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Abstract. The goal of this paper is to present an analysis of evolution in time and trends of air temperature, and the number of
days with significant characteristics of the air temperature, in the city of Miercurea-Ciuc (Romania) for the 2006-2015
timeframe. The data were measured at an hourly basis by the Miercurea-Ciuc weather station, situated at an altitude of 661 m,
belonging to the National Administration for Meteorology. The results were compared with data presented in relevant studies
referring to temperature measurements for the last century. The provided results were summarized, processed and discussed,
the main conclusion being that the annual average of air temperature is continuously increasing over the last decade, due to
global and local factors, the changes affecting even the four-season type moderate continental climate established in the region.
Key Words: air temperature, closed basin, amplitudes, significant temperature characteristics.

Introduction. The issue of tendencies in air temperature evolution was addressed as
early as the 19th century (Heller 1888). After 1990, amidst the growing concern
regarding changes in the global climate, and due to the revolutionary development of
scientific and communication methods, more and more studies concerning temperature
variations and global tendencies became available (Machidon et al 2012; WMO 2016).
The National Administration for Meteorology also assesses the evolution of the climate of
Romania, through looking on the territorial distribution and time evolution of air
temperature (Climate of Romania 2008).
Anthropic interventions in the last decades resulted in drastic changes of the
climate of depression areas (Korodi et al 2017). Massive deforestation and watercourse
regulation led to significant decrease of evapotranspiration, drainage of floodplains and
loss of peat soils. These are just some of the aggressive interventions that,
unfortunately, are going on even nowadays, and cause notable consequences such as
extreme weather. Intermontane depressions are closed or semi-enclosed basins, where
the contribution of evapotranspiration from local sources to the water cycle is vital.
Decreasing evapotranspiration leads to increased static stability of the lower layers of the
atmosphere, thus to the occurrence of intense thermic inversion periods (Bogdan &
Niculescu 2004; Szép & Mátyás 2014; Szép et al 2016a, 2016b). Due to these thermic
inversions and stable atmospheric conditions, pollutant dilution processes are limited,
leading to their accumulation, especially in the cold period (Szép et al 2016a, 2017a, b).
The present paper is a comparative study of key temperature values for the 19601990 and 2006-2015 periods, through which we identified the above-mentioned aspects.
The results will lay ground for the research of thermic inversion phenomena and the
interacting pollution episodes, of the alteration of climate factors and induced socioeconomic risks. The ultimate objective of this process is to project and implement
strategies which can lead to a better quality of life in the region.
Material and Method
Study area. The Ciuc Depression is a closed basin situated mostly in the shelter of the
orographic dam determined by the surrounding mountain frame of the Eastern
Carpathians (Figure 1), on the upper course of the river Olt, at an altitude of 600-700 m.
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Figure 1. Miercurea-Ciuc, Ciuc Depression, Eastern Carpathians (Map source:
www.openstreetmap.org)
The morphological characteristics determine the specificity of the climate of the basin
(Apăvăloae et al 1990). Because of the relatively closed, bowl form of Ciuc depression
the presence of microclimate can be observed (Szép et al 2016c). From climatic point of
view, the depression floor is the land of thermic inversions, of the lowest temperatures in
the country, determining early and late frosts, recurrent radiation fogs and a high
frequency of calm atmosphere (Bogdan & Niculescu 2004). The perpendicular orographic
dam is affecting the circulation of cyclones, thus accentuating these particularities
(Tamás 1997). Appearance of fog and thermic inversions is common in wintertime (Kristó
1994). In the Ciuc Depression, average temperature is only 0.2 centigrade lower than for
the surrounding 1800-1900 m peaks, but 1-2 grades lower as on the 1200-1400 m,
warmer hillsides (Szép & Mátyás 2014). A very intense, 5-600 m thick thermic inversion
layer can fill the whole topoclimatic space, and it can expand up to 1200 m in the case of
invasion of polar air, determined by the Eastern European anticyclone (Bogdan &
Niculescu 2004). The main wind direction is westerly and north-westerly (Kristó 1994).
The ground-based automatic weather station of Miercurea-Ciuc (661 m) is
operated by the National Administration for Meteorology of Romania. The air temperature
was sampled with an hourly time resolution by a TS Thermometer sensor with measuring
range between -40oC and +50oC installed at 2 m meter above the ground. Regarding
data processing we have used values validated by the National Administration for
Meteorology.
Results and Discussion
The diurnal profile of air temperature. Theoretically, the diurnal profile of air
temperature presents a simple variation, with a maximum value reached between 2-3
o’clock in the afternoon and a minimum value just before sunrise (Pop 1988). Figure 2
shows the diurnal profile of minimum, maximum and average temperatures for the 20062015 period. There is a good correlation with the theory, the only difference being the
timeframe for the maximum temperature, which shifts to 1-2 o’clock in the afternoon.
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The minimum value for the amplitude of daily temperature variations is 0.7°C, the
maximum value 28.4°C, the average daily variation is 13.04°C.

