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Thig work investigates some theorical and rratical aspects of
melelling go0il water flow and evaporation in and from an homoge -
neous unsaturated finite soil core. Its main feature include a non
linearized solution of the highly non linear surface boundary con —
ditiom and,a specific way to prevent unstabilities cevelopment
durins the simuiation run - The model is itested and validated by
sirulating the changes in soil wetness under natural condltlons,and,

by comparing the actual evaporatlon calculated tc the potential one,
obtained using the Penman-Monteith equaticn.

To be presented a2t the International Centre for Theoretical Physice,
Trieste {(lraly), May 6-10 [985.




IXNTHODICTINN

Soils alwave remain bare through the periods of tillage, planting,

peTmination and early seedline growth (Hillel, 1973), Durine these

periods, soil evaperation can deplete completely the soil moisture and

thus, seriouslv  aitects crowch of woungs plancs during their most

the. R :
vulnerable stace. 0o orher hand, injuwlicious managenent of both soil and
atasspieric water {rain) senerally cause, even on bare soil a great loss
of water andd yfurther~ira, cive rise to phenomena like erosion and

salinizatinn which at lang  term would probably accelerate the soil

derefysration process,

Thear two oxornlae, rels of minv others Justify studies of soil

FIALOTHELEON Drocess  in "I

e that jare cantinuously made since a

Ceniury by cwrearalociits,  plant physiolonists, agricultural anginecrs

arel Givdraleopat e

Measureownt s of scil  evaperation are scattered and only few are

availabhle. The main reason s probably  the lack of an  accurate
PRASHUTENCNE technl jne (Revoolds and Yalker, 1984),

Mode L ling an altervate tooi far evaporation assessnent. However it

1 Jlwitd b the coaplexities and hy the nunber of interracting and
INterdenendent fuc:ors LPVATved in the evaparation process 3 thus oaly

sirrlified arproach are now used to estimate or to predict it magritude

and 188 rate,
Mur purpose Ao this stndy are

i} ro simulare soil water flow in a soil core with solution of an

ote—dimensional nuerical soll water flow node | ;

i) to evaluarte the resultting setual soil evaporation;
i1i} and finallvy o coapare theae latter model results to potential

avanorition estirated in the same climatic comditions.

STRUCTURE 0OF THE MOREL

wo main ¥s L] GLLe irteract durin he vapora n TOCERSK.,
1 ] te or l" Ny C uring t cvap th n
8 1ok e ENATRY TEAULEe! m he
1 L € W vites € to ept [
) ti
(1) the at OSp!( ¢ svst i N
latent heat requirement of evaparation and1 the sovl SV slem whlch,

continuously suppligwarer ke tie evaparation site,

i i seqti separate
The structure of the m:iel consists thus of two sections,for sep

i i flow
treatments of energy flux in the atmospheric svstem and soil water

in the soil system.

ATMOSPSERIC SECTECM

AC unting or e eherpy a (e S01 = ice Dtencl
Acco t f L hery bal, ¢ db the soil surtace, pot tial
-
a L eCLle Wl anteld { 5)
L 4 5] ant
evaporation 1s calculat in this 5 t I t M v L1un

i 34 iis 1s wril ‘ol low
version of the Penman equation (§946h}, This is written as tfol

ETP
S+ T

where

-
= net radiaticn {W m "}

" . -3
€ = air density (Ke m )

<ol el
c_ = specifi;:g: the air ar constant prassure (0 Kp € )
. T Lo )
‘{ = the vapor pressure saturation deficit in the alir ( ‘L
3 . il L]
% = the slope of the saturation pressure (¢ /°0)

curve at thu air temperature

. 3 PN
T = the psvchrometric censtant l?uf [

Iy
]

the aerodvnamic resistance (/™)

. L.
L. = the latent heat of eviporation (3 ¥r )

———— .



