P 2
452 A.F.G. Jucobs, A. VerhoeftJournal of H; vdrology 188-189 (1997) 443452

Boast, C.W. and Robertson, T.M., 1982. A *‘mi i
. - and , T.M., 2, micro-lysimeter”” method for determini i
cn sc:jl:lz description and Iaboratory evaluation. Soil Sci. Soc. Am. J.. 46: 6;9i§9"6mmng evaporation from bare
oudhurry, B.J. and Monteith, J.L., 1988. A four-iz the hea '
QIR Vier o onteith I r-layer model for the heat budget of homogeneous land surface.
Garratt, J.R., 1992. The Atmospheri i
. 1992, pheric Boundary Layer. Cambridge Atmospheri i. Seri
h A spheric and Space Sci.
gates, D.M., 1980. Biophysical Ecology. Springer-Verlag, New York, 611 pp. pace Sel. Seres: 316 pp
ou};r;r::f:f.rll.;l’.}vll_et;zl.l; T..:‘:r;(gu. A., Bessemoulin, P., Brouwer, J., Dolman, A.J., Engman, E.T., Gash, .LH.C
r, M., Kabat, P., Kerr, Y.H., Monteny, B., Prince, S., Said, F. ) Walla . 1994,
. B, . S., , F., Sellers, P. and Wall J
HAPEX-Sahel: a large s 3 sphere i fons A Geoan:
HATEXS: ge scale study of land atmosphere interactions in the semi-arid tropics. Ann. Geophys.,
geaﬁ?cme. A., 1983. The Arid Lands. Longman, London.
eu;:lr;;\;'e;d‘;difgoti;rimm. H.AR, Verhoe? A., Antonysen, F. and Hillen, W.C.A.M., 1994 Proéedures for
nce measurements of atmospheric heat : - s. I i
Sbserving metheds, TECEMO, e s o paeric heat and CO,-fluxes. Int WMO, Instruments and
Jacobs, A.F.G., Van Boxel, 1.H. and El-Kilani i
., Vi WJH. -Kilani, R.M.M., 1994, Nighui J cti aracteristics withi
lont canany. BoundLayer Moo el ighttime free convection characteristics within a
.Ilélkt?l:. I\}/:l 1950. Heat Transfer. John Wiley and Sons, New York, 758 pp
reith, F. and Bohn, M.S., 1986. Principles of Heat Trar rpe '
, - 1986, S ansfer. Harper and Row Publishers v N
Lebel, T, Suuvageot, H., Hoepftner, M., Desbois, M., Guillot, B. and Hubert, P, 1992 Rm)' oo P
g Sahel: the EPSAT-NIGER experiment. J. Hydrol. Sci., 37: 201-215. T
()ﬁoﬁeiy B;x:o.:zo\l;lcmh PF (:; B]r(;;:r(\ H., Cropley, F.. Culf, A.D., Dolman, A.J., Elbers, J., Moncrieff ]
. B. a rhoef, A, 1996. A aris surface flux measurel ing |
L b B and ve comparison of surface flux measurements during HAPEX-Sahel,
M ST 9 e ene ¢ b e
asvsn.xl.u'). W, 1992, A .surf‘}u energy batance method for partitioning evapotranspiration data into plant and
" soil Lompnnem‘s for a surfuce with partial canopy cover. Water Resources Res.. 28: 1723— 1732 P
v onlcn(,h. J.L.. 1981, Evaporation and the environment. Symp. Soc. Exp. Biol l‘)‘: ;()% ":‘»4 o
fonte ' i ’ v xp. . 191 205-234,
s[::g;:.‘:()xfi" Jl )l:)l?.l“ll)r;]u, ‘ui;lsdr;l:j' Qumlmn on rough surfaces. Bound.-Layer Meteorol., 60: 375-395
, Wl and Wallace, 1.S., 1985, Evaporation f) i ination theory, QIR
Mer So Ty e Wt e Evaporation from sparse crop — an energy combination theory. Q.J.R.
Verhoef, A.. Van den Hurk, BJ.M., Jacobs, A E.G i
ocl. A.. Vs - BJML Jucobs, A F.G. and Heusinkveld, B.G.. 1995, Thenmal soil ertics fi
ws vineyurd (EFEDA-D) and savanna (HAPEX-Suhel) sites. Agric. For. Meteorol, .s‘uh:nillmlml properies for
.ﬂla.ce. J:S.. l'_loyd. C.R. and Sivakumar, M.V.K.. 1993. Measurement of soil plant .
y millet in Niger. Agric. For. Meteorol.. 63: 1.19-169, .
enderson-Sellers, A. and Gomitz, V.. 1984, Possible cli i
i - Al g % V. 1984, Possible climate impacts of fand cover trans ions, wi
particular emphasis on tropical deforestation, Clim. Change, 6: Zr.;l—l‘n.\‘ e cover trnsfomations. it

