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8 Z. Bednarz et al.
CHANGES OF CLIMATE IN SOUTHERN POLAND

One of the important factors causing the climatic change in Southern
Poland is the atmospheric circulation. Its influence is most distinct in winter.

The changeability of the circulation indices in winter was calculated
according to the Murray and Lewis method (Murray and Lewis 1966),
on the basis of circulation types frequencies for the years 1873/74-1991/92.
The western zonal circulation index (modified progression index P), south-
ern meridional circulation index S and cyclonicity index C were taken into
account.

The long-term fluctuations of these indices, especially of P index (Fig. 1)
and complex index P + S + C (Fig. 2) are similar to the variability of winter
temperatures in Krakow (Fig. 3). It means that atmospheric circulation factor
has a much greater influence on climate than anthropogenic one. However, the
increase of winter temperatures by about 2 K has been observed since 1940,
During the last 35 years, 7 mild winters and only one severe one (1962/63) were
observed. Another period of mild winters existed between 1909 and 1925 (5
mild winters). Six severe winters were recorded between 1929 and 1963, and
other three before 1893.

The influence of the Atlantic Ocean on the climate of Poland is connected
with the circulation changes. The difference of temperature between summer
and winter can be a good measure of continentality and oceanity (Fig. 4)
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Fig. 1. Progression index for winters in Southern Poland (11-year running means)
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Fig. 3. 1l-year running means of winter air temperature in Cracow
x — mild winters (mean of winter months < 1°C), o — severe winters
(mean of winter months < -5°C)

http://rcin.org.pl



30
(°C)
28
26
24
Q
—
= |
~ 22
O
—_
Q
Q 20
1S
Q
18
| .
<
16
14

l!T‘IYIYT'IIIIIII‘IIIYYI]TYYIYYIT

IRARLE RARAN RERES ryrrry Y

|

---1896--%

continentality

aalasaaly

aiaa gl Al 'we FUTeE FETWe e

sal il

lity

MRS L

--=1970--4

ocea-
nity

i87e 19080

Years

1930

Fig. 4. Difference of winter and summer temperatures| ibpéﬂﬁﬁl&ﬁin@ﬁ@aq@lm%-m%; continental influence; oceanic influence

(Cracow-~Jagellonian University)

01

"1 72 2uvUPIE "7



http://rcin.org.pl



12 Z. Bednarz et al.

& ¢ g
Arklis g \’;;'_—’//A\__ A;g'sx
65°-85°N > -05K
Varde M/_—K‘-‘. T :.37 oc
° ds
mlow T 2?7 oC
o oS
Kopenho 80
AR gen w 1%
< 70
‘:'_VN\Y/——\—;L'W 95
Y Jo8°C
85
Berlin W——M’\— 2e
T 852°C
&0
Dresden r’_,\*/w‘_’_) E ::go.c
&
90
Krakou M 1 824°C
75
Karisruhe M - ?2, -
S '%,%
Freiburg AT/”-/""'A" T 99°C
85
Basel M T i‘é’oc
mmm \\'\'—ﬂ‘/’,\'. T s.g..c
S
o 720
Hohenpeissenberg W T 82°C

S5
Munchen T ’,24%

: W i
Wien W 7 94°C
90
Gr. StBernhard M {-:‘ao'c
-20

1771-1800
1-50
00
nn-

172150

Sdntis 1"""—/—_—’-\’ e

! T3S

Zugspitze — '.:35
5%

1"s
Lyon 11099°C
105
A %S
Marseille 1 1407°C
a3
16,
Genua T 1565°C
150

Nordhalbkugel ._r_u_,/-—’—-"‘ N
05K

Sidhalbkugel . F R -
25°-625°S ° -05K

Fig. 5. Contemporary warming in Northern hemisphere, according to H. v. RudlofT ( 1991)

http://rcin.org.pl



Climate change in Southern Poland 13

6.2

l°cw §
o Eak
4 ~ -
5.2 _ Sl A )
. ' |
o :
5 L
bt - :
o
Q. I~ . » . . . . o
E : : : o : ;
Q 42 |- : g : : : —
< s : : .
= : : : : :
3ol : : : : 3
i R T (Y R D PN TR e a et i R B at S 1 o] Bl U TR
1900 » L & ® years 2000

Fig. 6. 11-year running means of annual air temperature in Zakopane

LONG-TERM TRENDS OF CHANGES IN AIR TEMPERATURE, SUNSHINE
DURATION AND PRECIPITATION IN VERTICAL PROFILE ON THE
CARPATHIANS

It is difficult to find long series of climatological observations for the areas,
where the influence of anthropogenic factor can be excluded. Data from the
mountains fit best to such conditions. Air temperature changes in the Tatras
may be characterized starting from 1951 for the stations at Hala Gasienicowa
(1520 m) and at Kasprowy Wierch (1991 m) and from 1910 for Zakopane (844
m). It results from the curves of 10-year running means (Fig. 7) that the period
of cooling occurred in higher parts of the mountains in 1973-1984 which is
much later than it did in Cracow (221 m), where it occurred in 1952-1968.
Distinct upward trend of temperature appeared in the Tatras only after 1984
(Niedzwiedz 1992). The variability of thermal conditions diminishes with the
increase in altitude. The oscillations of 10-year means reached 0.6°C in Cracow,
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0.4°C in Zakopane and only 0.2°C at Hala Gasienicowa and Kasprowy Wierch
in the years 1951-1990.

Precipitation measurements in the Carpathians and in their vicinity were
started relatively late. The longest series for Cracow was started in 1849. Three
relatively dry periods can be distinguished since that time: 1850-1890 (with
minimum precipitation around 1946) and contemporary period which began
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Fig. 7. Changes of annual characteristics of atmospheric circulation and annual averages of air
temperature in the Tatra Mountains and Cracow (the curves are smoothed by 10-year running
means). High values of the W-index indicate greater frequency of western air flow from the At-
lantic Ocean. Positive values of S-index indicate the predominance of Southern air flow over
Northern air flow
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Fig. 8. Comparison of mean thickness of annual rings of stone pine (A) in the Tatras with mean
air temperature in June and July (B), mean maximum air temperature (C) and precipitation
total in May-August (D) in Zakopane

thermal depressions. Information from the years 1740-1850 is particularly
interesting, because there is little meteorological data for that period. The first
distinct period of cooling occurred in the Tatras in the years 1740-1750 (Fig. 9).
Analogical phenomenon was observed in the Alps (Eckstein, Aniol 1981). The
years 1741-1747 were the coldest in both these mountain ranges. The consequence
of this phenomenon in the Alps was the increase in the size of glaciers (Messerli
et al. 1978). The next period of coolness occurred in the years 1760-1773. It was
even more distinct in the Alps.

The third and longest cool period, called the last episode of the Little Ice
Age occurred in the Tatras and the Alps in the first half of the 19th century. It
was characterized by the occurrence of many unusually cold and humid years.
It was reflected in unusually thin annual rings of stone pine. The year 1816
stands out among the cold years and is called “the year without summer” by
climatologist (Stommel, Stommel 1979). The years 1806-1811, 1815, 1817-
1829, 1835-1845 were also wery cold and humid (Bednarz, Trepinska 1992).
Violent processes of glacial expansion occurred in the Alps during these
exceptionally cold periods. The last episode of Little Ice Age influenced the
social and economical situation in Poland especially in 1815 and 1816. The
press informed of food shortages, price rises and weather anomalies (Sadowski
1980). For example, a newspaper “Gazeta Lwowska” from 1816 reported that
“In the information on this year’s harvest received from Biala on October 13,
1816, we read that for over 30 years the inhabitants have not remembered such
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bad weather conditions. From autumn 1815 rains have not stopped up to the
present day, except for a few weeks of better weather from the end of August
to the middle of September”.
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Fig. 9. Cooling in the first half of the 19th century (the last episode of the Little Ice Age) in the
Tatras, reconstructed on the basis of the analysis of the thickness of annual rings of stone pine
(Pinus cembra L.)

A — Oscillations of mean air temperature in the Tatras in June and July 1740-1850;

B — Dendroclimatological reconstruction of air temperature in the Alps in summer (Eckstein,
Aniol 1981). Periods of increased glacial activity are marked with rectangles

Many climatologist claim that one of likely causes of cooling in the first half
of 19th century was the increase in volcanic activity (Lamb 1970, Budyko 1971;
Kelly, Sear 1984). Particular attention is paid to the eruption of Tambora
volcano in April 1815, said to be “the largest and deadliest volcanic eruption
in recorded history” (Slothers 1984). The eruption of Katmai volcano in Alaska
in 1912 confirms this hypothesis. The transparency of atmosphere dropped
after this eruption from 0.77 to 0.56 (Kalitin 1938). Such state was maintained
for two following years, causing huge reduction of direct solar radiation
intensity. As a consequence, sudden decrease in thickness of annual rings and
wood density occurred in large area of Europe, especially in the zone of
timberline in the Tatras and the Alps (Schweingruber et al. 1979, Bednarz
1984).

