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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
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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 simulation 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 (SiB2),

Numerical simulation.
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BHS %K
E N C, 1000.0  JTKg'C' (Wu and Liu, 2000)
KA P 1013.25 mb (Mehlenbacher and Whitfield, 1977)
TREE p 1.205 Kgm™
KEBE P, 1000 Kgm™
KIGHE R IEHH WA & oy 1.0 973 d (Ross, 1975)
JRAER T AR a, 3.0 F-9r3d (Mehlenbacher and Whitfield, 1977)
AL AR K SRR a, 2.0 E- NP (Wu and Liu, 2000)
von Karman % # K 0.41 &K (Dyer, 1974)
Stefan-Boltzman % o 567x10%  wWmk? (Wu and Liu, 2000)
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BEER ; 0.66 mb°C”! (Ede i, JoRKSE)
Tt s KE 0, 0.49 cm’/em® (KZ&4,1996)
EX L0 ¥ %] o 0.38 cm’ (van Genuchten, 1980)
AR A n 2 SRR (van Genuchten, 1980)
O AR S m 0.5 Ak (van Genuchten, 1980)
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B A SHAE SRE B 4t F R
FE— KA ARECE EAK)
KAG & Zen 1 m ol A A
T - 5 JKH#G % i R 4% (Mehlenbacher and Whitfield,
1977)
PER D, 0.016 m TR EH
E@mg Rl Fk o 60.0  s'm! (Mehlenbacher and Whitfield, 1977)
E@d K IFEe 2Rk E o 086  &F & (Mehlenbacher and Whitfield, 1977)
AP E RO AR ME Qi 0.004  kg/kg (Mehlenbacher and Whitfield, 1977)
RS R I 9a 4T L RAT R Iy 0 &RAX (Kim, 2001)
Eafilsk CLAI 29 emem? £ (4, 1984)
F R kEkHE K
REYEHE ZeH 1 m R A
KE LR Z6o 0.0025 m (Guyot, 1996)
A KT 6, 0489  m’/m’ (R%%,199)
WA B RS2 Rt R r, 0 B R (Kim, 2001)
I AR RAAR i, 12x10°  m’’? (Deardorff, 1978)
2 RO RAR p.c, 2343096 Jm3eC! (Deardorff, 1978)
KEBE P 1000  Kg/m’ (Incropera, 2002)
K po Bk c, 4180  J/Kg°C (Incropera, 2002)
FRZREERBFEAR(EERE)
K F A& Zew 1 m TAVEH
KE LR Zgo 0.01 m (Guyot, 1996)
R AKE 05 0489  m’/m’® (R%&4,1996)
H R H R IGB4 R R ry 0.15 #&HX 0.1~0.2 (Arya, 1988)
AR K, 1.2x10%  m%! (Deardorff, 1978)
I B E AR p,c, 2343096 Jm°C (Deardorff, 1978)
KREE o, 1000 Kgm® (Incropera, 2002)
K Pl C, 4180  J/Kg°C (Incropera, 2002)
FEW KRR RE R (EEEE)
REBEZE Zcn 1 m A
KE A A Zco 0.01 m (Guyot, 1996)
LA KT 0; 021  m’m’ (K% %,199)
RS RIGHE A B4 & r, 0.3 7 R 0.2~0.4 (Arya, 1988)
X 88 R K, 2x107  mi! (Deardorff, 1978)
R BB RO R p.c, 1255230 Jm™°C’! (Deardorff, 1978)
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