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INTRODUCTION

The soil moisture represents an important variable on which a question
is often addressed in many water management problems. The water storage
in the upper soil layers is of great importance for sustaining and restoring
natural forests, wetlands or meadows ecosystems. Soil moisture content
considered as hydrologic variable represents water retention in top soil
layers. The importace of this variable is that it can limit or enhance species
richeness throughout water availability. Especially for wetlands and for-
ests, water conditions constituate a basis for its functioning.

The undertaken” study has been carried out in order to estimate current
wetness conditions in the Lasica catchment, Poland. Its considerable part is
situated within the boundaries of the Kampinos National Park. This fact
implies enhanced needs of environmental policies for protection and inte-
grated management of remaining quasi-natural environments. In this con-
text water management, including management of water resources in the
upper soil layers, should meet requirements imposed by different ecosys-
tems.

Soil moisture measurements have been conducted by the Time-Domain-
Reflectometry (TDR) meter in Spring, Summer and Fall seasons of 1995,
1996 and 1997. Collected soil moisture data have been used to determine
water storage in the upper 0-10 cm, 0-50 cm and 0-100 cm soil layers, both
for each selected measurement site and for the entire catchment on average.

Undertaken research provides valuable information on the current wet-
ness conditions and their variability within hydrologic year. The obtained
values of water storage have been checked for their interdependancies;
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relations between the water storage in the 0-10 ¢cm, 0-50 ¢cm and 0-100 cm
layers have been established for the entire catchment.

Field measurements taken by TDR method are conducted within the
Lasica catchment for the first time. Results are of great importace in detect-
ing available catchment water resources in the top soil layers. This re-
search supports current efforts to control and manage water resources in
the region. The continuing collection of data and investigations are still
required for further developments.

THE IMPORTANCE OF THE SOIL MOISTURE ESTIMATES

Estimates of soil moisture content in the root zone or in the top metre is
important for many hydrologic applications. Frequently, estimates of soil
moisture content are incorporated in a comprehensive catchment models
that can be used as analytical tool for planning and management of water
resources. The hydrologic models use parameters to represent catchment as
a whole, whereas data on catchment characteristics are collected at a num-
ber of field locations. Thus point measurements should represent different
soil conditions due to its spatial variability.

Hydrological processes within a catchment are very complex due to their
dynamics and heterogeneity. Flow generation processes are highly depen-
dent on the wetness conditions in a catchment. It is impossible to incororate
all detected heterogeneity of catchment physical characteristics in a rela-
tively simple, single parameters. However in order to attempt to capture
these complex processes, the need for single, collective measure exists. In
practice catchment wetness conditions can be approached by the single
index which represents the weighted mean value of water stored in the
catchment soil mantle.

There are several recent field studies reported in the literature in which
TDR technique or other traditional methods are used to determine the
volumetric soil moisture content in the field (Goyal et all, 1996; Nyberg,
1996; Ragab, 1995; Vissers, Sanden, 1993). Such field studies are still of
great importance in order to provide reliable and direct estimates of the soil
moisture content from which catchment wetness conditions can be derived.

GENERAL CHARACTERISTICS OF THE STUDY REGION

The area chosen for studies is Lasica catchment of approximately 500
sq.km. It is situated in the central region of Poland, on the Mazovian Lowland.
The most important characteristics of the study region are the following:

1. The elevations in the catchment are within the range 65—-110 m above
see level. Contrasts in elevations are due to appearance of flat areas sepa-
rated by the zones of dunes forming latitude series.
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2. In the past this was a wild area famous for its natural wetlands.
Characteristically distinct features of the nature of the Kampinos Wood are
complexes of inland wooded dunes and parallel peat bogs.

3. Original hydrographic structure has been changed considerable by
the creation of artificial drainage systems stimulating outflow from natu-
rally flat areas identified with wetlands. Drainage system was designed in
order to intensify agricultural production before the area gained protection
status. It has caused the process of wetland drainage and changes in land
use from natural character towards arable fields and grassland.

