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MODELLING UNCONFINED AQUIFER LEVEL
REDUCTIONS IN THE AREA BETWEEN THE DANUBE
AND TISZA RIVERS IN HUNGARY

JOZSEF SZILAGYI AND CHARLES VOROSMARTY

The area between the Danube and Tisza Rivers (approximately
15,000 km?) is the recharge area of a large regional aquifer. Begin-
ning in the early 1970's lower ground water levels (1-3 m drop by
1992) in unconfined aquifers and reduced total hydraulic head in con-
fined aquifers were observed. To test the possible mechanisms respon-
sible for regional-scale reductions in the unconfined groundwater levels,
a coupled, distributed-parameter Water-Balance/Groundwater Model
was developed and the following model results were obtained: (1) Re-
forestation, reduction in precipitation and its unfavorable distribution
throughout the year during the period 1971-1992 caused an average
50-60 cm (i.e. 35%) decrease in the unconfined groundwater-table ele-
vation. (2) Up to 65% (i.e. an average 1-1.5 m) of the recorded uncon-
fined groundwater decline can be attributed to water extraction from
both the confined and unconfined aquifers plus hydrocarbon mining in
the southern part of the region.

KEY WORDS: Regional Scale Water-Balance, Distributed Hydrologic
Model, Groundwater.
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Oblast medzi riekami Dunaj a Tisza (priblizne 15 000 km?) je
oblastou dopliiovania velkej, regiondlnej zvodne. Zacinajic rokom 1970
bolo pozorované znizenie trovne hladin podzemych véd (zniZenie 1-3
m do roku 1992) a tiez zniZenie tlakovej vyiky v tlakovych horizontoch
zvodne. Navrhli sme matematicky model vodnej bilancie podzemnych
vid, aby sa dali posiidit mechanizmy spdsobujice znizenie rovni hladin
podzemnych vod v regidne. Ziskali sme tieto vysledky: 1. Zalesnenie,
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zniZenie dhrnov zrdzok a zmeny v ich rozdeleni po¢as roka v obdobi
1971-1992 spdsobili znizenie 50-60 cm hribky zvodne {30 %). 2. Az
65 % (t.j. ast 1-1,5 m) zniZenie hladiny podzemnej vody mdze byt
sposobené odherom vody a banskou éinnostou v juZnej ¢asti oblasti.

KLUCOVE SLOVA: vodna bilancia regiénu, rozélenenj hydrologicky
model podzemnych vod.

Introduction

The Danube—Tisza region in central Hungary, with an approximate
area of 15,000 km?, is a major agricultural area producing fruit, vegetables
and wine. Agriculture is the only income source for most of the region’s
800,000 inhabitants. Unfortunately, their livelihood has been jeopardized
in recent decades by changes in water availability due to the decline of the
unconfined groundwater levels (Fig. 1). Since the early 1970’s, groundwa-
ter levels declined steadily and in many parts of the area they are now
2-3 m, and in some locations 4-5 m below previous levels (Palfai, 1993).
In the central part of the region the head losses are more pronocunced, while
near the eastern and western boundaries of the region these declines are
less dramatic. The consequences of the groundwater decline are severe. The
number and extent of open water surfaces are shrinking year by year. Many
of the smallest ponds have become completely dry, as well as the majority
of wetlands (Palfai, 1993). Many fish ponds that once produced a large
quantity of freshwater fish for human consumption have been eliminated.
The nature reserve areas around wetlands, unique in Central-Europe, are
in extreme danger and it is doubtful whether they can sustain their original
ecosystems.

Hundreds of dug-out wells scattered over the region are running dry,
thus restricting water use for agriculture. The recent decline in unconfined
groundwater reserves has been accompanied by a substantial decline in to-
tal hydraulic head in the underlying confined aquifers. The extent of this
decline is over 20 m in approximately 30% of the region and reaches more
than 25 m in some places. So severe is the effect that former artesian wells
currently need mechanical pumps to bring the water to the surface (Major
— Neppel, 1988). To further complicate the picture, Hungary was hit by se-
vere droughts in the past decade, which accelerated the recession of ground-
water in the study area and caused unprecedented losses in agricultural pro-
duction. The loss resulting from the drop in agricultural production reached
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Fig. 1. The areal distribution ol the unconfined groundwater decline during the period

1971-1992 (Alier Palfai, 1993).
Obr. 1. Rozdelenie zniZenia hladin podzemnych véd v rokoch 1971-1992 podla Pdlfaia

(1993). C menej ako 1 m, &= viac ako 3 m.

