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The paper examines climate change impacts on the hydrological regime of nineteen different river
basins in Latvia. Hydrological data series for the period of 1951-2006 were analysed for river ba-
sins of four hydrological districts: Western, Central, Northern and Eastern. Climate change has in-
fluenced the temporal and spatial distribution of total annual river runoff and high and low flows in
Latvia at the turn of century. The results confirm the hypothesis that the main tendency in the run-
off change is a decrease in spring floods and increase in winter. Generally, statistically insignifi-
cant long-term trends were observed for summer and autumn.
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INTRODUCTION

Climate change impacts on rivers hydrological regime have
been extensively studied world-wide (Hisdal et al., 2003;
Pekarova et al., 2006; Rodel, 2006; Rees and Collins, 2006;
Dankers et al., 2007; Reihan et al., 2007; 2008). Kriaucitni-
ene et al. (2007) pointed out that during the 20" century the
main changes in climate elements such as atmospheric cir-
culation, air temperature, precipitation, snow and ice cover
have occurred since the 1960s. These changes in weather
patterns have affected the river hydrological regime and wa-
ter resource availability. However, at the turn of the cen-
tury, an increase of air temperature and precipitation during
the cold period, decrease in days with snow cover and ice
occurrence, increase in summer droughts and higher fre-
quency of extreme air and water phenomena were observed.
Hansen et al. (2007) have found that the six warmest years
have occurred since 1998 and the 15 warmest years since
1988, with the largest air temperature changes in winter
(Box, 2002). In the Baltic (Reihan et al., 2007) and Nordic
regions (Hisdal et al., 2003) the strongest relation among
temperature, precipitation and discharge, and a significant
increasing trend for these indicators, occurs in the winter
season. However, there is no regular pattern for other sea-
sons, and only a significant decrease in spring floods was
found in the Baltic countries.

In Latvia, there have been studies of long-term river runoff
and time of ice-break for large and medium size rivers by
Frisk et al. (2002), Klavins et al. (2002), Klavins et al.
(2004), Klavins et al. (2006), Reihan et al. (2007), and river
runoff prediction under different climate scenarios — by
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Ziverts and Apsite (2005), Rogozova (2006). These studies
showed seasonal changes of long-term river runoff and ice
regime. For example, Frisk ef al. (2002) concluded that in
general the discharge changes are minimal and have in-
creased only in the main rivers in Latvia. This study consid-
ers an increase of winter runoff in relation to the total run-
off. The reduction of the ice-cover period in rivers for the
last thirty years is 2.8 up to 5.1 days every ten years
(Klavin§ et al., 2006). Briede and Lizuma (2007) and
Lizuma et al. (2007) found that the mean annual minimal
temperature increased more rapidly in winter and that the
maximum diurnal sum of the monthly precipitation also in-
creased in the cold period of the year in the period from
1950 to 2003. Therefore, these patterns in climate indicators
have caused a change of total annual runoff distribution,
and high and low discharges in Latvian rivers at the turn of
the century.

The aim of the study was to determine the climate change
impacts on the total annual river runoff distribution, and
high and low discharges in Latvia, covering different river
basins that vary in size and physiographical conditions in
four hydrological districts.

MATERIALS AND METHODS

Data series of daily discharge (Anonymous, 2007) recorded
at nineteen hydrological stations (Fig. 1) were used for the
analysis of long-term trends and the distribution of total an-
nual river runoff in percentage by month, season and three
study periods.
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The study periods examined are: from 1951 to 2006 (entire
study period); from 1951 to 1987 — forty years period with
no substantial climate change impacts on river runoff; from
1988 to 2006 — last nineteen years period with substantial
climate change impacts on river runoff. The study periods
were selected for several reasons. Firstly, in the 1990s many
hydrological stations were closed due to financial problems.
Therefore, it was difficult to find long-term data series for
the entire study period in different parts of Latvia. Finally,
we selected nineteen hydrological stations for this study.
Secondly, on the basis of the previous research by Klavins§
et al. (2007) concerning the analysis of large-scale atmos-
pheric circulation processes in the Baltic region, the study
period from 1951 to 2006 was divided into two parts. In that
study the year 1987 was identified as one of the climate
turning points in a centennial perspective, associated with
significant changes of climate indicators such as winter
temperature, amount of precipitation, etc. By reference of
Hansen et al. (2007) and this investigation, since 1988 in