Figure 2. Diurnal air temperature profile (minimum, maximum, average) at Miercurea-Ciuc.

Yearly average of temperature. In Ciuc Depression, the depression floor is bounded
by the 6°C isotherms, with lower internal values caused by thermic inversions (Bogdan &
Niculescu 2004). The average temperature for the 1960-1990 period was 5.5°C (Bogdan
& Niculescu 2004), and even lower, 5.2°C for the 1983-1992 decade (Tamás 1997).
There is a significant increase, of 1°C for the 2006-2015 period, almost all of the yearly
averages being higher than 6.2°C, in two of the cases they even exceeded 7°C. This
difference correlates well with the values of global warming for the same timeframe
(WMO 2016). Figure 3 shows the evolution of yearly average values, with an obviously
ascending trend.
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Figure 3. Yearly average values and trend for air temperature between 2006 and 2015 (°C).

Monthly averages of air temperature. During the year, monthly average is heavily
fluctuating, in strong concordance with the variation of the radiative-caloric balance, the
influence of the configuration of the basin and of the massive orographic dam, which
attenuates the impact of external air masses pumped into Romania by baric centers.
Consequently, we have low temperature values during winter, similar to the 1700-1800
m mountain peaks, and moderate values during summer (Bogdan & Niculescu 2004).
Figure 4 presents a comparison of the monthly average values for the 1960-1990
and 2006-2015 periods. The highest differences are for January, July and August, so we
found significant growth in temperature for the coldest and the warmest months. January
has even been warmer than February four years out of ten.
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Figure 4. Monthly average air temperature values for 1960-1990 and 2006-2015 (°C)
Monthly and yearly average values for the 2006-2015 timeframe are presented in Table
1. Starting from January, the coldest month of the year, air temperature starts to rise
(slowly in February faster in the spring) till July, the warmest month. Temperature fall is
slow at the end of summer but increases during autumn. The biggest positive jump
occurs in April (6.1°C), the biggest negative jump in October (-6.0°C).
The coldest month is January, followed very closely by February. July is the
warmest month, but August is almost as warm, just like in the high mountain area
(Bogdan & Niculescu 2004).
Winter is a relatively long season. Negative mean temperatures can appear from
November, but not later than December (-4.3°C), the lowest value being reached in
January (-6.1°C). From February, monthly average starts to heighten (-4.4°C), becoming
positive from March or April till October or November. The monthly average reaches its
peak value in July, 17.8°C.
Table 1
Monthly and yearly average air temperature for the 2006-2015 decade (°C)
Year
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
Mean