The a i i
erodynamic resistance depends of the wind speed amd soil

roughness, It is

Hillel, 1976)

calculated by the following equation (van Bavel and

6= [n 2/20i% 7 006 x v (1)

where Z_ i
n 18 the roughness length (m), Uim/s) the wind speed, and Z the

reference level at which U is measured (2m)

SOTL SECTION

The ~di i i
one-dimensioral soil water filow nodel te he described consist of
> £ 0

saet of non inear equations genera v acceple Or description o 2 T
quati 5 ge 1 ce 3
4a i 1 e d t F wate

flow i 3
N wnsaturated homogenepur sails (Richards, 1931; childs and Childs

and Collis-George, [95M) b
R . The ?ru'\g,'\Pa{, equation Wderived from

. . theory based on;

(i) total potential of water in snil
s

Q-"P4 o+ £
(3>

(ii} parey law

Y ok
r v, (4)

(iii} continuity equation

. 8- -7, (s)

whetre

Q is the hydraulic potential

" the matrie potential Z the Zravitational potential and f1 the
?
overburden potential,
K 18 the hv raulle ¢nnductiv 4 d W warte £ voluretric
I ul n Livaty, tl ater Tux 9 the vol
b N et

201l m MSture conten e ime an e ] L/ a r n ere
M ] tent, ¢ the tir and v th del h
I T A eratgPr, taki B’

only alpng th i i
Lo & the vertical since the flow is considered o:.u'-dinensi.onal

Thie Trincipal 1.-1\1::“»!\ ~( e Bichord 's equation ) ts expressed aa

M. D ey 28 (&)
St ’ﬂ\b 5

s , .
where 2 now design@tthe vertical coordinate {taken positive downward) and
(@) the hydraulic diffusivity. Note that we disregard here the gravity

fiow, neglecting its effect during the evaporation proncess under our

Fixed conditions.

Enuation (6} is Lhen solved according to the set of flow conditions

(i) the boundaries conditions

a) along the atmosphere interface (Philip, 1957; Reynolds and Nalker,
1354)
3 . va = - GCp | RN 10} -Ca)/ 11 )

S =
s D(Bs) '“'z-o

where \'5 is the evaporative flux accross the soil surface as defined hv

moisture f[low,

'}a' the evaporative FElux accross the scil surface as defined by
atmospheric water flow [ 119 ), ®, the scil moisture at the soil
surface; RH the relative humidity of the air at the soil surface,
cs(Ts)‘ the saturated vapor pressure of the air at the soil surlace
temrerature (Pa) and @@ the atmospheric vapor pressure (Pa). The

relative humidity (RR) is calculated by ¢

—_
n

REo= exp (G.¥(0) / Ru T } )

where ‘1‘(09) is the matric potentiat (M) at the veluserric surface
. . - . -2
moistung) content (Os), G , the gravitational constant (9.d0 m s LI

the gzat «constant for water vapor (6.615.102 r'|2 5-2 k-l) and Ts the soil

surface temperature (K}.




The saturated vapor i i
p pressure at (Ts) is caleulated using the following

empirical equation sugpested by Bigel (1981)

C(T.} = 6.1121 exp 1(18.564-T_/254.4) /(T +255.57)] {9)

9) boundary condition along the hottom of the soil column

.98 .
b o= -men3g[ .0

(to)

where \J. is the evaporative flux at this boundarv eb the volunetric soil

misture content and L the length of the colum,

c) initial concitions

wikial
Thess conditione provide the?soil moisture profils when running the
model .

The critical part for the successful use of {6) together with {7) and
{1i) a';e the specitication.. of flow functions; that are D(@) and'¥ (&)
versus the dependunt variable .

For B(®), used is made of an exponential tvpe function of the form
MB) = A exp (B@) in which A and B are positive constants to he

calibrated hy curve fittiny of the functinn D{@®) to the experimental

data.

Since this calibration was not done in this studv, these constants
were chosen in the litterature accordine the soil kype studied. For
Y@, the selected function is of the form Cx 9.’ vhere 8¢ above C and b
ar& constants bug negative and choosen in the litterature according to
the sotl type phudied, an‘:::l:her hand, the mndel neglects the effect of

séquential drving and wetting that could occur in lavered soils. This

assumption implies ke uniqueness ok the relationship between ¥(®) and

D{@) functions versus of 8.

SCLUTION TECHNIRUES

The se¢t of non linear partial differential equations {eqs. &, 7, 10)

are scolved nenerically with a Einite dipecent e scHend

To perform these nurerical solutions, & grid is applied over the
entire {2,T) plan (with 2, thke vertical coordenate, positive downward and
t the time) and a discrédilation is operated along each of these two Z
and t axis. This ts done at first in the computation procedure (Fig. 1).

. i the

Discretigations are governed by the numerical stability; reselution

in space apd in time ...

dlenp Z axis, the soil profile lengeh (L) is divided into a constant
nurber of sublavers (¥) (N arbicrarily choosen, here N=20) with constant
thickness ( X=LfV) from the soil surface (N=3) cto the bottom of the

profile (u=20)] .

t, the time subinterval is variahle, and depends as seen above on

the stabilitr of che process.

