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Abstract. An analysis has been made of the variability of temperature and precipitation at stations
at Szczecin, Swinoujscie, Resko and Kotobrzeg, as well as a study of river flows in the Ina and Rega
Rivers in Goleniéw, Resko and Trzebiatow, for the years 1955—-2014. Data was provided by IMGW-PIB.
Correlation and regression methods have been used in this work. Studies have shown that the av-
erage annual, spring and summer air temperature on Szczecin Seashore is rising. Precipitation totals
remain basically unchanged. They grow a little in July in Swinoujscie and in March in Szczecin. No
significant changes in river flows occurred in the course of the examined sixty-year period. Flows in
the Ina River rose slightly in February and they diminished in the Rega River in October in Resko and
in May in Trzebiatéw. Long-term variability of river flows is more strongly affected by the variabili-
ty of precipitation totals than by the variability of air temperature. The variability of flows correlates
most strongly with the variability of precipitation totals in March, April and November, while the in-
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fluence of the preceding month’s precipitation on river flows is evident in all the year.

flow variability,
northern Poland

Introduction

Estimated simulations of climate changes provide
for temperature rises in Poland by 2°C in the sum-
mer and by 6°C in the winter. Annual precipitation
totals will most likely grow up to 20% (Kedziora
2010). Over the years 1951-2006 the greatest ther-
mal changes concerned minimum daily tempera-
ture. In north-western Poland these amounted to
0.28°C/10 years, constituting the most substantial
change in all of Poland (Kejna et al. 2009). Since the
mid-20th century a decreasing trend has been ob-
served in the summer-to-winter precipitation ratio
in Poland, while an intensification in liquid precipi-
tation (caused by a drop in the number of days with

negative air temperature, particularly in north-west-
ern Poland) contributes to only a slight growth in
underground water resources, including soil stor-
age (retention). This has resulted from more in-
tensive evaporation, as well as warmer winters and
greater direct (surface) runoft (Kedziora 2010). The
changes pose a risk of diminishing water resourc-
es and resultant threats to agriculture, forestry and
municipal economies, and subsequently also to in-
dustry. On the other hand, scientists also propagate
the view that although climatic changes will exert
a negative influence in southern Europe, they will
simultaneously have a positive effect in northern,
and particularly north-western Europe (Olesen and
Bindi 2002). Therefore, it is crucial that a relation-
ship be established between the climate changes and

Bulletin of Geography. Physical Geography Series 2017. This is an Open Access article distributed under the terms of the Creative Commons Attribution-
-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/), permitting all non-commercial use, distribution, and reproduction

in any medium, provided the original work is properly cited.

© 2017 Nicolaus Copernicus University. All rights reserved.

© 2017 De Gruyter Open (on-line).



Climatic changes on Szczecin Seashore and their impact on river flows

M. Swigtek

changes in river basin water resources, which in this
paper were estimated on the grounds of river flow
volumes.

Similarly to the entire northern hemisphere, cli-
mate warming occurred on Szczecin Seashore, man-
ifesting itself through a shortened period of negative
air temperatures and an increase in monthly aver-
age temperatures (February-May, July and August)
and annual air temperatures. At the same time the
sum of annual precipitation totals in Szczecin rose,
which was due to a significant increase in precipi-
tation totals in March (Kirschenstein 2013; Swigtek
2013). Significant air temperature spikes in Poland
are not generally accompanied by an increment in
seasonal and annual precipitation totals (Przybylak
2011), and this could cause water deficits in eco-
systems.

Recently, a study into the impact of climate
change (precipitation and temperature patterns) on
flows in Poland was conducted by Piniewski et al.
(2016, 2017a-c) Osuch et al. (2016, 2017), Meresa
et al. (2016) and Romanowicz et al. (2016). Most
of these studies mainly focused on the prediction
of frequency and severity of droughts and floods.

Of course, in addition to climate change, land
use changes and water management works have a
great influence on river flows in the research area.
These factors mainly affect the rate of outflow and,
indirectly, the total volume of drainage. This is es-
pecially true for short periods of time. Some studies
have tried to distinguish human-induced changes
from those caused by natural forcing (Romanowicz
and Osuch 2011; Piniewski et al. 2016) and their
studies have shown that making such a distinction
is difficult.

