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12 R. Brazdil, P. Dobrovolnv

vak and Strachota 1986; Salek 1994; Nekovar and Valter 1998) or at the deter-
mination of synoptic situations associated with their occurrence (Stekl 1985,
1997). Study of long-term fluctuations with respect to impacts is almost com-
pletely lacking (exceptions are Slaby 1990a, 1990b, 1993; Brazdil 1998; Brazdil,
Stekl et al. 1999). Preliminary results of research into strong wind events in the
Czech lands from the sixteenth to nineteenth centuries were published by Brazdil
and Dobrovolny (2000).

The following general questions concerning meteorological extremes are im-
portant for research into strong winds in the Czech Republic (Karl and Easterling
1999):

— if the observed process of global warming is projected on to the frequency
and intensity of meteorological extremes;

— whether and to what extent human society is becoming more sensitive to the
impacts of meteorological extremes;

— if the perception of meteorological extremes is affected by the media to

a greater extent.

PROBLEMS OF WIND MEASUREMENT

Anemometers or anemographs are used for the measuring of wind speed at
meteorological stations. Without these instruments, wind force was assessed
according to the 13-point Beaufort scale (Tab. 1). The most exact continuous data
about wind speed can be obtained using anemographs that measure wind speeds
to a maximum of 50 ms™'. However, the quality of such measurements is adver-
sely affected by several factors, including interruptions due the formation of ice
deposits, lightning strikes to the sensors or the adjustment or replacement of the
instrument. Slaby (1993) thinks that the actual occurrence of gusts and their

Table 1. Characteristics of strong winds according to the Beaufort scale
(List 1951) (wind speed in ms™").

No. Name of wind Wind speed Description
7 Moderate gale 13.9-17.1 Whole trees in motion, inconvenience
felt when walking against wind.
8 Fresh gale 17.2-20.7 Breaks twigs off trees, generally
impedes progress.
9 Strong gale 20.8-24.4 Slight structural damage occurs
(chimney pots and slates removed).
10 Whole gale 24.5-28.4 Seldom experienced inland, trees

uprooted, considerable structural damage
occurs.

11 Storm 28.5-32.6 Very rarely experienced, accompanied
by widespread damage.

12 Hurricane >32.7 Destructive damage.
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Fgure 1. Fluctuations in maximum monthly wind gusts (ms™"), a - the annual number of

days with wind gusts > 17 ms™', b - at the Prague-Karlov station from 1921-2000 (data in

Rocenky povetrnostnich pozorovani observatore Praha-Karlov 1921-2000). Arrows mark
the years in which the anemographs were exchanged.

speed is greater than those shown by the anemograph records. The homogenisa-
tion of wind speed series is difficult to carry out, because of their extremity and
sptial variability or else because station metadata are incomplete. A document
of the effect of instrument exchange on the homogeneity of measurements is
prcved by data on maximum daily wind speeds and the number of days with daily
guits > 17 ms™' at the Prague-Karlov observatory (Fig. 1). Evidently lesser wind
gutts were measured beginning in 1921, with a Dines pressure tube anemograph
(Minro, London) being used. In 1960, the instrument was replaced first by
a Czech-produced METRA universal anemograph and by a more sensitive ver-
sio1 on 30 October 1964. A further replacement by the same type of instrument
occurred in 1996. While all these changes are very clearly perceptible in the
flu:tuations of the two characteristics, their meaningful homogenisation is
prcblematic on account of the great spatial and temporal variability.

Problems with measuring wind speed give rise to a recommendation that, in
thestudy of fluctuations of this characteristic, they can be replaced by long-term
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strong winds exhibiting considerable temporal variability. For extremely high
wind speeds from the directions 90—180° lasting more than 2-3 days, a conspicu-
ous pressure gradient is valid between coherent pressure formations — between
a cyclone over the North Sea, western or central France and an anticyclone over
eastern or northeastern Europe (a smaller effect of fronts), and/or a conspicuous
pressure gradient at the rear part of an anticyclone with its centre above Ukraine
(without the influence of fronts). The intensification of the wind speed can be
helped by the deformation of streaming by the Alps and further mountain ob-
stacles in central Europe.

FLUCTUATIONS OF STRONG WINDS
IN THE INSTRUMENTAL PERIOD

Brazdil, Stekl et al. (1999) presented long-term fluctuations to the mean wind
speed at the windiest Czech station Mt. Milesovka (837 m above sea level) over
the period 1905-1994. However, since the speeds prior to 1955 were obtained by
converting from the Beaufort scale only the variation in the mean annual wind
speed for the period 1956-2000 is presented in Figure 2. The maximum mean
speeds occured in the period 1973-1980, which followed lower speeds in the
years 1968-1972. A continuous drop in wind speeds has been observed since
1993. The whole series shows a statistically insignificant, downward linear trend.
Within the annual variation, the windiest months are November and December,
the lowest mean speeds are in May—July (in the 1961-1990 period). The relation
between the mean wind speeds, calculated using the 07", 14" and 21%* hours
measurements, and maximum speeds is, of course, insignificant.

The occurrence of strong winds can be characterised by reference to the
number of days with a wind speed above a certain limit, or the magnitude of
wind gusts. Linking up with the papers by Slaby (1990a, 1990b, 1993), the limit
value of gusts was taken to be the wind speed of > 17 ms™, a figure which
approximately corresponds to the lower limit of speed stated in the Beaufort scale

10

1956 1966 1976 1986 1996
Figure 2. Fluctuations in the mean annual wind speed (at times 0700, 14% and 21" hours)
at the Mt. Milesovka station in the period 1956-2000. Smoothed by a Gaussian 5-years
filter.
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for a fresh gale (Tab. 1). Slaby (1993) analysed wind gusts at 40 stations in the
Czech Republic which had at least five years of measurement in the period
1961-1987. Thirty of them recorded a maximum gust of > 35 ms™, but only five
one of > 45 ms™'. Wind gusts in Bohemia are concentrated in the western quad-
rant (W and WSW directions). In the Bohemian-Moravian Highlands and west-
ern half of Moravia the most frequent gusts are from the W to NW and the S to
SE, while the frequency of the latter increases with elevation above sea level. In
the north-east of the Czech Republic, there are 2-3 directions for the maximum
of gusts. On the whole the great effect of orography, on the speeds and directions
of wind gusts is perceptible, above all in the Alpine-Carpathian system and the
Moravian Gate (e.g. as a manifestation of the so-called jet effect).

For the twelve professional meteorological stations of the CHMI (Fig. 3),
a number of days with wind gusts > 17 ms™' were found using anemographs in
the period 1961-1990. Unfortunately, at a number of stations an evident impair-
ment of the homogeneity of measurement is perceptible, signalled by a sudden
drop or rise in the number of analysed days (e.g. in the period 1967-1969 for
Svratouch, 1970-1972 for Brno-airport or 1988—1990 for Holesov). In addition
to the large natural spatial variability of wind gusts, these inhomogeneities con-
tribute to low correlation coefficients between the individual stations which only
exceptionally exceed the value 0.50 (the maximum is for the stations Pribyslav
and Kucharovice, at 0.70) or are even negative. However, low spatial correlations
together with incomplete metadata make it impossible to homogenise these
series. In order to partially minimalize the above drawbacks, efforts were made
to calculate an average series of days for the Czech Republic on which a gust of
> 17 ms™' was recorded at least one of the 12 stations (Fig. 4). This characteristic
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Figure 3. Meteorological stations used in the analysis of wind gusts in the Czech Republic
in the period 1961-1990.
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meteorological stations and in the average series for the Czech Republic in the period
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History of strong winds in the Czech lands: causes, fluctuations, impacts 19

strong wind events since A.D. 1500 which were included in some of the follow-
ing groups according to the verbal description as: 1 — tornadoes, 2 — other strong
winds during convective storms, 3 — strong winds, 4 — gales (gale, storm, hurri-
cane). In the case of the tornado, the description had to include a report of
a typical funnel cloud pointing to the ground and/or its typical effects. As a group
convective storms were classified in those cases in which a strong wind was
mentioned together with a thunderstorm or hailstorm. Gales included cases
wherein a strong wind extended over a considerable territorial range, with dam-
age of varying intensities or reports from narrative sources about a strong wind
where damage was not mentioned. If a strong wind was mentioned without any
further specifying information in daily weather records, the inclusion of such an
event into the category of gales was considered on a case by case basis.

