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Change of spring flood parameters in Lithuanian rivers

Diana Meilutyté-Barauskiené,

The main parameters (flood duration, runoff volume and maximum discharges) of spring flood

change over time. A review of the characteristic of spring floods in Lithuanian rivers and the dis-

Milda Kovalenkoviené

tribution of the different parameters is presented.

The objectives of the current research were the following: assessment of spring flood para-
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meters in a long period for three hydrological districts of Lithuania and trends of spring flood
volume change, spring flood peak and spring flood timing during three periods (1922-2003,
1941-2003 and 1961-2003) using the Mann-Kendall test.

Daily discharges from 32 water measurement stations (WMS) were used for this research.

Data were analysed for the above three periods (methods of the project “Climate and Energy”).

Mann-Kendall tests were carried out for the runoff volume, maximum discharge and spring flood

timing trend analysis during the three periods.
In the period 1961-2003, in all Lithuanian territory there were no trends of flood runoff al-

ternation. It means that flood runoff on average was stable. The situation was the same also in the

period 1941-2003. There are no trends in all Lithuanian territory, i. e. the runoff is stable from the

point of view of average runoff.
Only a long data series (1922-2003) showed that flood runoff had been decreasing in South-
eastern Lithuania where WMS had negative trends, i. e. flood runoff volume was decreasing.

The tendency of change of maximum discharge dates is similar in all hydrological districts.

Everywhere the trends are definitely negative, i. e. the maximum discharges are observed earlier

and earlier (because of warmer winters).

Positive trends were observed in the change of maximum discharges in the period 1961-2003

in rivers of Western Lithuania, i. e. discharges were increasing. In Middle and Southeastern Lithua-

nia, rivers had negative trends during all the three periods, i. e. the maximum flood discharges

were decreasing.

Key words: climate change, Mann-Kendall test, rivers of Lithuania, flood volume, maximum

discharge, trend

1. INTRODUCTION

Recently hydrologists from the whole world are concerned about
climate change and how it impacts river runoff [1-5]. Lithuanian
researchers have already noticed the tendency of climate chan-
ge as well [6-10]. In the last decades of the 20th century, in
Lithuania a visible climate change occurred in the atmosphere
circulation. This is the reason for warmer winters, decreased
long-time frosts, a decreasing contrast among the seasons, etc.
[11]. Since 2005, Laboratory of Hydrology of the Lithuanian
Energy Institute takes part in the project “Climate and Energy”
within North Europe and the Baltic countries. Using the same
methodics, change tendencies of the climate elements (air tem-
perature and precipitation) and the main characteristics of river
runoff have been studied in all the mentioned countries.

Spring flood is a very significant hydrological regime phase
of a river, and its runoff shows an uneven distribution of river
runoff within a year. Floods occur every year, but they differ
in duration and intensity. Snow melting and rain water are the

main sources of river feed as well as the main factors that impact
floods.

From the scientific standpoint, floods reflect the general
water abundance elements, and flood volume makes a big part
of the annual runoft (particularly in Middle Lithuanian rivers).
From the practical point of view, maximum discharges of the
spring flood belong to the catastrophic phenomena of nature.

The main characteristics of spring flood are flood duration,
runoff volume and maximum discharge.

Characteristics of spring flood volume of Lithuanian rivers
have been reported in many works [12]. In them, attention was
focused on the statistical analysis of maximum discharges and
on the practice of different methods of calculation. Flood dura-
tion and runoft volume were analysed [12].

Spring flood in Lithuanian rivers is many times greater than
the average annual discharge and several hundred times greater
than its minimum values. Spring runoff makes up a significant
part of the annual runoff (20-90%). Changes of spring flood in
Lithuania have been discussed elsewhere [6, 8].
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In order to analyse spring floods in Lithuanian rivers, the fol-
lowing flood characteristic were chosen: flood volume, spring flood
peak and spring flood timing. Spring floods are very different in
all three hydrological regions of Lithuania (Western, Southeastern
and Middle). The sources of river feeding in the three regions of
Lithuania are precipitation, snow melting and groundwater. The
ratio of these sources is differing in the three regions and for long
periods. They make up 35% to 50% of the whole runoft.

The main goal of the present research was analysis of spring
flood parameters in a long-term period. Floods in three hydro-
logical districts of Lithuania were analysed. The analysis of the
trends of spring flood volume change as well as spring flood
peak and spring flood timing during the three periods (1922-
2003, 1941-2003 and 1961-2003) was performed using the
Mann-Kendall test.

