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(AMUPS). Petuniabukta is oriented along the N–S axis and forms the northern 
part of Billefjorden. Measurements were taken every 3 hours at 4 measuring 
points located in a profile from the west coast of Petuniabukta to Pyramiden 
massif, 1.5 m above ground level (altitude difference between successive 
measurement points is about 200 metres) in the summer period between July 
9 and August 30, 2016. 

The area is situated on the eastern slope of Mount Pyramiden (937 m a.s.l.) 
that rises up over Petuniabukta. The elevation of surrounding mountains from 
the west, north and east shore of the bay is approximately 600–800 m a.s.l., 
the highest of which is Mount Pyramiden. Mountain chains obstruct the free 
flow of air masses from the west into the study area. On the eastern side, the 
airflow is modified by mountain crests reaching 600–700 m a.s.l. and the nearby 
Ebbadalen, and these also affect local atmospheric conditions (Rachlewicz 2003). 

 
Fig. 1. Location of the measurement points (p1–p4) and the slope profile with marked points 

p1–p4 (in the upper part of the map) and location of Petuniabukta on Svalbard archipelago.
Based on: < http://toposvalbard.npolar.no/> ©Norwegian Polar Institute

Taken into consideration mean weather conditions for the researched area, 
the data from Svalbard Lufthavn from the period 1976–2017 were used. The 
average annual temperature of the research region is approximately -4.1°C. 
For the particular seasons of the average year, the temperature values were for 
spring (MAM) -7.8°C, summer (JJA) 5.2°C, autumn (SON) -3.6°C, and for 
winter (DJF) -10.4°C. Compared to the average thermal conditions, the year 
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Fig. 3. The average daily distribution of (A) sea level pressure (grey solid line) and geopotential 
height of 500 hPa (red dotted line), their anomalies (B), air temperature at an altitude of 850 hPa  

(grey solid line) (C) and its anomalies (D) for July 10, 2016. 

Fig. 4. The average daily distribution of (A) sea level pressure (grey solid line) and geopotential 
height of 500 hPa (red dotted line), their anomalies (B), air temperature at an altitude of 850 hPa 

(grey solid line) (C) and its anomalies (D) for July 26, 2016. 
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Fig. 5. The average daily distribution of (A) sea level pressure (grey solid line) and geopotential 
height of 500 hPa (red dotted line), their anomalies (B), air temperature at an altitude of 850 hPa 

(grey solid line) (C) and its anomalies (D) for 27 of July, 2016. 

Fig. 6. The average daily distribution of (A) sea level pressure (grey solid line) and geopotential 
height of 500 hPa (red dotted line), their anomalies (B), air temperature at an altitude of 850 hPa 

(grey solid line) (C) and its anomalies (D) for 2 of August, 2016. 

Synoptic weather conditions on cloudy and windy days. — During cloudy 
and windy weather, the area under examination was under the direct influence 
of a low-pressure system (19 of July 2016, 8 of August 2016), a low-pressure 
trough (14 of August 2016) or on the western edge of a low-pressure system 
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All these days with sunny and windy weather conditions were characterised 
by reduced atmospheric pressure from 4 to 8 hPa in relation to average conditions, 
and a lower-than-average height for the 500 hPa geopotential (Figs. 7–10).

Air temperature in the study period. — Taking into account all measurement 
points, the air temperature over the study period varied from -5.2°C to 13.1°C, 
showing a clear daily cycle. In the air temperature variation, the differentiation 
between measuring stations resulting from their different altitudes above sea 
level was clearly marked (Fig. 11A, Table 3). This dependence is shown by the 
probability density distribution statistics presented in Figs. 11B and 11C. The 
analysis carried out unequivocally indicates statistically significant differences 
between the air temperature median values, occurring at the individual points 
(Fig. 11C; the ranges determined by the notches do not overlap; Chambers 
et al. 1983). As expected, the lowest air temperature values were recorded at 
p1, and the highest at p4. The mean air temperature gradient for all days was 
0.72°C/100 m, on days with sunny and calm weather it was 0.63°C/100 m, 
while on cloudy and windy days it was 0.8°C/100 m.

In the analysed temperature datasets obtained for the individual points, the 
minimum, maximum, 25th percentile, median, and 75th percentile values decreased 
with increasing altitude above sea level (Figs. 11B–11C). Descriptive statistics 
for data from the individual points are presented in Table 4. The increasing 
values of the temperature standard deviation (Tsd) with the rising altitude of 
the measurement points above sea level are noteworthy. 

Table 4
Air-temperature statistics for individual measurement points fin Petuniabikta in the 

period from 9th of July to 4th of September 2016. Tmax – maximum air temperature, 
Tmin – minimum air temperature, Tavg – mean air temperature, 

Tsd – standard deviation of air temperature data. 
Petuniabukta, Svalbard, period from 9 July to 4 of September, 2016.

