
APPROXIMATE CALCULATION OF THE EVAPORATION 

OF WATER FROM SOIL WITH A DRY LAYER 

Z h - D .  D a n d a r o n  

The format ion and the motion of water vapor in a layer of dry soil on the surface of a natural  ground 
is investigated. The p rocesses  of desorption and sorption, occurr ing  in the presence  of tempera ture  change 
inside a dry soil layer ,  a re  regarded  as sources  of the vapors  (positive or  negative). 

The diffusion equation is solved taking into considerat ion the vapor sources  acting inside the dry soil 
layer ,and the tempora l  (diurnal) behavior of evaporation of water  f rom soil with a dry layer  is explained. 
We note that the evaporation of water  f rom soil was investigated, for example, in [1, 2]; however,  the fo r -  
mation and adsorption of water vapors  inside the dry soil  was not considered.  

In dry soil, only the diffusion mechanism of migrat ion of the vapor form of moisture  is possible [3]. 
The formation and motion of vapor in a dry soil layer  in the p roces s  of evaporation of water  must  be des-  
cribed by the equation 

Oq O2q 
Ot = D ~ 7- g (z, t) (O~t~r, O~<z<h) (1) 

with the boundary conditions 

qz=o ~" qo, qz=h = q* (h, t) 
(2) 

Here q is the density (parameter  of state) of the vapor in the pores  of the soil, t is t ime, z is the co-  
ordinate measured  f rom the surface of the soil (vertically downward), D is the effective coefficient of dif- 
fusion of vapor into the soil determined f rom G. Penman ' s  formula [4], g(z, t) is the specific intensity of 
the internal vapor sources ,  T is the diurnal period,  h is the thickness of the dried soil layer,  q0 is the den- 
sity of vapor in the surface air ,  and q.(h,  t) is the density of saturated vapor determined by the soil t em-  
pera ture  at the level z = h. 

The validity of conditions (2) is checked experimentally:  in the presence  of a dried layer  of even 
small  thickness on the surface of the soil the vapor density at the so i l -a i r  boundary is found [5] to be ap-  
proximately  the same as in the surface air .  A moist  soil lies under the dry layer .  As usually assumed [6], 
the saturated vapors  are  located in the pores  of the soil; therefore  the second boundary condition in (2) fol-  
lows f rom the condition of continuity of the vapor density fields at the lower edge of the dry soil. Below,the 
evaporation is investigated under the assumption of s teady-s ta te  diffusion, and therefore  the initial condition 
of the problem is not formulated.  

We shall assume that the p roces se s  of desorption and sorption equalize the gradient  of the par t ia l  
vapor  densit ies,  i.e.,  a distribution of the vapor density q is established according to the law 

q~ (z, t) - -  q* (h,  t) - -  qo z + qo (3) 
h 

Observations permi t  one to assume that the actual distribution of vapors  over the profile of the dry 
soil layer  at any instant of t ime differs little f rom (3). 
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The dependence of the vapor density in the soil pores  on the amount of moisture absorbed by the soil 
is usually determined by empir ica l  formulas  [7, 8]. In the range of vapor density possible in soil pores  in 
field conditions the relat ion between the specific absorbed moisture a(z,  t), expressed in g rams  per  g ram of 
dry soil, and the vapor density q~ t) in equilibrium with it can be expressed in the f i rs t  approximation in 
the form 

a (z, t) = ao + Clq ~ (z, t) r (z, t) (4) 

Here a 0 and C 1 a re  constants depending on the absorbing capability of the soil; ~(z, t) is a factor that 
can be approximately writ ten in the form 

r (,, t) = l - ~ -F :,~' (5) 

