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關鍵詞：  

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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 pC  1000.0 J Kg-1°C-1 (Wu and Liu, 2000) 
 atmP  1013.25 mb (Mehlenbacher and Whitfield, 1977) 
 ρ  1.205 Kgm-3  
 wρ  1000 Kgm-3  

 Lα  1.0  (Ross, 1975) 
 wa  3.0  (Mehlenbacher and Whitfield, 1977) 

 ka  2.0  (Wu and Liu, 2000) 
von Karman  κ  0.41  (Dyer, 1974) 

Stefan-Boltzman  σ 5.67×10-8 Wm-2k-2 (Wu and Liu, 2000) 
 R 286.9 J Kg-1K-1 (Sellers et al., 1996) 

 r 0.66 mb°C-1 ( , ) 
 sθ  0.49 cm3/cm3 ( , 1996) 

 α 0.38 cm-1 (van Genuchten, 1980) 
 n 2  (van Genuchten, 1980) 
 m 0.5  (van Genuchten, 1980) 

 sρ  2050 Kg/m3 (Incropera, 2002) 
 sc  1840 J/kg°C (Incropera, 2002) 

 sκ  1.5×10-7 m2/s (Deardorff, 1978) 
 

 
 CHz  1 m  

 RHz  2 m 
 (Mehlenbacher and Whitfield, 

1977) 
 LD  0.016 m  

 1C  60.0 s-1/2m-1 (Mehlenbacher and Whitfield, 1977) 
 La  0.86  (Mehlenbacher and Whitfield, 1977) 

 critQ  0.004 kg/kg (Mehlenbacher and Whitfield, 1977) 
 gr  0.2  0.18~0.25 (Arya, 1988) 
 F 0.45  (Kondo and Watanabe, 1992) 

 CLAI 2.9 cm2/cm2 ( , 1984) 
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   10 00 11 00 12 00 13 00 14 00 

(W/m2) 530 512.6 647.8 745 635.4 
(°C) 25.14 26.79 27.94 28.92 28.2 

(%) 63.69 60.31 54.15 53.57 56.89 
(m/s) 1.572 2.143 2.863 2.926 5.774 
(°C) 21.79 21.79 21.79 21.79 21.79 

(°C) 23.13 23.13 23.13 23.13 23.13 
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 61.6 22.1 81.4 27.6 94.8 26.3 105.4 25.7 89.1 25.5 

 
 278.5 100 291.2 100 360 100 410.3 100 349.2 100 
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( ) 

 CHz  1 m  

 RHz  2 m 
(Mehlenbacher and Whitfield, 

1977) 
 LD  0.016 m  

 1C  60.0 s-1/2m-1 (Mehlenbacher and Whitfield, 1977) 
 Lα  0.86  (Mehlenbacher and Whitfield, 1977) 

 critQ  0.004 kg/kg (Mehlenbacher and Whitfield, 1977) 
 gr  0  (Kim, 2001) 

 CLAI 2.9 cm2/cm2 ( , 1984) 
 

 CHz  1 m  
 0Gz  0.0025 m (Guyot, 1996) 

 Gθ  0.489 m3/m3 ( , 1996) 
 gr  0  (Kim, 2001) 

 sκ  1.2×10-6 m2s-1 (Deardorff, 1978) 
 ss cρ  2343096 Jm-3°C-1 (Deardorff, 1978) 

 wρ  1000 Kg/m3 (Incropera, 2002) 
 wc  4180 J/Kg°C (Incropera, 2002) 

( ) 
 CHz  1 m  
 0Gz  0.01 m (Guyot, 1996) 

 Gθ  0.489 m3/m3 ( , 1996) 
 gr  0.15  0.1~0.2 (Arya, 1988) 

 sκ  1.2×10-6 m2s-1 (Deardorff, 1978) 
 ss cρ  2343096 Jm-3°C-1 (Deardorff, 1978) 

 wρ  1000 Kg/m3 (Incropera, 2002) 
 wc  4180 J/Kg°C (Incropera, 2002) 

( ) 
 CHz  1 m  
 0Gz  0.01 m (Guyot, 1996) 

 Gθ  0.21 m3/m3 ( , 1996) 
 gr  0.3  0.2~0.4 (Arya, 1988) 

 sκ  2×10-7 m2s-1 (Deardorff, 1978) 
 sscρ  1255230 Jm-3°C-1 (Deardorff, 1978) 

 
30°C 31°C

550W/m2

60% 2.5m/s 15°C
20°C 21°C

134
5cm
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  ( ) 

  
 

 
 

 
 

( ) 

 
 

( ) 

  
(W/m2) 

  
(%) 

 
(W/m2) 

  
(%) 

 
(W/m2) 

  
(%) 

 
(W/m2) 

  
(%) 

  
 841.07 - 841.07 - 841.07 - 841.07 - 

  
349.9 491.17 109.3 - 841.07 0 101.7 - 714.87 126.2 102.1 - 588.7 252.3 102.7 - 

 
 -29.6 -9.3 -13.97 -1.7 -14.47 -2.1 -15.5 -2.7 

 
 320.3 100 827.1 100 700.4 100 573.2 100 

 96.8 36.5 -25.3 -3.1 611.9 87.4 507.5 88.5 
 6.6 2.5 177 21.4 44.4 6.3 47.6 8.3 
 161.6 61 675.4 81.7 44.2 6.3 18.1 3.2 

 
 265 100 827.1 100 700.5 100 573.2 100 

 

(KW) 

1,616 6,754 442 181 

 
 618 2,583 169 69 

*

( ) 
19,392 81,048 5,304 2,172 

*
( ) 66,864 280,502 18,049 7,196 

*  
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  ( ) 
  

 
 

 

 
 

( ) 

 
 

( ) 

  
(W/m2) 

  
(%) 

 
(W/m2) 

  
(%) 

 
(W/m2) 

  
(%) 

 
(W/m2) 

  
(%) 

 
 550 - 550 - 550 - 550 - 

  
228.8 321.2 136 - 550 0 104.8 - 467.5 82.5 107.8 - 385 165 107.8 - 

 
 -60.5 -36 -25.1 -4.8 -27.5 -6.3 -27.9 -7.8 

 
 168.3 100 524.9 100 440 100 357.1 100 

 -208 -148.2 -481.6 -91.8 275 62.5 219.3 61.4 
 284.3 202.6 601.7 114.6 118.1 26.8 119.8 33.5 
 64 45.6 404.8 77.1 46.9 10.7 18 5.1 

 
 140.3 100 524.9 100 440 100 357.1 100 

 

(KW) 

2,843 6,017 1,181 1,198 

 
 2,369 5,014 984 998 

*

( ) 
34,116 72,204 14,172 14,376 

*
( ) 92,999 196,978 38,551 39,108 

*  
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