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Abstract; Water transfer among atmosphere, vegetation, and soil ecosystems is very important in hydrology and ecology ;
However, there is very few study on this aspect for high land. Based on the experiments and climatic data of Lhasa Plateau
Ecosystem Research Station, this paper used SHAW model to investigate the mechanism and characteristic of water transfer
in Lhasa river valley on the Tibetan Plateau. The data from May to Oct. in 2004 were used to calibrate the parameters of
SHAW model. Then, the calibrated parameters were used to validate the model. Finally, the model was evaluated by
estimating soil moisture using the data from Oct. 2004 to Oct.2005.

Seasonal variations of evaporation, transpiration, soil water content, root extraction and deep percolation during the
whole winter wheat growth period of 2004 — 2005 were analyzed. Major results are reported as follows: (D)Shooting-Grain
filling is the key water consumed stage during the course of winter wheat growth. Water transfer mainly occurred between
soil and roots. (@The total water-consumption of winter wheat is estimated to be 826 mm, it is about 1.7 —1.9 times more
than those reported in North China Plain. Hereinto, soil evaporation accounts for 37.5% . 3 The roots of winter wheat in

this region mainly extract water from 10 to 40cm soil depth, only when 10 —40cm soil water is deficiency, winter wheat
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tends to extract water from deeper soil water ( below 40cm) . @During the course of winter wheat growth, total water seepage
accounts for 50% of the total irrigation. In particular, two times irrigation in seed-Reviving stage, about 72% irrigation
seeped down to 70cm soil.

At the end, this paper also discussed the prospective of the suitable irrigation scheduling based on the results of this

research on water transfer character.

Key Words: Lhasa river valley; winter wheat; water transfer; SHAW model

ARG K RIS R A SR B 5 | M50, [FIE, K07 - - KRR G b T B s
P SR T R B SE A UK MBI B BRI . B RE K ERTIIEST TS t- RS EAEA,
HhERS M5 57K B WA ELAE F DA R @ BOK B S RE R TS B A EEIEM, IGBP 0% Z—/) BAHC
(biosphere aspect of hydrology cycle) 5Tk LA A E 5, 7 FH 18] RUBE AN X SR RUEE_E B ST AR 7K S 3R 1)
il

96 SR — R B L P BA T, SEEITER 4000m DA b, SFRHIBRICE =R L IE EERAES RS R
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MRE 1, BT AR 2 £ 3K 2 I 5E i T F R BUE N MAAE — @ iR 2. Bk, ARBFgR A 15.25.35 .45,
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Table 1 Plant parameters

SR 44 T Parameters ZH{H Value of parameters

FE A R Albedo of plant o 0.25

FEY) 25 ) B IR B Temperature above which plant will transpire T, 8C

FYIMH B BT Resistance of leaves r, 1x10°m’-s-kg ™!

FEYIH R B 7 Resistance of roots r, 2x10°m? +s-kg ™!

%7k5}%5§T LB . 1008/m

Stomatal resistance of plant with no water stress ry

IR S AU A KB A ;

Empirical exponent relating actual stomatal resistance to leaf potential n

9K 35 R LI S it N ) oom

Critical leaf water potential ¢,

F2 TEERSE
Table 2 Soil parameters

3RS Soil depth(m) 0 0.05 0.15 0.25 0.35 0.45 0.55 0.7
FL4%24> #4551 Cambell’s pore-size distribution index 2.5 3.5 4.4 4.6 4.4 5.5 5.1 5.1
HEX# Air-entry potential (m) -0.22 -0.22 -0.2 -0.2 -0.35 -0.35 -0.4 -0.49
HuFn 37K % Saturated conductivity (cm/h) 9.99 5.99 5.27 2.22 2.09 1.07 0.77 0.32
25 Bulk density(kg/m®) 1190 1260 1270 1420 1490 1570 1550 1540
1 Fn 5 7K & Saturated volumetric water content 0.46 0.46 0.46 0.46 0.44 0.42 0.42 0.42
fibki Sand (% ) 61 62 65 69 69 70 72 75
kL Silt( % ) 29 28 25 21 23 22 20 20
AkE Clay( % ) 8 8 8 8 8 8 8 5
A HLJF Organic matter( % ) 4 3 2 1.5 1 0.5 0 0