4. Most of the area is covered by podsol and peaty soils and only the
south part of the catchment is formed by brown soils. General direction of
shallow groundwater flows coincides with the surface slopes.

5. The region requires special attention. Determination of optimal con-
ditions for existing and renaturized ecosystems is required.

FIELD MEASUREMENTS OF THE SOIL MOISTURE

The soil water content in a particular soil layer is dependent on several
factors. However the main sinks for soil water are percolation to the satu-
rated zone during the winter season and evapotranspiration during the
summer season (Nyberg, 1996).

In order to estimate wetness conditions in the entire catchment, repre-
sentative measurements sites have been chosen based on the hydrogeologic
features of the Lasica catchment (Kazimierski, 1996). The chosen sites are
situated within two types of distinquished zones of different regimes. Wet
zones that appeare within flat areas are characterized by relatively shallow
groundwater table, hydromorphic soils and insignificant influence of precip-
itation on the groundwater table. As the groundwater table in the recent 30
years has been decreased in the entire catchment, these conditions in wet
zones are often disturbed. Within dry zones the groundwater table is found
at greater depths. In these zones the infiltration is the main source for soil
water content.

Conventional laboratory procedures for water content measurements are
often slow and time consuming. Alternative solution for soil moisture mea-
surements is an application of moisture meter working with the method of
Time-Domain-Reflectometry. The TDR method has become a standard that
is applied in a number of field equipment offered by, among others, TRIME-
System, TRASE System or EASY TEST. This techniques realizes a quasi-si-
multaneous measurements being taken directly in the field. It requires no
preparation of the soil sample, no drying with long waiting period and no
errors by taking the samples. Principle of the TDR is that there is a unique
relation between the volumetric water content and the dielectric constant
for soils.

Field Operated Meter (FOM) produced by Easy Test, Poland (1995) was



90 URSZULA SOMOROWSKA

used for determination of soil moistures in the field. FOM is a TDR technol-
ogy based, portable, battery operated, microprocessor controlled device de-
signed for in situ field measurements of soil moisture, temperature and
salinity from the same probe. It is designated for periodic measurements at
random or fixed location where these characteristics are to be determinated
by readings taken at various levels of the soil profile. It utilizes the FP/mts-
type probes.

Field measurements have been conducted at three transects (Fig. 1).
Chosen measurement sites are located within wet and dry zones and repre-
sents two main types of hydrogeologic regime (Kazimierski, 1996).
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Fig. 1. Location of measurement sites in the Lasica catchment, Poland.

Soil moisture measurements have been conducted at different depths
reaching the first found saturated layer. Soil drillings are of different
depth, from 50 cm in case of lowland locations, to 200 cm in case of deeper
appearance of saturated layers. In the further considerations sites with
shallow groundwater table are considered as "wet sites", the others — as
"dry sites".

CATCHMENT WETNESS CONDITIONS — RESULTS AND DISCUSSION

From the soil moisture data, water storage for the 0-10 cm, 0-50 cm and
0-100 cm layers has been derived for each measurement site and for the entire
catchment on average. Changes in time of catchment water storage during
observation period of 24-months have been shown at Fig. 2 and Table 1.

Analysing the seasonal variability of water storage in the considered top
soil layers, the following general tendencies have been observed:

1. After winter season, in spring, water content is often found at maxi-
mum level.
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Table 1
Changes of Water Storage in the Soil Layer of 1 m depth for the entire
Increase (+) or decrease (-) in water storage (mm)
. Period
Sites 04.95- | 07.95- | 11.95- | 05.96- | 08.96— | 11.96-
-6.95 -10.95 -04.96 -07.96 -10.96 04.97
The entire catchment —45 +30 +18 -36 -21 +38
Wet sites —44 +32 +13 -55 -16 +41
Dry sites -46 +27 +24 =17 -27 +35

Water storage (mm) Water storage (mm)

Water storage (mm)

Average values for the entire catchment
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Fig. 2. Changes in Time of Water Storage in the 0-10 ¢cm, 0-50 cm and 0-100 cm soil layers
during observation period 24 months.
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2. During Spring—Summer season a considerable decrease in soil mois-
ture content and water storage is observed that leeds to appearance of the
lowest moisture content at the end of Summer and beginning of Fall sea-
sons. After that, during late Fall and Winter, due to increase in precipita-
tion and decrease in evapotranspiration, soil moisture content and
corresponding water storage increase gradually. These tendencies are ob-
served at all selected sites, considered separately as well as considered on
average for "wet sites", "dry sites" as well as for the whole catchment on
average.

