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ABSTRACT

This study contributes to understanding the effects of urbanization and a large body of water, Kaniv Reservoir, on thermal characteristics in 
the region. This was done by recording trends in air and surface temperatures in the growing seasons in the period 1985–2022. Specifically, 
the study’s objectives were to 1) detect and quantify changes in built-up areas using Landsat satellite data, and 2) analyse trends in land 
surface temperature (LST) in several shoreland zones of the reservoir with different land covers. To identify built-up areas, Landsat data 
was processed. LST was calculated using Google Earth Engine for the period studied for three shoreland zones and six types of land cover, 
including sites with substantial, partial and no change in land use. The built-up area increased unevenly over time and differently in each of 
the shoreland zones. The growth in built-up area was greatest, increasing by 3.7 times, in a zone close to the city of Kyiv. The highest mean 
LST values were recorded in the zone that was mainly agricultural. Positive LST trends were recorded throughout the entire period of the 
study, albeit with different trend slopes in individual months. Statistically significant trends were recorded only in August and September.
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Introduction

Kaniv Reservoir, also known as Kaniv Hydroelectric 
Power Plant Reservoir, is a large body of water in central 
Ukraine and the second reservoir in the Dnipro Cascade. 
It was established in the 1970s by the construction of the 
Kaniv Dam on the Dnipro River. Construction of the Ka-
niv Dam and the reservoir’s creation had significant ef-
fects on the surrounding area.

Recent studies (Starodubtsev et al. 2021; Vyshnevskyi 
and Shecvhuk 2021) report the spatiotemporal dynamics 
of this hydromorphic landscape, shoreland erosion, over-
growing of the reservoir with vegetation, and other eco-
logical aspects related to development in and around Ka-
niv Reservoir. In wet years flood water is released from the 
reservoir through culverts into low-lying areas adjacent to 
the reservoir. The capacity of the low-lying areas was suf-
ficient to hold the flood water even in very wet years. Ur-
banization and development in the low-lying areas greatly 
reduced this capacity. For this reason, Kaniv Reservoir in 
the future may not be able to prevent the flooding in vast 
areas of the southern part of the city of Kyiv. Knowledge 
of the changes in the urban land cover in the low-lying 
areas around the shores of Kaniv Reservoir might be help-
ful in estimating actual capacity of the whole area to hold 
flood water in very wet years. Moreover, it potentially 
could account for some of the ecological and anthropo-
genic changes that have occurred in recent years, namely 
the newly built-up areas close to the reservoir. This study 
reports the changes in land cover and reflected changes in 
land surface temperature (LST) in shoreland zones and 

neighbouring regions of the Kaniv Reservoir. This was 
done using satellite data that are available for almost the 
entire period of the reservoir’s operation, recent field ob-
servations and standardized maps.

There are two maps of land cover known to the au-
thors that include the shoreland zones around the Ka-
niv Reservoir. The first is that for Ukraine for 1990, 2000 
and 2010 with a 30-meter spatial resolution (Kussul et al. 
2016). This map includes a neural network classification 
of satellite Landsat images that identifies six classes of 
land cover within the European Land Use and Cover Area 
Frame Survey (LUCAS) nomenclature: artificial surfaces, 
cropland, grassland, forest, bare land, and water. The sec-
ond is GlobeLand30, which consists of global land cover 
maps for 2000, 2010 and 2020 with a 30-meter spatial res-
olution (Chen et al. 2014). The maps include images from 
the Landsat satellite and HJ-1 (China Environment and 
Disaster Reduction Satellite) that identify 10 land cover 
classes: namely cultivated land, forest, grassland, shrub-
land, wetland, bodies of water, tundra, artificial surfaces, 
bare land and perennial snow and ice. Artificial surfaces 
in these two maps differ in their accuracy because of the 
different methods used. The layers have slightly different 
definitions and include several types of artificial objects, 
such as settlements, mining areas, transportation facil-
ities and so forth, whereas the current study is focused 
on the increase in built-up areas at the local level. Also, 
these two maps do not cover the period at the start of 
the operation of Kaniv Reservoir. The changes in urban 
area throughout the entire period of the operation of this 
reservoir have not so far been studied.
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Land surface temperature (LST) is an important com-
ponent of the Earth’s energy budget and is increasingly 
used in various applications related to the assessment of 
land surface conditions, including mapping the urban 
extent (Trlica et al. 2017; Bala et al. 2021; He et al. 2021) 
and the nature of urban microclimates (Li et al. 2020a). 
The Landsat satellite time series can be used to provide 
LST estimates at high spatial resolutions, which are par-
ticularly appropriate for local and small-scale studies. 
Google Earth Engine (GEE) (Gorelick et al. 2017) is an 
online platform created for users of remote sensing to 
carry out big data analyses in a user-friendly manner and 
without the need for computation.

