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In the back ground mon i tor ing ar eas (small wooded catch ments) ag ri cul tural pol lu tion is neg li gi ble and the at mo sphere is the only source

of widescale pol lu tion. We re view the chem i cal com po si tions in the soil pro files of Aukëtaitija, Dzñkija and ¦emaitija  in Lith u a nia. We
de scribe also trends in ground wa ter level fluc tu a tions, the chem i cal com po si tion of ground wa ter in 1994–1999, com pare the chem i cal
and phys i cal prop er ties of run off wa ter and show re sults of the sim u la tion of suc ces sive data se ries of soil wa ter flow and soil mois ture
sat u ra tion at dif fer ent depths by the SOIL model. The sim u la tion re sults may be used to eval u ate wa ter move ment and el e ment mo bil ity 
in the soil.
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INTRODUCTION

Dur ing the 1980’s four dif fer ent mon i tor ing programmes re -
sulted from the UN/EEC Con ven tion on Long-range
Transboundary Air Pol lu tion, all with the pur pose of monito ring
and as sess ing ef fects from airborn pol lut ants in the en vi ron ment.
These In ter na tional Co-operation Programmes (ICP’s) were di -
rected to wards for ests, freshwaters, crops and ma te ri als. In 1988
UN/EEC rec om mended par tic i pat ing count ries to con trib ute to a 
three year Pi lot Programme of “in te grated mon i tor ing” (IMP) in
small catch ments. Swe den was ap pointed as lead coun try. An
En vi ron ment Data Cen tre (EDC) was es tab lished in Hel sinki,
Fin land. Other coun tries were en cour aged to start mon i tor ing
and to send data to the EDC. An eval u a tion of the pi lot phase in
1991–1992 served as a ba sis for de ci sions about the fu ture of the
programme. The eval u a tion stated that IMP was nec es sary, and
should con tinue as a per ma nent in ter na tional co-operative
programme. The Ex ec u tive Body de cided at a meet ing in No -
vem ber 1992 on the continu ation of the IMP un der the name “In -
ter na tional Co-operative programme on In te grated Mon i toring
of Air Pol lu tion Ef fects on Eco sys tems”.

Lith u a nia started par tic i pat ing in this programme in 1993,
and 17 subprogrammes within this frame work are in cluded in
Lith u a nia’s State En vi ron men tal Mon i toring Programme and
treated as global back ground mon i tor ing.

In te grated mon i tor ing of eco sys tems means tak ing si mul ta -
neous phys i cal, chem i cal and bi o log i cal mea sure ments over time 
of dif fer ent eco sys tem com part ments at the same lo ca tion. The
prin ci ple of in teg rity is real ised by es tab lish ing in te grated mon i -
tor ing ter ri tory (IMT) in the main types of Lith u a nian land scape.
Three ter ri to ries were es tab lished in the ar eas of min i mal
anthropogenic im pact, com bin ing them with the in fra struc ture of 
na tional parks and res er va tions (back ground ter ri to ries).

In te grated sta tion ary in ves ti ga tions of eco sys tems, in clud -
ing the mon i tor ing of at mo spheric pre cip i ta tion, sur face,
ground and soil wa ters, chem i cal com po si tion of soils and state
of biota,  are car ried out in small (100–380 ha) catch ments with
nat u ral (pine-spruce) veg e ta tion in pro tected ter ri to ries. The In -
sti tute of Ge og ra phy is re spon si ble for sta tion ary in ves ti ga tions 
of soil, soil wa ter, ground wa ter and run off wa ter chem is try in
the in te grated mon i tor ing ter ri to ries. More than 20 hy dro log i -
cal, phys i cal and chem i cal pa ram e ters as geoindicators are
mea sured, ana lysed and cal cu lated in ev ery subprogramme.

All three catch ments be long to the Nemunas river ba sin,
which com prises 73% of Lith u a nia’s ter ri tory. The Kurëi÷
Marios la goon (con nected with the Bal tic Sea) is the pri mary re -
cip i ent of the loads from the Nemunas river. It is im por tant that
all catch ments are sited in the up per reaches of the Nemunas
river ba sin, not far from its wa ter shed with other big rivers.

Af ter choos ing rep re sen ta tive catch ments their phys i -
cal-geographical char ac ter is tics were ex am ined. Ba sic



hypsometric, lithological, geomorphological and soil type maps
were com piled at a 1:10 000 scale. Ac cord ing to the do minant
soil type an in ten sive soil mon i tor ing plot was de lin eated for soil
chem is try. For soil wa ter chem is try, lysimeters were ar ranged in
eluvial and illuvial ho ri zons of the soil in the vi cin ity of the in ten -
sive soil mon i tor ing plot. Tubes were ar ranged for ob ser va tion of 
ground wa ter level and chem is try. 20 pa ram e ters are ana lysed
and cal cu lated for soil wa ter and ground wa ter chem is try in ev ery 
subprogramme and 26 for soil chem is try.

The main aim of in ves ti ga tions is to de ter mine the ac cu mu -
la tion and trans for ma tion in the soil of pol lut ants, the in ten sity
of their leach ing, and their mi gra tion routes and in put into open
wa ter bas ins. The field data are needed to es ti mate fluxes of
biogenic and pol lut ing sub stances, to track their mi gra tion and
ac cu mu la tion, to cal cu late their bud get and to pro vide an a lyt i -
cal and pre dic tive mod els of anthropogenic ef fect.

Pre lim i nary data sug gested that the in put of anthropogenic
chem i cals is neg li gi ble, and fur ther re sults con firmed that the
cho sen catch ments can serve for back ground mon i tor ing.

The sys tem of the en vi ron men tal mon i tor ing may be ex -
panded as tech niques im prove and funds are made avail able.

In the back ground mon i tor ing ter ri to ries ag ri cul tural con -
tam i na tion is neg li gi ble, and the at mo sphere rep re sents the only 
source of dis persed con tam i na tion. Es tab lishing the im pact of
this anthropogenic fac tor on the en vi ron ment ne ces si tates long
term mon i tor ing to bal ance cal cu la tions of wa ter and el e ment
fluxes and model the “at mo sphere–veg e ta tion–soil–ground -
water–sur face wa ter–at mo sphere” chain.

Ab sence of re li able data about the wa ter run off from the
catch ments, and wa ter and heat flows in the soil makes it im -
pos si ble to de ter mine the bal ance of chem i cal el e ments in the
catch ments and to cal cu late out puts from the catch ments. An
at tempt was made to solve this prob lem us ing the WINSOIL
model (Sim u la tion Model for Soil Wa ter and Heat Con di tions).

OBJECT

Lith u a nia’s first IMTs were es tab lished in 1993 in res er va -
tion zones of the Aukëtaitija and Dzñkija na tional parks in the
south ern and east ern parts of Lith u a nia re spec tively (Fig. 1). In
1995 the third IMT was es tab lished in the ¦emaitija Na tional
Park in west ern Lith u a nia.

