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ABSTRACT. Effects of climate change on river flow in the Romanian
Carpathians. The paper highlights some relevant changes detected in Romania,
namely in the Carpathian area, and related impacts on streamflow. It focuses on
Valea Cerbului River catchment, a small mountainous watershed (extended over
26 km?, in the eastern extremity of the Southern Carpathians), where observed and
projected changes of the river flow were presented based on frequency and trend
analysis of recorded discharges and on hydrological modeling. As observed
changes (between 1950-2010), general upward significant trends in the variability
of the average discharge were detected, for both annual and monthly discharges
(mostly in October, January and July). The projected changes were estimated by
the WaSiM-Eth hydrological model for 2035-2065 period, compared to the
reference period 1961-1991 (using climatic data on the A1B scenario obtained
within the project ENSEMBLE). The results showed the increase of high flows in
the cold season (December — April) and a significant decrease in discharges during
the warm season (June — November, mainly in August — September).

Keywords: climate change, linear trends, streamflow, WaSiM-ETh model,
Carpathian Mountains, Valea Cerbului River.

1. INTRODUCTION

Changes in climate parameters represent one of the most important global
issues, with multiple and various impacts on all environmental components. As the
climatic and hydrological systems are closely related, any change of climatic
parameters have direct or indirect hydrological effects (Pravalie et. Al., 2016).

This paper focuses on Romania, namely on the Romanian Carpathians,
aiming to synthetically highlight changes observed in the main climatic parameters
and their impacts on the river flow. Several previous studies have dealt with
hydroclimatic changes and trends throughout Romania. The most numerous were
on climatic parameters. Among the most recent studies we mentions: Busuioc et al.
(2010), Birsan and Dumitrescu (2014), Dumitrescu et al. (2014), Bojariu et al.
(2015), Croitoru et al. (2016a, b), etc. Some papers were strictly focused on climate
trends and changes in the Romanian Carpathians area, such as those published by:
Micu (2009), Croitoru et al. (2011), Birsan et al. (2014), Cheval et al. (2014), Micu
et al. (2015a, b, c); Croitoru et al. (2016c¢) etc.
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Concerning the impacts of climate changes on the hydrological parameters
and regime in Romania, there are several previous studies at both national and
regional scale (at watershed level), such as: Stanescu et al. (1999), Serban (2006),
Zaharia and Gilie (2007), Perju and Zaharia (2014), Perju et al. (2014), Birsan et
al. (2012, 2014), Corbus et al. (2011, 2017), Mic et al. (2017) etc.

This paper synthesizes, in the first part, the most relevant results from
previous researches on climate changes in Romania and the Romanian Carpathians.
In the second part, we focus the analysis on Valea Cerbului River catchment
(located in the Carpathian area), where observed and projected changes in
streamflow were detected, based on frequency and trend analysis of measured
discharges and on simulations using hydrological modeling.

2. OBSERVED CLIMATE CHANGES IN ROMANIA AND THE
CARPATHIANS

The climate of Romania is greatly influenced by the presence, in its central
part, of the Carpathian mountain archwise chain (with the maximum altitude of 2544
m a.s.l.), occupying about 30% of the country’s territory (Fig. 1.a). The mean
multiannual temperature in Romania varies with latitude (from 8°C in the North to
11°C in the South) and altitude (from 11-12°C in the plains, to less than 0°C at the
highest altitudes in the Carpathians). The mean multiannual amounts of precipitation
increase from less than 300 mm (in the south-east, in Dobrogea region) to more than
1200 mm on the Carpathians’ heights (NAM, 2008).
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F ig. 1 a: Changes in the mean multiannual air temperature ("C) in Romama (1 901-
2000); b: Mean annual air temperature variation in Romania and the linear trend (1901-
2010); c: Annual precipitation variation in Romania and the linear trend (1901-2010)
(sources: fig. a - modified from MESD, 2008; fig. b and c - modified from Sandu, 2013). The
small square on fig. a marks the location of the Valea Cerbului River catchment
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Previous studies showed an evident warming trend in Romania, consistent
with the global trend of warm-related indicators. During the last century (more
precisely after 1900), the mean multiannual air temperature increased in Romania
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by up to 0.8°C, with regional differences (MESD, 2008; NAM, 2014): higher
warming in the southern and eastern part of the country (e.g. Bucuresti, Constanta,
Roman areas) and lower warming in Carpathian areas, as well as slight decrease in
air temperature in some regions (Fig. 1.a and b). Concerning the precipitation,
throughout the Romanian territory, during the period 1901-2010, the changes in their
variation are not statistically significant (Fig. 1.b); however, different regional trends were identified.