2. METHODS

Daily discharges from 32 water measurement stations (WMS) were
used for this research. Data from 11 WMS in Western Lithuania, 8
WMS from Middle and Southeastern Lithuania, 2 WMS from the
Neris River and 3 WMS from the Nemunas River were analysed.

Data were analysed for three periods: 1922-2003,1941-2003
and 1961-2003 (methods of the project “Climate and Energy”)
[2]. Mann—Kendall tests were carried out for the runoff volume,
maximum discharge and spring flood timing trend analysis for
the three periods [13].

The Mann-Kendall test is a nonparametric test for a trend in
a time series without specifying whether the trend is linear or
nonlinear. Consider the annual time series y, t = 1,..., N. Each
value y,, t=1,...,N-1 is compared with all subsequent values y,
t=t+ Lt'+2,...,N,and a new series Z is generated by

Z,=1ify >y/
Z,=0ify =y, (1)
Z,=-lify <y/

in which k=(t'- 1)(2N -t') /2 + (t - t). The Mann-Kendall
statistics is given by the sum of the Z_series:
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This statistics represents the number of positive differences
minus the number of negative differences for all the differences
considered.
The test statistics for N > 40 may be written as
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where m = 1if S < 0and m = -1if § > 0, N is the number of tied
groups, and e is the number of data in the ith (tied) group. The
statistic u_is assumed to be zero if § = 0. Then the hypothesis of
an upward or downward trend cannot be rejected at the o sig-
nificance level if [u | > u, ,, where u, , is the 1-a/2 quantile of
the standard normal distribution.

1-a/2

Homogeneity tests were done for the annual, extreme and sea-
sonal data series of all hydrological stations. The Mann-Kendall test
with a 5% significance level, recommended by the WMO (1988),
was applied for the data series trend analyses. In addition, positive
and negative trends significant only at the 30% level were applied.

3. RESULTS

3.1. Conditions of spring flood formation

The beginning of spring flood can be observed by intensively
increasing discharges and may be seen in hydrographs. Flood
beginning depends on climatic conditions, whereas flood end-
ing depends on many elements (snow reserve in the basin, size,
form and slope of the basin, river system).

The course of a spring flood depends on snow reserves in a riv-
er basin, the intensity and duration of snow melting, the freezing
degree of the soil, air temperature during snow melting time and
precipitation during flood time. Sometimes floods in Lithuania
are intensive and have one wave. But rather often the water level
increases slower and the flood has 2 or 3 peaks (Fig. 1).

Snow reserves depend on snow accumulation in win-
ter. Snowbreaks occurring in winter decrease snow reserves,
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Fig. 1. Flood hydrographs in different hydrological districts (Minija — Western
Lithuania, Nevézis — Middle Lithuania, Zeimena — Southeastern Lithuania)
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Fig. 2. Course of the spring flood in laky (Zeimena-Pabradé, A = 2580 km?) and un-
laky (Masa-Ustukiai, A = 2280 km?) basins from 1 March to 31 May 1988

Table 1. Characteristics of the spring flood average

especially in Western Lithuania. In Lithuania, the average
duration of snow cover is 70 (in the West) to 100 days (in the
Southeast). The average thickness of snow cover varies from 15
to 28 mm [12].It is the main characteristic which determines all
quantitative indicators of spring flood.

Lakes and the sandy coverage of the basins have the biggest
impact on the volume and duration of floods. These elements
regulate the runoff, decreasing the maximum discharges and
flood height and prolonging runoff duration (Fig. 2).

The impact of wetlands is small. Possibilities of water accu-
mulation in wetlands are minor in the beginning of the flood.
Wetland coverage is minor in basins on the Lithuanian territory
(~8%).