5 billion forints ($50 million US) in 1992 alone. A drought of the same mag-
nitude occurred in 1983 as well. Palfai (1993) estimates the total loss in the
past decade at around 20 billion forints ($200 million US).

If the recent trend continues, major social tensions are likely to de-
velop among the people inhabiting the Danube—Tisza region and potential
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migration of the population to other already densely-populated parts of the
country can be expected (Palfai, 1993).

Study-site description

The study area is bordered on the north by the Tapio River, a tributary
of the Tisza River, on the west by the Danube, on the east by the Tisza,
a tributary of the Danube and on south by the border of Hungary with
Serbia (Fig. 1).

The plateau between the Danube and the Tisza is higher by some 30
to 50 m than the flood plains of the two rivers. During the Pleistocene the
Danube crossed the region obliquely between the two present-day rivers,
in a braided pattern of branches characteristic of steppe rivers (Pecsi and
Sarfalvi, 1964). The frequently shifting branches deposited huge quantities
of gravel, sand and fine sediment. Most of the plateau is now covered with
windblown sand, blown out of the late Pleistocene alluvial fan of the Danube
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Fig. 2. Annual precipitation [mm] near the center {Kalocsa) of the Danube—Tisza region

for the period 1970-1992.
Obr. 2. Roéné thrny zraZok [mm| v blizkosti centra oblasti Dunaj - Tisza (KKalocsa) v

rokoch 1970-1992.
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and arranged in dunes by the winds of the Wurmian and early Holocene
(Pecsi, 1961; Pecsi and Sarfalvi, 1964; Stefanovits, 1981).

These sand layers contain the unconfined groundwater. An interesting
feature of these layers is the connection of the unconfined groundwater over
most of the region to the underlying confined aquifers. Because the aquitard
between the two aquifers is semi-permeable, this allows water to move be-
tween the two different aquifers. The sand and gravel layers underneath the
aquitard were deposited in the Pliocene or in earlier geological times.

Relevant previous research conducted in Hungary

Liebe (1990) suggested that the former water-balance of the area had
been disturbed by decreasing precipitation since 1970 (Fig. 2) and by the
seepage directed toward the confined aquifers due to excessive groundwater
extraction from those aquifers. Berenyi and Erdelyi (1990) concluded
that the main reason for the groundwater decline was excessive pumpage
from the deep, confined aquifers (Fig. 3). Major (1990), and Major and
Neppel (1988) stated that the intensive reforestation typical for the entire
Danube—Tisza region since 1935 to date, could itself result in groundwater
decline at least locally underneath the reforested areas (Fig. 4).

Major and Neppel (1988) concluded: the combined meteorological
(decreasing precipitation since 1970) and reforestation influences cannot
solely be responsible for the observed lower groundwater levels. The de-
cline is induced by at least three simultaneous factors (with decreasing im-
portance): large-scale exploitation of groundwater from confined reserves,
climatic variations and reforestation.

In contrast, Palfai (1992), using factor analysis results, concluded that
the relative importance of the different factors contributing to the decline of
the unconfined groundwater levels are as follows: climatic variations (50%),
confined groundwater extraction (25%), reforestation and other changes in
land use (10%), drainage channels (7%), unconfined ground water extrac-
tion (6%), petroleum, natural gas production, and other factors combined
(2%).

This discrepancy between the two hypotheses is the basis for this
study. The objective is to determine whether changes in precipitation pat-
terns and newly grown forests are the greatest contributors to the decline
(Palfai 1992), or whether confined groundwater extraction is most impor-
tant (Major and Neppel, 1988; Berenyi and Erdelyi, 1990).
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Fig. 3. Estimated total annual amounts (million m®) of groundwater extracted from the
Danube—Tisza region in the period 1950-1992 (After Palfai, 1993).

Obr. 3. Celkové mnozstvo vody [mil.mﬂ] odobraté z podzemnych vdd oblasti Dunaj —
Tisza v rokoch 1950-1992 (podla Palfaia, 1993).

