Bulletin of Geography - physical geography series

No 3/2010: 47-64

https://www.doi.org/10.2478/bgeo-2010-0003

ANDRZEJ ARAZNY

Department of Climatology, Institute of Geography,
Nicolaus Copernicus University, Gagarina 9, 87-100 Toruni, Poland
andy@umk.pl

BIOMETEOROLOGICAL CONDITIONS IN THE
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Abstract: The article provides an initial description of the biometeorologi-
cal conditions in the Arctic during the first International Polar Year (IPY 1)
of 1882—1883. The study is based on hourly measurements taken from nine
stations which represent most of the climatic regions in the Arctic. The
diversity of biometeorological conditions was analysed in relation to the
height above sea level, the distance from the sea and the character of the
ground. The analysis made use of such biometeorological indices as wind
chill index (WCI), predicted insulation of clothing (Iclp) and the cooling
power of the air (H). A considerable spatial diversity of the biometeorologi-
cal conditions was found during the period investigated. The least favourable
thermal sensations occurred at the Sagastyr station, and the most favourable
conditions were observed at Kapp Thordsen.

Key words: Arctic, First International Polar Year, biometeorological condi-
tions

Introduction

The polar areas are an active constituent of our planet. They can provide
us with extensive information on important current and historical changes
concerning the behaviour of the whole global system. More than 125 years
ago an international project was established to conduct scientific investi-
gations in the Earth’s polar regions. On the initiative of the International
Meteorological Organisation the period 1882—1883 was designated the First
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International Polar Year. The main scientific objective of IPY 1 was to carry
out meteorological, geophysical and oceanographic research.

Surveys performed during IPY 1 have been published in scientific and
statistical studies of various problems concerning weather conditions (Przy-
bylak 2004; Przybylak and Panfil 2005; Wood and Overland 2006; Liidecke
2007; Przybylak and Jankowska 2009; Przybylak and Wyszynski 2009; Przy-
bylak et al. 2010), the permafrost and thermal conditions of the soil (Wood
and Streletskiy 2008), geomagnetism (Newitt and Dawson 1984) and the
content of carbon dioxide in the atmosphere (Baker 2009). However, there
have so far been no studies on biometeorology or bioclimatology for the
period concerned. The present article attempts to redress this research gap.

This article presents the results of hourly measurements of selected bi-
ometeorological indices — WCI, Iclp and H — for 9 arctic stations (Fig. 1):
Lady Franklin Bay, Kingua Fjord, Godthab, Jan Mayen, Kapp Thordsen, the
Kara Sea, Malye Karmakuly, Sagastyr and Point Barrow. The borders of the
Arctic and the climate division were taken after the Atlas Arktiki (Treshnikov
1985). The principal sources of meteorological data used in this article (air
temperature and wind speed) were the reports from the polar expeditions
during IPY 1, issued between 1886 and 1910 (Ray 1885; Greely 1886; Lenz
1886a and b; Neumayer and Borgen 1886; Paulsen 1886; Wohlgemuth 1886;
Ekholm 1890; Snellen and Ekama 1910).

Data and methodology

In order to evaluate meteorological and biometeorological conditions, actual
hourly values of meteorological data from the period August 1882 — August
1883 were used. The biometeorological conditions (WCI, Iclp and H) were
calculated using an empirical formula and a computer software package —
BioKlima 2.6 (Btazejczyk and Blazejczyk 2009).

In order to evaluate the wind conditions and to calculate the biomete-
orological indices, the values of the wind speed, measured at a variety of
heights at which the anemometers were situated in the stations, were reduced
to 2 m above ground level (AGL), using Milewski’s formula (as quoted by
Koztowska-Szczgsna et al. 1997):

where: V_— wind speed ath =2 m,
V. — wind speed at the point of measurement (anemometer) h,_.
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Fig. 1. Location of the Arctic stations during the First International Polar Year of
1882—1883 (www.arctic.noaa.gov/aro/ipy-1)

The biothermal conditions in the Arctic region during IPY 1 were deter-
mined on the basis of such factors as the wind chill index, assuming that
the human body was protected by means of heavy winter arctic clothing
with a thermal insulation value of 4.0 clo. WCI a means of quantifying the
threat of rapid cooling during breezy or windy conditions that may result in
hypothermia in cold conditions. Siple and Passel (1945) developed empiri-
cal formulas relating air temperature and wind speed to the rate of heat loss
from exposed human skin (Glickman 2000).

