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Abstract. The paper provides an analysis of the influence of brine graduation towers 
on biometeorological conditions, on the basis of the example of Ciechocinek – a spa 
town in Poland. Using the records of air temperature and relative air humidity in the 
years 2018-2020 at two locations near Graduation Tower 1 and at the reference site 
near Spa Hospital No. 1 it was demonstrated that the graduation towers caused a mean 
drop in air temperature of 0.5–0.7°C with maximum differences 7.5°C. The average 
humidity due to brine evaporation was 3.6–4.6% higher, but maximum differences 
exceeded 30%. Based on mobile measurements the effects of the graduation tower 
were found to be limited to its vicinity, where air temperature was lower and humidity 
higher. The distribution of air temperature and humidity changed depending on 
wind direction. Cooler and more humid air was carried downwind of the graduation 
tower. The calculated biometeorological indices showed that neutral, comfortable or 
refreshing conditions prevailed at the graduation tower and the sensation of heat or 
thermal stress leading to body overheating was less frequent. 
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1. Introduction

Graduation towers are huge structures, usually 
made of wood and packed with brushwood (typi-
cally blackthorn). Originally, they were used to ob-
tain salt by graduating salt brine and evaporating 
water. The first structure of this kind was erected 
in Bad Kissingen at the foot of the Alps in 1563 
(Piasecki, 2010). In Polish area, the first graduation 
tower was constructed in Kołobrzeg in 1710 (Za-
bel, 2008). In 1780, brine graduation towers were 
built in Łęczyca, in 1782 in Busko Zdrój (Gaweł & 
Kuczaj, 2012), and in 1836 in Ciechocinek (Nocna, 
2016). Today the production of salt using a saltpan 
is marginal (Kamyk, 2008). 

Salt brine is more important for its therapeutic 
effects (Ciężkowski et al. 2010; Ziemska et al. 2019). 
Quickly, the saline aerosol found in the air in salt 
mines, man-made chambers and around graduation 
towers also began to be used in balneology. 
Graduation towers are vital in halotherapy. They 
contributed to the creation of numerous health 
resorts which use salt therapy (Faracik, 2020a). 
Renovation and functional adaptation of these 
facilities is extremely important in the present-day 
development of salt towns in their post-industrial 
period (Langer, 2014). Such a phenomenon can be 
observed, for example, in Ciechocinek, where the 
primary industrial function has been replaced over 
time by health resort functions (Matczak, 2019).

In Poland, a revival of therapies using saline 
inhalations started at the end of the 20th century 
and continued into the 21st. In 1978, the graduation 
tower in Konstancin was built. In 2001 the towers 
in Inowrocław were opened to the public, and 
a graduation tower was built in Marusza near 
Grudziądz in 2006, one in Rabka Zdrój in 2008, and 
one each in Gołdap and Wieliczka in 2014 (Faracik, 
2011, 2020a). In many other places new structures 
of this kind were erected that were often small but 
that improve the local microclimate (Langer, 2014). 
As of 2019 there were 89 locations with graduation 
towers in Poland, and the number looks set to rise 
(Faracik, 2020b).

Concentrated at more than 1 mg·m-3 in the 
air, salt unfolds its therapeutic effects (Stribu et 
al. 2012). Czajka et al. (2006) demonstrated that 
the concentration of NaCl per m3 in the air in 

the vicinity of a graduation tower (8.8 mg·m-3) is 
much higher than it is on the beach of the Baltic 
Sea (4.7 mg·m-3). An even higher concentration 
of salt in the air was found at the Wieliczka salt 
mine (22.0 mg·m-3). Near the graduation towers in 
Inowrocław a substantial increase in the content of 
calcium and sodium cations was observed in the 
soil (Krzyżaniak-Sitarz, 2012). 

Saline aerosols are inhaled in natural and man-
made chambers in salt mines, and in the proximity of 
graduation towers and other structures (Ponikowska 
et al. 2009; Zając et al. 2014). Such inhalations support 
the treatment of respiratory diseases, sinusitis, arterial 
hypertension, hypothyroidism and vegetative neurotic 
disorders (Ponikowska & Ferson, 2009). Breathing air 
with saline aerosol also reduces allergic symptoms, as 
it contains fewer bacteria (Burkowska-But et al. 2014; 
Burkowska-But, 2016). Moreover, a number of other 
substances are found in the air around the towers, 
such as iodine, whose concentration exceeds that in 
seaside resorts (Czajka et al. 2006). 