CHANGES IN THERMAL SENSIBILITY OF HUMAN BODY IN WINTER
IN THE 20TH CENTURY

As it was revealed by many investigations, the variability of air tempera-
ture in winter depends mainly on circulation conditions and cycles of Sun
activity. Thermal feelings of a man in winter may be described by Osokin’s S
index of weather severity. Values of this index for winters of 20th century are
determined by the influence of air temperature in 77% and by the influence of
wind velocity in 20% (Obrebska-Starklowa 1990). It is an important advantage
od the S index, that it takes the influence of air temperature amplitude into
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account and thereby reflects the influence of air masses incoming from various

source areas.

The average value of S index for winters in the 20th century amounted to

1.33 in Cracow, which means that winters were “slightly severe”. Standard
deviation of the S index was equal to 0.225. Trends in long-term course of values
of the S index can be read on the basis of 10-year running means S, (Fig. 10).
They have reverse course to that of 10-years means of air temperature in winter
(Fig. 3) and are related to the occurrence of macrotypes according to Girs.

In can be stated that the first and the second decade of the 20th century

were characterized by small deviations of S indes value from long-term mean.

Distinct increase in S,

value began in the 20s and lasted till the period of

severe winters (S>1.90) in the 40s. Constant trend towards milder winters has
been observed since that time with the exception of slight increase in severity
of winters in the 60s. The series of very mild winters (S<0.95) has been

occurring since the end of the 80s.

OSOKIN'S INDEX

W E C E+C E W+C

" X a 103

Fig. 10. Changes in thermal sensibility in winters of the 20th century

period of zonal circulation W in 1990-1928; period of castern meridional circulation E in 1929-

1939; period of southern meridional circulation C in 1940-1948; period of mixed circulation
E + Cin 1949-1967; period of eastern meridional circulation E in 1968-1976; period of mixed

circulation W + C since 1977.

Osokin’s index of winter climate severity (S): <1.0 — mild winters; 1.0-2.0 — slightly severe

winters; 2.1-3.0 — moderately severe winters; 3.1-4.0 — severe winters; 4.1-5.0 — very severe
winters; £ ' 7.0 — unusually severe winters; > 7.1 — extremely severe winters
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Fig. 11. Mcan monthly (1) and annual (2) values of the atmosphere transparency coefficients
(p,) under cloudless weather conditions at Gaik-Brzezowa
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Fig. 12. Mcan monthly (1) and annual (2) values of atmosphere transparency coefficients (P,)
under cloudless weather conditions in Cracow
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Fig. 13. Differences between mean monthly (1) and annual (2) values of the atmosphere
transparency coefflicients (Ap,) under cloudless weather conditions in Cracow
and at Gaik-Brzeczowa
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Fig. 14. Differences in the intensity of the direct radiation (AS), diffused radiation (AD) and the
global radiation (AQ) between Krakow and Gaik-Brzezowa during cloudless weather at noon

Poland before the period of instrumental measurement, using proxy data e.g.
dendroclimatological data?

3. How great is the importance and share of natural and anthropogenic
factors in forming the set of climatic elements such as air temperature,
precipitation and sunshine duration, which influence the ecosystem and the
conditions of human life?

It is needed to study following periods to be able to answer the last question:

— period of increase in air temperature and concurrent increase in sun-
shine duration and decrease in precipitation totals in the 80s of the 20th
century;

— period of decrease in air temperature and concurrent decrease in sun-
shine duration and large totals of annual precipitation totals in the years
1955-1975.

It is also necessary to study farther the climatic conditions at the end of the
Little Ice Age and in the period of global warming of climate to determine how
changes in intensity of climatic factors influence the natural environment and
human activity.

REFERENCES

Bednarz Z., 1984, The comparison of dendroclimatological reconstructions of summer
temperatures from the Alps and Tatra Mountains from 1741-1965. Dendrologia 2-1984: 63-
72. Archconatra Ed.-Verona.
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26 M. Gutry-Korycka, P. Werner, B. Jakubiak

Interpolation procedures permitted the creation of simulation maps in the
two-dimensional form of isopleths (isohiets and isoterms). (Figs. 1, 2, 3 and 11,
12, 13) and three-dimensional block diagrams representing the spatial dis-
tribution of chosen meteorological elements in Poland’s territory (Figs. 4 to 9).

Numerical and graphical areas obtained made it also possible to construct
charts representing the relation of the numerical value of the meteorological
element to the area limited by the isoline of the same value as the above-men-
tioned isoline. Curves of total annual precipitation distribution illustrate the
share of Poland’s territory (in per cent) enclosed between the successive isohiets
or isoterms of mean annual values of the air temperature (Figs. 10 and 14).

Each successive stage of the graphical analysis of fields of meteorological
elements was referred to scenario 0 (under the existing meteorological condi-
tions) and to two global models GFDL and GISS, which permit a simulation of
changes of meteorological elements according to the scenario of double increase
of CO, contents.

The disadvantage of the acquired simulation is the fact that the realized grid
model takes into consideration mathematical but not geographical interpolation;
therefore in the areas with high gradients of meteorological elements, especially

PY)

Fig. 1. Normal precipitation in (mm) in (1891-1980), scenario 0
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Fig. 2. Generation of normal precipitation in (mm), scenario (2 x CO,)

— according to GFDL model

in the mountains and in uplands, there may be great differences between the
empirical values and those obtained from linear interpolation. Thus deviations
will appear on areas of small density of the measuring stations.

Graphical and numerical areas obtained will be the starting point for the
search of the method of constructing of transition to sub-scaling models
indispensable for realization of changes of water circulation due to climatic
warming in the mezo- and macro-scale system.

The input data for simulation models according to scenarios of changes of
the air temperature and precipitation (monthly, half-yearly and yearly) ob-
tained from GISS and GFDL models and introduced into the hydrological
model of a catchment slightly differ. The above-mentioned scenarios of climatic
changes envisage the increase in the air temperature on the ground level by
about 4°C and the increase in precipitation over most of the whole year by 10
mm (except for September).

In the GISS model the increase of precipitation ranges from 1.1 mm to 13.2
mm, while the GFDL model expects the increase of precipitation to be slightly
below 10 mm, with the exception of August, when the increase is >30 mm, and
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June, September and October, when precipitation decreases = 5 mm (Ozga-
Zielinska 1992).

The interpolated fields of changes of the air temperature and atmospheric
precipitation in relation to normal real precipitation and simulated precipita-
tion provided grounds for estimation of differences in values of these elements
obtained from global models GISS and GFDL.

Differences between the areal average of the annual value of the precipita-
tion total (half of the area of Poland) in natural conditions amount to 639 mm,
according to the GISS model they will reach 749 mm, while according to the
GFDL model annual precipitation is expected to amount to 655 mm (Fig. 10).

Over half of Poland’s territory the value of the air temperature in natural
conditions amounts to 7.7°C, while according to the scenario of doubled CO,
contents in the GISS model it will amount to 10.5°C, while in the GFDL model
it will reach 11.9°C (Fig. 14).
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model); 3 — generation according to GISS (scenario (2 x CO,) model)

METHOD OF GENERATING THE DAILY SEQUENCES OF AIR
TEMPERATURE AND PRECIPITATION VALUES WITH GIVEN
STATISTICAL PROPERTIES

An analysis of the time series of meteorological elements observed in the
points shows that each measurement constitutes a sum of several different
components. Some of them are deterministic, while others can be regarded as
the effect of the stochastic process. Construction of the method generating the
sequences of mean daily values of the air temperature stemmed from estima-
tion — according to the measurement data — of the following components:
annual signal, daily stationary anomalies, monthly stationary anomalies and
yearly stationary anomalies.

Daily values of total precipitation are subject to variations in space as well
as in time, while the nearby measuring points and neighbouring time intervals
show a significant degree of similarity. Probabilistic models are an appropriate
method permitting a study of both variability and correlation between daily
precipitation totals. They are useful for description of meteorological processes
in the function of several significant parameters and they are indispensable
for drawing proper statistical conclusions about meteorological data.
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Fig. 11. The average air temperature in (°C) in (1951- 1980), scenario O

The first probabilistic models were used by K.R. Gabriel and J. Neumann
(1962) in the Markov chain of the first order for mathematical description of
daily precipitation in Tel Aviv. Generalization of the model of daily precipitation
as the function of two variables describing its occurrence as well its daily amount
was formulated by P. Todorovic, D.A. Wolhiser (1975) and R. Katz (1985).

The most interesting results related similar to the modelling of probability
of occurrence of daily precipitation totals in Poland were presented by E. Kup-
czyk (1980).

MODELLING OF TIME SEQUENCES OF THE AIR TEMPERATURE
AND DAILY PRECIPITATION TOTALS

The research methodology worked out by B. Jakubiak (1990) was used,
which in the case of continuous meteorological elements yielded satisfactory
results. Due to long empirical sequences (30 years of daily data) during
adaptation, changes were made in the way of estimation of the annual signal.
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Fig. 12. Generation of the average air temperature in (°C), scenario (2 x CO,)
— according to GFDL model

For this description, ortogonal polynomials were used, whose coefficients were
estimated by using the method of the least squares. Normalization of an
independent variable to a range <-2,2> was made. The ortogonal polynomials
obtained in this way were transformed, having chosen an adequate degree of
the polynomial, to the form being a polynomial function of re-scaled inde-
pendent variable, which highly facilitated its application for the simulation
model. Finnaly, after the analysis of errors of approximation, the polynomial
of the 9th degree was used to describe the annual signal.