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

Y

-12.9
0.8
-7.5
-6.9
-7.5
-6.2
-5.1
-7.3
-3.2
-4.8
-6.1

-7.3
-0.4
-1.9
-2.3
-4.0
-5.1
-10.0
-3.0
-4.3
-5.5
-4.4

-0.7
3.6
3.1
0.9
0.1
0.3
-1.5
-0.8
4.7
2.3
1.2

7.7
6.2
7.7
7.7
7.0
6.2
8.3
8.7
7.8
6.1
7.3

11.2
14.3
11.8
12.2
13.0
11.7
13.4
13.6
11.5
12.9
12.5

14.9
16.8
16.0
16.0
16.4
15.6
17.7
16.2
14.3
15.5
15.9

16.8
18.8
16.7
17.5
17.7
17.1
20.3
17.0
17.6
18.6
17.8

16.0
17.8
17.5
16.4
18.3
16.5
17.9
17.9
16.7
17.6
17.3

12.4
10.6
11.0
12.5
11.8
13.5
14.5
10.9
12.3
14.4
12.4

6.7
6.6
7.1
7.1
3.9
4.2
8.0
6.3
7.6
6.2
6.4

1.5
-1.0
0.0
2.9
4.1
-3.2
1.1
3.8
1.0
3.5
1.4

-2.1
-6.5
-5.1
-3.1
-5.9
-1.9
-7.6
-6.9
-2.7
-1.4
-4.3

5.4
7.3
6.4
6.7
6.2
5.7
6.4
6.4
6.9
7.1
6.5

Y - year average.
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Average monthly and annual amplitude of temperature variations. Thermic
contrast between winter and summer is highlighted by the average annual amplitude. In
the Ciuc Depression, the average annual amplitude is higher than 24°C, being 24.5°C for
Miercurea-Ciuc (Bogdan & Niculescu 2004). Table 2 shows minimum, maximum and
mean monthly amplitudes for the 2006-2015 timeframe. There is an accentuated growth
in amplitudes, the average monthly amplitude for the decade being 5.2°C higher than the
average for 1960-1990.
Table 2
Minimum, maximum and mean monthly amplitudes of air temperature variations for the
2006-2015 period (°C)
Amplitude
Minimum
Maximum
Mean

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

Y

26.7
39.7
32.6

24.4
38.8
32.5

25.1
43.2
32.8

23.0
33.7
27.2

24.2
34.1
29.2

24.1
30.2
27.1

23.3
31.7
27.4

26.3
34.9
29.0

22.8
35.1
28.5

24.6
37.0
31.1

24.4
33.1
28.5

23.1
36.0
30.1

24.3
35.6
29.7

Absolute minimum temperature. The Ciuc Depression is one of the closed Carpathian
basins with the lowest temperature values and the most intense thermic inversions, due
to the attenuated flux of radiation and the compact orographic dam which facilitates a
better sedimentation of cold air at the depression floor under anticyclonic circumstances
(Szép et al 2016d). The absolute minimum air temperature in the Ciuc Depression went
below -38°C, the value -38,4°C measured on 14.01.1985 being just 0.1°C higher than
the absolute minimum for Romania, recorded at Bod, -38.5°C on 25.01.1942 (Bogdan &
Niculescu 2004). The minimum value for the 2006-2015 timeframe was -32.8°C
(26.01.2006).
If the annual minimum temperature values registered before 1980 were below 20°C almost every year, half of them being even below -30°C (Călinescu & Tepeș 1979),
for the 2006-2015 decade we found that all annual minimum values were also below 20°C, but they went below -30°C just in 2006 (in January and February) and 2010 (in
January). The results are in line with the increasing tendency observed for average
temperatures.
During the 1960-1990 period, monthly absolute minimum temperature values
were negative for almost all months excepting July. From September till March, minimum
values could fall below -20°C, and even below -30°C from December till February
(Bogdan & Niculescu 2004). However, in the 2006-2015 timeframe, minimum values
were constantly negative only from September till April, the months of May (three times)
and June (seven times) were partially free, and the months of July and August totally
free of negative temperatures.
Absolute maximum temperature. The dominant character of basinal relief, with
accentuated calm of the atmosphere and temperature inversions, has some influence on
the absolute maximum temperature values (Petres et al 2017). Although they can exceed
35°C on the depression floor, the occurrence frequency of such values is limited. During
the 1960-1990 period, the maximum monthly values for temperature were always
positive, in wintertime and in summer. Though temperatures above 30°C could have
occurred from April till September, values above 35°C were only registered in July. The
absolute maximum for air temperature, 35.5°C, was measured at Miercurea-Ciuc on
30.07.1953 (Bogdan & Niculescu 2004).
During the 2006-2015 decade, all monthly maximums were positive, the values
possibly exceeding 20°C from March till November, and values beyond 30°C possibly
occurring from May till September. On 26-27.08.2012, there were above 35°C, the
absolute maximum air temperature at Miercurea-Ciuc reaching a new record (35.9°C,
26.08.2012).
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The amplitude of temperature variations. At Miercurea-Ciuc, the absolute amplitude
of temperature variation is 74.3°C. Annual amplitudes for the 2006-2015 period were
between 54.9°C and 65.2°C, with an average value of 59.7°C.
Days with significant temperature characteristics. The specific climate of the
depression is highlighted by the occurrence frequency of days with significant
characteristics of air temperature, affecting air quality in many ways. The values of these
extreme temperature indices for the 2006-2015 period are shown in Table 3.
Table 3
The number of days with different significant characteristics of temperature between
years 2006 and 2015
Year
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
Average