Meteorological conditions affect the functioning 
of the human body (Błażejczyk & Krawczyk, 1991). 
Graduation towers produce a specific microclimate 
with higher air humidity and lower air temperature, 
and an overall physiologically more comfortable 
climate (Ponikowska et al. 1979; Helbin & Kolarzyk, 
2005). This microclimate is used in climatotherapy 
(Ponikowska & Marciniak, 1988). Ciechocinek, 
Inowrocław and Konstancin are the most prominent 
examples of spas which use aerothrerapy (Kuchcik 
et al., 2013). The most extensive research on 
the influence of graduation towers on climatic 
and bioclimatic conditions was carried out in 
Ciechocinek. Studies were prepared on the basis 
of field research conducted there (Paszyński, 1957; 
Kozłowska-Szczęsna, 1965). The microclimate of 
the bathing area (swimming pool) in the vicinity of 
the graduation towers (Chełchowski, 1958) and the 
entire health resort (Gurba, 1959) were examined. 
On the basis of data from the meteorological 
station in Ciechocinek, a number of studies in 
the field of climatology and bioclimatology were 
created (e.g. Kozłowska-Szczęsna, 1964; Tyczka 
& Góra, 1978; Marciniak, 1983, 1986; Błażejczyk, 
1988; Ponikowska & Marciniak, 1988; Kozłowska-
Szczęsna & Błażejczyk, 1999, 2001). The list of 
the most valuable sources is included in the study 
by Kozłowska-Szczęsna from 2000. However, the 
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closing down of the meteorological station in 
Ciechocinek limited the possibilities of conducting 
further research.

The motivation for researching the influence 
of graduation towers in Ciechocinek on the 
microclimate was an observation made by Paszyński 
(1957). He remarked that “the immediate vicinity of 
the graduation towers is undoubtedly characterized 
by specific microclimatic conditions. However, the 
precise quantification of these phenomena, as well as 
the determination of the range in which graduation 
towers in Ciechocinek exert a significant impact on 
the microclimate, requires more detailed research 
and the use of specific methods”. Nowadays,  the 
introduction of electronic measuring devices offers 
such opportunities. It is a response to the postulate 
of Kuchcik (2011) about the need to conduct 
research on the local differentiation of climatic 
conditions in health resorts.

The aim of this paper is to analyse the influence 
of graduation towers on biometeorological condi-
tions in their surrounding area, using the exam-
ple of Ciechocinek spa town (Central Poland). The 
spatial range of influence of graduation towers on 
air temperature and relative air humidity were an-
alysed along with diurnal changes in intensity. The 
frequency of occurrence of adverse conditions at 
the towers and beyond their zone of influence was 
also determined based on biometeorological con-
ditions. The research work was carried out in the 
years 2018–2020.

2. Research area

The observations comprised the graduation towers 
in Ciechocinek. The town is one of the largest health 
resorts in Poland. In 2020, Ciechocinek offered 7,541 
beds, including 5,419 in sanatoriums. In 2014 (latest 
available data), 81,789 people used spa facilities 
(GUS, 2022). Moreover, Ciechocinek is a spa town 
frequently visited by tourists; the Schneider index 
exceeds 1000 tourists per 100 inhabitants (Gonia & 
Podgórski, 2019).

As early as in the 12th century the existence of 
saline springs near Ciechocinek was first mentioned. 
However, it was only in 1824 that – on Stanisław 
Staszic’s initiative – structures for graduating salt 
brine and a salt works were established. In 1836 

the first bathing facility was opened, and soon 
one of the largest health spa centres in Poland 
was founded to use natural therapeutic chloride-
sodium-iodine-bromine waters at 26–33°C 
(Krawiec, 2009). Nowadays such diseases and 
conditions as orthopaedic and traumatic, rheumatic 
and heart diseases, hypertension, peripheral and 
upper respiratory diseases, diabetes, obesity and 
osteoporosis are treated in Ciechocinek. Peloids and 
climatotherapy are also used, taking advantage of 
the beneficial, physiologically comfortable climate 
and saline aerosol formed in the park around 
the three large graduation towers (Ponikowska & 
Marciniak, 1988). 

The construction of graduation towers using a 
design by Józef Graf was started in Ciechocinek 
in 1824. In 1833 the construction of the first two 
towers (No. 1 and 2) was complete, and in 1859 
the third tower was finished. Graduation Towers 
1 and 2 are parallel to each other along a north–
south axis, whereas Tower 3 marks the northern 
limit of the area, forming a diamond-shaped area 
where an outdoor saline swimming pool existed 
until 2001. The graduation towers of Ciechocinek 
are robust structures made of oak wood and packed 
with blackthorn twigs. Graduation Tower No. 1 is 
600 m long, No. 2 is 723 m long and No. 3 is 333 
m long; they are 10 m wide at the base and 16 m 
high (Tłoczek, 1958) (Fig. 1). 

The towers are used to graduate salt brine 
pumped from deep intakes (originally using 

Fig. 1. Brine graduation towers No. 1 in Ciechocinek 
Source: photo M. Kejna
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windmills) to the top of the tower, from where it 
flows freely down through the blackthorn. The brine 
circulated in the system has a ratio of 43.5–53.4 mg 
of salt per litre of water (Krawiec, 2009). The water 
evaporates in the process and the brine reaches a 
concentration of about 22%. At the same time, air 
humidity and aerosol content increase around the 
towers. Around the graduation towers, there is a 
gravel path. The area surrounding Tower 1 has been 
turned into a park with a great number of trees, 
flower beds, ponds and fountains that moderate the 
biometeorological conditions there. 

