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Development and Application of Micrometeorological
Model for Paddy Field
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ABSTRACT

This study integrates the theoretical components of heat transfer of the Plant-
Atmosphere-Soil Simulation Model (PASSM) and General Circulation Model (GCM) to
develop a micrometeorological model for paddy field. Such a model can be used to
simulate the heat flows between plant, land surface, and air, and evaluate the function of
microclimate modification by the paddy field. The proposed model is applied to three case
studies on the Tsi-Tung demonstration paddy fields in Yun-Lin, Taiwan. The simulation
results indicate that the net absorption of solar radiation is greater for the paddy fields
with water storage than those without water storage. Most of the absorbed energy is

released through the latent heat of evaporation, which reduces the land surface
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temperature and sensible heat flow into air, thus modifies the regional microclimate. The

results also reveal that if water storage remains in the paddy fields after planting rice in

summertime, the cooling effect of the one-hector paddy field is equivalent to 20 family-

type air conditioners. The modification of microclimate is more significant as compared

tool to quantify such effects.

Keywords: Micrometeorological model, Sensible heat, Latent heat, Solar radiation,

Paddy field.
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PASSM  (Plant-Atmosphere—Soil
Model, Wu 1990). 5 55 55 B 0 - WS & KBIR R
#3 GCM (General Circulation Model)Z It 3% #h
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Simulation

—~ X HER
2.1 EYBNZIREH D6

HIFAEZ RGBS % - bR T AR IR 4
ZTi AR RE RA IR RS - SNF R B
B2 S8 I 72 T 7 A 12 W] SR A (Sensible Heat)
Mo K7k oy BRAE ) (2 AR AR BT AR 2 AR R L
ifi(Latent Heat)fé i3 2 20 DUFE#E 4 /7 VR ik
EPNLRIPN L RS N ped LR
I Ffiw o fEYH(Plant Community)P 2 KR 8 44

B Sy (2) AR AR B 0 Al -
S7(2) = Spep -expl=ot, - CLAI(Z)] oo (1

3 3
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g to the paddy fields without water storage. The proposed model can be used as an effective %
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AP Sy BAREZ KBEFHBRWM) : o, £
HERBERR) HEN 7 0.3 % 1.5 ZH(Ross,
1975); CLAI(z) BB E z D L > ZEERRKIEE
(m/m’) » A ERBEEE LAD(2) (m/m’)RHG -
HBEGMT -

CLAI(z) = [*" LAD(2)dz ..ovvvvvvvvvvrveerevneree 2)

HH 2oy B HEY) B & 15 & (Canopy Height) 711 2
FitR e

VI B RICEE ST Ly (2) v i i B &
3Kk %5 (Murphy and Knoerr, 1975) :

Ly(2)=0(T& ~T,(2)* J+ 612 =T, (2)* ) v 3)

A i o 5 Stefan-Boltzmann i B{(W/m’k*); T, B
To PRI BRERMBCREEK: T,2) BEE z
ZEEMIEREK) o FIHAMEXQG) - 7 REEY
BAE S Z BRFT RIS R ETRE Ry (2)

Ry(2)=a, Sr(2)+ Ly(2) e (4)

A a, BT A KGR B < s -

22 B RERKERZER
(DENE 2 H:5%
Z2 Fh B 2 L] 4 B B E (Stable) &
7 (Unstable) Bz 114 (Neutral )5 = F {1 - & =R
BETEEEREHEEARSSERR BT
e HPEERE s EEEEMETUTAE
T(Wu, 1990) :

s’

w__v
dz  k(z-d)
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A £ 5 *

fnr =

o 4 A B HGRLE) B 4

M7 s

ok L AT i 4 LS S
B 1 XBESRINRABERERE

z4

CLAI(z)

