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Measurement and Numerical Simulation of Paddy
Field Ecoenvironment and Microclimate
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ABSTRACT

In this study we perform measurements and numerical simulations of paddy-field
microclimate, and assess the effect of land-use pattern on the regional microclimate. To
accurately simulate the paddy-field temperature and humidity variations, we use the
theoretical framework of the simple biosphere model (SiB2) to modify the earlier
plant-atmosphere-soil simulation model (PASSM). The electrical analog resistance



formulation of heat and water fluxes is used, the heat fluxes in the surface-water and soil
layers are incorporated, the more realistic leaf area distribution and inclination correction
factor are used to evaluate the adsorbed solar radiation. Additionally, the periodic
function of deep soil temperature variation is employed to evaluate the surface soil
temperature. The microclimate data measured at the test paddy field are used to verify the
model results. It is revealed that the modified SIB2 model gives better results than the
PASSM model, primarily due to the improvements made in the computations of canopy
and ground heat balance. The modified SiB2 model is further used to assess the effect of
paddy-field land-use pattern on the regional microclimate. The simulation results indicate
that in the summer the paddy fields function to achieve cooling of the environment, a
one-hectare paddy field is equivalent to 620 family-type air conditioners, whereas in the
winter they function to achieve warming of the environment, a one-hectare paddy field is
equivalent to 2,400 family-type heaters. The ssimulation results also indicate that more
significant cooling and warming effects can be achieved if the non-irrigated paddy fields
are used as the storage ponds. The cooling effect of the storage pond is 4 times that of the
paddy field, while the warming effect of the storage pond is twice that of the paddy field.

Keywords: Paddy field, Eco-environment, Microclimate, Simple biosphere model (SB2),

Numerical simulation.
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*_ KEMRBREANSExT
2 LA SEAR SRE 13z 5 R
BREK
% R C, 10000 JKg'c? (Wu and Liu, 2000)
PN Py 1013.25 mb (Mehlenbacher and Whitfield, 1977)
EREE P 1.205 Kgm?®
KAEE Pu 1000 Kgm?
RIGHE I B R o 1.0 £/ R (Ross, 1975)
B3k AR a, 30 /R (Mehlenbacher and Whitfield, 1977)
ALIAIRFOH A ay 20 R (Wu and Liu, 2000)
von Karman # K 0.41 H R (Dyer, 1974)
Stefan-Boltzman # # o 567x10% wmk? (Wu and Liu, 2000)
WHEAMF R R 2869 JKgK? (Sellerset al., 1996)
BIEFE r 0.66 mb°C? (E4e i, JEF AT L)
LM EKE 0 0.49 cm¥cm® (& %4, 199)
EX L 0TS a 0.38 cm? (van Genuchten, 1980)
B LR S 3 n 2 ok (van Genuchten, 1980)
BT ® % 3 m 05 K (van Genuchten, 1980)
rREE Ps 2050 Kg/m® (Incropera, 2002)
B 7% C, 1840 Jkg°C (Incropera, 2002)
3 AR AR Ko 1.5x107 mé/s (Deardorff, 1978)
EXLIDIE & 3
KA W
KA & B Zen 1 m T REA
KA - ) o K# % EdtE (Mehlenbacher and Whitfield,
1977)
FIER D, 0.016 m B A
E@mk RIS F K (o} 60.0 sVt (Mehlenbacher and Whitfield, 1977)
EE PN ST e a 0.86 &k (Mehlenbacher and Whitfield, 1977)
AR E FORE EZRAME Quy 0.004 kg/kg (Mehlenbacher and Whitfield, 1977)
WA H K384t 2 R4t & ry 0.2 F-NiPe 0.18~0.25 (Arya, 1988)
¥ oA ERESK F 0.45 £ % (Kondo and Watanabe, 1992)
EX LR CLAI 29 cm?/cm? (341, 1984)
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oK o R DA AT TSR G P - P EEE
LIEPRA 10 F 23 HE H 23 fg Lt e - &
KA AR 10 A 24 HE 28 H&EH

ORI T2 R E - FHETaE F G fE 16 5%
TEmETEH CLAI FRA A DLZ B 2 67 55T
2 (B ()11, 1984) » iR H TR Z BEMMFEE &
e 5 407 EK B (Brown and Covey, 1966) o

