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大气边界层对日本琵琶湖物理过程的影响 

· 噬垒 主 濮培民 尸多≠弓·弓 
f1：琵琵胡研究所．灌舞县大痒市打出谣 1—10，大津 520，日本l 

2：中国科学院南京地理与期泊研究所，南京210008；3：江苏省环境保护局．南京210013) ≠ 

提 要 本文建立了一十大气、水耦台数值模型来研究琵琶湖的环流机制，模拟计算结果 

表明；1)在潮面上存在一十正的风耦度场以及白天的正散度场．晚上的负散度场．在温度分层的季 

节里．这一特殊的琵琶潮流域大气边界层可以产生并维持北潮一稳定、强度较弱的气旋 式环流 

2)当考虑大气边界层的不均匀风场的影响时．潮中形成的环流比均匀风场驱动形戚的环流更加稳 

定且维持时间更长 3)局地风场可以在湖中驱动形成一典型的水温水平分布．即浅水水温偏高．探 

水水温傍低的分布 

关键词 辆合模型 涡旋 水温 琵琶潮 数值模拟 
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The Influence of Atmospheric Boundary Layer 

on the Physical Processes of Lake Biwa，Japan 
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Abstract A numerical model coupling atmosphere with hybrodynamics is set up ha this paper to 

study the gyres mechanism in Lake Bivea。J{tpan Some results ale obtained∞ 蹦 I ws：1)There exists a 

posttive wind vca'ticity field。ver the lake．and also a Ix~itJve wind  divergence field in daytime and ncga- 

tire∞e in night This special atmc~pheric ary layer of Lake Biwa catchment can gea~erate a typ／ca] 

land-lahe breve．this local wind system ∞n ind uce and maintain a weak but stable counter-clockwi~ gY- 

re in north lake during period of thermal stratification．2)W her-considering inhornogeneous wind ld． 

the gyr糟 formed in the hkc P~all sustain longer and be m stable than tha t only driven by hom0g∞us 

nd over the lake 3 lThe local wind system ca“produce a typical horir~ontal distxibution of water tem· 

pcrature，i e water temperature higher in shallow water。lower in deep water． 

Key Words Coupling model，gyl'~．water temperature，Lake Biwa。numerical simulation 
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There are a lot of studies dealing with hydrodynamics and wind s~ tems of 1akes．numerical 

simulation of lake cur~nt systems 】
， numerical simulation on the land．1ake／sea or mountain-val— 

ley breeze．Usually，the models in the atmospheric boundary layer and in lake water were simu— 

lated separately In fact，the processes in the atmospheric boundary layer over lakes and the pro— 

ceases in the 1ake water are interacted strongly each other Collected data show that most of al1 

large lakes，marginal seas，estuaries and lagoons with the northern hemisphere are known to have 

a dominated countercl0ckwize pattern of circulation．The same are shown in Erhai Lake and Fux． 

Jan Lake，China；in Lal【e Biwa，Japan；and in Lake Baika1．Russia．There are many explana— 

tions，but it is stil1 not clear enough．In many studies，a uniform wind field over lake surface is 

usually taken into account．But the daily meteorological da ta shows a complex pattern of wind 

．~'stem orer large 1akes Lake Biwa is surrounded with moun tains．it is found that there are two 

stable gyres and an unstable gyre in the surfaoe layer during the season of thermal stratification． 

In order to study the formation mechanism of these gyre systems．a coupling three dimensional 

bamclinic modeI of Lake Biwa air-water system was developed 

Land·Lake breeze is one of the most typical wind system in Lake Biwa，Endoh measured 

the horizontal distribution of wind over Lake Biwa almost simultaneously by using three boats and 

testified that the inhomogeneous wind distribution to be one of the most important maintenance 

mechan isms of gyres in the Lake．In this paper，an atmospheric bo undary layer model is setup 

and co upled with hydrod ynamic mod el to study the influence of the inhomogeneous local wind 

field of land·lake on the gyres and water temperature in L日ke Biwa．The dynamic and therm al dif- 

ference between land and lake might play an important role to produce and maintain the long—term 

gyres in Lake Biwa． 

1 A Three Dimensional Model of Atmospheric Boundary Layer over 

Lake Biwa Catchment 
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Where “． ． arewind components alongthe directions of z．y，z separately； ‘．the vertical 

wind speed in transformed vertical coordinate ‘；“ ， ， the components of geostrophic wind； 