Changes in urban area, among other factors, can po-
tentially influence the thermal regime of the shoreland 
zones of a  reservoir (Dawson et al. 2018). Human pres-
sure resulting from urbanization, is one of the main fac-
tors leading to increasing risk to shorelands, bearing in 
mind future climate change scenarios. The recent study of 
Arulbalaji et al. (2020) reports a marked increase in built-
up area and in mean LST in a coastal town in India during 
the period of their study. The temperature in built-up are-
as is higher than in the surroundings even in a shoreland 
zone with abundant vegetation (Tarawally et al. 2018). 

In recent decades, the water temperature in the Dni-
pro Cascade increased in summer by 0.74 °C per decade 
and during May–October by 0.65 °C per decade (Vysh-
nevskyi and Shecvhuk 2021). Apart from the effects of 
climatic factors, the temperature of the water in the Ka-
niv Reservoir is influenced by the fact that the reservoir 
discharges water from its lower layers, where the process-
es of heating and cooling are very slow. During spring 
and summer, water temperature recorded in the upper 
zone of the Kaniv Reservoir is lower than that recorded 
in the surroundings and in autumn it is higher. The tem-
perature of the water in Kaniv Reservoir also depends on 
the intensity of algal blooms, with higher temperatures 
recorded in areas where there are large blooms.

This study aims to improve the level of understand-
ing of the effect of ongoing land use/cover changes and 
a large water reservoir on the thermal characteristics of 
different land use/cover types in the region and to identi-
fy the trends in surface temperature recorded during the 
growth seasons in the period 1985–2022. In particular, 
the objectives were to 1) detect and quantify changes in 
built-up areas using Landsat satellite data and 2) analyse 
trends in surface temperatures in several shoreland zones 
around the reservoir and at sites with different types of 
land cover.

Materials and Methods

Area studied
Kaniv Reservoir is one of six water reservoirs on the 

Dnipro River. Construction of the Kaniv Dam began in 
1963 and the reservoir began to be filled in 1972. Filling 

to the normal water level (NWL) was completed in 1976. 
Kaniv is classified as a large dam (Obodovskyi 2002). The 
area of the water surface at NWL 91.5 m is 581 km2 and 
the volume is 2.62 km3. At the level dead storage (LDS) 
91.0 m, the volume is 2.20 km3. The so-called “working” 
volume between NWL and LDS is 0.30 km3. Length of 
the reservoir is 123 km, maximum width is 8 km, mean 
width is 5.5 km, mean depth is 3.9 m and maximum 
depth is 21 m (Vyshnevskyi et al. 2011).

Kaniv Reservoir’s maximum operating level (MOL), 
also termed full supply level, is 92.7 m (Decree of Minis-
try of Environmental Protection and Natural Resources 
of Ukraine, 2022). This water level and ASTER digital 
elevation model (NASA/METI/AIST/Japan Spacesys-
tems and US/Japan ASTER Science Team 2019) were 
used to define the area of interest, delineated as the area 
that would be flooded when water in the dam reaches 
MOL (Fig. 1). Based on local expert knowledge about the 
processes prevailing in certain parts of the water body 
and nearby shore, the area of interest was divided into 
3 zones:

Zone_1 is located adjacent to the city of Kyiv. It is 
undergoing intensive construction and expansion of in-
frastructure, mainly residential and personal recreation 
in nature. Water covers approximately 25% of the area 
and there are islands of alluvial vegetation. In contrast, 
Zone_2 is predominantly covered by open water, ac-
counting for about 50% of the area. It also includes an ar-
my-expropriated territory with long-term disturbed soil 
and vegetation cover, making up around 15% of the total 
area. Zone_3 is a flat area with no direct contact with the 
water reservoir. It is mainly an agricultural area where 

Fig. 1 Photograph of the general area with the three areas studied (1, 2 
and 3) demarcated by yellow lines. Red points are the locations of the 
Kyiv (north) and Kaniv (south) meteorological stations.
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crops of winter wheat, corn, sunflower, soybean, winter 
rapeseed, barley and sugar beet are grown between scat-
tered villages and small towns. 

The region has a moderately cold climate, classified as 
Dfb (warm-summer humid continental climate) (Köp-
pen 1936). Precipitation is substantial, even in the dri-
est month and amounts to 677 mm per year. The mean 
annual temperature is 9.0 °C (Martazinova 2019). The 
growth period starts in May and ends in September.

Data

Satellite data
Multispectral satellite Landsat (NASA) data for the 

years 1985, 2000 and 2022 were used to analyse changes 
in built-up area (Table 1).

Table 1 Satellite data used to analyse changes in built-up area.

Data Date
Processing 

level
Source

Landsat-5 6 June 1985 Surface 
reflectance,
L2A

https://earthexplorer 
.usgs.gov/

Landsat-7 7 June 2000

Landsat-9 20 June 2022

Land surface temperature
LST values were estimated using the Statistical Mo-

no-Window algorithm developed by the Climate Mon-
itoring Satellite Application Facility and the GEE on-
line platform (Ermida et al. 2020), which enables large 
amounts of satellite thermal time-series data to be an-
alysed. The program code returns mean LST value for 
an object (shape file) and date specified by the user. The 
number of available mean LST values derived from Land-
sat data for each zone or site varied between months and 
hence also between years because of different zone or site 
locations, layout of acquired satellite data and cloudiness. 
In the analyses, only those LST values for the same date 
for all zones and sites were used. The LSTs for the three 
zones and six small sites with different types of land cover 
in Zone 1 were recorded. The six small sites are places 
where there have been dramatic changes in land use, with 
one land cover type being replaced by another (e.g., veg-
etation to built-up area), places where there have been 
partial changes within a  land cover, and places without 
any land use change (Table 2), (Fig. 2). LST values were 
obtained for available dates from May to September for 
1985 to 2022. The code of Ermida et al. (2020) was com-
plemented with ee.Reducer.count procedure to count the 

Table 2 Land cover types at six small sites (S1–S6) in Zone 1 for 1985, 2000 and 2022.

S1 S2 S3 S4 S5 S6

1985 fields vegetation forest built-up area vegetation with built-up areas water

2000 fields vegetation with built-up areas forest built-up areas built-up areas water

2022 fields built-up areas forest built-up areas built-up areas water

Fig. 2 Small sites used in the analysis of changes in surface temperature for the period 1985–2022: (1) site where there was no change in land use 
(agricultural), (2) site where there was great change (vegetation to built-up area), (3) and (4) sites where there was no change (forest and built-up 
area, respectively), (5) site with small changes (sparsely built-up area to densely built-up area) and (6) site where there was no change (water).
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number of valid pixels (i.e., without clouds and shadows) 
for each location and each date involved in calculating 
mean LSTs. The LST data (Landsat 4, 5, 7, 8, 9) was sorted 
for each location and each date, and the values used were 
those with more than 75% valid pixels.

Climate data
Air temperature data was provided by the Cen-

tral Geophysical Observatory of Ukraine (http://cgo 
-sreznevskyi.kyiv.ua/?lang=en) from the Kyiv and Kaniv 
meteorological stations. The daily mean air temperatures 
were used to analyse the difference between the Kyiv and 
Kaniv measurements, and 9:30 a.m. air temperature for 
Kyiv based on the analysis of Landsat LST. The dates of 
the air temperature records are the same as the dates 
of the LSTs obtained from satellite Landsat imagery using 
the GEE algorithm. 