ESTIMATION OF PARAMETERS OF THE MODEL OF AUTOREGRESSION
OF THE SECOND ORDER: THEORETICAL ASSUMPTIONS

The model of autoregression of the second order for the process of the zero
mean takes the form:

)= a;x(t— )+ a; x(t— 2)+ €(2) 1)
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Fig. 13. Generation of the average air temperature in (°C), scenario (2 x CO,)
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expressing linear regression with data in previous time steps. Errors € (¢) have
a zero mean, do not show correlation and have variance cg. For data n of
observation x, x, ..x  the values of lag-time may form an ordinary
regression equation

y=XP+ € (2)
where:
x, x, x, €,
x, Xy x, €,
X B {a'} e
y: - - = "
Gg
X Xn-1 *pn-2 E"

CoefTicients of regression estimated by the method of the least squares are
the solution of normal equations
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The matrix of co-variance of estimated coefficients of auto-regression is as
follows:

cov(b) = o2 (X""X)—1 (3)
and of may be estimated from the residual sum of squares
o?=(y- Xb)T (y- Xb)/(n- 5). (4)

The number of degrees of freedom the denominator amounts to n-5 because
in the equation of the second order two first points in the sequence of observa-
tion are lost for the forecast, two subsequent degrees of freedom should be
subtracted to define coefficients, and one for the removal of the mean from the
sample.
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is an estimation of transition probabilities by the method of the maximum
likelihood. The likelihood ratio test statistic for k-th order versus (& + 1)-th
order Markov chain is

Tk, k+1= 2]nrk,k+1 (26)

where

. - My, dy )
koktl™ My 1y dy e d,)’

27

Given the zero hypothesis that the Markov chain is of the k-th order, statistics
(26) has an approximate distribution chi-square with the number of degrees of
freedom defined by the formula

df= (s**1- sk) (s- 1) (28)

RESULTS OF SIMULATION OF ATMOSPHERIC PRECIPITATION

In meteorological research the assumption of stationary transition prob-
abilities of between the particular states is often reasonable when the research
is confined to the period permitting elimination of the annual course. That is
why the method was realized with regard to months. For description of the
occurrence of precipitation days in a month, the model of the Markov chain of
the first order was used. Parameters of the model were determined from the
observation data regarding daily precipitation amounts at Brwinéw from
thirty years (1961-1990). In each month the matrix of transition probabilities
for the particular states (equation 12) was defined. Tables 1, 2, 3 shows
examples of the matrix for the Markov chain of the first order from January
and July. Then, distributions of probability of the occurrence in the month of
precipitation days from 1 to 31 days from recurrency formulae were deter-
mined.

TABLE 1. Transition probabilities for the Markov chain of the first order (0 denotes
a day without precipitation, i = 1 designates a precipitation day)

Current state
Janua Jul
Previous e g
state 0 1 0 1
a b a b a b a b
0 719 .695 .281 .305 .698 .693 .302 .307
1 .367 .339 .633 .661 416 .420 .584 .580
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TABLE 2. Transition probabilities for the Markov chain of the second order;
0 denotes a day without precipitation; 1 denotes for a precipitation day

Current state
Januar Jul
Previous A Y
state 1 0 1 0
a b a b a b a b
00 741 717 .259 .283 .694 .701 .306 .299
01 .385 .338 615 .662 480 .459 .520 541
10 .688 .664 313 .336 .683 .665 317 335
11 373 .359 .627 641 .355 .382 .645 618

TABLE 3. Transition probabilities for the Markov chain of the third order;
0 indicates a day without precipitation; 1 denotes a precipitation day

Current state
B e January July
state 0 1 0 1
a b a b a b a b

000 771 .746 .229 .254 .702 .697 .298 .303
001 375 .347 625 .653 464 .461 .536 .539
010 694 .674 .306 .326 702 .686 .298 314
011 321 .366 .679 .634 434 .429 .566 571
100 677 .667 .323 .333 .686 .735 314 .265
101 414 .319 .586 .681 516 471 484 529
110 .684 .656 316 344 673 .651 .327 .349
111 .408 .357 .592 .643 .320 .358 .680 642

Figure 19 illustrates the distribution of total number of precipitation days
in the first decades of January, April, July and October, defined according to
the parameters of the Markov chain model of the first order. In the first decades
of January and October 5 precipitation days are most likely to occur, in the
first decade of July — 4 precipitation days, and in the first decade of April —
3 or 4 precipitation days. It is characteristic that this distribution is moving
towards a smaller number of precipitation days. For example, in January
probability of the occurrence of only two precipitation days within a decade is
greater than probability of the occurrence of 8 precipitation days.

The process of simulation of the occurrence of precipitation within a month
was carried out. For each month an estimation of significance of the order of
the Markov chain was made, assuming the zero-hypothesis that the sequence
is described by the Markov chain of the k-th order as opposed to the alternative
hypothesis that thisis the chain of the £ + 1-th order. Table 1 includes matrixes
of transition probabilities corresponding to selected months for the Markov
chain of the first, second and third order. Results obtained from the 20-year
sample (1961-1980) were marked with letter a, while the results obtained from
the 30-year sample (1961-1990) were marked with letter b).

Simulation of values of daily precipitation amounts was made on the
assumption that these values are independent, while their distribution may
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be approximated by the exponential function. Parameters of distribution were
estimated separately for each month and modified by the assumed changes of
their mean values.

SIMULATION OF TIME SEQUENCES OF THE MEAN DAILY AIR TEMPERATURE

Daily data of the air temperature at Brwindw from 30 years (1961-1990)
were divided into thirty segments comprising the particular years. In each
segment the mean annual value was determined and daily deviations of
temperature were defined by subtracting the value of the annual mean of the
segment from daily values occurring in the segment. The resulting daily
deviations were compiled to form a set of thirty segments describing the
calendar years in such a way that a given Julian day (successive day in a year)
would be described by thirty values. The set was used to determine coefficients
of an ortogonal polynomial approximating the annual signal. The approxima-
tion of coefficients of the polynomial was made by the method of the least
squares. Analysis of the mean square error of the approximation permitted an
adoption of the polynomial of the 9th degree for description of the annual
signal. Stationary daily anomalies were obtained by subtracting from each
value of daily deviations the value of the annual signal corresponding to it.
Figs. 15 shows a picture of the annual signal approximated by the polynomial
of the 9th degree with superimposed daily deviations of air temperature from
the 1970 average.

Parameters of the respective autoregression model capable of generating
stationary sequences of anomalies with statistical properties similar to the
properties of the sequence of real data were estimated by the method of the
least squares. Significance of obtained coefficients of the model was tested by
the Fisher test at the significance level 0.05.

Table 4 shows the results of the testing of significance of the suggested
models of autoregression of the second order. Letter a) denotes results obtained
from the 20-year sample, and letter b) results from the 30-years sample. Models
describing stationary daily anomalies and stationary monthly anomalies are
significant at the level of 95%, while the model of stationary yearly anomalies
is not significant at this level. In the case of stationary yearly anomalies the
hypothesis that the sequence is a stochastic process of the white noise has been
corroborated. For a mathematical description of daily and monthly anomalies,
the suggested autoregressive models are appropriate.

TABLE 4. Results of the testing of ' AR(2) models of air temperature

Bl Bz 0'2 A F 95% Slgn
daily model a) 0.912 -0.155 5.923 6.286 2.99 yes
b) 0.981 -0.059 6.666 33.283 yes
monthly a) 0.108 0.038 3.619 4.34 3.02 yes
model b) 0.176 -0.070 3.840 5.89 yes
annual a) 0.203 -0.385 0.000 1.50 3.68 no
model b) 0.206 -0.120 0.000 0.61 no
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For realization of the process of white noise with the given mean and
standard deviation the Normco procedure was used from the Library of the
Centre of Computation CERN (Downie, 1978; Hagberg, 1979). In the case
of the given mean and correlation coefficient between variables, the procedure
generates two stochastic numbers with normal distribution on the basis
of two stochastic numbers distributed evenly in the interval <0,1> (Zielinski,
1979).

