H 8% %5 O % Vol. 48 No. 5
1993 4 9 A ACTA GEOGRAPHICA SINICA Sept. , 1993

el 5 o7 it [X i T 7 A RO BB A ST

RIW RER XA

CREABHER DFH R AL 210008)

R E AxWRBHX - —EEAZHN AKX IRTR. WEED. A O0FEH
WA T e R AR TR MR (Bl TN TR R A X A T
KALEFE 1. 5m ZE 2m, 3/ FE A RBB R RITAEZ2RATREL THERE AKX
AL FE, A SR AR RR A B S8 B A TR Rl SO TR T
B TN AR I (R . RS AU L B A T TR E S REN G
BUE KBNS R I ST AT 7 I R Bl T AR EA W,

X@iA REEE ERFHAE EEX BERN

1 gl H

R R T A E T AL R K B P AR ERET -
W — RSE R, BEAMEA B ERE, B MR EEMS IR RN ELST
.

[ 43 2R BT 5 B BUE T 1 2 BURY L 1939 4 Thornthwaite % AR 2 T F AL it
MR BAR IR MRS HF . BT, 1963 5 Monterth™ i 14 5| N\ 22 H FHL 7 09
&5 T E LW Penman- Monteth AR, . Hoh, A LERHF TAEE F A 230K AL KAR B K
HEBBEERED ., HARERIDURE T AR R R SR B R '™,
XL R RE MR RBERYE TIFEHRE,

BT SPAC R RER YR BT B B B, IR U R BRI
B4R R R A A R 2 BT R R4 B, B R REIEF BEY S KE
AR BRE . FESERRN, BRI A EST MR INIEER U S L
)4 FER L o TR LA 45 R R A B R A K P S S — ARROEE R T B
eI . R AR B B F X A (A R Y R OR T BT

7SRRI H X — 3 B ST i K SR T R R R BT A SCR 4N 23
TAE T R AR TR R 8 E R (5 A R R R 3 i o [X Y 2t T K

»  ERBR/BEEE PRBERTFRTEHHE.
2 A 7 T B K T o AT T L B A B T o B R A A R A B R I A KT
HHETIEARBXAIME BRI —Hm R B .
R E R 1092 5F 3 A BB AR 19925 9 A,



158 H 7 ¥ 2ird 48 %

AL EFHE] 1 5m F 2m, E TR BE/ANEEERFR ROIARZ XA T RHLT
MR AT HHE, X BERITRARURR AR ZE M E I AE T ERTTH i
T8 HER A B BOE , RO EN 5B S R AT LU 43 1 T /D E M BRI T =2
Tl B,

2 WRERKEMIIE

AREERRARTETEMHZH 20 EE R ETRENE R KRS
R AR, FIR AT RE AR R R H I LR AR R A R, FTRE R T B HERR R, R
SRR ERMITTES R,

A REFR K BIHR R 40 2\ Thornthwaite Fl Penman & MR . FIRER R BIE X E
WAEAR 1, —REGENRESLMT . LK TS  FRRAREKS KR ED
CRERGERXEDER.

1948 4 Penman {ERE R V-8, R B W N ITIA G SRR B T H R ATRRER M E
B HENGEEE HFEXN.

R @=
X B
B = () (ee) 2 —2)
Tl EA A R RAE T THeHE AR
g — ARt v+ 01601 + 0. 410) Cevced) G 2

A4y
KA B HAlREZE K B (mm/day) , R, 4R 5, W HEEI B AT AR E y AT
RERCENMH R SERBEAERE TER N
0. 46
V=5 (2 —4)

z
10700 For ey

B = RHRBEE T IS SR o= 5 SRR AL e 0 SIRET B ORI K PR e,
WERAKIEIE v 10 KT AL 5 9 R 4 IR B 0 T4 SR T T B MR 7K 15 I 6 )
%, HHFE AR,

e, 6463
973 -+ T..(273 + 7T,

WAKATE M, 2 8 AT R TSR R B T B B0 SR FORM R S B FE ) b
AHAE L, HmNETEA.