Processing of Landsat satellite data
To identify built-up areas, the same steps were used 

for the classification of Landsat-5, Landsat-7 and Land-
sat-9 data so that the classification results are comparable 
(Fig. 3).

The principal component analysis (PCA, also re-
ferred to as “PC transform”) of the Landsat-5 and Land-
sat-9 scenes was used to remove redundant information 
from the dataset while retaining as much of the original 
spectral information as possible. This resulted in a set of 
uncorrelated image bands, termed PC_bands or compo-
nents (Chuvieco 2016). The explained variance indicated 

how much of the total variation in the original data is in-
cluded in each component. Generally, the first few com-
ponents of the PCA correspond to dominant features, 
whereas the later components may represent noise or 
subtle variations. The first two PC_bands from Landsat 
data PCA analysis accounted for 93.4% of the total vari-
ance and were used in subsequent analyses.

Significant parts of Zone 1 and Zone 2 and was cov-
ered with water and were not included in the urban 
land cover classification. PCA_band_1 was used to re-
move water from each Landsat scene with thresholds,  
9450 ≤ PCA_band_1 ≤ 10090.

Fig. 3 Main steps in the processing of Landsat data.

Fig. 4 Photographs of the Kaniv Reservoir shoreland zone landscapes (2021).

Principal Component Analysis

Masking of water

Image segmentation

Object-based classification

Urban land cover layer

Landsat image
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Segmentation was used to divide an image into seg-
ments of similar spectral and/or textural characteristics. 
The spectral and textural attributes were computed for 
each band of the input image (two PC_bands from Land-
sat image PCA). The value of the spectral attribute for 
a particular segment was computed from the input data 
band where the segmentation label image had the same 
value (ENVI Reference Guide). The spectral attributes 
include mean, maximum, minimum, and standard de-
viation values for the pixels in the image of the region 
in each band. Computation of the textural attribute was 
a two-step process wherein the first applied a square ker-
nel of predefined size to the input image. The textural at-
tributes were calculated in terms of pixels in the kernel 
window (7 × 7 pixels) and the result was referenced to the 
central kernel. Next, mean values of the attribute results 
were calculated for each pixel in the segment to create 
the attribute value for that band’s segmentation label. The 
textural attributes consisted of the range, mean, variance 
and entropy of the pixels in the kernel. The watershed 
transform algorithm (Roerdink and Meijster 2001) with 
scale level of 50 and merge level of 80 was used for the 
image segmentation. 

Training regions for built-up areas for supervised ob-
ject-based classification were selected using archival and 
current high-resolution satellite imagery (visualization 
in Google Earth) and photographs taken in the field in 
2021 and 2022 (Fig. 4). Overall, 52 training regions were 
selected from Landsat scene 1985, 106 from Landsat 
scene 2000 and 156 from Landsat scene 2022.

The object-based classification was done using the 
K Nearest neighbour algorithm (Cover and Hart 1967) 
with a  threshold value of 5%, meaning that segments 
having a less than 5% confidence in each class were set to 
“unclassified.” The overall accuracy and kappa coefficient 
were used to estimate the classification results.

Statistical analysis of air temperature data and land surface 
temperature

Analysis of air temperature data and land surface tem-
perature was done using the Statistica (StatSoft) software 
TIBCO Data Science (https://www.statistica.com/en/). 
One-way ANOVA was used to test for significant differ-
ences among the LST of zones where there was no wa-
ter cover in months or years during the growth season. 
A  simple linear regression model was used to estimate 
the LST for each month during the growth season for the 
six cover classes.

Results

Changes recorded in built-up areas from 1985 to 2022
The accuracy of the estimate of the built-up area 

based on kappa coefficients for 1985, 2000 and 2022, 
respectively, were 80% and 0.82, 78% and 0.82 and 82%  
and 0.84. 