Here a(l and c~ 2 are  (constant) coefficients and ~ is the temperature  which is a function of z and t. 
The small  deficit, at which the p roces se s  of absorption and desorption occur ,  can be neglected, and it Can 
be assumed that at any t ime the absorbed moisture  is in dynamic equilibrium with the vapor distributed 
according to (3). In the presence  of a tempera ture  variat ion in the dry  soil layer,  formation or absorption 
of moisture  occurs ,  leading to a change of the absorbed moisture content In the soil, and, therefore ,  the 
specific intensity of the internal sources  can be analytically expressed by means of (4). The mass of vapor 
getting formed (or absorbed) per  unit volume of dry soil per  unit t ime must be equal to the change in the 
total moisture of the soil (mg/cm 3) per  unit t ime, i.e., 

g (z ,  t)  = - -  am~at = - - p a a / a t  (6) 

Here p is the density of the soil, and a is the specific absorbed moisture given by formula (4) under 
the assumption that the equilibrium vapors  are  distributed according to (3). 

If we introduce the new variable u = q_qo, then under the assumption (6), Eq. (1) together with condi- 
tions (2) reduces  to an equation with zero  boundary conditions of the form 

c~u " O~u 
- g T  = D-~-~  - -  / (~, t) (7) 

Here 

Oq ~ O ~  
t (~, t) = (cr + i) ~ + Cq ~ - $ i - ,  c = pc~ (8) 

As seen f rom (4)-(6) the specific intensity of the internal sources  depends on the variat ion of the soil 
t empera ture .  J. Carson [9] has assumed that the regu la r  diurnal behavior of tempera ture  at the surfaces  
of the soil corresponding to day and night al terat ion is approximated quite well by the f i rs t  two harmonics  
of the Four ie r  ser ies .  However, the relat ively small  decrease  of the tempera ture  in the second half of the 
night can be neglected, and it can be assumed that the tempera ture  changes according to the sine law f rom 
sunrise to midday, and later  it does not change till the completion of the diurnal cycle.  The proposed meth-  
od of approximating the diurnal behavior of the tempera ture  at the soil surface,  which considerably simpli-  
fies the solution of the problem under investigation, is justified in prac t ice  at  high and middle latitudes dur -  
ing summer  months. If the tempera ture  at the surface of the soil changes according to the sine law, then, 
as is well known [10], a damping thermal  wave propagates  which can be represented  by a semiempir ica l  
formula of the form 

e (z, t) = q0 + (<0> - -  ~o) e-S= + A e - k Z  sin ( (a t  - -  k z  - -  r (9)  

Here ~0 is the tempera ture  at  a depth to which the thermal  wave of diurnal period does not penetrate,  
(~) is the mean tempera ture  at the surface of the soil, A is the amplitude of the tempera ture  variat ion at 
the soil surface,  w = 2~/T is the frequency, j and k a re  (constant) coefficients,  and ~o 0 is the phase depending 
on the choice of the t ime origin. 

In the solution of the problem the following expression is used for the saturation Vapor density 

q, (z, t) = [3o i t  + [BI~ (z, t) + [ ~  (z,, t)] (10) 
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H e r e  fi0, ~1, and/32 a r e  c o e f f i c i e n t s .  In the  r a n g e  of t e m p e r a t u r e s  p o s s i b l e  a t  the  l e v e l  z = h in f i e ld  
cond i t i ons  f o r m u l a  (10) w i l l  e n s u r e  an a c c u r a c y  which  is  adequa t e  for  a p p l i c a t i o n s ,  if we t ake  

~o = 5.75"t0-6 g/cm3, 131 = 0.0t04, deg -1 , 13~ = 6.0045 deg "2 

F r o m  f o r m u l a s  (9) and (10) we  obta in  

f o r m  

q. (h, t) = <qh> q- Qx sin (cot - -  kh) -{- Q~ sin 2 (cot - -  kh) (11) 

H e r e  (qh) ,  QI, and  Q2 a r e  c o e f f i c i e n t s  which  do not  depend  on t i m e .  