Description of the Water-Balance/Groundwater Model
(WB/GWM)

A coupled Water-Balance/Groundwater Model was constructed to in-
vestigate the effects of the following factors on the groundwater system
in the Danube—Tisza region: reforestation, climatic variability, confined
and unconfined groundwater extraction including the effects of hydrocar-
bon production.

The Water-Balance Model component was originally developed by
Vorosmarty (Vorosmarty et al., 1989) and modified by Szilagyi and Voros-
marty (Szilagyi and Vorosmarty, 1993). The modified model works on
a grid of cells with an equal size of several kilometers each. It transforms
spatially complex data on climate, vegetation, and soils into monthly pre-
dictions of soil moisture, evapotranspiration and runoff. Due to the high
permeabilities of the soil as well as minor topographic relief over the re-
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Fig. 4. Changes in the extent of forested areas during the period 1935-1970 (After Major
and Neppel, 1988).
Obr. 4. Zmena lesnatosti v obdobi rokov 1953-1970 (podla Majora a Neppela, 1988).

gion, total runoff from each cell can effectively be treated as recharge to the
unconfined aquifers in each month.

The Groundwater submodel, developed by Szilagyi and Vorosmarty
(Szilagyiand Vorosmarty, 1993), driven by the monthly recharges from
the WBM, predicts the mean monthly elevation of the groundwater table
for each cell over time. It is based on a 2-dimensional network of the trans-
missivity equations constrained by open-water boundaries representing the
Danube and Tisza Rivers.

The Water-Balance Model

Input data to the WBM include monthly sums of precipitation and
radiation, monthly averages of temperature, vegetation cover, and soil type
for each prid cell. Approximately 4000 grid cells (2.25 by 2.25 km each)
cover the entire Danube—Tisza region. For every cell an independent water-
balance is calculated for each month. The model makes predictions for the
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potential evapotranspiration (PET), evapotranspiration, soil moisture con-
tent, and runoff which is considered as recharge to the unconfined ground-
water compartment in each cell. The water-accounting procedure follows
the techniques developed by Thornthwaite and Mather (1957).

Soil moisture is calculated from interactions among rainfall, snowmelt
recharge and PET (Vorosmarty, 1991). In the case of the Danube—Tisza
region, due to its mild climate, snowcover is unimportant.

During wet months, when rain is in excess of PET, soil moisture can in-
crease up to a maximumn field capacity determined by soil texture and root-
ing depths. During dry months, when precipitation is exceeded by PET, soil
moisture becomes a function of potential water loss. The relevant equations
for soil moisture calculations applied in the model are as follows:

d(SM)

— = P B it P> PET, SM < FC, (1)
@ =0, if P> PET, SM =FC, (2)
% =-a-SM.(PET -P), ifP < PET, (3)

where SM is soil moisture [mm], P — precipitation [mm month~!], PET -
potential evapotranspiration [mm month—l], ET - estimated actual evapo-
transpiration [mm month™!], FC - soil field capacity [mm| and a is the
slope of the moisture-retention function [mm™1!].

PET is calculated the following way (Jensen and Haise, 1963):

PET =0.016742- R - (0.014- (1.8 - T+ 32) — 0.37), (4)

where R is incident solar radiation [cal cm_lda.y"“l], T — temperature [Cel-
sius] and PET is potential evapotranspiration [mm day_l].
The value of o can be calculated as follows:

o In{FC)
“= {11282 FC)L2756

(5)

which is an empirical formula for the slope of the moisture-retention func-
tion. This formula allows the retention function to behave differently for
different types of soil.

Once soil moisture is determined, evapotranspiration is calculated. Fol-
lowing Thornthwaite and Mather, ET is set equal to PET in wet months,
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when the precipitation is greater or equivalent to PET. During these
months it is assumed that precipitation satisfies the water demands of the
vegetation. During dry months, when precipitation is less than PET, the
monthly sum of ET is calculated the following way:

ET = PET, if P> PET, (6)

d(SM)
dt

During wet months, when field capacity is attained and the evapotran-
spiration needs of the vegetation are satisfied, the surplus water seeps down
into the soil to appear as groundwater recharge. This assumption may be
reasonable because in the central part of the study region drainage chan-
nels are absent, changes in relief are small, and the sandy soil has high
conductivity.

