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Abstract

The main aim of the paper was to determine the most important features of air humidity in Łeba in
the years 1976-2005. The average daily values of relative air humidity (RH) and saturation deficit
(SD) from the meteorological station in Łeba were used as basic data for the survey. After initial
estimation of dispersion parameters and asymmetry of distribution, these values were calculated
for annual and multi-annual periods. The survey findings showed that in Łeba the humidity of air
in the analysed period was relatively high (with mean annual RH and SD values – 82.8% and
2.1 hPa respectively). The highest mean air humidity is normally reported in winter months (with
maximum in December), while relatively low humidity values are recorded in the warm half-year
(Apr.-Sep.). The provided analysis of long-term variability in monthly and annual averages has
shown a decreasing trend of air humidity in the region of Łeba. Such conclusion is proved by sta-
tistically significant tendencies: growing of moisture deficit and dropping of relative air humidity.
The greatest fall in air humidity within the 30-yr period was found in April; while rise was noted
only in May. The greatest diversification of mean monthly air humidity values are typical for the
period between April and July; the most stable higric conditions are usually recorded in December.
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INTRODUCTION

Water vapour present in the atmosphere is a key component of the global natural
water cycle and the most important greenhouse gas of the contemporary Earth’s cli-
mate system. Together with solar radiation, water vapour regulates thermodynamic
processes and global atmospheric energy balance. At the same time, because it is
substantially responsible for the magnitude of natural greenhouse effect, water va-
pour may be reasonably considered as the main stabilizing factor in climate change
(Charlock and Sellers 1980, Bony and Duvel 1994, Otterman et al. 2002). The
stream of water vapour joins the main components of the hydrological cycle and is
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one of the most important sources of energy driving Earth’s circulation. In the proc-
ess of water vapour exchange in the Earth/atmosphere system the upward stream is
a dominant one. Because of that, the humidity of air in the lowest, surface strata
is determined mostly by the type of evaporating surface, as well as by the intensity
and direction (both vertical and horizontal) of vapour flow, which is dependent on
general and local air circulation. The transport of water vapour into the upper tropo-
sphere takes place as a result of convection and prevails in the tropical zone. Multi-
scale air movement driven mostly by low pressure systems is also characteristic for
middle and high latitudes. However, in most regions the water vapour transport de-
pends mostly on the seasonal prevailing weather conditions and local factors.
The significant influence of atmospheric water vapour on the climate system is well
documented in the scientific publications (e.g. Lindzen 1990, Peixoto and Oort
1996, Held and Soden 2000). In recent years, mainly due to the assumptions that
perturbations in the amount of water vapour and its global and regional distribution
are mostly dependent on the short and long-term climate changes, water vapour re-
mains in the centre of scientific attention. For example, according to Trenberth et al.
(2005), the role of atmospheric water vapour must be permanently studied to ascer-
tain its effect on the Earth’s hydrologic cycle and corresponding climate responses.

MATERIAL, METHODS, CHARACTERISTIC OF THE STATION

The humidity of air may be expressed considering physical features of water vapour
as a constituent of air, e.g. the degree of air saturation with water vapour. On the
other hand, there is no parameter wholly describing the humidity of air. In the paper
air humidity in Łeba in the years 1976-2005 was described on the basis of mean daily
values of relative air humidity and water vapor deficit. The data used in the analysis
come from the meteorological station located in Łeba (ф = 54o45’; λ = 17o32’; h = 2 m
amsl). The average values of the investigated characteristics of humidity (after
evaluation of dispersion and asymmetry of distribution), were calculated for annual
and multi-year periods. The distributions of mean monthly values of relative air hu-
midity and saturation deficit were compared to their 30-yr averages. Long-term
analysis of changes in the frequency of days with average RH and SD values was
obtained, taking into consideration the range of diversification at the level of 5% for
relative air humidity and 1 hPa for water vapour deficit. The variation of mean
monthly values of RH and SD in particular months was determined by comparison
of ranges and standard deviations in the period under investigation. Long-term ten-
dencies were determined on the basis of the calculated parameters of linear trend.
Finally, the analysis of changes in relative air humidity and water vapour deficit was
supplemented with mean monthly deviations from 30-yr averages.