Unde r  the  a s s u m p t i o n  (3) wi th  (4), (9), and  (10) t aken  into c o n s i d e r a t i o n  the  funct ion  (8) r e d u c e s  to the 

] (z, t) = (No+ Nle - j z  q- N~e--~#--} - Nae -2~z) h @*(@t' t) 

e-- kZ 
+ - - - K - - ( N , +  Nse ~z){ Oq .~  t )zs ln(0) t  kh)-~- [(q. qo)Z +qoh]o) cos(o)t--kh)l  

q - ~  e - ~ z  2(o[(q.--qo)z-}-qoh]sin2(mt--kh)  #q . (h , t )  -~" z cos 2 (o)t - -  kh) 
(12) 

H e r e  Ni a r e  c o e f f i c i e n t s  wh ich  do not  depend  on the v a r i a b l e s .  If the  c o n s t a n t s  in f o r m u l a  (4) a r e  d e -  
t e r m i n e d  and  the  t e m p e r a t u r e  b e h a v i o r  i s  a p p r o x i m a t e d  in f o r m  (9) on the  b a s i s  of o b s e r v a t i o n a l  da ta ,  then  
N i w i l l  be known c o n s t a n t s .  

If the  funct ion (12) i s  e x p a n d e d  in F o u r i e r  s i ne  s e r i e s  in the  i n t e r v a l  (0, h), Eq.  (7) r e d u c e s  to the  f o r m  

Ou __ D c3~u __ ~ In (t) sin n~Xz (13) 
Ot Oz~ h 

The c o e f f i c i e n t s  f n ( t )  of the  F o u r i e r  s e r i e s ,  into which  (12) i s  expanded ,  r e p r e s e n t  f o u r t h - o r d e r  t r i g -  
o n o m e t r i c  p o l y n o m i a l s  {g = 1-4) ,  in which  on ly  the  c o e f f i c i e n t s  depend  on n. If the  so lu t ion  of Eq.  (13) is  
sought  in the  f o r m  

u = ~ (I)n (t) sin a~tz 
h 

the  z e r o  b o u n d a r y  cond i t i ons  a r e  a u t o m a t i c a l l y  s a t i s f i e d ,  and in the c a s e  of the  p r o b l e m  under  i n v e s t i g a t i o n  
a d i m e n s i o n l e s s  g r o u p  of  the  f o r m  

7 = I/2 n2~DTI rth2 (14) 

a p p e a r s  in the funct ion  Cn(t).  

The  v a l u e s  of T in the  r a n g e  of v a l u e s  of h of p r a c t i c a l  i n t e r e s t  a r e  much l a r g e r  than  un i ty .  A c t u a l l y ,  
f r o m  the  r e s u l t s  of e x p e r i m e n t s  [10] the  c o e f f i c i e n t  D i s  of the  o r d e r  of  0.1 c m 2 / s e c .  In the  t r i g o n o m e t r i c  
p o l y n o m i a l ,  wh ich  d e t e r m i n e s  f n ( t ) ,  the  t e r m s  wi th  g = 1 and 2 w i l l  be i n s i g n i f i c a n t  in p r a c t i c e .  If we put  
g = 2, n = 1 and T = 72,000 s ec ,  wh ich  c o r r e s p o n d s  to the  a p p r o x i m a t i o n  of the  d i u r n a l  b e h a v i o r  of the  so i l  
t e m p e r a t u r e  u s e d  h e r e ,  the  d i m e n s i o n l e s s  g r o u p  (14) w i l l  be m o r e  than  100 fo r  h up to 10 cm.  The f o r m a -  
t ion  and a b s o r p t i o n  of v a p o r ,  c a u s e d  by  the change  in the  t e m p e r a t u r e  wave  of the  d i u r n a l  p e r i o d ,  w i l l  be 
i n s i g n i f i c a n t  a t  a dep th  of m o r e  than  10 c m .  The  n a t u r e  of e v a p o r a t i o n  i s  m a i n l y  a f f e c t e d  by  the  p r o c e s s e s  
of  d e s o r p t i o n  and s o r p t i o n  o c c u r r i n g  in the  s u r f a c e  l a y e r  of the  s o i l  in which  the  i ne qua l i t y  7 >> 1 ho lds .  If 
we c o n s i d e r  tha t  3/>> 1 and m a k e  the  c o r r e s p o n d i n g  s i m p l i c a t i o n s ,  the  so lu t ion  of Eq.  (1) in the  r e g i m e  of 
s t e a d y - s t a t e  d i f fus ion  i s  ob t a ined  f i n a l l y  in the  f o r m  

