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ABSTRACT. An aerodynamic method estimating evaporation on the basis of the non-linear surface layer
model (Shahawi 1983), has been established. Evaporation rate, E. could be estimated over land or water surface.
The values of evaporation estimated fromthe derived relation, are influenced by an easilyobtainablecoefficient , S
which represents a combination of wind speed, atmospheric stability. heights of measurements. roughness of th~
surface. barometric pressure, and density of the air.

Comparative studies between the results of the derived equation,and the measured values revealed consider.
able accuracy andvalidityof the proposed method. .

velocity, temperatures and humidities over land or
water surface.

1/
1/. = - ; for X = mean wind speed u,

XII = UII

9. ~ - H _ for X = mean pote ntial
pCpk " 0

temperature 9, X, = 9,

q. = - - k
E

for X ~ mean specific humidi ty q
p ~ •

X. = q.. and Z, = ZjL
the non-dimensional
level of measurement

2. Theoretical approach

A mean property X (Z) in the fully turbulent con
stant flux layer is given by the following relation 'based
on Monin-Obukhov similarity analysis (1954):

X = K. X. (Z,) (2)

where X. is the scaling parameter for X, equa l in
individual cases to

u'
~ k H j • the Monin-Obukhov

g p cpS

length. Other notat ion is
conventional.

L

I. InlrooU<llon

Turbulent water vapour flux can be evaluated di
rectly by the eddy correlation method. using fast res
ponse sensors to record turb ulent fluctuations and
obtaining the mean product

E =pw' q'- (1)

where E is the water vapour flux. q' and w' are the fluc
tuating turbulent deviation from the mean value. of
specific humidity and vertical component of wind
velocity. However, the equipment and techmques
required are elaborate, and till now this method has
been employed only by few specialized research groups.

Several methods have been established to eraluate
evaporation in terms of easily measured quantties.

These methods may be e1assified to three main jroups.
. The first is established on the basis of the consevation
of heat or water within a system. This inclues the
heat budget and water budget methods. The econd
group is concerned wtih the diffusion of wateorapour
by turbulent processes. Methods of this gr pare
known as bulk aerodynamic and profile 'Fthod~.
Combination of heat budget and bulk ae!'OYnamlc
approaches yields the methods of the thir( gro up
known as combination methods (Webb 19 .

The object of th is study is ~o establish :, gejralized
form ula to estimate evaporatron rates With msider
able precession from simple measurements i wind
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(12)

(13)

(14)

(17)
8

- (6 u)'}60
g

S = 0 .622 pk' }P 6 11. 6 q.

E =

where,

i?eulion of a working equ ation estimating evapo 
rauo rates from lakes, reservoirs and other water
surfad could be of large practical importance es
pc<:,al whe.n the different parameters are rep resented.
It IS mvement to consider the roughness of the water
surfae,Z., very close to the water surface itself because
the vae of ,Z., ranges bet ween 0 .003 em (Mill s 1974)
and Oi em (Webb 1960). Therefore, the temperature
meased a t the water surface, Ts, cou ld be accep ted
as rohness level temperature.

Substitution among Eqns. (9) and (11) for " . provides
Eqn. (12) estimating evaporation by mea ns of two
level measurements ;

Eqn. (13) below is more co nvenient to use than
Eqn. (12) because vapour pressures are more readily
calculated than specific humidities

3. Estaatlon of c,"apOrJtion ra tes Crom "..ttl' surfaces

In order to evaluate, S, Eqns, (4) and (5) have been
applied to estimate the values of 6 11. and 6 8. for
different assumed value s of L, at the given levels of
measurement a, b, h and I. Therefore , the corresponding
values of 6 11 and 68 could be estimated from Eqn. (17)
which is derived after elementary substitutions for
" . and. H in Eqns, (9) and (10), and the scale length
expression:

Considering the proper system of units; - gm}m';
P and p in mb ; II - m}sec, taking Karman's cons tant,
k, equals 0 .4, and substituting for 6 q. = 6 8. because
humidit ies and temperatures are measured at the same
levels (I, h), we find :

S = 0 .358 piP 6 11. 6 8. (mmjh] (m}sec)-I mb-I

(IS)

The process is the n reversed to determine the value
of L, and consequently, 6 11. , and , 6 8. , correspo n
dmg to the measured, 6 u, and 6 8. Substitution
in Eqn. (15) fo r, ,4"., and 6 8. , Yields the requ ired
value of the co~fficlen t. ,S . For example the values
of ,S, are given 10 relation to differences of wind speed
/::, 11 and, 6 8, meas ur ed a t the levels 0 = 1 = 0. 5 01.,
and b= h ~ 2 01, while the values of p and P have been
assurnd 1200 s/m3 and 1000 mb respectively
Table. '

When neu tral conditions are considered, the coeffi
cient S cou ld be expressed as follows;

S = 0.358 piP In ( ~) In ( 4-)(m mJh) (m}s)-I mb-I

. ( J6)

(8)

(7)

(6)

(5)
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6 X = if. M . ( ~ , -{-)

". = k (II, .- II. )} {:,II. (9)

H = - p<'pk " . (8A- 8,)}6 8. (10)

E = - pkll. (q, - ql)J6 q. (11)

6". _ In(+)

M. = 6q. = In(+)

(
h-I ) [ ( oiL)6 8. = 6 q. = -L- + 2 tan 4L + h

(
oiL)] I"(I + 8L) I- tan oiL + I + In I (h + 8L)

+ 2 tan-I ( 4 ) + In (~J\ (3)
4 + Z. 8+2

6 11. = ( \ 0 ) + 2 [tan-I (4i~b)

(
oi L )] Ib (0 + 8L) I

- tan-I oiL + 0 + In . a (b + 8L) (4)

In order to eliminate the constants C, C, and C,
of Eqn. (3), measurements of II, 8 and q should be
taken at two levels or more. The finite differencc of
the non-dimensional functions of Eqn. (3) corres
ponding to measurem ents of wind speed at two
levels, 0 , and b, may be written as follows :

At sufficiently small heights or sufficiently large
L, (neutral conditions), .cunctions ?f Eqn. (4) and (5)
app roach the logarithmic form given below :

Eqn. (5) similar to Eqn. (4) is given below for 6 8•
and 6 q. when temperatures and humidities are both
measured at the levels I and h;

Applying Eqn. (8) for the mentioned individual
cases and substituting for the values of the corres
pond ing scaling para meters we find

II . + C= 8; + C, = q. + C, = 2. +

On the other side, the finite differences of the property
X provided from application of Eqn. (2) to the levels
of measurements (a) and (b) may be expressed as :
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The form of X. (2.) has long been at issue. It is,
ho wever, well established that the eddy transfer coeffi
cien ts for II , 8 and q could be assumed equal. The refore,
similarity of the non -dimensional functions for wind
(II.), temperature (8.), and humidity (q.) could be
considered. Fo llowing the non-linear surface layer
model (Shahawi 1983), one finds the expression for
". and 8., and con sequently q. as follo ws :