WCI=(10-v*+1045-v)(33.0-T) - 1.163
where T — air temperature (°C), v — wind speed (m-s™).

The individual values of WCI correspond to specific thermal sensations
experienced by humans in a given atmospheric environment (Koztowska-
Szczesna et al. 1997). The thermal sensation range for the WCI was as fol-
lows: extremely hot (< 58.2 W-m?), hot (58.3-116.3 W-m?), warm (116.4—
232.6 W-m), comfortable (232.7-581.5 W-m?), cool (581.6-930.4 W-m?),
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cold (930.5-1628.2 W-m?), frosty (1628.3-2326.0 W-m™), extremely frosty
(>2326.0 W-m?).

Another quantity used in the analysis is the predicted clothing insulation
index (Iclp) as proposed by Burton and Edholm (1955) for the purposes of
studies on thermal and physiological conditions of work in the open. The
value is determined using the following formula:

Telp = 0.082-[91.4-(1.8-T+32)]/(0.01724-M)-1/(0.61+1.9-v 05)

where: T- air temperature (°C), v — wind speed (m-s™'), M — metabolism
(W-m).

For the purposes of calculating the Iclp a metabolism of 135 W-m was
adopted, typical of a person walking at 4 km-hour. Finally, Iclp values were
derived for specific weather conditions (in clo). The clo unit was introduced
by Gagge et al. (1941) to express the relative resistance to heat transfer by
clothing. A clo is a unit of thermal insulation that will maintain comfort in
a resting/sitting person, whose metabolic rates is 58 W-m™, at an environ-
mental temperature of 21°C, air movement of 10 cm-s™ and relative humidity
less than 50 per cent.

The following assessment of thermal conditions may be attributed to the
Iclp values: very warm (< 0.30 clo), warm (0.31-0.80 clo), neutral (0.81—
1.20 clo), cool (1.21-2.00 clo), cold (2.01-3.00 clo), very cold (3.01-4.00
clo) and arctic cold (> 4.00 clo).

The cooling power of the air (H) means the amount of heat loss from
the body surface in a unit of time. The H index is useful for determining
the thermal comfort of a walking person, properly dressed according to the
season. The index was derived using Hill’s empirical formulas (Koztowska-
Szczesna et al. 1997):

H=(36.5—T)"(0.20 + 0.4-v °5)-41.868, if v < | m's"
H=(36.5—T) (0.13 + 0.47v °5)-41.868, if v > 1 m's’!

where: T- air temperature (°C), v — wind speed (m-s™).
The values of H which were calculated were presented as a frequen-

cy distribution on the thermal sensation scale of Petrovi¢ and Kacvinsky
(after Koztowska-Szczgsna et al. 1997). The scale comprises the follow-
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ing stages: extremely cold and windy (>2100.1 W-m?); very cold (1680.1—
2100.0 W-m?); cold (1260.1-1680.0 W-m™); cool (840.1-1260.0 W-m™);
slightly cool (630.1-840.0 W-m2); neutral (420.1-630.0 W-m); hot (210.1—
420.0 W-m?) and very hot (< 210.0 W-m™).

Results

Air temperature and wind speed

Thermal stimuli are among the most perceptible of all climatic influences,
and therefore they are the principal and universal criterion when the state of
the weather is evaluated. The results of the air temperature measurements
based on the hourly measurements taken in the Arctic during IPY 1 were
analysed by Przybylak (2004) and Przybylak and Panfil (2005). The low-
est mean temperatures were observed in the NE part of the Canadian Arctic
(Lady Franklin Bay), while the warmest area was the western part of the
Norwegian Arctic (Jan Mayen) — Table 1 and Figure 2. In the annual course
of the air temperature in the Western Arctic (without Alaska), the coolest
month was February (Table 1). In the Eastern Arctic and Alaska February
was the warmest (of the period from December to March). In that part of
the Arctic the coolest months were December or January, with the exception
of Jan Mayen station with its prevailing maritime climate, where the coolest
month was March. The warmest month of IPY 1 was July or August. The
lowest mean air temperature (-42.0°C) was recorded at Sagastyr in Febru-
ary 1883, whereas the highest monthly mean value (7.4°C) was measured
at Kingua Fjord in August 1883. Individually, the lowest air temperature
(-53.2°C) was recorded at Sagastyr on 9 February 1883, and the highest
(19.7°C) at Kingua Fjord on 3 August 1883. The highest absolute air tem-
perature amplitude (67.8°C as recorded during routine measurements) oc-
curred at Kingua Fjord, while the lowest was at Jan Mayen, where a mari-
time climate prevails (39.6°C).