Before applying the model, it first had to be brought into a dynamic
steady-state which was achieved by the application of the Simulated An-
nealing algorithm (Laarhoven and Aarts, 1987). During calibration the
long-term climatic averages for each month were used. When the model
reached steady state, the water-balance of the entire Danube — Tisza region
could be simulated as a transient time series using the dynamic steady state
for a starting point.

BT =P , if P < PET, (7)

The Groundwater Model

Once the groundwater-recharge values are determined by the Water-
Balance Model for each month at each grid cell location, groundwater dy-
namics can be calculated. The Groundwater Model calculates the move-
ment of groundwater within adjacent cells using a monthly time step and a
system of differential equations representing valid nodes. The basic consti-
tutive equation is called the transmissivity equation for a two-dimensional,
heterogeneous, isotropic medium (Wang and Anderson, 1982):

a . oh(z,y,t) d . oh(z,y,t)
—b]‘ Rl T 2 -
e [ X )IX(%,y)—*——am ] + a7 [b(l,y,t)ﬁ(l,y) 2 ]

Nl t (®)
== S('I,, y)'?(‘%y’)' - R(lalfat)a

where b is the thickness of the saturated zone above the aquitard [m], /v
— the saturated hydraulic conductivity [m s_l]; S — the storage coefficient
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[unitless]; R [m s™!] is the recharge to groundwater calculated by the Water-
Balance Model, h — the elevation of groundwater table above mean sea-
level in each cell [m], and 9, dy, and 9t are space and time derivatives,
respectively.

The Crank-Nicholson implicit finite-difference scheme was used for the
numerical integration of (8).

Application of the model

Data Requirements

For incident solar radiation, data measured at Budapest were applied
for each cell as input to the Water-Balance Model. For monthly average
temperatures and monthly precipitation there were four stations available
in the study area.

River gauging stations must also be relied upon for the modeling. For
the Tisza River and the Danube altogether 6 locations were chosen. By

The change of % forest cover of the
Dohube—Tiszd regian 1895-1992" (solid lind) ]
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Fig. 5. The estimated forest cover in percent of the iotal area of the Danube—Tisza
region for the period 1895-1992. The dashed line represents the values applied in the
Water-Balance/Groundwater Model.

Obr. 5. Zmena lesnatosti v percentdch celkovej plochy oblasti Dunaj — Tisza v rokoch
1895 1992. - - - hodnoty pouZité v modeli.
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allowing for water stage changes, the model was able to simulate a bilateral
communication between the rivers and groundwater in adjacent cells.

In Fig. 5 the percentage change of forested areas in terms of the total
area of the region can be seen for the period 1895 through 1992. Since 1910,
the area of forests grew from 8% to 21%. In the model two levels of forest
cover were applied, one low and one high. Up until 1970 an average 10%
forest coverage was used which was replaced by its high level (18%) value,
representing an average forest coverage for the period 1970-1992.

Some geological properties of the Danube—Tisza region are also im-
portant to consider. Measurements of thickness of the unconfined aquifer
were available at approximately 70 different locations scattered more or less
evenly over the entire study area. In order to assign a thickness value for
each cell the two-dimensional Thiessen-polygon interpolation technique was
used. After the interpolation a two-dimensional smoothing filter was applied
to eliminate sharp edges between adjacent polygons. The same Thiessen-
polygon technique and the filtering were applied to the following input data
sets: radiation, temperature, and precipitation.

The entire region is made up mostly of fine-to-coarse sand deposits,
for which the value of the storage coeflicient ranges between 23% and 28%
(Domenico and Schwartz, 1990). Silt lenses are scattered throughout
the area which will decrease the value of the storage coefficient. Thus a
value of 20% was used for each cell in the region.

For sedimentary layers typical of the region, the saturated hydraulic
conductivity values may range from 1078 to 1072 ms~!(Domenico and
Schwartz, 1990) with high spatial variability. In the absence of available
measured conductivities we relied upon the Simulated Annealing technique
for estimating spatially distributed values of the hydraulic conductivities by
the help of the observed groundwater-table elevation values (Fig. 6) for each
cell. The resulting distribution of the saturated hydraulic conductivities is
displayed in Fig. 7.