Figures 17, 18 show statistics of observed and simulated monthly values of
the air temperature at Brwinow in the years 1961-1990. In each month a
rectangle indicates the inter-quantile range of variability of anomalies, that is
the difference between the upper quantile (the value below which there is 75%
of data) and the lower quantile (the value below which there is 25% of data).
This permits an immediate estimation of the situation of 50% of all data. The
horizontal line in the rectangle designates the median, and the vertical lines
(branches) protruding from the rectangle run up to the extremum values: —
minimum and maximum. Single points mark untypical values, lying far from
the bulk of the data. In such cases branches protrude only by 1.5 times outside
the inter-quantile range. Comparison of the two charts indicates a good quality
of monthly simulation of anomalies of temperature because the basic proper-
ties of the observation data are sufficiently conspicuous in the simulated data.
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Fig. 1. The scheme of the automatic gas chromatograph for measurement of concentration of the
CO, CH,, and CO, in the air
1 — the inlet of the carrier gas, 2 — the outlet of the air sample (or standard mixture), 3 — the
inlet of the air sample, D — the pneumatic injector, PD — the sample loop, T — the thermosta-
tic oven, K — the chromatografic column, KAT — the nickel catalyst, DET — the detector,

P — the pump, PS — the bottle with the standard mixture, Z1, Z2 — the electromagnetic
valves, RTD — the regulator of the detector temperature, RTK — the regulator of the catalyst
temperature, EL — the electrometer, KOM — the computer, GW — the hydrogen generator,
B1, B2 — the injector control systems

catalyst was decreased to 532°K for have same precision in scanning area of
both peaks. At this temperature the conversion factor for CO, to CH, is 0.01%
and the heights of the both peaks are the same. In Figure 2 the example of the
air sample analysis in these conditions is presented.

PRECISION OF THE MEASUREMENTS

The temperature of the chromatographic column thermostat, the oven of
the FID and of the catalyst is regulated with precision * 1°K. This precision is
too low to have the measurements of concentration with precision equal 1%.
The decrease in the catalyst temperature from 686°K (at which the conversion
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Fig. 2. The example of the air analysis in Cracow (3- 9.1X.1993)

factor is maximal) to 523°K cause that the conversion factor very strongly
depends on the temperature. For increase the precision of the measurements
the block of the catalyst oven has the big mass and the large time constant.
The change of the catalyst temperature in time is slow and allow to make two
analysis of the air sample and one of the standard mixture sample in the same
temperature. The computer calculates the area of the peaks for these two
analysis and compares it with area for standard mixture. In this way the
precision of the measurements depends only on the precision of the standard
mixture.

In Figure 3 the example of change in concentration of the CO, CH, and CO,,
in Cracow is presented.

TECHNICAL DATA OF THE GAS CHROMATOGRAPH

Chromatographic column:

material steel

lenght 15 ft

internal diameter /8"

temperature 350°K
Carrier gas nitrogen

flow rate 40 ccm/min.
Detector FID

temperature 373°K

air flow rate 600 ccm/min.
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Catalyst niclum oxide
mass 80 mg
temperature 523°K
hydrogen flow rate 55 ccm/min.

Sample volume 2ccm

Standard mixture CH, and CO; in nitrogen
concentration of CH, 3.37 ppm 10.2 ppm
concentration of CO, 165 ppm £ 10 ppm

(This part of work was accomplished as a part of grant no 6.0704.91.01 from
the Committee for Scientific Research)
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o 400 S
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3.1X 4.1X 51X 6.1X 71X 8.1X 9.IX.1993
Fig. 3. The long time change in the concentrations of the CO, CH, and CO, in Cracow

MEASUREMENTS OF THE CFCs IN THE TROPOSPHERE

The concentrations of the CFCs and the other compounds influencing
Earth’s ozone layer are in the range from ppm to ppt. The gas chromatograph
equipped with the electron capture type detector allows for the direct measure-
ments of concentrations of these components in the troposphere. This method
is commonly used for the monitoring of the CFCs in many stations on Earth.

The very low detectability level of the CFCs and the halogenated com-
pounds by the EC detector causes many problems with the quantity of the
measurements. The reliability of the concentrations measurements on ppt
level depends on the reliability of the calibration methods. For this reason
many methods were developed for preparing the calibrations standard mix-
tures as well as the special analytical techniques managements to optimization
of the analysis and its precision in the long time. How many problems there
are with analysis of the CFCs on the ppt level we can see in the work of
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Fig. 4. The scheme of the gas chromatograph for the CFCs concentration measurement
in the troposphere (explanations in the text)
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Fig. 5. The example of the analysis of the CFCs in Cracow
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Fig. 6. The dependence of the freon F-12 concentration on the altitude

The detectability level of the detector is determined by the fluctuation of
the UV lamp current. To diminish the detectability level for the CFCs in the
measuring circuit the electronic registration and the signal filtration was
applied. In Figure 7 the scheme of the supply system and the signal measuring
system is presented.

In Figure 8 the example of the air sample with 200 ppt of the freon F-12 is
shown. Figure 8a presents the detector response without the electronic filtra-
tion, Figure 8b presents the fluctuation of the UV lamp current and Figure 8c
the detector response with the electronic filtration. The electronic filtration
system was developed by Rosiek (1993).

In Figure 9 the dependence of the detector response on the mass of the freon
F-12 is presented.

Measuring chamber Electrometer
N\
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Fig. 7. The scheme of the measured circuit of the photoemission electron capture detector
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Fig. 9. The dependence of the photoemission electron capture detector

on the mass of the frecon F-12

PARAMETERS OF THE PHOTOEMISSION EC DETECTOR

Carrier gas:
Volume of the detector:
Photoemission current:
Voltage supplied detector
Detectability level for freon F-12
Dynamic range
Maximal temperature work
UVilamp:

Current

Power

Time of life

Emission layer

CONCLUSIONS

The analytical methods presented in this paper allows for realization of the
continual concentration measurements of the gases active in the greenhouse
effect. From our measurements it is evident that the concentration of these gases
measured in the atmosphere of Polish Southern area is subject for permament
daily oscilations around the middle values which are 325 ppm, 1.25 ppm, 1.75 ppm

nitrogen or argon
1.2 ccm

(1+-3) X 10'°A
0.5V

3 X 10%g

1000

423°K

15 mA

3w

4000 h

Pt + Au, 150 A

for CO,, CO, CH, and 0.52 ppb, 0.30 ppb for F12, F11 respectively.

The described photoemission electron capture detector (PhECD) allows for
concentration measurements ofilarge parts of freons in troposphere and also
it may be useful for balloon experiments in the lower stratosphere up to 25 km

height.
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OBSERVED ISOTOPIC COMPOSITION, AND CONCENTRATION OF CO:
IN CRACOW REGION

Cracow, an urban agglomeration with about 1 milion inhabitants is mostly
influenced by pollutants coming from the west — the Silesian district distanced
60-100 km — where numerous coal mines are located with associated heavy
industry. Discharges from local sources (electric and heating power stations,
factories) are of similar magnitude. Sampling point located on a roof of the
Institute, a separate building, bordering recreation, and sport grounds isolated
from local chimney discharges is representative for the town area.

Measurement results obtained so far (Kuc 1991) as a continous record of
biweekly averaged values, and presented in Fig. 3 confirms general trends,
and seasonal variations observed in foreign global stations, however, absolute
values are remarkable different.

Radiocarbon record from the reference stations, where local anthropogenic
changes are negligible (as on Jungfraujoch, Leven at al. 1989) compared with
the results from Cracow sampling point enables to calculate contribution of
CO, originating from fossil fuels (fossil fuel component). Monthly average in
1989-1990 are presented in Fig. 4, and compared with data for Heidelberg,
Germany (Levin et al. 1989). Fossil component in Cracow is systematically
higher ca. 5-17 ppmv than for Heidelberg showing the same seasonal depend-
ence.
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Fig.4. The fossil fuel component at Cracow and Heidelberg (Levin et al. 1989) sampling points.
The upper curve presents yearly average values for Cracow
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The calculated mean value of fossil fuel component for the whole period is
19.5 ppmy, and subtracting this figure from the mean CO, concentration (372.5
ppmv) one obtains 353 ppmv as typical for “clean air” in Europe. The same
value was reported as mean in 1985 for Garmisch-Partenkirchen, Germany
(Boden et al. 1990).

Atmospheric concentration ofi CO, in Cracow indicates rather constant
value for 1989-1990 (Fig. 3), however, the absolute values are ca. 20 ppmv
higher than in European “clean air”. This fact can explain lack of the globally
observed increasing tendency both for lower (Boden et al. 1990), and higher
altitudes reported by Tanaka et al. (1987) for Japan (Fig. 5).

v v v v T v | - v T T ¥
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CO, CONCENTRATION (ppmv)

Fig.5. Vertical profiles of annual mean concentrations of atmospheric CO, over Japan, obtained
from the best fit curves to measured values (according to Tanaka ct al. 1987)

Diurnal observations of the CO, isotopic compositions, both 8'°C, and 8'0,
in the lower atmosphere show characteristic fluctuations (Fig. 6) with ex-
tremes falling at midnight, and noon. A seasonal difference (summer—winter)
is well pronounced in amplitudes as well as in absolute, average values,
suggesting an influence of the CO, originating from various sources. One of
them is biogenic component coming from soil respiration, creating the highest
flux to atmosphere in summer season, and competing with assimilation flux
which is also most intensive at the same time.

Summer, diurnal variations are predominantly controlled by insolation
(light) intensity, and temperature gradient inducing vertical mixing.
Amplitudes both 8§'°C and 8'®0 reflect these rapid changes. The exchange
processes and associated with them isotope fractionation effects are quite
complex, and simple answers of the still remaining questions are not possible.
However, more details could be available after further, extended field experi-
ments.
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CONCLUSIONS

Investigations of the isotopic composition in the atmospheric CO, provide
useful, quantitative information on local, and global anthropogenic changes
resulting from the fossil fuel combustion.