Similarly, forests prolong the process of snow melting, be-
cause they accumulate melting water in the soil. So they decrease
maximum discharges and prolong flood duration. A large part of
Lithuanian forests grow in districts with sandy coverage.
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Resketa Gudeliai 84,1 38 8.87 111 28 1947-1999
Sysa Jonaiciai 174 36 16.0 82 22 1960-1999
Akmena Paakmenés 314 40 46.2 11 27 1955-2003
'g Veivirzas Mikuziai 336 33 44.0 97 22 1954-1999
E Bartuva Skuodas 621 37 76.5 95 25 1957-2003
é Jara Pajaris 876 37 128 112 25 1946-1999
% Minija Kartena 1230 38 139 98 24 1922-2003
é Venta Papilé 1570 43 99.1 71 35 1948-2003
Jara Tauragé 1690 39 223 116 29 1922-2003
Sesuvis Skirgailiai 1880 40 181 91 35 1939-2003
Venta Leckava 4060 46 236 78 33 1949-2003
Alsa Paalsys 49,0 31 6.84 75 32 1957-1999
- Aguona Dirvonakiai 63,0 36 8.56 92 42 1961-1999
g Lévuo Kupiskis 307 42 259 83 45 1955-1999
S Susve Josvainiai 1100 41 89.4 72 41 1940-1999
z Dubysa Lyduvénai 1070 42 714 75 32 1933-2003
E Dubysa Padubysys 1900 43 134 75 33 1930-1999
= Madsa Ustukiai 2280 43 135 63 44 1958-2003
Nevézis Dasitnai 5530 46 285 71 39 1961-2003
© Sedupé Kalvarija 444 41 14.5 52 25 1954-2003
S Ula Zervynos 679 40 21.0 45 20 1960-2003
é Verkné Verbyliskés 694 40 359 59 26 1952-2003
T_:' Zeimena Kaltanénai 752 67 11.3 66 28 1961-2000
% Zeimena Pabradé 2580 70 48.2 74 29 1954-2003
3 Sventoji Anyks¢iai 3600 58 152 86 38 1952-2003
% Merkys Puvodiai 4300 43 116 48 20 1946-2003
< Sventoji Ukmergé 5440 59 238 87 37 1922-2003
- g Nemunas Druskininkai 37110 59 755 58 33 1945-2003
g g Nemunas Nemajanai 42800 63 933 64 33 1922-2003
g‘g Nemunas Smalininkai 81200 63 2251 73 33 1922-2003
§ :__g Neris Vilnius 15200 55 474 67 30 1923-2003
5 Neris Jonava 24600 37 794 72 32 1922-2003
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Flood duration depends on climatic conditions in the terri-
tory of a river basin. Typical hydrographs of spring flood in three
hydrological districts are shown in Fig. 1.

3.2. Spring flood runoff volume and its fluctuation

The volume of spring flood runoft has been analysed on the ba-
sis of data provided by 32 WMS in 23 Lithuanian rivers (Table
1). The volume of the flood runoft was characterized by:

1. Flood duration, days.

2. Flood runoff volume V (mill. m?).

3.Flood runoff height h (mm).

4. Relative part of flood runoff in the annual runoft (%).

Flood runoff could be analysed as flood volume V (mill. m?)
and runoff height h (mm), and they are often used in hydrologi-
cal practice (h = Qt / 1000A, where A is the basin area, km?). The
flood volume V is the total volume of water that flows per par-
ticular time (day, month, season, year), and Q is the volume of
water that passes a given location within a given period of time.

A significant spring flood runoff is typical of Western
Lithuanian rivers. There, floods usually start on the 15-16™ of
March and the average flood duration is 33-46 days. The rivers
of this coast hydrological district experience a significant change
of flood runoft volume, caused by frequent winter snowbreaks
every year. For example, in the basin of the Veivirzas river h varied
from 24 to 228 mm and in the Almena basinfrom 20 to 237 mm.
This variation is more intensive in the basins of small rivers. In
the Venta basin, & varied from 30 to 160 mm. Its part in the an-
nual runoff comprises only 22-35%. During the summer—autumn
time, floods influenced by rainfalls are bigger than summer floods.
The seasonal distribution is more equal in these rivers.

Flood runoff is less in Middle Lithuania (60-90 mm) than in
Western Lithuania, but still it composes a significant part (32—
45%) and in smaller rivers up to 50-70% of the annual runoff.
There, floods start on the 15-16" of March and the average flood
duration is 33-46 days. The factors of runoff regulation (lakes,
sandy soils, rain highwater) have a less impact on the natural run-
off, so the annual distribution of the runoff is very uneven. The
change of the flood runoff volume is strong, particularly in small
basins. For example, in the Agluona river basin it ranges from 10
to 231 mm (Fig. 3) and in the Alsa river basin from 4 to 174 mm.

In Southeastern Lithuania, floods start sometimes later, and
especially in laky basins they start on 18-24 March. Their aver-
age duration is 40-70 days.
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Fig. 3. The part of the flood runoff in the annual runoff of a small Middle Lithuanian
river (A = 66.4 km?)

