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Abstract

This paper deals with the development of a model of the average seasonal spatial distribution of soil moisture content on

slopes or in small catchments. The model is based on a quantitative assessment of the water and heat balances of the upper soil

layer under different climatic conditions and a generalization of the field data by Romanova [Climate of Soil, Hydrometeoizdat,

Leningrad (1971) 39]. The ratio of soil moisture on a sloping surface and that on a flat surface is related to slope aspect by

trigonometric (Fourier) series. The model estimates the average spatial distribution of relative moisture content ðKW Þ in the

upper 50 cm layer of the soil in summer as a function of the form of the relief (flat, slope), longitudinal slope profile shape

(straight, concave or convex), aspect of the slope (degrees), slope gradient (dimensionless) and relative distance from the

divide, which are found from a digital elevation model. The model is applicable to humid and moderately dry climate

conditions. Computer simulation is performed assisted by the GIS package PCRaster (Utrecht University, the Netherlands). The

test of the model was carried out using seven years (1981–1987) soil moisture data at 38 points situated within three small

experimental catchments of the Boguslav Field Experimental Hydrological Base of the Ukrainian Research Hydrometeor-

ological Institute (Kiev region, Ukraine).

q 2003 Published by Elsevier Science B.V.
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1. Introduction

The distinctive spatial variability of soil moisture

has been known for a long ago (Izmailsky, 1894).

Romanova (1977) remarks that the soil moisture in

different locations of slopes differs even more than it

happens under transition from one climatic zone to

another: the moisture of the soil on the top of a hill and

in the upper part of a slope in the humid zone can be

less than that at the foot of a hill in a drier zone.

Estimating soil moisture for different locations is

needed for solving a broad spectrum of tasks

connected with the usage and protection of soils,

water and other kinds of natural resources.

The problem of spatial soil moisture content

variability was investigated by Silvestrov (1955),

Fedoseev (1959), Fishman (1968), Shvebs (1968),

Shipulin (1973), Mazur (1975), Romanova (1977),

Romanova et al. (1983), Hawley (1983), Burt and

Butcher (1985), Fitzjohn et al. (1998), Western et al.

(1998), Naden et al. (2000) and by other scientists.
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But while analysing the results we came to the

conclusion that there is no sufficient clearness in

the given problem even nowadays. To a great extent

the lack of clarity connected to the fact that the field

measurements of soil moisture content in terms of its

spatial dynamics are a very labour-consuming job and

these field measurements are not included in the

observation programs of meteorological or hydro-

logical stations and they have irregular character.

Taking into consideration that the results of these

observations depend on many factors there was and

there is a problem with interpretation of limited

amounts of these data. Moreover, the absence of

suitable technologies for analysis and evaluation of

spatially distributed physical variables restricted the

development of adequate methods of the calculation

of the spatial distribution of soil moisture content on

the basis of available data for a long time.

It is known that the spatial distribution of moisture

content of the upper layer of the soil has a complex

character, which depends on natural and anthropo-

genic factors. The character of the natural distribution

of soil moisture (which does not relate to human

activity) mainly depends on relief. Relief determines

the redistribution of solid precipitation both as a result

of blizzard shift and under the influence of insolation,

causing spatial differences in the depth and density of

snow cover, in the intensity of snow melting and

surface runoff as well as in the intensity of total

evaporation which determine the decrease of soil

moisture between rainy periods. If one takes into

account that the spatial distribution of such charac-

teristics of the topsoil layer as water-absorbing and

water-retaining abilities are determined mostly by the

relief (Furley, 1971; Gerrard, 1981), it becomes clear,

that the role of the relief in the spatial distribution of

soil moisture content increases even more.