In the Arctic, the high wind and low air temperature may cause substan-
tial disturbances in the human heat balance. The mean wind speed, reduced
to the common height of 2 m AGL at all stations, was notably lower at
Lady Franklin Bay and Kingua Fjord, whereas the windiest sites proved
to be Jan Mayen, Godthédb and Malye Karmakuly (Table 1). In the annual
course the maximum wind speed at most of the sites occurs in the winter
months, which is connected with significant cyclonic activity. Only at Lady
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Table 1. Mean and extreme values of the thermal and wind conditions (at 2 m AGL)
in the Arctic during the First International Polar Year of 1882—1883

. 1882 1883
Station | Parameter
Aug | Sep | Oct |Nov [ Dec| Jan | Feb | Mar | Apr |May| Jun | Jul |Aug
Tmaxabs |11.2]9.0|6.8[1.8|6.4|7.4|20([11.2]|53] 71 |14.1(14.9|14.7
Ti 4.6 | 2.8 [-3.0|-5.5|-7.5[-9.7 |-14.6|-6.0 |-5.6 | 0.1 | 2.7 | 6.3 | 5.1
Godthab | Tminabs |2.6 |14 |-43|-7.2|-9.3|-11.9]-17.6/-9.0|-7.5[-1.6 [ 0.6 | 4.1 | 2.7
\Y 42|61 |56(59|54|64|78]|75|57]|51]|58]|5.1]4.2
VvV max 18.118.1[15.6 |14.0 [ 13.2 [ 13.2 | 22.2|24.7[21.4 | 18.1|17.3 [17.3 | 11.5
Tmaxabs [9.0[79|86|50|32|28|27|21]|43]|32]71]8.4
Ti 31|19 | 21]-1.9|-9.6(-7.3|-4.4|-10.3|-2.7 |-4.0| 1.8 | 3.5
MJ:yr;n T min abs |-1.3 |-4.8|-5.5 |-15.6]-30.6|-28.6(-19.1|-22.4|-12.8|-14.0| -2.3 | -1.0
\% 52(70|76|66|6.4]|63]|101|6.5(76]|65]|5.1]5.8
VvV max 15.4|20.5(25.6[19.6|20.5(16.2 [29.0|24.718.8 [17.9 | 13.7 | 17.9
T max abs 4.7 6.4 1.0 |-2.9-4.4| 21 |-27|27 |57 |72 ][1.6][13.6
Ti -1.4 |-3.5 |-8.6 |-18.5|-16.0| -8.5 |-16.7|-7.0 | -5.0 | 1.8 | 4.4 | 5.7
Thlf)?’(gspen T min abs -9.4 |-16.1|-25.4/-30.7|-35.5|-25.5|-26.6|-22.8(-15.9| -4.2 | 0.8 | 1.3
v 44 (45(13[39[41]25(3.6[3.0[3.1]|3.0]3.0
VvV max 15.5[13.6|10.0[15.5 [15.9 | 15.2 [13.9 [16.8 | 15.7 [ 14.9 [ 11.5
T max abs 5.6 |0.4|-09|-1.8|-6.0(-1.0|-4.5| 1.7 |3.0]3.2[4.9|3.6
Ti 3.1 | 1.8 [-11.2]-18.7|-18.5[-28.4|-18.7|-19.3|-12.4| -9.5 | -0.5 | 1.7 | 0.2
Ksae': T min abs -10.1|-31.3}-39.6(-37.4|-47.9|-37.5|-38.5|-32.1|-28.4| -6.4 | -2.4 | -7.6
\% 49(4.6(50|3.8|43(3.8|42|3.8[4.4(3.8|3.9(3.7]4.0
VvV max 77177193|77|85|70(93[85|85|77|70]7.0]85
T max abs 0.0 |-2.5 | -1.3 [-9.5 [-24.2] 3.7 | 2.1 | 7.9 |10.7|15.8|19.7
. Ti 0.3 |-10.9(-18.1|-21.7|-30.5|-35.8(-21.2|-15.2-0.9 | 2.4 | 5.9 | 7.4
Klll:]gl:ja T min abs -24.5|-33.4[-34.9/-40.9|-45.2(-48.1|-30.6|-11.6 | -5.2 | 0.4 | 0.0
Jor \Y 1.8 118 |14 |06|03[03|18]|0.9]16|22]21]22
VvV max 58|75 |771(16.7|/43(4.8|9.9|50(9.9|8.4|6.9]|6.1
T max abs | 8.8 [-2.6 |-10.0(-18.4|-14.7|-27.8|-20.6( -6.7 |-14.1| 0.2 | 4.2 | 11.3
Lady Ti 1.8 |-7.7 [-22.1]-33.3]-33.2|-37.7|-39.4|-27.7|-26.0|-9.6 | 0.3 | 2.9
Franklin T min abs | -5.1 |-17.4]-30.8|-43.3|-42.2|-45.9-49.2|-45.1|-38.5|-25.0| -5.2 | -1.8
Bay v .7 15|10 |03|03|01|01|08|05][13][19]13
vV max 9.2 [10.2(10.8| 7.2 | 6.6 | 2.6 | 2.3 [ 17.1| 4.9 [ 13.1 [ 12.1 [ 11.2
T max abs 79 1|31/|-09|-18|-1.6|0.2]|-25]3.7|9.8]|8.8|15.7(14.9
Malye Ti -0.3 | -6.5 [-12.0|-15.1|-21.2|-9.7 |-14.9|-6.4 | -5.1 | 1.3 | 5.7 | 5.5
Karma- T min abs -11.0 [-23.4/-29.6(-29.7[-39.4/-28.2|-28.9(-20.1|-17.3| -2.2 | -0.5 | -0.4
kuly \Y 4.4|58|55|55|68[6.3|6.5]|6.3[6.0|52]5.2]4.9
vV max 18.2 (27.0| 21.1 |26.3(28.4| 21.1 |29.2(29.2|29.2|24.8 (23.3|19.7