Spring flood duration is longer in the southeastern part of
Lithuania, especially in laky basins of rivers (40-70 days). Spring
flood runoff varies from 45 to 87 mm in Southeastern Lithuania.
This district has many river basins with a thick (10-30 m) layer of
sand, which accumulates snow melt and rain water very quickly
and the rivers are fed with groundwater during the whole year.
There are a lot of lakes in this district, which smooth the runoff
distribution during the whole year. In these basins, spring flood
runoff makes only 20-25% of the annual runoff, while in basins
without natural elements capable of regulating natural runoff,
the flood runoft makes 30-38% of the annual runoff.

The correlation coefficients of flood runoft are very high in
the district borders and between neighboring districts. The low-
est relation was found among rivers in Western and Southeastern
Lithuania (Table 2).

Table 2. Synchronicity of spring flood runoff (h, mm)

RS Correlation coefficients
rological
ydistri 9 Western Middle Southeastern
cts . " . . ! :
Lithuania Lithuania Lithuania
Western 0.76-0.97 0.59-0.92 0.40-0.84
Lithuania
Middle 0.59-0.92 0.60-0.96 0.48-0.86
Lithuania
southeastern ) g4 0.48-0.86 0.61-0.97
Lithuania

Perennial changes of spring flood runoft are described by
chronological sequences (Fig. 4) and their trends are estimated
by the Mann-Kendall test.
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Fig. 4. Chronological sequence layer (h, mm) of the spring flood runoff in Neris-
Jonava station

The Mann-Kendall test was used for 32 WMS during three
periods (1922-2003, 1941-2003 and 1961-2003) to assess
changes of spring flood runoft. Trends of spring flood runoff for
three periods are shown in Fig. 5.

According to data of the longest period (1922-2003), a de-
crease of flood runoff in Southeastern Lithuania has been es-
timated (one WMS had no trend and three WMS had negative
trends). There are no trends of runoft height according to data
of 11 WMS for the period 1941-2003, except for one station with
a negative trend in Southeastern Lithuania. There are no trends
for 1961-2003 over the whole territory of Lithuania, i.e. flood
runoft is on average stable.
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3 1922-2003 3.3. Maximum discharges of spring flood
ol & \_ Maximum discharges occur when floods in river reach the high-
< s est water level. Maximum discharges are many times greater than
5 ® \ the average annual discharge volume and several hundred times
E * greater that its minimum annual values. Generally, the most sig-
g nificant differences between the maximum and the minimum
> discharge parameters are observed in small rivers (Table 3).
o] Wal /® Maximum spring discharges in Lithuanian rivers gener-
D O ally take place in March-April, but sometimes this event hap-
O pens earlier, if strong snowbreaks raise floods. Maximum dis-
(8 ?f;';fiii"' negative : charges occur in rivers of Western Lithuania in the first months
: Yo rend N /Q o (January-February) of the year. They comprise ~20% and in
@ Significant positive : e’ i Rt the rest of the territory 12-15% of maximum discharges. In the
' . ) rivers of Nemunas and Neris they comprise only 6-10% of max-
imum discharges.
Maximum discharges occur often in rivers of Western
Lithuania on 25-26 March. In small rivers (basin arena up 100
s 19412003 . km?) discharges are observed 34 days earlier.
x T B N Maximum discharges in rivers of Middle Lithuania are often
h; ® . observed on 27-28 March. In smaller rivers this process takes
O i place a couple of days earlier. The latest maximum discharges oc-
E cur in rivers of the hydrological district in Southeastern Lithuania
= e _ on27-30 March. For example, the very laky basin of the Zeimena
' ®o ® i river shows maximum discharges on 6-13 April.
SR O Spring flood timing is the day of the maximum discharge. The
i chronological sequence of spring flood timing in different parts
O significant negative : Q of Lithuania is shown in Fig. 6. The Minija is a river in Western
8 Negative —\ '® l Lithuania and the Neris is a river in Southeastern Lithuania. The
: S"l"gs:l‘g;m postive ] N3 ) average date of Q _(maximum discharge) of the Minija is 22
' _ March and of the Neris 28 March. According to the Mann—-Kendall
" test, data trends of both river discharges are negative, i.e.floods
take place earlier and earlier (particularly in the last two decades).
A consistent pattern of the distribution of maximum discharges
oy - oo 2003 S is the same as the flood runoff in the Lithuanian territory: the big-
[ ™~ B N gest maximum discharge occurs in rivers of Western Lithuania and
< ® ® e e “~\ the least one in rivers of Southeastern Lithuania.
S \e e / L . Day of year
5 ' / j 1201 he 28 of March
= /@ ®0 .. /® _3 1(1)37 /\/\ / . ; on the 0\ arc
O Siantanc e . ° L gg 1 on the 22 of March
& N A / o
: lS)io;:iil::am positive =@ / ) 20 1 : Neris—Vilnius
P i - w4 | Minija-Kartena
I . . 0N‘“““““““‘““““““““““““““I‘\‘““““““‘(‘\l‘“““““““““(‘\l‘
Fig. 5. Trends of the spring flood runoff () for different periods Fig. 6. Chronological sequence of spring flood timing
Table 3. Typical discharges of four rivers in 1970
Basin Maximum Average Minimum Q Q
River-WMS area, km? discharge discharge discharge % ﬁ
Q.. ms Q. m’/s Q ., mi/s pid LD
Nemunas-Smalininkai 81200 3370 561 186 6 18
Nevézis-Dasiunai 5530 625 36.6 2.56 17 244
Sudvé-Josvainiai 1230 204 14.3 1.19 29 582
Alsa-Paalsys 49.0 9.50 0.34 0.001 28 9500
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In Western Lithuania, the average annual Q__ varied from
9.9 to 236 m?/s in eleven rivers with a different basin size (84.1-
4060 km?). Changes of maximum discharge in a long time pe-
riod are very big. For example, maximum discharges in the river
Resketa-Gudeliai (A = 84.1 km?) are from 2.53 to 25.2 m*/s, in
the river Sysa-Jonaiciai (A = 174 km?) 1.47 to 37.0 m*/s, and in