Among the factors of economic activity that affect

the spatial distribution of soil moisture content within

catchments the most important role is played by the

types of agricultural crops and the character of their

alternation (in crop rotations) as well as the technol-

ogy of crop cultivation. Although the effect of these

factors is rather considerable, nevertheless it is

secondary, because it takes place against the back-

ground of atmospheric precipitation occurring under

the influence of relief caused factors. May be due to

the ‘primacy’ of a relief influence on the spatial soil

moisture distribution and the necessity of a quantitat-

ive evaluation of this influence when solving different

tasks, most studies (Silvestrov, 1955; Shpak, 1964;

Shvebs, 1968; Furley, 1971; Mazur, 1975; Romanova,

1977; Romanova et al., 1983; Hawley et al., 1983;

Burt and Butcher, 1985; Naden et al., 2000) have

focused on establishing a dependency between

different relief factors, mainly aspect, gradient and

shape of the slope profile, and soil moisture or relative

indexes of soil moisture.

2. Method

Based on an analysis of methods of soil moisture

estimation at different locations we believe that one of

the best methods is the method developed by

Romanova (1966, 1971). The main idea of this

method is the redistribution of summer precipitation

as surface runoff, and accounting for differences in the

radiation regime of inclined surfaces (Kondratjev and

Monolova, 1961; Golubeva, 1967). On this basis,

Romanova (1966, 1971) estimated the average

seasonal moisture content of the top half-meter layer

of soils at various sites of slopes as a function of the

form of relief (type of a slope, slope gradient, length

and aspect) and soil type. Calculations were made on

the basis of the equation of water balance of a half-

meter layer of soil, taking into account atmospheric

precipitation, surface runoff and evaporation. It was

assumed, that no water flow deeper than active layer

of soil (0.5 m) occurred. Results of the calculations

for spring, summer and autumn were generalized for

two types of a longitudinal slope profile—(a) direct

and concave and (b) convex and for six wetness

zones—from very wet to dry and are given as

diagrams. The wetness zones were allocated in

accordance with average long-term values of soil

moisture ðWÞ (in percentage of its water capacity

(WC)) and a ratio between evaporation ðEÞ and

evaporative capacity (EC). In particular, for the very

wet zone W < 70–90%WC, and E=EC < 0.7, for the

dry zone W , 20%WC, and E=EC , 0.3.

Table 1 gives the values of the relative ‘wetness

coefficient’ ðKW Þ; i.e. the ratio of soil moisture on a

slope and soil moisture on a flat surface with the

same type of soil and vegetation for four aspects—

North, South, East and West and for four slope
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for summer period of the year. The value of the

KW coefficient has been derived from the diagram

developed by Romanova (1971, 1977) for climatic

conditions of wetness zones II (humid) and III

(moderately dry) which cover the central and the

northern regions of Ukraine and also significant

territories of Eastern and Western Europe. Within

these zones the average annual soil moisture ranges

from 40 to 70% of its water capacity, and the ratio

of evaporation to potential evaporation is equal to

0.6–0.7. According to the data, presented in Table

1, on the straight or concave slopes the soil

moisture increases with the distance from the

divide except for the upper part of the slopes,

where there is some reduction of the soil moisture

downslope. On the convex slopes the changes of

soil moisture with the distance from the divide are

more complex because of the influence of terrain

aspect. Thus, the KW coefficient for various sites of

slopes changes rather dramatically, from 0.56 to

1.50.

The Romanova method well corresponds both to

modern representations about influence of various

relief factors on spatial distribution of the soil

moisture, and to approaches to study of this

influence as a whole. So, according to Florinsky

et al. (2002) in soil studies with digital terrain

modelling, there is a need to take into account four

types of variability in relations between soil and a

relief: regional, time, depth, and scale. The

seasonal nature of geostatistical structure of spatial

soil moisture patterns is marked also by Western

et al. (1998) and others. The developed model quite

meets to these representations. The model is

developed and is recommended for application in

the certain climatic (humid and moderately dry)

conditions and this imposes on it quite certain

regional restrictions. It allows to carry out an

estimation of many years average distribution of

the soil moisture during the summer period only

(temporal restrictions) in the top half-meter layer of

the soil (depth restriction) on slopes or in small

catchments (scale restriction). However, absence

among input parameters of diagrams and tables

similar to Table 1 of the parameter describing the

influence of declivity of slopes doesn’t allow to

take into account the influence of this important

factor of soil moisture spatial distribution and, of

course, it reduces the accuracy of its simulation.