Measurement 
points Tmax [°C] Tmin [°C] Tavg [°C] Tsd [°C]

p1 11.1 -5.2 2.7 3.2

p2 12.7 -3.4 4.3 3.1

p3 12.0 -2.0 5.5 2.8

p4 13.1  0.4 7.0 2.5
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Fig. 11. Air temperature variation at measurement points (A) in the study area (p1–p4 marked 
on the Figure 1A), density plot (B), and box-and-whisker plot (C) for data from measurement 
points, Petuniabukta, Svalbard, for period 9 July to 4 September 2016. On the boxplot, the middle 
values denote medians, the box extends to the Q1 (first quartile) and Q3 (third quartile), and 
the whiskers show the range (99.3%): the upper whisker shows Q3+1.5*IQR (the interquartile 
range), the lower shows Q1�í1.5*IQR. The notches extend to +/-1.58 IQR/sqrt(n) and the dots 

represent outliers. 

Although only four days were taken for analysis with the weather types 
highlighted, the differences in thermal conditions during these days are fairly 
obvious. During sunny and calm days, the air temperature is higher by several 
degrees than that recorded during non-radiative weather at each point for both 
medium and minimum values. Considering the differences between the median 
of air temperature at the individual points, it can be stated that these differences 
are statistically significant between p1 and p2, between p3 and p4, and between 
p1 and p4. There are no statistically significant differences between p2 and p3. 

The air temperature range in windy and cloudy weather conditions is larger 
than that in calm and clear weather conditions (Fig. 12). This dependency is 
visible at every measurement point. On the analysed days, the differences between 
medians of air temperature at individual points are statistically significant only 
for points not directly adjacent to each other, which indicates a smaller impact 
of altitude above sea level on the temperature level than on days with calm 
and clear weather. 
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On days with radiative weather, the density distribution for the probability 
of occurrence of a certain temperature value indicates the highest probability 
of occurrence for a temperature from the middle part of their range, while in 
non-radiative weather the density graphs are more flattened, meaning that the 
temperature values from almost the whole range at a given measurement point 
occur with a similar probability. 

Fig. 12. Density plots for air temperature data (A, C) and box-and-whisker plots (B, D) on 
measurement p1–p4 in transect shown on Fig. 1 for sunny and clear (A, B) as well as cloudy and 
windy (C, D) days, Petuniabukta, Svalbard. For a detailed description of boxplots, see Fig. 11.

Figure 13 shows the mean daily air temperature trends, with the weather 
types highlighted. Attention is drawn to the clear daily cycle, depending on sun 
elevation angle on days with clear and calm weather type. The maximum air 
temperature occurs during the afternoon hours, while the minimum air temperature 
occurs during hours with the lowest position of the sun just above the horizon 
(hours 0–5 UTC). On the other hand, during cloudy and windy weather, the 
daily cycle is significantly less pronounced. On days with radiative weather, 
there is a smaller vertical air temperature gradient (averaging 0.63°C/100 m) 
compared to non-radiative weather (for which the gradient was 0.8°C/100 m). 
For this reason, a smaller thermal differentiation at the measurement points is 
observed during a 24 hour period for days with radiative weather. Attention 
is also drawn to the clear impact of fjord waters on the daily temperature of 
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point p4 (located near the beach). In this case, during radiative weather, the 
temperature increase from 4°C at night to around noon is milder than at the 
other three measurement points, while its decrease after 15 UTC is slower (apart 
from the point located at the top of the hill; p1).

Fig. 13. Daily course of the mean hourly air temperature for days with calm and clear weather 
(A) and windy and cloudy weather (B), Petuniabukta, Svalbard.

Relative humidity. — Taking into account the results of measurements at all 
measuring points throughout the entire study period, it is noted that the relative 
humidity ranged from 46% to 100% (Fig. 14A; Table 5). The density distribution 
and basic statistics from datasets obtained for the individual stations indicate that 
the most humid spot is the first point situated at the highest altitude (600 m a.s.l.). 
As the altitude decreases, the relative humidity decreases. At p1, the average 
humidity was above 90%, and at p4 it was below 80% (Fig. 14B). It is also 
noted that the distribution of moisture density at the highest measuring point is 
bimodal, right-angled, and as the altitude above sea level decreases, the shapes 
of density curves increasingly approach the normal distribution. This indicates 
a significant impact of increase in altitude on the more frequent occurrence of 
very high humidity values of > 90% (Fig. 14B, C). Differences between the 
medians of relative humidity for all points are statistically significant (Fig. 14C; 
Chambers et al. 1983).