ainfull estimation in the

and total evaporation from

T
)
!
{

e

2 :

Journal
of

Hydrology

Journal of Hydrology 188189 (1997) 453-465

The correction of soil heat flux measurements (o derive an
accurate surface energy balance by the Bowen ratio method
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Abstract

A method is presented for calculating conductive heat flux at the soil surface (Gy) from measured
soil heat flux (G) some centimetres beneath the ground surface. The method does not require
estimation of thermal properties and is valid for inhomogencous soils with regard to their thermal
properties, Data from the central sub-site of the Eastern Super Site of the HAPEX-Sahel experiment
are used to illustrate the method. Finally, the influence of using corrected values of surface soil heat
flux Gy, rather than measured values of G, in the energy budget with the Bowen ratio is evaluated.
The corrections for G are small in the ease of the highly diffusive soil of the Sahel. Errors in
estimating fatent heat flux with G instead of Gy are negligible. However, calculations show that
these errors could be much more important for other soils with lower soil thermal diffusivity.© 1997

Elsevier Science B.V.

1. Introduction - 7 ] B

The Bowen ratio- method is commonly used to estimate sensible and latent heat

" fuxes at the Earth's surface, The method is based on the energy budget equation, for

which soil heat flux at the surface has to be known. ‘Common methods for estimating
soil heat flux at the surface, Gy include the null-alignment (Kimball and Jackson.
1975), the Harmonic (Horton and Wierenga, 1983) and the finite difference method
(Balabanis, 1987; Sharratt et al, 1992), which arc all based on soil temperature
measurements. The combination method (Fuchs, 1986; Massman, 1992) combines
temperature with heat flux measurcments. Soil heat flux measurcments cannot be
made directly at the surface because ol exposure of the. sensor o radiation; nor can
they be made very close to the soil surface, because of the modification induced by the
sensor in moisture movement. When heat flux sensors are installed a few centimetres
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beneath the soil surface, the combination method provides a correction yielding estimates
of the soil heat flux at the surface. A large number of works concerning sensible and latent
heat fluxes at the soil surface computed by the Bowen ratio method do not make this
correction. They assume that soil heat flux measured a few centimetres into the soil is a
good approximation of the actual value at the surface. Although this might be realistic
when temperature gradients at the soil surface are small, such as beneath a dense canopy, it
will not be for the case of a sparse canopy.

Temperature-based methods for determining soil heat flux at the surface require
knowledge of the volumetric heat capacity as well as of the thermal conductivity of
the soil. For the combination method, knowledge of the volumetric heat capacity only
is needed. Thermal properties of soils are difficult to measure or to estimate. However,
in the case of the HAPEX-Sahel experiment, soil thermal diffusivity has been esti-
mated for the whole period of intensive observations (IOP) at a subsite of the Eastern
Central Super Site, by Passerat de Silans et al.. ( 1996). Their work shows vertical
inhomogeneity in soil thermal properties in the 0-0.25 m layer, and therefore com-
mon methods for surface soil heat flux estimation are not applicable. Inhomogeneity
of the thermal properties is caused by variation in bulk dry soil density and soit
moisture. In that study, no attempt was made to relate soil thermal diffusivity to
soil moisture because water content profiles are unknown in the upper soil layer (0—
0.025 m). :