Studies on recent climatic changes (1961-2013) in Romania (Dumitrescu
etal., 2014; Bojariu et al., 2015), based on observational data recorded at 150
weather stations (w.s.), showed statistically significant upward seasonal trends in
air temperature, especially in spring and summer and partially in winter. The trends
identified in autumn were not statistically significant. The warming tendencies
were confirmed by the trends in the annual thermal extremes, in the number of
summer days, as well as by other warm-related indices. Regarding the
precipitation, the annual amount is rather stable; seasonally, positive trends were
identified for several stations in autumn (especially in the central and western parts
of Romania) and negative trends for a few stations in the other seasons. Upward
trends were identified at several weather stations for daily maximum rainfall (mainly
in summer and autumn), which increases the flood risk in these seasons (Dumitrescu et
al., 2014; Bojariu et al., 2015). During the period 1961-2013, the trend analysis of the
data recorded at 104 weather stations showed significant negative trends for the number
of days with snow cover (40% of the stations). The same trend was detected in the
average thickness of the snow pack (20% of the analyzed stations) (Bojariu et al., 2015).

Recent studies on the Carpathians area (e.g. Micu, 2009; Cheval et al.,
2014; Micu et al., 2015 a, b) show some climate changes after 1961, mainly a
general warming. This is proven by positive trends in warm-related indices and
negative trends in cold-related indices. Significant positive trends of air
temperature were detected in all seasons, except for autumn which seems to be
thermally stable. On the other hand, autumn is the only season for which the
precipitation had significant upward trends; for the other seasons precipitation did
not show significant trends. It is worth noting that in Romania in general and in the
Carpathians in particular, general decreasing trends were found in: mean snow
depths, number of days with snow cover, number of days with snowfall and
continuous snow cover duration, changes related mainly to the recent warming and
to the slight decrease in winter amounts of precipitation (Micu et al., 2015a, b).

3. CHANGES IN RIVER FLOW REGIME AND HYDROLOGICAL
PARAMETERS IN THE CARPATHIANS. CASE STUDY: VALEA
CERBULUI RIVER WATERSHED

3.1. Study area, data and methods

Valea Cerbului is a small watershed (of only 26 km?) located in the Bucegi

Mountains, in the eastern extremity of the Southern Carpathians (Fig. 1.a). It has a
high relief energy (1640 m) and a mean altitude of about 1540 m. Valea Cerbului
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River has a total length of 9.8 km, with a mean slope of 132 m/km. The upper part
of the catchment, developed over calcareous conglomerates, has steep slopes with
gradients between 45° and 80° (Perju and Zaharia, 2014).

The climate is imposed by the high altitudes: the mean multiannual air
temperature varies between approx. 6°C in the lower part of the catchment, to
-2.5°C at Omu Peak w.s., located at 2505 m a.s.l.,, where the frost lasts, in average,
260 days/year and the snow layer has a mean duration of 140-220 days/year, with a
monthly average thickness of up to 70-80 cm in March — April. The mean annual
precipitation amount in Valea Cerbului catchment reaches 900-1030 mm (NAM, 2008).

The studied watershed is monitored at Busteni gauging station (g.s.),
controlling approx. 96% of the total area of the catchment. Over the period
1961-2010, the mean multiannual discharge of Valea Cerbului River at Busteni g.s.
was 0.49 m’/s (19.1 I/s/km?). The flow regime is characterised by high water
volumes in summer (38% from the mean multiannual volume), with the maximum
percentages in June and July (13% and respectively 15% of the mean multiannual
water volume), due to heavy rains specific for this season. An important water
volume is also specific in spring (30%), when the runoff is generated by rainfall
cumulated with snowmelt. Low flow is specific for both winter and autumn (13%
and respectively 19%) (Perju, 2012).

The study is mostly based on hydrological data, namely on annual maximum
and mean daily discharge recorded between 1961 and 2010 at Busteni g.s. and
obtained through the “Romanian Waters” National Administration (RWNA).

In order to identify changes in Valea Cerbului River flow, frequency and
trend analysis of measured discharges was carried out. The significance of linear
trends was determined using the Mann-Kendall test and Sen’s slope method,
developed on an Excel template (Salmi et al., 2002).

