
Ff?“

~ 
‘ 

j _. 

»..*A§T§M,O?S.EH.E;R;I;¢;‘5‘! 
? 

Z}_ 

I 

T 
_. 

‘ 

ViRflEpHERgHéE'? 
c 

i 
. Ni 

~

~ 

‘ 
" ’ M. 

7-. _,'.> v‘_l.,“.';. _,. 
t ' 

, 
I 

..; ». .‘. .u ,"~ ‘ 
'. 

‘ 
,' ' 

' 

'. -" ' 

.. 
'. 

1,. .u “" -- ; "514‘ ‘ 

v 

" '. 'v '- " ' u' " 
‘

' VFWJ'K‘WRL. - - v ‘ g" Jau.‘ ,. ,-. ~w_,, ‘1' Au- ‘ 

, _‘, .V . M , , 

.. 

j '-‘ 
I I I', 

.. a
v 

s-_ w . _‘ _. vl 

‘ " 

, VI, .VVH ‘,_ V 

‘ w. ‘ '7. H I. . I. 

,-‘(



Report -. ARQL - 15/77 

Analysis of Surface Parameters and Temperature 
Predictions for the 1977 Lake Simcoe Experiment 

by 

Aloysius K. Lo 

This is one of a series of internal reports prepared by the Atmospheric 
Research Directorate.

_ 

The views expressed in this document reflect the opinion of the individual 
contributor and do not necessarily represent the official position of the 
Atmospheric Environment Service. 

It should not be referenced or quoted withdut the written permission of 
the author. 

Boundary Layer Research Division 
Air Quality'and Inter-Environmental Research Branch 

Atmospheric Environment Service 
Downsview, Ontario, Canada



Abstract 

Predicted values of u*, 9* and L based on 1977 Lake Simcoe tower data 
are preSeuted.. Comparisons with those calculated from a sonic anemometer give' 
excellent agreement on u*. Predicted temperature profiles also agree well 
with those measured by a tethersonde. A brief summary on the method for pre— 
dicting surface parameters without a priori knowledge Of temperature profiles 
is also given.



1. Introduction 

This report presents some of the scientific analy5is of the tower data 
collected during the Boundary Layer Research Division's Lake Simcoe Experiment 
in early-March of 1977. 

The standard procedure for evaluating fluxes and other surface layer 
parameters-requires the knowledge of both temperature and velocity profiles. 
During the Lake Simcoe Field Experiment, wind profile data were available 
from five Cassella anemometers. Unfortunately temperature profile data exhibited 
inconsistencies and could not be used for any scientific study.v It was this 
reason that motivated an earlier study (Lo, 1977) to develop a method for 

Vevaluating the boundary layer parameters without a priori knowledge of the 
temperaturerprofile. 

2. Theory 

A more detailed development of the theory has been given in L0, (1977). 
Here only a brief outline will be presented. 

Based on the similarity theory of Monin and Obukhov, both velocity and 
temperature profiles can be described as functions of a single variable, 
g = E; For exampleL 

u _ = , k 5* 
— 15(5) ,f.(go) 

, 

(1) 

and 

kle-eo)
_ 

e; 
= hm — htao) (2) 

where 
> ‘3 2 

L = _ Egfip 8° 
uil 

= 00 u* k :g H 6* k g 

is the well known Monin-Obukhov length. By definition the Monin—Obukhov length 
should be a functional parameter related to both‘velocity and stratification.



2. 

However, if we assume that one of the profiles is of good accuracy, we can at 
least.in principle, apply the Similarity argument and use either (1) or (2) 

to evaluate "L". In the present case, equation (1) is used in conjunction with 
the wind data obtained during the experiment. The roughness length 26 for a 
uniform snow-covered surface is of a standard value. Accordingly it is con— 
sidered here as a.known constant with a value of .004 meters.‘ The final 
equation used is given in the following form:

~ d e. l _ z = _ 

1:1 8i dL 
— 6 0 , .N. 5 for the present case (3) 

\where 

e. =k—u -I;[a)—f(a) #0 V 

(4) i u* i 
L_ 

i o 

The numerical procedure is to first assume a value for L and to obtain an 
explicit expression for u* as follows: 

(5) 
g. ftzi) - die) 
i=1 'u - 

* i 
CIH El“ 

Substitute (4) and (5) into equation (3) and carry out the iterative process 
until 6 approaches zero. This-implies that the value of u* and L used in the 
equation are the "near" correct values. with u* and lnown, we can readily 
calculate 0*. Accordingly the temperature profile can be predicted by using 
(2). 

3. Results and.Discussion. 

Values of u*, T* and L for the period from 1430 to 2130 of March 7 and 
from 1500 to 1700 of March 8 are presented in tabular form. Comparisons with 
those obtained from a sonic anemometer are'made. Due to the extremely small 
sensible heat flux at the time the comparison of the Monin—Obukhov length L does 
not look good. *In most cases the differences are almost an order of magnitude.



~ 
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The comparisons of the values of u*, on the other hand, are excellent. 
Comparisons of the predicted temperature profiles with the tethersonde temperature 
profiles are also presented. Due to some uncertainty in the heights recorded 
by the tethersonde, accurate comparisons are difficult to make. However, 
the predicted.temperature profiles are consistently similar to that of the 
tethersonde profiles. It is therefore believed that the temperature predictions 
produced by this study is of good quality. 

4. Conclusions 

With the excellent results demonstrated from the comparison of the friction 
velocities u*, we feel confident that the method used in this study is a 

dependable;one. It is also believed that the‘Monin-Obukhov lengths, L, pre- 
dicted in this study'are more dependable than those calculated from the sonic 
anemometer.- It is known that under similar meteOrological conditions over a 
snow surface, values of L similar to that predicted in this study have been 
reported (e.g.,-£Mcxay, 1977). iThe predicted temperature profiles resulting 
from this study are also very useful as they can practically fill in the place 
of the missing=tower temperature data which are frequently needed for other 
data analysis work. 
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