* FLARSMHE B Campbell ARy =y, [6/6,] "1 b

4 BERWESERIH
4.1 HBRIEIE

AW R 2004 4E 10 A 13 H 32005 4510 H 12 HiX—7K SCHE A/ A 18] S0 9 + 38K 43k B
E PSRRI SEL, FF X R B BB ABUE E A

W 2 435k 2004 ~2005 4EA/NE AR BRI 15,2535 45 .55 .65 cm [ 387K S B3 (E FH 2006 ¥ XoF
Foo FTLAE L BEHUERA bR T 138K Rtk sy, 3F B, A T2 0 , B0 E 5 5 08 i 22 BE 8
Ao ERH Ny, FEBAER LI A , BEAURAES A BT 1A (700m) b 38 5 7K &, 2 1 4 18 1 T =
REZWBET EKE, Bk, £ TR AR PE R .

AW FIE RIS ZR (model efficiency, ME) , #7#E{ 2= (root mean square error, RMSE) F1°F- 14k 2= ( mean

http ://www. ecologica. cn



2014 29 %

bias error, MBE ) 4 iR A BY (AR IUSCR , 43 IR 40 F -

N
2
z (Yi - Yi)
ME =1-35"— (2)
T\ 2
2 (Yi - Yi)
i=1
1< ¥
RMSE = [ -3 (v, - 1)?] (3)
1 N
MBE:NZ(Y,—Y,) (4)
i=1
o WL Observed = FEI{E Simulated
040
0.30 -
020 I Oo 0000 Ooaocoo N
0]0 L 0 [l I 1 I 1 I 1 1 1
15em 287 328 9 54 93 133 184 226 276
oL I | | I | _
128 157 180 205 241 272 0.40
0.40 - 030 - | M 3
020 Eremd e iy | \55%
030 F oo 022 o A : S W )1
<o o, s o 010 = 25em
= 020 ol ! | ! | 1 L L |
2 287 328 9 54 93 133 184 226 276
g 010
§ ) 25¢cm 0.40
2 oL | L L | L = 030
= 128 157 180 205 241 272 g
£ 040 - g 020
Q P
a 010
'% 030 1. o 2 ' § 0 35c1|n | | | 1 | | |
z > L 287 328 9 54 93 133 184 226 276
F 020 g
2 £ 040 -
=3
?; oroF S 030 W )
K ol I I I I I ERY ) A o/ B
g 128 157 180 205 241 272 a0 )
ﬂﬁ 040 - & 0.10 - 45cm
% )’w: 0 1 1 1 1 1 1 1 1
e < @ & 287 328 9 54 93 133 184 226 276
<T 0.30 - g
:'ilj 7 5 0.40 -
0.20 ;
: 2 030 | g&
4’,\‘1 fmwdw-w s,
0.10 + 0.20 [~ 22
45¢cm %
oL | | . . ) H 010 | 55em
128 157 180 205 241 272 0L | 1 1 1 | 1 | 1
040 287 328 9 54 93 133 184 226 276
' R 0.40
030 (g 2R Re  groes= 0.30 >
3 R A S LN L
020 0.20 | g
0.10 | 65cm
0.10
55cm 0L | 1 1 1 | | | 1
1 1 , , 1 , 287 328 9 54 93 133 184 226 276
128 157 180 205 241 272 2004~20054E4F W4 H Day of year for 2004~2005
20044F-A%Ws H Day of year for 2004
&2 2004 £4£10 A ~2005 4 10 A 5 )2 £ 50K 5 BHUE 5 S E R
Bl 1 2004 £E45 )2+ HEK A BEHMES SEUE XS [ H
Fig. 1 Comparison between the estimated soil water content with

Fig. 2
SHAW and field measurements in different soil layers for 2004 ~2005

Comparison between the estimated soil water content with
SHAW and field measurements in different soil layers for 2004

65cm 4k (3 3) AR X 0. 916 , MBI ISR , BERIRLAR MU ; 76 15em 4b , BRI 0. 575 BRI
T HERZEKERES B HSSIERS . ER R, i TAB P, LIRS KER b 7S
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fy, B, FEVU 2 1 2 S A KRR, 23 T 43 o b B K A5 T S S £ B S AR o BT A, R
JZ B 7K BRI B IR 2 R 1 AR TP B Z2 R R 22—