The objective of the paper is to analyse the
changes the climate elements which have a cru-
cial impact on the runoff volume from the selected
river basins of Szczecin Seashore. Those elements
include air temperature (which determines evapo-
ration from the surface of the researched area) and
precipitation totals. Analysis of the concomitance of
long-term changes in climatic and hydrological ele-
ments is a major factors in determining natural en-
vironmental conditions and improving agricultural
efficiency.

Materials and methods

The data used in the paper relates to the period be-
tween the years of 1955 and 2014 and were pro-
vided by the Institute of Meteorology and Water
Management - National Research Institute (Insty-
tut Meteorologii i Gospodarki Wodnej - Panistwowy
Instytut Badawczy IMGW-PIB). The paper features
air temperatures and precipitation totals measured
at the following stations: Szczecin, Swinoujs’cie, Re-
sko and Kolobrzeg (Fig. 1). The analysis of water
resource variability on Szczecin Seashore was con-
ducted on the basis of river flows in the Ina and
Rega Rivers in Goleniow, Resko and Trzebiatéw.
Goleni6w is located in the lower course of the Ina,
while Resko lies in the middle course of the Rega
and Trzebiatow (Fig. 1) near its mouth, but suffi-
ciently far from Mrzezyno (where the Rega flows
into the sea) for any river backwater to occur only
sporadically.

When preparing the source materials for analy-
sis, average daily air temperature values and precip-
itation totals characterising Szczecin Seashore were
determined on the basis of the data from individual
stations. Following that, average monthly and annu-
al air temperatures, monthly and annual precipita-
tion totals, and average monthly and annual river
flows were determined. Linear regression was used
to determine temporal trends of average month-
ly air temperatures, monthly precipitation totals
in individual months and in a year, and monthly
and annual trends of river flow values. Multiannu-
al changes have been presented per 10 years. Then
Pearson correlation coefficients were calculated for
a given month’s precipitation and temperature on
the one hand, and river flows in the subsequent
month on the other (e.g. temperature and precip-
itation in March and streamflows in April). More-
over, the statistical significance of the determined
correlations was defined at the level of p<0.05 us-
ing the Fisher-Snedecor test.
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Fig. 1. Location of stations from which data was taken. Meteorological stations are marked with cir-
cles and hydrological stations with triangles. The Szczecin Seashore is marked with hatchings.

Author: Szymon Walczakiewicz.

Climatological and hydrological description
of the analysed river basins

In both analysed river basins, average annual pre-
cipitation totals exceed average Polish precipi-
tation sums. In the upper part of the Rega River
basin average annual precipitation totals 668 mm
(Labedzie station, 1961-2000, Kaniecki et al. 2004)
and 681 mm in the estuarial part (Trzebiatow sta-
tion, 1961-2000, Kaniecki et al. 2007). The highest
annual precipitation totals in the Rega River basin
were observed in the region of Lobez, at 712 mm
(Wiewecko station, 1961-2000, Graf and Puk 2006).
In the Ina River basin precipitation is lower, ranging
from 543 mm in Przelewice (1971- 2000, Kostecki
2003) on the flatland to 681 mm in the hilly terrain
of the Insko Lake District, where the river has its
source (Insko station, 1961-2000, Graf 2004). Both
of these river basins typically have low seasonal var-
iability. Precipitation totals for the warm half of the
year exceed the precipitation sums of the cool half
of the year by a mere dozen-or-so per cent (Kos-
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tecki 2003; Graf 2004; Kaniecki et al. 2007). Both
of the river basins have significant water-retaining
capacities, which results from their large numbers
of lakes and forests. Furthermore, within the Rega
River basin there are numerous wetlands - the up-
per and middle course of the river runs through
a water surplus zone (Kaniecki et al. 2004), while
in the middle and upper part of the Ina River ba-
sin the majority of wetlands have been ameliorat-
ed. Significant water retentiveness, along with low
precipitation variability, means that both of the riv-
ers have a low flow irregularity indicator. There
is typically a substantial proportion of groundwa-
ter runoff in relation to total runoff. The ground-
water runoft is similar to the direct runoft volume
(Graf 2003a; Kaniecki et al. 2004) or exceeds it; in
the lower and middle part of the Rega River basin
it amounts to 60-70% of the total runoff volume
(Kaniecki et al. 2004). High precipitation totals rel-
ative to the low-lying part of Poland translate into
large values of specific discharge from a basin. In
the Rega River basin the value is 8.03 dm’s'km™
(Trzebiatow station, 1961-2000, Kostecki 2007), and
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6.3 dm’s'km? in the Ina River basin (Goleniéw sta-
tion, 1961-2000, Zietkowiak and Sobkowiak 2006),
while the average for Poland is 5.5 dm’s'km™. Rel-
atively high precipitation in the cool half of the year
results in runoff being approximately twice that of
the warm half of the year (Kaniecki et al. 2006) and
in the Krapiel River basin, a tributary of the Ina,
it is nearly three times as high (Zietkowiak 2004).