Ciechocinek is situated within a type IV (‘central’) 
bioclimatic Polish region and it is characterized by 
a weakly stimulus type of bioclimate (Kozłowska-
Szczęsna et al., 2002). In the annual cycle over 
1971–1990, however, in July there were 9.2% days 
with hot weather and 7.4% with very hot weather. 
In June these accounted for 20.9% and 24.2% of 
days, respectively (Błażejczyk & Kunert, 2011). The 
bioclimatic conditions of the central region and its 
therapeutic potential were presented by Kuchcik et 
al. (2013). In Ciechocinek, there are high values of 
the perceived temperature, reaching maximum of 
up to 870C (Błażejczyk, 2003).

3. Materials and methods

The influence of Graduation Tower No 1 of 
Ciechocinek on its microclimate was studied in 
2018–2020. Two research methods were used: 
meteorological observations using permanent 
stations and mobile measurements. Two HOBO 
data loggers for air temperature and relative 
humidity registration were installed at 3 m above 
ground near Tower 1; they were located on the east  
- GT(E) and west – GT(W) side at a distance of 
10 m from the Graduation Tower No 1. The non-
standard placement of the recorders was dictated 
by the safety of the instruments. The highest 
vertical gradient of air temperature occurs close 
to the ground surface (Bokwa, 2001), therefore 
the differences between the 2 and 3 m levels are 
insignificant. Simultaneous measurements were 
taken using an automatic weather station in the 
park near Spa Hospital 1 (SH1), about 1 km from 
the graduation towers (Fig. 2).

On the basis of hourly measurements taken 
during the therapeutic seasons (June–September) 
of 2019 and 2020, differences in air temperature 
and relative humidity between stations near the 
graduation tower and SH1 were determined. These 
differences revealed the influence of the graduation 
towers on the surrounding microclimate in various 
weather conditions and at different times of day. 
Particular attention was paid to the conditions 
between 8.00 a.m. and 8 p.m. – i.e. when the spa 
visitors were most active in enjoying the therapeutic 
effects of the graduation towers. 

In the study of the diversity of local bioclimatic 
conditions, mobile stations should be used (Kuchcik 
et al., 2013). In Ciechocinek the mobile measurements 
were carried out in the area of the towers using 
a Madge Tech RHTemp 101 temperature and 
humidity data logger placed in a radiation-proof 
enclosure at 2 m above ground. The other sensor 
was situated at SH1 in an identical enclosure (Fig. 
3). These devices have a  fast response time of 60 
seconds (see https://www.madgetech.com). At each 
station, the measurements were taken for at least 
2-3 minutes (additionally wind direction and speed 

Fig. 2. Location of the measuring sites in Ciechocinek
Explanations: 1 - fixed measurement points: SH1, GT(E), 
GT(W); 2 - mobile measurement points; 3 - graduation tow-
er No. 1
Source: authors’ own elaboration
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were measured and cloud cover was assessed). 
Therefore, the recorded value reflects the thermal 
conditions and humidity at a  given position. The 
location of the measuring sites is shown in Fig. 2. 

Measurements at SH1 and in the area of Tower 
1 were synchronised, which enabled the calculation 
of differences in air temperature and humidity. The 
observations covered two seasons: 2018 (6 data 
series) and 2019 (1 data series). The differences 
provided the basis for developing air temperature 
and humidity distribution charts for the area of 
Tower 1. To this end, the inverse distance weighting 
(IDW) method for interpolation was used in QGIS 
3.16. The interpolation weight value P was specified 
as 2. The use of GIS methods allows for a more 
detailed analysis of the spatial differentiation of 
bioclimatic conditions (Kuchcik et al., 2013). 
The biometeorological role of the graduation towers 
was demonstrated on the basis of analysis of indices 
describing the influence of weather conditions on 
the human body. For SH1, GT(E) and GT(W) 
sites, effective temperature (TE) and Humidex were 
calculated. Due to low wind speeds in the park area 
of Ciechocinek, a formula for wind of below 0.3 
m·s-1 was used to calculate TE (Missenard, 1933):

– 0,4 · (t – 10,0) · (1 – 0,01 · RH)
 where: 

TE – effective temperature

t – air temperature
RH – relative air humidity
The nuisance of thermal and humidity 

conditions in Canada and the United States is 
determined using the Humidex index (Błażejczyk 
& Kunert, 2011). It is determined as follows: 

Humidex = t + 0,5555 · (vp –

where: 
t – air temperature
vp –water vapor pressure calculated from the 

formula:

vp = 6,112 · 10 [7,5 · t / (237,7 + t)] · 0,01 · RH

RH – relative air humidity

As regards the reference site SH1, a greater 
quantity of data was available, so in order to 
describe the biometeorological background the 
following was also determined. 

