEASS# 41 ,2005,16(9) :1 633 ~1 637,

Guo Mingchun, Yu Pengtao, Wang Yanhui, et al. Rainfall interception model of forest canopy: a preliminary study [ J]. Chinese
Journal of Applied Ecology, 2005, 16(9) : 1633 ~1637. (in Chinese)

24 FI, B=0F RKJA. EE B R AR X S K R BRI RO A A R Y —— DUV R O I [ )] A2 A, 2009,

29(3):1543 ~1553.
Wang Li, Wei Sanping, Wu Faqi. Soil water environment and vegetation growth in the hilly and gully region of the Loess Plateau
a case study of Yangou Catchment [ J]. Acta Ecologica Sinica, 2009, 29(3): 1543 ~1553. (in Chinese)
(E#E 58 1)
5 Childs D. Finite length solutions for rotor dynamic coefficients of turbulent annular seals [ J]. ASME Journal of Lubrication
Technology, 1983, 105(2) : 437 ~444.
6 Fritz R. The effects of an annular fluid on the vibrations of along rotor: part 1—theory[ J]. ASME Journal of Basic Engineering,
1970, 92(4) : 923 ~929.

7 Antunes], Axisa F, Grunenwald T. Dynamics of rotors immersed in eccentric annular flow. part 1; theory[ J]. Journal of Fluids

and Structures , 1996, 10(8) : 893 ~918.

8 Antunes J, Mendes J, Moreira M, et al. A theoretical model for nonlinear planar motions of rotors under fluid confinement [ J].

Journal of Fluids and Structures, 1999, 13(1) ;103 ~ 126.
9 Moreira M, Antunes J, Pina H. A theoretical model for nonlinear orbital motions of rotors under fluid confinement [ J]. Journal of
Fluids and Structures,2000, 14(5) : 635 ~668.

10 Moreira M, Antunes J, Pina H. An improved linear model for rotors subject to dissipative annular flows[ J]. Journal of Fluids and
Structures, 2003, 17(6) . 813 ~832.

11 PVA R, B GAHUR B T3 1 R R SE (D], 3 T2, 2000,20(5) :906 ~910.

Sun Qiguo, Yu Lie . Study of dynamic characteristics for fluid machine rotor immersed in annular liquid flow [ J]. Power
Engineering, 2000,20(5) : 906 ~910. (in Chinese)
12 ALl WAk Rt E . AAEHLERR I R S IR SRR DR [J ] RHIHLELAR 2001 (6) 147 ~52.

Gu Chaohong, Yao Xiongliang, Chen Qifu. Study on fluid-solid coupling dynamic characteristics for the component of hydraulic
turbines[ J]. Large Electric Machine and Hydraulic Turbine, 2001(6) :47 ~52. (in Chinese)