In the fluctuation to the frequency of all strong winds causing damage in the
sixteenth to nineteenth centuries in the Czech lands two maxima are apparent
(Fig. 5). The first appears in the late sixteenth and early seventeenth centuries,

50
4 |2 m Tornado 1Others
30 4
20 -

1500 1550 1600 1650 1700 1750 1800 1850 1900

m Gale ) Strong gale

1500 1550 1600 1650 1700 1750 1800 1850 1900

100
80
60 -
40
20

mDamage gHeavy damage jNot reported

1500 1550 1600 1650 1700 1750 1800 1850 1900
Figure 5. Fluctuations in decadal frequencies of the occurrence of strong winds connected
with convective storms (tornadoes and others), a — gales, b — cases of strong winds with
damage, ¢ — in the Czech lands over the period A.D. 1500-1929. Years indicate the first

year of the respective decade.
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22 R. Brizdil, P. Dobrovolny

Type of damage
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Figure 6. Places in the Czech lands reporting the gale of 20 December 1740: 1 — wind
breakage and damage to buildings, 2 — wind breakage, 3 — damage to buildings,
4 — without damage specification.

places all over the Czech lands. In the last case, an area of 3800 ha was almost
deforested and 2.29 million m- of timber were destroyed by the gale in the region
of Cesky Krumlov (Fric 1934). Vicena et al. (1979) estimated the overall losses
in the Czech lands and Slovakia at 6 million m’.

In the twentieth century, the strongest wind events are considered to be those
of 17 January 1955 (for a description of the synoptic situation see Gregor 1955,
with 3.5 million m® of damaged timber — Vicena et al. 1979), of 2—4 January
1976 (6.8 million m~ of damaged timber — Cerveny et al. 1984) and of 23-24
November 1984. In the last case wind breakages damaged around 7 million m’
of timber, while 86,400 damage reports were filed with the Czech Insurance Co.,
with the costs reaching 258 million Czech crowns (for a detailed meteorological
analysis, see Setvak and Strachota 1986). The greatest wind disaster of the
twentieth century was that of 26 February — 1 March 1990, which damaged 8.4
million m® of timber (for the meteorological conditions, see Nekovar and Valter
1998). In this period, storms Daria, Herta, Vivian+ and Wiebke caused damage
of over 20 billion Swiss francs in Great Britain, Belgium, Denmark, Germany
and Switzerland (Munich Re 1990; Pfister 1999).
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IMPACTS OF STRONG WINDS

The action of the wind is given by its force effects on objects, when, in
exceeding the limits of their strength or resilience, material damage occurs. The
spectrum of damage is very broad. The effects of wind appear on the one hand
as direct damage to houses, buildings and other objects (damage to roofs, collap-
sing walls, falling poles of power lines etc.), on the other hand by secondary
damage to objects on the ground due to objects wind transported (e.g. roof
cover), or uprooted (e.g. trees) or falling (e.g. crane). Particularly major damage
is caused by strong winds in forest stands, as a result of the breaking, bending or
uprooting of trees (Vicena 1992). Often, this is associated with loss of life. Thus,
during a gale on 21 August 2000, a falling tree at a camp site in Chlumec nad
Cidlinou killed a small girl in a tent. In the clearing up following this gale, a fitter
was killed in a fall from a high electric line pole in the region of Prelouc. In the
same year, two men died from injuries after falling from a roof during a sudden
wind gust as they tried to save the roof of a family house during a gale (28 Fe-
bruary) at Supikovice.

The problem is that, as a rule, there are no continuous series documenting the
numbers of victims or the amount of damage due to wind. An exception in the
Czech Republic is systematic data about wood felling since 1963. It follows from
these data, that wind is the most significant abiotic factor, wind breakage being
most markedly responsible for salvage felling. Damage due to wind, ice deposits
and snow accounted for 43.8% of salvage felling of timber from 1900-1950
(Forst et al. 1985), whereas in the years 1963—-1999, their share grew to 75%. The
wind’s share was 46.3% (Brazdil 2000b). From Figure 7, a rapid increase in
felling is clearly perceptible in connection with the destructive gales of 1976,
1984 (with a continuation of salvage timber felling in the subsequent year) and

14

04
1963 1967 1971 1975 1979 1983 1987 1991 1995 1999

Figure 7. Salvage felling of timber (million m”) in the Czech Republic due to wind in the
period 1963-1999.
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Figure 8. Location of damage due to wind in the Czech Republic over the period
1963-1975 (Vicena et al. 1979). Degree of damage according to the mean amount of
salvage felling (m3 ha_'): 1 — negligible (< 0.10), 2 — slight (0.11-0.50), 3 — moderate

(0.51-1.00), 4 — high (> 1.01).

1990. Only in 1969, 1970, 1979 and 1980 was wind damage exceeded by damage
due to snow and in 1996 by damage due to ice deposits (Brazdil 1998). From the
location of wind breakage in the Czech Republic (Fig. 8) it follows that 9% of
the stand area was affected by severe damage (in the Jizerske hory Mts., the Giant
Mits., part of the Bohemian Forest Mts., the Brdy Mts. and the Bohemian-Mo-
ravian Highlands, the High Jesenik Mts. and the western part of Moravian-Sile-
sian Beskyd Mts.) and 24% by moderate damage (Vicena et al. 1979). The
greatest damage is most clearly associated with higher elevations.

CONCLUSION

To recognise meteorological extremes, it is necessary to extend knowledge
about them to the period before the beginning of instrumental measurements. At
the same time, it is necessary to register those cases which were extreme from
the point of view of their impact on nature and society, something which also
holds true for strong winds. Further systematic study in archives is an essential
condition for expansion of the corresponding data base. This extremely time-de-
manding process is also a pathway to a better knowledge of strong winds and
their impacts within the Czech lands. The problems studied acquire importance
in connection with the current global warming which can affect the frequency
and severity of strong winds in a fundamental way. For instance, an increase in
the mean wind speed in north-west Europe (in the range of 1-9% over the next
75 years) follows from the Hadley Centre transient response climate model
experiment (Murphy 1992). Dorland et al. (1999) showed for the Netherlands



http://rcin.org.pl



-
-
-
> - - '
-
- - -
-

http://rcin.org.pl



History of strong winds in the Czech lands: causes, fluctuations, impacts 27

Schmith T., Kaas E., Li T.-S., 1998, Northeast Atlantic winter storminess 1875-1995 re-ana-
lysed, Climate Dynamics, 14, 529-536.

Setvak M., Strachota J., 1986, Vichrice dne 23.11.1984 7 pohledu distancénich metod mereni,
Meteorologicke zpravy, 39, 1-9.

Slaby S., 1990a, Narazy vetru na letisti v Praze-Ruzyni, Meteorologicke zpravy, 43, 50-56.

Slaby S., 1990b, Narazy vetru na observatori Milesovka, Meteorologicke zpravy, 43, 129-
136.

Slaby S., 1993, Narazy vetru v Ceske republice, Meteorologicke zpravy, 46, 4-10.

Snow J. T., Wyatt A. L., 1997, The tornado, Nature’s most violent wind: Part 1 — World-wide
occurrence and categorisation, Weather, 52, 298-304.

Salek M., 1994, Silne bourky na Morave spojene s vyskytem tromby v obci Lanz hot dne
26.5.1994, Meteorologicke zpravy, 47, 172-177.

Stekl J., 1985, Objektivnyj prognoz orograficeski usilennych jugo-vostocnych vetrov nad
territorijej CSR, [in:] 12th International Conference on Carpathian Meteorology, Beo-
grad, 61-66.

Stekl 1., 1997, Meteorologie ve vetrne energetice, Vetrna energie, 4, 3—48.

Trenberth K. E., Owen T. W., 1999, Workshop on indices and indicators for climate ex-
tremes, Asheville, NC, USA, 3—6 June 1997. Breakout group A: Storms, Climatic Change,
42, 9-21.

Vicena 1., 1992, Jak hniloby pusobi na snizeni odolnosti stromu proti polomum, Lesnicka
prace, 71, 177-181.

Vicena I, Parez J., Konopka J., 1979, Ochrana lesa proti polomum, Praha, Statni zemedelske
nakladatelstvi.

Web pages: www.chmi.cz/meteo/sat/torn/index.html.

Wegener A., 1917, Wind- und Wasserhosen in Europa, Braunschweig, Friedr. Vieweg & Sohn.



http://rcin.org.pl



http://rcin.org.pl



nearlR - visible
NDVI = nearlR + visible

NDVI - NDVI

e O NP
The thermal indicator:
Tl = 100 —— 1
i Trnu = Tmm

The sunshine indicator:

SI= 100 _§;$"""-
& Smu = Smin

http://rcin.org.pl



Relations between NDVI and frequency of forest fires and air temperature 31

The precipitation indicator:

min

RILSRED

ax

RI= 100

In particular phases of the season from April to September the indicators defined
in this manner take the values between 0 and 100.

Multiple regression equations for VCI (TI, RI, SI) were identified separately
for each phase of the season (I through IV) and for five selected regions of
Poland: the vicinity of Szczecin - representing the North-West (NW) of Poland,
Wroctaw (SW), Suwalki (NE), Przemysl (SE), and £.6dZ (centre) — see Figure 1.
Equations were identified on the basis of 24-element samples (four 10-day peri-
ods X six years). The regression coefficients obtained and the corresponding
correlation coefficients are shown in Table 2.