RELATIVE AIR HUMIDITY

Relative air humidity is usually defined as the ratio (most often expressed in %) of
the partial pressure of water vapour to the saturated vapour pressure of water at
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a prescribed temperature. Relative humidity (RH) directly determines many proc-
esses in the atmosphere (e.g. the height of fog, cloud or smog formation or influ-
ences visibility and precipitation). The greatest disadvantage of using RH is its de-
pendence not only on air humidity, but also on temperature. With the rise in tem-
perature, the potential amount of water vapour in the air grows (acc. to Clausius-
Clapeyron equation). Consequently, much higher relative air humidity is observed in
winter months, when the amount of water, necessary for the saturation of cold air, is
definitely much smaller. Due to the great RH dependency on temperature, the analy-
sis of air humidity is often supplemented with other humidity characteristics e.g.
partial pressure of water vapour, absolute humidity or (presented in this article) satu-
ration deficit.
The mean annual relative air humidity in the investigated period 1976-2005 exceeds
82.8%. The great frequency of maritime polar air masses and the moderating influ-
ence of the Baltic Sea result in a weak diversification of relative air humidity in an
annual course (Fig. 1, 2). The difference in mean relative humidity values between
the driest (May) and the most humid month of the year (December) is relatively
small – 9.9%. The highest mean monthly RH values in Łeba are usually recorded in
the period between November and January (86.6-87.6%). From January until May
relative air humidity gradually falls. May’s minimum is generally well defined, in spite
of the fact that monthly averages of relative air humidity in particular years may vary
significantly (from 69.6% in 2000 to 87.0% in 1996) . In summer (Jun.-Aug.), air
humidity stays at low and rather constant level (79.7-81.3%). In September and Octo-
ber average values of RH are fairly close to the annual average. In November fast
growing humidity level is normally observed (on average by 3.1% as compared to
October records).
The provided analysis of relative humidity in relevant ranges (Table 1) has revealed
that in Łeba, in the period from October to February mean daily RH values within

Fig. 1. Mean monthly values of relative air humidity (%) in Łeba (1976-1995): maximum
(max.), minimum (min.) and average
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85.0-94.9% prevail. In November, De-
cember and January 11.6-14.6% days
represent near-saturated state (RH ≥
95%). From March until September
(with the exception of May) days with
mean daily relative air humidity be-
tween 80.0% and 89.9% appear most
often. The lowest humidity values
(RH 45%) are usually recorded in
April or May (accounting together for
over 86% of the total number of days
with RH < 45%). Spring (Mar.-May)
in Łeba is by 4.2% drier than autumn,
with 7 times more days with average
relative air humidity below 60%.

Presented in this paper variability of mean monthly RH values (see Fig. 1) and the
standard deviation (Fig. 2) show the greatest variation in mean monthly RH levels in
the period between April and June, with relatively low dispersion of these values from
November to February and in August. Beginning from December until May (maxi-
mum) variation of RH successively grows, then starts falling until August. In Septem-
ber and October dispersion of average monthly RH values in Łeba stays at comparable
level. The lowest variation in air humidity is usually recorded in December.