The calculated mean value of fossil fuel component at the Cracow sampling
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instantaneous discharge of tritium in nuclear reactor fuel reprocessing plants
in Russia or in Western Europe. The detailed analysis of meteorological
situation at this time allows for identification of the tritium source. As seen in
Figure 1 there is a systematic decrease in tritium content in precipitation.
Seasonal variations are due to seasonal injections of tritium to the atmosphere
from the stratosphere where tritium was deposited during atmospheric
nuclear tests. Tritium content is expressed in tritium units (T.U.): one T.U.
being the isotope ratio of hydrogen to tritium equal 10'®, Half-life of tritium is
12.43 years.

TU

i | 11

- LA w yraTeen & il T TR TR TN hr—n—'l—~‘|‘-lr‘| | Ll Al g i i "
1975 1976 1977 1978 1979 1580 1981 1582 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
years
Cracow -------- Vienna

Fig. 1. Tritium in precipitation (Cracow, Vienna)

TRITIUM IN THE ATMOSPHERIC WATER VAPOUR

Measurement of tritium in the atmospheric water vapour close to the earth
surface is carried out from 1988 in the weekly system in the framework of
international cooperation of several institutes in Central Europe (Vienna,
Budapest, Zagreb, Sofia and others). Purpose of this study is the monitoring
of tritium discharges from nuclear power stations and early signalizing of
possible accidents. Figure 2 shows the last 3.5 years record of weekly atmos-
pheric water vapour samples together with the tritium in precipitation data
in this period of time. The tritium content in water vapour is, in general,
slightly higher than tritium content in precipitation in the same period.
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Fig. 2. Tritium in atmospheric water vapour (Cracow)

pCi/m
L] L] 1 L] 14 L4 1 4 L] A L] L}
Bh I o o o o o o e e g S e w0 a4 o — FRCMURG (&20°N 90°C)
F == GCRACOW [SO1'N, 19 9°E)
= MADRID (403N, 24"W)
" Tt e e A D K d A At Lk o bR deo Rl b ey ——— MIAMI(25.7°N,507°W)
(e
[
N
i
20 ,.-———-:-.:.-- N e i e B et
H
)
1
:
Wh——==+¢ttttF-—-F--tt-----
o !
LS
L
i
B o = = = ol e ege) of e
11 ™
1 1
i
-
\“
| !.
1
|
i
]
(S
1]
4.l
-1 L L e ' s 1 A 1
- A - J J A s o N o

Fig. 3. 35Kr acitivity of weekly composite samples of the nearground air in 1984 collected at the
stations: Freiburg, Cracow, Madrid



Atmospheric radioactivity in Cracow 77

pCulm'
LI SN B B (| LI N I B LA B L O B AL A ¢
W o ——— Lw«————----—-—-L-——--—-—-——-l ———————— —
| | |
T 4H- —-—— = —= - 4 — = == = = ——
| l |
k- —-fF —= === iMtl= = = = — — — L....._..___-—_J.._.__ _____
| | '
n_ 1
Jo-.-——-»--———f-‘ ——————— L—-——n———r-—— o e - - —
| |
| |
23.._._.._.___—|-1 —————— _'.__—.————— — — -—
I |
26 —— -—-—<——-—l>— ——— — I—-— -——--'_ - = -~
M GROUND LEVEL | |
|H FOR CUROPEAN
STATIONS | |
24 F - - -] - -—{- - - e - e - _.|_ -
|
22 ) — 1
2 - e Pl 2 i i i — —
D A i
= R e | | MIAMI [USA)
I o a
|g..___—.-_-—--——-———._.l_ —————— R i — -
gogi gy, gRpNe L gigely gl UG g IigiiE g Rl U g R R SR ety Fati'y giptEe el

JFMAMIJIASONDIFMAMI JASONDI FHAMRI IJASONDIFMAMIL IASOND
81 82 83 8L

Fig. 4. 85Kr activity of weckly composite samples collected at the stations: Freiburg, Madrid,
Cracow and Miami. Hatched arca represents the European 39Kr baseline; straight line indicates
the corresponding baseline at the Miami station

pCi p Ci

ol (a) - (b)

40 F 30

30 r

20 f

A

i i e

i i A

1980 1990 1977 1979 1981 1983 1985
years years

1950 1960 1970

Fig. 5. Increase of ®*Kr atmospheric concentration in Cracow
a — mathematical modelling simulated, b — measured

:/[rcin.org.pl



78 T. Florkowski, J. Grabczak, K. Rozanski
S 500
Bq/m’ Bq/m’
+ 49 +L50
[A +L00
35 = 350
3 % 300
=
2.5 E +250
21 = 200
1.54 B H150
14 EH B 100
0.5 = = N B 50
B NN
o -N= =N=N=—"N=N s
25 26 27 28 29 30 1 2 3 bt S 7
(25.1IV. — 7.V. 1986)
= 85Krypton (left scale)
B **xenon (right scale)
Fig. 6. %Kr and "Xc in Cracow afler Chernobyl accident
((’D‘“/"‘)' - -~ v - v +~ v r - - T
900 +
£ 800
5
B8 700
&
é 5 600
~ & S00
k)
,,é L00
=c
2.5 300
SN
o 200
¥ © 100
J A S 0 N D J F M A M J Months
1981 1982 Years

Fig. 7. Record of minimum daily radon and daughter content in Cracow

http://rcin.org.pl



Atmospheric radioactivity in Cracow 79

(dpm /) T v T v T - T v - - v
900 }

ol %% |
=) e e

:
300 | } } % { ‘}’
e [ i Jy Seee L

100 } :

and *#Rn doughter products

oL - activity of %%Rn

R R N B e ] §o e Mk W AN
1981 1982 Years
o - monthly averages of maximum daily values

A - monthly averages of minimum daily values

Fig. 8. Daily variations of radon content in Cracow (highest and average) and daughter products

222Rn
[
Nm?
600+

5001

- - Heidelberg 1980-83

______ Cracow 07/81 - 12/83
- Waldhof 05/80 - 12/82
Behoobi vadie sive - FRN 02/80-09/80

Fig. 9. Comparison of monthly average radon values in four stations



80 T. Florkowski, J. Grabczak, K. Rozanski

)

i = S 0 15
JUNE 1983

- Heidelberg
Getsecsanessectsanacsrsesittin mm ercow
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important role. It is attempted within numerous scientific programmes, such
as LOICZ IGBP, but hopes for immediate solutions and reliable software
packages seem premature.

Accelerated sea level rise (ASLR) due to the intensifying greenhouse effect has
been tackled under IPCC auspices. As depicted in Figure 1, the projected ASLR
is much faster than the changes experienced over last 100 years. The IPCC 1992
Supplement did not revise the 1990 Report’s estimate shown in Figure 1, although
some scientists raise doubts about the predicted magnitudes.

Historic Sea Level Rise

1 3 1
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! ) [}
-8 - s '
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1880 1900 1520 1940 1960 1980 1990 2000 2025 2050 2075 2100
Year

Fig. 1. Sca level rise as predicted by IPCC in case no measures arc taken to counter the emis-
sion of greenhouse gases (Scenario A "Business as usual”), according toT.P. Barnett ( 1988)

REGIONAL CLIMATE CHANGE: THE BALTIC SEA

For the Baltic Sea, the possible changes in precipitation, evaporation,
transpiration, and their uncountable outcomes, are all not amenable to ready
prediction, either. However, one can focus attention on the most likely and
conspicuous outcome of such change — the sea level rise. One can also resort
to the belief of some researchers, climatologists in particular, who broadly
assume that the world’s air temperature can rise by some 4°C in 100 years,
and that Poland will be no exception to this general rule. What is less proved,
and remains to be examined in detail, one may claim that the intensity of
storms will increase, say by 10% in the coming century. All this data is
speculative to a considerable degree; hence a lot of research is badly needed to
support or reject such statements. This paper refers to some recent studies
throwing light on the topic.
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Polish surface waters (at Swinoujscie) was a decrease in water temperature,
correlating with an increase in air temperature; a finding certainly requiring
further verification.

RECENT FINDINGS FOR SEA LEVEL (MEAN AND EXTREMA)
AND STORM INTENSITY

In our 1992 VA study, for “open sea” we have ascribed the flooding prob-
ability to the exceedance probability of storm surge-induced sea levels. The
Pearson Type III distribution fitted to the maximum annual water levels
measured at Gdansk (from 1886 to 1975, Majewski 1990) was employed to
produ:e the required exceedance curve. The 100-year design water level can
be approximated as 650 (i.e. 1.5 m above MSL) while its counterpart for the
returr. period of 1000 years is about 680 (i.e. 1.8 m). This solved the problem
for our Areas 2 and 3 (central coast). The situation is obviously different for
river and lagoon flooding scenarios (our Areas 1 and 4). Although we have
derived some tentative figures and adopted definitions, more thought must be
given to rigorous derivation ofithe respective flooding frequencies.

Re:ent examination of trends and statistical distributions in sea level data
sets, revised and updated for the Polish coast, has partly confirmed some
earlier conclusions drawn for mean sea level and exposed new findings for
extrem.um sea levels. The following trends have been established for ten Polish
tide gauge stations (Dziadziuszko 1992), see Table 1.