The built-up area increased from 1985 to 2022 (Fig. 5). 
This increase was uneven over time, however, and differ-
ent in each of the three zones (Table 3, Fig. 6). Built-up 

Fig. 5 Part of the map showing the change in the area built-up (at the top) and Landsat scenes (at the bottom).
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area increased by 3.7 times in Zone 1, and approximately 
doubled in zones 2 and 3 from 1985 to 2022.

Table 3 Built-up area recorded in zones 1, 2 and 3 of the area studied in 
1985, 2000 and 2022.

Zone 1985 2000 2022

1 24.81 km2 56.18 km2 93.40 km2

2 13.66 km2 20.38 km2 29.75 km2

3 43.75 km2 57.93 km2 84.41 km2

Total 82.22 km2 134.49 km2 207.56 km2

Trends in the temperature of the air and surface of the land
Based on the trend in the daily mean air temperature 

recorded by the Kyiv and Kaniv meteorological stations, 
the temperature increased by approximately 4 degrees 
over a period of 37 years (Fig. 7).

LST patterns for zones 1, 2 and 3 without water fol-
lowed that of the air temperature (Fig. 8a). Zone 3 nearly 
had the highest LST values for each month from May to 
September compared to other zones, followed by Zone 2 
and Zone  1, both of which lack open water. There was 

a  significant difference (p < 0.01) between Zone 3 and 
the other two zones in mean LST for the months of May 
and September. Moreover, Zone 3 reached its LST peak 
throughout summer while both Zone 2 and Zone 3 had 
a prominent peak in July, which coincided with the peak 
in air temperature. A  similar trend in LST occurred in 
the yearly means for the growth season. This develop-
ment followed an evenly increasing trend until 2002, af-
ter which the trends for all zones, including air tempera-
ture, were very variable (Fig. 8b).

The objective was to determine if the trend in LST is 
common to all the small sites and therefor attributable 
to climate change or if the trend in LST differed and is 
attributable to changes in land cover and/or use (Fig. 9). 
There are two months, namely August and September, 
for which the trends (regression coefficients) are similar 
and statistically significant (p < 0.01) and differences in 
LST values for different classes can be attributed to type 
of surface cover. There were not statistically significant  
(p > 0.05) trends in LST for other months and classes or 
for air temperature. For additional information (regres-
sion coefficients) see Appendix.

Discussion

The largest increase in built-up area over the period 
1985 to 2022 occurred in Zone 1 (3.7 times increase) 
from 1985 to 2022 (Fig. 6). This may be due to its close-
ness to the city of Kyiv, the growing interest of the pop-
ulation in life outside the city, and, therefore, intensive 
construction and expansion of infrastructure. Built-up 
area in zones 2 and 3 approximately doubled. This can 
be accounted for by the growth in the rural population 
within the Boryspil Raion during the period of this study 
(Timonina 2020).

The accuracy of estimate of the area built-up in this 
study is less than in other recent publications based on 
satellite data. The accuracy of the dataset for this study 
was limited by that of the Landsat satellite data, as the 
interest in this study was in changes in built-up area since 

Fig. 6 Changes in the built-up area recorded in zones 1, 2 and 3 of the 
area studied in 1985, 2000 and 2022. The built-up area is a percentage 
of the total land area in each zone (areas of water were excluded from 
the analysis).
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Fig. 7 Daily mean air temperature recorded by the Kaniv and Kyiv meteorological stations over the 37year period from 1985 to 2022.
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Fig. 8 Mean land surface temperature (LST) for the months May through to September (a) and (b) for the period of 37 years for zones with open water 
(T_Z1_W, T_Z2_W) and without open water (T_Z1_WW, T_Z2_WW, T_Z3) together with air temperature (T_Air_KY_9.30).