Wind Chill Index (WCI) expressed in W·m-2 and 
calculated using the following formula:

WCI = 1,162 · [(10,45 – v + 10 · v 0,5) · (33 –

where: 
WCI – Wind Chill Index
v – wind velocity corrected to a height of 1.2 m 

above ground

Fig. 3. Measuring sites in Ciechocinek: A – automatic weather station near Spa Hospital No 1 (SH1)  B – graduation tow-
er site – GT(W), C – mobile measurements
Source: photo M. Kejna
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t – air temperature
WCI considers the combined effect of air 

temperature and wind speed. It was introduced by 
Siple and Passel in 1945 during bioclimatic research 
in the Antarctic, but it can also be applied to other 
climate zones (Błażejczyk & Kunert, 2011). The 
wind speed was reduced from 2.4 m to 1.2 m above 
the ground.
Insulation Predicted (Iclp) defines the thermal 
insulation of clothing required to ensure the heat 
balance of the body in specific weather conditions. 
Błażejczyk et al. (2003) applied the Burton and 
Edholm (1955) formula to determine the total 
thermal insulation of clothing, and the Fourt and 
Hollies (1970) formula to determine the thermal 
insulation characteristics of the surface air layer. 
Iclp is expressed in clo and determined using the 
following formula:

4. Results

4.1. The climate of Ciechocinek

Meteorological observations in Ciechocinek began 
in 1836. A permanent weather station was not 
established until 1883, and then observations were 
carried out only during the therapeutic seasons. 
Only from 1900 onwards were they carried out 
continuously. After the break caused by World War 
I, observations resumed in 1920 and continued 
until 1939. After World War II, meteorological 
observations were conducted from 1947 onwards 
in front of the Spa Administration building, in 
the Municipal Gardens. The observations were 
discontinued in 1990 (Kozłowska-Szczęsna, 2002), 
but resumed in 2012, this time at the Woivodship 

Iclp = [0,082·[91,4 – (1,8·t + 32)] / (0,01724·M)] – [1 / (0,61 + 1,9·v 0,5)]

where:
Iclp – Insulation Predicted

Physiological Strain (PhS) compares loss of body 
heat due to convection and evaporation. It is 
expressed in W·m-2 and calculated as follows:

where:
PhS - Physiological Strain
C – convective heat loss
E – evaporative heat losses

When a body is overheated, perspiration 
increases and the heat is increasingly driven out of 
the body through evaporation. When more heat is 
lost due to convection, cold stress increases.

The above indices were calculated using Bioklima 
2.6 (Błażejczyk & Błażejczyk, 2010).

The climate conditions of Ciechocinek were 
described on the basis of data sourced from 
the weather station of the Polish Institute of 
Meteorology and Water Management– for the years 
1971–1989 (Kozłowska-Szczęsna, 2002), and for the 
years 2012–2020 from the weather station of the 
Provincial Inspectorate of Environmental Protection 
in Bydgoszcz.

Inspectorate of Enviromental Protection weather 
station between the graduation towers. In 2018, 
topoclimatic observations in Ciechocinek were 
launched from a reference station was located near 
Spa Hospital No 1. 

The observations from the years 1971–
1989 demonstrated that average cloud cover in 
Ciechocinek at 12 UTC was 70% and total annual 
sunshine duration reached 1,491.1 hours, including 
17.9 days when sunshine was observed for over 8 
hours (Table 1). 

The mean air temperature was 8.3°C with the 
lowest mean temperature in January (-1.8°C) and 
the highest in July (18.3°C). Extreme values of 
temperature ranged from -30.3°C to 35.5°C. In an 
average year there were 42.3 hot days (Tmax >25.0°C), 
7.1 very hot days (Tmax >30.0°C) and 14 very cold 
days (Tmin <-10.0°C) (Kozłowska-Szczęsna, 2002). 
The mean relative humidity of the air at 12 UTC 
was 67%. The annual precipitation total averaged 
at 561 mm. During the year there were 153.3 days 
with precipitation (p ≥0.1 mm). The mean wind 
speed at 12 UTC was low (3.3 m·s-1).

By contrast, the measurements taken in the 
period 2012–2020 using data from the Woivodship 
Inspectorate of Environmental Protection weather 
station showed that solar irradiance amounted to 
124.4 W·m-2 with a maximum of 242.9 W·m-2 in 
June. The mean air temperature was higher than 
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Table 1. Mean monthly and annual values of meteorological elements in Ciechocinek in the period 1971-1989

Explanations: C - cloudiness at 12 UTC, SD - Sunshine duration, Tmean – mean air temperature, Tmax – maximum of air temperature, Tmin – minimum 
of air temperature, RH - relative air humidity at 12 UTC, P – precipitation, WV - wind velocity at 12 UTC
Source: Kozłowska-Szczęsna (2002)

in 1971–1989 and reached as much as 10.2°C. The 
thermal winter became shorter; a negative mean 
temperature was recorded only in January (-0.3°C), 
whereas in July it rose to 20.2°C, which was 1.9°C 
higher. The mean relative humidity of the air was 
75%. The mean atmospheric pressure was 1012.0 
hPa, and the average wind speed near the towers 
did not even exceed 1.3 m·s-1 (Table 2).