The influence of slope declivity on the soil

moisture content distribution is rather effective.

With an increase of the slope declivity there

increases the velocity of surface water flow during

spring snow melting and rainfall runoff. Because of

this there decreases the time of removal of water,

accumulated on the slope, and as the result,

decreases the quantity of water absorbed by the

soil. However, as the volume of water accumulated

at the slope by the end of rainfall or snow melting

is as a rule insignificant comparing with the reserve

of water in the active soil layer, the difference in

water income into the soil during the recession

time of flow on slopes of different gradients is

relatively insignificant. That is why for summer

period, which is being under consideration in this

article, all these factors can be left aside. At this

time of the year the inequality of soil moisture

Table 1

Relative values of moisture content in the upper soil layer (the KW coefficient) depending on slope profile shape, aspect and position on a slope

for the summer period and humid and moderately dry climate conditions (Romanova, 1971, 1977)

Relief elements Convex slope Straight or concave slope

Aspect East South West Aspect East South West

North North

Flat surface 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upper part of a slope 1.10 1.10 0.95 0.95 1.00 0.83 0.56 0.61

Middle part of a slope 1.00 1.00 0.79 0.79 1.00 1.00 0.80 0.80

Lower part of a slope 1.00 1.00 0.63 0.66 1.17 1.17 1.00 1.00

Foot of a slope 1.50 1.50 1.24 1.24 1.61 1.61 1.30 1.30
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expenditure as a result of evaporation is the most

significant component for the spatial distribution of

soil moisture.

In order to account for the affect of terrain slope on

evaporation and hence soil moisture we added the

factor Ka; founding on studies

Ka ¼ ð1 2 keaÞ=ð1 2 kea0Þ; ð1Þ

where a is the slope angle (degrees); a0 is an average

slope angle (a0 ¼ 7.58); ke is a coefficient dependent

on the aspect (for northern aspect ke ¼ 20.01, for

eastern aspect ke ¼ 0.002; for southern aspect

ke ¼ 0.005, and for western aspect ke ¼ 20.003

(Romanova, 1971)).

3. Model of the spatial distribution of soil moisture

related to relief

The general regularity of the wetness coefficient

values changing in accordance with the slope

profile shape, slope aspect, distance from the divide

(Table 1) and slope gradient (1) facilitate the

computer-assisted mapping of soil moisture on

the basis of GIS technology. To their end,

the dependence of the wetness coefficient on

determining factors needs to be approximated by

functions.

Given the periodicity in soil moisture

dependence on aspect a trigonometric (Fourier)

series are the best for this purpose (Korn and Korn,

1968)

f ðxÞ ¼
a0

2
þ

X1
n¼1

ðan cos nx þ bn sin nxÞ; ð2Þ

where f ðxÞ is some periodic function of x; an; bn

are the coefficients of the series which can be

determined from the formula of Euler–Fourier;

a0=2 is the absolute term.

By applying Eq. (2) to the data in Table 1, the

following analytical model of the wetness coefficient

KW of an active soil layer is obtained. For slopes of

straight and concave shapes the dependence of the

wetness coefficient on the distance from the divide

and aspect is obtained as

KW ¼ ða þ 0:16 cos A þ 0:09 sin AÞKa; ð3Þ

a¼

120:2ðl=lmaxÞ
0:5
; if 0, l=lmax #0:167;

0:77þ0:43ðl=lmaxÞ
1:47

; if 0:167, l=lmax #0:833;

0:77þ0:70ðl=lmaxÞ
4:0
; if 0:833, l=lmax #1:0;

8>><
>>:

ð4Þ

where KW is the wetness coefficient (dimensionless); l

is the distance from the divide (m); lmax is the overall

length of a slope (m); A is the slope aspect (degrees).