3 WHELERESENWEL

BT R AR LM EE THER  BEL B AE BHRRET S
X, ATRER R AT H AR i ER R LR R R SR

/,1

— 3.927) (2 —5)



5# 8 TR ] 5 e DXl T 8 O A AL B 5 459

5 Z B E AL B AR 31 T LRI ) [ T8t E R 2
B B SERR AR SR T 4 B RERURT T B bk (ELJR 15 M R SN T 9
TR R R R T T 0 4 7 45 RIS, T8 0038 0 R RORAR T B 3 B A0

T W RS L SRR R R0 T ARk S % BOC RAHERL b, 4 it
%,

K A ) 2 R 2 R A AT 1T . 24 O R R
KA IR B R T DL A SR IR R 2 B R T2 5 REHE SR K A R
TN F AR S 2 P T TR AR

AE S MU R AL T 2 RERL AT RN SRR I — F LA ROK S SRR
ZHEMR R DGR E L 0—0,.0 HLBEKE,0, HEKHT B LIAS T
B A MBI LR ARG 50 Rk RHOREREEROKS 0 IR &K 34 R
3T EIRHK B TRERE B Z WITE.

VERHIE TR ORI T B/B0 SAIM B RUK S 2 W% R 348 th 2 HIREH 2
KA F R B B B, AR G ROK S AT A SR B/ SARX K5 2
B R G FRER R XM IR SR

AT T R A MK G TR, R0 K R MR
R LAY LA R RSO R L34 0 TR SR ST T R R Ak
B (O MU K B Bl i kR KA (R R

40 —»-v—L——jﬁj(o — 0,)d.E B—-1D
At 0, — 0,47 7T

E =

Hoed R b h BRI GX BRI do=1m), U > — 0,)d. =0 — 6, , Bl Im &
T EH BT,

FETC AP SRk A i, 4 38 & K B RE A (] 2 S i R R AR AL, A B Do BT (R B £ Y
Rl RE A, M LR,

qf = - !

—
¥ ERBSTEITE t HHERER RN
(BY = 0y — 6, = o — 6,)(1 — 725 3—3)
2 60,6, HETER ¢t W EARA TR Im BB FKE,
MFERTEE ¢ WA MK CMES » HHBRNE r(mm)), ARG RS KER

KENER KR BB N R A

(B = (0o — 01 — 221y 40 () — oo, (3 — 4
% — 0,

MR AEREL ¢ WA BINAKS (n e HEWREE » , BEWE LK BB ER K
BBt NHEREEE) A

(B) = EoCt— ) + (6o — 6,) (1 — e 5755) (3 —5)




460 H 1 ¥ H 48 ¥

LR T TR EE 0 R B R 2, e B ¢ 9 B B R R, 2560 b RTAR 4%
rE#ERES.

M EE AT W RIE S, AT HER B, HEE T E R B TR R kB’ R
B AE A K E B R A KB U R B H UK X R X 4 1 R A58 AR
TR R IREE  FEVD IR, G R S7KE— R A BERKER 70—75%, 1 6, Bk WRIEF
=HZEH O/ 1. 349,

4 RELREHERTE

B E e AR R T G WAL BRI, TR IR (EYE KB ZHEN
R XBRAHEL.

XA EDE KB R BORBT T F SR LR BT RS LA, (10— 110k &
IR R E R BRI Y R AR T 9T 5 30100 R 1L 2R 3 3 X A AR FH K B8 B a8
77 EBEEUL BRSNS SRR R B ARG R RIRE L TiFS R,

T, BATH L - - RN — DR RE (@R SPAC R4, X — RAMBMAR
EMMERN AL, RENH R TR S TR KBRSk, REW

RSB S KETAL,
EEMRT LEREZ SR ET I ESHEENRESL. B R T FREY
AITA.
REMWBESLHTERN.
dT.
hC. 25 = X,
ATy  2G, 2 -
““% ~C-q 864001+
T, 2G. 2w =D

