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1. INTRODUCTION 

The evaporation of water and the exchange of water 

vapour heat and momentum between the atmosphere and the land/ocean 

surface are arnong other processes mechanisms of paramount importance 

in the planetary boundary layer (PBL). 

Momentum transfer by viscous forces supplies the 

turbulent kinectic energy (KE) source and creates vertical wind shear. 

Radiative fluxes toward or from surface gives or removes sensible heat 

to or from atmosphere, generating temperature differences between air 

and Earth surface. Then, the fluctuation forces act as KE source when 

heat flux is from surface, making unstable the PBL. When the flux is 

toward the surface the fluctuation forces act as sinks of KE, 

inhibiting the turbulence and making stable the PBL. The surface 

evaporation also generates fluctuation forces which are KE sources. 

These fluxes are very important for the dynamic of the atniosphere in 

meso and large scale, because they are the principal sources of 

atmospheric motions. 

As pointed by Smith and Carson (1977) the interna] 

structure of PBL in numerical niodeis over land must be determined by 

surface fluxes and external parameters. 

In despite of their simplicity, unidimensional models 

present some esseritial and conimon aspects with bi and three-dimensional 

model s. 

In this work, the parameterization of Kuo and Qian 

(1981) for radiative heating and cooling is introduced in a simple 

model for planetary boundary layer (Franchito and Yamazaki, 1982). This 

was made substituting the Brunt's (1952) and Chang's (1979) 

parameterization for long and short wave radiation, respectively, in 

the model. 
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2. PLANETARY BOUNDARY LAVER MODEL 

The prognostic equations for the planetary boundary 

iayer were oniy considered in one dimension. Nevertheless, the inciusion 

of horizontal advective effects couid extend the model for two or three 

dimensions. The relevant equations of the present forniulation are: 

.k 	f(v-v9 ) +  

	

= f(UUg) + 6v 	 (2) 
at 	 6t 

- ( 60 
. 	 (3) 

where: 

u ... wind speed reiative to Earth iri x direction, 

geostrophic wind speed in x direction, 

t ... time, 

f ... Coriolis parameter, 

v ... wind speed relative to Earth in y direction, 

v  .. . geostrophic wind speed in y direction, 

o ... potential temperature of air. 

The ternis with subscript 'trn", for the leveis above the 

surface layer, are reiated with the Richardsons number adjustment 

scheme as proposed by Chang (1979); and 	for the surface iayer it 

will be adopted the Biackadar's (1976) formulatiori. Foliowing the 

above two authors the prognostic equation for the earth's surface can 

be represented by: 
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= (I+ +1L 
	

1[t) Ç' + 	RTC(T - T ) + Ks(O - Tg ) 	 (4) 
m g 

where the effects of insolation absorbed by surface, atmospheric long 

wave radiation, surface long wave radiation, heat exchange between the 

surface layer and the substract, and surface heat flux are included. 

In this equation: 

T9 	ground teniperature, 

i s 	downward short wave flux, 

downward long wave flux, 

IL+ ... upward long wave flux, 

Cg 	heat capacity per unit area of siab, 

RTC. 	relaxation time constant, 

K 	
thernial diffusivity of sou 

screen levei potential temperature, 

T 	air surface temperature (usually the average of the 

previous 24 h). 
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3. RADIATIVE HEATING AND COOLING 

3.1 - CHANG's AND BRUNT's PARAMETERIZATION 

As suggested by Chang (1979) the short wave radiation 

absorbed by surface can be written as: 

= S cos Z (l_A)qsecz, 	 (5) 

where: 

S ... solar constant, 

7 ... zenith angle of the sun, 

A ... surface albedo, 

q ... atmospheric transniissivity. 

lhe zenith angle of the sun is obtained using: 

7 = cos 1  (sin i sin 6 + cos p  sin 6 cos h) , 	 (6) 

where 

6 = 23.5 sin 	
2(D-80) 

L 365 

h = 15°  (LI - 12 0 ) 

LI = t - 
15°  

here: 

latitude, 

6 ... declination of the sun, 
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h ... hour angle of the sun, 

D ... day of year, 

longitude, 

t ... Greenwich mean Time. 

The long wave radiation as proposed by Brunt (1952) is 

given by: 

- 	
= - Co Tg 4  (l-a-b ,r;) , 	 (7) 

where a and b are constants. In this formulation the water vapor effect 

was neglected (b=O) and a was taken as 0.61. 