Frosty nights
51
28
50
35
50
57
71
59
26
30
46

Winter days
67
29
51
44
56
58
73
51
38
35
50

Cold days
169
167
162
163
168
190
171
168
156
161
168

Summer days
41
54
51
49
49
50
91
50
46
71
55

Tropical days
3
15
10
3
9
1
36
6
3
19
11

The intensity of the cooling process during the cold season. This process is marked
by the frequency of the days when the minimum, average and maximum temperatures
drop below -10°C and 0°C respectively (Bogdan & Niculescu 2004).
Frosty nights. The annual mean occurrence frequency of the days when the minimum
value of air temperature falls below -10°C (frosty nights) is around 46. The interim
period is affected by these heavy frosts is November-March. The maximum number of
frosty nights within a month is recorded in January (an average of 14 cases), the average
numbers observed in February and December being close to that (12 and 11
respectively). The months of November and March can present frosty nights (3-5 days in
average). Sometimes, such cases occurred even in October (in 2006 and 2011). One can
find a high fluctuation of the numbers recorded.
Winter days. Comparing to other specific parameters of the cold season, the occurrence
frequency of these days is slightly lower. The annual mean number of winter days is 50.
During the year, the time interval when the maximum daily temperature can drop below
0°C has been reduced from October-April (till 1990) to November-March. The maximum
monthly number of cases (17 in average) is observed in December and January. In
February, this number decreases to 11. At the beginning and at the end of the interval
when winter days can occur, their monthly average frequency is 2-3 cases.
Cold days. The occurrence frequency of these days marks the intensity of the cooling
process. The annual average number of the days when the minimum temperature is
situated below 0°C is around 168, clearly higher than the average (160) for the 19601990 timeframe (Bogdan & Niculescu 2004), but much lower than the mean value (210220) for the 1983-1992 period Tamás 1997. The time interval of the year when cold days
can appear is September-May. There were two years when such cases were recorded in
June. However, the daily minimum of air temperature did not fall below 0°C in July and
August. The highest number of cold days occurred in December and January, when the
minimum of the air temperature falls to negative values for 29-30 days (so for the entire
month). A high number of cold days, 23-27, are recorded in November, February and
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March. At the beginning of the vegetation period, the average frequency of cold days is
14 in April and 3 in May.
The intensity of the warming process during the hot season. The particularities of
this depression area enclosed in a mountain region affect the intensity of the warming
process during the hot season, reducing it to moderate or even weak. Nevertheless, the
advection of warm continental air, and even more local warming processes, can lead to
maximum air temperatures increasing above 25°C (summer days) or further above 30°C
(tropical days). There is an obvious moderating role of the mountain in the warming
process (Bogdan & Niculescu 2004).
Summer days. The maximum value of air temperature raises above 25°C for an
average of 55 days per year, which is clearly higher than the average of 45-50 days
recorded before 1990. The possibility of the first appearance of summer days shifted to
April, an average of 4 days being observed for the month of May. From June, as solar
radiation level become higher, the number of cases increases to 11, and in July and
August reaches the average maximum of 17-18 days, higher than in the last century (1415 days). The number of summer days decreases sharply during September, to an
average of 5 cases. There is still possible to have summer days in October, but the
average frequency of occurrence is below 1.
Tropical days. Sometimes, waves of hot air can reach the Ciuc Depression, but, due to
the moderating role of the surrounding mountains, the frequency of tropical days is very
low. However, their average number (11) during the 2006-2015 decade is noticeably
higher than in the last century (3-4 cases per year). As for all the other categories of
days with significant temperature characteristics, one can observe very high fluctuations
for the monthly and annual values.
Conclusions. The calculations made for the hourly results of temperature measurements
for Miercurea-Ciuc indicates an accentuated growth of annual average values, the
difference between the average of the 2006-2015 decade and the mean value for the
1960-1990 period correlates well with the value of the average global warming during
the same time interval. For average monthly temperatures, the highest differences
between the two compared periods were found for the coldest (January) and the hottest
months (July and August) of the year, and are above 1°C.
The yearly average of the mean monthly amplitudes has greatly increased, while
the number of months and years with minimum temperatures below -30°C, as well as
time intervals with negative minimum temperatures decreased. The record set in the last
century for the absolute maximum value of air temperature at Miercurea-Ciuc got
broken, the new absolute maximum value being 35.9°C.
The intensity of the cooling processes decreased, the one of the warming
processes increased, the most spectacular difference observed is the much higher
occurrence frequency of tropical days. Along with the warming course, one can observe
the accentuated fluctuation of the occurrence frequency of the days with significant
characteristics of temperature, as well as the alteration of the type of the local climate,
the four-season characteristic transforming in a two-season type of climate.
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