， the Corlolis parameter；ZH．the top height of the model；Z。，the topographic height；F， ． 

the cooling rate of long Wave radiation；0，@ and q- the potential temperature，its reference value 

and specific humidity；K=is~,ertieal coefficient d turbulent diffusion 
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W hereⅡ．P are reference values of ，P；R．Cp are constants 

2 Three Dimensional Baroclinic Hydrodynamic Model in Lake Biwa 

The basic equation system for incompressible liquid Is： 

+ +等 + =一 l aP 募+As~7 2a a d a ： PⅡa a 

害+ +筹 + =一 l aPa ≯a ； d a v a 2 P口a v ‘ 
+警a+ ay+ a 譬 誉Y 餐 d a ‘ a ‘a ‘ 

+ 粤 +a w～：0 
a a Y a 

：  (1一口亍) 

ap ～ 
一

P g 

W here axis z eastward，axis Y northward，axis downward；P the water density；P ．the mean 

water density；P，the pressure，T．口，the water temperature and thermal expansion coefficient； 

“， ，"，thecomponents ofthelake current；A ，A㈣K ，K、，the horizontal and vertical coeffi— 

cients of turbulent viscosity and of turbulent diffusion in directions of axes．；， ．separately． 

In【r0duc_ngthe buoyancyf0rceB = g，weha 

P=P0gg—P口IBdz 

十 + 十 一CaBw 窆 B， CaB oa a a a# a 
W here is the elevation of water surface． 
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3 Air water Coupling Model 

Conditions on the air-water interface are as lol|ows： 

{ 一 P塞 
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Fig l AJI cxam口jc。i lake breeze distribution 

Where T ， T ，E ，E are the air temperature； 

surface water temperature，air vapor pressure and 

saturated vapor pressure under T ；C，the cloudi— 

ness；口 ，0 ，the real solar radiation intensity and 

that of without cloud；0 b，0 ，0 ，the effective 

radiation，turbulent sensible and latent heat fluxes； 

r． ，the albedo and  long wave radiation em[ssivity 

of water surface；s，the Stefan—Bolzman constant； 

L．thelatent heat ofwater；E⋯ 1V ：0 are vapor 

pr~sura and  air velocity OFt'~~ater surface 

4 Results of Numerical Simulation 

4．1 The in11UeHL~e of Iand一1ake breeze oB the 

gyres i玎Lake Biwa 

4．1．1 The observation and siln atlan results of 

tand—take breeze in I．o~e B M  Fig 1 is an exam— 

pie of lake breeze observed in the morning of Sep 

19，1992_2】’the wind is rather weak all over the 

lake catchment and  a divergence point can be seen 

at the center of North Basin．The divergence is of 

the order o1 magnitude 10一 s ．It is also clearly 

obserVcd between 10：00—12：00 on Sep 12·1992 expressed(Fig．2)that there is obvious land lake 

breeze except some special weather conditions such as typhoon attack from Sap．3 to Sep 5 and 
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from Sep 7 to Sep．11．Almc~t allthe U．component of velocity is equal to or less than 0 m／s at 

0：O0 in the night，it shows that the wind blows from west side to east，i．e．from land  to lake in 

the night Meanwhile，the U—component of wind velocity is more than 0 m／s at 12：O0，it shows 

the wind blows from lake to land  in the daytime The local wind  system is typical land．1ake 

breeze．which oscjIlnlP rli q~rnally． 

Fig 2 ()【⋯ I、 tl i,ld vc]oc[1y from Aug．24一 Scp 15． 1993 Oll Hourai 

Fig．3 describes the simulation results of U—component on Hourai and mean wind  velocity 

over lake，it is found that there is typical lake·land breeze，wind blows from land to ware％in the 

night，and opposite in the daytime The mean wind velocity(as shown in Fig．3)is less than 