““& —c¢-d 86400 T
T 06, + 0,6,

" . /3657 - 4,

XETTo, o, T A HEHE RLERZ E T HRXZU R RO RRRE, LT
B ORI R SH &,

2% SO TR B EORBF ST AR H A AR ORI 5K A e,

HTROFZHES LK S BN EAEERE BTN XA, BRETEEREY
[l A B L KA & BB, TEA S 0K S & BB LM S TR,

BT YRR 2 i K S R B T T 28 Ak o IR M 7 A AR R M R 7K 4 a2 B AR
RAAZIE( R A B, X ZREKSY 6,0 BEES A RIMT .

O SER.EDH,ERE. HEARME KB ROBERM, KAEREELE.



5 Tk TR 45 . T 57 35 [X ik o 4 R 9 BOIE 3R 161

do E,
d, d_tl = (I,- —b)O'h -+ (Ic_l'vl)au_QIZ_Rsl
P
4 — 2
2 gt o
2 a qi2=qa3-La0.~fs

He L L A3 AR EEHBERE T ITEERHABE,U,U, ARESINEERERER
[ LR KE R E, AR L EREE AHEBENEBE, B = p.(U) + U2); qu.auft 5N
B B S ERZEMKSEERRGRAFIAE B REZEPHIEF R 0. (0=
o) MW EEE,

TRERUE—DRUA—2DMBEHN T R BB KREIFLRE.

EREMERNRES Ko —FEEL LEREER, H—FEl PR AR
W B VRS A4 1 L SRS B AR T SFL A B R R A, Xk Bk 28 R F0 28 e AR B B 2R
B EREYM R, TIREREHERKTER, TEREVH EERXFTH GnmiE) , &
B K KIS R RIEM B ERHEARRT WA R EERXTER MFYREHRE
HEEHHERERCR BRI,

ERBHDFRU-DZAT.RNECLAHE N BTPHEETE.
4.1 E,,E. §)it®

FATEL12]9 % K F Deardorff 3 EMSE T, KRG TEERAY C RAZTHA
O, MWREBT H KU FFRETHEEL ELRAEBEMBEEEF V. KU RIGH
FART 8 T AR LB R T B B SRS T EFRE K B #1 B

FEA SRR HAARZE AN ZE K % F BT, i TIRA AR A AR
BHE , F 0% Al LB IR B B I3 ST LL RE B T iR R I S ORI LR
4. 1.1 By BT REEDMKKEEERECOER T H T REER TV HTEX
T U

R.= +E+ I + G 4—3)

Foh R, SRS, G o T IRGE B X Y AT R SEIe LIRS B S, e AT EY,
AR R H 5350 i 5 KR 2 R § R B RS, 4 IR E A ERE .

ENR BT EEEE . FE R B RORY BT TR T RRRIE .

dT
I]:—[\Vu°p°cpd_~ (4_4)

)\E'=—K,,--p-/l% (4 —5)

K g7 BB = A IR BRI p BB, C TR, K, Ko 53 A TR
KEWT B A, BE Ki=K: H ARG LAE 6

H C,(T,-T)
_ - Al (4 — 6)
B=5E= lgea)

BT g 2 Tooge 5080 A ARIE & B (=0, 5m, 2m) B35 B A1 G o XA Ho(E 4 BRI
. FR

O PR CLE L ERE. EEARSME OKR SRR ERI, KRFREER.



