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Slovakia has quite a reliable series of meteorological measurements of air temperature (3 stations since 1881) and
precipitation (203 stations since 1901). Early instrumental meteorological observations have been provided by
Dr. Adam Reimann at PreSov in 1717-1720. In 1991 the activity of Czecho-Slovak National Climate Program
began (Slovak National Climate Program since 1993) and the first climate change scenarios were issued in the
next year. Now is the right time to evaluate the 20-year extraordinary warm period from 1988—2007 and also the
reliability of climate change scenarios issued in 1991-2000.

Slovensko ma pomerne kvalitné rady meteorologickych merani teploty viduchu (3 stanice od r. 1881) a vihrnov
grazok (203 stanic od r. 1901). Najstarsie pristrojové meteorologické merania robil Dr. Adam Reimann v Pre§ove
v rokoch 1717-1720. V r. 1991 zaéal aktivity Cesko-slovensky ndirodny klimaticky program (Slovensky ndrodny
klimaticky program od r. 1993) a prvé scendre klimatickej zmeny pre Slovensko boli vydané uZ v roku 1991. Teraz
je ten sprdavny Cas na vyhodnotenie mimoriadne teplého 20-roéného obdobia 1988-2007 a tiei na zhodnotenie
spolahlivosti klimatickych scendrov 7 r. 1991-2000.

INTRODUCTION

The Czecho-Slovak National Climate Program was estab-
lished on January 1, 1991 (by the decision of the Federal
Minister of Environment J. Vavrousek, the Slovak National
Climate Program (NCP) was introduced by the Slovak
Ministry of Environment in 1993). This was an important
step prior to the design of climate change scenarios for Slo-
vakia. Until 1991 no significant signal of mean temperature
increase has been registered either in worldwide series or
in Slovakia (CRU, Fig. 1). The first instrumental meteoro-
logical observations were made in Slovakia by Dr. Adam
Reimann at Presov in 1717-1720. Usable long temperature
series are only available from meteorological observations in
Bratislava (since 1851, Koncek, 1979). Afterwards detailed
evaluation of climatic series reliability three temperature
series (Hurbanovo, 115 m a.s.l., SW Slovakia, Kosice,
230 m a.s.l., SE Slovakia and Liptovsky Hradok, 640 m a.s.l.,
N Slovakia) since 1881, and 203 stations with monthly
precipitation totals since 1901 have been selected for cli-
mate change analysis in the NCP studies. Precipitation
totals from 203 stations are used also for the calculation of
areal precipitation totals by the Double Weighted Average
Method (DWAM) at the Slovak Hydrometeorological
Institute in Bratislava (SHMI). DWAM areal precipitation
totals have been calculated from a lower number of stations
also for the period 1881-1900.
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A temperature increase by 1.6 °C and annual preci-
pitation decrease by 24 mm (3.1 %) was registered in Slo-
vakia for the period 1881-2007. Details since 1901 can be
seen in Fig. 1. On the other hand annual relative air hu-
midity (based on Hurbanovo data only) decreased by 5 %
and the April-September season means by 6 % since 1901
(Fig. 2). Water vapour pressure had an insignificant linear
trend between 1901-2007 all year round with some lower
values in 1976-1993, mainly in the April-September season
(Lapin et al., 2008). A significant increase in air tempera-
ture and changes in precipitation have occurred in Slovakia
also during the period 1951-2007, predominantly after
1985. The power trend of air temperature is significant
also at oo =99 % level, at annual precipitation totals only
at o =90 % level (Fig. 1; Nosek, 1972).

RESULTS OF ANALYSIS

Detailed analysis of monthly temperature and monthly pre-
cipitation total changes is presented in Tabs. 1 and 2. It can
be clearly seen that while temperature increase is nearly
regular, precipitation changes vary significantly during the
year. The recent 20-year period seems significantly warmer
mainly in the months from January to August (by 0.9 to
1.5 °C compared to 1951-1980 long-term average). It is
quite surprising that November and December temperatures
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have been lower recently by 0.1 and 0.4 °C than in 1951-
1980. The longer temperature series (1901-2000) at Hur-
banovo has nearly the same means as the official normal
calculated for the period 1951-1980 (November and
December averages are warmer in the period 1951-1980).
This supports the meaning that the 1951-1980 temperature
normals are very suitable for the recent climate change
deviation analysis. Annual and WHY precipitation totals in
the recent 20-year period correspond very well with those
calculated for the very long period 1901-1990, only in
April and September were significantly higher (by 11.5 and
13.3 %) and in January significantly lower (by 7.2 %).