TABLE 1
Station Mean sea level Growth rate
1951-1985 (mm/yr)

Trzebicz 504.8 2.0
Swinoujscie 497.1 14
Kotobrzeg 498.1 0.8
Ustka 499.9 2.0
Leba 500.1 1.5
Wtadystawowo 499.5 1.7
Hel 501.4 1.7
Gdynia 502.9 2.2
Gdansk-Nowy Port 504.0 2.9
Tolk micko 502.2 1.5

Note: Tide gauge zero = 500 NN55 (Amsterdam) = 508 Hr (Kronshtat)

Thase trends should be looked at in longer time scales, such as those dealt
with ty Z. Dziadziuszko and T. Jednorat (1988) for Swinoujscie (from 1811),
Kotlobrzeg (from 1867), Ustka (from 1901) and Gdansk (from 1886), always to
1985. The multi-yearly mean sea level for those periods assumes the following
values Swinoujécie — 491.1 cm +0.3 cm, Kotobrzeg — 494.0 cm 0.4 em, Ustka
— 4979 ecm £0.5 cm, Gdansk-Nowy Port — 500.1 cm £0.5 cm.
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Figure 2 illustrates the clear growth rate. That trend can be described by
the following gradients: Swinoujscie — +0.7 0.1 mm/yr, Kolobrzeg — +1.1 +
+ 0.1 mm/yr, Ustka— +0.2 £0.2 mm/yr, Gdansk—-Nowy Port —+1.2+£0.2 mm/yr.

Longer components can be discriminated by data smoothing and filtering,
such as visible in Figure 3.

Annual sea level maxima (ASLM) constitute the most recent contribution
to the knowledge of the Polish Baltic hydrology (Wréoblewski 1993). The
measured raw data are illustrated in Figure 4. The difficulties encountered in
their analysis encompass the absence of a constant discretization step, un-
known statistical independence, and the inherent trends and periodicities. The
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Fig. 2. Mcan ycarly sca levels at three Polish Baltic stations (Dziadziuszko end Jednoral 1988)
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(Dziadziuszko end Jednorat 1988)
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ASLM trends have been assumed

linear (checked by nonparametric ::z
Mann-Kendal testing at 95%) and pe Froamgeon
have been found to approach 0.5 £20
mm/yr at Swinoujécie, 0.7 mm/yr at ;oa

Kotobrzeg and 1.73 mm/yr in .uo
Gdansk. Hamming windowing 60
(better than maximum likelihood e
in this case) displayed significant
periodicities about 8, 5-6 and 3 years. st Kolobreeg

Bartlett testing confirmed the data
2N
620
600
S80
360
540

independence for Gdansk but not for
1870 1850 1910 1930 1950 1970 19%0

W01 1SN0 1960 190 1980

A [em)

Maxima
oy
38

the other stations. Seasonal occur-
rence of the maxima is obvious —
74% of all ASLM occurred between
November and February, these
months encompassing all ASLM
with 10-% exceedance and 91% of
25-% exceedance (remaining 9% in

§60 6dansk
October and March). 620
The probability off ASLM ex- 600
ceedance P(h) basing on the Gum- 580
bel distribution reads as follows in ;‘0
0

Annvael JSea Level

Tablt? 2 1850 1970 1950 1950 1970 1990 Year
Figure 5 shows the exceedance
values in the graphica] form Figure 4. ASLM at Swinoujécie, Kotobrzeg

Another interesting research ob- andi@eansiimblgwe 139

jective attacked now by the author

and his associates consists in description of the correlation matrices for joint
sea level and wave height events under storm conditions observed and hindcast
along the Polish Baltic. This programme is to end in two years, and is hoped
to be fruitful both scientifically and practically (design of coastal and maritime
structures basing on more than just one storm parameter such as sea level).

Table 2

Probability P, % 99 90 80 70 60 50 40 30
T (years) 1.01 1.11 1.25 1.43 161 2.0 2.50 3.33
Swinoujécie (cm) 548 561 568 573 579 584 590 597
Kotobrzeg (cm) 540 556 564 571 577 583 590 598
Gdansk (cm) 538 551 558 563 568 573 579 585
Probability P, % 20 10 5 2 1 0.5 0.2 0.1
T (years) 5.0 10 20 50 100 200 500 1000
Swinoujécie (cm) 605 620 633 652 665 678 695 706
Kotobrzeg (cm) 609 625 642 664 680 696 717 733
Gdansk (cm) 594 608 621 639 651 664 681 694
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Figure 5. ASLM exceedance curves fitting the Gu mbel distribution (Wréblewski 193)
A — Swinoujscie, B — Kotobrzeg, C — Gdansk
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(Area 2), central-east dunes and barrier beaches with the Hel Peninsula
(Area 3), and the Vistula Delta (Area 4). Area 1 includes the agglomeration
of Szczecin (and Swinoujécie), while Area 4 encompasses the three-city com-
plex of Gdansk, Sopot and Gdynia, to gether with Elblagg (Table 3).

Table 3
Area Description Length, km Surface arca, km?
1 W border to River Rega? 320 595
2 River Rega to Leba 170 244
3 Leba to N Gdynia 160 173
4 Gdynia to E Border 190 1217

! West of. Kolobrzeg

The division into three impact zones permitted a convenient distinction
through the study area cross-section within which flooding probablitites could
be assessed: (I) between 0.0 m and +0.3 m MSL contours: (II) between +0.3 m
and +1.0 m MSL; (ITT) between +1.0 m and +2.5 m MSL.

The data collected from maps, reports, computations, studies and other
sources (e.g. land-use, socio-economic etc.) were entered pertaining to each of
the impact zones separately in working tables. Flooded areas (i.e. areas ’lost’)
could then be readily deduced as zone I at ASLR1 (30 ¢cm/100 yrs) and zones
I+IT at ASLR2 (1 cm/yr), while the area at risk was defined as II+III at ASLR1
and III at ASLR2.

For the purposes of assessment, the following habitats have been distin-
guished: coastal waters, beaches and dunes, forests, lagoons and barrier lakes,
rivers and estuaries, and swamps/bogs. Coastal forests display the highest
biodiversity among all coastal habitats.

THE EXTENT OF VULNERABILITY FOR THE “NO MEASURES” OPTION

The extent of inundation and population hazards in our study area are
visible in Tables 4 and 5.

The impact zones between contour lines 0-0.3 m, 0.3-1 m., and 1-2.5 m cover
respectively 845, 883 and 476 km?, thus 2204 km? in total, in addition to 30
km? of beaches and dunes likely to dissapear as a result of ASLR2 (and some
10 km? due to ASLR1).

The principal ASLR impact in the Odra estuary will consist in inundation
extending at ASLR2 up to River Rurzyca (695 km). Polder dykes have crests
about 1.5-2 m above MWL. At higher stages most polder dykes will be over-
topped. The inundated polders will include those of Miedzyodrze (between East
and West Odra), around the Szczecin Bay, Swina and Dziwna. Equally en-
dangered by flooding are urban areas of Szczecin (primarily Dabie), Swino-
ujScie, Trzebiez and other towns. Indirect effects encompass damage to sew-
erage and other infrastructure. Parts of the ports of Szczecin, Swinoujscie and
Police are also vulnerable. The impact zones I and II within Area 1 measure
in total 163.8 and 496.6 km?, respectively.



Table 4. Distribution of land-use categories in impact zones I, II and III; area in hectares, length in kilometres

Impact Zone I - 0.0-0.3 m

Area AH AL AO F W U I R NR RD/LR/TL/NT/B
1 90 11,955 2,635 1415 30 40 30/25/41////
2 30 400 430
3 130 40
4 64,870 130 1,685 352 130 150 291/108/302/29/6/
Total 64,960 12,245 4,760 1,415 382 170 150 430 321/133/343/29/6/

Total Impact Zone I Surface Area = 84,512 ha
Impact Zones I +II -0.0-1.0 m

1 297 34,338 5,435 7,290 550 640 | 505 35 70/89/74/15/1/17

2 11,100 995 2,745 110 90 465 27/11/30/1/1/4

3 11,531 118 24 17 5 8 12 6/8/7/2//1

4 86,910 1,930 2,265 1,260 2,590 705 | 430 95 275 428/179/415/61/65/26
Total 87,207 58,899 8,813 11,319 3,267 1,440 | 943 142 740 531/287/525/79/66/47

Total Impact Zones I+II Surface Area = 172,770 ha
Impact Zone III - 1.0-2.5 m

1 7,935 145 1,690 300 36/9/35/6/2/4

2 5,380 2,315 370 36/7/5/3/1//

3 3,210 330 155 85 730 28/1077/11///

4 21,520 200 795 1,215 | 815 370 97/12/60/8/9//
Total 21,520 16,725 145 5,130 1,740 900 670 730 197/38/107/28/11/5

Total Impact Zone III Surface Area = 47,560 ha

Notes: Land-use categories: AH — high agriculture; AL — low agriculture; AO — land out-of-use; F — forests; W — rural; U — urban;
I — industry (including ports); R — recreation; NR — national reserves; RD — roads; LR — local roads; TL — power transmission lines;
RL — railways; NT — narrow-track railways; B — bridges

6

P17 q d
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Table 5. Population of the Study Area

Arca Zone Urban Rural Total

1 I (0-0.3m) 1,630 3,450 5,080
II (0.3-1.0 m) 21,080 9,630 30,710

III (1-2.5m) 28,960 2,940 31,900

2 I 0 270 270
11 1,210 4,580 5,790

III 870 2,880 3,750

3 I 0 110 110
11 740 9,310 10,050

I1I 1,550 2,490 4,040

4 I 9,590 25,810 35,400
II 40,980 17,650 58,630

111 36,080 13,030 49,110

Total 142,690 92,150 234,840

All Polish coastal polders, arranged in eight complexes of 243 polders
measuring 183,557 hectares will be at stake.