The projected changes in hydroclimatic parameters were estimated using
the fully distributed hydrological model WaSiM-ETh (Water Balance Simulation
Model), which requires daily data on several climatic parameters (air temperature,
precipitation, sunshine duration, wind velocity, air relative humidity) as input. The
model was calibrated (with the PEST software) and validated using hystorical daily
discharges measured/determined at Busteni g.s. The efficiency of the model was
assessed with two objective functions, namely the Nash-Sutcliffe Efficiency
Coefficient (NSE =0.80 for calibration and NSE =0.60 for validation) and the
Pearson Correlation Coefficient (r=0.90 for calibration and r=0.86 for
validation). In order to simulate the possible changes in flow regime, induced by the
changes in climatic parameters (air temperature, precipitation and snow cover), we
used climatic scenario data as input in the hydrological model. The selected IPCC
scenario is a rather balanced one, namely the A1B scenario (the data were obtained
within the project ENSEMBLE, at Max Plank Institute, using the ECHAMS
climatic model), for the horizon 2035-2065. The reference period is 1961-1991. For
both, the reference period and scenario data, bias corrections (delta change method, as
described by Hawkins et al., 2013) were applied to the two most important climatic
input parameters: air temperature and precipitation.
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3.2. Observed changes in Valea Cerbului River flow

A previous study (Perju, 2012) showed for the period 1950-2010 upward
statistically significant trends in the variability of mean annual and monthly
discharges. The most important trends (with the level of significance a of 0.001 to
0.01) were identified for October, January and July. A significant upward trend
was detected for the spring season.

Based on the trend analysis of the annual maximum discharge, we found
that, between 1961-2010, the magnitude of the annual floods had an upward trend,
statistically significant (with a = 0.1 level of significance) (Fig. 2.a). Positive
trends were identified in autumn and winter (with a = 0.1 level of significance) and
negative trends in spring (but statistically not significant). The annual number of
floods (defined as daily discharges three times greater than the mean multiannual
annual discharge, consecutive such values being considered as a single flood)
recorded between 1961-2010, showed a slow ascending, but statistically not
significant trend (Fig. 2.b). A higher frequency of large floods (considering the
monthly number of cases with flows greater than the average of annual maximum
discharges) was detected after 1990 (Fig. 2.c).
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Fig. 2. Variability of the maximum flow and floods at Busteni g.s. on Valea Cerbului
River (1961-2010); a: Maximum annual discharges (annual floods) and their linear
trend; b: Annual number of floods (as defined in text) and the linear trend; c: Decadal
frequency of floods (monthly number of cases with flows greater than the average of
annual maximum discharges — Qmax avg)

3.3. Projected changes in the Valea Cerbului River flow regime
Considering the A1B scenario, the results of the simulations made with
WaSiM-ETh showed an increase of air temperatures and a decrease of precipitation

amounts and snow stock, for the period 2035-2065. The general shift of the solid
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precipitation to liquid form in late winter and early spring, significantly reduces
cumulative snow depths, leading to substantially lower summer river flows.
Likewise, the reduced stock of snow in spring and early summer decreases the
probability that a warm spring-summer rain event can combine with snowmelt to
generate higher peak flows.

The impact of these changes in climatic parameters upon Valea Cerbului
flow regime is reflected by: increasing discharges in the cold season (December to
April), with up to 30% and their diminution in June — November, with more than
25-30% in August and September (Fig. 3.a and b); increasing number of days with
low flow (mainly in August and September); diminution of annual number of days
with high flow, but with seasonal and monthly differences (increasing in spring,
mainly in April; decreasing in summer, mainly in June).
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Fig. 3. Expected impact of climate change on the flow regime of the Valea Cerbului
River: a: monthly average discharge; b: relative difference between the reference period
—Q C20 (1961-1991) and the scenario — Q AIB (2035-2065)

4. CONCLUSIONS

This paper showed synthetically the most important climatic changes in
Romania, with focus on the Carpathians, and the related impacts on the river flow
in a watershed (Valea Cerbului River) located in the eastern extremity of the
Southern Carpathians. The most important climate changes with hidrological
impacts detected after 1961 are: general warming at annual and seasonal scale
(excepting autumn); increasing precipitation amounts in autumn and daily
maximum rainfall (mainly in summer and autumn); downward trends in
snow-related indices (mean snow depth, number of days with snow cover and with
snowfall, continuous snow cover duration). The changes in the climatic parameters
could explain some modifications and trends in river flow regime, detected in
Valea Cerbului River catchment, such as: a general upward trend in spring and
autumn; an upward trend in the magnitude of floods; a higher frequency of large
floods in the last decades (after 1990). As possible future changes, the results of the
simulations at the watershed scale mainly showed the increase of high flows in the
cold season (December — April) and a significant decrease in discharges during the
warm season (June — November, mainly in August — September).
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In order to diminish the negative effect induced by the climate changes on

water resources and on socio-economical fields in Romania, a Guide on adaptation
to climate changes was elaborated in 2008 by the Ministry of Environment and
Sustainable Development and the National Strategy on Climate Changes was
adopted and approved by the Government in 2016.
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