The average error of approximation of the data in

Table 1 by the model (3) and (4) for straight and

concave slopes is ^0.05 or ^4.9% of the average

wetness coefficient KW value.

For slopes of convex shape an analytical model of

the following type is obtained:

KW ¼ðbþ0:14cosAþ0:10sinA20:02cos2AÞKa; ð5Þ

b¼
1:0420:22ðl=lmaxÞ

0:93
; if0,l=lmax#0:833

0:86þ18:0ðl=lmax20:833Þ2:0;if0:833,l=lmax#1:0:

(

ð6Þ

The average error of approximation of the data

presented in Table 1 by the model (5) and (6) for the

convex slopes is ^0.04 or ^3.8% of the average

wetness coefficient KW value.

4. GIS realization of the model

From the dependencies (1), (3)–(6) it follows that

a set of initial data that one needs for solving the task

of spatial distribution of soil moisture content

modelling on a slope or in a small catchment is

limited to the information contained in a digital

elevation model (DEM) of the territory. Based on GIS

technology maps of the spatial distribution of all

parameters of the model, such as relief form, aspect,

slope, slope profile shape, slope length and distance

from the divide can be generated.

We used the PCRaster GIS package (PCRaster

manual, 1998; Burrough and McDonnel, 1998) to

perform the following operations:

† construction of a local drainage direction map

using the lddcreate operator;
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† construction of an upstream elements map, every

cell of which contains the upslope contributing

area using the accuflux operator;

† construction of a hydrographic network map as

the sequence of cells with watershed area

exceeding some threshold value (40,000 –

60,000 m2 for the conditions of the studied

area), using the if operator;

† construction of a map of aspect using the aspect

operator;

† construction of the relative length of slopes

ðl=lmaxÞ map using the spread and spreadzone

operators;

† construction of longitudinal curvature of slopes

map using the profcurv operator and the

selection of sites with (a) convex and (b)

straight or concave slope shapes using the

windowaverage and if operators,

† construction of the wetness coefficient KW map

using the if operator and

† construction of a soil moisture content map in

absolute values (mm or %) by multiplying

the KW coefficient map and measured values of

soil moisture content of the upper soil layer at

the meteorological station or stations situated in

the given domain (on a ‘flat surface’).

5. Model testing and discussion

The model was tested using soil moisture measure-

ments made by the staff of Boguslav Field Exper-

imental Hydrological Base, Kiev region of

Ukraine (Fig. 1) during 1981–1987 in the small

experimental catchments Ploskiy with the drainage

area of 0.08 km2, Pridorozniy with the drainage area

of 0.42 km2 and Lesnichiy with the drainage area

of 0.20 km2. The Ploskiy and Pridorozniy catchments

are sloping watersheds without expressed thalwegs

and in general have northern aspects ranging in some

sites from north-western to north-eastern. The average

surface slope of these catchments are 2.47 and 2.27%,

respectively (Materials, 1980–1989). The Lesnichiy

catchment is characterized by a dense and deep

Fig. 1. Location of the study area.
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drainage net and much greater slope angles and

considerably greater aspect range which is larger than

in the first two catchments. The average slope of this

catchment is equal to 16.9%, the maximum slope is

more than 50%. North-Eastern, North-Western,

South-Western and South-Eastern aspects prevail.

