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TIME STABILITY OF FIELD OBSERVATIONS OF SOIL WATER CONTENTS
Vauclin, Michel, Vachaud, G. & Passerat da Silans, AL
M.Vauclin, G.Vachaud und A.Passerat de Silans,

Institut Mecanique de Grenoble, Lj CNRS n'" 6, BP 68,
38802 Saint Martin d"Heres Cedex, France

ABSTRACT

S0il water data collected from two different fields are analysed in
order to search if time—invariant characteristic statistical properties of
the probability density functions can be assipned to individual lecations.
A prass field was cquipped with 17 neutron access tubes and surveyed
twenty four times during a 2 % year-period. In another field, planted with
olive trees, 9 neutron access tubes were installied and quarterly
measurements were performed during two consecutive years,

All the results converge to show the existence of a very sipniflicant
time-stability of particular individual locations which are characterized
by the same parameter in the statistical distribution of the obsorvations
taken over the riejd. It is shown that some locations conzerve the
preperty to represent the mean and extreme values of the field water
centent at any time in the year, This stability secms to be explainad to a
large extent by relaticnships between soil texture and water content,

INTRODUCTION

A strong objection commonly  voiced by research engineers  and
technicians regarding the development of a field gampling stratepy is the
requirement of g large number of observations due ‘o the spatial
variability of 5011 properties [1,2].

Hence, a high research priority is the development of a methodology
that reduces the number of observations without any significant loszs of

information .



- 232 -

This paper describes a tentative method to assess the
representativity of individual sites in a large network of soil water

content measurements.,

DEVELOPMENT OF THE METHOD

The method depends upon the following conditions to be satisfied

i} - At a given time ¢, sufficient field observations of any
variable of interest are available to determine their probability density
function {pdf) and its associated first moments (mean and variance).

ii) - HBecause the location of each observation is known, the spatial
structure (i.e. distance of autocorrelaticn, stationarity, isotropy) can
be identified.

iii) - A statistical representativity is assigned to each location.

The proposed method deals with the reliability of a particular
location to continue, at other sampling times, to exhibit the same
statistical representativity in the distribution of observations taken
over the entire field. We will define this time invariant association
between spatial location and statistical deseription, if it does exist, as
the concept of time stability. For instance, in terms of the soil moisture
status, this concept is realistic, because it is well know that the
spatial variability of soil water content over a field can be explained in
large extent by the variability of soil texture. There may be a high
precbability that if a leccation is the wettest at a particular time of
measurement, it will remain the wettest at other times because of its

highest clay content for instance,

In crder to evaluate this time stability concept, two techniques are

used,

1} - The first one concerns the deviation Ai . between an individual
f
observation of any variable of interest Xi j at location 1 {i=i,I) and at
f

time j{j=1,J) and the mean value ij at the same time :
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in order to obtain relative deviations.

Hence for any location i, the time average E; and the temporal
standard deviation u(dl) can be straightforwardly calculated for the whoie
time series of cbservations. Ranking the E; values from the smallest to
the largest ones allows to identify locations which systematically either
overestimate (Ei > 0} or underestimate (3} < D) the average regardless of
the observation time. It is also possible to select an individual site
which provides informations close to the field average (Ei = 0} and to
Judge how the time stability concept is warranted by analysing the

temporal standard deviations for any site,

2) - The second technique is based on the non-parametric Spearmar's

test. Let Ri j be the rank of the variable Xi and Ri i the rank cf the

¥ ¥
same variable at the same location, but on time J'. The Spearman rank

cerrelation coefficient is calculated by

r =1 - (3)
1(12—1)

A value rg = 1 will correspond te identical rank for any site or perfect
time stability between times j and J'. The closer to 1 r_ is the more
s

stable the process will be,
RESULTS

This concept of time stability as previousiy defined has been tested

2 .
on a 2000 m” grass field located on the campus of the University of
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Fig. 1 - Site of Grenoble. Cumulative probability density

functions of soil water storage in the first meter
measured in the dryest, and the wettest situation.
Humbers refer to locations of measurements (see
Vauclin et al., 1984),
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Fig. 2 - Site of Grencble. Ranked intertemporal relative

deviation from the mean spatial water storage.
Vertical bars correspond to associated time
standard deviatlon. Same symbolism as in Fig, 1.
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Guenoble, This zite, previously described in detuils [«j topgether with ite
tnstrumentation was equ:pped with 17 neutron access tubes installed ot an

1sometric interval of 10 m. The scils is an alluvional deposit, with

lenges of sand in a silty clay material at a depth below

A neutron meisture meter was used to measure sitlowoaler content
every 10 om o to a depth of 100 cm along each access tube.  Data werse takon
daring & %0 ¥yeard tiion bay 13831 Lo Newember (834, Measuremenls wero made

once  cvery  two weeks during each summer and fall and bimenthly during

winter and spring.