3.2 - KU0 ANO QIAN (1981) PARAMETERIZATION 

3.2.1 - SOLAR RADIATION 

The entire solar energy spectrum is affected differently 

by the atmospheric constituents Then itis convenient to divide the 

solar spectrum into bands with respective attenuating physical process 

proper to each one. One comnon separation is to take the ultraviolet 

(À < 0.3pm), visible (0.3 < x < 0.7pm) and infrared(x > 0.7pm) 

separately as suggested by Kuo and Qian (1981). The energy content of 

these three regions are 1.296, 47.834 and 50.870% of the total solar 

energy flux (5 = 1372 W nr 2),respectively. 

Because the quantity of solar energy,which reaches the 

ground, in thex < 0.3pm region is low, it will be neglected in this 

work. To study the attenuation of solar radiation in 0.3 - 0.7 pm 

region, Kuo and Qian (1981) integrated the scattering transmissivity 

function Ts(x)  given by Kondratyev (1969) and obtained an empirical 

formula for albedo a of clear sky atmosphere, in this spectral range, 
o 

using optical path lenght of atmosphere: 



o = 0.0483m-0.0088m 2  for O < m < 1 
	

(8) 

o = 0.0086 + 0.0328m - 0.0020m 2  for 1 < m 	16 
	

(9) 

where: 

m = [

p.sec Z

1  1.000 - 

lhe niain physical process that attenuates the solar 

radiation in this band is the scattering. Then, the solar energy flux 

in this band is given by: 

S(2) = 0.47834 5 Sor cos Z , 	 (10) 

ar in terms of reflection coefficient: 

a0 = 
	

(11) 
0.478345  

The aniount of energy that reaches the surface is (1-a05) 5( 2 ), where 

is the value of a 0  at surface. Considering the influence of multiple 

scattering by the surface and atmosphere,the solar energy absorbed by 

the surface in this region is given by: 

(1-a) (1-a 5 ) 
SÇ 2 ) = s( 2 ) 	 ( 12) 

g 	 (1-a 05  a 5 ) 

where a 5  is the surface albedo. 

The combined cloud albedo (R) and above cloud 

atniosphere is given as: 

ac = a 0  + ( 1-a0 ) R 	
(13) 
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To sirnplify the methodology, the assumptions of no 

absorption of solar energy in this region by clouds and the cloud 

albedo (R)  of 0.50 are made. Then, the solar energy absorbed by 

surface in cloudy atrnosphere is given by: 

42) = s(2) 
(]-a 

C )( 1-a 5 ) 

(l - a c  a) 

(14) 

and 

a = a0  + ( 1-a 0 ) 0.5 

In the region of À > 0.7pm the attenuation is mainly 

due to absorption and scattering by water vapor, lhe water vapor 

absorption can be calculated using: 

= Bw 0 ' 303 
	

(15) 

h e re 

B = 0.186, 	w = tu sec Z, 	w is the effective water vapor 

path lenght and m is the water vapor, 
 content of the atmosphere 

in the layer. 

If cloud is present, then the absorption of solar 

radiation in the layers below the cloud top must be coniputed 

diferently to allow for the influence of reflection by the cloud and 

the fact that the solar radiation will beconie diffuse below the cloud 

top. Then, the intensity of the solar radiation in this spectral range 

at the cloud top is given by: 

= 	- 	, 	 (16) 

where 	is the value of AS(S) for 	sec Z, and 	is the
zt 

water vapor contentof the air column above the cloud. It is assumed 

that there is no •further absorption of the solar radiation reflected by 

the cloud. 
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lhen, the aniount of solar energy reflected by the 

cloud to space in this spectral.range is a R 43). Ufective 

reflectivity can be defined as: 

AS ( 3) 

= 	
a R 43) = a 	Rc  (1 - S (3) 

o 	 Õ 

 

where a is the fraction of cloud cover. 

The effective downward-radiated solar energy in 

this spectral range at the top of the atmosphere can be defined by: 

= (1_R*) 	= (1-a R ) 	+ a R A4 3)  

	

eo 	c 	o 	 c 	o 

The total water vapor path length at height 7 below the 

cloud top, Z, is the sum of the direct path lenght above and the 

diffuse path length below the cloud top.: 

ti) = ztsec 7 + 1.6667 Am 	 . 	 (19) 

	

where Am 	 is the water vapor conterit between 7 and Z. 