Coefficients corresponding to the variables RI and TI change their sign de-
pending upon the phase of the growing season, and only the relation between the
VClI index and insolation is consistently positive. Precipitation mostly has a posi-
tive influence on the value of the VCI index. A temperature increase is associated

-

L/ Suwatki ™\ ‘

Szczecin

r=0822 /

S~

Figure 1. The six-year averages of the observed values for 10-day periods (April 21st
— September 30th) of the NDVI index (upper parts of histograms), the values of the NDVI
estimated on the basis of sunshine, precipitation, and air temperature (lower part of
histograms), as well as their correlation coefficients (r).



Table 1. Ten-day averages of NDVI values in Poland.

Month v v VI VII VIII IX

Decade ’ 3 1 2 3 1 2 3 1 2 3 1 2 [ 3 1 2 3
|

NDVI J 0324 | 0414 | 0500 | 0.507 | 0.557 | 0.519 | 0.540 | 0.549 | 0471 | 0465 | 0438 | 0444 [ 0422 | 0368 | 0.363 | 0.368

Table 2. Coefficients of the multiple regression equations and correlation coefficients (r) of the VCI index with sunshine (SI), precipitation (RI), and air
temperature (TI) in the four phases of the growing season; b — constant (phase I: April 21st — May 31st; phase II: June 1st — July 10th; phase III: July 11th
— August 20th; phase IV — August 21st — September 30th) (* - coefficients significant at the level of 0.05).

Statiions | I 1 11 v
SI RI TI b r SI RI TI b r SI RI TI b r SI RI TI b r
Szczecin 086 031 -021|14.84 049 077 -002 -070| 4973 | 057 | 0.76 | 0.15 | —0.64 57.60  0.64% 0.84 —0.08 -0.23 29.01 0.61*
Suwatki 025 | 033 | 0.67|-8.15 0.64*| 0.62 052 -0.08 -10.58 | 0.37 | 0.50 | 022 |-0.54|53.71 | 0.54 | 093 | 009 -0.53 49.64  0.56
E.6d7 024 | 019 | 0252382 039 016 029 003| 6669 | 027 | 0.53 | 035 -0.48 57.50 057 | 1.20 | 0.33|-0.59 | 13.62 | 0.64*

Wroclaw | 0.78 | 0.46 |-0.21|15.13| 0.54 | 041 | 0.22 | -0.10| 39.56 | 0.31 | 0.35 | 0.43 | -0.47 | 55.63 | 0.63* 0.58 | 0.12|-0.04|32.49 | 0.43
Przemysl | 026 | 044 | 0.32]19.40| 0.54 | 0.76 | 0.36 | -0.02 15.08 | 0.66*| 049 | 0.17 ' -0.28 |48.30 ' 043  0.63 -0.11 -0.12|3547|0.71*
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with a decrease in the VCI value in phases III and IV of the season, while in
phase I the correlation is positive in the eastern part of the country, and negative
in the western part. The strength of the relationship between VCI and meteoro-
logical variables increases distinctly in the second half of the season, and so, for
instance, for the area of Przemysl, the correlation coefficient attains a value of
0.71 in phase IV of the season (Tab. 2).

Using the four regression equations for (phases I-IV) one can estimate the value
of the VCI index during the whole April — September season. Coefficients for the
correlations between the estimated and observed values of VCI range between 0.49
(Wroclaw) and 0.66 (£.6dZ), and change significantly in different years (Tab. 3). The
course of the estimated and observed values of VCI for the region of £.6dZ, where
the correlation emerged as the strongest, is shown in Figure 2.

Table 3. Correlation coefficients (r) between the observed and the estimated values of the
VCI in consecutive years and in the whole 6-year period between 1992 and 1998 (r¢).

! s ey
Stations  f———————— '

e -2 1&2 1991 i 1995 1996 1997 1998 , 6

| Szczecin 0.73 048 0.72 0.39 0.44 0.61 | 0.58

| Suwatki 0.59 0.38 0.70 0.46 0.72 0.66 0.58

Lodz 0.79 0.27 0.84 0.54 0.90 0.72 0.66

| Wroclaw 0.38 0.46 0.62 0.65 0.70 0.16 0.49

| Przemysl 0.59 0.67 0.52 0.72 0.72 0.35 0.59
Lodz

e 1997 Cue

Figure 2. Observed values of the vegetation condition index (VCI obs.), and its estimated
values (VCI est.) in the region of £6dZ in the years 1992-1998.
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In the search for the more precise relationship between the NDVI index and
the meteorological elements, coefficients were also calculated for regression
equations and for correlation on the basis of deviations of the NDVI, temperature,
sunshine, and precipitation, from the average values in the particular 10-day
periods. These coefficients are given in Table 4. As can be seen from the
example of £.6dZ the correlation coefficients do not differ significantly from
those defined on the basis of deviations (from indices) on the scale of whole
phases of the season (i.e. four 10-day periods each).

Table 4. Coefficients of the multiple regression equations and correlation coefficients (r) of
the 10-day anomalies of the NDVI index with sunshine (S), precipitation (R), and air
temperature (T) in the four phases of the growing season (phases I through IV, see Tab. 2)
in the region of £.6dz.

Phase S R T b r
I 0.110 -0.001 -0.006 0.000 0.40
Il 0.003 0.014 0.005 0.000 0.26
III 0.182 0.040 -0.017 0.000 0.67
v 0.121 -0.002 -0.016 0.000 0.62
I-1v 7 0.53

It is interesting to note that the time period analysed has seen a quite syste-
matic change in the difference between observed and estimated values of the
NDVI. Thus, in the first two years the measured values of NDVI were lower than
the ones estimated on the basis of meteorological data, while at the end of the
period they were clearly “too high”. The NDVI index displayed an upward trend
during the 1990s (Tab. 5). No significant changes were observed in the period
considered in either the length — or the dates of the beginning and end — of the
growing season, as defined on the basis of the thermal criterion (T > 5°C). The
length of the growing season in £.6dZ varied between 192 days and 227 days (in
1997 and 1996 respectively), while its beginning varied between the 85th day of
the year (1992) and the 106th day (1997).

Table 5. Average differences between observed and estimated values of the NDVI (A),
seasonal averages of the NDVI value, as well as the beginning (B), end (E) and duration
(Lv) of the growing season in the region of L6dZ in the years 1992-1998.

Growing season

Years A NDVI |
B E Ly

1992 —0.045 0.3703 85 300 216

1993 -0.017 0.3974 89 298 210

1995 0.015 0.4304 87 304 218

1996 0.004 0.4136 94 320 227

1997 0.006 0.4378 106 297 192

1998 0.046 0.4826 86 296 211
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The increase in the NDVI during the 1990s is most probably therefore condi-
tioned by factors not related to weather.

In spite of the observed temperature increase, especially during winter, but
also in the summer (Tab. 6), the growing season (corresponding to the persistence
of T > 5°C) in the 1990s did not change significantly in comparison with its
long-term average characteristics from the years 1951-1990. The average dura-
tion of the growing season for Poland is, respectively 217 and 221 days for the
corresponding annual average temperatures of 8.0°C and 7.6°C (see Tab. 6).

Table 6. Beginning (B), end (E), and duration (Ly) of the growing season, and average air
temperature values for the year (I-XII), winter (XII-II), and summer (VI-VIII) in Poland
in the years 1992-1998 and 1951-1990 (according to the monthly averages from 51
weather stations).

Growing season

Years Ta-xm Txu- Tvi-vin
B E Ly
1992 85 302 218 8.7 -0.2 19.2
1993 80 298 219 8.0 -0.5 15.8
1994 80 308 229 8.8 0.5 18.2
1995 88 304 217 8.1 1.1 18.0
1996 95 321 227 6.5 -5.0 16.6
1997 105 301 197 7.8 -2.6 17.5
1998 86 298 213 8.2 1.6 16.9
1992-1998 88 305 217 8.0 -0.7 17.5
1951-1990 90 309 221 7.6 -1.7 16.8

The length of the growing season with temperature > 5°C (L,) displays
a weak correlation with the monthly and seasonal averages of air temperature.
Correlation coefficients for L, are only significant — though not too high, either
— with the average temperatures of these months, during which the threshold of
5°C is being crossed (Tab. 7). In this context one should treat with caution the
formulation of forecasts as to a significant extension of the growing season in
conditions of the expected climate warming (Demidowicz et al. 1999).

Climatic conditions existing during the growing season are of definite signi-
ficance for flammability and the fire hazard in forests. The number of fires
breaking out in forests is partly determined by random events, such as lightning
strikes, but is most often the result of direct or indirect human activity, depending
on the environmental conditions — the stage of development of vegetation, hu-
midity, and the amount of litter accumulated. All of the factors listed feature
seasonal variability, including that of human presence in the forest.

On the basis of the statistical data obtained from the Fire Rescue Headquarters
in Warsaw, it is possible to establish that more than 7,000 forest fires a year were
observed in Poland in the years 1993-1998. The frequencies of these fires dis-
played a characteristic annual rhythm, and a significant variability from year to
year.