462 H i ¥ (4 48 %
o ReG B
AME = 1+ 7 4—=7
4.1.2 BRBHEINESHHFESE TEOT:
H=-pCu.T. (4—8)
XB U HEEEE TIRRA:
u, = ku/{ln[ (-D)/Zy |-pm} 4 —9)
T, == k(T—TD)/{[71’:(:-1))/71“]*1/’;,} (4 - 10)

Hetb=0. 41 ARITEERT o RN EE - SWBEMRE.D HEFHALE,Z0 W RE

FREEE To AEE Zo+D LW ESIERE,
Yurtn BEMTF KNS HBEFHNREEEITERE v B EKR N

(&) = $a (&) = (5 = 1.0 FEE > 1)
p (&) = i (&) = p (&) = (1-168)"° FRECED
P& = pn(E) = (&) = 1 + 5¢& FBEO<<ELSD
R &= S0 H Ly Mown-Obubhor 115 B TS
I = pCTu _ _u.T
Kgll Kgﬂ

Un=Uy

KB T f Tovue 53504 A ANIE & R EFXGR . T h =S FHEE.

H AT 45 21 RGE LR B DA K IR T R

du u,

dz  k(=D) Pu(E)

dT I
= (E
dz w. pCh(=-D) w3
dq E

dz u‘pk(:—D)I'Dm(:)

X L =R 5

B i« ,'.’f)—[)
u(zo)-u(z) = %[ln ";7)41/’”‘(:3) + (&) ]
L1

I -0
20)-T(z) = —n 2o, (& b ((E
T(z)-T (%) e LI s P& ]
, Zo-1) . e
q(z2)~q(z) = okt [In E-I/’w(gz) + . (ED]

b
e

Pu =y = 2In[ (1 + 2)/2] 4 In[ (1 + 2*)/2]-2arctgz + %

g = In[ (1 + 22)/2]

4— 11
(4 — 12>
4 —13)
14— 14)
4 — 15
(4 —16)
4 —17)
(4 —18)
4 —19
4 — 20)

HEAEU—8).(4—9,(4—10),(4—16), (4—17), (4 —18) TR RATAT IR w. , H

VIR E,



5 TE T B S - T T DI TR K R UL o 163

4.2 NBEE LUD

L(1) = min[k(0) (1 4+ -2, Puo/pu] 4—21

Lf
Her o, B+ B RMEKE, s AWk, K0) TS KER, L i 1e e T B H i i IR
o

Pb = P,.
Pr(l"(Tz‘) (Hdew < Hdmax)
P.= 14— 22)
Pr (Odyuv > 0dmru)

X E P, A T A B8 K 5 Ouen 5 807 T AR B AE T L Y 7K BRI TR G 2 1 THD T RE
BEOKRRERKE. O WEH TR,

0

[Doex — yPeBy (0 < B < O

df 4 — 23)
1gdw e ()dm (Pr > Oqﬂde\a == ():imax)
E, = L@(—)_@puf(f)dw) 4 — 24
f(”du) = 1-0. [7’ /(7 + T’a)][]*((),Ie\u/gdmax)yx:] (4 - 25)
Horp o, R MREBRFLESL 0c H— M BEERRE KA AN
1 (Heew = 0)

S = ’ (4 — 26)

0 (ML BERD)
4.3 RABWKPERENITHE

(0 (9,, »
W)

Hept RS EP IR E R LRG0 SRR R B R BT SRR R, B RAT
WO7T5 B RAE R R B e/ D E R 1A R B AR R 80%.
4.4 HHEERSETIRFREDHEHAIR 1,

plis = BuRs + Ru * E. 4 — 27

Ho = puC,(To — To) /v
_
T
0.37
o= 0.2 (— 2
T Co 0 ([”] 0/7,
[,
O = 0. 4 = 0.4 ————— (4 — 28)
0. 37 Qi”

XE b O, Zo HEBAREE.
4.5 HEE ) $itE



464 Hi H = #H 48 #

= -0 L + ko) (4 — 29)
BARLGEFEELER S LEY,
5 ZERAT
12 F B ARBERL N5 8B I B R 2 b BT o i b X 3 - R T A K R 3T
SRHT T BUEEN.