. 1882 1883
Station | Parameter
Aug | Sep | Oct |Nov | Dec| Jan | Feb | Mar | Apr |May| Jun | Jul |Aug
T max abs [14.9(10.7| 4.8 | -1.8 |-13.3|-10.9| -4.2 | 3.2 |-8.9| 3.2 |10.5| 11.8 | 15.8
. Ti 3.3 [-0.3|-12.9|-21.7|-27.3|-27.2|-21.3|-25.2|-19.3|-4.9 | 0.2 | 2.3 | 2.8
Point T min abs |-3.0(-6.9|-29.9|-37.5|-41.1|-41.0|-36.8|-46.3|-37.2|-25.6| -7.7 | -2.6 | -5.3
Barrow . . . . . . . . . . . . .
\% 5114747 |6.4(28]|46|4.8][3.9]|28]|4.1]4.0]|4.0]|5.0
vV max 15.4(19.4|13.0|14.7 |14.0|20.1| 25.1 | 11.4 | 11.0 [10.0 [12.0 | 9.4 | 11.4
T max abs 1.0 | -2.5 [-18.3[-19.4|-25.9|-27.0[-18.1|-10.2| 3.3 | 12.5| 12.1|12.8
Ti 0.1 |-15.2(-27.9|-33.6/-36.9[-42.0|-33.3|-21.0(-8.8 | 0.7 | 4.9 | 3.5
Sagastyr T min abs -12.3[-29.6/-36.3|-49.2-47.8|-53.2|-41.6|-32.8|-24.2|-12.6| -0.2 | -1.2
v 53 |51[45|42[34|40[37|44[55|54]|71]56
vV max 13.5[17.5[13.5[14.3 | 15.1 | 15.1{10.3| 11.9 | 15.1 | 14.3 [ 13.5 | 12.7