LT01. The Aukëtaitija in te grated mon i tor ing ter ri tory lies in
the north ern part of the Aukëtai¹iai Up land — Aûvin¹iai na ture
re serve of the Aukëtaitija Na tional Park in the catch ment of the
small river Versminis. The geo graph ical co-ordinates are: lon gi -
tude 26°03’20’’–26°04’50’’ E, lat i tude 55°26’00’’–55°26’53’’ N. 
The catch ment area is 1.015 km2. The low est place in the catch -
ment is 159.5 m, and the high est is 188.6 m above sea level.
The cli mate is marked by warm win ters with a thin snow cover
and fre quent thaws, rather cold springs, av er agely warm sum -
mers and rainy au tumns. The long-term mean an nual air tem -
per a ture is 5.8°C, and the mean an nual pre cip i ta tion is 682 mm. 
LT01 is dom i nated by podzolic for est with weakly podzolised
soils. The great est ar eas are oc cu pied by co nif er ous multi-layer

stands (Gulbinas and Samuila, 1999), mostly com posed of
pines mixed with spruce.

LT02. The Dzñkija in te grated mon i tor ing ter ri tory lies in
the south ern Dzñkai Up land — Skroblus na ture re serve of
Dzñkija Na tional Park in the catch ment of the small river
Duburiai. The geo graph ical co-ordinates are: lon gi tude
24°15’55’’–24°18’02’’ E, lat i tude 53°03’40’’–54°05’38’’ N.
The catch ment area makes up 3 800 km2, rang ing be tween 80.0
and 134.5 m above sea level. The cli mate is char ac ter ised by
warm win ters with a thin snow cover and fre quent thaws, rather 
cold springs, av er agely warm sum mers and warm and rainy au -
tumns. The long-term mean an nual air tem per a ture is 6.0°C,
and  the mean an nual pre cip i ta tion is 625 mm. The for est soils
of LT02 have de vel oped on the sandy gla cial plains. The nat u -
ral pine for ests are dom i nated by podzolic for est with weakly
podzolised sand, poor in nu tri ents. Pine for ests dom i nate
(Gulbinas and Samuila, 1999). There are a few stands of spruce 
and spruce with pines.

LT03. The ¦emaitija in te grated mon i tor ing ter ri tory lies in
the south ern part of the ¦emai¹iai Up land — PlokëtinÅ na ture
re serve of the ¦emaitija Na tional Park in the catch ment of the
small river Juodupis. The geo graph ical co-ordinates of the
catch ment are: lon gi tude 21°51’56’’–21°53’10’’ E, lat i tude
56°00’19’’–56°01’05’’ N. The catch ment area is 1473 km2

rang ing be tween 147.0 and 180.1 m above sea level. The cli -
mate is char ac ter ised by warm win ters with a thin snow cover
and fre quent thaws, rather cold springs, av er agely warm sum -
mers and warm and rainy au tumns. The long-term mean an nual 
air tem per a ture is 5.9°C. The long-term mean an nual pre cip i ta -
tion is 788 mm. The in ves ti gated catch ment is dom i nated by
podzolic for est sands cov er ing more than half of the area
(51.3%). Co nif er ous for ests pre vail (Gulbinas and Samuila,
1999), of spruce with pines (up to 20–30%). They of ten in clude 
great ar eas of spruce un der growth. Pure spruce for ests oc cupy
a great area of the catch ment.

Taking into con sid er ation the dom i nant type of soil an area
of in ten sive mon i tor ing of soil (40 x 40 m), sub di vided into
smaller ar eas (10 x 10 m), was es tab lished near the area of in ten -
sive ve getation in ves ti ga tions. Ev ery five years soil sam ples for
chem i cal anal y sis are taken from the hu mus lay ers of these ar eas.

Lysimeters for soil wa ter mon i tor ing are in stalled on three
sides of the in ten sive soil mon i tor ing plot. They are rep re sented 
by a plate type (40 x 25 cm) sur face, which is con nected by a
tube with a wa ter col lec tor. Three pairs of lysimeters are in -
stalled: three lysimeters are in stalled in the eluvial ho ri zon (at a
depth of 20 cm) and the re main ing three in the illuvial ho ri zon
(at a depth of 40 cm). The soil wa ter run off and soil mois ture
sat u ra tion is mea sured at depths of 20 and 40 cm.

A cas cade sys tem of ground wa ter sam pling tubes (four
tubes in each IMT) was in stalled be tween the ar eas of in ten sive
veg e ta tion and soil mon i tor ing for ob ser va tion of ground wa ter
level and  for wa ter sam pling for chem i cal anal y sis.

A run off mon i tor ing sta tion is in stalled in the mouth of a
stream. Wa ter level is reg u larly reg is tered at this sta tion. Wa -
ter sam ples for chem i cal anal y sis are also reg u larly sam pled
from the stream.
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METHODS

Soil sam ples for chem i cal anal y ses are taken from rep re sen -
ta tive sites. Soil pro files are dug and de scribed close by these
sites. The in ves ti ga tion site is di vided into grids (10 x 10 m),
which are fur ther sub di vided into smaller (1 x 1 m) plots. For
sam pling 12–24 fresh plots (1 x 1 m) are used, re flect ing the
whole soil area. Sam ples of in or ganic soil for chem i cal anal y sis
soil and bulk den sity are taken from the fol low ing soil ho ri zons:
0–5, 5–20, 20–40 and 60–80 (where pos si ble) cm. While de -
scrib ing peat soils the de gree of humification (de com po si tion)
and peat type are de ter mined. Sam ples are taken from the same
ho ri zons up to a depth of 40 cm.

Sam ples for chem i cal com po si tion of soil are taken once in
5 years in Au gust–Sep tem ber.

Lysimeters are used for mon i tor ing of soil wa ter chem i cal
com po si tion. They may be pro duced from tef lon, por ce lain or
glass. Where pos si ble, they are in stalled in ev ery ob served ho -
ri zon, firstly in the up per soil ho ri zon (eluvial ho ri zon —
20 cm) and then be low the root zone (B ho ri zon — 40 cm).
Sam ples of soil wa ter for chem i cal anal y sis are taken ev ery

month dur ing frost-free pe ri ods. At the same time the soil wa ter 
flow from 1 km2 at depths of 20 and 40 cm is cal cu lated. When
in win ter the soil re mains frost-free and thaws oc cur fre quently, 
wa ter sam ples are taken and soil wa ter flow cal cu lated over the
same in ter vals. When there is snow cover sam ples are not
taken.

Soil wa ter flow and soil mois ture sat u ra tion was ob served
at depths of 20 and 40  cm but they are cal cu lated only
4–6 times per year.

As soil wa ter flow is ob served only 6 times ev ery year, the
cal cu lated val ues were set to a pe riod of about 60 days, and this
value is not very rep re sen ta tive.

Soil mois ture sat u ra tion is ob served each month in warm
sea sons when the soil is not frozen. The sur vey in LT01 and
LT02 was im ple mented in 1994–1998, in LT03 in 1995–1998.