e o  

q (z. t) = qo -1- q* (h, t) - -  q0 z --  h----~ ~ h ~ D  ~ 1~ (t) sin ~.zh (15) 
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It must  be noted that the f i r s t  condition in (2) and, hence, formula (15) a re  valid in the case where 
there is a dry layer  at the surface of the soil, whose thickness is not ve ry  small .  

Obviously, evaporation f rom a unit a rea  of soil surface per  unit t ime must be numerica l ly  equal to the 
density of the diffusion flux of vapor E(0, t) through the soil surface.  It follows f rom formula (15) that 

_ D  Oq z=O= D q . ( h , t ) - - q a  h ~ ,  t,,(t) E(O, t ) =  (16) 
Oz h - - "~ -  n 

According to formula (16) the evaporation of water  f rom a soil without vegetation cover must be t reated 
as the sum (superposition) of fluxes of vapors ,  forming under the dry soil layer  (first  t e rm of the formula),  
and the vapor forming (or getting absorbed) during the change of tempera ture  inside the dry  soil layer  (sec-  
ond t e rm of the formula).  In the case of heating of the soil the vapor forming as a resul t  of desorption inside 
the dry  soil layer  is added to the vapor flux diffusing ac ros s  the dry layer  f rom the depth of the soil. At the 
stage of t empera ture  decrease  in the dry soil layer,  an absorption of the vapors  occurs  f rom the flux coming 
f rom the zone of moist  soil. In the presence  of vegetation cover on the surface of the soil, vapors  forming 
due to t ranspi ra t ion are  added to the vapor flux determined by formula (16). 

The second t e rm of formula  (16) takes into account the effect of the p rocesses  of desorption and sorp-  
tion occurr ing  inside the dry  soil on the nature of evaporation. As mentioned a b o v e , f  n (t) r ep resen t s  a t r i -  
gonometr ic  polynomial in which only the coefficients depend on n; therefore  the second t e rm in (16) is also 
a t r igonometr ic  polymial whose coefficients contain dimensionless fac tors  determined by the ser ies  

So (k) = Bon (k) , 'gi (i, k) = --,Bin (i, k) M'i (1', k) = ~ (-- i) n Bin (/' k) (17) 
n n n 

n = l  n = l  n = l  
(~,=I. 2. 3.4) 

2~n [2kh - -  (-- i) n e -kh (2kh + k'h ~ + n~2)] 
Bon (k) = (k'h" + n'n') '  

(i + k) h (i + k) h 
Bin (/, k) = ( / +  k) ~ h~ + (kh + nn)~ - -  (i .-{- k) z h~ + (~n - -  kh)" 

(i -{- k) ~ h ~ - -  (~n + kh) 2 (i + k) 2 h~ - -  (~n - -  kh) 2 
B~ (/, k) = [(i + k)'h' + (=n + kh)q' -- [(/+ k)' h' + (=  -- kh)~l~ 

~tn ~ kh  ~ n  - -  kh  
B3n  (/ ,  k)  = ( / +  k) 2 h ~ _~_ (~n  -.~ kh)  z -~  (l" -~- k)  z hz "4- ( g n  - -  kh)  z 

2 ( / +  k) h (~n ..{- kh) 2 (/-~ k) h (~n --  kh) 
B 4n (/, k) - -  [( / ' t -  k)' h 2 + (an -b kh)~]z + [(/-{- k)~ h' + (nn - -  kh)~]z 

(IS) 