*3 SHAW #ERIFTHIFEXR B 1 k5% #l4 ME,RMSE,MBE
Table 3 The ME,RMSE and MBE of the estimated soil water content with SHAW in Lhasa crop field

+JZ W Soil depths(em) HLRYR ME FRfE2E RMSE(m’/m?) FH4fi2 MBE(m®/m’)
15 0.575 0.030 0.017
25 0.674 0.020 0.010
35 0.775 0.014 0.005
45 0.760 0.014 0.010
55 0.803 0.012 0.009
65 0.916 0.006 0.004

M ERDHTRTE BB )R T 39K B Sh A28l 2 ARAUUR & BH AT 52 19, Ul DA BRI R 45 /2 - 398 (6] £
KA EBBAUE A E ), XM ERIE T 5 190K e B AR MZE BUL 5 10K B TS AR T
E 0
4.2 R0

(1) 28K A

M 2 R %2 90K SRS R AT AT, %2 1380 ek A SR — A ma B 725 %
J2= 3B K ANHE IR fe A BBURR, AR AR BE R R, R TRZ , 97K 73X ek K A0 TR i[O R U, 7 i
N, EHOK PR . QB S IRTEXTEBEAN K G R HOK A — MR RS, X EE R T R
R GYEMZEE IR K 38 B o 45em PAE 2 ) 133K 43 i S AR 1 HS BRAE 2005 456 169 K % 184 K (6
HHHZET AR X2 B iz i R FAR S B08 , Bk B/, (45 128 R R 25 T A/ N2t IE AL T4k 35 -4
P =TT IE-HE IR AT , 28 B A I B0 , SO IR Be i) L KT IR B R . MR IR)Z , 1R AR R
i /) , K B8 B AR A A T A 5, U B IR = Rk 0 A /N R B BT o

BRI 45 ~65em T IHOK B T EERE , FEFI X —)Z 3K o3, X FAX T2 Hhr pe
A X BA + 0 EENE

(2) FBESHME

AWIFORE 2004 410 H 9 B A&/NEFE HEIF I/ U] (2005 458 H 12 H) J5#I 2005 4210 H 9 H
— A R AR RAUE AT T 2047

YnlEl 3 2y 2004 4F 10 A 2 2005 4 10 A M HZR UL 5/0Z 7808 B BRI, 7T LA H, £ R B2
KA, FEORIET LK, MA/NZZREILF AT FREFREEE FERFET/NEZHRE, M 144d =
194d, B0 5 ATHZET H o), AR R 7RI 58 BE R B3, ot HEAE 3 30 5% T A R B — B3 IE =4/
MR- ARE I SRR AT, R A/ NE A KB, X — BT B PR R 4. 91mm/d, & /N
BRI KNy 7. 56mm/d, K AETES 162 K BIKTT -l F A9 20850 , Ui AR 28 BUR @ R 7. 65 mm/d, 78
15T 99% X J2 i1 T ULH B M I ARIS BOXR Bl K, LR SE 2P0 Fr R, R RAR S o R BoRAE U R
RAETET AWIR/NERESRGI (56 184 2K) Jg 8. 09mm/d , A L FY 28 S @ 3R 7. 53mm/d, Fl e K AR ARG,
JEABUR AR 93% .

TS T A /NZE A R )R B 2R S5/ R ZR B B2 H S ARAR U (18] 3) 5B A K RS R AR
(& 4) AT ARG - OTEA/NEZ IR T R BAK IR R FZEHUL EERIN IR KR . QI TT-HE 51 (150
~179d) 5IFTE-HEIR IR (180 ~ 195dd) SA& MUK 5 2518 9 R AR 20 3R I, U FH 2 A 340 A 2 i o
RFPET AR ER G AR, R AR FERIANLS/NEEE . OTERERE BB (196 ~224d) 3% Bei
1, /INZE B 2 T R T IR, X P 2 R BRI R K . RRRATER/NRAERKEH, M 7 JT U
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Fig. 3 Seasonal variation of daily evaporation and transpiration during 2004 to 2005
ETEW, AR SURIREAR, R, 25 5 Aol P 0 TR T A R A 58 . DTERAN A/ DR ERBIRIA/NE
P 516mm, i BAHCR R 62.5% ; LHAER N 310mm, 5 37.5% s BABAAE RN H6IR T W RE , KK