Table 7. Coefficients of correlation (r) of the duration of the growing season (T > 5°C) with the average values of temperature in the region of
1.6d7 in the years 1951-1998 (* — coefficients significant at the level of 0.05).

’Mon[hs I II 111 v v VI VII | VII | IX V X XI XII | M-V | VI-VIII |IX-XI XII—IIi I-XI1I

r 021 | 0.33* 0.53* | 0.46* | 0.01 | 0.10 | 0.11 | 0.07 | -0.03 0.41* | 0.54* | -0.26 | 0.59* 0.14 0.56* | 0.31* i 0.55*

Table 8. Monthly averages of the frequency for forest fires in Poland (1993-1998).

Months I II III v v VI VII VIII IX X XI XII | I-XII

Number of fires 37 75 425 1902 | 1632 | 914 1253 | 1246 153 95 25 ; 12 7769
Number of fires per 100 sq. km of forests 004 | 009 | 048 | 2.17 1.86 1.04 1.43 142 | 017 | 0.11 0.03 | 001 8.86
Coefficient of seasonality [%] 0.5 1.0 55 245 | 210 11.8 16.1 16.0 2.0 1.2 03 | 02 [1000
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Figure 3. The average annual course of the number of forest fires in Poland in the years
1993-1998.

The annual dynamics to the number of forest fires has two distinct maxima:
one in spring (April), and a second in summer (July, August). The minimum
frequency of fires occurs in December (Tab. 8). The annual cycle features high
stability, i. e. is repeated in consecutive years and can be perceived in all the
analysed series from various parts of the country (Fig. 3). However, the spring
maximum for fires is seen to be more distinct and takes place somewhat earlier
in the West and the South of Poland, i. e. where the spring is warmest, and the
humidity of the litter lowest (owing, in particular, to sparse snow cover in
winter).

In order to explain the variability in the number of forest fires from year to
year we accounted for three environmental factors expected to shape conditions
for the appearance of forest fires: the stage of development of vegetation, air
temperature, the precipitation. The influence exerted by these factors on the
monthly frequencies of forest fires in Poland was assessed using multiple regres-
sion equations describing the dependence of the number of fires on deviations
from the norm, for a given month, of the vegetation index NDVI, air temperature,
and precipitation. As in the study of relations between the vegetation index and
elements of climate, these deviations are expressed in percentage indicators, in
such a manner that the indicator takes the value of O whenever a given variable
assumes the monthly minimum for the period considered, and 100 — when it
assumes the maximum value for a given month. A similar transformation was
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applied to the number of fires — the minimum number for a given month was
ascribed the value FI = 0, the maximum number FI = 100. In this way the
regression equation FI = a(VCI) + b(TI) + c¢(RI) + d was identified, describing
the “excess” of the monthly number of fires, FI, above the average value, in terms
of dependence upon the vegetation condition index (VCI), the temperature indi-
cator (TI), and the precipitation index (RI). The equations were identified on the
basis of the 30-element sample consisting of monthly values from the period
April to September in the years 1993 and 1995-1998.

The limited size of the sample ensures that the results obtained provide only
an a generalised depiction of the conditioning of the number of fires by environ-
mental factors. The multiple correlation coefficients are not in fact statistically
significant, though in terms of their differentiation in space across the country
they seem to be justified (Tab. 9). Least sensitive to changes in environmental
conditions turn out to be the forests of the Suwalki region, located in a late-gla-
cial lake district landscape, while the montane and sub-montane forests of the
Przemysl region feature the highest sensitivity (coefficient r = 0.69).

Table 9. Multiple regression coefficients and multiple correlation coefficients (r) of the fire
number indicator (FI) with the indicators of vegetation condition (VCI), air temperature
(TI), and precipitation (RI), according to the monthly averages from the period
April-September of the years 1993 and 1995-1998; d — constant (* — denotes the
coefficients differing significantly from zero at p = 0.05).

Territories a(VCI) b(TI) c(RI) d r
Poland -0.09 0.55* -0.29 26.8 0.54
Region of Szczecin -0.11 0.47* -0.07 24.5 0.45
Region of Suwatki -0.02 0.28 -0.02 29.7 0.28
Region of L6dZ -0.39 0.17 0.10 39.1 0.46
Region of Wroctaw 0.09 0.38* -0.19 219 0.46
Region of Przemysl -051* 0.57* -0.45*% 48.0 0.69

Some of the regression coefficients differ significantly from zero. This is
above all true of the coefficients determining the impact of temperature on the
number of fires b(TI). The significant role of temperature is seen throughout the
country, in the South and in the West (Tab. 9). This result conforms to meteoro-
logical conditions shaping the fire hazard (air temperature and humidity, precipi-
tation), as described by Pieslak (1961).

The coefficients c(RI), defining the influence of precipitation, are — with just
one exception — negative, but only in the case of the Przemysl region is the
respective value significantly different from zero. Equations confirm the obvious
dependence of fires on humidity.

Similarly, negative — with just one exception again — are the coefficients
a(VCI), expressing the influence of the stage of vegetation development on the
frequency of fires. The “less green”, i.e. drier, forests, take on fire more easily.



Relations between NDVI and frequency of forest fires and air temperature 39
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Figure 4. The observed and estimated values of the indicator of forest fire frequency in
Poland in the years 1993 and 1995-1998.

As before a significant negative coefficient characterises the forest in Przemysl
region.

We can estimate the indicator of the frequency of forest fires (FI) on the basis of
the regression equations identified. An instance of such an estimation is provided in
Figure 4. The concordance of the observed and estimated values of the FI indicator
is measured by the correlation coefficient, which takes the value of 0.53 for the
country-wide series, and ranges for selected regions between 0.29 and 0.62.

In spite of the fact that the factors accounted for — vegetation conditions, air
temperature, and precipitation — determine only a small part of the observed
variability in numbers of fires (even in Przemys§l region only approximately
38%), attention should be paid to the perhaps non random spatial differentiation
to the relation analysed. Climatic factors, along with the state of vegetation,
influence the occurrence of fires in the forests of SE Poland most strongly, while
this influence is weakest in the region of Suwatki (NE Poland).

In the context of observed and expected climate changes the frequency of
forest fires can be expected to feature an upward trend. Alongside the increase in
temperature and decreased precipitation of the 1990s, the increase in the fire
hazard can certainly also be attributed to the scarce snow cover. The lack of snow
during winter may first of all entail the acceleration and amplification of the first,
spring culmination of fires.
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The major observations resulting from the analyses carried out are:

— that synchronous changes in insolation, precipitation, and temperature can
explain some 50% of the observed variability to the NDVI index,

— that the influence of climatic conditions on the NDVT increases in the second
part of the growing season (August — September),

— that the length of the growing season has not changed in spite of the increase
in annual average temperature in the 1990s,

— that the state of development of vegetation, air temperature, and precipitation
explain up to 38% of the observed variability in forest-fire numbers in Poland
with forest fires occurring with highest frequencies in spring (April) and in
July and warming of climate and the disappearance of snow cover in winter
capable of contributing to an increase in the fire hazard during the first
maximum of forest fires, i.e. in spring.
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POSSIBLE APPLICATIONS OF THE LONG-TERM NEPHOLOGICAL
OBSERVATIONS IN CRACOW

‘Metadata’ i.e. information on the history of nephological research in Cracow, is
crucial for scientific research. Very few meteorological stations in the world have so
long and continuous a series of records with complete observatory documentation.
Archive materials from this station therefore serve as a reference for research on
changes in the climate of Central Europe, as, according to Obrg¢bska-Starklowa
(1993), the climatic variations in Cracow are representative of this region of Europe.

The Cracow database on cloud cover may be applied:

1. To assess the long-term variability in nephological conditions,

2. To study the relation between cloudiness and cloud genera versus circula-

tion and anthropogenic factors,

3. To define the structure of cloud cover of a town situated in an inversion

foothill valley.

EVALUATION OF THE LONG-TERM VARIABILITY
IN NEPHOLOGICAL CONDITIONS

On the basis of records from 1859-1999, mean annual cloudiness in Cracow
amounts to 67%. However, during the examined period the values changed from
year to year. The curve for the mean annual cloudiness (Fig. 1), smoothed by
10-year moving averages, has two clear minimum values of 57%, in 1921 and
1982, and two equal maximum values of 78%, in 1941 and 1952. From 1859
until the turn of the century the course for mean annual cloudiness is steady. An
increase in cloudiness is observed from the beginning of the 1940s with the level
remaining high for the next 20 years, before decreasing from 1961 onwards. The
subsequent increase in cloudiness starts from the beginning of the 1990s.