DEMs of the experimental catchments used for

computer simulation are created with the help of

large-scale topographical maps with the spacing of

contourlines ranging from 0.2 (for the Ploskiy

catchment) to 1.0 m (for the Lesnichiy and Pridor-

ozniy catchments). For the generation of the DEMs

we used elevations of topographical surface for the

Ploskiy catchment in 3108 points, for the Lesnichiy

catchment—?pproximately in 7000 points and for the

Pridorozniy catchment—in 506 points. The DEM for

the Lesnichiy catchment was constructed as a part of

DEM for the Lesnaya-2 catchment (see Fig. 1). The

Lesnaya-2 catchment has the soil, geomorphological

and vegetative conditions identical with the Lesnichiy

catchment, but the drainage area is approximately

three times larger (0.57 km2). Because of this, it was

used for numerous experiments on modelling the

spatial distribution of soil moisture content. For

generating the DEM of the Lesnaya-2 catchment we

used spot elevations at 20,634 points. The spatial

interpolation of points values was done by ordinary

kriging procedure (Burrough and McDonnel, 1998)

using a package of geostatistical analysis and model-

ling (Gstat, Pebesma and Wesseling, 1998). The

accuracy of the DEMs was estimated by comparison

of heights of the topographical surfaces derived from

the topographical maps at digitizing points, and the

calculated values of the appropriate cells of the DEMs.

Standard deviations of the errors for the Ploskiy

catchment are 0.012 m, for the Lesnaya-2 catchment,

0.103 m, and for the Pridorozniy catchment, 0.116 m.

The size of a raster cell of the DEMs are 5 £ 5 m for

the Ploskiy and the Pridorozniy catchments and

4 £ 4 m for the Lesnaya-2 and the Lesnichiy catch-

ments (Fig. 2).

The soil cover of the experimental catchments is

leached chernozem (in the Pridorozniy catchment),

podzolised dark-grey forest (in the Ploskiy catchment)

and podzolised grey forest (in the Lesnichiy catch-

ment), eroded to varying degrees on loess with silt-

loamy texture. The depth to the groundwater table in

the investigated catchments during the summer season

is 20–25 m on divides and 10–15 m in the gullies.

The catchments are covered by a single type of

vegetation and that is why the soil moisture

distribution is caused by relief only. The soils of the

Ploskiy and Pridorozniy catchments are ploughed and

used for agricultural crop cultivation (winter wheat,

corn, sugar beet and others) in crop rotations. These

catchments from top to bottom are within one crop

rotation field. The Lesnichiy catchment is completely

covered by planted deciduous forest of about a

hundred years age weighting.

The soil sampling for moisture content determi-

nation in the Ploskiy catchment area was done at 10

points, in the Pridorozniy catchment, at 8 points and in

the Lesnichiy catchment, at 20 points more or less

equally distributed within the catchments areas. The

soil moisture content was determined by the thermo-

static-weighting method. The soil samplings were

done twice a season up to the depth of 1 m; in the

upper 10 cm layer at 5 cm intervals and in the lower

layers, at 10 cm intervals in four replics at each point.

Based on these data, long term seasonal average

values of the moisture content in the upper 50 cm soil

layer were calculated for each point. Then the

corresponding wetness coefficient ðKW Þ values were

calculated which were used in the further analysis. As

the soil moisture content on a ‘flat surface’ for the

Ploskiy and Pridorozniy catchments we used the soil

moisture content at the points situated near the divides

with very small surface slopes (one point for every

catchments). In the Lesnichiy catchment we used the

average soil moisture content value for 5 points

situated either on the divide or nearby it. The analysis

of the results showed that the KW values determined

from seven years of observations for each catchment

correlate well with the amplitude of surface aspect

variations of the catchments. This is not surprising

because the surface aspect is one of the main factors

determining the spatial distribution of soil moisture

content. The surface aspects of the Ploskiy and

Pridorozniy catchments are similar (Northern) and

the wetness coefficients range from 0.90 to 1.07

(spatial coefficient of variation Cv of the KW is 3.2 and

3.7%, respectively). The surface of the Lesnichiy

catchment has slopes with both northern and southern

aspects. Because of this the KW coefficient ranges here

from 0.84 to 1.24 and spatial coefficient of variation

Cv is 12.6%.
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The results of the model application to the given

catchments showed that for all of them Eqs. (1), (3)–

(6) for the moisture content in the upper 50 cm soil

layer fit the field data. Fig. 3 shows values of

the wetness coefficient KW for the experimental

catchments Ploskiy, Pridoroznyi and Lesnichiy.