Yext the equations (6,7, and 19) are then written in term of the
Crank-"icholson implicite scheme (Fip., 1) with (i8Y¥, jbt) replaced hy

(i,3) for writting simplifications.

The second step in the computational procedure concerns with the
calculation of Biq ya Jerus that is volumetric water content at
haif gpace level and half time level. This is a critical part since D(E)
and Y(@) are allo@ated at these points, leading one to write s P8 -n,l‘-';)
and \'\‘(Oi:u;ISH;L} . : .

" ——
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Pigure 1

@ (i.8x%,j.at) = @ (i,j) ; are the volumetrie water conten
at the time j.at and at the level i.4X in the soil profile.
The ¥nown values in the figure are:

@ (i-1,j} ; @ (i,j) ; and @ (i+1,3)

The unknown are:

e (i-1,j+T) 3 & (i,j+1) ; 8 (141, 3+1) 3

& (i-%,j+3) and © (i+3,j+4)
Ax is the space subinterval,
7, the vertical coordonate,positive downward.

at the time subinterval and

eit"l Y are first calculated as an arithmetic average of

values at nodes (i-1,}), (i,j) and (i+1,7) as {allovs

Qv a1z 4 =\ 08 v By, Y] 2. flla)

B -2 ):‘ '-\ Bii"

Qi-4,35 )] 2

(112}

Next, we moke uge i the backward Tavinr series projection (Rosenberg,

1950} to estimate @, g gz , 3 At the nalf time level j +4re.

The attractive part of the mod«fis tlhe way surface boundary condition

is solved, preserving its non lineadty and nreventiny oscillations in @g

£E0 ocCur.

For this, the surface houndarv condition {eq.7) is represented at any

time hy
, Bgn,d ¢ Baer ;3
Ve = - DL B, : J2 b; j
(s
s - €l { AW 2 (T) - ed) [V

=
wherees_ll], and e_.;+],j and Ds“; respectively decipm‘:_hr valumetric nail

moisture content at a ficticious node immediately ahove tiw surface, at a

node immediately under the surface and at the soil curface.

This equation is sclved, together with eq. 6 weitten in the

Crank-MNicholson k‘fl’l‘li’fﬂ!" Bg j41 by & repular falsi iterative methnd. The
S,
convergence critevion {CR) iM this numerical integration is

CR - e(u-) _ Bw s

e s s, 34 £ 10 (RN
where (X) is the nurher of iterations,

This third part iR the computational procedure, is done At each jat

loop, allnving the selutinn for e; 541 nf the Crank-Wichnlson transformed
)

9



\ i ; for this new integration
on (eq. 6} to oeut:&jnmed. The method used

equats solution of partial diffcrential

is the Thomss® method, for numerical

equntion-
v n i i r our (CP)
4ctual e aporatio is ca\culated in the Fourth part of u P
T‘. u ona 1 o ) il ratt inuity gation
( P ari 1 procedu e) from the inlegration of the contl ¥ eq
corpul 1 Y

\'D‘J/IQZ} = - | 79 ), (14)

in 1 i i 1low
which can also be written in its integration form as fo

3
. j lge/ﬁt]dl (15)

19

'\} {2 :
values at each level Z for each time integration and

providing the flux

thus the flux value at the surface Z=0.

o i and actual
~he intesration is? achieved by a trageezoidal rule

. . . .y,
evapuration at each time step given oy Y(z=C)

10

il

Jor P

MODEL VARIAEILES
PRata used for the simulation run are !

- for the initial volumetric soil moisture profile, messurements made
in the wveighred lysimeter of the “Génie Rural Laboratory"”, UCL, Belgiun.

It Characteristics 1.BU em depth, 1

n? surface i soil type : Lowwm soil;

vegetation covered short homogeneous grass. = meadsurements were made
“ith a neutren probe during Aueust 1984 st time interval of one week;
hardl

wudel tun for one week,fwith August I measurementsas initial datee.

= lor climatic data

(i) glabal radiation is provided by IRM-Uccle (Brussels) locaréd
at 30 ka from thie lvsimeter experimental site. Furthermore, only
daily data are available, dourly values needdd W the model are
deduced by sinulating its diurnal distribution with & sine function
between sum rise and sun set. The day length, suerise time and sunset

time are calculated from astronomical formulae.