In Figs. 3 and 4 an analysis of the growing period
(April-September) mean temperature and areal precipitation
totals correlation in 1881-2007. As can be seen, a higher
temperature average is usually connected with lower pre-
cipitation totals and vice versa. This correlation was very
common in 1881-1987 (Fig. 4 left, coefficient of determi-
nation 1’ = 0.242, correlation coefficient r = 0.492). In the
recent 20-year period a different regime of temperature/
precipitation correlation has started. Some higher temperature

means are connected with very high precipitation totals,
which did not exist in the period 1881-1987. On the other
hand some very warm growing periods had very low pre-
cipitation totals in Slovakia as a whole, with a very serious
drought in the south. Generally it can be stated that also
the warmer growing periods with relatively high precipi-
tation totals were unusual. Besides several longer dry spells
also shorter events with very intense precipitation occurred
in the growing period, which finally ranked the whole
growing period among the wet seasons. A changed regime
of events with higher precipitation totals is surely connec-
ted with the existence of warmer synoptic situations with
higher absolute air humidity. An increase of air temperatu-
re by 4 °C means also an increase of saturated air humidity
by about 25 %. Higher absolute air humidity results in more
intense precipitation events during cyclonic or convective
(thunderstorm) synoptic situations (Lapin et al., 2003). On
the other hand, if non-cyclonic and non-convective sy-
noptic situations occur the potential evapotranspiration
increases very rapidly with rising air temperature also at
the same relative humidity (Lapin et al., 2008; Lapin, 2005).

Figure 1. dTy[°Cl] Ru [%]
Deviation of annual air 3 . 160
temperature (dTy) in Slovakia 2] aTN ar= 0'000:2"_'0°£%°2X -0.389
(means from 3 stations) from . ) s
1951-1980 long-term average NN [\/\/\ /\/\ AN,
A A X A
and % of areal annual R A & AT VA y‘\vl mi—— \/\I 7 "‘V VV %
precipitation totals (Ry) in -1 V ;". \'\j + 130
. |
Slovakia from 1901-1990 long- ) i n L . )
. 24 | " n A , R% = 0.0015x- 0.191x + 105.0
term averages in 1901-2007 b n Ny AR 220014 )
. 34 ph . P, . 1 I . s
(linear and power trends are 3 L R N S ATV popinh RN hip s
Lo | .
included, data by the SHMI). S A TR A I R N I O O O R I A
M [ | . | oA A\ |
S ,',\;\‘ll ::ﬁl—;"—l‘—f‘k:‘"\’“ = 'Ill.'|ll WS Il'/'..:‘ L ‘.‘,;_‘\*.’,—‘—H_L_’mo
RN gttt Vel T TR e T P!
I vyo! [ [ [ A N T B A A !
-6 :/'\lll N Vo Mx’ IRERR" RN WA |
! ‘ Ve Vo [ Yo U Ay NI ERUAN Y
|'l vl; H‘ ", '1/ 1 \‘l \|’ }u " y |“1‘| vl l\” N :‘
-7 I f U I‘,’, vI’, W vy N 1y .II' r 85
1 | ' i |
o E i ‘f
' b
-9 70
o 0 o 0 o 'e) o 0 o wn o 0 o w0 o Yo} o 0 o Te] o Te]
o o - - N N @0 @0 < < v v © © N~ N~ o) @« (2] D o o
2222222 2222222222223
Figure 2. U [%]
82

Annual (U,) and seasonal
(April-September, Uy) relative
air humidity means at
Hurbanovo in 1901-2007
(linear and power trends are
included, data by the SHM]I).