In Areas 2 and 3, narrow coastal barriers between the sea and low-lying
lakes (much as lagoons or embayments in other areas) could erode, making the
hinterland widely accessible to sea water. The higher levels attained by storm
surges in ASLR scenarios will destroy foredunes and erode barrier islands and
spits. The lowered barriers will then be susceptible to storm washover. The
lakes will grow more saline.

Stowinski National Park and Leba dune field, a memorable natural land-
scape, special enough to be included on UNESCO’s list of the world’s Biosphere
Reserves, are endangered as well. The Hel Peninsula, a fairly unique spit
formation separating the Gulf of Gdansk is most vulnerable, and will become
a smaller island if no protective measures are applied.

Gdansk, Szczecin, Swinoujscie and Gdynia ports are all flooded and at risk,
though to different degree. For instance, the industry of Gdansk (ports in-
cluded) occupies 430 and 330 hectares in impact zones I+II and II1, respectively.
In addition, Gdansk is now a lively industrial, scientific and cultural centre of
northern Poland. The endangered urban areas of Gdansk cover 450 and 680
ha in the same zones. Full prevention measures should be taken to avoid any
loss of this valuable and historical piece of our study area.

One should point out the importance of ports and several shipyards in
Gdansk, Gdynia and Szczecin, the industrial hinterland, such as oil refinery
linked to oil terminal in Gdarnisk in Area 4, and the Lower Odra power plant
and the large chemical plant and port at Police in Area 1, the architecture,
historical, and cultural values of old cities, primarily Gdansk in Area 4, and
numerous roads and railways, in addition to other infrastructure.

The Vistula Delta covers an area of 2,320 km? with major cities of Gdansk,
Elblag and Malbork. Its polder area occupies 180,000 hectares (0.6% of the land
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100 K. Grodzinska

in the field of the effects of air pollution on forests, and within this programme
they are carried out under two projects: “Deposition and biogeochemical run-off
investigations” and “Air pollution and monitoring of forest health”.

These biogeochemical investigations were preceeded in the Ratanica valley
by botanical and ecological team work (Grodzinska and Weiner, in press).

CHARACTERISTICS OF THE RATANICA CATCHMENT

The Ratanica stream, a tributary of the mountain Raba river, lies at the
Carpathian Foothills (49°51’N, 20°02’E) (Gilewska 1991) (Fig. 1). Its catchment
covers an area of some 242 ha, the forest catchment covering 88 ha). Its highest
point is elevated of 424 m above sea level, while its lowest point lies at 270 m
above sea level. It is charaterized by flat ridges and fairly steep slopes
intersected by deep gullies. Its bedrock is formed by the Carpathian flysh
(Istebna series), covered in the lower parts of the valley by the quasi-loess
Quaternary formations (Aleksandrowicz 1991). The soils of the Ratanica
catchment are usually composed of podsolized brown, acid brown and leached
brown soils (Adamezyk et al. 1989). The average annual precipitation amounts

Fig. 1. Location of the Ratanica catchment
a — watershed of Dobczyce reservoir basin, b — Ratanica catchment
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102 K. Grodzinska

5 d

Fig. 1. Ratanica forest catchment
a — borders of the catchment and sub-catchment, b — transects with measurement sites
(throughfall, litterfall, soil water), c — bulk precipitation, d — station of measurement of
concentration of SO,, NO, and suspended dust particles, ¢ — weir, [ — meteorological station,
g — permanent plot

RESULTS OF BIOGEOCHEMICAL INVESTIGATIONS

The SO, concentration in the air during the two years under investigation
averaged 27 pg.g3, NO, concentration 9.6 pg.m3, and the concentration of dust
particles averaged 23 ug.m. The value of these gases and dust showed a great
daily and monthly variability, the highest values being recorded in the winter
season. It is worth noting that the level of all the above-mentioned pollutants
decreased in 1992 as compared to 1991 (Szarek et al. 1993).

The pH of precipitation in the Ratanica catchment is acid (pH about 4.5).
The pH during the two years under investigation was 4.45 in the case of bulk
precipitation, 4.76 for throughfall, and 4.05 for stemflow (beeches). The pH



- ' gy r—

A emuam&uhummw

mu—«.m-'s‘ e X i T~s-
S el —H—' T
' .9‘
i ’s-.‘h ol .4
*\h.-ﬂlw'mu u,..:aﬁ.fo-

.- %N-a iy
abs ¥ " . ») e o ; " Ji
nge o i s St P RRTR i
\‘; - f - A.-_L- v .-.‘, _.- - "“V .i“..;. =
..14 [ .‘ - .I_“‘_ ,,‘,“ DA S
”Hh—‘;’-nwg‘\,-'-:' SN ;_
“d" y =y “':‘.— - ‘ .l:

o 55 /et e




-
et riow
‘.

SO > IR
.
- - -
- L : 3 ia
-
N s
=5 & e ~— e e——— >
- - - — - < — == . "
="
S oS
-
.
- .. - - . e e - - M £
-
-
S 3 y D
-
- .

http://rcin.org.pl



LTI 4 Lot plast L RN e WA ¥ MW EN
w.i  yoil y Lo " ,‘_""_ LA po '1'.-. ) F o ..

[} » 14 > b = - L 2w
¥ A Sz M e M Ak [ SRR oA:/ “:',' %0 A
-

ST - gk 3 « 4 " Y o
. (=8--It ?;""-".. t!!f *‘_. AR {
A L & '\‘.)‘I "T ¥ -4y ; I.J' " b ) v F o

e ‘IJ

4 ®
L N
v gty Wa
- <0 Y e
(l . »
N ] ll( ] 'J ¢) 4
> ¥ o \ '

S oyt ’.c_-w~>o. '
’!"J‘" ’!n.i BT YR

"A&hl > f Wi e g

7 SRS RPN SRS N o

L

A-”( lha‘q

=L

'''''



http://rcin.org.pl

v
. ]
3 R
: -
‘. - P
y - - o
* - -4 " ae
= .
. eI [
] T el i
< - = o
X . - - -
.
- X ,.
- X = =
= . - &
. -
-
ele = p
W o y
- ‘.

- -
st eslie Ve
— -
- -
- P
— -
.

AR
.
-

.
e



http://rcin.org.pl

107



http://rcin.org.pl



L) -1.‘,&.0" .'
.t" ."’u;\

o e ) 4 o

o “‘w l 'N-'-t "l!":.-'ﬂi“ vrsrv-m.m-.:}qmm
- '—“ \‘ ST - Fr o opee e #-ﬁ-—-.
. —— t—” “n:v - Py
m*b‘t "’" —vﬁw‘l‘t -t ), -
= .

iy e T e a

-[ A

1% i’\"z ) oy s
O z- ao-a-crr?m:.‘u PSS
1.8 ALMOAL SpSE N T
[t )

- - . |
, ,',z(v; R o A ‘ "‘lf’q“c.‘.
N s 3 : b Pty

it TR

A e o

25 .W _ i
'\x‘:m~ evdy apwlnv i 1

;’v
=i .I"J)'Og'.l-*tvavtw- «;i

ﬂhﬁ'—wnh Ny l‘
e e e T
*"‘U’:‘ R Y

WQ-'- Wy
‘1« T ‘L‘,F) -
> “(.o o 4?‘(‘;‘.':‘.' &

o ot e - 21
}:{‘_,‘ L_‘.*“i__.
T b o0l
S 7 T
I
o fem . moag B

e T S

ATOMYWE e .,;r‘w"n Y

EE



| Xy h . I o ‘~'h " S =
'4 ‘-' .. ’ y & 3 b | .- } <.' ": v A -
4 % ity . ; 8 Y g
g™ ¢ '& 5 LI S s $ Y v ke oot
bl 1 -Bna ~$ Y RPN o i U *‘*b

‘\.t U’v “ {

&
- O ey
i 7-;‘::

J‘T ud\b,,‘u&- M" -

) s ey "z‘n oy 1;‘_. 000-
’ 'l\\ WAL e e e l‘,‘ Q.z
: 2 % f’“
s rv r-m-ur..‘;;n
4 N e l,;,
.ﬁ h‘ i’ 4' FYRVY | -*"-‘. "”Y

it “i\‘ﬁ D.l"n“!@"“

.: v.b:-"\- P Mqu-.--a.“m«W
~,,\.lu ‘.,)-&QJ,‘!‘“. s

" J‘mv"nmohra Q..w &

S I~ *uar

F A :1:': iy Y

" |
bttp_:}#tm w%pl Ry

1\ -0 ‘y




" : i~ meu'm R AR N £
"‘ TNV RS U‘( ..M “”-JB > &
h f I

—‘*‘" ol Pis Amis.

