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SUMMARY 

The study analyses the dynamics, height, and temperature of the lower cloud base in Lutsk 

for the period 2010-2020. The research base includes archive data of the Lutsk weather 

station for 2010-2020, a selection of Sentinel-2 satellite images, our own observations, and 

instrumental measurements of the temperature of the low level clouds in Lutsk. It was 

established that during 2010-2020, cloudiness in Lutsk decreased compared to the climate 

normal. The decline in cloudiness indicators is noticeable both in the annual and average 

monthly values. As a rule, the cloudiness decreased by 1-1.5 points. There were also changes 

in the dynamics of individual types of clouds, in particular, the number of cirrus, cumulus, 

and cumulonimbus clouds increased. At the same time, the number of stratus and 

stratocumulus clouds, those producing steady rain, decreased. This indicates that climate 

changes also affected cloud cover, its formation and dynamics. Instrumental remote 

measurements revealed a significant difference (1-7 °C) in the temperature of the lower cloud 

base inside and outside the city. It will require a more detailed study in the future, possibly 

using special Sentinel-5P Cloud channels. 
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Introduction 

Global climate changes affect the dynamics of all meteorological phenomena and processes. In the 

21st century, the changes in cloud coverage in Volyn region and the city of Lutsk have not been 

studied enough. Cloudiness is an important meteorological characteristic that determines favorable 

weather conditions for people. Cloudiness is associated with precipitation and humidification. This 

formed the goal of our study: to analyze the cloudiness dynamics in Lutsk during the last decades. 

The relevance of the study is also determined by the need to employ remote sensing methods to 

analyse cloudiness. Meteorological archives contain only ground observations data being limited in 

space. Satellite images allow to analyze large areas. 

 

Method and Theory 

Methods. Both general scientific and special scientific methods were used in the study. The first group 

includes comparative evaluation, analytical, mathematical-statistical, and graphic methods. 

Observation, instrumental measurement, data collection, remote sensing data analysis belong to 

special scientific methods. 

Research materials. To assess the cloudiness dynamics, the following materials were used: archive of 

the Lutsk meteorological station for the period 2010-2020; a selection of Sentinel-2 space images for 

the period 10/01/2020 - 12/31/2020 (without cloudiness filter). Additional resources include Excel 

application, data from Sentinel-5P, and the results of our own instrumental meteorological 

observations. The methodology proposed by Alonso, J., Ternero, A., Batlles, F. J., López, G., 

Rodríguez, J., & Burgaleta, J. I. (2014) was used to analyse satellite images. It is worth mentioning 

that in research practice there are already examples of combining the analysis of ground-based 

meteorological information about clouds and remote sensing data (A.Werkmeister, M. Lockhoff,  M. 

Schrempf, K.Tohsing, B Liley, & G. Seckmeyer  (2015). However, this has never been used for 

studies within Ukraine. 

The most detailed annual course of average cloudiness in Lutsk, which was observed in the 20th 

century, as well as cloudiness distribution by seasons and the dynamics of cloud types, were given in 

the works of V. Babichenko, F. Zuzuk (1988). In the studies of F. P. Tarasiuk, N. A. Tarasiuk (2014), 

the authors continue to analyze the dynamics of cloudiness in that area between late 20th and early 

21st century. V. Fedoniuk, O. Husar (2022) have monitored the impact of global climate change on 

the regional cloudiness dynamics in Lutsk in modern times. 

According to the previous climate normal indicators (averaged data for 1961-1990, provided by the 

World Meteorological Organization), the cloudiness over Lutsk is mainly associated with atmospheric 

circulation processes. The largest number of clouds is observed in the cold season (November-

March). In these months, the sky is frequently clouded at around 60-80% total cloud cover and 50-

70% low cloud cover. Moving to the warm period (April-October), the amounts of solar radiation 

increase, the Earth's surface warms up, the cloud cover dissipates and the total cloudiness decreases. 

Summer represents its lowest values (45% total cloudiness and 25-30% low cloud cover). The highest 

number of clear days is observed in August - September: on averages 4 days for total cloud cover and 

9-10 days for low cloud cover. The lowest number of clear days (1-2 for total cloud cover and 3-5 

days for low cloud cover) is observed in November - February. On average, in one year, there are 37 

clear days for total cloud cover and 88 days for low cloud cover, while and 160 clouded days for total 

cloud cover and 80 days for low cloud cover. 