Fig. 1. Hydrological districts of Latvia:
I — Western, II — Central, III — Northern
and IV — Eastern (I'masauesa, 1980). Hy-
drological stations: 1 — Barta-Dukupji,
2 — Riva-Pieviki, 3 — Venta-Kuldiga, 4 —
Abava-Renda, 5 — Irbe-Vicaki, 6 —
Bérze-Balozi, 7 — Svéte-Uzini, 8 -
Lielupe-MeZotne, 9 — Miusa-Bauska,
10 — Ogre-Lielpeci, 11 — Gauja-Sigulda,
12 — Amata-Melturi, 13 — Salaca-
Lagaste, 14 — Gauja-Valmiera, 15 —
Vaidava-Ape, 16 — Pededze-Lietene,
17 — Rézekne-Griskani, 18 — Aiviekste-
Aiviekste, 19 — Daugava-Daugavpils

Latvia warmer winters have been occurring year by year.
The increase of air temperature and precipitation has caused
an increase of Latvian river runoff in winter (Fig. 2).

The low flow period was defined as the 30-day minimum
discharge during the cold period (Q30,q» November—Feb-
ruary) and the warm period (Q3qyarm> May—October). The
high flow period was the maximal annual discharge (Q,,.).
which was mostly observed in the spring flood period
(March—April). The ratio between annual low flow dis-
charge, or maximal annual discharge and annual mean dis-

Charge (Q30001d/ Qannual mean ° Q30warm/ Qannual mean and

max! Qannual mean) WETE calculated.

The non-parametrical Mann-Kendall test (Lisbiseller and
Grimvall, 2002) was used for the trend analysis. The Mann-
Kendall test was applied separately to each variable at each
site, significance level of P < 0.01. The trend was consid-
ered as statistically significant at the 5% level, if the test
statistic was higher than 2 or less than —2.
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To interpret the obtained results we used the classification change did not much affect river runoff: river discharges
of hydrological districts by Glazacheva (I'mazauesa, 1980) during the winter period amount to 16-30% of the total an-
where the territory of Latvia is divided into four districts: nual river runoff compared to 38-53% in spring, 8—15% in
I — Western, II — Central, III — Northern and IV — Eastern. summer and 17-24% in autumn. On average, the highest
(Fig. 3): Western, Central, Northern and Eastern. spring runoff was recorded for rivers of Central and Eastern
districts (Table 1). Typically rivers of the Western district
had the highest percentage in winter runoff compared to the
RESULTS

other regions. The maximum total annual runoff was in

The studied period from 1951 to 1987 shows the typical dis- April (19-30%) and the lowest water discharge in July and

tribution of total annual river runoff in Latvia when climate August (2-5%)