The ground wa ter level is mea sured ev ery two weeks and
dur ing sam pling for chem i cal anal y sis. Ground wa ter sam ples
are taken ev ery two months. Be fore tak ing ground wa ter sam -
ples for chem i cal anal y sis the ground wa ter level is mea sured
with a plum met and the stag nant wa ter pumped out. Fif teen
chem i cal pa ram e ters are ana lysed.
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The riv u let wa ter sam ples for chem i cal anal y sis are taken
monthly from a depth of 10–15  cm. The daily river dis charges
are cal cu lated us ing data from au to matic re cord ers. In the run -
off wa ter subprogramme 16 chem i cal pa ram e ters are ana lysed.

The anal y sis of all wa ter sam ples is car ried out fol low ing
uni fied meth ods (Working Group for En vi ron men tal Mon i -
toring, 1989; En vi ron ment Data Cen tre, 1993; ICP IM
Programme Cen tre, 1998) which are used by all coun tries par -
tic i pat ing in the IMP.

Some cli ma tic data nec es sary for mod el ling were ob served
in the mon i tor ing ter ri to ries. How ever, due to their in suf fi cient
re li abil ity we also used ar chi val data from the Lith u a nian
Hydro meteoro logi cal Sur vey. The lat ter data se ries were com -
plete. They were av er aged from data of the Utena and Dukstas
me te o ro log i cal sta tions for LT01 and data from the Telsiai me -
te o ro log i cal sta tion were ad justed for LT03. To tal ra di a tion and 
net ra di a tion data were ob tained from the Kaunas me te o ro log i -
cal sta tion. This vari abil ity of ini tial data pro grammed in ad -
vance the vari ances of mod el ling re sults.

Full de scrip tion of the SOIL model is given in its man ual
(Jansson, 1998). The model has a one-dimensional ver ti cal
struc ture. Soil pro file is di vided into lay ers. They may vary in
num ber and thick ness de pend ing on the re quired ac cu racy. We
used the WINSOIL ver sion 1.61 in our work, ac cess to which is
free.

For both mod elled ter ri to ries the same struc ture of the
model was used. This struc ture has been de scribed in de tail by
Samuila (1999). The pa ram e ters used in the model are also the
same seek ing to unify mod el ling con di tions be cause the veg e -
ta tion, soil cover and ground wa ter bed ding con di tions in both
the ter ri to ries are sim i lar. The char ac ter is tics of soil pro file, tex -
ture, snow cover and veg e ta tion are stored in the da ta base of the 
model (Pauliukevichius, 1972).

RESULTS AND DISCUSSION

In the pres ent study the re sults ob tained in 1998 and 1999
are com pared with the data from 1993–1997. The data from
LT03 re flect the pe riod from 1995 to 1999 in clu sive, whereas
the data from LT02 rep re sent the pe riod from the au tumn of
1993 till June 2, 1999. The data from 1993–1995 on soil wa ter
and ground wa ter were pub lished in “En vi ron men tal mon i tor -
ing in 1993–1995” (Gulbinas and BauûienÅ, 1996).

The year 1998 in LT01 and LT03 was very hu mid — 112
and 132% of av er age pre cip i ta tion fell re spec tively (though in
LT02 — only 102%). There fore, the ground wa ter re gime and
as so ci ated pro cesses be gan to change. And though the year
1999 was not as hu mid as 1998 it did not change the trends of
pro cesses estabilished in 1998.

SOIL

In situ data are nec es sary to de ter mine fluxes of biogenic
and pol lut ant ma te ri als, and to model their mi gra tion and ac cu -
mu la tion rates. The In sti tute of Ge og ra phy is en gaged in this
type of re search.

We re view here the chem i cal char ac ter is tics of soil in or -
ganic lay ers, emphasising the dif fer ences be tween soil pro files
at LT01, LT02 and LT03. Lay ers thin ner than 5 cm were not
sam pled be cause the stan dard meth ods (En vi ron ment Data
Cen tre, 1993) can not pro vide full anal y ses. The soil lay ers
were dis tin guished ac cord ing to their mor phol ogy; the graphs
(Fig. 2) in clude an a lyt i cal data from the mid dle parts of lay ers
(arith me tic means of 6 sam ples).

In the IMT of LT01, LT02 and LT03 soils of one type
(podzolic slightly podzolised pine-forest sands) pre vail. How -
ever, their bed rock, which de ter mines dif fer ent con tents and
dis tri bu tions of chem i cal el e ments, dif fer. Flu vio gla cial depo -
sits are wide spread in LT01. For this rea son the soils con tain
gravel; mostly of gran ite and lime stone. Car bon ate foam oc curs 
at a depth of 45 cm. Chem i cal prop er ties of the soil as sessed in
LT01 range within wide lim its, es pe cially as re gards acid ity,
amounts of cat ion ex change and soil colloid prop er ties (i.e.,
those di rectly de fined by bed rock type), com pared to soils of
other catch ments (Gulbinas and BauûienÅ, 1996).

The soils of LT02 have de vel oped on quartz sands and are
non-carbonaceous, with ho mog e nous tex tures and min eral
com po si tions. Cat ions, de gree of base sat u ra tion and acid ity of
the soil pro file vary within more nar row lim its than in pro files
as sessed in LT01 and LT03. The soil of LT02 has the least re -
serve of nu tri ent el e ments for plants.

The bed rock of LT03 is bi par tite: fine-grained sands cover
gla cial lake clay. Clay in the soil pro files of  LT03 can be met at
145 cm depth, and some prop er ties of this soil type rad i cally
dif fer from prop er ties of other lay ers. Large amounts of zinc
and cop per were found in this layer, as well as the small est
amount of ex change cal cium a smaller de gree of base sat u ra -
tion, and the high est lev els of nu tri tion el e ments.

Cad mium, as a mo bile el e ment, is evenly dis trib uted in the
soil pro files of LT01 and LT02. The great est vari a tions of cad -
mium oc cur in the soil pro file of LT02, due to the un even wa ter
re gime in this pro file. 

The con tent of nickel de creases with depth in LT02 and in -
creases in LT03 soils. The con tent of nickel is greater in lay ers
of greater den sity. The great est con cen tra tions of nickel were
re corded at the bot tom of the LT03 pro file, which had a diffe -
rent tex ture. In the LT01 soil pro file nickel is dis trib uted
similary to iron, whereas in the soils of LT02 and LT03 such a
ten dency is ab sent.

Nor mal, eluvial-illuvial pro cesses con cen trated cop per, in all 
soils in ves ti gated in their lower parts. In the lower part of LT03
the con tent of cop per is higher be cause of tex tural fac tors.

The con tent of heavy met als in the soils in ves ti gated cor re -
lates with the con tent of heavy met als in mosses and does not
ex ceed the MCL (max i mum con cen tra tion level).

SOIL WATER

The wa ter that reaches lysimeters, in stalled at 20 cm depth
be low the sur face, fil ters through for est lit ter and the up per hu -
mus layer. This causes the en rich ment of lysimetric wa ter by
ni tro gen com pounds, po tas sium, man ga nese and or ganic car -
bon. Soil wa ter pH is sim i lar to the pH val ues of the up per mi -
neral layer of the soil and var ies from 4.3 in ¦emaitija to 6.2 in
Aukëtaitija. A com par i son of the pH of lysimetric wa ter to
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Fig. 2. Dis tri bu tion of chem i cal and phys i cal prop er ties of podzolic slightly podzolised pine-forest sands in pro file



ground wa ter re vealed that the pH val ues of soil wa ter are
2.0–2.4 units lower.