At each location i, a total of 24 sets of measursments were made and

soil water storape & |, held in the first meter was computed by the

Simpson'rule of integrarion,

At each time of measurement, the water storage values were found to
be randomly and normaliy distributed [3]. As an example Fip., 1 gives the
cumulative probability function ef Si in two extreme situations : fthe
wettest on September 7, 1982 (Sj = 429 123 mm) and the dryest on Aupunt

17, 1983 (53 = 313 ' a0 mm).

It should be mentioned that uncertainties associated with each
1ndividual estimaticon of water storage (approximately Iy ) Dﬂ arae

significantly smaller than the standard deviation related with upatial

variations,

Fig. 2 gives the ranked Ei values calculated according to Ens 1 and

A

2 with Xj § = Si i For instance, the water storage 1n lncation 2 is

always 15.7 it 4,3 % smaller the field average ; whereas that in lecaticon 1
+
-4

s 13.4 .4 % preater, Of particular interest is the fact that in three
locations 16,2 and 10) the water storage is never significantly different
from the field avcrage value. HNotics also that time standard deviations

are relatively small,

Table 1 gives the matrix of the rank correla*ion coefficirnts

calculated by Eq. (3) corresponding tn 7 dates of moasurements,
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Dates () (2) {3} (4] (s) (6) {7
07 /09/82128/10/81 [02/12/82|25/07/81)018/05./51]16/07/82]25/08/B1

Average

Siuragel  Sc0.81|  4en,77[ 424,77p 382,06| J94,7cp . 344,23] Jed,d0

{nm)

(mn }

(2) | 0,953 !

{37 10,9 | 0,93 1

(4) | o0.988 | 0,961 |} 0,946 LI

() [o0953 [o,922 [o.882 | 0,98 1

(6) | 0,863 | 0,789 | 0,843 [ 0,83 | 0.882 1

{7] o880 | 0,824 ;0,824 { 0,79 | 0,863 | 0,939 1

Table 1 - Site of Grenoble. Matrix of rank correlaticn
coefficient between series of soil water storage
neasurements obtained on the 17 locations at
7 dates.

A very strong time stability in the ranks of the locations is
demonstrated by +the highly significant wvalues of re (for n = 17 the
critical value is 0.748 at the 0,1 % bilateral level).

A similar analysis can be performed on the apparent available water
storage values (Ai,j) computed, for each location, by substracting the
smallest water storage cobserved at that site along the pericd of
measurements (August 17, 1983) from the water storage Si,j at any date,
Table 2 gives the ranks of the seventeen lacations based on the relative
deviations ?& calculated for both water storage (Si) and apparent
available (Ai) water storage values. The Spearman's test (rs = - 0.764)
leads to consider these two ranks as inverse from each other at a high
level of confidence. For instance, note that leocations 1 and 4 give always

the highest and *the smallest water storage and pratically, the smallest
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and the highest spparent available water storage respectively cormpared

with the field averapes,

Locations i 2
{1t [!|) ll‘)
1 1”7 2
2 5 %
3 6 %
4 | %
5 1 §
§ ] 12
7 n 1
L] 4 17
9 10 3
e L} L]
n 3l 15
12 n b ]
1 2 1L}
14 7 1
1% 5 1

16 12 i
17 8 ]

Table 2 - Site of Grenoble, Ranks of each measurement
lecation in terms of interannual relative
deviation &; for water storage (5j)-column
{1), and apparent available water storage
(A;)-column (2).

This may be explained to a large extent by the soil texture profile,
As a matter of fact the mean particle sizes smaller than 20 pm within the
first meter are 60 % and 49 % for the locatiens 1 and a, respectively.
Although no particle-size distribution data are presently available for
the other locations, one may reasconnably assume that there is a
correlation between the silt and clay content of the profile and its water
content, and an inverse correlation with the change of water storage
everything else being equal. Note alsc that locations 6, 7, 9, 10 and 14
represent roughly the field average for water storage (fig. 2) and

available water storage (table 2}.
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The same analysis was applied o the data obtained One  ancothor

experaimental site fd].