the river Jara-Tauragé (A = 1690 km?) 63.0 to 491 m?/s.

In Middle Lithuania, eight rivers with the basin areas from
49.0 to 285 km? have been selected for analysis. The average per-
ennial Q of these rivers ranges from 6.84 to 285 m*/s and their
hydromodules are from 51.6 to 140 1/s km?. The interval of maxi-

mum discharges is very large in a long time period.

1922-2003
o 1"7"'\_ - ———
- ~, - LY
/ % i S
< |
= O -
w) \
S
—
S Py
= ¥, |
<] y.
4 . e
o O~ Q /
V"‘\‘
) Q
O Significant negative ¢ |
O Negati { / f
No trend - /O /
@ Positive e ¥ L~
@ significant positive T =l
\ —~
| }
. 1941-2003
- e P
y : L=
2
< i
3O
w2
O b -
= {
=) (
= ) /
=] Q
i ~ %0 _ /O
o QO O/
Lo s )
\ O |
O Significant negative ! ! A
O Negativ | / &
@ Notrend /O A
@ Positive = A
@ significant positive g W
O 1961-2003
™ e, —
o e WS o
A OO0
Ak I\,
@n O O QO S A
= f /
- / |
/I oo o /O -
X O QO
Yo s
O 0 Q,
— ¢
(O significant negative / Q Q A
O Negativ | { {
@ N /o
@ Positive "@_ f_.f ATy
. Significant positive % O: Q- .'__. S —

Q..

Fig. 7. The distribution of maximum discharges of spring flood timing in Lithuania

In Southeastern Lithuania, 8 rivers with basin areas from 444 to

5440 km” have been analysed. Their average perennial Q__is from
11.3 to 238 m’/s and their hydromodules vary from 15.0 to 51.8 I/s
km? In this district, maximum discharges show less annual changes
(6-12 times), particularly in the laky river of Zeimena (4-6 times).

Q,, varies from 303 to 3180 m*/s in the Nemunas-Druskininkai

WMS and from 834 to 6820 m?/s in the Nemunas-Smalininkai
WMS. In the Neris-Vilnius WMS, Q__ varies from 123 to 1690 m*/s
and in the Neris-Jonava WMS from 261 to 2090 m%/s.

Trend analysis of spring flood peak and spring flood timing

has been done for three periods (1922-2003, 1941-2003, 1961~
2003) (Figs.7 and 8).
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The spring flood peak timing magnitude showed the same
negative trends in all hydrological regions because of the earlier
floods.