Results

The conducted analysis demonstrated a statistical-
ly significant increase (at a level of significance of
p=<0.05) of average annual air temperature values in
all the researched locations (Table 1). The changes
observed were relatively substantial — time trend co-
efficients (linear regression) ranged from 0.24°C/10
years in Swinoujécie to 0.29°C/10 years in Szczecin
and Kolobrzeg. The changes in yearly precipitation
totals were not as significant. Long-term changes in
precipitation totals and air temperature in particu-
lar months are shown in Table 1.

No significant changes in river flows occurred in
the course of the examined sixty-year period. Flows
in the Ina River (at Golenidw station) rose slight-
ly in February and they slightly diminished in the
Rega River in Resko station in October and in Tr-
zebiatow station in May (Table 2). The increase in
Ina River flow in February may be associated with
increased snow cover instability and thaw in winter,
which is caused by an increase in winter air temper-
ature (Kozminski et al. 2012).

In Goleniéw there was a fairly distinct grow-
ing trend of average annual flow volumes in the
Ina River in the years 1955-2002. During the peri-
od from 2002 to 2006 they fell successively, follow-
ing which (in the years 2007-2014) the flow volume
was at the level recorded during the period of 1995-
1970 (Fig. 2a). This phenomenon was not observed
in Rega (Fig. 2b), which may be indicative of lo-
cal (primarily anthropogenic) conditions influenc-
ing the flow variability in Ina.

The next stage of analysis involved a comparison
of changes in river flow volumes in relation to aver-
aged climatic changes using the Pearson correlation
coeflicient (on the basis of the data obtained from
the Szczecin, Swinoujécie, Resko and Kotobrzeg sta-

tions) for Szczecin Seashore. The correlation coeffi-
cients of average monthly and annual temperature
values — as well as monthly and annual precipita-
tion totals — to river flow volumes are presented in
Table 3.

The relations between the flows and average an-
nual air temperatures were found to be statistical-
ly insignificant, while the correlation coefficients of
flows with average annual precipitation totals were
proven to be significant (at the level of p<0.05).
The correlation coefficient of flows in the Ina Riv-
er in Golenidéw with averaged precipitation sums on
Szczecin Seashore was 0.488. For the Rega River the
correlations were stronger - in the case of flows in
Trzebiatow (lower course of the river) the coeffi-
cient amounted to 0.633, and 0.615 in Resko (mid-
dle course of the river).

The co-occurrence of changes in precipitation
totals and river flows throughout the year (includ-
ing in winter) as expressed by the relatively high
and seasonally stable correlation coeflicients, is as-
sociated with the thickness and instability of the
snow cover in the described area being extremely
low in comparison with the rest of Poland.

Correlation analysis was also employed in or-
der to analyse the impact of the precipitation to-
tals and temperatures of a preceding month on river
flow volumes. The results are presented in Table 4.
These results were similar to those obtained for the
data of the same months (i.e. those without a one-
month shift).

Discussion

The greater influence of changes in atmospheric
precipitations than of warming is manifested both
in observations and model projections in many are-
as, among others in Central and Eastern Europe (Pi-
niewski et al. 2017c¢). It is believed that the growing
trends of precipitation sums in many parts of Europe
are influenced by the increase of the number of short
episodes of extremely intensive precipitation with
a simultaneous rise in the frequency of precipita-
tion-free periods (Karl et al. 1999; Kjellstrom 2004).