 Soil wa ter, while fil ter deeper through the sandy B layer
down to 40 cm depth, washes out fewer el e ments, es pe cially
the biogenic ones. The con cen tra tions of many oth ers de crease
as well (ex cept of  Na and SiO2 in some cases). Comparising of
the av er age con cen tra tions of in di vid ual chem i cal el e ments in
soil wa ter of all three ter ri to ries, the higher con cen tra tions of
most pa ram e ters (SO4

2–, NO3
–, NH4

+, Na+, P, Corg., Al3+, Mn2+)
were found in the soil wa ter of Dzñkija (Ta ble 1). Dune sand
there plays a de ci sive role, hav ing a good fil tra tion ca pac ity
(Gulbinas and Samuila, 1998).

The av er age yearly soil wa ter flow in 1999, if com pared
with the av er age long-term value, was some what higher in
LT01, whereas con sid er ably lower in LT03, par tic u larly at the
depth of 40 cm.

The soil mois ture sat u ra tion in the soil pro file of all IMT
was in 1999 some what lower than the av er age long-term value.

The wa ter con cen tra tion dy nam ics of most chem i cal el e -
ments showed no rad i cal trends in 1999. Of ten in one and the
same IMT the vari a tions of the same el e ment at dif fer ent soil
depths were un even. Ni trates and pH in dex (Ta ble 1) may serve 
as the best ex am ple of this.

How ever, it is ob vi ous that the con cen tra tions of chem i cal
el e ments tend to de crease in com par i son with the long-term

ave rage val ues. It is most ev i dent in the soil wa ter of LT03
where the con tent of po tas sium and chlo rine ions, as well as the
spe cific elec tric con duc tiv ity, have de creased. In the soil wa ter
of LT01 the con cen tra tion dy nam ics of these el e ments re veals
no reg u lar i ties, though the con cen tra tion of am mo nium ions
has de creased. The sulphates and man ga nese ions serve at the
best il lus tra tion of the con cen tra tion re duc tion trend. The
long-term av er age of these el e ments in the soil wa ter of both
ter ri to ries is higher than the av er age con cen tra tion of 1999.

Acid ity of soil wa ter at a depth of 20 cm is lower than the
long-term value in both IMT, the op po site of the case at 40 cm
depth. The al ka lin ity of the whole soil stra tum of LT01 in 1999 is
con sid er ably higher than the long-term av er age. In LT03 this value
does not ex ceed 5 mg/l and is lower than the long-term av er age.

This year’s trends partly sup port the re duc tion of the con -
cen tra tion of chem i cal el e ments in the soil wa ter ob served over
the few pre vi ous years. This is par tic u larly true of sulphates and 
mag ne sium. Their con cen tra tions in 1998 were con sid er ably
lower than in 1997. This sug gests a long-term (not yearly or
sea sonal) phe nom e non.

The con cen tra tion of cal cium, so dium, mag ne sium, phos -
pho rus and sil ica ions re mains more or less sta ble.

A com par i son of av er age soil wa ter chem i cal com po si tion of
1999 with 1998 re vealed no changes in all in ves ti gated ter ri to ries.
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T a  b l e  1

Soil  wa ter properties

Pa ram e ter Pe riod LT01

20 cm depth 

LT0

 40 cm depth 

LT02

 20 cm depth 

LT02

 40 cm depth 

LT03

 20 cm depth 

LT03

40 cm depth 

Soil wa ter flow Q

l/(s×km2)

1993–1998*     3.21   1.48     0.99     0.11     3.90     1.46

1999     3.43   2.83 – –     2.92     0.47

SO4 (mg/l)
1993–1998*     4.15   4.85     7.85     8.09     2.98     4.03

1999     3.06   2.00 – –     2.39     2.40

NO3N (mg/l)
1993–1998*     0.11   0.11     0.27     2.67     0.15     0.17

1999     0.25   0.06 – –     0.05     0.22

NH4N (mg/l)
1993–1998*     0.17   0.09     0.44    0.55     0.14     0.08

1999     0.05   0.04 – –     0.13     0.20

K (mg/l)
1993–1998*     1.52   1.07     1.73    1.25     1.72     1.57

1999     1.20   1.76 – –     0.76     0.56

Cl (mg/l)
1993–1998*     2.84   2.14     2.89     3.45     3.29     3.60

1999     5.83   1.85 – –     2.16     2.00

Mn (µg/l)
1993–1998* 151.96 67.97 355.06 175.50 131.29 172.37

1999 112.26 47.78 – –   89.94   85.96

pH, pH units
1993–1998*     5.40   6.23     4.53     5.12     4.32     4.75

1999     5.53   5.99 – –     4.26     5.32

Spe cific elec tri cal
con duc tiv ity (mS/m)

1993–1998*     4.83   8.78     5.06    5.34     4.87     4.67

1999     7.72   5.66 – –     4.55     2.67

Al ka lin ity (mg/l)
1993–1998*   13.99 13.59     9.01     3.85     7.10     6.50

1999   21.99 27.93 – –     5.00     5.00

Soil mois ture sat u -
ra tion (m3/m3)

1993–1998*         0.1316       0.1188         0.0885        0.0845         0.2326         0.2091

1999         0.1147       0.1119 – –         0.2216         0.1935

*The data on LT02 were col lected in 1993–1998, whereas the data on LT03 — in 1995–1999.



GROUNDWATER

Trends of ground wa ter level long-term fluc tu a tions. An 
anal y sis of 1993–1997 ground wa ter level data sug gests on
over all drop in its level.

The long-term ground wa ter level fluc tu a tions in LT01 and
LT02 serve as a good il lus tra tion of this trend. Broadly phe -
nom ena were ob served also in LT03. Bear ing in mind that the
year 1992, when mea sure ments were not yet started, was dry
and that the year 1995 in LT01 was nor mally dry [–0.383σ
(σ — av er age square de vi a tion of amount of pre cip i ta tion; the
co ef fi cient marks in di cate that the year was dryer (–) or more
hu mid (+))], in LT02 and LT03 dry or very dry (re spec tively
–1.702σ, –3.052σ and –2.386σ), the year 1997 in LT02 — dry
(–1.397σ), whereas LT03 and LT01 were hu mid or nor mally
hu mid, it is nat u ral that ground wa ter level de creased in all three 
IMT (Bukantis et al., 1998).

How ever, the abun dant pre cip i ta tion in the late au tumn of
1997, large wa ter sup plies in the snow and the rainy sum mer of
1998 (Domaëevi¹ius et al., 1996, 1997, 1998) partly re stored
ground wa ter lev els.

In LT03, as also in other na tional parks, the low est ground -
wa ter level was re corded in the sum mers of 1996 and 1997. As
in LT03 the mea sure ments were started only in the sum mer of
1995, we can not com pare ground wa ter level fluc tu a tion trends
there with the trends in the other parks.