(Monteith, 1975 ; Goudriaan, 1977) :

logd =0.9793 - logzey —0.1536 ... (7)

o logzy = 0.9970  logzyy — 0.8830 oo )
BEARBE GBS S EEINMEMmL 25

PRTETE M T2 AR - LR B IR E 2 KRR

o ME KRR EGHEESEZE MM R - 7

TE b 2 ] BB -
e REMBERLGR

BB TBEZ KRR
VERE  BEREEZE

Wk BEEE  EXRIEHEETRTER > BEH ’ﬁﬂfi
- BRI EMEN s KSR EREZ
2 EYEGRERZE LAD Rig &5
B2 BORBREE LAD RRMRBRER o sxmenzee. Wﬁ%ﬁiﬁﬂ@ﬁ%
CLAI B 5E JRIR .
] £ B (Dyer, 1974) :
R du o
BROES W B RGER B R U) ¢ & :k(z—d)'(p’”(r) for z2zpy o 9)
U(z)=UTan_d for  Z2Zep v 6) HBROBESAE
Zy
. U(z,)-Ul(z))=
U %Tﬁtf@(m/s) : kB von Karman 5 % . (10)
(ﬁﬂ‘:.‘ﬁ ZO ﬁj\ﬁjﬁ«'?:{:ﬁ‘y{iﬁm (m) lj{ t:]n b ( /n(FZ) q)m(rl )):|
z, -

@ﬁ%ﬁ7hﬁmwﬂﬁﬁTﬂ&?“ixﬁ
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20, (M) BEIRBERANC @, (D) SEHREE
BA2H: I BEE2E - BERBEAEZB
FENETTE T 2 28 5 R (Dyer, 1974) FI| FI =
NZEHAIREEEEE U

Ut = k-Ulzgy)
ln[(ZRII ‘d)/zo]—d)W(rRH)

A zpy BEAEEFEEETE - YRR ZE
57 {1 AR T DA AR (W, 1990)

Ao, BRI EIRE -
()R BRI R 2 IR

A RESEE TS

M ER AR AR IR ER 2
{3R 0 7 18 3% £ 7 FE(Steady state) » FI & & HE 2
I R R U AN B B ] 0 B (0T, /r =00, /Ot
=0) Hf1 7, 8 0, 535l &R HZ IR E(CC)H
b (kglkg) o HEVIEE ESTERAE 2, Bl 2, 2
R J5E B P B S (B R 2R AT (W, 1990)

T =Ty +S—H*
pz)-c, k-U
........ (13)
z, —d
In—= -D, (L) +Q,(I)
z,—d
LE
On=0n+ P
p(z)-L(z) k-U
...... (14)
,—d
[ln Z- _¢\t'(r2)+¢l1‘(r| )j|
z)—d
A SH A @BE(W/mY) 5 LE 5K BB H

(Wim'); ¢, B RZ UK C) s L (2) BEHE
2 ZARBBEKG  p(2) BEE Z 2 ERE
B (kg/m’) @ (1) B @, (') 53 B B BVE Fokis
BB L) BEMBE T, (2) ZEE -
A X R0 T (Murphy and Knoerr, 1975) :

L(z)=4187-[595-0.567-T,(2)] cccvvvrvvv.n.. (15)

EREE p(2) BIBEZRE - 1 FIRU T (List,
1966) :

p(z) =0.34838 - P

atm

T (2)+273.16] ........ (16)
A P, FBAREEJ1(mb) o HREGR SH ELE L
T LE T 53 B3R B 1B P b6 B b 1 1 2 ol
Rt e

SH:—-p(z)-cl,-K,,(z)-(jL ...................... (17
dz
LE=——p(z)-L,(z)-KH.(z)-d& ................. (18)
dz

Ah K, (2) B K, (z) 53 51 5 2h & BLOK VS TEREY) BE
b TG Y L SR B (ms) - TR
3k 2 (Dyer, 1974) :

K,,(Z)=% for z>z. ..(19)
h
K. (2)= kU z-d) l; ((If)‘ D for z» Zeg n(20)