Considering the continuous increase in air 
temperature in Poland (Kejna & Rudzki, 2021) in 
Ciechocinek there is also a growing problem of 
heatwaves. 

4.2. The influence of graduation towers on air 
temperature

4.2.1. Course of air temperature

Continuous registration of air temperature and 
relative air humidity was carried out during the 
therapeutic seasons (June–Sept) in 2019 and 2020 
(Fig. 4). In 2019 at SH1 the mean temperature was 
very high and reached 22.5°C in June and 20.6°C 
in August. In 2020, the warmest month was August 
with 19.9°C (Table 3). The highest temperature 
recorded in 2019 was 36.7°C, and in 2020 it was 
32.6°C. In 2019 there were as many as 61 hot days 
(Tmax ≥ 25°C), 22 very hot days (Tmax ≥ 30°C) and 3 
extremely hot days (Tmax ≥ 35°C). In 2020 there were 
54 hot and 9 very hot days. That meant substantial 
heat stress for the human body. 

Table 2. Mean monthly and annual values of meteorological elements in Ciechocinek in the period 2012-2020

Explanations: GR - Global solar radiation, AP - air pressure (hPa), other explanations as in table 1. 
Source: authors’ own elaboration according to the data from the Provincial Inspectorate of Environmental Protection in Bydgoszcz
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The air temperature near the relevant graduation 
tower was lower than at SH1. On average, in the 
analysed seasons it was 0.7°C colder on the east side 
GT(E) and 0.5°C colder on the west side GT(W). 
Maximum differences at individual hours reached 
7.5°C at GT(E) and 6.5°C at GT(W). The greatest 
differences were found for high air temperature 
values (Fig. 4). 

In the diurnal cycle, averaged for the years 2019 
and 2020, the lowest temperature at SH1 occurred at 
05:00 (13.4°C), whereas at the graduation towers it 
was at 06:00: 13.7°C – GT(E) and 13.6°C – GT(W) 
– (Fig. 5). 

An analysis of the frequency of occurrence of 
the differences in air temperature between the tower 
sites and SH1 during the day (between 08:00 and 
20:00) indicated a clear predominance of negative 
anomalies. On the east side of the tower as many 
as 91.7% of the hourly situations were characterised 

Fig. 4. Course of daily values of air temperature in Ciechocinek (Hospital No. 1 – SH1) and temperature differences between 
graduation towers No. 1 area: GT_E and GT_W and SH1 in the seasons 2019 and 2020

Table 3. Monthly values of air temperature in Ciechocinek (SH1) and air temperature differences between graduation towers 
No. 1 area (GT(E) and GT(W)) and SH1 in the seasons 2019 and 2020

Source: author’s own elaboration 

Fig. 5. A - Daily courses of air temperature in Ciechocinek, 
B - Temperature differences between GT_E/GT_W and SH1 
in the seasons 2019 and 2020
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On individual days, temperature differences 
followed different patterns, depending on wind 
direction (Fig. 7).  On 17 July 2019, with a westerly 
(W) wind the greatest differences occurred on the 
northern and eastern sides of the tower (to -2.4°C). 
Similarly, on 15 September 2018, with the same 
wind direction it was colder on the eastern side of 
the tower (-2.8°C). On the other hand, with a SE 
wind on 22 September 2018 it was much colder on 
the western side of the tower. The southerly wind 
on 30 September 2018 made the northern side 
of the tower colder (to -2.4°C). The temperature 
distribution also changes at different times of day; 
thus, in the morning hours the area to the east of the 
tower received more sunshine. In the afternoon, the 
western side is more exposed to the sun and reaches 
higher temperatures. That is why on 15 August 2018 
the eastern side of the tower was markedly colder 
(the measurements were taken at 16:45–17:26).

4.3. The influence of graduation towers on 
relative air humidity

4.3.1. Course of relative air humidity

The mean relative humidity of air in the analysed 
therapeutic seasons of 2019 and 2020 reached 73% 
at SH1 (Table 4). The course of RH revealed periods 
with substantial or slight saturation of air with 
water vapour. The diurnal means at SH1 changed 
within the range of 49% to 95% (Fig. 8). The relative 
air humidity near the graduation tower was found 
to be greater: by 4.6% on average at GT(E) and 
by 3.6% at GT(W). Maximum differences reached 
31.0% and 33.2%, respectively. On the western side 
of the tower, however, there were days with lower 
air humidity.

In the diurnal cycle, the highest relative humidity 
of air was common at night, and in particular in the 
early hours when the air temperature was lowest: 
at 06:00 it was 90% at SH1 and 92% at GT(E) and 
GT(W) – (Fig. 9). 