Table 1
DISTRIBUTION OF TOTAL ANNUAL RIVER RUNOFF BY MONTH AND SEASON IN LATVIA (IN PERCENTAGE)
Hydrological Month Season
district 1 \ 1 \ 11 \ v \ v VI \ VII \ VIII \ X \ X \ XI \ X1 | | winter \ spring \summer\ autumn
1951-2006
Western 11.5 9.8 12.9 16.5 6.0 3.0 2.5 2.8 4.0 6.7 11.6 12.5 33.8 35.5 8.3 22.4
Central 8.8 8.7 16.0 25.3 7.6 3.5 2.9 2.5 3.0 4.8 7.7 9.2 26.7 489 8.9 15.5
Northern 7.9 6.9 9.6 23.8 10.7 4.5 3.6 3.9 4.8 6.6 9.0 8.7 23.5 44.1 12.0 20.4
Eastern 6.2 6.1 10.2 25.9 12.9 6.3 4.8 4.1 4.3 53 7.0 6.9 19.2 49.0 15.2 16.6
Total in Latvia 6.2 6.1 10.2 259 12.9 6.3 4.8 4.1 4.3 53 7.0 6.9 25.8 44.4 11.1 18.7
1951-1987
Western 9.3 7.5 12.7 18.8 6.3 3.0 2.4 2.9 4.7 7.5 12.0 12.8 29.6 37.8 8.4 24.2
Central 6.2 6.2 16.0 29.4 8.1 34 2.6 2.7 34 5.5 7.7 8.9 21.4 53.4 8.7 16.5
Northern 6.4 4.8 7.7 26.7 11.7 4.2 3.6 4.0 5.4 7.3 9.3 8.8 20.0 46.1 11.9 22.0
Eastern 5.1 4.3 8.4 29.3 14.1 6.2 4.5 4.2 4.4 5.5 7.0 6.8 16.3 51.9 14.9 16.9
Total in Latvia 6.8 5.7 11.2 26.1 10.1 4.2 33 34 4.5 6.4 9.0 9.4 21.8 47.3 10.9 19.9
1988-2006
Western 14.8 13.5 13.3 12.8 5.6 3.0 2.6 2.6 2.9 5.6 11.1 12.2 40.5 31.7 8.2 19.6
Central 13.5 13.2 15.9 17.8 6.8 3.8 34 2.3 2.5 3.5 7.7 9.6 36.3 40.5 9.5 13.7
Northern 10.6 10.7 13.1 18.4 8.9 5.0 3.7 3.6 3.8 5.2 8.5 8.4 29.8 40.4 12.3 17.5
Eastern 8.0 9.0 13.2 20.1 10.7 6.6 5.3 4.1 4.3 4.9 6.8 7.0 24.0 44.1 15.9 16.0
Total in Latvia 11.7 11.6 13.9 17.3 8.0 4.6 3.8 3.2 34 4.8 8.6 9.3 32.6 39.2 11.5 16.7
difference between 1988-2006 and 1951-1987
Western 5.5 6.0 0.6 -6.0 -0.7 0.0 0.2 -0.4 -1.8 -1.9 -0.8 -0.6 10.9 -6.2 -0.2 -4.6
Central 7.3 6.9 -0.1 -11.5 -1.3 0.4 0.8 -0.3 -0.9 -2.0 0.1 0.6 149 -129 0.8 -2.8
Northern 43 5.9 5.4 -8.3 -2.8 0.7 0.1 -0.4 -1.6 -2.1 -0.8 -0.4 9.7 -5.7 0.4 -4.5
Eastern 2.9 4.7 4.8 9.2 3.4 0.4 0.7 -0.1 -0.1 -0.6 -0.2 0.1 7.7 -7.8 1.1 -0.9
Total in Latvia 5.0 5.9 2.7 -8.8 -2.1 0.4 0.5 -0.3 -1.1 -1.7 -0.4 -0.1 10.8 -8.1 0.5 -3.2
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RESULTS OF MANN-KENDALL TEST FOR MONTHLY DISCHARGE, ANNUAL LOW, HIGH AND MEAN DISCHARGES (1951-2006)