T X RS TR R B E AR, B AL, TR B BE
GRETMEERET,

730 EXT %M X T R B K A AR AL S B ROCIR L HEAT T RUE T AR, A1
MW E A /NE, LERBCR R EIEE R 6 A 14 H—21 H, i FXMIEL
FRESHBRY,, KRITAAPMELEESE T ERR AR AFEELAER. XEHERHE
HEUBTERMYRBEE. EXHRBH I ,0,,=0. 145,0,=0. 25,0,=0. 389 ,4=100cm,
Zo=3.2cm,Ry=0.8,Rn=0.2, & 1 5E 24 H T K2 shHHEER S ENEH
HE B 4 44 TIPSR RRER S B SO AR B ERE T 4 Rt g, ix Lt
Ba[ &, ~ES BRI,

RN

(LS| T T

oy - T T T TT T T T
i 1 1 e 1 I PR A R A DA AR
HEp) h HEut A

H B AR ELRE

Bl 2R AR AR R B S R [ 1 1
B 1 10cm JA 38 & K BBER 7] 2 1k B2 100em F + 3% & /K BHE e H A 1L
Fig. 1 Variance of 10cm deep soil moisture with time. Fig. 2 Variance of 100cm deep soil moisture with time.

B 14T 2R E (10em JB) 4+ AR SK BRYBEIMA R G St M e, NE A&
HOARMRZSKBHHECRARY. X -EHEKESRERRZNRKERTLL,
T EAR A R R BRI F R HARE T RERR AR BN S KEEL L,

© SR AN FRE. HEA DB OKRTRMEEREN. KHEREER).



5 4

P TR 4 - o] 5 5 Xy T A Ok A LB 9T

165

B 255 7 100em BZH AR S KBHRMESNBEMLE. NEHATE
HLEZESKEWELREMY . X — B & KEE M EERZHYRERRRKEY
WA, B S S T OK AR E IR . i TREEYREARD, AR L& KE
AT LTS 2T K B Ab 78 L R (LR R e

R (mm)

o jﬁ\ A t:

7

\-

M\f'\f M’ "

[

V] ) 5 £ 7 S 10 (L oy 4% AR AR I AL R
€3 AR

Fig. 3 Variance of sansible heat with time

1.

54

0. 5 T
0.0 4.0 48.0 720 96.0 120.0 144.0 168.0 192.0
B (5] ¢h)

E#IRE 3

B4 FEmE R E R

Fig. 4 Variance of evapotranspiration with time

3 ME A B4 TREHERN B AGEBHRRREEL Y. B TRARHDN
B B Ak BRI S T ik 5 2 AT T R BT R RT B Y, Z F AR S e R AR

=108

B 5 45k T iR B ZHUS 2wt
BE SR R [ R B T 2 e
ENY/ R

EXBEARTR T HHBEESHHER,
RSB L & AR R B0 R B R m LA
FIIHL T i e A 0 B DL R A,
R R 50K 5132 3177 BRIV R R A4S SCRT B
A AR T

115

J

L

T T T
1 2 4 1 -
g o

Bl 1
M5 HAERLLEWENEZL

Fig. 5 Variance of diurnal evapotranspiration with time



166 H B Z H 18 %%

W N e

[= R (o e B - |

—

11

®
Bt

£ £ X &

Brutseart W. Evaporation into the atmosphere. Dotdtecht. Holland: Reidel. D Publ. Co. 1982.

Monteith JL. Environmental control of plant growth. In, Evans LT eds. New York; Academic Press. 1963. 95—112.
X B HS. REEREECRAER-WE 5D E 5 &R, TR EMGE . 1991,134— 142,

Pieri P and Fuchs M. Comparison of Bowen ratio and aerodynamic estimates of evapotransporation. Agri. and forest meteo.
1990(49) ;243 —256.

Monteith JL (ed. ). Vegetation and the atmosphere. Principles. London. Academic Press. 1975(1).

Kowalik PJ and Turner NC. Irrigation Science. 1983. 4(4).

Alfano JA and Disertation PD. Dept. of Civil Eng. , the unw. of Comneclicut(U. S. A. ) 1981.

Bair W and Robertson GW. Anew versatile soil moisture budget. Canadian J. Plant. Science. 1966(46). 299—315.
EE¥ ZEMBEHMUE SHE. LR SRR 1989.