YR = R — PR

FEAR T AR S AR G0 PPl W AR W A KU TR) PR ) 2
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NA/NEA I T I AR K B LA SR B B R 7K 5 T TR
B, AT LR DUT LR : QAN Bl H
FRFAEGE S MHZA Bl TZH BB, K
8 RBAERMRS . K, AR /NERKRA
61mm, 7351 ARYEIE 3 5 4 K047 AT LR, B4 HIT
MAE K B R LR K, (H iz w1 A B8 Ak
192mm Z 25, R, B4R i 25 HOHE R 7K 0 AR 225 39
TIRF I R, T R R IR B QIR -4 KT -
FRE JTIE-HEHY 3 N B K BEOR, SRR
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2004~20054E4F W4 H Day of year for 2004~2005

&4 2004 ~2005 7 HZEHUR 5/ 60 BB
Fig. 4 The cumulating process of evaportranspiation and wheat

transpiration during 2004 ~2005

FEAKREE 76% o Horp K1 AR RA/NZ RIFEK IS, R ERIIFK B R 32% . @OBF-HKTTH
FFEK B 208 mm , (LR T4 -SR] , by B AR RIIFEK ) 25% (B i Tz iRk A 21mm, FEK T
AR R /NET K I, % ) e T B RE R B I ), AS B ST 0 SE I T S L HE R T 3 IR, R TR
9 6mm i +- X B AN, IEHE K288 mm . DNL/PE BN ERKIRE , R XA /PEERPBK (310dE

F4 ZNEFRREFHRFK R EKMER

Table 4 The water consumption of winter wheat, rainfall and irrigation in different growth stages

- H %Wﬁ H H Y FekE W'ater FEIK Lot [‘%7](5 ?E?Eii
Growth stages Date Julian day Days(d) consumption  Percent o‘f water- Rainfall Irrigation
(month-day)  (Day of year) (mm) consumption (% ) (mm) (mm)
F#RA T Before wintering 10-09 ~12-06 282 ~341 60 61 7.4 4.1 192
#A W Over wintering Period 12-07 ~03-08 342 ~67 92 58 7 1.3 0
& # -3 17 Reviving-Shooting 03-09 ~05-10 68 ~ 130 63 208 25.2 21 288
W5 -hliFH Shooting-Tasseling 05-11 ~06-28 131 ~179 49 263 31.8 114.1 96
FFAE-#E3% Flowering-Grain filling 06-29 ~07-26 180 ~207 28 158 19.1 117.6 78
it 23K Grain filling-Harvest 07-27 ~08-12 208 ~224 17 78 9.4 55.1 0
A K3 Whole growth period 10-09 ~08-12 282 ~224 309 826 100 313 654
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), SFEKE D 826mm , AHXS T JE H X R Ui, #K &
B, 2 AR B S X A/ RE K B (440 ~
480mm) ¥ 1.7 ~1.9 f%,

(3)WARBIK

& 5 2y SHAW BERIB L & /N AR R ], &%
BB ARBOK AR, St , OfFERFF
FMAIAR GREH) ,/DE MR RBKR D, REX—
BB R T IR, B IR I 96mm {4 455K B 4R R,
JEHSZETE 30em DL £ )2 o 783X — B B N LA
ERKAG . XREFE R, /NN B BRFHET, £ KE
18 MRRIEARIKEE 30em +ZPIT ;X FIETHLFR B, 7E N
REMBELREHT, &/NEF KB, Bt ATERE R 8 (5%
G 5 ~6d) RFE AR IERF F & 2R i k1T > B
A 30em DA b - 0RRRRE B AT AR RRACRT O T AR
YA Z R EZ 2T L TMHETREBR BT 2R A D=
W I B, OFEK N (KB K) 7B R
B, InREK S R R AR IR R R, A/
F FEKE HIRRE R RIBOK  7ER)Z 33K 4k b
AR, 2 /N A TR IR JE 3K 2 (45em LA
T) o 0, HA/NELE T R AR IS 1 B T L0 K )
HA(160 ~190d) X —FE/KFEHRT, B T2 LK H
HIHR(E 2),55em LEA R4 BN RBUKAZ.