2．5m／s．which reaches maximum value in the afternoon． 
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Numerical results of mean wind velocity(+】at 1 Om over the lake and 

wind U—component veloeEy(十)on Hourai 

Fig 3 Numerical simulation of wind velocity Oil Hourai from Aug．24 to Aug 25 

4．1．2 Theinfluence localwind system thegyresinlake Fig．4 showsthatthere exists a 

positive vorticty field，a positive divergence field in daytime and negative one in night within 24h 

simulation． 

Due to dynamic and  thermal differences between land and lake，as well as mountains around 

Lake Biwa，there forms a special atmospheric boundary layer co ndition，which averagely produces 

一 皇l 

0 ， 0 吨 叫 

＼E 1̂ 。 ) c c。 1 ．] s； 
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Fig 4 Mean vortidty(s )and divergence(s )ovi2r lake from Aug 24 to Aug 25 

l0卷 

a positive vorticity and therefore might produce and sustain a weak gyre in Lake Biwa．Under this 

local wind system，the air-water coupling model runs for 10d，finally，a weak but stable current 

field is well expressed in．Fig．5a，it confirms the land—lake breeze is crucial to the gyres formation 

and maintenance．Mean~hile it shows(Fig．5b)that under the hypothesis of no thermal stratifi— 

cation in the vertical difeorion of water，there is no gyre produced in lake after 10d numerical sim． 

ulatinn 

It can be depicted -ihat there exist gyres during thermal stratification，but no obvious gyres 

during no thermal stratification． 

4．2 The different characteristics of gyres produced under different conditions 

If geostrophic wind speed is assumed to be 10m／s SW；the gyres produced after lOd simula— 

tion of air-water o3upling model are obtained as follows． 

There obviously sustains a stable counter-clockwise and a clockwise gyres(Fig．5c)in the 

north Lake Biwa．Meanwhile，it is assumed that driven by spatially uniform wind of 5m／s at lore 

height over the lake，which on the average has the same order of mag nitude of wind velocity at 

the lore level produced by geostrophic wind of 10m／s，the simulation results is depicted as Fig 

5d 

Compared with Fig 5c and Fig 5d，the gyre driven by inhomogeons wind is more obvious， 

stable than that by homogeneous one．It can say that the special terrain around the lake，the dy— 

namic and thermal differences between lake and land play important roles in the formation and 

sustainence of gyres，under the condition of fairly strong wind field 

4．3 The influence of local wind system on the distribution of water temperature 

If geostrophie wind equals to Om]s，and also the horizontal distribution of water temperature 

is assumed to be spatially uniform initially．The objective of this test is to examine the wind effect 

on horizontal distribution of water temperature． 

II is evident(Fig．6)that despite the initial hypothesis of water temperature is spatially uni— 

form water temperature，but finally，an adaptive temperature field can be generated by the local 

wind System，i．e water temperature a little bit higher in shallow water。1ower in deep water． 
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F1g 5 The currents whon numerical simulation Over 10 d 

5 Some preliminary results 

29 

(1)There exist a p~itive wind vorticity field over the Lake，and al∞ a[x~itive wind diver 

gence field in daytime and negative one in the night
． This special atmospheric boundarv layer。f 

Lake Biwa catchment can generate a typical land．1ake breeze
， this local wind system can induce 

and maintain a weak but stable counter clockwise gyre in north lake during peri。d of thermaI 
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Fig 6 Under the initial hyt~thesis of uniform water temperature distribution 

thc result of water tempe~ture elistribution a~ter 10d simulation 

stratification． 

(2)When considering the inhomogeneous wind field，the gyres formed in the lake can su,q— 

tain longer and be more stable than that only driven by homogeneous wind over the lake． 

(3)The local wind system can produce a typical horizontal distribution of water tempera— 

ture，i e．water temperature higher in shallow water，lower in deep water． 
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