Saturation deficit

Saturation deficit – SD (or water vapour deficit – VPD) is an index of humidity
characterized by the difference between the saturation water vapour pressure and the
actual water vapour pressure at a given temperature. It has the particular utility of
being proportional to the evaporation capability of the air. The saturation deficit may
be expressed in terms of a vapour pressure deficit, an absolute humidity deficit, or
a relative humidity deficit. Unlike relative humidity, vapour pressure deficit has
a simple nearly straight-line relationship to the rate of evapotranspiration and other
measures of evaporation. VPD calculation is an improvement over RH measurement
alone because VPD takes into account the effect of temperature on the water holding
capacity of the air. Rather than giving a relative measure of the water content of the
air, VPD gives an absolute measure of how much more water the air can hold, and
how close it is to saturation. Thus, VPD can be used e.g. to identify healthy air
moisture conditions for plant production or disease-causing climate conditions,
while taking into account different temperature levels.
The saturation deficit in the surface level depends on the combination of many fac-
tors, among which the decisive role usually play synoptic processes, distance from
the water basins or seasonal changes in foliage. In Łeba an essential role in the for-
mation of low SD values is played by the relatively cold climate, location in the
coastal zone and great frequency of maritime polar air masses. Because of that cal-
culated mean annual SD values in Łeba are much lower than those in the central or

Fig. 2. Standard deviation (%) of mean monthly
values of relative air humidity in Łeba
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southern part of Poland e.g. 3.9 hPa in Kraków (Wypych 2007) or 4.1 hPa in Wro-
cław Swojec (Bryś and Bryś 2005). In an annual course the highest SD in Łeba is
usually observed between June and August (Fig. 3). In summer, the amount of water

Fig. 3. Annual course of mean monthly values of water vapour saturation deficit (hPa) in Łeba
(1976-2005) depicted by maximum (max.), minimum (min.) and average data distribution

vapour, necessary for the saturation of the relatively warm air, is substantially
higher, what is the main reason why despite the growing intensity of soil evapora-
tion and transpiration water vapour deficit usually stays at a relatively high level.
Since September, simultaneously with the fast Baltic Sea cooling and drop in aver-
age air temperature, SD drops rapidly. Winter (Dec.-Feb.) is the season with the

lowest saturation deficit (average
monthly values are below 1 hPa); and
the minimum is most often recorded
in January or February (33.3% and
40.0% of all years respectively). Dur-
ing springtime mean daily values of
water vapour deficit in Łeba are usu-
ally higher (on average by about 0.3
hPa) than in the autumn period.
The general description of the average
distribution of water vapour deficit val-
ues was supplemented by the analysis
of particular ranges of SD (Table 2).
During the 1976-2005 period the
mean daily saturation deficit in Łeba
stayed usually at the relatively low
level. In 92.8% of all analysed days,

Fig. 4. Standard deviations of mean monthly
water vapour saturation deficit values in Łeba
(1976-2005)
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the mean SD values were below 5 hPa and in 99.2% of days – below 10 hPa. From
November to April the mean daily deficit most often varied between 0 hPa and 1.9 hPa;
in May, September and October – between 1,0 hPa and 2.9 hPa and in summer (Jun.-
Aug.) – between 2.0 hPa and 3.9 hPa. In the cold half-year (Oct.-Mar.) no mean
daily water vapour deficit values over 7.0 hPa in Łeba were recorded. During autumn
(Sep.-Nov.) number of days with the average deficit over 5 hPa was three times
lower than in spring (Mar.-May).
The comparison of the calculated ranges and standard deviations of monthly average
SD values in the analysed period revealed higher dispersion of the analysed values
in the warmer half of the year (Apr.-Sep), with the maximum in July (Fig. 3, 4). The
period between November and March was normally characterized with small varia-
tion in mean monthly SD values;  in December calculated measures of diversifica-
tion were the lowest.

Long-term variability in relative air humidity and saturation deficit

In Łeba, before 1999 the relative air humidity in particular years was usually higher
than the 30-yr average (Fig. 5), however the highest mean annual RH values (over
84%) were recorded in the first decade of the investigated period (in 1977, 1980,
1984 and 1985). Since 2000 only years with relative air humidity lower than multi-
annual average values have been observed. In the 1976-2005 period the driest years
were: 2000 (mean annual RH – 80.6%), 2003 (80.5%) and 2005 (81.0%).