Besides seasonal changes in water storage, there are differences in
water storage between particular years. Comparison of the wetness condi-
tions found in Spring 1995, 1996 and 1997 has shown considerable differ-
ences. The water storage values are presented in Table 2. The lowest values
of spring water storage have appeared in 1997. This has to be considered as
a consequence of relatively low water storages that have been detected in
Fall 1996. As a result, water storage in wet sites has appeared to be rela-
tively sensible for the antecedent moisture conditions as it remains rela-
tively low in the upper 50 cm and 100 cm layers in Spring 1997. Decrease in
water storage during Spring— Summer season 1997 starts from relatively
low water storage, that is 30-40 mm lower than storages during other two
Spring seasons.

Table 2
Comparison of spring wetness conditions found in 1995, 1996 and 1997
The entire catchment Wet sites
Water storage in: 0.1m 0.5m 1.0m 0.1m 0.5m 1.0m
Spring 1995 31 136 278 46 192 370
Spring 1996 34 144 281 47 193 371
Spring 1997 30 130 261 43 171 340

Relationships between the water storage in the upper 10, 50 and 100 cm
layers have been investigated and shown at Figure 3. The linear regression
equations have been used to evaluate interdependancies. The following re-
lationships have been investigated:

— the relationship between 0-10 ¢cm water storage and the water stor-
age of the 0-50 cm layer,

— the relationship between 0-10 cm water storage and the water stor-
age of the 0—-100 c¢m layer, and

— the relationship between 0-50 cm water storage and the water stor-
age of the 0-100 cm layer for the entire catchment, for the wet sites and dry
sites separately.

Strong coefficient of determination was obtained in case of the relation-
ship between 0-50 cm water storage and the water storage of the 0-100 cm
layer. As the regression of these layers shows a good linear fit, the potential
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exists for using the regression equations to compute 0-100 cm water stor-
age from the 0-50 cm. However extrapolation of these relations to other
situations needs careful consideration, as the number of correlated events is
small.

The relationship between the water storage
in the 0-10 and 0-50 cm layer
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Fig. 3. The relationship between the water storage in the 0-10 ¢cm, 0—50 cm and 0-100 cm soil
layers.

The possibility of estimating water storage of the (0-50 c¢cm) layer from
the storage of (0-10 cm) in light of currently collected data is limited.
Therefore further collection of data has been planned to establish a reliable
relationship with reasonable coefficient of determination.
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CONCLUSIONS

The undertaken studies provide ground truth information on soil mois-
ture content and water storage in the top soil layers within the Lasica
catchment. Variability range of current wetness conditions has been de-
tected based on field measurements conducted in different seasons of hydro-
logic year. The obtained results represent wetness conditions found in the
catchment where signifficant part of the area is covered by relatively wet
and flat areas. This has direct effect in the water storage found in the upper
soil mantle. Comparing these results on a catchment scale to the values
obtained for other lowland catchment by Jaworski, Mynarczyk (1976), the
water storage as weighted mean value is here relatively higher.

The results presented here is an attempt to extrapolate surface informa-
tion on soil moisture to subsurface moisture contents. The subsurface 0-
100 ecm water storage can be obtained from the surface 0-50 cm water
storage layer as the dependancy has shown a good linear fit with strong
coefficient of determination. The obtained interdependancies between the
soil moisture of the 0-10 cm and the 0-50 cm water storage are similar to
those presented by Ragab (1995), however the regression coefficients in this
study have shown weaker correlation.

The research described here is a step towards identification of catch-
ment wetness conditions on a regional level. Further collection of ground
truth data of surface and subsurface moisture contents are required for the
spatial distribution of soil at a regional scale.
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