The dimensionless  factors  (coefficients S i and Mi) depending only on the dimensionless pa ramete r  kh 
(and jh) can be found beforehand with the use of formulas  (18) and (19). The coefficients S i and M i a re  shown 
in the form of graphs in Figs.  1 and 2 as functions of kh computed on a computer  (with an accuracy  up to 
n = 50) for j /k  = 0 (Fig. 1) and j /k  = 1.2 (Fig. 2). The compilation of the p rog ram and the computations were 
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done by G. A . G e r a s i m o v ,  When the  d i m e n s i o n l e s s  c o e f f i c i e n t s  (S i and Mi) have  been  compu ted ,  the  second  
t e r m  in f o r m u l a  (16) does  not  con ta in  the  s e r i e s  and w i l l  be r e p r e s e n t e d  th rough  e x p o n e n t i a l  func t ions .  

The  c o e f f i c i e n t s  of the  t r i g o n o m e t r i c  p o l y n o m i a l  r e p r e s e n t i n g  the  s econd  t e r m  of f o r m u l a  (16) w e r e  
c a l c u l a t e d  on a c o m p u t e r  s e p a r a t e l y  in a wide  r a n g e  of v a r i a t i o n  of kh and for  the  v a l u e s  of the  r e m a i n i n g  
p a r a m e t e r s  p o s s i b l e  in p r a c t i c e  in f i e ld  c o n d i t i o n s .  The r e s u l t s  of t h e s e  c o m p u t a t i o n s  show tha t  c e r t a i n  
h a r m o n i c s  func t ions ,  in  which  the  a m p l i t u d e  v a l u e s  a r e  r e l a t i v e l y  s m a l l ,  can  be  n e g l e c t e d ;  then  we ob ta in  

T *~ /an(t) 2--~ ~ '  ~ {(<q~> + V4Qf) (P1 -t- P~) - qoP2 -}- 1/~Q1Nae - k h  [MzC 0, 2k)+Ma C 0, 2k)l} 

X e - k h  sin (0)t - -  kh) -}- (Ql~l - -  [C<qh ) ~- a/4Qf)CPa ~- /)4) - -  q0P4l e - k h  

II~Q1Na [Ms (0, 2k) -~ M4 (0. 2k)] e - ~ h }  cos (cot - -  kh) - -  (Q'G2 ~ q0G1) sin cot 
-I- (Q'G4 -~- qQGa) cos ~t -~ Q1 [G4 sin (2cot ~ kh) -[- G2 cos (20)t ~ kh)l 

-}- ( Q~TI - -  QI [t)3 .-{- Pa] e - k h  - 2N a [ Q' M4 (0, 2k) -}- ( ( q h > - -  ~/~Q~) Ma C 0, 2k)l e -2~h} 

X sin 2 (cot - -  kh) -}- 2Ns [qoS~ (0, 2k) -}- Q'S4 (0,2k)] sin 2mr 
+ 2Ns [qoS1 (0,2k)]~- Q'S~ (0, 2k)] cos 2cot (19) 

H e r e  

Q' - <q~> -t- ~/~Q~- qo, c~ = N4si (o, k) -t- Nse-~Si (i,. k) 

Pi = NaMi, (0, k) A;- Nse--JhMi (], k) (i=l, ~, a, 4) 

The  v a l u e s  of j and k, fo r  which  S i and  Mi m u s t  be  d e t e r m i n e d  f r o m  F ig .  1 and F ig .  2 a r e  w r i t t e n  in 
p a r e n t h e s e s  b e s i d e  the  c o e f f i c i e n t s  Si and  Mi.  F o r  e x a m p l e ,  S(0, 2k) i s  the  coe f f i c i en t  which  i s  d e t e r m i n e d  
f r o m  F ig .  i fo r  the  va lue  of the  a r g u m e n t  2kh.  

It f o l l ows  f r o m  f o r m u l a s  (16) and (19) tha t  e v a p o r a t i o n  f r o m  a so i l  wi th  d r y  l a y e r  de pe nds  on s o r p t i o n  
and t h e r m a l  p r o p e r t i e s  of the  so i l ,  on the  m o i s t u r e  in  the  s u r f a c e  a i r ,  and  p r i n c i p a l l y  on the  b e h a v i o r  of  the  
t e m p e r a t u r e  and the t h i c k n e s s  of the  d r y  so i l  l a y e r .  

