DOI:10.13878/j.cnki.dgkxxb.2011.05.008

34 5 Vol. 34 No.5
2011 10 Transactions of Atmospheric Sciences Oct. 2011

.2011. I 34(5) :555-566.
Lu Chen—<hen Lu Weisong Tao Li et al. 2011. A theoretical model of the effect of the Three Gorges Reservoir on local torrential rain and strong breezes

over the reservoir J . Trans Atmos Sci 34(5) : 555-566.

12 1 1 1 3
(1. 210044; 2. 211101;
3. 430074)
o 0<k<1.0°C - km™" (k )
© k>1.0°C - km™'
© 0.5%C - km '<k<0.9°C - km™' .
: P42 A :16749097(2011) 05055542

A theoretical model of the effect of the Three Gorges Reservoir
on local torrential rain and strong breezes over the reservoir
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Abstract: By using the two-dimensional non-hydrostatic equations and the effect of latent heat of conden—
sation together with the riverdand boundary conditions we obtain a set of theoretical solutions which is
applicable for riverdand breeze. The results show that: when 0 <k <1.0 °C * km ™" the circulation of riv—
er breezes is stronger than that of land breezes which leads to the occurrence of heavy rain over the land
more easily than over the reservoir; when £ >1.0 C km ™" the circulation of river breezes is weaker
than that of land breezes which makes heavy rain occur more easily over the reservoir than over the land.

There are strong surface winds when 0.5 °C * km ™' <£<0.9 °C * km™'. The interfaces of the stream—
lines around the centre of the circulation may be an explanation for the linear echoes which are analogous
to shear lines above the land—sea surface on the radar chart. The heavy rain occurs easily when the echoes
meet cold front.

Key words: riverdand breezes over the Three Gorges Reservoir; latent heat of condensation; torrential

rain; strong surface wind over river; theoretical model
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Table 1 The characteristic parameters of the horizontal velocity field when k=0—2.0 °C * km ™'
00—06 18—24 06—18
k/
(°C +km™")
/m /m / /m /m /
(mes™) s7') (me+s™) (mes™h)
0 320" /3207 1 680 /1 680% 14.3 2.8 320 /3209 1 680% /1 680 14.3 2.8
0.1 330" /3207 1 680% /1 750% 14.3 2.9 320% /3309 1750 /1 680% 14.3 2.8
0.2 350" /320? 1 680% /1 810% 14.3 2.9 320% /3509 1 810Y /1 680% 14.3 2.9
0.3 350" /3207 1 680% /1 900% 14.3 3.0 320% /3509 1900% /1 680 14.3 2.9
0.4 360" /3207 1680 /=2 000? 14.3 3.0 320% /3609 =2 000% /1 680" 14.3 3.0
0.5 380" /3207 17209 /=2 000? 14.3 3.1 3207 /3809 =2 000% /1 680% 14.3 3.0
0.6 390" /3202 1880 /=2 000" 14. 4 3.1 320% /3909 1 680% /1 680% 14.3 3.1
0.7 410" /3202 =2 000¥ /=2 000% 15.3 3.1 320 /4109 1 680% /1 680 15.2 3.1
0.8 4409 73202 =2 000¥ /=2 000 16.4 3.1 320%) /4409 1 680% /1 680 16.3 3.1
0.9 500" /3202 =2 000 /=2 000Y 17.8 2.8 320% /5009 1 680% /1 680 17.7 2.8
1.0 380" /320% 1 680 /1 9504 17. 4 4.2 320 /3809 1 950% /1 680% 17. 4 4.2
1.1 240" /320% 1 680 /1 340Y 14.3 6.9 3209 /2409 1 340% /1 680 14.3 6.6
1.2 200" /320? 1 130% /1 130% 14.3 6.9 320% /2009 1320 /1 680% 14.3 6.4
1.3 190" /320? 11207 /1 120% 14.3 6.8 320% /1909 1.320% /1 680% 14.3 6.2
1.4 180" /320? 1 .000% /1 000% 14.3 6.6 320% /1809 1.320% /1 680% 14.3 6.0
1.5 170" /320% 9507 /950% 14.3 6.5 320% /1709 1 680 /1 680% 14. 3 5.9
1.6 160" /320% 920% /920% 14.3 6.4 320% /1609 1 680% /1 680% 14.3 5.7
1.7 160" /320% 880% /880% 14.3 6.3 320% /1609 1 680 /1 680% 14.3 5.6
1.8 150" /320? 860% /860% 14.3 6.2 320% /1509 1 680% /1 680% 14.3 5.5
1.9 150" /320% 8407 /840Y 14.3 6.1 3209 /1509 1 680% /1 680% 14.3 5.4
2.0 140" /320% 8207 /860" 14.3 6.1 320 /1409 1 680% /1 680" 14.3 5.3
o) 72) 73) ;4) ;5)
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°C ¢ km™' 1.1 C * km™' wo 17.8 1 680 m.
mes' 143me=s"; 1.1 °C*km™' w’ 2 . k0
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0.9 °C * km ™' 2.0°C * km ™' 0.29 0.38m *s ',
u’ 500 m 140 m, w’ 0<k<2.0°C *«km™'
0<k<2.0°%C *km™' u 0.383m=*s '
o E 0 0.9 °C « km ™' w’
u’ 0<k<20°C «km' 1350 m 2000 m; k
320 m. 0.9 2.0°C * km ™' w’
0<k<0.4 °C * km "' 2 000 m 330 m. w’
u 1680 m; k 0.4 0<k<2.0°C *km™' 1 350 mo
0.7 °C * km™' u
1680 m 2000 m; 0.7 3
C +km '<k<0.9 C * km '
u’ 2 000 m; E 0.9
2.0°C *km™* u’

2 k=0~2.0°C+km™' w’

Table 2 The characteristic parameters of the vertical velocity field when £ =0—2.0 °C * km ™'

00—06 18—24 06—18

k/ /(m s /(mes")
(C+km™) /m /m

0 1350 0.38 0.38 1350 0.38 0.38
0.1 1385 0.40 0.38 1350 0. 40 0.38
0.2 1 440 0.42 0.38 1 350 0.42 0.38
0.3 1480 0.44 0.38 1350 0.44 0.38
0.4 1580 0.47 0.38 1350 0.47 0.38
0.5 1 680 0.51 0.38 1350 0.51 0.38
0.6 1 840 0.55 0.38 1350 0.55 0.38
0.7 =2 000 0.61 0.38 1350 0.61 0.38
0.8 =2 000 0.70 0.38 1 350 0.70 0.38
0.9 =2 000 0.82 0.38 1350 0.82 0.38
1.0 1280 0. 60 0.38 1350 0. 60 0.38
1.1 540 0.27 0.38 0.73 0.73 1350 0.29 0.38 0.73
1.2 480 0.22 0.38 0. 65 0.65 1 350 0.33 0.38 0.61
1.3 430 0.19 0.38 0. 60 0. 60 1 350 0.35 0.38 0.48
1.4 400 0.17 0.38 0.56 0.56 1350 0.36 0.38 0.37
1.5 380 0.16 0.38 0.53 0.53 1350 0.37 0.38 0.28
1.6 370 0.15 0.38 0.50 0.50 1350 0.37 0.38 0.20
1.7 360 0.14 0.38 0.48 0.48 1350 0.37 0.38 0. 14
1.8 350 0.13 0.38 0.46 0.46 1350 0.38 0.38 0. 08
1.9 340 0.13 0.38 0.44 0.44 1350 0.38 0.38 0.03
2.0 330 0.12 0.38 0.43 0.43 1350 0.38 0.38
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