The purpose of this paper is to propose an analytical method for estimating the soi
heat flux at the surface, Gy, when soil heat flux is measured at a depth z, and to
examine the consequences of correcting the soil heat flux on the latent heat fluxes.
The proposed method is applicable in inhomogencous soil, i.c. when thermal proper-
ties vary with depth, and does not require the knowledge of thermal properties.
Variation of the thermal propertics in the upper soil layer is very difficult to estimate
because of the link between thermal properties and soil water content. For the pro-
posed method, only temperature measurements at the same depth = where the heat
flux plate is placed and at the soil surface are necessary. Data collected during the
HAPEX-Sahel IOP at a grass layer in the savanna site are used for the purposc.

2. Theoretical background
2.1. Development of the method

The transient heat conduclion equation is

aT 0 aT : 7
C—m= = —\-
ar E)z( >‘a:> ‘ (1)

where C is the volumetric heat capacity (J m™ K™y, and A the thermal conductivity
(W™ Kh. Considering that-both these parameters are depth dependent, Eq. (1) gives
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Using the following transformations (Nerpin and Chudnovskii (1984), given by Massman
(1993)):

1/4 2 /1 1/2 (3)
T=(—Cé%> rana g=oi” [ ()4

this latter being a Kirschoff type transformation, where o is soil thermal diffus»ivity, Eq.(2)

becomes
,
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Here, single and double primes indicate respectively the first aqd second derl\{atlve wn%:
‘respeet to depth. The product AC is the so-called thermal admittance. Subscript zero 1
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constant thermal properties with depth, taking its values at the soil surface:
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(Eq. (3)) should be noted. Assuming wg(z)=0, Eq. (7) is formally identical to Eq. (5).
Therefore they both have the same analytical solution provided they have the same initial
and boundary conditions.

The formalism to obtain 7(0,f) from Eq. (5) or I'(0,7) from Eq. (7), can be written

@, 175" 70, n=T(0, 1)

and

i@, 1510, n=6(0, 1 (10)

where L(£,r) is an operator indicating the analytical integration of the differential-equation.
As the transient heat conduction equation is linear, Eq. (10) becomes

7@ 0" %" 10, 1)

and

6o, 5" 5" 60, 1) ()

with (£, 1) =(CN/ Coho) "L (&, 1) and Fa(£, 1) =(Coho/ CN) /L (£, 1).
So, identifying F;(£,1) from measurements of both 7(z.¢} and T(Q.5), we can deduce
Fa(£,1) by

FalE, H=(Coha/CN' 71 (8, 1) (12)

G(0,1) can then be derived from measured G(z.0), il the admittance ratio (Cohy/CN) is
known.

In all this theory, the assumption has been made that C and M are independent of
time, so (CoAe/CN)'? (in Eq. (12)} is a ‘bulk correction [actor". It may be deduced from
information about a bulk variation in temperature during the time of integration; for
instance, from the quotient of the mean daily surface temperature to the mean temperature
at depth z, if the temperature wave evolution with time is steady periodic.

Massman (1993) compared the exact solution of Eq. (4) with the approximated solution
of Nerpin and Chudnovskii (1984) (Eq. (5), in which wy=0 is assumed). In his work, he
assumed the steady periodicity of transformed temperature 7 al various depths. His exact
solution requires a two-layer soil: a layer of finite thickness in which thermal properties C
and X are assumed (o vary monotonically with depth in an exponential way, overlying a
semi-infinite layer in which thermal properties are constant. He showed that, in these
conditions, wr can be disregarded, i.c. wr < w where @ is the fundamental {requency
of the temperature wave, if concavity of the curve of thermal properties with depth is
positive. Concavity of a curve is defined as the second derivative of its mathematical
function. For other copeavities, the assumption made in Eq. (5) may not be fulfilled. In the
expressions of wy and wg, concavity of thermal properties is implicit in the last term.
However, in both these expressions, this last term enters with an opposite sign. Therefore,
following Massman (1993), if w can be disregarded, the same cannot be said, all the more
50, for wg, and vice versa. o