From the be gin ning of the sur vey un til the au tumn of 1997
the level of ground wa ter was per ma nently fall ing (though not
as con sid er ably as in LT01 and LT02), whereas the data of
1998 and 1999 in di cate a rise in ground wa ter level.

The cli ma tic sit u a tion of 1998 in LT01 (Fig. 3) and LT02
(Fig. 4) pro duced no con sid er able in flu ence (par tic u larly in
LT02) on the long-term trends. There fore, even to day a fall in
ground wa ter level is ob served in these parks. In the pe riod of
in ves ti ga tion the av er age fall of ground wa ter level in both
parks was 7 cm, though the long-term am pli tude in many cases
ex ceeded 50 cm.

The data of 1998 show that the amount of pre cip i ta tion by
year var ied within a wide range in the mon i tor ing territories
(LT02 — + 0.171σ, LT01 — + 1.072σ, LT03 — + 2.513σ).
Thus, though in all parks the amount of pre cip i ta tion in 1998
was greater than the stan dard value, i.e., a co ef fi cient was pos i -
tive, in LT02 in 1998 the amount of pre cip i ta tion was only
slightly higher than the stan dard value, whereas in LT01 it was
by far higher and in LT03 it was very high.

For this rea son, in 1998 the trends of ground wa ter level
fluc tu a tion changed rad i cally: in some ground wa ter tubes the
ground wa ter level be gan to rise rap idly. The data col lected in
LT03 dur ing the whole pe riod of sur vey re veal the long-term
trend of wa ter rise in all ground wa ter tubes. In the re main ing
IMT the co ef fi cient of the long-term lin ear ground wa ter level
fluc tu a tion trend equa tion ap proaches zero (Figs. 3 and 4). In
some ground wa ter tubes (par tic u larly in ¦emaitija) this co ef fi -
cient changes from pos i tive to neg a tive (in di cat ing that the
level of ground wa ter be gins to rise). This is dem on strated by
graphs, com piled us ing the ground wa ter fluc tu a tion data of
1998 and trends of wa ter level ex posed in them.

Chem i cal com po si tion of ground wa ter. The qual ity of
ground wa ter un der nat u ral con di tions is de ter mined by many
phys i cal-geographical and bi o log i cal fac tors. The most shal low 
ground wa ter ho ri zon is de ter mined by the prop er ties and gen e -
sis of soil through which at mo sphere-derived chem i cal el e -
ments pen e trate to the ground wa ter.

In the back ground mon i tor ing ter ri to ries ag ri cul tural pol lu tion is 
neg li gi ble. There fore, the at mo sphere re mains the only source of
dis persed pol lu tion. Com plete anal y sis of this anthropogenic fac tor
on the ground wa ter qual ity re quires: long-term wa ter re gime in ves -
ti ga tions; cal cu la tion of the wa ter and el e ment flow bal ance; and
mod el ling of the chain “at mo sphere–veg e ta tion–soil–ground wa -
ter–sur face wa ter–at mo sphere”. The short pe riod of sur vey means
that this has not yet been done.

Anal y sis of ini tial data has in di cated that the qual ity of
ground wa ter in back ground ter ri to ries of min i mal
anthropogenic ef fect di rectly de pends on soil chem i cal com po -
si tion. Podzolic pine for est sand soils of LT03 are rel a tively
rich in heavy met als, de rived from the bed rock, there fore con -
cen tra tions in the ground wa ter of dis solved Al, Mn, Fe ions are
by 2–3 times higher com pared to LT01 and LT02. 

Ground wa ter lo cated closer to the sur face is gen er ally richer
in many chem i cal el e ments, es pe cially biogenic el e ments. Ana -
lysis shows that, since 1998 in all three IMT the con cen tra tion of
many chem i cal el e ments in the ground wa ter de creased.

The de crease was par tic u larly ob vi ous in LT03 where the
con cen tra tions of all chem i cal el e ments in 1998 were lower than
in 1997. As the al ka lin ity of ground wa ter also de creased, acid ity
there fore in creased, as did the spe cific elec tri cal con duc tiv ity.

The same trends can be ob served when the data of 1998 is
com pared with the long-term av er age val ues of 1995–1997 and
1995–1998.

A com par i son of LT01 ground wa ter data of 1998 with the
data of 1993–1997 (Fig. 5) re vealed only neg li gi ble de crease of 
Pto tal, Ca, Mg and al ka lin ity, whereas the con cen tra tions of NH4,

NO3, K, Fe and Mn ap prox i mately halved. A com par i son of the 
1998 and 1997 data re veals sim i lar trends  by com par i son with
the long-term data, ex cept that the dif fer ences of NO3 and NH4

con cen tra tions be tween 1997 and 1998 are neg li gi ble. In ge -
neral the con cen tra tions of SO4 and Na in the ground wa ter of
LT01 in 1998 in creased very slightly.

We can ob serve a dif fer ent trend in the chem i cal com po si -
tion of LT02 ground wa ter. The con cen tra tions of its many pa -
ram e ters in 1998 were higher then the long-term by 2 times on
the av er age. A com par i son of the data of 1998 and 1997 re veals 
greater dif fer ences (by 1.5 times) be tween the con cen tra tions
of Na, Mg, Mn and Cl.

The least changed in the course of the year in all three IMT
are “ma rine” chem i cal pa ram e ters — Cl, Na, spe cific elec tric
con duc tiv ity and pH.

In 1999 the trends re main the same and the con cen tra tions
of chem i cal el e ments con tinue to de crease. All three IMT the
con cen tra tions in the ground wa ter of am mo nium, po tas sium,
chlo rine, to tal phos pho rus, iron and sil ica in par tic u lar de -
creased. Weaker trends of de crease were char ac ter is tic of mag -
ne sium and man ga nese ions and ground wa ter al ka lin ity.
Acid ity of ground wa ter over a num ber of years was sub ject to
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Fig. 3. Ground wa ter level in LT01 in 1993–1999

Fig. 4. Ground wa ter level in LT02 in 1993–1999
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Fig. 5. Chem i cal com po si tion of ground wa ter in 1993–1998

* data for LT03 col lected since 1995



very slight changes in all IMT. Only the con cen tra tions of
sulphates in most bore holes have been in creas ing.

The con cen tra tions of am mo nium, chlo rine, to tal phos pho -
rus (Fig. 6), man ga nese, iron and sil ica mark edly de crease in
the most shal low bore holes i.e., in the near-sur face ground wa -
ter (up to a depth of 2 m). In the bore holes of av er age depth
(2–6 m) the con cen tra tions of po tas sium, chlo rine (Fig. 6), and
sil ica and wa ter al ka lin ity mark edly de crease. In the deep est
bore holes (more than 6 m) the con cen tra tions of am mo nium,
po tas sium, chlo rine and to tal phos pho rus de crease rather con -
sid er ably; how ever, the ground wa ter acid ity re mains ap prox i -
mately sta ble. In these bore holes the con cen tra tions of
sulphates (Fig. 6) and ni trates mark edly in crease.