Almost the opposite pattern is presented by plots for the number of cases of
a cloudless sky in particular climatological observation terms (Fig. 2). It was
during the most cloudy years (1941-1960) that a cloudless sky was observed
most rarely, and during the years with the lowest cloudiness (1961-1995) that it
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Figure 1. Multi-annual course for cloudiness (in %) in the years 1859-1999 in Cracow.
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Figure 2. Multi-annual course for frequency of occurrence of a cloudless sky in the
different climatological terms in Cracow (1906-1999).

was most frequent. For example, a cloudless sky in the morning and evening
occurred twice as often in the years 1981-1985 as between 1951 and 1955.
Moreover, in the least cloudy year of the whole examined period (1982), every
fourth evening was cloudless. It is interesting that, when comparing with the
mean for the period 1906-1995, the greatest elevation in the number of cases of
a cloudless sky (by 225) was that which occurred during the last 10-year period
in the morning observation term (an increase of 148 cases in the evening obser-
vation term). That might be related to the decrease in the frequency of occurrence
of St clouds, which appear most often in the morning and which used to predomi-
nate in the structure to the cloudiness over Cracow.

The results presented above coincide with those in the papers by Henderson-
Sellers (1986) on the changes in cloudiness in Europe. That author has examined
the influence of climatic warming on cloud cover and shown that cloudiness in
the multi-year period increased during the shift from the cool subperiod (1901-
1920) to the warm (1934-1953). She also reports that an increase in cloudiness
is denoted in northern and western Europe, while in central Europe (to which
Cracow is assigned) there is a decrease which may be caused by the intensified
activity of high pressure systems.

The calendar of synoptic situations for the upper Vistula river drainage basin
(NiedZzwiedZ 1988), makes it clear that Cracow has also witnessed an increase in
the frequency of occurrence of anticyclonic situations in recent years (after 1975
there is a definite downwards trend for the cyclone index — 142 in 1990) which
favour weather without cloud or with slight cloudiness.

It should also be noticed that the greatest increase in the number of cases of
a cloudless sky in recent years is characteristic of the cold seasons of the year,
i.e. the heating period in which an additional amount of artificially-generated
heat is emitted to the atmosphere. This is confirmed by the studies of Kossow-
ska-Cezak (1978) for Warsaw. According to Kossowska-Cezak, stratus clouds
can be scattered over a warmer part of a town due to the thermal impact of urban
built-up areas. The studies of Kuczmarski (1982) have shown that in Cracow in
the period 1951-1975 a downward trend for cloudiness occurred in November,
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December and January only. Anthropogenic factors have also been emphasised
by Morawska-Horawska (1984) in relation to the decrease in the number of days
with fog in Cracow in the period 1971-1980. At that time this number, 61 in
a year on average, was 41 lower than in the previous 10-year period.

Cracow resembles other regions of the world (London et al. 1991; Nicholls et
al. 1996) in that an increased frequency of occurrence of certain cloud genera (Ci,
Ac, Sc, Cu and Cb) is observed, along with a decreased frequency of other cloud
genera (Cc, Cs, Ns, St and fog).

Among the high clouds, it is Ci clouds which have the largest role in the
cloudiness of Cracow (accounting for 7% of cases). Furthermore, unlike in the
cases of other clouds of this height, their frequency shows an upward trend
(Fig. 3). Until 1937 their frequency of occurrence was low (at 2 cases per
month). Subsequently, it increased gradually until 1955 (at 9 cases), before re-
maining almost steady during the subsequent 20 years (at ca. 5 cases). It then fell
(down to 3 cases), up to 1991 before increasing again in recent years. This
general tendency in the multi-annual course also refers to particular terms of
climatological observations. Over the entire period of studies, Ci cloud occurred
most often at noon, while the largest differences in frequency between the other
observation terms come in years when the increase in the incidence of Ci cloud
is greatest (1937-1955).
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Figure 3. Multi-annual course to the frequency of the Ci cloud genus in Cracow
(1906-1999)

Among the high clouds, Cc cloud occurs most rarely (accounting for 3% of
the total amount of cloudiness in Cracow), with the frequency of occurrence
showing a downward trend in the whole record series (Fig. 4). Until 1920 and in
the 1950s, the frequency of Cc cloud took on rather high values for what is the
most rarely occuring cloud in the sky (more than 2 cases). However, there are
some doubts whether these values reflect the actual state.

The multi-annual course of occurrence of Cs clouds (5% of cases of cloudi-
ness over Cracow) also shows a downward trend (Fig. 5), but the latter is gradual
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Figure 5. Multi-annual course to the frequency of the Cs cloud genus in Cracow
(1906-1999).

and even over the whole multi-annual pertod. Years in which the frequency of
Cs cloud occurrence exceeded 4 cases did happen, though, the average was
2 cases.

The multi-annual course to the occurrence of Ac clouds, the commonest in
Cracow apart from Sc clouds (at 15%), shows an upward trend (Fig. 6). A signi-
ficant increase in the frequency of occurrence of Ac clouds was marked from
1941 until the mid 1960s (ca. 10 cases). Earlier (in the years 1921-1940), Ac
clouds used to occur at an almost constant frequency (of 24 cases). During the
last 15 years, the frequency of occurrence of Ac clouds has remained at a rather
steady, high level (of between 8 and 10 cases). Until 1920 Ac cloud occurred
most often at noon (ca. 5 cases more than in the other observation terms), while
during the next 20-year period the peak came in the morning (2 cases more than
in the other observation terms, on average), and until the 1940s the differences
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in frequency between the observation terms were insignificant. The subsequent
period to the 1960s saw the highest frequency at noon again, and subsequently in
the evening.

As cloud (10% of all cases of cloudiness) shows a very interesting multi-an-
nual course for frequency of occurrence (Fig. 7). From 1906 until the mid 1940s
and from the 1980s until the end of the examined period the frequency of
occurrence of As cloud varied from 1 to 5 cases, while in the middle years of the
examined period the frequency was much higher and reached 11 cases per month
on average in 1965 and 1972.

The multi-annual course of occurrence of Sc clouds shows an upward trend
(Fig. 8), and one which is clearly marked from 1941. The high number of cases
of Sc clouds in the initial part of the examined period (until 1920) evokes some
doubts. It seems that a high figure above 10 may result from inconsistency in the
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Figure 8. Multi-annual course to the frequency of the Sc cloud genus in Cracow
(1906-1999).

methodology of observation and classification of clouds. It is likely that Sc cloud
was recorded instead of St cloud, as the frequency of occurrence of St cloud
shows very low values just in the years from 1906 to 1920. This supposition can
be evidenced by the fact that, only in the aforementioned period, did Sc clouds
occurred most often in the morning, prevailing at noon and in the evenings in
other years. In the morning observation term, especially in the initial part of the
examined period, the proportion of fog and St clouds, which veiled the higher
laying clouds, was significant in the cloudiness of Cracow.

In the multi-annual course (Fig. 9) of occurrence for St cloud (12% of cases
of cloudiness) some doubts refer to the years 1906—1920, i.e. the period which is
characterised by low values (ca. 1 case). As has been mentioned already, these
low values are attributed to imprecise recording of Sc clouds, whereas St clouds
and fogs in fact occurred. From 1921 the yearly number of cases of St cloud
exceeded 8 and was increasing slowly, to reach a peak of 13 cases in 1956. From
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Figure 9. Multi-annual course to the frequency of the St cloud genus in Cracow
(1906-1999).
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that moment on there is a significant fall in the frequency of occurrence of St
cloud, maybe due to the warming and drying of the air over the town as a result
of the thermal impact of industrial plants and the building-over of swampy areas
in the Vistula valley. St clouds occurred most often in the morning during the
whole examined period. While the difference between the morning and evening
observation terms was insignificant until the 1960s (to 2 cases), it then increased
considerably (to 8). From that moment, the frequencies of occurrence of St
clouds in the evening and noon observation terms were similar to each other.

The multi-annual course for the occurrence of Ns clouds (Fig. 10) shows
a downward trend. Until the 1920’s, the values did not exceed 10 cases per
month. A maximum frequency (15 cases) was recorded in 1923, and there was
a decisive fall subsequently, as the years 1924—1936 were characterised by lower
values (about 6 cases). In the following years, there was another rise in the
frequency of occurrence of Ns clouds, but since the 1940’s the frequency has
again been showing a significant downward trend, and with almost constant low
values (of about 2 cases) since the 1960’s. It is probable that the frequency was
overestimated in the initial years due to the imprecise cloud classification which
employed rain cloud Nimbus and was used until 1932 (Matuszko, Bielec 1998).
The decrease in the later period was probably related to circulation factors; an
increase in the activity of high pressure systems causes a weakening of zonal
circulation favourable to Ns cloud formation.
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Figure 10. Multi-annual course to the frequency of the Ns cloud genus in Cracow
(1906-1999).

The first period of St and Ns cloud observations (1906-1920) is associated with
an inhomogeneity most probably due to a rather imprecise cloud classification.