< e R
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2.2. Application of the method

Assuming that temperature and flux waves are steady periodic, u."ansfor'med tempera-
tures and heat fluxes at the soil surface may be described by a Fourler series

~~ n
7(0,0)=T(0,1) =T+ _ZI Asin(iwt +¢;)

and
F(O, f)=G(O, 1)=G()+ g,l B,-Sin(iwr+§,-) ) (13)

where couple [4;, ¢;] or [B;6;] mcans semi-amplitude and phase of the temperature or heat

flux wave of harmonic i, respectively. . o ) .
Analytical solution of the heat conduction equation for a semi-infinite medium with

poundary conditions given in Eq. {13), is (Carslow and Jaeger, 1959)

" —_ . . E i . )
'r=(£,t)=T”+‘_:ZlA,exp(D—s)sm<xwt+¢,-—E——> (14)

i1 0O

where Dy; is the penetrating depth of the temperature wave for time equal‘to P./z '(P is l;nc
period of the main harmonic: P =24 h). Dy; is a function of the thermal dlffllSlVlt.y at “Z
soil surface (subscript zero). The expressions exp(§/Dui) nr}d EIDyy; are the dampx.ng an '
phase shift difference, respectively. At any depth 2. T(::‘t) will be obtained by muluplym.:.,,
7(£.1) from Eq. (14) by (Cod/C )\)l“. Therefore, calling T,,. the average temperature at
depth z. Ty and T, will be related by

Coly. 1/2_ 71_11 B 1)
C.\. To
from Eq. (12), providing a simple way to determine the bulk correction factor. Here

subseript 2 means that values of C and N are at depth =. e
Fitting the measured heat flux and the measured temperature at depth = with a Fourter

series with 1 harmonics, we obtain
n . . l()
G(z 1) =G+ X Bysin{iot+5) (16)
T o=l
and

T(.0)=Ty:+ X Apsin(iol +.) ("
i=1

so, using Eq. (8), Eq. (13), Eq. (14), Eq. (16) and Eq. (17), the following cxpressions for B,
and 8; can be derived:

A iz \i B
3,.=(C‘C’>\“> 'iB“' (18)

8;=04+(di— 1)
Therefore, G(0,) can be calculated when G(z.1), T(z,t) and T(0,r) are known.
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3. Experimental site and measurements

The HAPEX-Sahel project took place in Niger during the 1992 wet season, from mid-
August to mid-October (Goutorbe et al., 1994). The region is generally covered by acolian
sand with a semi-arid vegetation. The field experiments were conducted at the Eastern
Super Site of the HAPEX square at different sub-sites. One of them was a fallow savanna
which consists of Guiera sp. bushes with an undergrowth of sparse grasses and herbs, on a
flat sandy soil surface. Instrumentation was installed above the soil to evaluate the latent
and sensible heat exchanges (Monteny, 1993; Monteny et al., 1994), and into the soil to
measure soil heat flux and the vertical temperature profile. Soil heat flux has been
measured at 0.025 m beneath the soil surface. It is the mean of four measurements located
in a square metre with depth varying from 0.02 to 0.03 m. The depth of each sensor was
measured after the experiment when the sensors were removed. Soil temperatures were
measured at various depths (0.002, 0.02, 0.09, 0.14, 0.28, 0.51, 1.01 m) with thermocouple
probes. Temperature at the surface was also routinely measured by an IR radiometric
probe installed on the mast (9 m height) with the above-soil instrumentation. When the
soil was bare, radiometric temperatures agreed well with the temperatures measured at
0.002 m, so the latter has been used as the temperature at the surface. Temperature
measured at 0.02 m depth was lower than expected when compared with others and has
been discarded. Therefore temperature at 0.025 m was generated by a cubic spline
algorithm with the temperatures measured at 0.002, 0.09, 0.14, 0.28, 0.5! and 1.01 m as
input.