The amount of pre cip i ta tion is the key fac tor in flu enc ing
the fluc tu a tions of ground wa ter level. In the in ves ti ga tions site
the ground wa ter ta ble lies at dif fer ent depths (from 0.5 m to
10 m). For this rea son an at tempt was made to find a re la tion
be tween the ground wa ter level fluc tu a tions and its chem i cal
com po si tion at dif fer ent depths.

The clos est cor re la tion with ground wa ter level is shown by
hy dro car bons, spe cific elec tri cal con duc tiv ity, sil ica, man ga -
nese and cal cium: in most cases the cor re la tion co ef fi cient ex -
ceeded 0.5. A di rect re la tion ship was char ac ter is tic of sil ica,
i.e., the con cen tra tion of the el e ment de creased with the fall ing
wa ter level. The oth ers showed a re verse re la tion ship: their
con cen tra tions in creased with an in creas ing depth of ground -

wa ter. These reg u lar i ties were mostly de creased in deeper
ground wa ter. In all cases there was no re li able cor re la tion be -
tween ground wa ter depths and ni trates, mag ne sium, to tal phos -
pho rus. A par tic u larly low cor re la tion co ef fi cient was
char ac ter is tic of mag ne sium. There was no re li able cor re la tion
in near-surface ground wa ter lev els (to 1 m).

RUNOFF WATER

A com par i son of chem i cal and phys i cal prop er ties of wa ter
in IMT re vealed that the Versminis riv u let wa ter of LT01 was
rich est in sulphates, am mo nia, and cal cium and mag ne sium ions. 
The small est con tent of these ions (ex cept am mo nia) was re -
corded in the Juodupis stream (LT03). The low est in dex of pH
was found in LT03, and the high est in LT02. This is nat u ral be -
cause the al ka lin ity in dex in LT03 run off wa ter was also the low -
est one. The high est con cen tra tions of so dium, po tas sium,
chlo rine and iron ions were re corded in the run off wa ter of
LT03. In other parks the con cen tra tion of these ions is twice as
low, whereas the con cen tra tion of iron ions is even 5 times as
low. The spe cific elec tric con duc tiv ity was the high est one in
LT01, and the low est one in LT03; the dif fer ence be ing
two-fold.
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Fig. 6. Phos pho rus in shal low ground wa ter, chlo rine in ground wa ter lay ing at an av er age depth and sulphates in deep ground wa ter in 1993–1999
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T a  b l e  2

 Out put of some chem i cal el e ments from catch ments (kg/km2/year)

Chem i cal Pe riod (year) LT01 LT02 LT03

Sul phur

1994 1117.58   1067.24    –

1995 1012.07   1394.62    –

1996   545.07     739.89   330.76

1997   500.18     760.59   529.60

1998   645.00     607.05   569.93

1999   590.18      –   458.97

Ni tro gen (N + NNH NO4 3
)

1994     49.69       60.03     –

1995     36.73       64.62     –

1996     21.22       37.40     19.31

1997     13.97       21.09     51.61

1998     15.24       16.58     28.69

1999     16.98      –     29.54

Cal cium

1994 6112.29   6441.31    –

1995 6977.28 10018.41    –

1996 3712.88   5653.73 2699.97

1997 4276.37   7279.61 3859.98

1998 4512.91   5255.15 3844.35

1999 3962.55       – 3696.60

So dium

1994   558.03     847.81    –

1995   375.45     632.35    –

1996   127.51     281.86   238.75

1997   135.15     325.05   401.85

1998   159.69     227.73   484.07

1999   120.12      –   417.66

Po tas sium

1994   149.58     149.93    –

1995     98.39     102.19    –

1996     21.14       71.93     28.58

1997     21.19       48.42     48.85

1998     33.19       48.71     74.79

1999     28.09      –     70.33

Mag ne sium

1994 1930.80   1687.60   –

1995 1826.30   2171.35   –

1996 1112.79   1237.56   631.23

1997 1037.47   1532.06   879.55

1998 1358.33   1149.06 1036.97

1999 1182.34      –   829.85

Chlo rine

1994   369.26     655.39    –

1995   394.90     808.38    –

1996   257.88     573.98   396.23

1997   231.35     388.63   494.84

1998   269.71     392.07   946.17

1999   233.02      –   705.96

Phos pho rus (to tal)

1994       3.04       20.67    –

1995       1.93       27.79    –

1996       1.26       22.40       2.45

1997       1.43       18.28       4.72

1998       1.86       10.55       6.56

1999       1.23       –       5.46

Sil ica

1994   179.86      316.25    –

1995   207.45     514.28    –

1996   124.31     276.37   177.93

1997   147.06     308.17   212.58

1998   126.23     189.73   234.03

1999   110.88      –   253.01



When the changes in 1998 are com pared with long-term
data, the to tal min er ali sa tion of the river wa ter shows a de -
crease, ex cept for sul phur, cal cium and ni trate ions, the con cen -
tra tions of which slightly in crease. The river wa ter in 1998,
against a back ground of the pre vi ous 4–5 years, is acid i fy ing,
while its spe cific elec tric con duc tiv ity de creases; the
alkalisation of the Aukëtaitija and ¦emaitija wa ters de creases,
even though this in di ca tor in Dzñkija has slightly in creased.

Com paring the 1999 data with the long-term data shows a  de -
crease in  to tal min er ali sa tion, ex cept for sul phate, cal cium and so -
dium ions, the con cen tra tions of which slightly in crease. In 1999
the con cen tra tions of cal cium, so dium, po tas sium ions re main
more or less sta ble, whereas the con cen tra tions of to tal phos pho -
rus, chlo rine, sil ica and man ga nese de crease more ob vi ously, if
com pared with 1998. 1999 showed no ob vi ous in crease of el e -
ment con cen tra tions in stream wa ters in the three IMT.

Yearly amounts of chem i cal el e ments elim i nated from the
bas ins in dif fer ent years (Ta ble 2) were cal cu lated (for sul phur,
ni tro gen, cal cium, so dium, po tas sium, mag ne sium, chlo rine,
phos pho rus and sil ica). Trends emerged which closely re lated
with river dis charge of dif fer ent years (Fig. 7) and el e ment con -
cen tra tions in the river wa ter. The wa ter dis charge in
1996–1999 (cu bic metres from one square kilo metre of catch -
ment area) was about 66–75% of the dis charge re corded in
1994–1995. The con cen tra tions of chem i cal el e ments in the
stream wa ter in 1994–1995 were far greater (up to two-fold)
than in 1996–1999, cor re lat ing with the con sid er ably greater
river dis charges and el e ment con cen tra tions in the river wa ter.
In later years, de creas ing river wa ter dis charge from the catch -
ment and de creas ing con cen tra tions of chem i cal el e ments in
the river wa ter caused con sid er ably lower out puts of el e ments
from the catch ments.