The upward trend to the multi-annual course for the occurrence of Cu cloud
(Fig. 11) is probably related to circulation factors, as such tendencies are ob-
served across Europe, as well as to the impact of the surface. The intense urbani-
sation of Cracow has ensured a steady decrease in green areas and consequent
increase in artificial concrete surfaces capable of inducing strong convection.
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Figure 11. Multi-annual course to the frequency of the Cu cloud genus in Cracow
(1906-1999)

Similar effects of the thermal impact of urban architecture on cloud cover have
been pointed out by Kossowska-Cezak (1978) for Warsaw. In the multi-annual
course to the occurrence of Cu clouds, it is the noon observations which are
especially significant, because these clouds reach their maximum frequency of
occurrence on account of their convection origin. The highest values for Cu
clouds frequency (exceeding 14 cases) fall in the period between 1948 and 1955;
while the lowest values (below 2 cases) characterise the first five years of the
course. The last ten years, have seen an increase in the frequency of occurrence
of Cu cloud, something which has been noted for all three observation terms.
The most rarely-occurring cloud in Cracow — Cb cloud - (with 2% of fre-
quency) shows an upward trend (Fig. 12), including in the winter months. The
increase in the frequency of occurrence of Cb cloud is confirmed in the studies
by Bielec (1996), which deal with the number of storms in Cracow. The whole
multi-annual period of observations of Cb clouds can be divided into two sub-
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Figure 12. Multi-annual course to the frequency of the the Cb cloud genus in Cracow
(1906-1999)
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periods before and after 1950. During the first subperiod there were three, dis-
tinct, few-year intervals of the higher frequency of occurrence of Cb clouds. In
turn during the second, the frequency of occurrence of Cb clouds was increasing
gradually. In fact, in the first years (up to 1932), the frequency of Cb clouds was
underestimated (Matuszko and Bielec 1998). During that subperiod, there were
situations in which thunderstorms occurred but Ns clouds were recorded instead
of Cb clouds. The International Atlas of Clouds from 1910 — which was followed
until 1932 — distinguished a rain-generating Nimbus cloud. This classification
might have been the reason for the misidentification of Cb and Ns clouds.
Mistakes from observers determining rain clouds are also possible today, as Cb
clouds often accompany Ns clouds. According to the International Atlas of
Clouds (1959) Ns clouds can develop though the spreading of Cb clouds, while
Cb cloud can also form as a result of the modification and piling-up of a part of
an Ns cloud.

During the whole examined period Cb clouds occurred most often at noon,
less so in the evening and most rarely in the morning. The increase in the
occurrence of Cb clouds observed from the mid 1970s, is true of all the observa-
tion terms.

As regards the variability coefficient (Tab. 1) it is Cc, Cb and Ns clouds that
show the highest variability in the multi-annual course. As has been mentioned
already, these are the cloud genera whose classification and observation were
most doubtful. It cannot be ruled out that their high variability is superficial and
results from methodological errors rather than climatic fluctuations.

In summarising one should state that the presented characteristics of the
nephological condition in Cracow confirms the multi-annual tendencies to the
frequency of occurrence of cloud genera on the global scale. The growing trend
towards certain cloud genera like Ci, Ac and Sc in Cracow can be related to
circulation factors and changes in Cu and Cb to circulation and anthropogenic
factors. On the other hand, the decrease in the occurrence of St clouds is attribut-
able to local factors — mainly the development of the city. The stated downward
trend to the occurrence of Ns clouds is most likely a reflection of circulation and
methodological factors.

Table 1. Coefficient of variation for the frequency of occurrence of particular cloud genera
in Cracow in the years 1906-1999 in the different climatological terms.

Climatological Genera of clouds
oS Ci | Cc | Cs | Ac | As | Sc | St | Ns | Cu | Cb | Bech
Morning 59 89 61 44 62 44 54 61 56 | 147 38
Noon 51 100 52 42 45 44 56 64 37 53 40
Evening 68 | 110 | 64 53 64 52 66 67 78 85 36
Mean 56 91 53 41 53 44 54 63 39 64 34

Bch - cloudless sky.



52 D. Matuszko

EXAMINATION OF THE RELATIONS BETWEEN CLOUDINESS
AND CIRCULATION AND ANTHROPOGENIC FACTORS

Cloudiness’ dependence on circulation and local factors is a complex problem
on account of various feedbacks. Henderson-Sellers (1986) calls this research
speculative because of difficulties in defining whether the cloud cover increase
resulting from temperature rise (and therefore increased evaporation), is leading
to a rise in cloud cover (St clouds) or to an increase in vertical development (Cu
clouds), even with a possible decrease in the horizontal range. The existence of
an almost one-hundred-year-long series of nephological observations helps in the
search for quantitative relations between cloud cover and air circulation, and
allows for the creating of a forecast model for cloud genera depending on the
synoptic situation. This model makes it possible to define as a percentage the
probability of occurrence of particular cloud genera in an arbitrarily-selected
(forecasted) synoptic situation (for each month or at the noon term).

Table 2 presents the probability of occurrence of particular cloud genera in
relation to the synoptic situation in July at noon. Generally, the summer weather,
controlled mainly by the Azores high pressure system, is characterised by the
occurrence of convection clouds. The intense heating of the ground by solar rays

Table 2. Probability of occurrence (in %) of particular cloud genera and cloudless weather
(Bch) at noon, with various synoptic situations in Cracow (July 1906-1999).

Type Genera of clouds
Ci Cc Cs Ac As Ns Sc St Cu Cb | Bch
1 Na 7 3 3 13 7 4 13 1 39 8 1
2 | NEa 8 3 4 16 6 4 13 1 34 8 3
3 Ea 10 3 12 10 6 4 7 2 38 4 5
4 | SEa 12 7 18 11 5 5 2 0 32 4 5
5 Sa 12 5 8 12 3 1 7 0 37 i 8
6 | SWa | 16 8 6 22 1 0 4 1 34 1 6
7 Wa 8 3 5 15 8 4 14 3 33 5 1
8 | NWa 5 3 2 17 7 6 18 3 31 8 1
9 Ca 15 4 9 4 6 1 9 0 37 5 10
10 Ka 12 3 7 15 i 2 7 2 36 4 6
11 Nc 4 1 1 10 8 19 19 7 24 7 0
12 | NEc 1 1 2 14 9 12 18 7 25 10 1
13 Ec 4 4 4 16 10 1 15 7 28 9 0
14 | SEc 12 3 9 12 11 11 11 3 26 4 0
15 Sc 13 7 4 16 3 7 8 3 31 6 2
16 | SWc | 11 8 10 14 12 2 7 1 28 5 2
17 Wc 6 3 5 15 10 9 15 5 26 5 0
18 | NWc 3 2 3 15 11 15 17 5 22 7 0
19 Cc 5 2 8 8 8 13 11 8 22 16 2
20 Bc 6 4 6 14 10 10 12 4 27 8 0
21 X 14 9 5 16 5 2 12 2 28 7 0

Bch - cloudless sky.
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ensures the development of an unstable air layer near the ground, and the forma-
tion of strong rising air currents together with the development of vertical clouds.
When the convection weakens these clouds disappear from the top. Spreading of
these clouds results in a development of Ac clouds, which are very frequent at
this time of the year. In July, intensified activity of the Azores high pressure
system, makes the advection of air masses form the west (Wc — 11.5, Wa —
10.3%) and high pressure wedge Ka (15.9%) the predominating circulation situ-
ations (Matuszko 2000). The above types of circulation are most often accompa-
nied by Cu and Ac clouds. July brings a maximum of air advection from the
north (5.6%), which favours the rise of air masses on the Carpathian slopes and
the generation of downpours from Ns (23%) and Cb (15%) clouds under condi-
tions of Na and Nc synoptic situations (with the latter causing floods along the
Carpathian tributaries of the Vistula river — NiedZwiedZ 1988).

The detection of anthropogenic changes makes use of a method of comparing
the conditions of the natural climate with one affected by anthropopressure. In
practice, it is very difficult to find areas which have a “natural climate”. We can
only analyse the areas which are under a lesser or greater impact of anthro-
pogenic factors. Bearing the above in mind, the commonly-accepted assumption
is that the non-urbanised areas are more similar to the natural conditions. The
impact of urbanisation on the quantitative and qualitative variability in cloudiness
in Cracow in the multi-annual period may therefore, be defined on the basis of
changes in mean annual cloudiness, the frequency of cloudless skies, days with-
out cloud cover and the occurrence of low clouds (assuming the climate of the
initial years of the examined period to be the natural one). An attempt was made
at the comparison of nephological conditions in the city (Cracow) and out of the
urban areas (Balice), especially in the post-war period since this saw the most
intensive development of the municipal-industrial agglomeration. The example
of Cracow points to a city causing an increase in the occurrence of Cu and Cb
(Fig. 13) clouds, probably thanks to the emission of artificial heat into the atmos-
phere and convection over heated concrete surfaces. One can also observe de-
crease in the occurrence of low Stratus clouds due to the drying of air over the
city, and a consequent decrease in cloud cover.