Note: thermal characteristics as presented by Przybylak (2004) and Przybylak, Panfil (2005)
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Fig. 2. Annual course of the air temperature (T) and the wind speed (V) at 2 m
AGL in the Arctic during the First International Polar Year, from August
1882 until August 1883
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Franklin Bay and Kingua Fjord was an annual maximum wind speed value
recorded in summer. In the study period the lowest mean monthly wind
speed (0.1 m-s™') occurred at Lady Franklin Bay in January and February
1883, while the highest speeds (10.1 m's™!) were recorded at Jan Mayen in
February the same year. The highest maximum instantaneous wind speed in
the whole area analysed (29.2 m-s™) was observed at Malye Karmakuly in
the spring of 1883 (4 May).

Wind Chill Index

The wind chill index is a valuable biometeorological tool allowing us to
determine the thermal conditions of the environment at low temperatures
(Siple and Passel 1945). The occurrence of the most favourable conditions
on individual days at the stations analysed is connected with the higher air
temperatures and lower wind speeds (Table 1, Fig. 2).

During IPY 1 in the Arctic the actual values (measured every hour) at
all stations range from “comfortable” to “extremely frosty”. In the analysed
period “cold” sensations definitely prevailed, usually accounting for over
50% of all observations made at individual stations (Figs. 3—4).

The highest absolute amplitude of the WCI ranged from 334.1 W-m™
(Godthab, 22 June 1883, 7.00 pm) to 2784.7 W-m? (Malye Karmakuly,
24 January 1883, 10.00 pm) (Table 2).

On the days when wind chill index exceeded 1628.3 W-m? there was
a risk of frostbite in parts of the body exposed to the cold wind. The polar
explorers at the Sagastyr station, situated at the mouth of the River Lena,
were the group that was exposed to that risk the most often (44% of the
duration of their expedition) (Fig. 4). The best conditions in terms of the
threat of frostbite were at Kingua Fjord and Lady Franklin Bay (for only
2% of the year).

Predicted insulation of clothing

Clothing is the simplest protection against the unfavourable influence of the
weather, particularly in the polar regions. The thermal insulation properties
of clothing depends mainly on its thickness, number of layers, kind of fab-
ric, texture, fashion of clothing, colour and the way it is worn. In order to
assess the biometeorological conditions in the analysed area from the point
of view of clothing requirements that would ensure proper thermal comfort,
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Fig. 3. Annual courses of the biometeorological indices (WCI, Iclp and H) in the
Arctic during the First International Polar Year, from August 1882 until
August 1883

the predicted insulation index of clothing was used for a person walking
outdoors at 4 km-h!. Considering the demand for clothing with optimum
insulation properties for a walking person, during the winter months of IPY
1 heavy arctic clothing was a necessity (especially at Sagastyr and Lady
Franklin Bay — Figs. 3 and 5). In the summertime, the ideal clothing at all
analysed arctic stations had to have a thermal protective performance of at
least 1.5-2.0 clo (Table 2, Fig. 3). In addition, a human body needs twice
as much clothing insulation for thermal comfort when standing upright as
does a body in motion (Arazny 2006, 2008). A standing body produces only
70 W-m™ of heat, which is roughly 50% of what is produced by the me-
tabolism of a walking person. In the study period, considering the values for
a moderate human effort, the predominant thermal conditions were “cool”
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Fig. 4. Annual course of the frequency of occurrence (%) of various human thermal
sensations (%), defined by WCI, H and Iclp in the Arctic during the First
International Polar Year, from August 1882 until August 1883

Explanation:

WCIL:  a—extremely frost, b — frosty, ¢ — cold, d — cool, e — comfortable;

H: a — extremely cold and windy; b — very cold; ¢ — cold; d — cool; e — slightly cool;
f —neutral; g—hot;

Iclp: a — arctic cold, b — very cold, ¢ — cold, d — cool, e — neutral, f — warm
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WCI, H Iclp WCILH Iclp WCILH Iclp
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Fig. 5. Diurnal courses of the biometeorological indices (WCI, Iclp and H) at indi-
vidual stations in the months with the worst conditions and thermal sensa-
tions during the First International Polar Year of 1882—1883

and “cold” (from approx. 50% at Sagastyr and Lady Franklin Bay to 95%
at Jan Mayen). It should be noted that the least favourable thermal environ-
ment was found at Sagastyr and Lady Franklin Bay, where “very cold” and
“arctic cold” thermal conditions occurred in 50% of all cases (Fig. 4).