During the day the relative humidity decreased, 
reaching 56%, 63% and 60% at the respective sites at 
16:00. Throughout the whole day a higher humidity 
of air was observed at the graduation tower, and 
the greatest differences were found at daytime. At 
GT(E), the greatest differences occurred at 10:00 

Fig. 6. Distribution of air temperature differences (in oC) 
in the vicinity of Graduation Tower No 1 in Ciechocinek 
compared to SH1 based on seven data series from 2018 and 
2019.

by lower temperature – typically within a range of 
0.0°C to -0.9°C (30.4%), between -1.0°C and -1.9°C 
(23.8%) and -2.0°C and -2.9°C (23.6%). Similarly, 
on the west side, 75.7% hours fell within the three 
intervals, with a maximum between 0.0°C and 
-0.9°C (44.4%), and between -1.0°C and -1.9°C 
(21.4%).

4.2.2. Spatial influence

The influence of the graduation towers on air 
temperature was analysed on the basis of mobile 
measurements. Using seven series of observations 
obtained during the therapeutic seasons of 2018 
and 2019 it was found that the temperature of air in 
the vicinity of the graduation towers was lower. The 
greatest differences occurred at the northern part of 
the structure and reached -2.4°C. In the southern 
part the difference was -1.6°C (Fig. 6). 
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Fig. 7. Distribution of air temperature differences (in oC) in the vicinity of Graduation Tower 1 in Ciechocinek compared 
to SH1 on selected days of 2018 and 2019. Prevailing wind direction is shown with an arrow
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and 17:00 (8%), whereas at GT(W), after an initial 
increase in the differences at 09:00 (7%), they 
decreased in the afternoon and rose back to 5% in 
the evening. Such a clear decrease in the differences 
of RH in the afternoon indicates that humid air 
was conveyed away from the area of the towers by 
convection. 

An analysis of the frequency of occurrence of 
the differences demonstrated an evident influence 
of the graduation tower on the relative humidity 
of air. From 08:00 to 20:00, on the eastern side of 
the tower, GT(E), in as many as 90.8% of the cases 
the RH was higher, usually by 0–4% (36.2%) and 
5–9% (25.3%). On the western side, GT(W), at 
73.8% of the hours the air was more humid, and the 
maximum frequency ranged within 0–4% (34.6%). 
What is noteworthy is that there was a number of 
situations in which the air was less humid near the 
graduation tower (23.3% such situations with less 
humid). This may be due to the prevailing westerly 

wind transporting humid air masses to the east of 
the graduation tower, while drier air flows from the 
upwind side. 

4.3.2. Spatial influence

The influence of the graduation towers is even more 
evident as regards air humidity. Based on mobile 
measurements, it was found that mean differences 
reach 14%, especially at the northern part of the 
tower. In the southern part the air was less saturated 
(6–8%) – (Fig. 10).

On individual days the differences in relative 
humidity were even greater – close to the graduation 
tower in particular (Fig. 11). On 17 July 2019, 
with a westerly (W) wind the air was 14% more 
humid on the eastern side of the tower, but only 
2% more on the upwind side. On 15 September 
2018 humidity was higher on the eastern side (by 
18%); the prevailing wind was westerly and carried 

Fig. 8. Course of daily values of relative air humidity in Ciechocinek (Hospital No. 1 – SH1) and differences between 
graduation towers No. 1 area: GT_E and GT_W and SH1 in the seasons 2019 and 2020

Table 4. Monthly values of relative air humidity in Ciechocinek (SH1) and differences between graduation towers No. 1 
area: GT(E) and GT(W) and SH1 in the seasons 2019 and 2020

Source: author’s own elaboration 
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An analysis of Insulation Predicted (Iclp) in 
Ciechocinek (SH1) shows that the most frequent 
were very hot days (<0.30 clo): 51.3%, and hot days: 
42.9%; neutral conditions were very infrequent 
(5.7%) – Table 5. This means that only light clothes 
were worn to ensure a proper heat balance of the 
body. The maximum value of Iclp reached 1.23 
clo, which corresponds to cool weather (Krawczyk, 
2003). Yet this kind of condition occurred very 
rarely. 

An analysis of the hourly values of Physiological 
Strain (PhS) demonstrated that the prevailing 
conditions in Ciechocinek were thermally neutral 
(61.2%), in which the thermoregulatory response of 
the body is moderate (Table 5). Heat stress increased 
substantially at 30.0% of times, and was of high 
intensity at 7.2% of them. It was also found that at 
1.5% of the hours (47 in total) the cold stress was 

Fig. 10. Distribution of differences in relative air humidity 
in the vicinity of Graduation Tower 1 in Ciechocinek com-
pared to SH1, based on seven data series from 2018 and 
2019

Fig. 9. Daily courses of relative air humidity in Ciechocinek 
(A) and differences between graduation towers No. 1 area: 
GT_E and/ GT_W and SH1 (B) in the seasons 2019 and 
2020  

the air eastwards from above the graduation towers. 
On the other hand, on 22 September 2018, with 
a SE wind, the air was more humid on the western 
side of the tower (by 10%). On 30 September 2018 
the southerly wind carried humid air masses from 
above the graduation towers causing the humidity 
to rise in the northern part of the tower (by 16%).

