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Development of a modified evaporation model for the shallow water evaporation.

1. Introduction

The model is developed by Prof. Gennady N. Panin and allows to calculate the values of the energy-mass exchange in near-the-water atmosphere layer and corresponding interaction characteristics on base of the standard hydrometeorological information. For bilding up of the model and its verifications there were used the direct measurement data (eddy-correlation) of the impulse, heat and humidity turbulent fluxes, as well as the surface waves characteristics, and the main hydrometeorological characteristics of the air and water. Data have been obtained from deep water basins, as well as from shallow, at an open sea, as well as in its coastal zone.

2. Theory

Note that the evaporation and heat exchange intensities are sensible to the depth of the analyzed water body. And what is more, the depth decrease brings to increase of its intensity (Panin and Krivitskii, 1992, Eshchenko et al., 1994, Panin et al., 1996).

Intensification of the energy-mass exchange of the shallow basin with the atmosphere is caused mainly by change of the thermic regime of the shallow water basin and of the aerodynamic roughness of its surface. Thus, if the thermic regime changes are considerably accounted by the use of the actual data on its surface temperature, the account of the roughness changes is usually not done.

We have accomplished special experimental research of the energy-mass exchange process on shallow waters, which permitted to account the influence of the basin depth on the evaporation and heat exchange intensity in a ending form (Panin et al., 1996)
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where: 
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 - empirical coefficient.

In (1) 
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- the waves height on shallow water, which should be necessary measured.

If data on 
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 are absent, then an empirical relationship (Davidan, 1980) could be used 
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The form of this dependence could be still specified, but as for today it allows to account the basin depth influence on the evaporation and heat exchange intensity with the error about 25% from the calculated value. 

In should be also regarded that in a coastal zone the air flux is transformed (Raabe et al., 1987, Panin et al., 1994, 1996) and it brings to the additional calculation difficulties for the intensity of the energy-mass exchange there. There are numerous experimental and theoretical research for this zone (see Stull, 1988), including the thorough study at the internal boundary layer (IBL) structure. Though, as before, the quantitative magnitudes estimations of turbulent fluxes at this point differ a lot (up to 100%) by various authors (Panin et al, 1994).

Based on the own experimental data of the basin depth influence on the water/atmosphere interaction intensity there has been developed a balance model for calculation of the energy/mass exchange intensity in a coastal zone.

Use the notion of the surf zone (
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 are fulfilled.

On the boundary of the coastal zone (
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Writing the energy balance in a coastal zone in forme:
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We find the value of function 
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After the integration we obtain:
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Rewrite (4) in form:
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Assume 
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At 
[image: image22.wmf]L

L

we

are

getting

c

h

h

(

)

(

)

(

)

(

)

-

+

-

+

<<

»

-

æ

è

ç

ö

ø

÷

1

1

2


(8)

From (7, 8) is evident that 
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 depends on the coastal zone type and requires its experimental definition for certain water basin..

Assuming 
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With account of that write the expression for the waves` height in a coastal zone in form:
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(9)

where x - the distance from a shore.

Taking into account the average-statistical relationship between the waves height and the wind velocity 
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 (Davidan et al., 1985) and relationship 
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 we obtain the necessary expression for the waves` height definition in ending form:
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(10)

This dependence (10) in combination with the empirical dependence (1) allows to calculate the heat and humidity fluxes values at different distances from a shore. For this it is sufficient to specify the value 
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 and to know the value of coefficient „
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On the first stage all calculation were done for c=0.75. 

Results

A new dependence of evaporation from the shallow waters surfaces  under different wind velocities (Fig.1) has been received on basis of the performed theoretical and experimental analysis of the intensive heat-mass exchange between the deep (open waters) and shallow (coastal) sea surfaces with the atmosphere.

According to Fig.1 it can be stated that in natural conditions (within the range of actual wind velocities) evaporation from the shallow waters theoretically might exceed by 2 times the usual evaporation magnitudes for deep waters. In reality the repetition of high wind velocities 25-30 m/s is not very likely, therefore their input into the final evaporation should not be that important.

Fig.1.
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Earlier (Panin, 1987) evaporation from the Caspian Sea has been already thoroughly investigated. Though the influence of the shallow waters on the evaporation magnitude was not taken into account. 

Following our model for evaluation of the shallow waters` effect we should have at our disposal statistical information on the wind velocity changes (repeat) and on change of the shallow waters` areas, their depth.

Though to estimate this input we reffered to the statistical analysis data on the wind velocity changes during the period of instrumental measurements. According to the data of Skriptunov, see Table 1. the wind velocity does not exceed 5 m/s in 55% of cases. This means that in 45% of cases this effect will be significant.

Table 1
 Repeat(%) of the wind velocity on isl. Tulenii in April-November 1937-1995 years (by N.А. Skriptunov) 
Wind velocity, m/c
Repeat, %

Calm
13.07

1-5
42.4

6-10
37.3

11-15
5.9

16-20
1.25

21-25 and more
0.08

The area of the whole sea (Fig.2) changes up to almost its third part due to the sea level change from 33m. to 24m. 

Fig.2.
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Within the range of the sea level change from -30m. up to -26m. (Fig.3, Fig.4) the total Sea area change up to 86%  is connected with the change of the North Caspian area.

Fig.3.
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Fig.4.
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According to the present KBG state  (Fig.5), (data for map of KBG depths typical for summer of 1999 are kindly presented by D.A.Lavrov) the whole KBG water body is totally shallow waters. 

Fig.5.
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Dependence of the drop between levels of the Caspian Sea and KBG, and KBG area on the bay`s level (Figs.6, 7), as well as changes of the bay`s depth and level in time (Figs. 8, 9) shows good illustration of the bay`s state. 

Fig.6.

[image: image38.wmf]-34

-32

-30

-28

-26

0

2

4

6

8

            Dependence of the KBG and 

Caspian Sea levels` drop on the KBG level, m 

Drop of levels, m

Level of the KBG, m


Fig.7.
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Fig.8.
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Fig.9.
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Using the data on depth and also the wind repeat (Tabl.1) with the help of our model the magnitudes of evaporation from KBG and the North Casoian (Figs. 10, 11) were calculated.

Fig.10.
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Fig.11.
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Comparison of the North Caspian evaporation magnitudes calculated here with those previously published (Panin 1987) shows that correction of the heat-humudity transfer connected with conditions of shallow waters brings to the increase of evaporation averagely to 18% or about 15 km3/year (see Fig. 12). 

Fig. 12
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