In rivers of Western Lithuania,Q___showed no trends for the
first two periods and a minor positive trend for the period 1961-
2003. The reason is maximum discharges of spring flood in 1994,
which in this region was the biggest for the last 80 years. Besides,
discharges were very large in 1968,1970, 1979 and 1985.

In the Middle and Southeastern hydrological districts of
Lithuania, trends of maximum discharges are definitely negative
for the three periods, and the maximum discharges of flood are
decreasing. In these districts, the biggest discharges in the rivers
were observed in 1931, 1941, 1951, 1953, 1956, 1958 and 1970.

3. CONCLUSIONS

1. Flood runoff height and hydromodules of maximum dis-
charges are the biggest in the river basins of Western Lithuania.

2. In Middle Lithuanian rivers, the flood runoff volume
comprises a larger part (32-45%) of the annual runoff versus
20-35% in rivers of Western and Southeastern Lithuania.

3.1n the period 1961-2003, in all Lithuanian territory there
were no trends of flood runoff alteration. It means that flood
runoff is on average stable. The situation was the same also in
the period 1941-2003. There are no trends in the Lithuanian ter-
ritory, except its southeastern part (basin of the Neris). Only a
long data series (1922-2003) has shown that flood runoff has
been decreasing in Southeastern Lithuania where one WMS has
no trend and three WMS have negative trends. The biggest floods
and discharges in this district were observed in 1922-1958.

4. The tendencies of maximum discharge timing are simi-
lar in all hydrological districts. Everywhere trends are definitely
negative, i. e. maximum discharges are observed earlier and ear-
lier (because of warmer winters).

5. Positive trends are observed in maximum discharges for
the period 1961-2003 in rivers of Western Lithuania, i.e. dis-
charges are increasing. In Middle and Southeastern Lithuania,
rivers have shown negative trends in all three periods, i. e. their
maximum flood discharges are decreasing.
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Diana Meilutyté-Barauskiené, Milda Kovalenkoviené

PAVASARIO POTVYNIO PARAMETRU KAITA LIETUVOS
UPESE

Santrauka

Pastaruoju metu viso pasaulio hidrologus domina klausimas - kaip kli-
mato kaita veikia upiy nuotékj. Klimato kaitg tiriantys Lietuvos moks-
lininkai jau fiksuoja nemazai keleta deSimtmeciy vykstanciy jo kaitos
tendencijy. Nuo 2005 mety Lietuvos energetikos instituto Hidrologijos
laboratorija dalyvauja bendrame Siaurés Europos ir Baltijos $aliy pro-
jekte ,Klimatas ir energija“. Siose $alyse pagal vieningg metodikg ir vie-
nodas laiko eilutes tiriame klimato elementy - oro temperataros bei
krituliy ir visy pagrindiniy nuotékio charakteristiky (mety, sezony,
ekstremaliy reik§miy) pokyciy tendencijas. Siame straipsnyje patei-
kiami atliktos pavasario potvynio charakteristiky — potvynio tario ir
maksimaliy debity analizés rezultatai.

Darbe panaudota 32 vandens matavimo sto¢iy pavasario potvynio
paros debitai 1922-2003 metais. Jie analizuoti trimis variantais — 1922
2003, 1941-2003 ir 1961-2003 m. laikotarpiais, vadovaujantis projekto
»Klimatas ir energija“ metodika. Pavasario potvynio parametry trijy va-
rianty laiko eilu¢iy trendams jvertinti panaudotas Mann-Kendall testas.
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Analizés rezultatai parodé, kad potvynio nuotékio tario sekose
1961-2003 ir 1941-2003 mety laikotarpiais visoje Lietuvoje tren-
dy néra, t.y. nuotekis stabilus vidurkio atzvilgiu. Panasi situacija ir
1922-2003 metais - trendy néra didesnéje teritorijos dalyje, i§skyrus
Pietry¢iy Lietuva, kurioje nustatyti neigiami trendai, t. y. potvynio nuo-
tekio tario mazéjimas.

Maksimaliy debity daty kaitos tendencija visoje teritorijoje vieno-
da - trendai visur reik§mingai teigiami, t. y. maksimalas debitai stebimi
vis anksciau, matyt dél $iltéjanciy Ziemy.

Vidurio ir Pietry¢iy Lietuvos upése per visus analizuojamus laiko-
tarpius maksimalas potvynio debitai turi neigiamus trendus, t. y. debi-
tai maZzeja, o Vakary Lietuvoje tik 1961-2003 mety laikotarpiu atsiran-
da teigiami trendai, t. y. fiksuojamas maksimaliy trendy padidéjimas.