4.4. Biometeorological conditions

The biometeorological conditions in Ciechocinek 
are presented here on the basis of measurements 
taken at Spa Hospital 1 during two therapeutic 
seasons (Jun–Sept) of 2019 and 2020, and a detailed 
analysis covered the period of increased activity of 
spa visitors, i.e. the hours from 08:00 until 20:00. 

A comprehensive view on the influence of air 
temperature and wind speed is provided by the Wind 
Chill Index (WCI). Considering the time of year, 
no values greater than 702.7 W·m-2 were observed. 
Comfortable conditions were the most frequent 
(55.4%), but there were times of greater heat stress: 
at 30.5% hours it was too warm, at 9.0% hours it 
was too hot and extreme heat was observed for a 
total of 137 hours, i.e. 4.5%. Conditions perceived 
as cold hardly ever occurred (0.6%) – Table 5.
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Fig. 11. Distribution of differences in relative air humidity in the vicinity of Graduation Tower 1 in Ciechocinek on select-
ed days of 2018 and 2019. Prevailing wind direction is shown with an arrow
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considerably intense, with the maximum reaching 
1.86 W·m-2.

Looking into the above indices, it is evident that 
in the therapeutic season in Ciechocinek (SH1) 
comfortable or neutral conditions occur in 55–
60% of the analysed time. Very hot conditions with 

Table 5. The frequency of the thermal feeling (WCI - Wind Chill Index), Insulation Predicted (ICLP) and occurrence of the 
Physiological Strain (PhS) in Ciechocinek (SH1) between from 8:00 to 20:00 in the period June-September 2019 and 2020

Source: author’s own elaboration 

Fig. 12. Course of mean daily values of the Effective Temperature (TE) in Ciechocinek in the period June-September 2019 
and 2020

heat stress are frequent, and these require suitable 
clothing. That is why, in climatotherapy, energy-
saving conditions are required in treatment. Such 
conditions are provided around the graduation 
towers. The influence of graduation towers on the 
bioclimate was analysed on the basis of two indices: 
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Effective Temperature (TE) and Humidex. They 
consider the combined influence of air temperature 
and humidity. It was assumed that the effects of 
wind were negligible and that the person was 
walking and wearing summer clothes with an Iclp 
of 1 clo.

In the analysed period in Ciechocinek, TE was 
substantially variable relative to weather conditions 
(Fig. 12). The thermal sensation connected with 
TE was used according to  Michajłow (Błażejczyk, 
2011, http://rcin.org.pl). An analysis of the hourly 
values of TE indicated that – compared to SH1 – 
in the area of the graduation towers the conditions 
were more revitalising (35.4% at GT[E] and 38.1% 
at GT[W]) or comfortable (15.5% and 16.0%, 
respectively) - Table 6. 

Humidex, based on the criteria of the Canadian 
meteorological service (Błażejczyk & Kunert, 
2011), shows a greater frequency of comfortable 
conditions at the graduation towers. At SH1 slight 
discomfort was observed in 21.0% cases, whereas at 
Graduation Tower 1 the same conditions applied in 
14.7% (GT[E]) and 15.9% (GT[W]) of cases. Also, 
12 hours of increased discomfort were recorded at 
Spa Hospital 1 (Table 6). The maximum values of 
Humidex reached do 43.4oC, 38.3oC and 40.6oC.  
respectively. By comparison, in Warsaw, during 
a hot day, the Humidex reached 35oC. These values 
are above the warning level and prolonged physical 

exertion may lead to overheating of the body 
(Błażejczyk & Kunert, 2011).

5. Summary

Graduation towers are enjoying a revival, and are 
used not only for brine graduation, but also to 
ameliorate the climate of urban spaces and spa 
quarters of towns, in particular. In 1999 in Poland 
there were 89 graduation towers of various sizes in 
operation (Faracik, 2020b). 

The influence of graduation towers on air 
temperature mainly consists in the absorption of heat 
by the evaporation of water. Research (Łabędzki et 
al. 2012) has shown that in Central Poland (Poznań) 
the mean reference evapotranspiration determined 
using the Penman-Monteith method in June–
September of 1970–2004 amounted to 382 mm, with 
a maximum of 116 mm in July. Consequently, water 
evaporated at a rate of 382 L·m-2. Assuming that 
2,257 J are required to evaporate 1 L of water, this 
gives 862.2 kJ of heat per square metre of surface. 
Evaporation from such a structure as a graduation 
tower is several times greater, and hence its cooling 
power is substantial. Another factor is the shade 
that restricts direct solar radiation. In Ciechocinek, 
the meridional arrangement of Graduation Tower 1 
favours distinctive thermal differences between the 

Table 6. Frequency of the Effective Temperature (TE) and Humidex index in Ciechocinek (SH1) and near the graduation 
tower No. 1 (GT_E and GT_W)  from 8:00 to 20:00 in the period June-September 2019 and 2020

Source: author’s own elaboration  
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eastern side, GT(E), and the western side GT(W) 
of the structure. 