Fig. 5. Differences between mean annual values of relative air humidity (in %) in particular
years and long-term average in Łeba (1976-2005)

By 1988, mean annual values of water vapour deficit in Łeba were generally close to
or lower than the multi-annual average value (with the exception of the year 1982
and 1983, when the SD overran multi-annual average by 0.1-0.2 hPa), (Fig.6). The
lowest saturation deficit was recorded in 1980 with the mean annual value – 1.7 hPa
(Fig. 8). Since 1989, the average values of water vapour deficit are comparable or
higher than the long-term average (excluding the year 1996, in which -0.3 hPa de-
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Fig. 6. Differences between mean annual values of water vapour saturation deficit (in hPa) in
particular years and long-term average in Łeba (1976-2005)

Fig. 7. Long-term course of mean annual values of relative air humidity (%) in
Łeba (1976-2005). Bold line represents linear trend

Fig. 8. Long-term course of mean annual values of water values saturation deficit
(%) in Łeba (1976-2005). Bold line represents linear trend
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viation from 30-yr average was recorded). The highest water vapour deficit (mean
annual – 2.6 hPa) in the analysed period was recorded in 2000.
Multi-annual distribution of the investigated mean monthly and annual values has
revealed a gradual drop in air humidity in the region of Łeba. Such conclusion is
proved by statistically significant tendencies: growing of saturation deficit and fal-
ling of relative air humidity. The reduction in relative air humidity during the 30-yr
period (based on linear trend analysis), is at the level of 1.9%, which corresponds to
the average RH decadal fall of 0.617% (Fig. 7). In the same period, water vapour
deficit has risen by 0.4 hPa (on average – 0.131 hPa per decade), (Fig. 8).
A detailed seasonal variation in air humidity has shown the greatest drop in RH be-
tween February and April and in September with relatively high SD growth in April,
July and September (Table 3). Only in May (during the analysed period) relative air
humidity has risen.

Table 3
Linear trend coefficients and changes in relative air humidity (RH) and saturation deficit (SD)

in Łeba in the years 1976-2005

Period Trend
Change in RH (%)
in the 30-yr period

Trend
Change in SD (hPa)
in the 30-yr period

January -0.0616 -1.8 0.0076 0.2

February -0.0764 -2.3 0.0126 0.4

March -0.0763 -2.3 0.0067 0.2

April -0.1966 -5.9 0.04 1.2

May 0.0274 0.8 -0.003 -0.1

June -0.0452 -1.4 0.009 0.3

July -0.0493 -1.5 0.0247 0.7

August -0.0562 -1.7 0.0221 0.7

September -0.0949 -2.8 0.0234 0.7

October -0.0624 -1.9 0.0094 0.3

November -0.0078 -0.2 0.0007 0.0

December -0.0415 -1.2 0.0035 0.1

Year -0.0617 -1.9 0.0131 0.4

CONCLUSIONS

• In Łeba, mean annual relative air humidity in the 1976-2005 period exceeded
82.8%. The dominating impact of maritime polar air masses (particularly in
winter months) and the moderating influence of the Baltic Sea result in a small
variation of relative air humidity in an annual course. The highest mean monthly
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values of RH in Łeba were usually recorded in the period between November and
January (86.6-87.6%). From January until May relative air humidity gradually
falls. In summer (Jun.-Aug.), RH stays at low and rather stable level (79.7-81.3%).
In September and October average RH values were close to the annual average.
The lowest humidity was usually recorded in April or May. Spring (Mar.-May) in
Łeba was by 4.2% drier than autumn, with 7 times more days with mean relative
air humidity values below 60%.

• The average saturation deficit in the investigation period was about 2.1 hPa. In
an annual course the highest values of SD in Łeba were usually noted between
June and August; the lowest – in winter months (Dec.-Feb.) In autumn, the aver-
age SD was usually lower than in spring by about 0.3 hPa. On average in 92.8%
of all analysed days, the mean SD values were below 5 hPa and in nearly all days
(99.2%) below 10 hPa. From November to April the mean daily deficit values
most often ranged between 0 hPa and 1.9 hPa; in May, September and October –
between 1.0 hPa and 2.9 hPa and in summer (Jun.-Aug.) – between 2.0 hPa and
3.9 hPa. In the cold half-year (Oct.-Mar.) no mean daily water vapour deficit val-
ues over 6.9 hPa were recorded. In the period from April to September mean
daily SD values occasionally reached over 13.9 hPa

• The highest dispersion of mean monthly values of relative air humidity was ob-
served in the period from April to June; the lowest – in December and January.
A large variation in mean monthly saturation deficit values was usually recorded
in the warm half-year (with maximum in July); relatively small variation – be-
tween November and March. In December the variability of mean monthly RH
and SD values was the lowest.