K, (D) BEARBERB - 0,.(I) BAKKEBIE
FREL o

B. WY EEA

TE BRIR UL T HE B 2 AT BRI SH (2) ]
I P BE I 80 22 R 2 R FE R SR AT - VBN LE(2)
HIZ F FHBE R T (2) Z B RIMIR A R b
BEFERSG - SRIERRUT ¢

p(z)-c, [T, (2)-T,(2)]

SH(z)= e

p(2) L(2) [e*(T,(2)) - 0,(2)]
R,(z)+ R (z)

LE(z)= -(22)
K e*(T,(2)) BEMBE T,(2) B ZaEAILIR
(kg/kg) - AT H AT 51 4L B 2 34 5K 18 (Murray,
1967 ; Webb, 1965) :
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e*(T,(2)) = -(6.1078)

atm

| (17:2693882) T, (2)
T,(z)+237.3

R(z) £ % ™ & 5 [ #T (Leaf-Boundary
Resistance) » 7] DL F = 5K 5 (Gates, 1980) :

1/2
_c [ De
R, (z)=C, (U(z) ] ................................. (24)
AP D, BT EREEm) ; CHIB— K
oo R BHYERRIZAKREEHN
(Stomatal AOLLUF R K
(Mehlenbacher and Whitfield, 1977) :

Resistance)

R (z)=Dyy(2)

| 146.0 + 3.6
4.59x107" - S, (2)+0.0015
....................................................................... (25)
Dy (z) = e* (T (2))-04(2)
Qeri
for e*(T,(2))=0,(2)> O,y -nnn(26)

Dpy(z) =1 for e*(T(2))=0Q,(2)< 0., ..(27)

K O, B RN B (keke) o

R 98¢ S0 R 2 D BE R O
LAD(z) )+ WJ54% SH 58 LE BEREFE 2 L BT -
ARFAF :

dSH _ p(2)-c, [1,(2)-T4(2)) LAD(2)

dz R,(z)

dLE _ p(2)- L,(2)-[e* (T, (2) = 04(2)]- LAD(2)

dz R,(2)+ Ry(2)

2D~ (22)8K(28) ~ QOFEE - IS HEYIRE

P o 1 FEE B P S (T i A

d1y(2), _[1(2)-T.()] LADG)
dz R,(2)

-d
E(Kh(z)'

= k(2942 _ [e*(T,(2)=0,(2)] LAD(z)
dz R (z2)+R,(z)

HOy BN A RBEE GBI TR RS
(Mehlenbacher and Whitfield, 1977) :

K, (z2)=K,(zcy ) exp{ak(zz - 1)}
cH

K(2)=K.(zen)- exl{ak (Zi - l):|
cn

Aoy, BEBAER s K,(zey) B K (z05) 570
PAFR(19)EL(20)3K 15 o

23 BMYBHNZEHETS
REYDREN 2 A B B R T B A Y
W BB AT RE S T T - B s B 0 2 i (LR 1
BE—HTERBE - RRE
Ry(2)=SH(Z)+ LE(Z) woeeveoieeeee (34)
MARGH) -~ QDHEL(Q22) » ARG IEE HH
T)(z) :

T, (2)=T,(2) + —al)_

p@)c,

CL(2) R, (X (T(2)-04(2)
¢, - (R,(2)+ R, (2))

'RN (z)

(35)