The absorption of solar energy in this spectral range 

from the top of the atmosphere to the levei Z is given by: 

- B 

- 	eo 
o 

The solar energy absorbed at any layer can then be 

calculated. lhe part of 	which reaches the earth's surface is: eo 

= 	- 	s 	r1 - B 	0.3031 	 (21) 

	

es 	eo 	 eo 

 [ 	
S(3) es 	1' 

	

o 	J 

 

(20) 



fl 

where w 	is the effective total water vapor path length at thees 
surface. The part a5 Ses3 	reflected by the surface to space, 

constitutes part of the earth's albedo,while the other is absorbed 

by the surface and is given by: 

AS=(1-a5 ) 	r1 - 8 	03o3 1 
eo 	 es 

- 	o 

(22) 

3.2.2 - TERRESTRIAL LONG WAVE RADIATION 

Terrestrial infrared radiation acting in the layer Z 

to 7 + ti produces a heating rate given by: 

EGZ+Afl - G(Z) - F(Z+AZ) + F(7)j 
HR= 	 , 	 (23) 

ti 

where E and G are the upward and downwardfluxes of long wave 

radiation, respectively. As made by Kuo (1977), the long wave radiation 

spectruni is divided into four intervals and a representative mean 

transmission function T is used for the spectral interval 	to 

calculate the infrared heating rate in that interval. The 

relationship T.(u+Au) = t(u) . TJ(AUU) and niean value theory are 

used to evaluate the eniissivity of the layer (7, Z+ti). Here, u is 

the optical thickness of the layer. 

Then: 

F(Z+AZ) = F(Z) t.(Lu,u) + i 	[1 - t(uu)] , 	 (24) 

G(Z) = G.(Z+AZ) T(Luu)+B [1-T(uu)] , 	 ( 25) 

HR= 	
3 

{G.(z+az) + F.
3
(Z) - 2.(Z)} 

D-tuun , 
	 ( 26) 

 3 
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where 	is the mean blackbody emissivity and 	 is the slab 

transmissivity of the layer. 

One can calculate HR5  from layer to layer consecutively 

if it is assumed that F(0) = aT 4  and G() = 0. The transmissiori 

function, T(Au) depends upon u and should be calculated from: 

T(u+u) 

T3(Au,u) - 
- 	 (27) 

for the finite spectral interval Av. 

In the interval 0-500ciC' band the inean water vapor 

transniissivity 	is given by: 

(co) = 0.20001 E 1 (Y 1 1) - 0.39999 El(Ylh) + 0.199998 El(Yzh).  (28) 

Functions used in the above equation are defined by: 

E1(u) = j u 1 eU  du 
u 

56.234 Fflq  

ih - 
/mq  + 0.0001 

v 	- y 	e 1575  
'i.i - 	ih 

2h 

here m is the effective absorbing mass of water vapor of the layer. 

E 1 (u) is calculated with a polynomial approxiniation for O 	u 	1 and 

a rational approxiniation for 1 < u = . These approximations are given 

in Kuo (1977). 



The transmissivities T2, t3 and r, are for the 

spectral iritervais 500-800cnr', 800-1250cnr 1  and 1250-2250cnr 1 , 

respectively. Then: 

T2 	(T 2 	).(t2 	) 
() 	(c) 
	

(29) 

lhe water vapor and carbon dioxide transmissivities are defined by: 

(w) 	1 
= - [El (y31 - 
	

(30) 
3 

(c) 	1 
3 {0.4LE 1 (n) -E 1 (Sl8n)J+0.053[E 1 (Z') -E 1 (Zfl} , 	( 31) 

and 

y 3h = 'ih 
e33235, ''

3l = 

Z = 1.5 x io 	mc , 	Z O =  12582Z 

O. 0041  
= 

where m   is the effective absorbing mass of carbori dioxide at normal 

pressure and temperature. 