(ii} air temperature relative hunidity of the air and wind speed
are divectly neasured {or indirectly derived from?:e:surements )
at the meteorological station ?f the ("Iascitut d'Astronomie et de
Géaphysique Georges Lemattre, [ICL"),

sCation located ngar the

lysineter experimental site. Heat flow in the soil is assumed
proportional to global radiation, with proportionslity constant equal
te 0.1 {Pe EBruin and Holt ,Slag, 1981). Surface temperature was
assumed tnLl‘alir temperatmie. The A,R,C and D parameters respectively
nsed in D@ and W(®) functiong are from Gardner (1960) and Gardner
and HilleB (1962}, These are (1.04 1w and 18.%) for A and R and
(«1.2637 and ~3.1365) for C and N respectively. These pa@ rametars are
given for a sandy loam soil,

Y




RESULTS

7-days simulation of the volumetric soil woisture profile and actual

H . e
evaporation under natural fluctuating evaporativak are used to test the

petformance of the model. Some of the results are shown in fig. 2,3,4 and

5.

Figures 2

and 1

show the moisture profile

at different
adare o}

tine

(indicated in the low left corner of the figure) since the#simulation.

The

zeneral

expected

feature

is observed; that

is the

continuously

humidity transfart from hight level tc the evaporation site. However two

striicing phenomens

othe

time period after a drying during day-time period.

this

are also observed :

(i) a greater variation of water content near the surface than at

he
r depths, This is probably due to evaporativity

fluctuations.

(ii) tne teodency of soil surface moisture to increase during night

feature

is not

e

asy while manv authors

have

also

The explanation of

observed it.

. . . » . .
(Millel, 1978, Hansen, 1979)., Following Hillel 1978, the so0il dries down

in

avapnrativity"; fluctuations of these day-night soil surface wetness ere

day

time

only

to

e sl
resorhy moisture 4 during

Coplent actumalatad

night

time

paukes

of the order of 17 although HilleP (1978) found from measurerents made in

tsrael (Gilat) a much higher values (3%).

gimulated bv the model as well as

Figure 4%

P’

shows the dav to day 24h fluctuations of actur]l evaporation

uging equation (1),

simmlatinns of actual notential and equilibr um evaporation. It

the potential evaporation calculated

Figure 5 shows the daily up to 7 davs corresponding to the 7 davs

is also

represent-d hare, the dailv trends of potential evaporation calculated by

an analop fortula to (Egq.l) but witih a daily total zlobal radiation.
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rigure 4 and 5
daily and weekly courses of potential (ETR), actuai (ETR),
and egquilibrum (EkQ) evaporation. The index h and j are used
respectively for hourly and daily average.



It is observed in fig. & that actual evaporation Follow the course of

the potential one only during the day time period. During the night
'

potential evaporation is assumed to h'iero. Soil evaporation reveals

through this period a continuously water transfer to the atmosphere with

8 constant regime that, changesfrom day to day according to the deficir

of saturation of the air and the wind speed. This pight time evaporation

can he used to explain why potential evaporation cslculated with eq. 1 is
1 i i -

alvays lesser that so0il evaporation. Comparedto the alternate daily total

v the actual one follows its course until day 4,

deviation begia,

evaporation
whenever more

Thi¢ discrepancy results from the net diminution in

glebal radiation on day 5 which have drawe down the gir evaporativitv,

CONCLUSTION

The present simulation model enables estimation of water flow
and evaporation to be made. However, because the model does not
iake into account factors like soil water vapour transfer, gravity
flow and hysteresis, inaccurate values may be obtained in moil layers
where one or more of these factors have important effects. To illus-
irate this point a soil profile presented in figure 3M shows that
the model unders,estimated ® at greater depth. In the middle layers
the estimates w-ere much closer to measured values., Other possible
sources of underestimation at greater depth could bve incorrect choice
of characteristic functions for thie soil type and invalidation of
the constraint of zero flux at this depth.

In conclusion, tne model generates the most general fesatures of
water movement in soil end actual evaporation at different time scales
{hour, day,week). Monetheless, to be more mccurate it needs suitable
transfer functions{D( & ), ¥{(0)) and an account of soil water vapour
flow whose non lineer numerical equations should be solved simultanecusly
with those used to describe the liquid flow;from which the model was
derived thillps.lebv‘. The‘h are challenges in the future version of
the model.

1%
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