The analysis of the probability density distribution of the relative humidity 
indicates that during calm and clear days, the range of these values is much 
wider (40%–100%) than during sunny and windy days (60%–100%). In addition, 
it is noted that on days with calm and clear weather, humidity of approximately 
70% to 90% is likely to occur at all measuring stations (Fig. 15A). On the other 
hand, during days with clear and windy weather, there is a clear differentiation 
between the points in this respect. At the lowest point (p4), the most likely values 
are around 80% which grow as the altitude of the points increases, reaching 
about 95% for the highest one (p1; see Fig. 15C). 
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Fig. 14. Variation of relative humidity on measurement p1–p4 shown on Fig. 1 – (A), density plot (B), 
and box-and-whisker plot (C) for data from measurement p1–p4, Petuniabukta, Svalbard, for 
the period from 9 July–4 September, 2016. For a detailed description of boxplots, see Fig. 11.

Table 5
Relative humidity statistics for individual measurement points for the whole research 

period. Hmax – maximum relative humidity, Hmin – minimum relative humidity, 
Havg – mean relative humidity, Hsd – standard deviation of relative humidity data, 

Petuniabukta, Svalbard, for the period from 9 of July to 4 of September 2016.

Measurement 
points Hmax [%] Hmin [%] Havg [%] Hsd [%]

p1 100 57 91 7.9

p2  98 50 88 8.2

p3  99 46 84 9.1

p4  95 50 79 8.6
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Fig. 15. Density plots (A, C) and box-and-whisker plot of relative humidity (B, D) on measurement 
p1–p4 in transect located in the research area, shown on Fig. 2 for calm and clear (A, B) and 
cloudy and windy (C, D) weather days, Petuniabukta, Svalbard. For a detailed description of 

boxplots, see Fig. 2.

Figure 16 shows the average daily courses of relative humidity for the selected 
types of weather. A clear daily cycle of the analysed elements, strongly associated 
with the previously examined air temperature course, can be noticed. On sunny 
and calm days, the highest humidity occurs during the lowest position of the 
sun just above the horizon (hours 0–5 UTC), with the lowest humidity during 
midday hours. Differences in humidity between the indicated times of day were 
about 10% of the relative humidity at the individual points of measurement. 
On the other hand, during cloudy and windy weather, the observed daily cycle 
is less pronounced, with the differences between the maximum and minimum 
values reaching about 5%. 

The average relative humidity gradient (decreasing with altitude) in the study 
period is about 1.5%/100 m. In both weather types, an increase in humidity with 
altitude is also observed; however, it is higher on days with cloudy and windy 
weather. The differentiation between all measuring stations is very clear, while 
the increase in humidity with altitude is approximately 1.9%/100 m. During clear 
and calm weather, the differences between the points are smaller, especially in 
the afternoon when the differences can disappear altogether, particularly between 
p4 and p3 (Fig. 16). 
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Fig. 16. Daily course of mean hourly relative humidity (%) for sunny and calm days (A) and windy 
and cloudy weather (B), Petuniabukta, Svalbard.

Regarding temperature and air humidity and its relations with atmospheric 
circulation, the study results indicate that: in sunny and calm weather days, the 
research area was directly affected by an anticyclonic or the edge of anticyclonic 
system which occur on average at a frequency of 34%, while in cloudy and 
windy days, a low-pressure trough or the western edge of a low-pressure system 
dominated. That type of atmospheric circulations occurred in research period 
with frequency of about 64%. 

Taking into consideration diurnal cycle of air temperature and humidity, the 
attention is drawn to the clear daily cycle associated with the location of the 
sun on days with clear and calm weather. During cloudy and windy weather 
the daily cycle is significantly less pronounced. Similar results were obtained 
by Ambrožová and Láska (2017) for the summer seasons of 2013–2015 in 
studies that were also carried out in the area of Petuniabukta and by Bednorz 
and Kolendowicz (2010) in the 2009 summer season for the Ebbadalen. 

The differences between the median values for relative humidity for all 
measurement points are statistically significant. While the differences between 
the median of air temperature at the individual points are statistically significant 
between p1 and p2, between p3 and p4, and between p1 and p4. There are no 
statistically significant differences between p2 and p3. 

The air temperature range during windy and cloudy weather conditions is 
broader than in calm and clear weather conditions at every measurement point. 
In clear and calm days the range is 0 to 10°C for p1 and 5 to 15°C for p4 
while in cloudy and windy days it is -10 to 10°C and -2.5 to 12°C, respectively. 
The reason for that differentiation is not disturbed direct sun radiation and low 
turbulent mixing in atmospheric boundary layer during clear and calm weather 
resulting in higher temperature values.

The average vertical air temperature gradient for all days of the study period 
was 0.7°C/100 m, while on sunny and calm days it was around 0.6°C/100 m, 
while on cloudy and windy days around 0.8°C/100 m. This problem has been 