SIMULATION OF WATER BALANCE ELEMENTS
 BY THE WINSOIL MODEL

The SOIL model is de signed to sim u late wa ter and heat
fluxes in the soil pro file (Jansson, 1998), not only in the soil
pro file as a closed sys tem but also as re gards in puts and out puts
of wa ter or heat into the sys tem.

The WINSOIL model has a one-dimensional ver ti cal struc -
ture. The soil pro file is di vided into lay ers, which may vary in
num ber and thick ness de pend ing on the re quired ac cu racy.

Heat flow in the model is the sum of con duc tion and con -
vec tion:

q k
T

z
C Tq L qh h w w v v= − + +∂

∂
[1]

where: h — heat; v —   vapour; w  — liq uid wa ter; q — flow; k — con duc -
tiv ity; T — tem per a ture; C — heat ca pac ity; L — la tent heat; z — depth.

 The con vec tive term may be in cluded or not in the so lu tion
de pend ing on switches. Normally the con vec tive term is im por -
tant at high flow rates as dur ing heavy snow melt in fil tra tion.
The gen eral heat flow equa tion is ob tained when com bin ing 
equa tion 1 with the law of en ergy con ser va tion:
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where: i — ice; f — freez ing; t — time; ρ — den sity; L — la tent heat; θ —
vol u met ric wa ter con tent; s — source/sink term; other ex pla na tions see
equa tion 1.
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Fig. 7. Wa ter run off from catch ments in 1994–1999



 The two terms on the left rep re sent changes in sen si ble and
la tent soil heat con tents, and the last term to the right ac counts
for, e.g., the soil heat ex change of a heat pump sys tem.

Wa ter flow in the soil is as sumed to be lam i nar and, thus,
obeys Darcy’s law as gen er al ised for un sat u rated flow:

q k
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w w v

v= − −
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
 −∂ψ

∂
∂
∂

1 [3]

where: ψ — wa ter ten sion; cv — con cen tra tion of vapour in soil air; Dv —
dif fu sion co ef fi cient for vapour in the soil; other ex pla na tions see equa -
tion 1. 

The gen eral equa tion for un sat u rated wa ter flow fol lows
from equa tion 3 and the law of mass con ser va tion:

∂θ
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q

z
sw

w= − + [4]

for ex pla na tions see equa tions 1 and 2.

The aim of this work was to sim u late a suc ces sive data se -
ries of soil wa ter flow and soil mois ture sat u ra tion at dif fer ent
depths be cause field data of these pa ram e ters are scarce. All
these data se ries were sim u lated for LT01 and LT03. The
simul ation re sults may be used for eval u a tion of wa ter move -
ment in the soil stra tum and move ment of wa ter-transported
chem i cal el e ment flows.

The model was cal i brated us ing ac cu rately mea sured soil
wa ter flow and soil mois ture sat u ra tion val ues.

A full de scrip tion of mod el ling data (Molchanov, 1961,
1971; Pauliukevichius, 1972; Vai¹ys et al., 1979; Motuzas et
al., 1996, 1997; Torstensson and Johnsson, 1996; Persson,
1997; In te grated mon i tor ing..., 1998) and other tech ni cal de -
tails of sim u la tion are given in Samuila (1999, 2000).

Al though the con di tions of sim u lated catch ments are sim i -
lar there are cer tain dif fer ences in the geo graph ical sit u a tion,
gen e sis of soil-generating rocks, and veg e ta tion (un for tu nately, 
this does not in flu ence the op er a tion of the model through the
pa ram e ters). Some cli ma tic con di tions (the in flu ence of the sea, 
amount of pre cip i ta tion) dif fer con sid er ably.

The model was cal i brated on the ba sis of pub lished data on
soil wa ter bal ance el e ments (Ignataviciene, 1969; Dilys, 1995). 

Dur ing the cal i bra tion pro ce dure some model pa ram e ters (Ta -
ble 3) were se lected.

The cal i bra tion pro ce dure in cluded al ter na tion of Sur face
wa ter and Soil evap o ra tion groups.

SoilCover. The de gree of SoilCover will gov ern how much
pre cip i ta tion, throughfall, and drip from the can opy will in fil -
trate into the soil. The pa ram e ter can be con sid ered as a phys i -
cal bar rier that cov ers the soil and causes losses as sur face
run off in stead of in fil tra tion into the soil. A value of 0 means
that no phys i cal bar rier ex ists for in fil tra tion of wa ter into the
soil. A value of 1 will pre vent the soil from any type of wet ting
be cause of pre cip i ta tion.

SurfCoef. This co ef fi cient is used for cal cu la tion of sur face
run off from the max i mum wa ter amount which the o ret i cally
may stay on the soil sur face.

MaxSoilCondens was con sid er ably di min ished be cause the
2 mm/day pro posed by the pro gram user’s man ual pro duces a
strong in flu ence on soil wa ter flow and the mod elled soil wa ter
flow be comes un real.

Other pa ram e ters were taken from the stan dard model
struc ture.

The model used in this study was ver i fied with the re sults of
some me thod i cally ac cu rately mea sured pa ram e ters. Re cog nised 
sta tis ti cal meth ods (Coleman and De Coursey, 1976; Janssen
and Heuberger, 1995; Sakalauskas, 1998) were em ployed for
model ver i fi ca tion. By these meth ods model sys tem be hav -
iour/as so ci a tion, con sis tence, co in ci dence were eval u ated. In di -
vid ual pairs of ob served and pre dicted val ues were com pared.
The ob tained re sults are sat is fac tory (Samuila, 1999).

Soil wa ter flow. The WINSOIL model en ables cal cu la tion
of the move ment of wa ter flow be tween dif fer ent soil lay ers.
The sim u lated val ues of soil wa ter flow may even be come ne -
gative — this means that at cer tain time in ter vals the wa ter flow 
moves to wards the sur face and not to wards the deeper lay ers.
This hap pens when the soil is dry ing as a re sult of in ter rupted
wa ter up take. Whereas the in situ mea sured val ues of the soil
wa ter flow never ac quire a neg a tive value — the value is ei ther
pos i tive or equals 0.

The dif fer ences be tween the sim u lated and ob served val ues 
of soil wa ter flow are con sid er able (Fig. 8). The col umns in di -
cate the soil wa ter flow, ac cu mu lated at cer tain pe ri ods. The
daily flow val ues can not be cor rectly com pared be cause the ob -
served soil wa ter flow val ues were ap plied for me thod i cal pur -
poses for the whole pe riod when soil wa ter was col lected into
lysimeters. For this rea son the sim u lated daily soil wa ter flow
val ues were summed within the same pe riod which was rep re -
sented by the soil wa ter flow ob served.

The ob served and sim u lated re sults at the same depth re veal 
that the ac cu racy of sim u la tion is higher at smaller depths. In
LT01 the cor re la tion co ef fi cient of the ob served and sim u lated,
at a depth of 20 cm, run off mod ules equal to about 0.6, whereas
at a depth of 40 cm this value be comes by far smaller. In LT03
this value is 0.57.