• The analysis of mean monthly and annual RH values revealed gradual drop in air
humidity in Łeba in the 1976-2005 period. A decrease in air humidity was re-
corded in 11 months, with a growing tendency found only in May. The last dec-
ade in the investigated period showed a relatively high number of dry years. Ex-
tremely low air humidity was recorded in 2000, 2003 and 2005.

REFERENCES

Bony S., Duvel J.P., 1994. Influence of the vertical structure of the atmosphere on the sea-
sonal-variation of precipitable water and greenhouse-effect. J. Geophys. Res., 99(D6),
12963-12980.

Bryś K., Bryś T., 2005. Zmienność warunków higrycznych we Wrocławiu-Swojcu. (Vari-
ability of humidity conditions in Wrodław-Swojec in the years 1883-2003). Acta Agro-
physica, 5(3), 543-554, (in Polish).

Charlock T., Sellers W.D., 1980. Aerosol Effects on Climate: Calculations with Time-
Dependent and Steady-State Radiative-Convective Models. J. Atmos. Sci., 37, 1327-1341.

Held I.M., Soden B.J., 2000. Water vapour feedback and global warming. Ann. Rev. Energy
Environ., 25, 441-475.

Lindzen R.S., 1990. Some coolness concerning global warming. Bull. Amer. Meteor. Soc., 77,
288-299.

Otterman J., Angell J., Atlas R., Bungato D., Schubert S., Starr D., Susskind J., Wu M.L.C.,
2002. Advection from the North Atlantic as the forcing of DJF greenhouse effect over
Europe. Geophys. Res. Lett., 29, 1241.



Dariusz Baranowski132

Peixoto J., Oort A.H., 1996. Climatology of relative humidity in the atmosphere. J. Climate,
9, 3443-3463.

Trenberth K.E., Fasullo J., Smith L., 2005. Trends and variability in column-integrated water
vapor. Climate Dynamics, 24, 741-758.

Wypych A., 2007. Wilgotność powietrza. W: Klimat Krakowa w XX wieku. (The humidity
of air. In: The climate of Cracov in the 20th century). IGiGP UJ, Kraków, 113-125, (in
Polish).

CHARAKTERYSTYKA WILGOTNOŚCI WZGLĘDNEJ POWIETRZA
ORAZ NIEDOSYTU WILGOTNOŚCI W ŁEBIE

Streszczenie

Opracowanie prezentuje charakterystykę warunków wilgotnościowych w Łebie na pod-
stawie analizy średnich miesięcznych i rocznych wartości wilgotności względnej powietrza
oraz niedosytu wilgotności w latach 1976-2005. Przeprowadzona analiza zmienności warun-
ków wilgotnościowych w badanym okresie wskazuje na stopniowe wysuszanie powietrza
w rejonie Łeby. Świadczą o tym statystycznie istotne tendencje: spadkowa wilgotności
względnej oraz wzrostowa  niedosytu wilgotności. Największy spadek wilgotności powietrza
w Łebie na przestrzeni 30 lat odnotowano w lutym, kwietniu, sierpniu oraz  wrześniu przy
jednoczesnym małym wzroście nasycenia powietrza parą wodną w miesiącach wiosennych.
Największą zmiennością wilgotności powietrza z roku na rok wyróŜnia się okres zimowy
(z maksimum w lutym); najbardziej stabilne warunki higryczne występują najczęściej późną
jesienią.