Research conducted for six selected catchments
in Poland (Osuch et al. 2017) projected a decrease
in frequency and intensity of low-flow events and
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Fig. 2. Long-term variability of average annual river flows in the Ina River in Golenidw (a), and in the Rega River in Trzebiatow (b)

Table 1. Long-term changes (linear trend) in monthly and annual precipitation totals (prec.) and air temperature (temp.) at selected stations of
Szczecin Seashore, and the average for Szczecin Seashore (1955-2014)

Swinoujscie Szczecin Resko Kotobrzeg Szczecin Seashore
month prec. temp. prec. temp. prec. temp. prec. temp. prec. temp.
mm/10 years  °C/10 years ~ mm/10 years ~ °C/10 years ~ mm/10 years  °C/10 years ~ mm/10 years  °C/10 years mm/10 years  °C/10 years

Jan 1.6 0.26 23 0.34 3.4 0.26 2.6 0.28 25 0.29
Feb 0.6 0.41 1.6 0.53 2.8 0.44 1.8 0.42 1.7 0.45
Mar 1.1 0.34 25 0.38 3.6 0.33 2.1 0.37 23 0.35
Apr -3.3 0.48 -1.5 0.54 -2.1 0.52 -1.8 0.53 -0.2 0.52
May 1.5 0.34 0.2 0.33 0.0 0.36 1.3 0.46 0.8 0.37
Jun 1.7 0.12 1.7 0.04 2.1 0.11 3.6 0.28 23 0.14
Jul 6.8 0.30 13 0.31 -1.1 0.39 -1.3 0.37 1.3 0.34
Aug 1.8 0.30 1.7 0.33 2.0 0.36 1.9 0.35 1.9 0.34
Sep 1.4 0.12 0.4 0.17 -1.9 0.11 0.6 0.08 0.1 0.12
Oct 0.2 0.04 0.1 0.10 -1.4 0.02 2.4 0.03 0.5 0.05
Nov 0.5 0.11 0.4 0.17 1.9 0.14 0.7 0.17 0.9 0.15
Dec 0.0 0.12 0.9 0.21 2.9 0.16 2.0 0.18 1.4 0.17
Year 13 0.24 1.2 0.29 1.2 0.27 1.6 0.29 1.1 0.27

Statistically significant (p<0.05) trends are marked in bold

Table 2. Long-term changes (linear trend) in average monthly and annual river flows in the Ina River in Golenidéw (1955-2014), in the Reda
River in Resko (1957-2014) and in Trzebiatow (1955-2014)

change in river flow [m3s”'per 10 years]

month
Ina (Goleniow) Rega (Resko) Rega (Trzebiatow)

Jan 0.82 0.07 0.00
Feb 1.30° 0.25 0.81
Mar 0.94 0.22 0.50
Apr 0.32 -0.03 -0.26
May -0.11 -0.29 -0.79
Jun 0.29 -0.12 -0.17
Jul 0.29 -0.14 -0.09
Aug 0.29 -0.26 -0.04
Sep 0.05 -0.25 -0.24
Oct 0.39 -0.37 -0.62
Nov 0.42 -0.23 -0.29
Dec 0.07 -0.28 -0.73
Year 0.45 -0.10 -0.19

Statistically significant (p<0.05) trends are marked in bold, * p=0.0502

Citation: Bulletin of Geography. Physical Geography Series 2017, 13, http://dx.doi.org/10.1515/bgeo-2017-0011

33



Climatic changes on Szczecin Seashore and their impact on river flows

M. Swigtek

Table 3. Correlation coefficients of average monthly and annual riv-
er flows in the Ina River in Goleniéw (1955-2014) the Rega
River in Resko (1957-2014) and the Rega River in Trzebiatow
(1955-2014) with average monthly and annual temperature
values as well as monthly and annual precipitation totals on
Szczecin Seashore.