In the two analysed therapeutic seasons (Jun–
Sept 2019 and 2020), it was on average 0.5°C cooler 
on the eastern side of the graduation tower and 
0.7°C cooler on the western side than in Hospital 
No. 1. However, the maximum differences in hourly 
values reached 7.5°C and 6.5°C, respectively. In the 
diurnal cycle, the greatest differences occurred at 
about 8–9 a.m. and 5–6 p.m. At around midday the 
cooling effect of the graduation tower was found 
to be slightly weaker. From 8 a.m. until 8 p.m., it 
was cooler at as many as 91.7% of the hours on the 
eastern side, but at only 75.7% on the western side. 
The thermal influence of the tower was limited to 
its nearest vicinity. It was 2.4°C colder to the north 
of the tower, but in its southern part the difference 
was 1.6°C. At the same time, the influence of wind 
direction is clear, as the wind carried colder air 
masses away to the downwind side of the graduation 
tower. Moreover, insolation plays an important 
part and this depends on the time of day. In the 
morning hours it was warmer on the eastern side 
of the tower, but in the afternoon the western side 
was warmer. 

Water evaporation in the process of brine 
graduation increases the relative humidity of air 
near the graduation towers by 4.6% on average at 
GT(E) and 3.6% at GT(W). The greatest differences 
were observed in the morning and evening hours 
(8–9%). Around midday, due to convection and 
turbulence, water vapour and air were quickly 
conveyed away from the area and the differences 
decreased to 3–6%. During the day, from 8 a.m. to 
8 p.m., on the eastern side of the graduation tower, 
it was more humid at 90.8% of the times and on 
the western side at 73.8% of times. Maximum 
differences in humidity exceeded 30%. The spatial 
influence of the graduation towers on air humidity 
is especially evident directly at the tower, where the 
average difference ranged from 7% (S) to 14% (N). 
The distribution of more humid and drier air masses 
changes depending on wind direction. Humidity 
was higher on the eastern side of the tower. 

Referring to the Wind Chill Index, in the 
therapeutic seasons of 2019 and 2020, at Spa 
Hospital 1 in Ciechocinek, the prevailing conditions 
were comfortable (55.4%), but in 30.5% of the hours 

it was too hot, and even extremely hot (4.5%). 
According to the Effective Temperature index, it 
was found that the prevailing conditions near the 
graduation tower were revitalising (in 35.4% of cases 
on the eastern side and 38.1% on the western side) 
or comfortable (15.5% and 16.0%, respectively). 

In Inowrocław, the temperature felt in July in 
1971-1990 in as many as 45.6% of days reached 
values defined as hot or very hot (Błażejczyk, 
2004). The Insulation Predicted (Iclp) indicates 
that neutral conditions were in Ciechocinek rare 
(5.7%), whereas very hot conditions (<0.30 clo) 
were much more frequent (51.3%). A substantial 
heat stress load, determined using the Physiological 
Strain index (PhS), occurred at 30% of the times, 
whereas its high intensity was found at 7.2% of 
the times. A positive influence of graduation 
towers is corroborated by Humidex: comfortable 
conditions prevail in the vicinity of the tower in 
Ciechocinek. Kozłowska-Szczęsna et al. (2002) 
calculated the values of the Heat Stress Index (HSI) 
for Ciechocinek. Mild and moderate heat stress 
prevailed in the summer months of 1971-1989. 
However, there were situations with varying degrees 
of heat stress, lasting in July for an average of 21.2% 
of the days.

Considering the ever-increasing air temperature 
in Poland and elsewhere in the world a weather 
stress is increasingly frequently encountered – 
especially in cities (Li & Chan, 2000). The mean 
air temperature in Central Poland in the years 
1961–2018 increased at a rate of 0.4°C·10 yr-1  
(Kejna & Rudzki, 2021). In cities such as Warsaw 
there is a great increase in discomfort during the 
day, which may lead to overheating of the human 
body (Błażejczyk & Kunert, 2011). Błażejczyk 
et al. (2003) observed that in the 20th century in 
Cracow there was a positive trend in the value of 
Subjective Temperature Index (STI) and a decrease 
in the predicted insulation of clothing (Iclp). This 
proves the gradual intensification of heat stress in 
Poland.  However, research conducted in Poland by 
Baranowska et al. (1986) demonstrated individual 
thermal sensitivity of humans, depending on the 
region of the country. 

Graduation towers can be effective as part of 
the treatment of a number of medical conditions 
(Ponikowska & Ferson, 2009). The concentration 
of salt in the air near graduation towers is twice as 
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high as at the Baltic Sea (Czajka et al. 2006). The 
microclimate in the vicinity of graduation towers 
has characteristics of the maritime climate (Kuchcik 
et al. 2013).

 Moreover, graduation towers mitigate weather 
conditions: in Ciechocinek it was found that heat 
stress occurred less often in their vicinity, and even 
in extremely hot weather comfortable or revitalising 
conditions are ensured there. 
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