U = 0.0003x? - 0.0777x + 77.6
? =0.345

1900

1905
1910 4
1915
1920 4

100 | Meteorologicky casopis, 11, 2008

1925

1930 4
1935 4
1940 +
1945 4
1975
1980 +
1985
2000 -
2005 -



Table 1. I m vV VI VI VI IX X Xl XUl | Year WHY
‘;;';;e";g;ro‘;”:%o:;"‘:fs:" HU 1951—1980 |15 0.7 50 105 152 188 201 19.4 153 100 50 08| 99 166
HU) Kolv’icZ(KOu) a‘;d"L;’ o KO 1951-1980 |34 —1.1 3.4 9.1 139 17.5 189 183 142 87 36 -10| 85 153
sk’}}ra'dok (LH), tem emfmre LH 1951-1980 |-4.8 -3.0 0.8 6.2 11.2 147 159 151 113 66 2.0 -26| 6.1 124
Ioi term avera ’eatgurbano HU 1901-2000 |-1.5 0.3 5.1 104 155 185 20.3 195 154 10.0 4.6 06| 99 166
vogt1901—200§anddeviati0ns dT HU 16 12 09 09 15 09 14 15 04 06 -01 -04| 09 11
. dTKO 15 08 13 11 14 09 14 15 03 06 -01 -04| 09 11
of temperature averages in dTLH 15 08 13 11 14 09 14 15 03 06 —01 —04| 09 1.0
1988-2007 from the normals Mean dT 1‘5 0-9 1.1 1.0 1.4 0.9 1.4 1-5 0-3 0.6 _0-1 _o‘4 0.9 1-1
1951-1980 at 3 stations in ean 2 29 0 S0 02 28 8 e e S = : '
Slovakia dT all in [°C].
Table 2. R in period | I m IV VvV VI VI VIl IX X X Xl | Year WHY
Areal precipitation total (R) in 19882007 | 413 446 469 591 756 87.3 936 774 678 555 585 495 7569 4607
Slovakia based on the DWAM % of Ry 92.8 106.1 1050 111.5 98.1 957 1066 98.3 1133 980 949 90.9| 1007 1029
from 2_03 Statlons{mm/’ Max Ry (1901-1990)| 445 42.0 446 530 77.0 912 87.8 787 59.8 566 61.6 54.5| 751.3 4475
and Min are the highest and 1901-1950 451 418 468 541 780 876 892 797 628 615 635 53.4| 7636 4514
the lowest totals in 1901-2007, 1951-1980 437 437 419 532 707 979 928 788 544 532 615 555| 747.3 4477
WHY is April to Sept. season. 1961-1990 435 417 408 526 788 927 80.3 77.9 57.3 50.9 626 54.9| 7340 4396
1971-2000 425 367 421 57.0 784 899 821 727 633 549 57.3 52.8| 7298 4435
Max 111 94 137 118 165 187 192 176 152 198 148 122(1013.0 651.0
Year 1976 1977 1937 1994 1939 1926 1960 1913 1922 1974 1962 2005|1937.0 1965.0
Min 6 6 5 6 23 31 24 21 6 2 5 5 5290 2390
Year 1964 1976 1974 2007 1947 1917 1928 1992 1959 1951 1902 1972|1921.0 1917.0
1991-2007 445 431 474 572 748 879 982 786 676 581 589 49.6| 7660 464.3
20002007 58.1 50.3 54.9 49.1 759 83.1 1055 854 664 486 58.8 49.3| 7853 4654
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The mentioned change in air temperature ave-
rages and precipitation total regime between the
periods 1988-2007 and the previous ones can be
also analyzed using climatic maps. Figs. 5 and 7
show annual and seasonal air temperature means in
Slovakia and Figs. 6 and 8 the deviations from the
normal period 1961-1990. The maps have been
designed by using GIS (ArgInfo and GRASS) tech-
niques, as well as long-term averages from about 50
stations at air temperature and about 550 stations
at precipitation totals also 102 values in moun-
tainous areas were introduced. These 102 values
have been calculated by regression methods taking
into account altitude and orientation of slopes in
topography. More about this method can be read in
Pecho et al. (2006).

Fig. 6 demonstrates deviations in the annual
air temperature from 0.0 to 1.2 °C between the
periods 1988-2007 and 1961-1990 (more in the
South) and Fig. 8 the same for April-September
temperatures, from 0.0 to 1.6 °C (also more in the
South). In spite of nearby periods the deviations in
mean temperature are relatively high and represent a
very rushed change in climatic conditions. The
normal deviation of annual temperature between
Hurbanovo and Trencin is only 1.0 °C, so within
about 30 years a shift of climatic borders represents
about 200 m of altitude in southern Slovakia (less
in the North). Such a great change in temperature
means wasn’t registered in Slovakia during modern
history (since 1775) and probably also in the last
Millennium (Fasko et al., 2003; Konéek, 1979).

Figs. 9 to 12 show the same comparisons as
Figs. 5 to 8, but concerning precipitation totals in
the whole of Slovakia. It can be seen that while
annual precipitation totals decreased in southern
Slovakia in 1988-2007 very significantly (up to
20 %), in northern Slovakia an increase in annual
precipitation up to 10 % has been registered. On the
other hand the seasonal (April to September) pre-
cipitation totals decreased in northwestern Slovakia
(up to 20 %) and increased at many sites in southern
and northeastern Slovakia (up to 20 %). In spite of
this serious drought events occurred in southern
Slovakia in nearly every year during the growing
seasons 1988-2007. The reason is obvious — an
increase of the growing season’s air temperature by
1.0 °C represents also an increase of potential eva-
potranspiration needs by about 100 mm in the Slo-
vak lowlands. This is sharply 20 % of the annual
precipitation total there.

Finally it must be stressed that higher April-
September precipitation totals in southern and
mainly in eastern Slovakia have been created
predominantly by the occurrence of several shorter
episodes with very intense precipitation causing
flash and regional flooding. These floods are counted
among the most serious in this region since the
beginning of regular hydrological observations
(Majercakova et al., 2004).
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Figure 5. Annual air temperature means in Slovakia in 1988-2007.
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Figure 6. Deviations of annual air temperature means in Slovakia
between the periods 1988-2007 and 1961—-1990.
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Figure 7. Seasonal (April-September) air temperature means in
Slovakia in 1988-2007.
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Figure 8. Deviations of seasonal (April-September) air temperature
means in Slovakia between the periods 1988-2007 and 1961-1990.
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Figure 9. Mean annual precipitation totals in Slovakia in
1988-2007.