Table 2

Hydrological station Month Q30c01d [Bowarm| Qumax | Qunnual
I ‘ I ‘ 11 ‘ v ‘ \Y VI ‘ VII ‘ VII ‘ X ‘ X ‘ XI ‘ XII mean
Western district
Venta—Kuldiga 241 239 136 -2.62 -054 251 293 062 005 0.08 030 042 274 246 -240 051
Abava—Renda 279 267 054 -062 043 390 244 170 081 027 041 054 204 212 -1.87 1.13
Irbe—Vicaki 140 145 197 -092 -099 099 249 052 -0.06 0.13 125 0.03 242 177 -1.61 196
Riva—Pieviki 225 208 076 -0.83 -052 086 058 031 -055 -051 -026 -0.02 263 -025 -0.11 191
Barta—Dukupji 1.87 214 170 -1.82 -0.75 1.16 174 045 -092 0.19 0.61 0.50 221 049 -147 0.78
Central district
Lielupe-MezZotne 3.07 300 166 -2.68 -09 283 421 234 171 064 076 1.65 334 363 -2.60 030
Misa—Bauska 233 257 164 235 -040 165 169 001 -0.11 036 090 1.39 206 -1.80 -1.46 0.54
Svete-Uzini 224 221 098 -271 -1.02 122 1.77 -0.01 -0.23 0.21 1.78  1.46 236 046 -4.00 -1.23
Bérze-Balozi 224 265 134 -144 -0.17 194 125 -027 -046 -0.61 -027 0.34 339 074 -3.56 -0.39
Northern district
Gauja—Sigulda 28 291 313 -2.09 -087 135 1.15 -056 -1.29 -1.71 0.08 0.23 261 -059 -1.53 049
Gauja—Valmiera 329 -074 -232 085
Amata—Melturi .79  3.00 239 -228 -059 038 000 -l161 -201 -1.07 0.16 -0.16 257 274 -322 0.13
Vaidava—Ape 230 290 290 -223 -1.12 215 142 -047 -0.60 -1.00 0.38 0.65 279 112 375 1.01
Ogre-Lielpéci 262 228 260 -2.65 -085 158 131 -098 -1.51 -1.24 043 031 257 -095 -319 1.06
Salaca-Lagaste 268 274 297 -081 -1.02 122 148 108 -041 -0.80 0.14 046 338 169 -054 158
Eastern district
Daugava-Daugavpils 1.56  2.57 3.02 -1.80 -1.69 -0.19 144 1.03 081 037 083 1.11 254 088 -2.57 098
Aiviekste—Aiviekste 234 243 254 -194 312 -095 1.19 071 040 047 0.66 0.87 261 1.17 -270 0.27
Rézekne—Griskani 226 254 260 -159 1.65 279 292 144 123 075 085 099 245 258 -219 193
Pededze-Litene 281 275 221 -203 -146 156 069 -0.71 -0.63 -0.50 0.13 0.69 1.61 -0.06 -231 0.26

Statistically significant trend at the 5% level (P < 0.01), in bold.

The study period from 1988 to 2006 presents the distribu-
tion of total annual river runoff under climate change im-
pact during the much recent nineteen years. Of the total an-
nual river runoff, river discharges during the winter period
amounted to 24-41% 32-44% in spring, 8—16% in summer
and 14-20% in autumn. Higher discharge in winter was par-
ticularly evident in Central and Western districts of Latvia
due to warmer winters at the turn of century (Table 1).
Monthly data show (Fig. 2) that river runoff in Latvia in-
creased in January and February (average 3-7%) and de-
creased in April (average 6-12%). Among the regions, the
most obvious changes in river runoff occurred in the Central
part, which increased by ~7% in January and February and
decreased by ~12% in April.

Trends in long-term monthly river discharge for the entire
study period (1951-2006) were tested using the Mann-
Kendall test (Table 2). A statistically significant downward
trend was obtained for April in 9 of 18 hydrological stations
and particularly for the Central and Northern hydrological
districts. A statistically significant upward trend was found
for January, February and March in 17 of 18 hydrological
stations. In Central and Western districts, river runoff in-
creased more significantly in January and February. More-
over, in the Eastern and Northern districts, a significantly
increasing river runoff trend was observed for January, Feb-
ruary and March. Generally, statistically insignificant

282

long-term trends were found for the summer and autumn
months.

Regarding low and high flow periods from 1951 to 2006,
Mann-Kendall test showed statistically significant increas-
ing trends for 30-day minimum discharge (Qz,,q) of cold
period in 99% of studied hydrological stations, and a de-
creasing trend for maximum annual discharge (Q,,,) in 12
out of 19 hydrological stations (Table 2). Significant de-
creasing / increasing trends in 30-day minimum discharge
(Q30warm) in the warm period were found only in five hy-
drological stations.