Fig. 9 Trend in surface temperature for the period 1985–2022. (a)–(e) individual months from May to September and (f ) all months. The graphs are 
for six small sites (T_S1–T_S6) in Zone 1 (T_Z1), with an area of reservoir water (T_Z1_W), without an area of reservoir water (T_Z1_WW) and air 
temperatures for Kyiv (T_AIR_KY_9.30).

a) b)

a) May (all p > 0.05) b) June (all p > 0.05)

c) July (all p > 0.05) d) August (all p < 0.01)

e) September (all p < 0.01) f ) May–September
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the beginning of the operation of the water reservoir in 
the 1970s to 2022 calculated using the same algorithm 
and source of satellite data. Whereas the recent publica-
tions mentioned below use a  single land use classifica-
tion and/or combined Landsat satellite data with other 
imagery, which accounts for the slightly higher classifica-
tion accuracy compared to that of this study. Kussul et al. 
(2016) report an overall accuracy of classification for the 
whole of Ukraine in 2010 of about 89% using an unsu-
pervised neural network algorithm for Landsat-8 and 
Sentinel-1 satellite data. Prasomsup et al. (2020) using 
a Modified Built-Up Index based Landsat-8 data reports 
an 82–83% accuracy for the estimates of the built-up ar-
eas in Bangkok.

The higher LST values for Zone 3 compared with 
the other zones for each month from May to Septem-
ber (Fig. 8a) can be accounted for in the remoteness of 
Zone 3 from the water reservoir, lack of inland water and 
agriculture, which dominates almost the entire zone. 
Agricultural fields can create microclimates in their 
surroundings. Fields with bare soil or sparse vegetation 
have a higher LST because of their low evapotranspira-
tion compared to fields with dense vegetation. Morsy 
and Aboelkhair (2021) report that the relative effect of 
agriculture on LST in Egypt (calculated as the ratio be-
tween the change in each area and the sum of all changes 
in all areas multiplied by the change in LST or normal-
ized difference vegetation index) was 45%, followed only 
by deserts with an effect of 50%. According to Vendrov 
et al. (1968) and Kurbanov and Kurbanov (2014), the di-
rect influence of water reservoirs on the microclimate 
of nearby areas extends for distances of several hun-
dred meters and in the direction of the wind it can be 
up to 10 km. Zone 3 was about 14 km from the Kaniv  
Reservoir.

Zone 1 had the greatest growth in built-up area 
throughout the entire study and it was expected that it 
would have the highest LST. Being on the bank of the res-
ervoir, the LST of Zone 1 was affected this body of water. 
The LST of built-up areas combined with the water’s mod-
erating influence resulted in a low LST in Zone 1.

Water surfaces have the lowest daily surface temper-
ature compared to other land covers like forests, grass-
lands, or urban areas during the growth season each year. 
This phenomenon can be attributed to differences in the 
heat-absorbing and heat-retaining properties of water 
and land (Li et al. 2020b). In this study, small site “wa-
ter” (T_S6) and Zone 1, excluding the area covered by 
the reservoir (T_Z1_WW), had lower surface temper-
atures than other small sites (Fig.  9). Small sites where 
there were built-up areas (T_S2, T_S4, T_S5), in con-
trast, had higher surface temperatures than other small 
sites, because buildings absorb and store energy from 
the sun’s radiation more effectively than natural surfaces 
(Nugroho et al. 2022). The difference in surface temper-
ature of small site “water” (T_S6) and those where there 
are built-up areas (T_S2, T_S4, T_S5) was significantly 

higher both in August and September since 1985. In 
these months, the greatest increase was recorded for the 
permanently built-up site (T_S4; see regression coeffi-
cients in Appendix). This is mainly due to the thermal lag 
of water bodies (Pickens et al. 2022), which is supported 
by the thermal regime of the water in the Kaniv Reservoir 
(Vandiuk 2013).

A positive trend in surface temperature in the three 
zones without water or open water bodies (Z1_W, Z2_W) 
and six small locations throughout the entire period 
studied (1985–2022) was recorded (Fig.  8b, 9). Vysh-
nevskyi and Shecvhuk (2021) report an increase in mean 
water temperature in the Dnipro Cascade during sum-
mer of 0.74 °C per decade since the late 1970s. A statis-
tically significant trend in the LST for all sites in August 
and September can be attributed to a natural cycle in the 
climate and presence of the reservoir, as air temperature 
is lower in spring and the first half of summer (cooling 
effect), then increases in the second half of summer and 
autumn (warming effect).