Table 4. Correlation coefficients of average monthly river flows in the
Ina River in Goleniéw (1955-2014), in the Rega River in Resko
(1957-2014) and in the Rega River in Trzebiatéw (1955-2014)
with average monthly temperature values as well as monthly
precipitation totals on Szczecin Seashore in preceding months.
Statistically significant (p<0.05) coefficients are marked in bold

Rega

Ina (Golenidw) (Trzebiatow)

Rega (Resko)

Rega

Ina (Golenidw) (Trzebiatow)

Rega (Resko)

month month
correlation with precipitation totals correlation with precipitation totals in previous month

Jan 0.467 0.588 0.565 Jan? 0.144 0.058 0.109
Feb 0.487 0.513 0.482 Feb 0.411 0.548 0.543
Mar 0.558 0.707 0.710 Mar 0.452 0.463 0.409
Apr 0.640 0.675 0.723 Apr 0.538 0.572 0.710
May 0.210 0.260 0.290 May 0.553 0.550 0.583
Jun 0.332 0.460 0.552 Jun 0.193 0.220 0.227
Jul 0.314 0.482 0.476 Jul 0.517 0.547 0.648
Aug 0.038 0.238 0.282 Aug 0.437 0.463 0.458
Sep 0.433 0.514 0.543 Sep 0.278 0.340 0.389
Oct 0.232 0.426 0.410 Oct 0.515 0.430 0.543
Nov 0.472 0.622 0.605 Nov 0.461 0.507 0.503
Dec 0.550 0.532 0.557 Dec 0.303 0.307 0.288
Year 0.488 0.615 0.633 correlation with air temperature

correlation with air temperature Jan? 0.084 0.071 0.035
Jan 0.477 0.413 0.474 Feb 0.234 0.197 0.239
Feb 0.485 0.309 0.422 Mar 0.111 0.176 0.095
Mar 0.255 0.284 0.280 Apr -0.165 -0.136 -0.243
Apr 20.130 0.182 -0.268 May -0.173 -0.307 -0.365
May 0477 0246 0.253 Jun -0.091 -0.203 -0.223
Jun 0.191 -0.361 -0.333 Jul 0.172 -0.208 -0.189
ul -0.422 -0.539 -0.501 Aug -0.342 -0.494 -0.457
Aug -0.091 -0.352 -0.341 Sep -0.077 -0.429 -0.359
Sep -0.343 -0.418 -0.399 Oct -0.291 -0.260 -0.400
Oct 20.022 0.062 -0,060 Nov -0.213 -0.241 -0.217
Nov 0.024 0.076 0.084 Dec -0.306 -0.232 -0.276
Dec 0.099 0.080 0.148 2 1956-2014
Year 0.070 0.174 20,170 Statistically significant (p<0.05) coefficients are marked in bold

Statistically significant (p<0.05) coefficients are marked in bold

increases in flood indices (Osuch et al. 2016). Pro-
jections of changes in extreme inflows in the Vis-
tula and the Odra (Piniewski et al. 2016) show that
streamflow droughts are expected to be less severe
and high river flows and floods are predicted be on
the rise. Additionally, greater higher changes are an-
ticipated to be typical for lowland catchments than
mountainous ones (Meresa et al. 2016).
Kozuchowski and Degirmendzi¢ (2005) or
Wibig (2012), inter alia, have determined no sig-
nificant changes in the constituents of water balance

in Poland, apart from a change in evaporation val-
ues. This does not, however, mean that the situation
may not be different in the future. Wibig (2012)
points to certain statistically insignificant tendencies
towards growing humidity deficits in the summer
in Poland. In turn, Vincente-Serrano et al. (2010)
demonstrate strong relationships between current
global climate changes and a decrease in the value
of the Standardized Precipitation Evaporation Index
(SPEI). At the same time, there is a risk that the di-
rect runoff proportion will grow in the total runoft
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volume in Poland, causing, inter alia, intensification
of soil erosion, as forecasted by Ryszkowski et al.
(1991), among others.