4.2 1REHGREE

T iR LB 2 SR A AT 15 %2 19 Ffos
FEL iR BT 2 BEIRL AT Q1] 20 22 24 Ffors « e
B 2 FHEHERE /A A 25 % 29 fi » 3% 4
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M 10 : 00 11 : 00 12 : 00 13: 00 14 : 00
K54 ik 38 4 (WImP) 530 512.6 647.8 745 635.4
HEBEAECC) 25.14 26.79 27.94 28.92 28.2
BEZE AR E (%) 63.69 60.31 54.15 53.57 56.89
B 5 B Rk (m/s) 1572 2.143 2.863 2.926 5.774
T3 EE £5(°C) 21.79 21.79 21.79 21.79 21.79
FHRRER LB(CC) 23.13 23.13 23.13 23.13 23.13
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78 H IR o IR ot R E 4 R g 4 R [E 14
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k|4
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B | B A
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95 4t R
HR K
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4 4 5
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4.3 EILEER

G R B RA e Rz SiB2 A
Hil 2z PASSM 15X HE GE R e S BUREP IR P SR
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Bl R R ST BNGL  fE » TFEK I B e
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HURE o JE T (RS IE AR B SRR W e 2 8
& S OMERBEE TS V51 - #R ] Deardorff (1978)
Pt 2R - DGR T RIS - Tk
30 F LR R S A R R O A
b RS FEek KA A E IR P B N
ERSI T R IR 2 Bk i B 2
HRERE A -

1~ KEERE M RIRTIBE
51 REESEER

FEFFMt K HE IR R 2 P8 AHft
FetbRE T 71 U A T

HE— « KHFERE KR HEK)
FHE - KEERRE K

FE= KRB E K (L)
FEN - AKHARFERE K (LR

RS e — 4 HLe K HI 7 B 2R 4 TR0 i L
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xh SEEROEIFBSH

= o4 SR SEME B %% R
E— L KA ARG HAK)
KAG l:::J /?:Q Zey 1 m —’jg_ # ‘,é:; 71‘+
I - . KA & & /R 4&(Mehlenbacher and Whitfield,
1977)
FHER D, 0.016 m TR AA
E RSN bk (o} 600  s¥?m? (Mehlenbacher and Whitfield, 1977)
E @R GIEAZREE o 086 A&RAKX (Mehlenbacher and Whitfield, 1977)
MR ERBEAEZRIME Qu 0.004  kgkg (Mehlenbacher and Whitfield, 1977)
R H KGR A Z R4t % g 0 £ R (Kim, 2001)
Eafls i CLA 29  omflem? (4 )1, 1984)
7R okEkHE K
KEZEZE Zey 1 m y Rk s
K IE R Zgo 0.0025 m (Guyot, 1996)
I A KT s 0489 mim? (& %€, 1996)
HoE KRG Ha4 2 R4t & A 0 £EK (Kim, 2001)
B §- %) 2 803 3 Ko 1.2x10% m%s?t (Deardorff, 1978)
EERE R AR pCs 2343096 JmCt (Deardorff, 1978)
KR Do 1000 Kgm® (Incropera, 2002)
K Pk Cy, 4180 JKg°C (Incropera, 2002)
FEZ REAMTER(EEEHM)
REBESE Zey 1 m TR AH
KW IR E Zso 0.01 m (Guyot, 1996)
EHAKE O 0489 mm? (BZ%& 4, 1996)
Rk H K GIEHZ R A& Iy 015 &Rk 0.1~0.2 (Arya, 1988)
3 AR AR 3 K 1.2x10°% m’s? (Deardorff, 1978)
1 B RO RA pCs 2343096 JmeCt (Deardorff, 1978)
KR Do 1000 Kgm® (Incropera, 2002)
K Bk Cy, 4180 JKg°C (Incropera, 2002)
£ Rk R R KRR LR
KEHEZE Zey 1 m R EH
K R Zgo 0.01 m (Guyot, 1996)
HIELKE O 021  mim? (B %€, 199)
A RITRA A F A 03 &£RAX 0.2~0.4 (Arya, 1988)
I AR AR K K 2x107 m?s? (Deardorff, 1978)
EX S o4 8L pCs 1255230 JmC? (Deardorff, 1978)

B R AR 30°C J 31°C + XA fEE
TARBEIR 2 62 SR » SORRHRs B A R L
LRSI b RIPNEIN A EEis- 2 Qi o
FREE > RABRELT - KPS 550W/m? -
HHESE 60% ~ R 2.5m/s~ FZe5gi 15°C » Gl
FE iR R TR RIER A 20°C J 21°C » Hi