Conclusion

This study detected and quantified an increase in 
built-up areas in the shoreland zone of Kaniv Reservoir 
throughout this 37-year study (1985–2022). Surface tem-
perature in the built-up area increased unevenly over 
time and differently in each of three zones studied. The 
zone with the biggest increase in built-up areas is locat-
ed close to the city of Kyiv along the shore of the reser-
voir. The LST in this zone was mitigated by the presence 
of the reservoir. The highest LST values were recorded 
in the zone where agriculture dominated. Positive LST 
trends were recorded throughout the entire study, albeit 
with differences in the slopes in individual months and 
these were statistically significant only in August and  
September.

This study provides valuable insights into the thermal 
dynamics associated with reservoirs adjacent to urban 
developments. The findings increase our understanding 
of the multifaceted effects of large reservoirs and urban-
ization on regional climates, especially the variations in 
temperature and land cover dynamics.
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Appendix

Table 4 Regressions and regression coefficients for surface temperature trend during the period of 37 years for individual months from May 
to September. Information is presented for six small sites (T_S1–T_S6), conditional Zone 1 (T_Z1), conditional Zone 1 with reservoir water area  
(T_Z1_W), conditional Zone 1 without reservoir water area (T_Z1_WW), and air temperatures for Kyiv (T_AIR_KY_9.30). This information complements 
the graphs in Fig. 9 of the main text.

Month Regression coefficients Month Regression coefficients

May

T_S1 = 20.33 + 0.0002 × x;
T_S2 = 19.63 + 0.0002 × x;
T_S3 = 9.72 + 0.0003 × x;
T_S4 = 18.77 + 0.0003 × x;
T_S5 = 14.73 + 0.0004 × x;
T_S6 = 7.30 + 0.0002 × x;
T_Z1_W = 7.35 + 0.0002 × x;
T_Z1_WW = 9.47 + 0.0004 × x.
T_AIR_KY_9.30 = 9.75 + 0.0003 × x

June

T_S1 = 36.50-0.0002 × x;
T_S2 = 25.88 + 0.0001 × x;
T_S3 = 24.21 + 3.6173E-5 × x;
T_S4 = 26.28 + 0.0002 × x;
T_S5 = 23.76 + 0.0002 × x;
T_S6 = 17.34 + 0.0001 × x;
T_Z1_W = 17.70 + 0.0001 × x;
T_Z1_WW = 22.30 + 0.0002 × x;
T_AIR_KY_9.30 = 22.36 + 0.00006 × x

July

T_S1 = 25.52 + 0.00008 × x;
T_S2 = 21.70 + 0.0002 × x;
T_S3 = 12.27 + 0.0003 × x;
T_S4 = 13.84 + 0.0005 × x;
T_S5 = 27.53 + 0.0001 × x;
T_S6 = 10.57 + 0.0003 × x;
T_Z1_W = 10.85 + 0.0003 × x;
T_Z1_WW = 18.17 + 0.0003 × x;
T_AIR_KY_9.30 = 20.17 + 0.0001 × x

August

T_S1 = 19.98 + 0.0003 × x;
T_S2 = 11.84 + 0.0005 × x;
T_S3 = 7.10 + 0.0005 × x;
T_S4 = 4.97 + 0.0007 × x;
T_S5 = 10.47 + 0.0005 × x;
T_S6 = 6.11 + 0.0004 × x;
T_Z1_W = 6.40 + 0.0004 × x;
T_Z1_WW = 9.85 + 0.0005 × x;
T_AIR_KY_9.30 = 8.98 + 0.0004 × x

September

T_S1 = 0.20 + 0.0006 × x;
T_S2 = -0.23 + 0.0006 × x;
T_S3 = -3.30 + 0.0006 × x;
T_S4 = -7.88 + 0.0008 × x;
T_S5 = -4.04 + 0.0007 × x;
T_S6 = -3.01 + 0.0005 × x;
T_Z1_W = -2.50 + 0.0005 × x;
T_Z1_WW = -3.73 + 0.0007 × x;
T_AIR_KY_9.30 = 2.97 + 0.0004 × x