Vogt R and Jaeger L. Evaporation from a pine forest-using the aerodynamic method and Bowen ratio method. Agr:. and
Forest meteo. 1990(50) ;39— 54.

Jianguo Wu. Modelling the enetgy exchange processes between plant communities and environment. Ecological Modelling,
1990(51):233—250.

Yao DL shen WM Li JC. Numerical simulation of water cycling and heat balance in agricultural ecosystem. ACTA Me-
chanwca Science. 1992.8(2). 108—116.

Deardorff JW. Efficient prediction of ground surface temperature and moisture, with inclusion of a layer of vegetation. J.
of Geophysical Res. 1978.83(C4). 1889—1903.

Sun SF and LU ZB. A ground hydrologic model with inclusion of a layer of vegetation canopy that can interact with general

circulation model. Science in China(Series B). 1990.33(3).

B F & N
VLI, B, 1965 4Edk, BYERBF AT R, 1987 A HAL F RSB RS H0¥ RIHEHCF Lk, 1990 & 4 1

T TREERFRFERTABEL L AAERERGE % T RATERARBEEEHN
HARE T,

NUMERICAL STUDY ON EVAPORATION OF
LAND SURFACE IN AKSUO REGION

Sheng Werming Yao Deliang Li Jiachun
(Institute of Mechamics, CAS, Betying 100080)

Key words Land evaporation, Aerodynamics, Stratification model, Numerical Simu-

lation.
Abstract

The study carries out a numetrical simulation of land evaporation in arsuo region. Because

the region is extremely dry with limited rainfall, the paper introduces in detail the computation
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method for evaporation under the condition of shortage of water. Because of artificid irrigation by
Xujiang Geographical Institute, the underground water level is raised to 1. 5— 2. Om. In order to
study the evaporation in wheat fields, we do not adopt completely computational formulae of eva-
poration under the condition of drought. Because climate changes are very abnormal, the author
adopts aerodynamics method with the resistances in turbulent ABL to carry out numerical simula-
tior. The vegetation in the model is wheat, and the soil is sandy loam. The date is 15— 23,
June, 1992. The soil suface is covered with wheat completely, therefore the model do not
consider the condition of bared soils. The author gives the hourly change trend of the field evapo-
transpiration by the comparison with measured data.

The author studies the heat transport of the soil, emphasizes particularly on the temperature
change between soil and the vegetation layer, and deals with the radiation balance.

The paper structures the equation for temperature changes as,

dT.
o 2= x,
h.C. o X

T, _ 2G, 2=

dt C - d, 86400
dT,.  2G. 2

dt ~ C +d;, 86400
dj _ 0G. + a6y

&t <. /3657 « d,

where T.,7T,,,T,.,T ate temperatures of vegetation layer, bared soil surface, soil surface under

(Tw-T)
“4—-1)

(Tgc_T)

the vegetation and soils at 60cm deep layer respectively.

This paper studies mainly the evapotranspiration intensity and the law of moisture changes of
the field. Because of the close interrelation between evapotranspiration intensity and moisture
change, the root with unsaturated moisture movement is divided into two layers (d, thickness and
d, thickness), and the moisture movement processes in the two layers of soils are discussed in de-

tail. The moisture change equations in the two layers of soils are;

do E .
8 d—; = (I,- p—bm + (I-U))o-qi2-Ry,
"’ 4—2)
d6. .
d> dtu - qu‘qZS_l/ZUC_RSZ

By coupling of the equations (4—1) and (4—2), the whole water-heat change process can
be simulated. This paper carries out the numerical simulation for the water-heat change processes
in the soil-vegetation-atmosphere system of the Akesu region in the Tarim basin.

The first section of the paper introduces in detail probable evaporation, the second section
deals with evapotranspiration when short of moisture, and the third section gives the numerical
simulation for actual evapotranspiration in the field. Finally, The numerical results are compared
with the measured data. The numerical results are found to be essentially consistent with mea-

sured data.