STRUCTURE OF THE CLOUDINESS OF A CITY LOCATED
IN AN INVERSION FOOTHILL VALLEY

The comparison of nephological conditions in Cracow and other towns
(Fig. 14, Tab. 3) may be an attempt to define trends to the structure of cloudiness
in the highly-urbanised area of a foothill valley:

» Large cloud cover (as exemplified by Cracow and Prague in the period
between 1906 and 1960; on average 10% higher than in other towns), related
to the location in a weakly-aired, humid foothill valley with a large river.
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Figure 13. Annual course for Cb cloud frequency in: a — Cracow, b — Balice, and monthly
averages for their appearance in the different climatological terms (1981-1985).

a P b
~ O & o
Cu 1% 12% 6% 12%
Cc 4% Cul10% Cc 1%
Ns 9% Cs 6% Ns 3% Cs 7%
Ac 13% St 15% Ac 14%
St18%
As 12% As 12%
Sc 14%
c d
Cb (> Cu Co G
™ 13% .
Cu 13% Cs 4%
L8 2% Ns 6%
Ns 7% Ac 16% St 11% Ac 17%
St11% AD 0% Ao
Sc 29%

Figure 14. Percentages of cloud genera in: a — Cracow, b — Lublin, ¢ — Przemysl,

d — Rzeszéw (1947-1956).
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Table 3.. Amount of cloudiness (in %) in Cracow, Lublin, Rzeszéw, Przemys§l and Prague
in the period 1947-1956.

Stations | 1 | 1| m | v | v vi|vn vinl x| x | xi|xiyear

Cracow 82 | 8 | 73 169 | 68 | 71 | 65 | 64 | 63 | 70 | 85 | 85 | 73
Lublin 78 | 73 | 61 | 57 [ 53 | 57 | 54 | 52 [ 50 | 57 | 718 | 79 | 62
Rzeszéw 74 | 73 | 68 | 61 | 60 | 62 | 57 | 54 | 52 | 59 | 77 | 77 | 65
Przemys1 72 | 72 | 66 | 59 | 57 | 60 | 55 | 50 | 50 | 58 | 77 | 75 | 62
Prague 79 | 76 | 66 | 65 | 62 | 63 | 63 | 59 | 58 | 69 | 81 | 83 | 69

It is also caused by a weak air exchange due to stagnation of the inversion
layers and a high number of condensation nuclei resulting from air pollution
over the city.

» The predominance of St clouds over other cloud genera, as a consequence of
radiation cooling processes in a foothill valley, and high humidity over the
wetlands therein which are favourable to the formation of fog and low Stratus
clouds.

* The increased occurrence of Cu and Cb clouds. The impact of the city via
the heating of lower layers of the atmosphere ensures the development of an
unstable equilibrium and the formation of convection clouds, unless there is
a strong thermal inversion at the given moment.

CONCLUSIONS

This study sustains the conviction that Cracow’s series of cloud observations
may form a basis for scientific analyses and comparisons, and may prove helpful
in constructing the climatic models, wherein cloud cover is still the lacking
element. The application of approaches to the problem that are both quantitative
(proportion of the sky covered by clouds) and qualitative (cloud genera) and
based on a long and homogenous series of nephological observations conducted
from the ground, may help in supplementing the results obtained from modern,
satellite research on clouds.
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Figure 1. Maximum daily air temperature (Tmax) in Brussels, and the Index of the
southwesterlies (Ina), pentad-averages for the December-to-March periods in 1989/90
and 1995/96.

is, to destabilize the atmospheric conditions. These effects are analyzed in the
next section.

COROLLARY EFFECTS OF WARM
AND MOIST LOW-LEVEL ADVECTION

The winters of 1989/90 and 1995/96 are well representative of opposite ex-
tremes in the NAO index. Sea level pressure gradients across 25°W longitude
between latitudes 45 and 55°N were approximately twice as strong in 1990 as in
1996. Some of the largest sea level pressure differences between the two NAO
states occur typically around the Bay of Biscay (Rogers 1997). During periods
such as early 1990, when storms migrate far northeastward of Iceland, they can
advect warm air and cloud cover as far east as central Siberia (Rogers and
Mosley-Thompson 1995).
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Figure 2. Surface air temperature (Ts in °C) over the eastern North Atlantic and
mid-latitude Europe (46°N to 60°N; 10°W to 50°E), February 1990 at the top, February
1996 in the middle, their difference in the lowest figure.

While only monthly (or seasonal) data are relevant in climate studies, insight
into the phenomenology can be gained from a “single-moment” scenario. We
illustrate the winter 1990 conditions in Figure 3 presenting surface winds (from SSM/I
and ECMWEF) for February 1, 1990, 00Z. We note a “STREAK” of: southwesterlies
directed toward France and England, where the wind speed exceeds 10 ms™.
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Figure 3. Surface winds (ms™") over the North Atlantic and Europe, February 1, 1990, 00Z
(from SSM/I and ECMWEF).

Figure 4. Ascent rates at the 700 mb level (10 Pa ™), February 1, 1990, 12Z
(from ECMWEF).

http://rcin.org.pl



Extreme anomalies of winter air temperature in mid-latitude Europe 63

| Feb90

SRR VA3 RN L ORISR T

ow 0 10E S0E

Figure 5. As Figure 2, for the water vapor in the vertical column (kg/m:).

The low-level warm advection in 1990 produced strong updrafts: ascent rates
of up to -0.4 Pa s™' were observed in monthly averages at 700 mb, which were
especially strong over the ocean just to the west of Scandinavia. Such high
monthly-average ascent rates persisted for more than a month. By comparison,
in 1996, the monthly-average ascent rates at that level were reported generally as
zero, with only occasional 0.1 Pa s™' readings.
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Figure 6. As Figure 2, for the total cloud cover (percent).

The way in which the strong warm advection illustrated in Figure 3 is affect-
ing the state of the atmosphere 12 hours later, that is on February 1, 1990, 12Z
is shown in Figure 4. We observe at 700 mb large cells of high ascent rates in
a 270° “ring” around central Europe. In the strongest cells, one to the northwest
of Ireland and the other centered on the southern coast of Scandinavia, the ascent
rate tops —1.2 Pa s™'. In cells over Finland, Spain and western Mediterranean, the
ascent rates top —0.9 Pas™'.

http://rcin.org.pl



Extreme anomalies of winter air temperature in mid-latitude Europe 65

The warm air masses advected in the 1989/90 winter are certainly moist, as
we illustrate in Figure 5: in central Europe at latitudes 52-to-60°N the total
precipitable water is some 5 kg m ~ higher in February 1990 than in February
1996. Higher moisture levels and a steeper lapse rate combine to increase cloudi-
ness: the total cloud cover reaches 60 to 70% for February 1990 as compared to
45 to 55% in 1996 (Fig. 6). In February the sun is low over the horizon in Europe,
and the absorptivity (co-albedo) of the snow-covered surface is low, and thus
absorption of insolation is hardly an important consideration for the surface
temperature. Enhanced cloud cover and precipitable water vapour levels reduce
heat loss to space. These corollary effects, by enhancing the greenhouse factor,
reinforce the underline near-surface warming by the low-level warm advection
from the North Atlantic.

DISCUSSION AND CONCLUSIONS

Characterizing climatic conditions for a region involves specifying average
values of the key climatic parameters, combined with their variability, that is, the
statistics of departures from the averages. Poleward of 35° the key climate
parameter for agriculture and forestry (and for heating-fuel demand) is the sur-
face temperature (both of skin and the surface air, which are closely related).
Surface air temperatures dictate the beginning of planting and seeding at the end
of winter, and the harvesting of crops before the next winter sets in. The
winter/early-spring differences between 1989/90 and 1995/1996 that we discuss
here, persisting at the level of 10°C for more than a week at a time for Brussels
(see Fig. 1), are extremely large. This reported variability is entirely consistent
with the variations in the February means characterizing central Poland (see

Table 1. Air temperature (°C) in Warsaw, 1990 and 1996.

Monthly average air temperature (Lorenc 2000)

Months 1990 1996
December, previous year 1.1 -4.8
|January 1.9 -5.7
February 5.1 -53
|March 6.7 -1.1

Monthly average maximum air temperature (absolute maximum air temperature in brackets)
(NiedZwiedZ and Ustrnul 1994)

Months 1990 1996
iDecember, previous year 3.7 (14.2) -2.50.7)
Janua-y 4.1 (10.7) -32(5.3)
February 9.1 (17.2) -2.3(5.3)

March 11.5 (20.5) 1.4 (6.4)
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Table 2. Air temperature (°C) in Torus, 1990 and 1996.

Monthly average air temperature (highest and lowest mean daily air temperature in brackets)
T

Months 1990 1996
December, previous year 1.2 (9.5/-5.7) -5.0(3.5/-14.1)
January 2.4 (7.8/-5.5) -5.7 (2.1/-16.0)
February 5.3 (11.5/-0.1) -5.7 (1.6/-15.6)
March | 6.7 (11.7/0.4) -1.0 (3.4/4.9)

Monthly average maximum air temperature (absolute maximum air temperature in brackets)

Months 1990 1996
December, previous year 3.7 (13.0) 2.2 (6.5)
January 4.6 (12.0) -33(5.2)
February 9.3 (17.1) -2.4 (4.8)
March 11.2 (21.5) 2.1(7.8)

Table 1 or Table 4.1, for Warsaw p. 78, in Wos 1999). The fluctuations reported
for Torufi, amount to 11.0°C and 11.7°C in the case of average monthly T and
Tomax respectively (see Table 2). The above-described large temperature differen-
ces occurred over almost the whole continental mid-latitude Europe (see Fig. 2).