Regarding the ratio between annual low flow discharge
(Q30c01d O Q30warm) and annual mean discharge (Q,,, a1
mean) Tor the three study periods (Table 3), the ratio Q3,4
1Qnnual mean Was higher for all studied rivers in the period
1988-2006 than in the study period 1951-1987. The ratio
was higher in Western and Central districts (about 0.8) and
lower in the Northern and Eastern, respectively 0.73 and
0.7. The ratio Q30max /Qannual mean Was lower also in the pe-
riod 1988-2006 for all studied rivers. The larger difference
in this ratio for the study periods 1988-2006 (ratio 6.96)
and 1951-1987 (ratio 11.66) was observed for rivers in the
Central districts followed by rivers in Northern, Eastern and

Western districts. The calculated ratio Qs 4rm /Qannual mean
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Table 3

RATIO BETWEEN ANNUAL LOW OR HIGH FLOW DISCHARGE
AND ANNUAL MEAN DISCHARGE

Study period | Q3pco1q

Q30warm Qmax Qannual mean

Western district

19512006 0.63 0.21 6.04 1.00
1951-1987 0.53 0.22 6.30 0.98
1988-2006 0.82 0.21 5.54 1.04
Central district
1951-2006 0.54 0.18 10.07 1.00
1951-1987 0.40 0.18 11.66 1.00
1988-2006 0.79 0.17 6.96 1.00
Northern district
1951-2006 0.51 0.25 7.96 1.00
1951-1987 0.40 0.26 8.48 0.98
1988-2006 0.73 0.22 6.95 1.04
Eastern district
1951-2006 0.50 0.31 6.53 1.00
1951-1987 0.40 0.31 6.98 0.96
1988-2006 0.70 0.33 5.65 1.09
Total in Latvia
1951-2006 0.55 0.24 7.65 1.00
1951-1987 0.43 0.24 8.36 0.98
1988-2006 0.76 0.23 6.28 1.04

did not show any significant changes between studied peri-
ods of 1988-2006 and 1951-1987.

DISCUSSION

In Latvia, rivers are characterised by a typical hydrograph
with two main discharge peaks: during spring snowmelt and
in late autumn during intensive rainfall, and low river dis-
charge in winter and summer (Fig. 3). However, a high dis-
charge peak c an also be observed after intensive rainfall at
any time of warm period. Rivers have mixed water feeding:
rain, snowmelt water and groundwater. It is typical that the
major part of the total annual river runoff generates in
spring followed by winter, autumn and summer.

Latvia is a comparatively small country by territory. For ex-
ample, it is 5-7 times smaller than Nordic countries (Fin-
land, Norway and Sweden) and almost the same as Den-
mark, Lithuania and Estonia. However, while Latvia is a
comparatively small country, climatic and hydrological con-
ditions can still differ in different parts of the country
(Fig.1). In warm winters, low river discharges are not ob-
served in the Western district. In this district, there is a com-
paratively shorter ice cover period and spring floods begin
earlier (Fig. 3) (I'mazaueBa, 1980). In the West there is a
greater impact on river discharge regime from meteorologi-
cal processes occurring over the North Atlantic and the Bal-
tic Sea than for other districts in Latvia, particularly when
compared to the Eastern district (Klavins et al., 2002). Geo-
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Fig. 4. Distribution of total annual river runoff in average percentage by
study period and month in Latvia and hydrological districts.

logical and climatic conditions determined the hydrological
regime in the Central district: rivers receive a large part of
the discharge from surface runoff, the role of groundwater
is cooperatively low during the year and spring floods dom-
inate. The rivers of the Northern district are characterised
by high snow melt floods and a less pronounced runoff due
to rainfall in autumn, compared to the Western district. The
Eastern district is characterised by a more continental cli-
mate conditions and spring floods begin later and are longer
composing more than half of the total annual river runoff.