 

Results 

Using statistical methods, we have analyzed the meteorological archive data for Lutsk in 2010-2020 

and defined the following: 1) the average monthly and annual number of observed cloudiness (in %). 

2) average monthly and annual cloudiness (in points); 3) average monthly and annual height of the 

lower cloud base (in m); 4) recurrence of 10 main types of clouds by seasons (in %). The results are 

presented in Table 1 and graphically visualized in Fig. 1– 2. Table 1 shows that cloudiness, in general, 

decreased by 1.0-1.5 points (the average value for the period 2010-2020 is 5.8 points, and the normal 

is 6.7 points). 2017 was the only year when cloudiness exceeded the climate normal (7.5 points). At 
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the same time, in the last three years (2018-2020), cloudiness was close to the normal. The height of 

the lower cloud base, on the contrary, tends to increase. During the studied period, it changed from 

1,200 m to 1,300 m, resulting in an increase of 100 m on average (Table 1). 

 

Table 1 Average cloudiness in Lutsk (2010-2020 and the climate normal) 

Parameter 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Avg 
Climate 

normal 

Average cloudiness, 
% 

53,8 52,1 63,5 56,3 52,1 46,7 45,8 75,0 68,4 66,8 64,1 58,0 67,3 

Average cloudiness, 

points 
5,4 5,2 6,4 5,6 5,2 4,7 4,6 7,5 6,8 6,7 6,4 5,8 6,7 

Cloud base height, 
m 

1250 1265 1255 1180 1260 1350 1255 1295 1370 1420 1290 1300 1200 

The diagram of the cloudiness dynamics throughout the year (Fig. 1) shows that the average 

cloudiness decreased for most months. It went down from 2.5 to 0.5 points. The largest decrease in 

cloudiness was observed in April-October (warm season of the year). In November-February (cold 

season of the year), there was a minor decrease only. 

 

Figure 1 Diagram of monthly cloudiness 

dynamics  
Figure 2 Average recurrence of 10 cloud types 

in Lutsk (2010-2020 and the climate normal) 
 

We have also analyzed the recurrence of 10 main types of clouds in Lutsk in 2010-2020 and 

compared these values with the climate normal. In the diagram (Fig. 1) the collected data is compared 

to  the climate normal per season and for the whole year. In the other diagram (Fig. 2), we can see that 

the number of cirrus, cirrocumulus, cirrostratus, cumulus, cumulonimbus clouds has increased in 

Lutsk. At the same time, the recurrence of stratus and nimbostratus clouds, those producing steady 

rain, has decreased. These changes are most noticeable in spring and summer. We assume that they 

are associated with the growth of atmospheric instability and the increase in the intensity of 

convective air movements. This is a consequence of the air temperature increase in the context of 

global climate change. 

In 2021, we instrumentally measured the temperature of the cloud base in Lutsk and its suburban 

areas.  The measurements were recorded on every last week of the month throughout the year. The 

days differ in meteorological and weather-climatic conditions,. For this, we used a non-contact 

infrared thermometer ANENG GM550 (temperature measurement range -50C - +550
0
C). The 

measurements were taken in two locations simultaneously:  at an individual residential unit in 

Polonka village to the south of the city (locattion 1), and in the northern part of a multi-storey building 

in Hordiyuk Street inside the city (location 2). Two identical devices (from the same batch) were 

used. They were previously tested for errors (did not exceed 0.1
0
С). This made it possible to compare 

the temperature of the lower cloud base inside and outside the city, and to monitor the influence of the 

"heat island" on the cloud temperature. The two locations are on the same axis and its direction 

coincides with the main axis of air movement over Lutsk (southwest - northeast). 

In Fig. 3, there is a summary graph presenting the temperature dynamics of the lower cloud base in 

Lutsk and its suburban areas. As the graph shows, the temperatures inside and outside the city always 

differ. In the vast majority of cases (41 out of 48 measurements taken), the temperature of the clouds 

outside the city was lower. Cloud base had a higher temperature inside of the city. The temperature 

difference ranges from 0.1
0
C to 7.0

0
C. The most significant difference is seen for vertical 
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development clouds and high clouds (Cb, Cc, Ci) that have a high base and negative temperature.  

Low-level clouds (St, Ns), with a low base and positive temperature, have only a slight t
0
 difference. 