‘h‘rﬁi qu" sp; {‘ o™ ST )‘5‘ u‘ -.'t'

St Y )‘m TRNS Cubieh a1y A ru\.hd '
L{

5T R g «:-"\!,.- S el

oS L8

By ete Rogise iy e
. Y t:"' 3‘"‘" .!‘ d‘:._ 1 ~»
A < Gparbadt ek, .

A
b.-— -'* T pt,

'l

ek et Tt e

AR (-'r"
é&’!" ‘~El( SO 2L
%i)"-c.. tudddo i P

W‘«r‘cf u,- .m,u A f

o Clage Ll (Y 3;?» e --,'*-;'-1” e -rum
U M S rt‘ ~ - P‘ e -

X P)-;;Qg. \Y s

CWW.W‘» -

Bt Ll s el Bl v

-J-‘J*'rﬁ%.wmm‘
T 'S A

cun.au.k % ‘tgba-

-#wfshft--f..»."»',-
Y t*‘fﬁ "' -

R et S S A'«'* £ “ p

: X

o« -,"-

- y
- > o -

"f’:'l 1.111\'x'

3 4
e R .‘1)_.

- R RN i N
B L P T |
W‘v(' e e
e .,11,?“,,__ ?‘ | s

Py . "-0‘4: ey wr




http://rcin.org.pl



http://rcin.org.pl

113



- — -
-
e = Lo wa»_
- -
- - -
-
-
- -
- - S
"
e

-
-
"
- - - LN A
- - =
-
- - o

http://rcin.org.pl



= shoad,
-

LT

4 rl‘
i\
A oL g

q "
. el " -
i e . 2

REE

2 - - (’ - ‘ ' Y
. A g . ¥
T;. . ..§l~‘ .v-‘—‘?_'" . Jt'y‘? -
UM SCPR, GTRNIRG RSP R g
f:’ -_A\‘Ssn x v =% g
v (s’ pd o L # "3‘?‘710‘ 2
. A

N “"\ C"::»'."ut‘ ag

v 4T Wi 5 o’ ‘(‘___ k_l‘-‘__‘ P Skl
N L L # ‘.‘§ Vs o
sl o e, I

B

S A

s 8

e ot
AU DY (s

=

|
! £ http://rcin.org.pl
| W

e B S
| G, R
» N 4



*
- - :
- o le - - -
- - - - -
’
- -t . -
.
- - - - — - - -
- - - - - -
* - - - -
& > ? - - - - — - -
- - - - - - - -
- - - - - - - -
- - - - - -
- -
- - - - - - - - - -
- - - - -
- - - - -
-
— - - - - - - -
- - - T
- - - - - -

http://rcin.org.pl



117

http://rcin.org.pl



% g
~y

- H‘:.'.“_f" -
3 g Bl avey - |

_A;-u-a.,(:'. _.', ‘_ u_;p. L

s ] 4 e s ‘."’t_- —

B iy e
LTI ool it

"'f : '] .' : g
A Tl gt m.f\ iu m:,~

. . .
. i;' - g "} whald J'l.«!’ g i ?
a& N &P o L » "\_~~
) B g > .

r;h.',’.

" (:3'-.;._._--*‘{.;».‘1' iy 4 viigah, byt
* 3o

PR ol SN ¥ y §# i v TR
) i " . ' oy i ol ]

M) ’ "] . 4 Y '
Ly 3 w

2 oa e AL e et 0T e el W W T A

u'?\). z.'ai '-v‘./h A Nyrzal - "'..‘i.,

3

»

,\

}‘.' £
,l'lj. i) \’ ¥ [} S . b =L

3 -
- q‘ Y )  al & '. " g - '
‘f;l‘;i ] »
-4 { o .
¥ SEC DTS | RS EE
M LI e 9% SL U xy -
i : LA 1 i 5 ¥ ¢
i o : A - d
JUTR PR e %3
4 3 \ ‘. -””"‘.t‘l i
Y T s >~ (N ik
. o S | v
' iy A ‘ T _‘n I Db 14

" v '3‘ - l"quf (e P PLRRRRS
-M‘k;ﬂ"ﬁ- -.‘? 1) \\ it 4 ) il gt

4 |

i oc*

N

i
—



‘' el ’:,a b 4" g
( Bt a s Pt i e, .
2ty Moy gw-jﬁj'w.\‘mr.su r'*“
TR &:-r-nuv St ﬂi

: :LA’*L_‘.'.‘I.' R o

s s repe ‘r*bu.-.oz’l’
'-‘I-'f'. o L b R Al " s S

w*-—[m b aiy o ;.-Mf-. s o gt el gty N e . T
, ..%! T ' '—,1&-"‘." 4 (s e } s i
_-“NQT ';f"\'-i“‘ 1 e L T TR P e

i O N e "W" S e

\‘-“A'-‘7*;“""ﬁ“-;$"- l‘ l.lh. ‘. J(‘ T e wid I T2

‘ o8 R g A M-m ey el A>T
J 4 3‘*‘ m-‘ 4'*" ‘-4' 7 ‘*'....-*‘
e --uu o ".1» ' ' '*.-f—"-b" Bl L. o
CRE B M’J‘—u vn'h’ g Y 4”’ - S Y P
\.’u- L s e g s 'M.s' e nie o SR UL T .
..i"-l---ﬁ\— ( ‘J SCTTRE Y ‘i s ..r‘{
. e oE '."_'.v NS i
SN B 'f SN ) - e e e
_‘,“,-Q‘ ’-1- “ru . EEh A ,v ""‘\‘.1.'. V& ;‘,‘_ o RNy :‘r

P A dat LA - 4 SIS S .

- * N < 3 '.‘
: 4.,-9“,3-"1»-‘. av e t- m——— "'"

N e



http://rcin.org.pl



http://rcin.org.pl



http://rcin.org.pl

.

Wi Wi =



—j[ —:-r:: f,—.-: a.._»—-;l
. b Gl &

s- *-.‘- v‘.alk"_ft
91- B S

ti’?i’ff'»i:#& .
. 5..

- ‘v-_)._ \.‘TL‘:\:!&.—:}.

. ",,.4.1..-:—71. Xl J/.;(p...fn:-“. ‘:‘\/‘ ::': o

Q? 3 S
{ | R - oy '-:;i»‘.i-:eé-d
l""' ".‘.c‘ y

#lﬁf-\k - &u**:‘"
s i »p

SSRGS (S E gy
3 .-'_)\'A{J\}Gﬁ{'_"_f 1 ;’.'f"-—'—l,

'_1-'5. ot ot le oy

Yl 4!,(1‘,-'- EXmed

'.-r

pand o ‘j'-.q~L~‘.“a. H '-"=~.- Ak
PO LT "’__)?'l » ) '
by i SSewsiil

f i].'tw,, p Lo u., [)."" 4 A
. - - I-
R NDrtomn N :uuq;‘ b P X S X T

:! =l -u,.:-“‘
= =z “'s:h\r-u—--'h“' g
O 8B
S Y "-:- .
et ol b : e e
sl 'R ' e
K A = > . P i Y b
¢ ‘L"@‘-wleLﬂuu IR a4V
‘-uu\"-'* Toiledy Geoicpdng) Dhembaat Adbriod s T, .
iy (e ','"_‘-r. Diadela e LK o s PomUW, Y R

5




http://rcin.org.pl



http://rcin.org.pl



- At it edia -

- e

http://rcin.org.pl



Polish National Committee of IGBP — Global Change 127

Isotope variations of carbon dioxide and
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aspects of their numerical modelling.
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Measurement units to be used in text and diagrams

time: years, days, hours, seconds
rates

depth

distance

area

volume

discharge
pressure

weight

density
temperature
power

radiation

angle

latidude, longitude
altitude

decimals

numbers

spaces between units in a series

Abbreviation

a(ka),d, h, s
al,d hl, st (not Lh)
mm, m

m, km

e

m®, Ml

mds!

hPa (not mb)

g kg

g m?3, kg m?

°Cc

w

W m?

o

6°15’ N etc

m

0.1 (not 0,1)

1 000 (not 1,000)

g m? (not gm’ 3

No full stop/period after abbreviations and no brackets around units
on graphs e.g. precipitation mm
Multiples of units are normally restricted to steps of thousand, and
fractions to steps of a thousand:

Fraction Abbreviation Multiple Abbreviation
10°® milli m 10° kilo k
108 micro M 108 mega M
109 nano n 10° giga G




RECENT VOLUMES
OF GEOGRAPHIA POLONICA

Subscription orders for the GEOGRAPHIA POLONICA should be placed with

ARS POLONA
00-068 Warszawa, Krakowskie Przedmiescie 7, Poland
Cables ARS POLONA, Warszawa
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