Our study indicates that the underlying cause of the winter air temperature
fluctuations in Europe is the variability of the surface winds over the North
Atlantic. This dependence constitutes an important teleconnection similar to that
examined by Hurrell (1996) and Otterman et al. (2000). The dependence of
temperature, specifically in Poland, on the circulation patterns was discussed by
NiedZwiedZ and Ustrnul (1994). The strong winter temperature trends at northern
latitudes in Eurasia reported by Ross et al. (1996) maybe the result of intensified
adrection from the North Atlantic. A more quantitative assessment of the sensi-
tivity of the air temperatures in various European locations to the advection
effects should be attempted.
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ABSTIACT: Information on extreme rains and floods during the last millennium is gathered
on the rasis of various records stretching back from modern direct instrumental records to
historicil written sources, and also including proxy data based on sediments, organic remains
and relef features. Among these extremes it is possible to distinguish heavy downpours,
continwus rains, rainy seasons, rapid snowmelts and combinations of all of them. On this
basis itis in tern possible to describe phases with higher and lower frequencies of extreme
rains aid floods in Europe during the last millennium in a regionally-differentiated manner.
The phise of the Little Ice Age is well expressed throughout Europe, although its particular
events vere never simultaneous. In the final discussion the author connect the causes of these
variabiities in space and time with fluctuations in solar radiation and volcanic activity.

KEY VORDS: extreme rains, floods, Europe, last millennium.

INTRODUCTION

Meliaeval deforestation, soil cultivation and overgrazing have combined with
populaion growth and the developing of cities, and later industrialisation and the
final oiset of organised water management in creating scenery for the study of the
role ofheavy rains and floods in the environmental and economic transformation of
the las millennium. The frequency of heavy rains has varied through time, while
accelented runoff has facilitated the crossing of thresholds in various natural sys-
tems. Clusterings of events have also played a critical role in these transformations.

THE TYPOLOGY OF EXTREME RAINS AND FLOODS

Th: longitudinal and latitudinal extent of the European continent create
a greaivariety of extreme rainfalls and snowmelts causing floods.
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Extreme rainfalls and river floods in Europe during the last millennium
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Figure 2. Floods in the 16th century in selected river valleys — based on records collected in paper by Brazdil et al. (1999), supplemented by

1600 AD

_— - :3 !‘

records from Polish rivers (Strupczewski and Girgus$ 1965; Czerwinski 1991, Krapiec in: Starkel et al. 1996) and Tanaro river in N-Italy

Signs: 1 — main phases of frequent floods, 2 — less distinct phases, 3 — floods in single years, 4 — snowmelt flood, S — subfossil oaks found in alluvia.

(Pavese et al. 1992).
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CONCLUDING REMARKS

The data presented above reveal the existence of longer phases with various
frequencies of extreme events as well as of their clustering in several consecutive
years. The longer phases of a high frequency of extremes during the Holocene
seem to coincide with reduced solar activity and increased '“C production
(Magny 1993; Chambers et al. 1999). But it is just during these phases that
frequent volcanic eruptions are superimposed (Bryson and Bryson 1998; Starkel
1998).

years

Figure 3. Precipitation, flood frequency and magnitude in the Tyne basin, northern
England 1700-1900 AD (after Rumsby and Macklin 1996); a — periods of enhanced
meridional circulation (after Lamb 1977).

Also the solar minima starting from Oort in the late 11th century seem to
explain the rises in frequency of extreme rainfalls during the last millennium.

The shift in the timing of wetter and drier decades over Europe may also
coincide with the dominance of either a latitudinal or a meriodional circulation;
the latter seeming to effect frequent extremes (cf. Rumsby and Macklin 1996,
Fig. 3). The last decade of this millennium provides examples of such frequent
disturbances connected with a meridional circulation over Europe.

The alternating phases of the higher and lower frequency of heavy rains and
floods in the last millennium (as registered so distinctly in sediments and later in
written records) give a very important message for our better understanding of
the present-day acceleration to various processes in the hydrosphere that trans-
form geoecosystems.
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CARP CULTURE
— AN INDICATOR OF CLIMATE FLUCTUATIONS
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ABSTRACT: The paper attempts an evaluation of such climate fluctuations, as those of the
Little Ice Age, from the point of view of historical data on carp culture. In the climate of
Central Europe, carp growth is limited by temperature, especially in periods of unfavourable
thermal conditions, and by water — in periods of drought. A tracing of the history of carp
culture in the southern and western parts of Poland, where hydrological, climatic and geologi-
cal conditions have been suitable for the development of fish farms, has made it possible to
trace climate fluctuations since the Middle Ages onwards.

KEY WORDS: ponds, carp growth, temperature, water balance.

INTRODUCTION

The history of fishponds began in the early stages of human development.
However, Europe’s written sources pointed to the greatest development of fish
farms in the Middle Ages. They were constructed in the south and west part of
Poland, as well as in adjacent countries, where soil, climate, and the dense river
net, as well as the extensive area of wetlands were all suitable for fishpond
culture. In Silesia the fish farms of big landowners and peasants arose at the end
of the Middle Ages (Nyrek 1966; Szczygielski 1967). Ponds were constructed as
the response to the overexploitation of fish stock in rivers, along with an increas-
ing demand for fish during frequent and restrictive fasts, reaching half of the days
of a year. Development of the great fishpond centres in the Middle Ages fol-
lowed the introduction of carp culture. It increased the profit from ponds consid-
erably. As a result of this income from the fishpond culture, for example, in the
Oswigcim principality, reached 50% of the entire income in the 16th century
(Rybarski 1931). An important role in the development of the fishpond culture
was played by the proximity of fast-developing towns like Wroctaw and the
capital of Poland — Krakéw — where increasing numbers of citizens stimulated
high demand for fish. In Krakéw, this demand was also enhanced by the king’s
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Figure 1. Cover of the book “On Pond Management, Construction and Stocking, Also On
Digging, Water Levelling and Conducting, a Book Useful for Every Farmer”
by O. Strumienski, 1573.

court, while fish delivery to the capital was facilitated by transport along the
Vistula River. The importance of fishpond culture in that time finds expression
in the publishing of the first technical book in Polish on pond management (Fig. 1,
Kwasniewska-Mzyk 1987).

The early role of ponds was hydrological, since they were built as drainage
objects in the lowest-lying parts of marshy terrain, mainly in wet mid-forest
cleanings. The first to bring fish to these ponds were probably birds. In the
second half of the 16th century the deforestation of the country, caused by the
surface mining, the increasing population and pastoral farming (Nyrek 1992),
forced the construction of large ponds along the rivers, thus increasing the reten-
tion of waters and protecting people from the floods. These ponds were built by
landowners with serfs available and enough funds to hire professional builders.
Small farmers’ ponds were chiefly built using natural wet depressions, which
dried during long periods of drought. In such ponds, fish stocks were reared using
labour-consuming methods, and sold to commercial fish farms (Nyrek 1992).
Water from the big ponds also served agriculture during long persisting droughts.

The paper aims to point out the association between fish-culture decline in
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Figure 2. Map of the region of Dynastia Plesnensis ihmzz/JJrﬁlﬂlgﬁghphth century drawn up by Schlenger and Janiak
(according to Nyrek & Wiatrowski 1961).
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Figure 3. a — Average ten-year seasonal (May—September) sums of precipitation — P, water
evaporated from the pond surface — E, meteorological water balance — (P-E), and their
trends at the Golysz Institute of Ichthyobiology and Aquaculture PAS; b — Seasonal sums

of precipitation (black columns) and meteorological water balance (white columns).

losses of evaporated water exceeded the water income from precipitation (Fig. 3b).
This creates the threat of a water deficit lowering considerably the water supply

to ponds and the production of fish.

The decrease in pond culture in the first half of the 17th century is attributed
to unfavourable changes in social and economic conditions and the devastation
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Figure 4. a — 10-year-average income from the fish sold from ponds;
b — 10-year-average number of three-scores of carp fished from ponds of the Dynastia
Plesnensis, and the trends for them.

ological water balance. The decline in income from carp production and the
increase in their prices, illustrating the high demand for this food, might have
resulted not only from unfavourable changes in political, social and economical
conditions, but also be indicative of the unfavourable thermal conditions from the
late 17th to early 19th centuries. Up-to-date results clearly point to the limiting
role of low temperature on the carp growth and survival rates.
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BOX

Cumul. effective water temp. warm days

Figure 5. a — Growth rate of three-year-old carp vs cumulative effective water temperature
in ponds; b — Survival rate of carp juvenile forms vs number of warm days between
stocking fish in ponds and first temperature decrease from above 20° to about 14°C

(Szumiec 2000).
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