The typical river hydrograph for Latvia was developed for
the forty years study period from 1951 to 1987, when cli-
mate change did not much affect the river runoff. However,
at the turn of the century the climate changed and it subse-
quently modified the hydrological regime of rivers (Fig. 4).
The study period from 1988 to 2006 represents the distribu-
tion of total annual river runoff under climate change im-
pact during the last nineteen years (Table 1, Fig. 5). The re-
sults show that, compared with the study period 1951-1987,
river runoff considerably increased in winter (average
8-15%), decreased in spring (average 6—13%), slightly de-
creased in autumn (~3%) and insignificant changes oc-
curred in summer. We can conclude that seasonal changes
of total annual river runoff can be observed in all hydrologi-
cal regions. This is particularly evident in the Central hy-
drological region, where winter runoff increased by 15%
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and spring runoff decreased by 13%, which can be ex-
plained by a greater influence of climate change in win-
ter-spring on the river runoff. During the last nineteen years,
warm winters have dominated, low river discharges were
not observed, spring floods began earlier in this district.
Similar climatic and hydrological conditions were observed
in the Western district from 1951 to 1987, when climate
change did not much affect the river runoff. Also in the
Northern and Eastern districts warmer winters were ob-
served but air temperature did not increase as much. There-
fore, the changes of the total river runoff distribution of the
year were more gradual.

The analysis of monthly data showed that from 1988 to
2006 river runoff in Latvia increased in January, February
and March by 3-6% and decreased in April by 9% (Table 1,
Fig. 4). In other months the changes are less significant.
Among the regions, the most significant changes in river
runoff occurred in the Western and Central districts: in-
crease in January and February (by 6—7%) and decrease in
April (by 6-12%). In the Northern and Eastern districts the
change in river runoff was similar to the Western and Cen-
tral districts, but an increase was observed also in March
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T Fig. 6. Trend of river 30-day minimum dis-
charge in the cold period of the year from 1951
to 2006.

and a decrease in May. The results of the Mann-Kendall test
for long-term data series of monthly river discharge, low
and high flow periods and the ratio of two low and one high
flow periods from 1951 to 2006 allow drawing the same
conclusions. The present results confirm the hypothesis that
main trends in river runoff are decreased spring runoff (high
flow) (Figs. 5, 7), increased winter runoff (low flow) (Figs.
5, 6) and insignificant change in summer low flow and au-
tumn runoff. In addition, as observed previously (Klavins ez
al., 2002; Klavips et al., 2006) in Latvia and (Reihan et al.,
2007) in the Baltic the beginning of the spring flood has
shifted to an earlier time, contributing snowmelt to the win-
ter season. These changes are mainly due to climate change
at the turn of the century. In the Baltic Study Reihan et al.
(2007) pointed out that the decrease in spring flood magni-
tude and earlier start of river flooding is evidently due to in-
creasing air temperature in winter. The increase in air tem-
perature causes a decrease of the water equivalent of snow
and the number of days with snow as well.

In the study period, river runoff slightly decreased in au-
tumn (~3%), which can be explained by warmer autumns,
increased evapotranspiration and decreased precipitation in

Proc. Latvian Acad. Sci., Section B, Vol. 63 (2009), No. 6.
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Latvia (Briede and Lizuma, 2007). The discharge time se-
ries showed insignificant long-term changes in river runoff
in summer (Fig. 8). In general, the obtained trends of the
30-day minimum discharge in the warm period were similar
to the Baltic results. Reihan et al. (2007) concluded that dif-
ferences in streamflow during summer and autumn seasons
in most cases reflect tendencies observed in the precipita-
tion and temperatures series.