The main goal of this cxperiment was to determine wuter consumption

by olive trees under drip irrigation.

Svatemats-  measurements ol suil water  content anhd bull water
pressure  have been made since 1981 by neutron access tubesg and
tensicmeters instalied at different distances from selected trees, and
replicated over the field. For a treatment with isometric distance of = pr
between trees, a series of 9 locaticns at a distance of 2.5 and 3.% m fro-
trees were selected for the purpese of this analysis. It has besn shown
that at those locations sgoii water content measurements were neither
affected by root extraction nor by irrigation. A time scries of 8 data
sets was availuble and was analysed using the relative deviation from the

mean as a criteria.
10
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Fig. 3 - Site of Sevilla. Same legend as in Fig. 2

Values of the relative time deviation from the mean storage, and of
its associated domain of uncertainty for every site of measurement are

given in fig, 3,

- 239 -~

The heteropencity of the field being smaller than in Grenobile,  tipe
effect of nojse ig relatively more important. Once  1ain however the

exreme sites conserve their stability with time, the water storape ot

sites n® "o and 19-4 being respectively & % {: 2,8 %) sm:lles,  and hL3 o

tl1.s %) higher than the mean value. Twe sites (12-4 and 1.4-71 represaont

+
[ Pa

at any time the average water steranre with ar amsoret - o PN

DISCUSSION AND CUNCL[@ipEE

Apart s0il physics, we could easily find other doma:ins where sych a
time stability exists because of Strong covariance between the spatinl
field of the variable of interest and a deterministic factor., This is the
case, for example in watershed studies where rainfall or air temperature
are of'ten strongly correlated with elevation or in 501l chemistry, where
solute carbon concentrations in the soil depend from the immebilization of

nitrogen and therefore of the 501l specific surface,

For the results presented here, it may be thought  that soil
retention properties and hydraulic conduction as well, at any depth are
highly correlaterd with the soil texture [5]. Then it becames clear that
the amount of water held in a layer of soil is 4lso dependent on that
parameter which can be assumed to be strongly responsible for the time
stability of the rank of individual observations in the probability

distribution funecticn of the whole pepulation.

The results obtained on two-particular sites tend to show that some
spécified locations do represent field average values of water storage and
variations of water storage as well, This seemz to be in contradicticn

with the existence of an equivalent uniform soil as defined in [E].

However, it should be remembered that the concept of s0il effective
properties has been demonstrated to be valid only in cases of steady state
flow condition with small fluxes as compared to mean saturated hydraulic

conductivity,

In the ficld conditions reported hiere,  this basic anzumplion may be

considered not too far fronm the realtity,



However,  th

concept of time stability has to be viewed as o step

toward a4 methedology  to reduce a large measurement network Lo few

representative cites.  fimilar systematic studies in other conditions of

soi1l,  climute,  vepetation and topogruphy are sugpested 1n order to test

Tare covpletely this concuept,
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PROBLEMS IN ESTIMATING WATER AND SOLUTE MOVEMENT INTO,
WITHTN AND THROOGH SOIL WITH MACROPORES

gecher, Hans H.
Pr. H. H. Becher, Lehrstuhl fir Bodenkunde, Technische

Univerzitit Minchen, HohenbachernstraBe, B050 Freising-
Weihenstephan, W-Germany

Abstract

Macropores - like large cracks and root and earthworm channels - develop
and are stable only in cohesive (particularly in clayey) soils. Under
unsaturated conditions these macropores are air-filled, so that soil water
and soil solute can only move along the walls of macropores and/or within
the medium and small pores of the soil matrix, S5ize and shape of
macropores may change due to swelling. Movement conditions make it
necessary to distinguish between a mobile and an immobile solute component,
and between miscible and immiscible displacement, if solute movement
through the soil matrix and its modelling are to be studied. Adsorption
and desorption reactions between soil solute and soil colloids must alsc be
taken into consideration, Moreover, the existence of macropores renders to
acquire reliable data of soil water and solution for considering and
mogelling their movements and reacfions problematic,

Precipitation can rapidly flow down into deeper soil layers along the walls
of the vertical macroperes. This causes more rapid changes of soil water

tensions and higher soil water contents in the lower subsoil layers than in
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