The  e f fec t  of the  p r o c e s s e s  of d e s o r p t i o n  and s o r p t i o n  on the  n a t u r e  of e v a p o r a t i o n  is  i l l u s t r a t e d  in 
F i g .  3 a s  a func t ion  of the  t h i c k n e s s  of  the  d r y  s o i l  l a y e r ;  the  s e c o n d  t e r m  of f o r m u l a  (16), i . e . ,  the  f lux of 
v a p o r s  f o r m i n g  in t he  p r e s e n c e  of t i m e  v a r i a t i o n s  of E , g .  c m  -2 . see  -1, i s  shown in the  f o r m  of a g r a p h  fo r  
d i f f e r e n t  v a l u e s  of the  p a r a m e t e r  kh; p l o t t e d  a long  the  t ax i s  i s  the  t i m e  (in hours )  r e c k o n e d  f r o m  the m i n -  
i m u m  in the  c u r v e  of  the  t e m p e r a t u r e  a t  the  s u r f a c e  of the so i l .  The  c u r v e s  in F i g .  3 a r e  c o n s t r u c t e d  f r o m  
the  r e s u l t s  of c o m p u t a t i o n s  done on a c o m p u t e r  t ak ing  T =72,000 sec ,  <~} = 28~ #0 = 20~ A = 12~ p = 1.4 
g / cm~ ,  q0 = 10 �9 10 -G g / c m  3, C 1 = 4.85 �9 103 cm3 /g ,  s t  = 4.3 �9 10 -2 deg -1, ~ = 4.7" 10 -4 deg  -1. 

The  c o e f f i c i e n t s  (C 1, s t  and ~ 2 ) i n f o r m u l a s  (4) and (5), u s e d  in the  c o m p u t a t i o n ,  w e r e  found f r o m  the 
g r a p h  of the  f a m i l y  of s o r p t i o n  i s o t h e r m s  of a l o a m y  l a y e r ,  c o n s t r u c t e d  f r o m  the  da ta  of f i e ld  e x p e r i m e n t s .  
As  is  ev iden t ,  the  g r a p h  of the  s e c o n d  t e r m  of  (16) r e p r e s e n t s  a c u r v e  which  i s  s i m i l a r  to s i n u s o i d  in f o r m ,  
d i s p l a c e d  in p h a s e  depend ing  on the  p a r a m e t e r  kh .  The  s i n u s o i d a l  f o r m  of the  c u r v e  i s  due to the  f ac t  t ha t  
a p e r i o d i c  v a r i a t i o n  of the  d i s t r i b u t i o n  of a d s o r b e d  m o i s t u r e  o c c u r s  a s  a r e s u l t  of the  p r o c e s s e s  of d e s o r p -  
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tion and sorpt ion in the p r e s e n c e  of a r egu la r  var ia t ion  of t e m p e r a t u r e  in the dry soil, which appea r s  in the 
fo rm of a hydrologic cycle in the course  of the day. It is evident f rom Fig. 3 that as the thickness  of the dry  soil  
l ayer  ( pa r ame te r  kh) i n c r e a s e s ,  the ampli tude value of the curve cha rac te r i z ing  the effect  of the hydrologic 
cycle  on the na ture  of evapora t ion  inc reases  at  f i r s t  a lmos t  propor t iona l  to the th ickness  h, and at la rge  va l -  
ues h approaches  a constant  l imit .  The r egu la r i ty  with which the degree  of the effect  o f thehydrologic  cycle  
on the nature  of evapora t ion  changes depending on h is eas i ly  explained by the weakening of the p r o c e s s e s  
of desorpt ion and sorpt ion  in the depth of the soil.  The diurnal  var ia t ion  of t e m p e r a t u r e  leads to the f o r m a -  
tion and absorpt ion  of vapo r s  mainly in the sur face  layer  of the soil.  in view of this the amount of mois ture ,  
which pa r t i c ipa t e s  in the hydrologic cycle and affects  evaporat ion,  ceases  todepend on h on increas ing the 
th ickness  of the dry  soil  l ayer  to an apprec iable  value.  