All soil-based instrumentation was installed as close together as possible in a measure-
ment area inside the fallow savanna. Signals from all instrumentation on the plot were
sampled every 10 s with a Campbell Scientific (Logan, UT, USA) datalogger, and 20 min
averages were computed for final storage.

4. Results and discussion

The method described above was applicd from DOY (day of year) 230 to DOY 271,
Eighteen harmonics were necessary to derive a correct fit to the diurnal experimental soil
temperature and soil heat fluxes. However, small perturbations are not taken into account,
which causes calculated values of Gy o appear sometimes smoother than measured flux
values at 0.025 m. In Fig. I, measured soil heat flux G (0.025 m) is compared with soil
heat flux calculated at the soil surface, Gy, for three typical days. The greatest differences
in amplitudes and phase shifts are encountercd 6 days after the last rain. The highest
relative differences are obtained in the rising portion of the diurnal curve. During the
afternoon, soil heat flux at the surface decreases faster than soil heat flux measured at
0.025 m depth. .

The bulk correction factor is evaluated from Eq. (15). Its variation during the experi-
ment is small, between 1.08 and 0.98. Lower values are obtained for the driest days.

The most important cause of variation in the surface heat flux correction is due to
the transformed depth variable . The proposed method does not require the calculation
of £ as given in Eq. (3). However, we evaluate it from daily diffusivity profiles given

i
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Fig. 1. Duily evolution of measured (0.025 m) and caleulated (surface) soil heat fluxes: (a) 2 days after rain

(h) 6 days after rain: (¢} H1 days after rain.

by Passcrat de Silans et al. (1996). £ value is slron:gly rcilatcd to the qung dynaml(;: ot‘
the upper soil layer and to dry bulk density variation w.uh. depth. This parameter O_Ts
not reflect the daily pattern of the drying process, as it is cvulu.a‘t.cd'z\‘s a bulk dzu):
parameter owing to the method used for estimating the lhermz}l dlﬂus'w'lly'proﬁle. Wt.‘
relate £ 1o the number of days after the last rain event (only'dmly prec1pltanon‘ amounllls
greater than | mm are considered). The curve £(f) is an mver.ted asy.mmetrlcal bell-
shaped curve with horizontal edges (Fig. 2). Just after rain, E is greater than
0.025 m. This means that thermal diffusivity at the soil surface is slightly greater than
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Fig. 2. Transformed depth £ {em) as a function of number of days after last rain

fhe average Yalue over the 0.025 m layer. For very wet conditions (near saturation), such as
Ju§t after rain, thermal diffusivity decreases when volumetric soil moisture ir}creash
(Fig. 32 and, at the soil surface, moisture is slightly smaller than at 0.025 m depth . ::
the qrymg process has just begun. When the upper soil layer is very dry zrighl clc)h(; :).f
the inverted bell-shaped curve), a value of £ = 0.0242 m is found, "dwing only t(c) the

bulk dry soil density variation. ¢ reaches its minimum value (£ =0.0219 m) 6 days after

t}}e la.st.raixll. The minimum value of £ corresponds to the highest gradient of thermal
dtffusn{xty in the 0-0.025 m soil layer when the moisture g;adienl is high. Six d: Ls
after rain, the soil surface is dry for this Sahelian vegetation. Looking at lhe'sch‘cm'dlx
curve of Fig. 3, which presents thermal diffusivity as 2 function of soilomoisture one (l:f:ﬁ
obse.rve that, in relatively dry conditions such as may occur 6 days after r':lin h‘;h
gradients o_f.thermal diffusivity will be obtained if soil moisture at the surface 1s zitl;r
near the critical value as defined by De Vries {1963) (this is the value for which liquid

water is no longer a coatinuous medium) and soil water content at 0.025 m is near the -