Root-mean-square error of estimated ?W values for

all 38 points of soil moisture content is ^0.073 or

7.2% of the average value of the wetness coefficient

(which equals 1.02). The distribution of errors is the

following: in 21 points (55.3% of total quantity)

the errors do not exceed ^5%; in 32 points (84.2%)

the errors do not exceed 10% and in 37 points (97.4%)

the errors do not exceed 15%. The greatest difference

between the computed KW values and the measured

ones is 20.2%. The ratio of the root-mean-square error

of the estimation ðSÞ and the standard deviation of the

KW values ðsÞ for the considered data set equals 0.70.

The ratio is used as a quality criterion of forecasting

techniques in the practice of hydrological forecasts

(Befany and Kalynin, 1983). It allows to evaluate the

accuracy of the model as satisfactory

(0.50 , S=s # 0.80).

In the produced map as well as in the evaluation

of accuracy given above we accounted for changes

of the profile shape along the slope length. An

Fig. 2. DEM with contour lines and measurement points (a), aspect (b), gradient (c) and longitudinal profile curvature (d) maps for the Lesnaya-

2 catchment.
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attempt to estimate the spatial soil moisture

distribution on the whole slope using either Eqs.

(1), (3) and (4) (i.e. considering the whole slope as

straight or concave) or Eqs. (1), (5) and (6) (the

whole slope is convex) led to a considerable

decrease in accuracy. The reason is the fact, that

as a rule, in nature there are no slopes with

‘straight’, ‘concave’ or ‘convex’ profile shapes over

the whole length of the slope. Even taking into

account only the general shape of the slope profile

(slope macro-shape) the most typical longitudinal

shape of slopes, at least in the regions under

consideration, is a complex one. As a rule, the

slopes have a convex shape in the upper part and

they have a concave shape in the lower part.

Because of this one must use different expressions

of the model: (3) and (4) or (5) and (6) for

different parts of one and the same slope according

to the character of its curvature. Besides, smaller

scale variations of the slope profile with a period

from a few to tens and even hundreds of meters are

often superimposed on a slope macro-shape (Sve-

tlitchnyi, 1991, 1995). This causes a repeated

change of the character of curvature of a slope

profile over its length. For this reason, a model of

soil moisture spatial distribution must have the

ability to consider all these fundamental features of

slope morphometry.

In the model developed here the longitudinal slope

profile shape is accounted for by the PCRaster

package profcurv operator, which can calculate

curvature of the slope surface and its sign for each

raster cell. With the use of the conditional operator if

and a threshold curvature value, the magnitude of

which was determined empirically in accordance with

cell size, each cell is classified into a slope profile

type: (a) straight or concave; (b) convex.

Fig. 4 shows the computed map of the spatial

distribution of the wetness coefficient KW the

Lesnaya-2 catchment with the drainage area of

0.57 km2, which includes the Lesnichiy catchment

as a part. It is obvious that the spatial distribution

of soil moisture content within this rather small

experimental catchment area is characterized by a

significant difference. The peculiarities of this

difference within the catchments Ploskiy and

Pridorozniy on one hand, and Lesnaya-2 on the

other hand, are rather significant. Even without

taking into account areas with extreme values of

the wetness coefficient which occupy less than 5%

of catchments area, the KW values for the Ploskiy

and the Pridoroznyi catchments range from 0.8–0.9

to 1.2–1.3. The part of the catchment area with KW

values of 1.0 ^ 0.10 makes up 60%, and the part

of the catchment area with KW values of 1.0 ^ 0.20

makes up 90–95% of the total catchment area. In

Fig. 3. Measured and simulated the wetness coefficient KW values.
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the Lesnaya-2 catchment the range of KW values

(disregarding the extreme values within the area of

distribution less 5%) is much greater and equals

0.61–1.30. The part of the Lesnaya-2 catchment

with KW values of 1.0 ^ 0.10 makes up only 38%

of all the area. At the same time, the part of the

Lesnaya-2 catchment with the KW values of

1.0 ^ 0.20 makes up about 70%. In 19% of the

catchment area the KW coefficient is 0.6–0.8 and in

about 10% of the catchment area it is 1.2–1.7.