The transmissivity for the third spectral interval, r 3 , 

is given by: 

= 0.6441 {E1(Y1) - 	 , 	 (31) 

he re 
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0. 5427m 
q 

Y 	
-  

- / l+4fflq  

y 41 = 0.2117 

For t 1 : 

= 0.2506 {E1( 0 . 01518Y l h) - E1( 0 . 2291 Y l h)} 

The blackbody emissivity, 	(T), is calculated from: 

B(T) = AfG(x. 
3 - 1 	 3 

) - G(X.)} l  

where: 

ir
GSBT 4  

o SB= Stefan-Boltzmann constant 

G(X) = X 3 S 1 (X) + 3X 2  S 2 (X) + 6XS3(X) + 6 S1+ ( X) 

= hC.v = 1.43880v 

kT 	1 

-hX 
= 	!_-_ 	for k = 1,2,3,4 
h=1 h  

6(0) = 
15 
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4. STABILITY AND MIXING CONDITIONS 

The layer that controis the heat flux from surface to the 

atmosphere was consiclered as having twice the screen-ievel height. The 

heat balance in this layer requires, inthe absence of adiabatic heat 

sources, that the internal energy be modified oríly by interaction with 

surf ace and by transfer tothe mixed layer, i.e. 

K(Tg 	
El0 

at 	pcd 	- °a - cd 
(34) 

wh e re 

Oa - screen levei potencial ternperature, 

P 	- density, 

- specific heat of dry air at constant pressure, 

d 	- two times screen levei layer, 

- ground temperature, 

El0  - total heat flux. 

The total heat flux (H 0 ) is the sum of mechanicai (H m ) 

and convective (Hc)  fluxes. The convective flux is calculate using 

Priestiey's aerodynaniic method. Underconvectively unstable conditions, 

for hei ghts above 7 (height where R i -O 25), El couid be estiniate by: 

= 	hc 
El 	

z3/2 33/2 	- 

1 z NJ 

í "2. Z1/2(o -GN)3/2.., 	 (35) 

here: 
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h - Priestley's constant, 

74  - screen levei height, 

- SOm levei, 

g - acceieration of gravity, 

e - inean potential ternperature, 

- potential temperature at  ZN - 

The mechariicai heat flux generated by vertical wind shear, 

which acts over vertical temperature gradient near the ground, is the 

cause oniy of heat exchange mechanism in nonconvective situations 

This flux is caiculated using the Monin-Obukhov's 

siniiiarity theory. The relationships given by Businger (1973) are 

applied to a method proposed by Hoffert and Storch (1979): 

H =PC u T* 	 (36) 

where: 

- friction velocity, 

1* - frictionai ternperature scale, 

1< U 

Hl íz 	1 a a 	i 
i  ii ___ 1 

[z0 j 

	

K(T -
a 	g T ) 

, 

	

r 
ln 

í z  1 	í 7  11 
OCO 	

1 	a 1 

LZOa ULLJJ 

Uk 
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íz
'1 	[7. 

fIn 	a - 	
a 

a U T L o a g 	o 

9(T-T)-[ 
In íz ] 
	

P  
- 	

a 

{z 	HJj o- 

where 

- stability function for wind, 

- stability function for ternperature, 

and 

k - Von Kãrmann constant (1.35), 

- screen levei wind speed in x direction, 

- aerodynaniic roughness lengthscaie, 

Ta - screen levei temperature, 

a
o 
 - a constant equal to 0.14. 

In the surface layer, 3m in the present rnodel , the wind 

direction is supposed constant near the ground as suggested by Blackadar 

(1976). So that, the stress tensor has the sarne direction of wind in a 

given levei. The mixing effects in the SOm layer are obtained by: 

= - 	
U 	

(37) 

7N 	I V N I 

(-1 	=-»±. VN (38) 

Dt 1m. 	ZM 	'N 
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1 (39) t 3tJ 	TN 

where: 

subscript N denotes values at 50m height and Y is the horizontal 

velocity vector. 

In the layers above 50m the heat and roonientuni 

distribution are made using Richardson's number adjustinent scherne as 

suggested by Chang (1979): 

g 

Ri= 	
5 	 (40) 

[2 

L Dz 

Two important niechanisrn contribute for occurrence of 

mixing in layers below the inversian: in convective or near neutral 

conditions the niixing could be produced by static unstability; while 

in stable conditions the principal niechanisni is the vertical wind 

shear. Then, when Richardson number between twa layers reaches a 

critica] value the mixing between twa layers occurs. This critica] 

value was taken as 0.25 as suggestedby Taylor (1931), Businger (1969), 

Hines (1971) and other authors. 

An adjustnient is made for two layers with different 

potential ternperatures e and O
j

and Ri <0.25, so that the vertical 

temperature rate 	is given by: 

Yc  

	

- e = 	(t +1  - 	 ( 41) 
9 
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where 05 +I  and 95 are the potential temperatures at leveis j +I and i 

	

after the adjustment, and• 	• are geopotential at the sarne leveis. 