The regional differences observed in total annual river run-
off distribution, high and low flows by Western, Central,
Northern and East hydrological districts of Latvia are
mainly determined by climatic conditions. For example, in
the Northern and especially Eastern district the climate is
more “continental” compared to the other parts of Latvia,
causing pronounced change in the river runoff during high
flow in spring and low flow in winter. Generally, the cli-
mate conditions in Eastern district are similar to the Nordic
countries. Korhonen (2008) studied long-term changes in
discharge regime of 25 unregulated and regulated rivers in
Finland. Trend analyses showed statistical significant in-
creasing trends in winter runoff and decreasing in spring
runoff in 31-42% and 50-54% of the studied sites, respec-
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tively. Similar results were obtained by Hisdal et al. (2003)
in Nordic Studies, which indicated that in this region a lon-
ger time period is needed to identify change in river runoff
in winter-spring seasons under climate change impact.

It is a generally known fact that changes in river hydrologi-
cal regime are determined by climate change. In this study
we did not examine meteorological parameters like air tem-
perature and precipitation. However, the results of previous
studies on long-term changes of air temperature and precipi-
tation confirm the observed trends in rivers runoff in Latvia.
For example, Lizuma et al. (2007) has analysed a long-term
trend (1950-2003) of seasonal air temperature changes. Ac-
cording to the Mann-Kendall test criteria for this period, a
statistically significant increase of air temperature was reg-
istered in all 22 meteorological stations. The highest in-
crease in average air temperature was recorded in spring
(March, April and May) and early winter (November and
December). In the second half of winter and in summer the
trend was less explicit. During autumn, air temperature in
Latvia did not change. Also the mean annual maximum
temperature increased more rapidly in April and May, while
the minimum temperature increased more rapidly in winter.
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Briede and Lizuma (2007) concluded that during 1950 to
2003, annual and seasonal precipitation showed significant
variation in trends between stations. They observed an over-
all increasing trend (at a significance level of P < 0.01) in
precipitation series for the cold period in 13 of 24
metrological stations. Statistically significance increasing
trends for most stations were detected for January, March
and June. A corresponding statistically significant diminish-
ing monthly trend was observed only for September. The
maximum diurnal sum of monthly precipitation also in-
creased in the cold period of the year. They concluded that
North Atlantic Oscillation seems to play an important role
in the precipitation regime in Latvia, particularly, in ex-
plaining the variation in proportion of winter precipitation
across the territory.
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KLIMATA MAINIBAS IETEKME UZ LATVIJAS UPJU GADA NOTECES SADALIJUMU, MAKSIMALAJIEM UN
MINIMALAJIEM CAURPLUDUMIEM

Pétijuma meérkis bija analizét klimata mainibas ietekmi uz Latvijas upju gada noteces sadalifjumu, maksimalajiem un minimalajiem
caurplidumiem, aptverot dazadus upju baseinus Cetros hidrologiskajos rajonos — Rietumu, Centralaja, Ziemelu un Austrumu rajona.
Peétijuma periods no 1951. lidz 2006. gadam bija sadalits divos periodos: no 1951. lidz 1988. gadam, kad upju noteces netika novérota
butiskas klimata mainibas ietekme, un no 1989. lidz 2006. gadam, kad upju notecés bija verojama bitiskas klimata mainibas ietekme.
Salidzinot ped&ja minéta perioda iegiitos rezultatu ar pirmo, varéja secinat, ka Latvijas upju gada noteces izmainas bitiski notikuSas ziemas
un pavasara sezonas un ménesos. Upju notece ir pieaugusi ziema par 11%, bet samazinajusies pavasari par 8%. Lielakas izmainas upju gada
noteces sadalijuma bija atrastas Centralaja rajona, mazakas izmainas — Austrumu rajona. Neliels upju noteces samazinajums konstatéts
rudeni (apméram par 3%), bet nebiitiskas izmainas (pieaugums vai samazinajums) vérojamas vasara. Lidzigus secinajumus vargja izdarit,
analiz€jot ménesa videjos, gada maksimalos, gada 30 dienu minimalos ziemas un vasaras caurpliduma datu rindas no 1951. lidz 2006.
gadam.
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