The geostatistical analysis of the estimated

spatial pattern of the soil moisture in the exper-

imental catchments Pridoroznyi and Lesnaya-2

carried out using the Gstat package confirms the

results of researches of spatial structure of the soil

moisture distribution during the dry summer period

by Western et al. (1998). The researches were

executed on the basis of detailed field measure-

ments (at 500–2000 points) of spatial soil moisture

pattern in the 10.5 ha Tarrawarra catchment in

temperate south-eastern Australia. Exponential var-

iogram models fit the sample variograms closely

and correlation lengths are 50–60 m both for the

Tarrawarra catchment, and for the Pridoroznyi and

Lesnaya-2 catchments. But for the Ploskyi catch-

ment spatial structure of the estimated soil moisture

distribution has other character. The experimental

variogramm has no the expressed sill and it is in

the best way described by gaussian model. From

here the conclusion that the spatial structure of soil

moisture distribution on slopes and in small

catchments may be various. This conclusion proves

to be true by the curves of spatial soil moisture

distribution in the experimental catchments (Fig. 5)

constructed on the basis of the estimated spatial

soil moisture patterns. They can be represented by

a double parabolic curve. The similar conclusion

concerning the form of the curve of spatial

distribution of soil moisture capacity over the

catchment is received by Jayawardena and Zhou

(2000) on the basis of numerical experiments with

the runoff generation model. However, parameters

of these curves as it is follows from Fig. 5 vary

depending on spatial distribution of aspects,

gradients, profile and plan slope curvatures in the

catchments.

The statistical parameter values of the estimated

distribution of the wetness coefficient KW within

Fig. 4. Simulated map of spatial soil moisture distribution (in terms

of values of the KW coefficient) in the Lesnaya-2 catchment for the

summer season.

Table 2

Statistical parameters of simulated spatial distribution of the

wetness coefficient KW for the experimental catchments (dimen-

sionless)

Catchment Drainage

area, km2

Average

value

Standard

deviation

Coefficient of

variation

Ploskiy 0.08 1.09 0.098 0.090

Pridoroznyi 0.42 0.96 0.117 0.122

Lesnaya-2 0.57 0.97 0.187 0.193

Fig. 5. Spatial soil moisture distribution curves for the experimental

catchments.
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the experimental Ploskiy, Pridorozniy and Lesnaya-

2 catchments are given in Table 2.

6. Conclusions

The analysis of the spatial distribution of soil

moisture showed significant variability even within

small plane catchments. The coefficient of variation

Cv of soil moisture for the experimental catchments

examined here is 0.09–0.19. There is only 40–60%

of the area within the limits of a 10% deviation

from the content of a soil moisture measured on a

flat surface. In the remaining part of the

catchment areas, the moisture content in the topsoil

layer ranges over wide limits. In the upper part

of straight and concave slopes and in the lower part

of convex slopes of south and south-west

aspects the relative wetness coefficient is 0.6–

0.7, on the foot of slopes of north and east

aspects, regardless of their profile shape, it reaches

1.5–1.6.

Spatial distribution of soil moisture over catch-

ments can be described by a double parabolic curves.

But parameters of these curves significantly vary

depending on slope morphometry of the catchments—

first of all on spatial distribution of aspects, gradients,

profile and plan slope curvatures.

The researches presented here showed that

the estimation of the soil moisture spatial distri-

bution as a function of terrain characteristics

using opportunities of the GIS technology is

promising.
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