Sim u la tion re sults are better when the pe riod cho sen is lon -
ger, when ob served and sim u lated val ues of wa ter flow are
closer.
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T a  b l e  3

 Pa ram e ters for cal i brat ing the WINSOIL model

In ves ti ga tion site Groups of pa ram e ters

Sur face wa ter Soil evap o ra tion

SoilCover SurfCoef MaxSoilCondens

LT01 0.32 0.003 0.01 mm/day

LT03 0.17 0.003 0.01 mm/day



The sea sonal anal y sis re vealed that the sim u la tion re sults
are better in sum mer. In spring and au tumn the dif fer ences be -
tween the mea sured in situ and sim u lated val ues be come more
marked. This might be ac counted for by per ma nent model pa -
ram e ters, de ter min ing the tran spi ra tion and evap o ra tion from
the top soil, which re main sta ble for all mea sur ing pe ri ods.
Whereas in spring and au tumn, when tran spi ra tion and evap o -
ra tion from the top soil and can o pies de crease, these pa ram e ters
should be changed be cause in these sea sons the soil wa ter flow
de pends more on the in ter cepted soil wa ter con tent than on the
above-mentioned fac tors.

Soil mois ture sat u ra tion. Fig ure 9 in cludes the re sults of
ob serv ing soil mois ture sat u ra tion and sim u la tion in both the
ter ri to ries in ves ti gated. They con tain the daily sim u lated soil
mois ture sat u ra tion and (mea sured at a given mo ment) soil
mois ture sat u ra tion in 1996–1998 (field in ves ti ga tions were
started in May of 1996).

As the soil mois ture sat u ra tion is pre cisely de ter mined by
in te grated mon i tor ing meth ods and ac cu rately rep re sents the
tem po ral mo ment, the ob served and sim u lated val ues can be ef -
fec tively com pared.

The sim u la tion in tro duced only the to tal wa ter con tent be -
cause the wa ter con tent re flects only the liq uid wa ter phase in
the soil. It would not be ex pe di ent to com pare this pa ram e ter
with the ob served soil mois ture sat u ra tion be cause in early
spring and late au tumn the sam ples taken in situ in clude ice.

In LT01, the soil mois ture sat u ra tion sim u lated at a depth of 
20 cm ex ceeds the ob served one by 2.5% on the av er age,
whereas at a depth of 40 cm the ob served soil mois ture sat u ra -
tion ex ceeds the sim u lated one by 0.09%.

In LT03, the soil mois ture sat u ra tion sim u lated at a depth of 
20 cm ex ceeds the ob served one by 0.65% on the av er age, and
at a depth of 40 cm the sim u lated soil mois ture sat u ra tion ex -
ceeds the ob served one by 0.77%.

Great dis crep an cies of ob served and sim u lated val ues in
LT01 at a depth of 20 cm may be ac counted for by the fact that,
closer to the sur face, the soil mois ture sat u ra tion is apt to
change in space more ac tively. For this pur pose more sam ples
should be taken and their mean value would be more rep re sen -
ta tive. This is par tic u larly ob vi ous in LT03 where soil mois ture
sat u ra tion was ob served more fre quently than in LT01.

The sim u lated re sults show a re sponse to pre cip i ta tion. The
mea sured re sults show that soil mois ture sat u ra tion at both
depths (at a depth of 20 cm some what sooner) does not change
so dra mat i cally as is sug gested by the model.

The agree ment of ob served and sim u lated val ues of soil
mois ture sat u ra tion at depths of 20 and 40 cm is better than the
agree ment of soil wa ter flow.

Sources of er rors. The dif fer ences be tween the ob served
and sim u lated val ues are not large; there fore, the model may be
suc cess fully used in Lith u a nia in small wooded catch ments. The
dis crep an cies be tween sim u lated pa ram e ters and mea sured va -
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Fig. 8. Ob served and sim u lated soil wa ter flow at a depth of 20 cm in LT03



lues are con di tioned by many fac tors. The re sult ob tained is
greatly af fected by the fact that the model was cal i brated not by
wa ter bal ance but by its dis crete el e ments be cause the to tal ba -
lance was not de ter mined. The mea sure ments of ra di a tion, pre -
cip i ta tion and other me te o ro log i cal pa ram e ters in the sim u la tion
area are not ac cu rate.

In win ter the frozen soil greatly af fects the soil wa ter flow.
It is me thod i cally im pos si ble to ac cu rately mea sure this value
be cause of a lack of daily in for ma tion about soil freez ing and
melt ing. There fore, one must crit i cally in ter pret the in situ mea -
sured val ues of the soil wa ter flow.

CONCLUSIONS

1. Soils of one type (podzolic slightly podzolised
pine-forest sands) pre vail in all three IMT, but their bed rock
dif fers. Chem i cal prop er ties of the soil as sessed in LT01 range
within the wid est lim its, as re gards acid ity, amounts of ex -
change cat ions and some prop er ties of soil colloids com pared
to soils of other catch ments. The sup plies of nu tri ent el e ments
in the soil of LT03 are the high est. The con tent of heavy met als
in the soils in ves ti gated cor re late with the con tent of heavy me -
tals in mosses and does not ex ceed the MCL.

2. The higher con cen tra tions of most pa ram e ters (SO4
2–,

NO3
–, NH4

+, Na+, P, Corg., Al3+, Mn2+) were found in the soil
wa ter of LT02. Dune sand, which has good fil tra tion ca pac ity,

plays a de ci sive role there. The con cen tra tions of chem i cal el e -
ments in soil wa ter tend to de crease in com par i son with the
long-term av er age val ues.

3.  Not with stand ing the ground wa ter ta ble lev els in the pe -
riod of in ves ti ga tion (six years) an over all fall of ground wa ter
was ob served in all bore holes of IMT. The wa ter ta bles de ter -
mine the amount of chem i cal el e ments in the ground wa ter: a
cor re la tion anal y sis has re vealed that ground wa ter lo cated
closer to the sur face is richer in many chem i cal, es pe cially
biogenic, el e ments. The con cen tra tion of many chem i cal el e -
ments in the ground wa ter de creased in the last years of ob ser -
va tion.

4. Yearly wa ter run off in 1996–1999 was about 66–75%
com pared with the yearly wa ter run off mean in 1994–1995.
The con cen tra tions of chem i cal el e ments in the stream wa ter in
1994–1995 were con sid er ably higher than in 1996–1999, and
so in 1994–1995 the out put of el e ments was by 2 and more
times higher.

5. The sim u la tion re vealed that the SOIL model could be
ap plied in Lith u a nia. How ever, it re quires an ac cu rate cal i bra -
tion pro ce dure in ev ery area. For this pur pose it is nec es sary to
have at least a few me thod i cally cor rectly ob served pa ram e ters
in situ. Dis crep ancies be tween the sim u lated and mea sured va -
lues may ap pear when the model is cal i brated not by wa ter ba -
lance but by its sep a rate el e ments; me te o ro log i cal data in cluded 
in the sim u la tion were mea sured not in situ but in the nearby
Lith u a nian me te o ro log i cal sta tions.
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Fig. 9. Ob served and sim u lated soil mois ture sat u ra tion at a depth of 20 cm in LT03 and at a depth of 40 cm in LT01
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