For  sufficiently smal l  values  of h the second t e r m  of (16) will be apparent ly  sma l l e r  than the f i r s t .  
Hence,  accord ing  to (16), for  a smal l  thickness  of the dry soil l ayer  the evapora t ion  is mainly de te rmined  
by the diffusion flux (ac ross  the d ry  layer) of vapor s  fo rmed  in the depth of the soil  (in the zone of ev ap o ra -  
tion}. 

The behavior  of evaporat ion,  computed f r o m  formula  (16) for h = 1.25 cm (kh = 0.25), j /k  = 1,2 and for  
the values  of the remain ing  p a r a m e t e r s  given above is shown in Fig. 4 in the f o r m  of a graph.  F a r r e l l  et 
al.  [12] a s s u m e  that  due to the pa r t i a lpene t r a t i on  of a tmospher i c  turbulence into the soil  the t r a n s p o r t  of vapor s  
in the soi l  is increased .  In the case  of the example  shown in Fig. 4 the effect  of a tmospher i c  turbulence on 
the evapora t ion  is taken into considerat ion through the introduction of the nondimensional  fac tor  f'= 1.4 in 
the formula  for  the effect ive coefficient  of diffusion of vapor s  in the soil.  The shaded a r ea  of Fig. 4 c h a r a c -  
t e r i z e s t h e  amount  of mois tu re  taking p a r t  in the hydrologic cycle in the p r e sence  of per iodic  (diurnal) v a r i a -  
tion of the soil  t e m p e r a t u r e .  The components  of evaporat ion a re  also shown in Fig. 4; the curve  E, given 
by the f i r s t  t e r m  of fo rmula  (16), shows the f rac t ion  of evaporat ion due to diffusion of vapor s  through the 
dry soil  l ayer ,  which a r e  fo rmed  in the zone of mois t  soil; the curve  E2, dete rmined  by the second t e r m  of 
(16), shows the f rac t ion  of evapora t ion  caused by the p r o c e s s  of desorpt ion and sorpt ion occur r ing  inside 
the dry soil  l ayer .  In the example  shown in Fig. 4 the second component  of evaporat ion is comparab le  to 
the f i r s t ,  i .e. ,  the hydrologic cycle  occur r ing  in dry soil  of th ickness  1.25 cm affects  the evaporat ion s ignif i -  
cantly.  Since the second t e r m  of (16) i nc rea se s  with the p a r a m e t e r  kh, while the f i r s t  t e r m  d e c r e a s e s ,  for  
an apprec iab le  th ickness  of the dry soil  layer  the behavior  of evaporat ion must  depend mainly on the p r o c -  
e s s e s  of desorpt ion and sorpt ion occurr ing  inside this soil  l ayer .  

The behavior  of evaporat ion descr ibed  by formula  (16) must  be in te rp re ted  as  typical .  Actually the 
behavior  of evapora t ion  co r re sponds  to the diurnal  behavior  of the t e m p e r a t u r e  approximated  in fo rm (9), 
in which r andom deviations caused by weather  conditions of nonperiodic c h a r a c t e r  have been smoothed out. 

The p roposed  s implif ied method of r ep resen ta t ion  of the diurnal  behavior  of t e m p e r a t u r e ,  which has 
been used in the p r e s e n t  work,  leads to the r e su l t  that  the behavior  of evaporat ion in the s t a g e o f t e m p e r a t u r e  
dec r ea se  is descr ibed  in a f o r m  with deformat ion  along the t axis .  For  el iminating this smal l  e r r o r  caused 
by this s impl i f ica t ion the t e m p e r a t u r e  behavior  must  be approx imated  by the f i r s t  two to th ree  ha rmonics  
of the Four i e r  s e r i e s .  
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