R ERFHAS E B B TR 1347 » J7%—
KRBT E 2 BIRRIER ] Sem o HREERT
B2 IR 2 KT R 2 TR
SR S P o

52 REFSELLR

—78-



TN SEREODEIARLB(ES)

. . FE=Z FE®
PR P RS
= = EX 23 [EX SR
&g A [ £ [ S B A X
- (W/m?) (%) (W/m?) (%) (W/m?) (%) (W) (%)
KB o o7 841.07 841.07 841.07
24t
k| EK
24t | $2 47 | 349.9(491.17| 109.3 841.07| 0 |101.7 714.87/126.2|102.1 588.7|252.3(102.7
Bl | R4t
K
! -29.6 9.3 -13.97 1.7 -14.47 2.1 -155 2.7
a5 HAK
KR
S 320.3 100 827.1 100 700.4 100 573.2 100
4=
R A 96.8 36.5 253 31 611.9 87.4 507.5 885
T RAAR 6.6 25 177 21.4 a4.4 6.3 47.6 8.3
AR 161.6 61 675.4 817 442 6.3 18.1 32
HAFEA
e 265 100 827.1 100 700.5 100 573.2 100
LA
ERURE-%-3
1,616 6,754 442 181
B R
(KW)
EXEA
i 618 2,583 169 69
BRAEE
—B*E4
A R AR R 19,392 81,048 5,304 2,172
E(K)
—B*E 4
i 66,864 280,502 18,049 7,196
ER/(L)

*rA— B RET = e

5.2.1 KXHREEZHRIRIIEET b

P 72 2 2 TR A K O B R /K 2R RO TR AR
ZEGE > BEERE IR AT
BTt < A BRN K Zim BRCR - A LUE
18 5 VR 2 BRI 5% Fl v B B (2250 keal/hr)
TR BB AR I R 3 2 ARG B B A
i ERR o TR R R A UK F AR 7K
IR BRI » MHE R 2600 G5¢ i bk
YR BRI - FHE RS 620 B
m R IR KRB E KR - 1
RPFFHE S 170 B Al i - TR ARG F AT
HS 70 AR MR o L HFRA N
At BN K H AR & K IR T A4S A

81,000 &7 - FifE /K Felis i i ¥ /Y 19,400 £
PRBFN &K IRF G - SR AT 145 %8 7747 5,300 f&
IR T BT AR T 2,200 - DU HEKAE
R » AR ARG KT IS EE Y
280,000 Jt. - FEAH /KT F] i & #E EY) 67,000 T -
PRBE &K 2B LT Hi 4 &K 18,000
T > HR TR HIE Y 7,200 JT o HIREEERS
RIREIE T KRB E KRBT - sk
Wz BER % e AHE > R sratm et SRR DAL
T HRRH - % s BRI S SRR e o A AR
JTEENF BRI 6 Kl 30~38 i - (R
RATLUE - TR RERFAEPIRE P S R FHEHR
JEAETE EL T A BOR 2 L > BRI A R
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xC SERROEIARLB(ZS)

& &= R ZR=
. o KERBE T E K KERHF R E K
5 > X )_ !
K AE A KAG KERBHE K (L5 A7) (35 95)
H g IR ERie R B iR B B B
a (W/m?) (%) (W/m?) (%) (W/m?) (%) (W/m?) (%)
KB4 IK
7 550 550 550 550
B4t
B0k | 4Eik
41| 4541 |228.8(321.2| 136 | - |550| O |104.8| - |467.5/825(107.8] - | 385 | 165 |107.8
Bl | R4t
TR
! -60.5 -36 -25.1 -4.8 275 -6.3 -27.9 -7.8
a5 Bk
498l
= 168.3 100 524.9 100 440 100 357.1 100
4=
R A -208 -148.2 -481.6 -91.8 275 62.5 219.3 61.4
TRMA | 2843 202.6 601.7 114.6 118.1 26.8 119.8 335
A 64 45.6 404.8 77.1 46.9 10.7 18 5.1
wFE 5
;i?‘ 140.3 100 524.9 100 440 100 357.1 100
A
ERUNE-F
o 2,843 6,017 1,181 1,198
(KW)
S 2,369 5,014 984 908
—B*E 4
EE JEAE A 34,116 72,204 14,172 14,376
THE)
— * 55 s
;% (Tt %)!‘ 92,999 196,978 38,551 39,108

* oA — B M= e E

J& B B EE < R o — KR EYIRE RRIR
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IR R
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RS ¢ MR E KR » e T s eoR
1 MRS E AR R GE R -

5.2.2 KHAMZZFMRIRIDEET &
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