In this model y c  = 7 xiO 	K&' as suggested by Deardorff 

(1966). The new potential temperature at levei .j  +1 after the 

adjustment is obtained considering that potential temperature is 

preserved during adiabatic mixing: 

E 
YC 

J 
®• 	óz 

3  
. 	+ e. z. + - ( .i 	1 	3 

- q.) ôz] 

	

+' 	+' 	 + 
= 	 (42) 

( 6 z + 1 + z) 

where 6Z  +I 
e 6z are the iayer's thickness. 

The new value of temperature at levei j is obtained by 

equation (41), using 93 + , from equation (42). The proportiort of mass 

(a) transferred frornthe levei .5 to .5+1 for temperature adjustnient is 

given by: 

(43) 

- j + 1 

This value af a is. used for mornentum adjutrnent: 

	

1 = ( 1 -a) 	
+ 1 + 

aV. 	 (44) 

The new value of wind veiocity at levei i is obtained 

from the momentum conservation: 

+1 - 	+ » 8zj +1  + V j 6z 
. 	 (45) vi 

= 	 óz. 
3 
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There are no explicit expression for 

and (ae/Bt) tertus of equations (1)-(3) above the surface iayer, 

because they are implicitly evaluated for ali iayers by adjustment of 

equations (41)-(45). 

5. RESULTS 

Two different parameterizations of radiative transfer 

were implemented for a PBL model , the first based on Brunt's and 

Chang's scheme, and the other on Kuo and Qian's niethod. In both cases, 

the model was initialized using observed data coilected during the 

ÍíGreat Plain Experiment" held on August, gt},  1953 (Lettau and 

Davidson, 1957). lhe initiai potential temperature profile, 

corresponding to that observed at 4:00h (locai time), is presented in 

Figure 1. 

'600 

1400 

1200 

1000 

000 y 2 
600 

400 

200 

0 

290 	 296 	 302 	 306 

O (PC) 

Fig. 	1 - Initial potential temperature profiie. 

The model response to sensitivity test, conducted using 

different initial temperature profile, revealed that it is not greatly 

influenced by initial wind because strong mixing process occurs in the 

morning. So that it was considered reasonable to take wind with 

approximatiy logarithmic profiie and ti 9 , v 9  assumed as zero (caim 

situation). 
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The dry case was first considered taking Brunt's and 

Chang's (case A), and Kuo and Qian's (case B) parameterizations 

without water vapor. The effect of huniidity was then investigated 

taking the Kuo and Qian's pararneterization with water vapor (case C) 

and coniparing the results with the case B. 

5.1 - COMPARISON BETWEEN CASE A AND CASE B 

In both cases the diurna] variation of some relevant 

parameters of the PBL was well simulated. The main differences appear 

in the intensities of the incoming radiation flux and in the upward 

net long wave flux, as presented in Figures 2 and 3, respectively. 

During the day, short wave flux absorbed in surface is greater in 

case B, which compensates theamount of energy lost to space that is 

also greater in case B. So that, the net radiation fluxes are alniost 

the sarne in both cases, as showed in Figure 4. 

900 

oco 

?00 

600 

01 500 
'e 

400 

1•1 300 

	

200 	
/ 

0: 

	

4 	6 	O 	O 	2 	4 	IS 	8 20 22 24 	2 	4 

TIME (H) 

Fig. 2 - Diurna] variation of the solar radiation flux. 

Dashed une for case A. 

Fuli une for case B. 
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'E 

-J 
•4 

-à 
II 

/ 

4 	6 	6  

TIME (H) 

Fig. 3.- Diurnal variation of the net long wave radiation flux. 

Dashed une for case A. 

Fuil une for case B. 

('J 

-J 
1-4 

-j 
)-1 
4. 

4 	6 	8 	O 	'2 	4 	6 	18 	20 22 	24 	2 	4 

TIME (H) 

Fig. 4 - Diurna] variation of the net radiation flux. 

Dashed une for case A. 

Fuli une for case B. 

Because the diurnal variations of the net radiation 

fluxes are similar in both cases, the diurnal cycles of the other 

characteristic PBL parameters are also similar. 
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5.2 - COMPARISONS BETWEEN CASE 	AND O 

In this section the influence of the humidity in the Kuo 

and Qian's parameterization is investigated. The reiative humidity in 

case Cwas taken constant (80%) for ali leveis. 

The diurna] variations of some PEL pararneters for case B. 