Model Results !

As mentioned earlier, climate variations, reforestation and confined
groundwater extraction were thought to be the three most important fac-
tors controlling changes in the groundwater system. According to Palfai
(1992), their combined effects account for up to 85% of the magnitude of the
observed groundwater decline. This assumption was tested by a step-wise
set of modeling experiments.
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Fig. 6. Measured groundwater-table eleva-
tions [m] above mean-sea level, 1970 (After
Ronai, 1961).

Obr. 6. Merané zvysenia hladin podzem-

nych véd [m], vyjadrené nadmorskymi
vyskami, 1970. (Podla Rénaia, 1961).
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Fig. 7. The areal distribution of the op-
timized saturated hydraulic conductivities
(107°% ms™?) for the Danube—Tisza region.
Obr. 7. Rozdelenie optimalizovanych hod-
nét nasytenych hydraulickych vodivosti
[107%m s7!] v danej oblasti.

Fig. 8. The model simulated decline [cm] in
groundwater levels due to observed climate
variations.

Obr. 8. Modelom vypoéitané zmeny firov-
ne hladin podzemnych véd [cm] v désledku
zmien klimy.

First, the effect of climate variations on the groundwater system was
modeled, leaving the forest cover at the relatively low level, typical of the
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Annual_recharges in the centre of the study area, 1951-1992 (mm)

=00 ) LA L NN L L B N I B A e e

L M 4

10— —

50

u,|p|<|],.l‘--+.x<|.lj| ..... r.PIJT‘quu;<||!I ..... IR

1950 1960 1870 1980 1880 2000

Fig. 9. Simulated annual recharges [mm] in the center of the study area, 1951-1992.
Obr. 9. Simulované roéné hodnoty dopliiovania podzemnych véd [mm| v centre oblasti
v rokoch 1951—1992.

1950’s. The resulting model response can be seen in Fig. 8. During the 22-
year period between 1971 and 1992 the model gives an overall decline in the
annual average groundwater-table elevations of about 40 cm. The cause of
this decline is the reduced recharge the area received after 1970, as is seen
in Fig. 9.

Comparing the modeled groundwater decline in Fig. 8 to the observed
decline in Fig. 1, there is no match at all, except in the area just south of
Budapest where lower than average water stages of the Danube occurred
over the past 22 years (Balint and Gauzer, 1994).

The next simulation step included reforestation. In Fig. 10 the model
response to climate variations with an 18% forest cover is displayed. It can
be seen that the reforested areas played a detectable role, at least locally,
in the groundwater decline.

In the third modeling step we added a groundwater extraction compo-
nent into the model. Based partly on hydro-geological model results con-
ducted at the Hungarian Research Center for Water Resources Development
(Davideszne, 1991), an annual value of 48 mm for the plateau region
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Fig. 10. The model simulated decline [cm]
in groundwater levels due to the observed
climatic variations and reforestation.

Obr. 10. Modelom urlené zniZenie hladin
podzemnych vad [cm] vyvolané zalesnenim
a zmenami klimy.

Fig. 11. The model simulated decline [cm]
in groundwater levels due to the observed
climatic variations, reforestation and con-
fined groundwater extraction (including
the effect of hydrocarbon mining).

Obr. 11. Modelom urfené zniZenie hladin

podzemnych véd [cm] vyvolané zmenami
klimy, zalesnenim a odberom podzemnych
vod (v&itane banskej Zinnosti).

as seepage and unconfined groundwater extraction combined, was applied.
Multiplying this figure with the area of the plateau region one obtains ap-
proximately 300 million mgyr—l total, as an immediate sink from the stand-
point of the unconfined groundwater. Part of this unconfined groundwater
loss is due to increased water pumpage (Fig. 3) from the confined aquifers
and the resulting seepage from the unconfined to the confined aquifers. The
resulting unconfined groundwater decline is further magnified by the effect
of petroleum and natural gas production primarily from the same confined
reserves. Only a small part of the reduction can be attributed to increased
groundwater extractions from the unconfined aquifer itself.