T EMEY R R E R & vl B SH Bl

BE LE - TT R 20288 Q20FE 553k 15 - W

TR ¢

p(2) ¢, (T,(2) = T(2))- LAD(z)
dz

SH = [icv e

15 = fon P L (€T ()= 0,(2)- LAD()
! R,(z)+R,(z)
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=1 KBMRIEERSHUE
(s 34 AEHEE | %4 s 3 5% LR
% R L ¢, JkgC 1000 |[(Wu and Liu, 2000)
H K 85 WA oy £H R 0.52  |(Ross, 1975)
ERE PN O S a; e 0.86  |(Mehlenbacher and Whitfield, 1977)
ik K R o, &k 3.0 (Mehlenbacher and Whitfield, 1977)
AL A 43 30 R R B o, £HEK 2.0 [(Wuand Liu, 2000)
von Karman 7 k 2 H R 0.41 (Dyer, 1974)
Stefan-Boltzmann % # W/mk? | 5.57x10°* |(Wu and Liu, 2000)
ER AR RSBk 4 C, g 60.0  |(Mehlenbacher and Whitfield, 1977)
A LE RORE A2 &M Qerir kg/kg 0.004  |(Mehlenbacher and Whitfield, 1977)
FHEB AL D, m 0.05  |(Mehlenbacher and Whitfield, 1977)
X AR A P, mb 1013.25 |(Mehlenbacher and Whitfield, 1977)
24 MRZHEETFE FKHEMBEICHMAREADRERSE
%2 WG HGE - AT DI TR —HERR S - TTEEHEY) - MR E KR AR AR
RORE R 2 b AT E S Y — 2R
SH:M%My%{%_Hu““] ........... (38)  RHIER—EEWE G ER R AE 3 R -

R,

f?

A T BHRIEE ; ZGRH BRERERES
5 Ry SRR E . AT A A R VAR EOR S
TR -
1

R, —I((gﬁ Kh(z)dz
Az, BHIREREEEWMm) -

MWERBEHRR RIS BMERLIERAH
7kﬁﬂ|ﬁ@|ﬁﬂ B KT 2 2B TR LE e T
FIH Penman A 3(EHE - 10 48 2 JEEAGE LE,,; B
PIT=GEHH -

LE iy =p(zgrn ) Li(ZGau)

. h.\'(}i/ e (T(; ) - QA (ZGRH )
R.\'()i/ + Rd

........ (40)

Ay, B2 - 45 FLRR 2 FB 3R B (mb/mb) ;
R, HIl 2l 5% T3 2 2R 8 B #i(s/m) » W R A 1K BR
INEUL IS K E 0, K15 (Sellers et al., 1996) :

R, =exp(8.206—4.255-60() wecrcvrccnrccrnnens (41)

soil

A28 KGR AR | Frd) KRR
AT R 2 TR B R e R R T
S JRIMAE S SUB 1A 58 tE AR Bz & PR AR K

HERAE - A SUB AT I 2 R i A ek R
TEERA - EEREEAER - AT
TREBUZ 1 T 0 R 17 RO o3 A 1 38 428 oo
RN 2 8 o B RS Z £ THACER (R B SCB
thill % 5+ AW T 88 AR 2 2 Bk J1 Rt AR
R BE G2 BN -

=~ A RE

ZIKEHW%‘QHQ Lemon et al. (1973).7 & I & ¥}
ETEACEE  ABHBRE T AEZEX
H - BT ALRNESERIED - (E9.2 K/
R BRI E S0 o FME RIS KBES - F
VIREmMEE R - BOR ~ Bt R EHE RN 25
FARE PR - ERIE 1968 -8 H 18 H L7
11 BF 45 535 1215 15 SR & R EIBE 2 F¥ME -
AR AL R R R R 1 AR R EE
1T MR CLAL(2) 200 4 A - B3 28R A
EfEFIA SR 2 o AT E ¥ 22 RIS RIRE 2
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%2 EABBIHARR

AN FH AAHE F A5
Zey 2.5 m
ZrH 5.0 m
Ulzpy) 2.2 m/s
Sren 907 W/m?
Ty(zpy) 19.7 c
Q.(zzi) 0.007 kg/kg
Ti(z=0) 25.5 C
0,(z=0) 0.0105 kg/kg

ey CBEBE o UEZA
% # A& & : Mehlenbacher and Whitfield (1977) ; Wu
and Liu (2000) ; Stewart and Lemon (1969)

CLAI (m3/m3)