Cooling power of the air

During IPY 1 in the Arctic region substantial differences were found in the
values of H for the polar stations analysed. In the human thermal sensation
scale of Petrovi¢ and Kacvinsky, the optimum conditions for a moving per-
son range from 420.1 to 840.0 W-m? and include the sensations of “neutral”
and “slightly cool”. At lower values, the organism becomes overheated and
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when exposed to prolonged or extensive cooling it first becomes stimulated
and then overcooled. The optimum conditions in the summer of IPY 1 oc-
curred only between 1% of the time at Sagastyr and Point Barrow and 16%
at Lady Franklin Bay. The feeling of cold discomfort (H > 1260.1 W-m?)
comprises such sensations as “cold”, “very cold” and “extremely cold and
windy”. The cold discomfort days were most frequent at Sagastyr (95%) and
Kara Sea (94%), and occurred least often at Kingua Fjord (36%) and Lady
Franklin Bay (37%) (Fig. 4). The highest absolute amplitude of the cool-
ing power of the wind, as recorded at routine measurements, ranged from
375.1 W-m? (Godthéab, 22 June 1883, 7.00 pm) to 7140.5 W-m? (Malye
Karmakuly, 24 January 1883, 10.00 pm) (Table 2).

Summary and conclusions

The aim of this paper was to investigate the biometeorological conditions in
the Arctic during the First International Polar Year of 1882—1883. The spa-
tial distribution of the values of the meteorological and biometeorological
conditions analysed was sizeable. Unfavourable thermal conditions in the
Arctic during IPY 1 were caused by low air temperatures and their consider-
able changeability, particularly in the winter months. The actual temperature
range is determined by location, season, current weather conditions, and
wind chill factor; however, the basics of dressing for cold weather are the
same regardless of temperature. The occurrence of high winds added to the
unfavourable thermal sensations. In the study period, the feeling of “cold”
(WCI) was predominant, constituting typically more than 50% of all obser-
vations made at individual stations. During First International Polar Year the
clothing used by people in the Arctic, even if they were active, had to have
excellent thermal protective parameters. The predicted insulation of clothing
for an person must be characterised by high heat retention properties in the
Arctic. An analysis of the cooling power of the air proved that, in most of the
Arctic area, cold discomfort prevailed at the majority of stations. The IPY 1
polar explorers working at Sagastyr were exposed to the most unfavourable
thermal sensations. On the other hand, the most ‘thermally privileged’ of all
the nine stations was the Spitsbergen site, Kapp Thordsen.

A comparison of bioclimatic conditions at the time of First International
Polar Year with contemporary data was only possible for one station — Jan
Mayen (Table 3). There are no publications on the topic of bioclimatic con-
ditions for other areas of the Arctic, therefore no other comparisons could be
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Table 3. Average differences between monthly and annual values of the biomete-
orological indices at Jan Mayen, calculated for the historical and contem-
porary data (1971-2000, Arazny 2008)

Index | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Year

Wl -19.8 | -108.2 | -168.1 | -71.6 | -234.0 | -74.2 | -138.6 | -93.4 | -127.6 | -29.4 | -14.7 | -131.7 [-100.9

H -25.4 | -541.9 | -344.2 | -335.0 | -609.2 | -240.5 [-406.4 | -272.3 |-408.0 | -251.9 | -117.1 | -241.9 [-316.2

[Clp -0.1 0.0 -0.3 0.0 -0.3 0.0 -0.1 -0.1 -0.1 0.1 0.0 -0.3 -0.1

made. However, the analysis carried out for the area of Jan Mayen indicates
that human thermal sensations in the historical study period were worse than
today. The most unfavourable differences between the past and the present
bioclimatic conditions occurred in May and March.
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