Although Palfai (1992) gave petroleum and natural gas production a
mere 2% weight in total groundwater reduction, the effects may be much
greater. As gas is withdrawn from the sedimentary layers shared with con-
fined groundwater reserves, pressure built up underneath the aquitard is
released, giving way to increased potential seepage of groundwater from
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the overlying unconfined reserves. It is important to mention again that the
petroleum and natural-gas production started in the late 1960’s and early
1970’s. That is why this sink for the unconfined groundwater could come
into. effect by the 1970’s.

Applying an annual 48 mm sink for the unconfined groundwater in
the plateau region since the 1970’s on top of the climatic variations and
reforestation produces a model response as depicted in Fig. 11. The decline
reaches an overall 1.5 m for the plateau region in the period 1971-1992.
When Fig. 11 is compared to Fig. 1, a favorable match is found.

For further verification of the model results, two locations (Kiskunmaj-
sa and Jaszkarajeno, see Fig. 1) were chosen where the observed well-log
data were compared with time series of groundwater elevations calculated
by the coupled model in corresponding grid cells for the period 1951-1992
(Fig. 12). Note that in Figures 12a) and 12b) the simulated effect of confined
groundwater extraction (including the effect of natural gas production) is
NOT included.

Kiskunmajsa in the central plateau region belongs to a zone with a
groundwater decline larger than 1 m in 1971-1992. At the same time at
Jaszkarajeno the decline was much less severe in the past 22 years. While
at Jaszkarajeno the observed changes can be explained by the modeled com-
bined effects of climatic variations and reforestation, at Kiskunmajsa these
mechanisms were insufficient (note the large discrepancy between measured
and simulated mean monthly unconfined groundwater levels after 1970) in
explaining for the large extent of unconfined groundwater decline. The ob-
served discrepancy for the central part of the Danube — Tisza region can only
be dissolved when accounting for the effects of deep groundwater pumpage
and hydrocarbon mining as was demonstrated in Fig. 11.

The reason that the well-log data express higher variability than the
simulated time series do is that they were measured at single points (wells),
while the model gives predictions for 2.25 by 2.25 km cells, thus some
smoothing is inevitable.

Summary

A coupled Water-Balance/Groundwater Model was employed for in-
vestigating the possible mechanisms resulting in an aerially and vertically
unprecedented unconfined groundwater decline observed in the Danube—
Tisza region in Hungary over the past 22 years. Fig. 13 displays the water-
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Fig. 12. Observed and simulated mean annual groundwater-table elevations ([m], above
an arbitrary datum): (a) Jaszkarajeno (b) Kiskunmajsa. The simulations do not include
the effect of confined groundwater extraction and hydrocarbon mining.

Obr. 12, Merané a simulované priemerné roéné zmeny polohy hladin podzemych vod
[m] nad zvolenou firovilou: a) Jaszkarajeno, b) Kiskunmajsa. Simulicie nezahffiajd vplyv
odberu podzemnych véd a banskej ¢innosti, — — — simulované (zmeny klimy a zalesnenie),
* roky, v ktorych chybaji merané hodnoty.
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Fig. 13. The model calculated water-balance components for the Danube - Tisza region
for the periods 1951-1970 and 1971-1992.

Obr. 13. Komponenty bilancie vody v oblasti Dunaj—Tisza vypocitané modelom pre
obdobia 1951-1970 a 1971-1992.

balance components of the Danube—Tisza region as calculated by the
model for two periods: 1951-1970 and 1971-1992.

The mean annual precipitation decreased by about 7% in the period
1971-1992 at the same time when lower than average groundwater levels
were reported in the area. Mean annual evapotranspiration values grew
from 511 mm to 537 mm mainly because of the observed reforestation.
The groundwater-table elevations in the period 1951-1970 experienced an
overall 37.4 cm increase due to favorable recharge conditions, but after 1971,
displayed an average 75.2 cm drop. This drop, in contrast to the 37.4 cm
increase in the preceding period, is not evenly distributed within the study
area. At the central plateau region it exceeds 1.5 m, while closer to the
western and eastern boundaries it is around 20-40 cm.

The mean annual value of groundwater seeping toward the Danube
and its tributary, the Tisza, is practically the same for both periods. Major
and Neppel (1988), based on tritium-content measurements in the 1970’s,
gave an estimate for this seepage, as 24 mm yr~1. The 29 mm yr~! value,
calculated by the coupled Water-Balance/Groundwater Model matches that
value.