Raktazodziai: klimato kaita, Lietuvos upés, trendas, maksimalus
debitas

Jlnana Meitnytute-bapanayckene, Munjga KopanenkoBeHe

M3MEHEHMWA ITAPAMETPOB BECEHHETO ITABOJJKA
PEK JINTBBI

Peswme
B Hacrosiee BpeMsA TMIPONOTOB BCETO MMUPa MHTEPECyeT BOIIPOC,
KaK IpOUCXOfAIee VM3MEHEeHMe KIMMaTa JiefiCTBYeT Ha CTOK peK.
Knumaronorn JIMTBBI yKe yCTaHOBUIM JOCTaTOYHO 3HAYMMBIE TEH-
JIeHLIMM M3MEHEHUA OTHENbHBIX 37IEMEHTOB KIMMaTa 3a IHOCIefHMe
3-4 pecATUNETUA.

C 2005 1. Taboparopust rugpornoryy JIMTOBCKOrO 9HEPreTNIecKo-
IO MHCTUTYTA y4aCTBYET B MEXX/YHAPOHOM IpoeKTe cTpaH CeBepHOIt

EBpomnst u banruku ,,Knumar u sneprusi‘. Bo Bcex cTpaHax 1o euHoit
METOfIMKE M OffIHAKOBbIM BPEMEHHBIM IapaMeTpaM M3y4aloTcs TeH-
HEeHIMM M3MEHEHWIl 97IeMEHTOB KMMara (TeMIlepaTypbl BO3AyXa 1
0Ca/IKOB) JI OCHOBHbIX XaPAaKTePUCTHUK CTOKA (TOJI0BOr0, CE30HHOTO 1
9KCTPEMaJIbHBIX €ro 3HadeHmiT). B JaHHOII cTaTbe IpeICTaBIeHsbl pe-
3y/IbTAThl aHA/IM3a M3MEHEHMA BO BPEMEHM, T. €. TPEH/bl XapaKTepy-
CTUK CTOKA BECEHHETO MAaBOJIKA: 00'beMa CTOKa, [IaT ¥ BEMIIMHBI MaK-
CUMA/IbHBIX PacXoiOB.

Vcnonb3oBanuch faHHble 32-X BOJOMEPHBIX CTaHIMIiI 3a 1922-
2003 rr. CoracHO IporpaMMe aHaIu3 JAHHBIX NPOU3BOAWICA B 3-X
BapuanTax (3a 1922-2003 rr., 1941-2003 rr. n 1961-2003 rr.) 110 Me-
TofuKe mpoekTa ,Kimmmar 1 sneprus’. [l onpeeneHus TpeH/oB 1c-
monb30BaH TecT ManH-Kenpmana.

Pesy/bTarTbl aHa/mM3a MOKasajy, YTo bl HAOMIOfEHNiT 06bema
CTOKA MaBOAKA CTAOGWIBHBI 110 BCeli Tepputopuu JINTBBI 32 TIEPUOBI
1941-2003 rr. 1 1961-2003 rr. lannpie 1922-2003 rr. moxasamy yMeHb-
IIeHe CTOKA NTaBOJIKA Ha TePPUTOPUM I0T0-BOCTOUHOI JINTBBI.

JlaTpl MaKCHMMaJbHBIX PAacXOfioB IABOJKA HA BCell TeppuTOpUM
MMEIOT 3HAYMMBble [I0/I0KITe/IbHbIE TPEH/IBL, T. €. OHV HAO/TIOAI0TCS BCe
paHbllle, I0-BUANMOMY, B pe3y/bTaTe IOTEI/IeHNA 3VIMHETO TIePYOfa.

B Cpepneit u I0ro-Bocrounoit JIuTse 3a Bce uccnenyemble epuo-
bl MAaKCHMAJIbHbIE PACXO/IbI PEK MMEIOT OTPUIIATe/IbHbIE TPEHADI, T. €.
pacxonpl cokpaaiorcs. Tonbko B 3amapHoit J/Iutse B mepuop 1961-
2003 rT. BBIAB/IEHDI IOTOXUTETbHDIE TPEHJIBI.

KiioyeBble cmoBa: msMeHeHMe KaMMara, peku JIMTBbI, TpeHH,
MaKCHMATbHBII Ie0UT