The changes in flow volumes caused by cli-
mate changes are compounded by the accelera-
tion of water circulation in river basins, which is
an effect of anthropogenic activities. In the analysed
terrain those changes were significant during the re-
searched period, particularly in the Ina River basin.
An increasing density of drainage ditches on wet-
land terrains and within the expansive, flat valley of
the Ina River (Graf 2003, 2004) caused direct run-
off to intensify at the expense of groundwater run-
off. The use of drainage ditches to include small
lakes and wetland terrains into the drainage system
of both the Ina (Graf 2004), and the Rega (Kaniecki
et al. 2004; Zietkowiak 2007) has accelerated direct
runoff, while simultaneously decreasing both water
infiltration into the substrate (due to diminished
volume of groundwater runoff) and evaporation
from the terrains that used to be without drainage.
River bed regulation and the construction of em-
bankments in the lower section of the Ina River and
its tributary, the Ina Mata (Small Ina) contributed
to the acceleration of water runoff. These embank-
ments were built under the Programme of Rural Ar-
eas Development for 2007-2013 (http://zzmiuw.pl/
realizacja-inwestycji), that is, at the end of the pe-
riod researched in the paper. In turn, in the Rega
River basin runoff was accelerated by dredging and
straightening of small water courses both in the up-
per (Kaniecki et al. 2004) and lower (Kaniecki et
al. 2007) part of the basin, practically transform-
ing those water courses into drainage ditches. Fur-
thermore, there are now fewer forested areas in the
upper part of the river basin (Kaniecki et al. 2004),
which, similarly to drainage of wetlands, has con-
tributed to diminished water retentiveness in the
river basin and consequently accelerated direct run-
off. Less surface retention and faster runoff reduce
evaporation from the basin and thus increase the
value of runoff volume, thus reducing the effect of
increases in air temperature.

Changes in the drainage basin management,
such as water melioration and urbanisation are con-
tributing to the reduction of the effects of climate
warming on river flows (Viger et al. 2011). So it is
likely that, without the anthropogenic transforma-
tion of the river basin, streamflows in the surveyed

catchments would have been slightly reduced due
to evaporation. At the same time it should be noted
that an overall tendency of increase in mean season-
al and even annual flows were conducted in sever-
al Polish catchments, both in medium-small ones
(Piniewski et al. 2017a) and in the greatest ones -
the Odra and Vistula river basins (Piniewski et al.
2017b). A reduction in flow decreases also results
in lower evapotranspiration of plants under cer-
tain climatic conditions, due to the more efficient
management of water by plants in conditions of
higher atmospheric carbon dioxide concentrations
(Kundzewicz and Kowalczak 2008).

In studying the flow regime in the Upper Narew
River before and after construction of a storage res-
ervoir Siemianéwka Romanowicz and Osuch (2011)
found that a single approach to analysing chang-
es caused by water management and land use un-
der climatic variability is not sufficient for all the
changes taking place in the catchment. Instead, a
range of different approaches should be used.

Conclusions

The conducted research demonstrated that the av-
erage annual air temperature on Szczecin Seashore
is rising. So too is the temperature in spring and
summer. Precipitation totals remain basically un-
changed. They have grown a little in July in Swinou-
jScie and in March in Szczecin. River flow volume
basically stays the same. In the Ina River it slight-
ly intensifies in February, while in the Rega River it
diminishes in October (in Resko) and in May (in
Trzebiatow).

The long-term variability (from year to year) of
river flows is more strongly affected by the variabili-
ty of precipitation totals than by the variability of air
temperature. In the winter, the increase in air tem-
perature (due to less frequent negative temperatures
and frequent mid-winter thaws) has resulted in the
intensification of river flows. This arises from in-
creasingly scarcer and only short-lasting snow cover
on Szczecin Seashore, i.e. from the decreased nival
storage and poorer ground frost penetration, which
both enable river alimentation in winter. The var-
iability of flows correlates most strongly with the
variability of precipitation totals in March, April
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and November, while the influence of the preced-
ing month’s precipitation on river flows is evident
during the whole year at a relatively steady level.
The fact that trends of long-term changes in river
flows (and thus in water resources) are more strong-
ly affected by changes in precipitation totals than
by changes in air temperatures in the studied riv-
er basins on Szczecin Seashore is a positive finding
from the point of view of the agricultural econo-
my (and other economies) and the natural environ-
ment. Therefore, as the climate on the Seashore is
evidently getting warmer, the strong impact of these
changes on river flow changes could thus result in
the diminishing of water resources in individual riv-
er basins. If the rise in evaporation had not been
not compensated with sufficiently intensive pre-
cipitation, a serious problem would have occurred.
Fortunately, precipitation totals on the Seashore are
slightly rising, although they are not statistically sig-
nificant increases.
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