Based on the model results the observed regional-scale unconfined
groundwater decline in the period 1971-1992 can be explained by the follow-
ing mechanisms with the percentage of the total change that is attributed
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to the particular mechanism in brackets: confined and unconfined ground-
water extraction plus petroleum and natural gas production (65%), climatic
variations (17%), reforestation (13%), other, not investigated sources (5%).

All these mean that without well planned and organized actions for
mitigating the problem we can hardly expect the unfavorable conditions in
the groundwater system of the region to change for the better. It is hoped
that this study has shed light to the main factors playing a role in the
region’s hydrology and doing so helps provide a scientific basis for sound
planning. Certainly, the present work cannot be considered as completely
satisfactory in all respects, but rather as a first approach in regional-scale,
physically-based, distributed-parameter modeling of the Danube — Tisza
area.
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MODELOVANIE ZNIZENIA HRUBKY ZVODNE V OBLASTI
MEDZI RIEKAMI DUNAJ A TISZA V MADARSKU

Jozsef Szildgyi, Charles Virdsmarty

Pocas uplynulych 22 rokov bolo pozorované v oblasti Dunaj — Tisza (Ma-
darsko) priestorovo mimoriadne zni¥enie hribky zvodnenej vrstvy. Na vysvetlenie
mechanizmov tohto javu sme pon#ili matematicky model vodnej bilancie podzem-
nych véd. Komponenty bilancie vody v oblasti Dunaj — Tisza boli vypoéitané pre
obdobia 1951-1970 a 1971-1992 (obr. 13).

Pocas rokov 1971-1992, kedy sa pozorovalo znizenie hladin podzemnych vdd,
priemerné zrdzkové uhrny sa znizili asi o 7 %. Hlavne v ddsledku zalesnenia sa
zvysili hrny roénej evapotranspirdcie z 511 na 537 mm. V obdobi 19511970 sa
zvysili hladiny podzemnej vody o 37,4 cm v désledlu dobrych podmienok, aviak po
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roku 1971 sa hladiny podzemnych vod znizili v priemere o 75,2 cm. Toto zniZenie v
porovnani so zvygenim o 37,4 cm v predchddzajicom obdobi nie je v danej oblasti
rozdelené rovnomerne. V centralnej oblasti je to 1,5 m, smerom k vychodnym alebo
zapadnym hraniciam oblasti je zniZenie asi o 2040 cm.

Priemerny priesak podzemnych véd do Dunaja a jeho pritokov bol v obidvoch
obdobiach priblizne rovnaky. Merania obsahu tricia (Major, Neppel, 1988) v roku
1970 viedli k hodnote 24 mm/rok. Vysledok ziskany navrhnutym modelom — 29
mm/rok, potvrdzuje tito hodnotu.

Vysledky modelovania znizenia hribky zvodnenej vrstvy st: odber podzemnej
vody a tazba ropy a plynu (65 %), zmeny klimy (17 %), zalesnenie {13 %) a in¢,
nestudované priciny (5 %).

7 uvedeného vyplyva, Ze bez koordinovanych €innosti nemozno otakdvat zlep-
Senie podmienock systému podzemnych véd. Verime, Ze tdto Studia poméze skon-
centrovat pozornost na zniZenia hladin podzemnych vod.

Vysledky uvedené v tejto §tidii nemdzu byt povaZované za vSestranne uspo-
kojivé, st skér prvym pokusom o rieSenie tohto problému matematickym modelo-
vanim v oblasti Dunaj — Tisza.

Zoznam pouZilych symbolov

SM - obsah vody {mm],

P - gzrazky [mm mes™'],

PET - potencidlna evapotranspiricia [mm mes™ ],
ET - aktudlna evapotranspiricia [mm mes™],
FC - polna vodna kapacita [mm],

o - suéinitel v rov. (3),

R — intenzita sineéného #iarenia v rov. (4) [cal cm™" d77],

T - teplota vaduchu [°C],

b — hribka vodou nasytenej zény nad nepriepustnou vrstvou [m,

K - hydraulicki vodivost vodou nasytenej zeminy [m £,

R - intenzita dopliovania podzemnych véd v modeli [m s~

h — gzvyenie hladiny podzemne]j vody nad troviiou mora v kazdom uzle [m].