7 2
5,x10 m/s

I

w P
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Soil thermal ditfusivity

=

Bk O Os

Soil water content

Fie. 3. Soil thermal diffucivite me o frm -
: 50 .SZI:) lh(.l'nl.l! le(Tulelt.y as function of soil water content (example from Dantas-Antonino (1992y)
ke Uw and @ are critical, wilting point and satration soil water content, respectively o
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Fig. 4. Damping and phase shift differences for soil heat fluxes at the surface and at .025 m depth. W, Calculated
with soil thermal diffusivity profiles given by Passerat de Silans et al. (1996); A, calculated with soil thermal
diffusivily equal 1o one-third of previous values.

wilting point. After this day, desorption at the surface is much slower than at 0.025 m
depth, so the thermal diffusivity gradient decreases and £ increnses.

The soil in this experiment is a dense sandy soil, and thermal diffusivity is high.
That is the reason why differences between estimated flux at the surface and measured
flux 0.025 m beneath the soil surfuce are small. However, for some days between 06:00
and 09:00 h GMT, when temperature is rising and G is small, differences between G
and Gy reach 100%, because of the concomitant dumping and difference of phase
shift. From the apparent thermal diffusivily curves given by Passerat de Silans et al.
(1996) and Fig. 2, we estimate the difference of phase shift and the damping corre-
sponding to the main harmonic (see Eq. (14)). For comparison, we also calculate the
values that would be obtained if thermal diffusivity was one-third of its actual value,

corresponding to a less dense soil. The damping and dilference of phase shift increase

when dryness increases, and corrections would be higher for a less diffusive soil
(Fig. 4). These values were caleulated independently of the method used to correct the
soil heat flux. Only the main harmonic is considered. The values encountered for
the differences of phase shift and dampings are of the same order as the values that can
be observed in Fig. L.

Following the work of Massman (1993) on determining temperatures al the soil surface,
the results presented in Fig. 1 will be quasi-exact if w(z) and w(z) are much less than w,
the fundamental frequency of the temperature wave or the flux wave.

Expressions for w(z) and wg(2) can be respectively transformed in

)\ 3 )\, -
e N N 4 9
w(2) ”’(,(u 4)\ 411) (19
and
wg(2) = TZ\—C (u’z - 4%+ 4u"> (20)
J
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Table |
Values of C'/C and A"/ relative to u’
cic u'td u'l3 w'r2 '3
NI KT 2u'l3 u'l2 . '3

in which « = In(AC) and a prime indicates the derivation with respect to depth. Using Eq.
(15) and differentiating with respect to depth, we can calculate an expression for u':
t 7‘"1:,

u 4 To @21
Then values of u'(z) and 1"(z) can be calculated from the profiles of mean daily soil
temperature. We used a cubic spline algorithm to do this and calculate a family of
values for wr(z) and wg(z) with the values of A'/\ and C’/C indicated in Table 1
(remembering that the actual X and C profile are unknown). Calculations are made for
DOY 265; this is 6 days after the last rain, when differences in thermal diffusivity between
the surface and 0.025 m depth are greatest. .

Results show that the value of the term accounting for concavity («") is the more
important, as outlined by Massman (1993). However, the higher value obtained at DOY
265 for loyl or lwgl in the 0-0.2 m soil layer is 3.2 x 107" 5™, whereas the fundamental
frequency w is 7.3 x 107 57!, Thercfore the hypothesis of the theory presented in this
paper, i.e. wr and wg equal to zero, is fulfilled.