Winter and summer seasons are characterized by the largest contrasts in the lower cloud base 

temperature. The maximum temperature difference (7
0
C) was observed in summer (July) for 

cumulonimbus clouds. During transitional seasons (spring, autumn), the difference in cloud 

temperatures is smaller. 

The annual amplitude of the lower cloud base temperature was 48.6
0
C outside the city and 50.4

0
C in 

the city. The maximum values of this temperature were observed at the end of July (up to +18
0
С - 

+16
0
С, Cb clouds), and the minimum values - at the end of December (up to -30

0
С - -33

0
С, Ci, Cs 

clouds). 

 
Figure 3 Annual dynamics of the lower base cloud temperature in Lutsk and outside the city in 2021 

 

It is worth noting that throughout the year, the days with the biggest lower cloud base temperature 

differences inside and outside the city are windless, still days. Therefore, Lutsk is a heat island and it 

significantly affects the temperature of the lower cloud base. The impact is strongest when various 

types of surfaces in the city are maximally warmed up, i.e. in summer. 

These days, it is possible to apply remote sensing methods to monitor cloudiness. Ground 

observations are limited to visual recordings at meteorologic facilities. They also are quite few: for 

example, there are only 6 facilities in Volyn region with its territory 20,2000 square kilometer. At the 

same time, satellite information allows for extensive space analysis, and with the data from special 

channels presented by Sentinel - 5P, it is possible to monitor a number of physical parameters. We 

processed 140 space images of the studied area for the period from 01/01/2020 to 12/31/2020 (using 

EO Browser service and analyzing Sentinel-2 satellite images). The results are presented in Fig. 4. 

The graph shows that these data correlate with the data of the classical statistical analysis, the results 

of which were described above: the cloudiness in Lutsk is high in the cold period of the year, its 

percentage significantly decreases in the warm period. In April and September, the number of cloudy 

days drops. This is considered as one of the manifestations of regional changes in the annual  

cloudiness dynamics  in 2010-2020. 

 
Figure 4 Cloudiness dynamics in Lutsk in 2020 (analyzing 140 space images from Sentinel-2) 

 

In fig. 5, we can see the distribution of days with different cloudiness (in %) over Lutsk in 2020, 

based on 140 space images  
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Figure 5 Distribution diagram of the days with different cloudiness (%) in Lutsk in 2020 

 

The maximum number of days (51) with 99-100% cloud cover was recorded. The number of days 

with 50-60% cloudiness (16) and the number of clear days are also high (18% - with 0-1% cloudiness, 

17% - with 1-10% cloudiness). In total, more than 80 days with over 50% cloudiness and about 60 

days with less than 50% cloudiness were recorded during the year. This correlates with the climate 

normal, which is given at the beginning of article (assuming the results interpolation within 365 days). 

 

Conclusions 

1. Statistical and graphic studies of the main cloudiness indicators in  2010-2020 in  Lutsk showed 

that the average annual total cloudiness decreased by 0.5 - 1 point. The height of the lower cloud base, 

on the contrary, increased from 1200 to 1300 m. 

2. The average monthly cloudiness also decreased: by about 0.5 points in the cold season up to 2.5 

points in the warm season. 

3.In Lutsk, the recurrence of high-level clouds (cirrus, cirrostratus, cirrus cumulus) and clouds of 

vertical development (cumulus, cumulonimbus) increases. The recurrence of lower-level clouds 

(stratum, nimbostratus) decreases. We assume that these processes are related to the overall 

temperature increase as well as the increase in the average height of the water condensation. 

4. Instrumental remote analysis of the temperature of the lower cloud base showed that in 88% of 

cases, this temperature is higher inside the city compared to the suburban area. The temperature 

differs by  0.1 - 7
0
C during the year. The difference in the temperature depends on the type of clouds, 

the season, wind strength and direction. In still weather, it is the highest. 

5.  Having analyzed satellite images of the studied area from the year 2020, we visualized the seasonal 

and monthly cloudiness, as well as calculated the number of days with different cloudiness indicators. 

The results largely correlate with the results of the statistical analysis. Therefore, with the help of 

remote sensing methods, it is possible to assess the dynamics of cloud cover. The benefits of such 

analysis include a large spatial and temporal coverage of processes and phenomena; a significant 

number of indicators that can be monitored; the possibility to use additional tools (graphics, visuals, 

calculations); convenience and accessibility of the research process. 
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