6 M2 LW AWK S BWAKERNE .
ALAEW, 15em +ERRBKEZE, Hik R 25.5.35cm
+JZ;45em 5 55em 1 JERRRBK SRS 35em )2 W
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Fig. 5 The process of root absorbing water during the growth of winter
wheat in 2004 ~2005
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Fig. 6 The percent of root extraction of every depth soil in winter

wheat land for 2004 ~2005

HEA THEEBR, LB SBARHHRBRER K. £S5 FiniL/NERBEREBRN S T
ZB A LAR T, AR RB IR R BR K, 155 0. 82 B) 82% MBI /KB IRE] 70em LT ; TGRS B %
WA 75% BIRE] 70em DI o BAE/NE A K EFEWE 654mm, EBE S EMBIREEA 330mm 2 £, 2

http ://www. ecologica. cn



2018 = S

S

29 &

R 50% . QJLFAERER R NERAFAERRZ LK EREh g, JUHGE 3 ~8 AMEEZE LK m L
HBEBR BN Z/NEARWE, 70em LAF H38K [0 ERFMES T 199mm, JE7K 73 SR A K 21% o

R5 2004 ~2005 FFERFEL

INERBERNERAN

Table 5 The percolation coefficient of Irrigation in Lhasa winter wheat land

H 31 HEW I Bl B RE
Date Growth stages Irrigation ( mm) Deep percolation ( mm) Percolation coefficient
10-12 &R After planting 96 72 0.75
11-21 AT Before wintering 96 78 0.82
03-10 B9 Reviving 9 57 0.59
04-13 AT HT Before shooting 96 37 0.38
05-07 15 4 Shooting 96 44 0.45
05-29 Zi 7830 Booting 96 43 0.44
07-07 WEIZ I Grain filling 78 0
(5) KA FIFRCR 2004200544 W H Day of year for 2004~2005

ZEME , FFRASHI 5 1) SE B A Hb 2004 ~ 2005 4E4¢
INZERPRLF B Ol 9020kg/hm” , 1 IRAE AR A /N 22
A KA EFE K B Oh 826mm , X A HE AT LA H i i X &
AN HE BUAT Y 78 43 E R ) BE T K 4 R R AR
1. 09kg/m’ , X FL A FAE I U X (9 & /N2 2 T 40
VEE I T MK AR AR 1.47 kg/m’ (£ 6) . 4564
FIRILFR WA AR, BB A b X ) 4 /N 32 7K 43l
FARCRIEH R KPR T25 8], BUAT A VE IR o B s B3 hy
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Fig. 7 Soil water deep percolation and replenish from deep soil of

winter wheat land in 2004 ~2005

®6 HIFEASMELFERERLSNERKBSKIFIARELE

Table 6 Water consumption and water used efficiency of winter wheat in Lhasa river valley and North China Plain

[ R FEK i KAIRCE
Irrigation (mm) Water consumption(mm)  Grain yield (kg/hm?) Water used efficiency(kg/m>)

PLFE A Lhasa river valley 654 826 9020 1.092

A4t i North China Plain 450 489 7203 1.474

LRG0 HT SHAW BREUE A BRI 45 2004 ~ 2005 4R & /N ER H 2R BB MATOK KEB RS
IR AR AT LAS H LU LA EZARAE - (1) BRAZ=RIA /N Rl 23R 7 A B K FZ8 R BAR/D,
A /NN RS AR B A S R G HK MR R AR, EERIVS I LI R 5. FRZIK
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B4 /22 B 4RCTS - 3 0 R AR B ZE UK 9 B B K T, [ Bt 2 A /N I AR S REZK BE S, i S K 1% 5
FERIA T AW A L5 . /N HEN I 0 2 B, R B VR PR 855 , K oA i BRI 133K
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B BCFVER B K, T 3R A TCRE R R 2 30, 3X 3 B — e P /K SR URTR 5 o BRI U, I %o BRLA 8 Wk ol
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TARK, XA AR EHRRNRZ T EBOK S E B, (3) FEIITHEBRSIET , 2 X & /NE K53
FIFARCRARS , AR AR ISR T 25 18], 380 23 Yokl VEE IR 2 She sk 20V 0 O FE /K B2 48 R0 /K 4 R FE SR I — AN R AT 99
25, FA  TEZH XX/ N AT IR 5 HEE , AR AR X IR Z K A AT R R 4R =K R AR A R R Z
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