Computation of latent heat flux by the energy balance Bowen ratio method is done using
the expression

__Rn—'G
T 148

where f is the measured Bowen ratio and R, is the measured net radiation. We use Eq. (22)
with both heat fluxes G (measured at 0.025 m) and G, (estimated at the soil surface). In
Fig. 5, curves corresponding to both cases are drawn considering the same typical days as
in Fig. 1. Differences during the day are small, occurring mainly before midday and at
night whatever the day considered. However, as expected from Fig. !, they are greater in
(b), 6 days after rain, when the thermal diffusivity gradient in the 0-0.025 m soil layer is
the most important. In Fig. 6, we compare the daily rate of evapotranspiration calculated
with both soil heat fluxes (measured at 0.025 m and calculated at the soil surface). Daily
values are unaffected by the soil heat flux corrections. This resull is not surprising, as the
daily mean of fluxes at the soil surface and at 0.025 m differ only by the bulk correction
factor, which is always close to unity in this experiment.

No attempt has been made in this study to incorporate horizontal variability ,of soil
thermal properties. However, differences up to 30% of the average value werc observed
between the maximum daily values of the four measured soil heat fluxes. Such dif ferences
are due to differences in the depth at which the sensor is located, to differences in exposure
to the Sun at the surface because of the horizontal variability of vegetation cover, to
differences between soil moisture at the four places and also to the horizontal variability
of the thermal soil properties.
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Fie. 5. Latent heat flux caleulated with G measured at 0.025 m depth and with Gy estimated at the soil surface:

() 2 days after rain: (h) 6 days after raing (¢) 11 days after rain,
5. Conclusions

A method is presented to estimate soil heat flux at the soil surface when. soil »hc,_au
flux is measurcd some centimetres beneath the surface. The method requires mea-
sured temperatures at two levels: at or very close to the soil surf_acc zu}d at the depth at
which the heai flux sensor is placed. The proposed method is valid when thermal
properties vary with depth and does not require determination or .knowledge of lh?“i
thermal properties. It assumes that both terms wy and wg can be disregarded. The size
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Fig. 6. Dai Y evay )C)lldll's.plldll()ll {mm). On the abcissa caleulated w measured at 0.02
it N, ulate ith G 1

with G“ estimated at soil surface. (The straight line is the 1:1 fine).

of both these terms is essenti
i ntially related to i
ith dept y concavity of the curve of thermal properties
The pro, i 5
expon r:en:)o;icghn:ethod has been applicd to some data collected in the HAPEX-Sahel
ooy o o.f oo le::ms :oT and w¢ are significantly smaller than the fundamental fre
perature wave, so the above assumption i . !
uency mpera e, F as ption is fulfilled.
(()I;ftt;:lsxvny of the soil is high (varying between 0.6 x 107 and 2.2 x 10~ m?2 f’sl)lhce' lhe”}ml
o 4 ' 2 s7'), co
orthe :;)Tzléred so(xll'hcatpﬂux is small (at the top of the soil heat flux wave, the m'lri?ri“on
o r§ervel i8 25% of. the measured valuc). The correction is more i’mpom‘r{x wr .
l ! 1ses‘nan. \,Yhen it falls. Correction would be hisher (probably b ‘f' cn’
w<():) if thermal diffusivity was one-third of its actual value ) oy e factore!
orrections of soil heat flux are int tern
F roduced for the determinati [
enen ' t ¢ nination of latent hez
uncog?r'e tzalllrice coupled with Bowen ratio. The comparison between corrc::[t ﬂdux i
Pmbab]c ireqztlter:jl.rheat fluxes shows small differences whatever the day conseidea‘n ?
o lhi)g/ oa ‘efr i fc?renccs \\{ould he observed for a soil with smaller thermal diffus'ivritl(.
betwecn. u}:cpg \:jggcmldz:;lcnuon has been devoted to the transformed depth & Tl{c lin};\:
alue and the moisture profile in the 0-0.02 i i ‘

e : mol ¢ 0~0.025 m soil layer is explained
proccsgywclz(\)/:.)cluuor;\ of the transformed depth reflects the daily evolution ofpthc f]d "”C}
5. g L) ] H ‘
P ove ‘wor sllpuld be devoted to the horizontal variability of the soil heat nfl)/li]?
¢ corrections for G for application to the Bowen ratio method o
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