4 S-L Comn 2 RIEFEEMIR CLAI(2)

(7K BRI - REEHEBRRZEE -

QK H KRR ERRHH TR LR
) MR TIEHEERZTE -

()7 EARBHEZ AR (B I A LR AL
B) HEERHMARZEE -

4.1 RHl— : kEEHE

AEH 70 &1 2 AR A 2 PRt s i F I AT
PRET - PR BERIAA 500 2 R R S 505 1999 4
FREERHETEE ST KHYESR A SRIE
ZBEETHEE - TYLAEH T B 2 5K SRR M i
BEAZBAERNT : FABES 841.07
W/m® - ISR 80% ~ [EE 0.5 m/s ~ FIIEIE
27.7°C ~ IS RIR 34.7°C ~ BIBRIR 23°C o

— BRER
. BRI

& & (m)

27

5| [—mmax
. EEFEH

# A (m)

15 17 19 21 23 25 27
7 f b #(kg/kg)

5 ERBENREREIGREENERLLB(S-
L Corn)

AR SRR R Y
AN B A (L B ERER - TR & SRR
WS - Y EE R SRR - RS
FARIEANEY » GEQTE AR B84
SHRBELENR - CSE#RTETFR DR RO
REERBERK - AT E R
LADCEE (S B RE 9 2 SE RS 174 T » [RERTED)
EEB AR LAD A —FEME - BIEE AR
LAD (B R BE R P /K [ 7 G 8L - s et
AUE 6 FR o B 6(a)FE RAEYIRE 2 A R HE
EEEAR Y EERMEE LAD 23 KT8
o EEMEEE LAD 5 2m*/m’ i - EEIE
W E 120W/m? - [ AR B R g R B
400W/m’ » HS BB 3155 - B 6(b)H
T B R 7 TR oz S 2 O K % VB A 2 B LAD
LI RTINS + 6 E RS S TR R 2 9 0168 P 8 K
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HERIZAKABEHESRERIFE -
LAD =2 m*/m’ §§ » H[E /KA 2 7 R T
0> KB BRI EH T0W/m’ o S EEE
B [ 6 /K ] AT R A BR R I0AE - w45 S BB (R KA
FH AT B fi 2 20 - A8 6(c)Fr T o B R
K FE H 2 BT R BA A B EE TR A I K g
ho - BEAEYEZ TR EAYS - TABRE
B HI RE BE T TR % o2 38 KT8/ )N » B [ 7K
BB BB AYIE > R A
TG HAR & TR A R Ay 4 TR

B Ehii B o A I Ay 4 o

K5 544 818 KB 88 5400 FE e BB BT M
& BR 2 EETREN KB ABENEE
200~1200 W/m® & [ 43 FH |5, 24970 B 6,082 BT A%
RS R E 7 R o B T(2)BEREY R 2 A K
B SR BB B S BB N R - K %
T 2GR 7T K 15 R 5 R I 8 I SR T 5 v T ek
N TTE KB HE A B (R IR & BB R RS S T e
K o 8 7(a)IREE R AE Y B 2 R R EA R B TR BT B
T EE ARG RE AT B 2 M KT i - Hopr R EGR
BN IEEE A - TAARE R, JR0E DS i 4%
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7(b)FE 77 A & 7 E] 2 ] R BRI B 7 38 VB B 1 B
KGR ST E Mg A - (5] EA T B 28 3 18 2000 R
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# o

42 RHIZ : AERHFREK

A LGS ER A RBEARE AR IEET » BB
BHHYS A & R AHER R LR MR
TR o KK E IR - SRR
2B S AR LSO - - AR R T
TrES B M E T TS (TR REEY
1996)F: & R Ml 1999 45 7 H & SR & Rt 171
o A RBES R R R B
B R 2 B A

PN Bt R b UE et §rE: o thfaske AE=Op il
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em’/em® ) RE W - LUK 5 & 841.07 W/m®
BRI 27.7°C B R AME I (T I - 4 R
FIEHERI T - R REWR 5 507.2 Wm’ » &
BEHFS 112.3 W' » KB 5 36.1°C : 1
#7 L L IR T M R TR B S 606.8 W/m® » 3K
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