(dry air) and case C (including humidity) are presented for comparison. 

lhe diurna] ground temperature variation, showed iii 

Figure 5, is correctly simulated in both cases, in déspite of some 

ininor differences. lhe diurna] values of ground temperature in case O 

are higher than in case B due to the water vapor counterradiation 

effect. Th is can be expiained analysing the diurna] net radiation 

flux showed in Figure 6. 

350 

340 

330• 

3,0 

290 

200 

270 - 

4 	6 	O 	10 	12 	14 	16 	IS 	20 	22 24 	2 	4 

TIME (M) 

Fig. 5 - Diurna] grotind temperature variation. 

Dashed line for case O. 

Fuli line for case B. 
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Fig. 6 - Diurna] net radiatiori flux variation. 

Dashed une for case C. 

Fuil une for case B. 

During the day in spite of the short wave radiation 

flux in case C, b  less than in case B because the water vapor 

absorption effect as seen in Figure 7, the amount of energy lost to 

space is less than in case B due to wa Ler vapor counterradiation flux. 

Thus, the net long wave radi ition flux in case C is less than in case 

B, as seen in Figure 8. - 
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Fig. 1 - Diurna] solar radiation flux variation. 

Dashed une for case C. 

Fuil une for case B. 
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Fig. 8 - Diurnal net long wave radiation flux variation. 

Dashed une for case C. 

Fuli une for case B. 

Another important parameter that should be arialysed is 

diurna] variation of the screen levei potential temperature. Figure 9 

shows again higher values of potential temperatures in case C. This 

fact is aiso related to the presence of water vapor as aiready 

explained in the previous analysis. Note that the values decrease 

quickly after lB:OOh (local time) as the ground temperature becomes 

iower than the screen leve] potentiai temperature. 

Figure iO shows the diurnai variation of the 

sensible heat flux. During the day the values of H o
are higher in case 

C. This occurs because the values of T are smaller in case C (see 

Figure li) implying in higher vaiues of H.in case C. 

The values of H are aiso higher in case C because the 

vaiues of 
0a 
 are higher as aiready seen in Figure 9.. During the 

night the sensibie heat flux is nuli in both cases because there is no 

convective flux and the mechanic flux 1 ; neguigible since Ta - T9,and 

therefore T is zero, as seen in Figure li. 
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Fig. 9 - Diurna] screen levei potential temperature variation. 

Dashed une for case C. 

Fuli une for case B. 
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Dashed une for case C. 

Fuli line for case B. 
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Fig. 11 - Diurnal variation of the frictional temperature scale. 

Dashed une for case O. 

Fuil Une for case B. 

The hehaviour of the friction velocity is showed in 

Figure 12. During the day the friction velocity is the sarne for both 

cases. In the early night it is zero for both cases, but probably 

because the presence of water vapor the values of u *  in case O begin 

to raise one hour before the case B. 
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Fig. 12 - Diurnal variation of the friction velocity. 

Dashed une for case  

Fuil une for case B. 
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Finaily, the evaluation of the PBL height and 

vertical potential temperature profiles are showed in Figure .13. 

The model succesfully sim ulated the diurna] development of the PBL 

and the characteristic of the inversion. There are no significant 

differences between o profiles in both cases although the heights of 

PBL are slightly higher in case C. Analyses made with the results 

obtained by the niodel seem to be in a good agreement with real data. 
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Fig. 13 -Potential temperature profiles. 

Dashed lines for cases C. 

Fuil lines for cases B. 

6. CONCLUSIONS AND SUGGESTIONS 

In the present study the model was developed for 

simulations and not for predictions. The model gave a good simulation 

of the diurna] bebavior of severa] important parameters of the 

planetary boundary layer in ali cases studied. The case C, with more 

physics than case A or B.presented more realistic resuits. The 

developed modei can be easiiy implemented in meso and iarge scale 

modeis. 
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Further experiments and improvenient can be made through 

inclusion of cumulus parameterization, and extension for two and tbree 

dimensions to produce more realistic results. Since this model can 

simulate diurna] variation of ground temperature, it can be used to 

support other frost prediction techniques. Other interesting 

experinient could be done taking different values of u and V g • 

The CPU time in a CDC 170/750 computer for the three 

cases was: 81.167S (case C), 80.9925 (case 8) and 6.2585S (case A). 

As the results of case A are similar to case B it is suggested that 

experinients considering dry air should be done using the Brunt's and 

Chang's parameterization to save CPU time. 
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