Figure 11. Seasonal (April-September) mean precipitation
totals in Slovakia in 1988-2007.
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Figure 10. Deviations of annual precipitation means in
Slovakia between the periods 1988-2007 and 1901-2000
expressed as % of 1988-2007 totals from 1901-2000 ones.
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CLIMATE CHANGE MONITORING

In 1991-2000 there were issued several scenarios of clima-
te change in Slovakia for air temperature and precipitation
totals (based on different methods). In Tab. 3 there are pre-
sented only the mostly applied ones by users and only for the
2010 time frame (Lapin et al., 1995; Lapin and Melo, 2004).
It can be seen that deviations for the period 1988—
2007 (1998 time frame) roughly correspond, or at tempe-
rature also exceed, the scenarios projected for the time
frame 2010, i.e. 12 years later. Details are presented in
Figs. 13 and 14. Our conclusion is, that the climate change
development in Slovakia is in the case of temperature rise
more rapid than was supposed by any scenario designed in
19912000 for Slovakia. The 20-year time frame is too
short for precipitation, so detailed evaluation of precipita-
tion scenarios would be possible to issue in 10 years only.

CONCLUSIONS

Climate change monitoring is considered as one of the most
important tasks among all climate change issues and studies.
Slovakia has good conditions for the implementation of
this task, because it was agreed a comprehensive NCP de-

R [mm]

[ <400

[ ] 400-500

[ 501-600

I 507 - 800

I 5o - 1000
I > 1000

N

———

Figure 12. Deviations of seasonal (IV-IX) precipitation means
in Slovakia between the periods 1988—2007 and 1901-2000
expressed as % of 1988-2007 totals from 1901-2000 ones.
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sign of station network for climate change monitoring in
Slovakia at the Slovak Hydrometeorological Institute in
1993. The presented analysis showed a good reliability of
scenarios designed in 1991-2000, moreover up to the pre-
sent development of climate change seems to be still more
rapid than projected. The 20-year period is too short for an
ultimate statement on projected scenarios, but on the other
side it is clear that the impact studies in various sectors based
on these scenarios can be considered also as quite reliable
for preparing adapting measures (Balajka et al., 2005; Ma-
jercakova et al., 2004; Pekarova and Szolgay, 2005; Hlav-
cova et al., 2004, 2005, 2006 etc.).

Climate change observed in 1988-2007 indicates also
some new aspects in significant change of precipitation and
evapotranspiration variability. The evaluation of such changes
needs longer, at least a 30-year, monitoring period (IPCC
1998, 2007; Lapin and Tomlain, 2001; Lapin et al., 2005).
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Table 3.

Air temperature T [°C] and
precipitation totals R [%]
average scenarios for the 2010
time frame in Slovakia (period
1996-2025) compared to 1951—
1980 period’s normal (WHY -
April-Sept., N, S — northern
and southern half of Slovakia,
WP — analogue scenario).

Figure 13.

Deviations of monthly and
seasonal air temperature
means from the normal
1951-1980 projected by
several scenarios and
observed in Slovakia in
1988-2007 (black,

see Tabs. 1 and 3).

Figure 14.

Deviations of monthly and
seasonal precipitation totals
from the normal 1951-1980
projected by several
scenarios and observed in
Slovakia in 1988-2007
(black, see Tabs. 2 and 3).

1 I L] v v vi vl vil IX X Xl XIl | Year WHY
T (CCCM1995) 12 14 14 10 09 09 11 10 11 11 09 09 1.1 1.0
T (GISS1995) 18 17 16 12 10 08 08 08 12 14 15 16 1.3 1.0
T (WP1995) 14 17 15 13 09 06 09 11 08 04 03 0.7 1.0 0.9
T (CCCM1997) 05 07 09 07 04 06 09 10 10 09 06 04| 07 0.8
T (CCCM2000) 06 08 19 18 15 08 14 12 12 09 03 04 1.1 1.3
T (GISS1998) 03 03 05 07 07 06 06 04 03 05 06 05| 05 0.6
R (CCCM1995N) | 110 105 100 103 98 100 96 96 96 106 108 111 | 102 98
R (CCCM1995S) | 109 101 105 101 95 95 93 101 97 103 105 107 | 100 96
R (GISS1995N) | 105 110 109 111 106 102 103 102 95 108 110 101 | 105 103
R (GISS1995S) | 105 108 108 109 106 102 106 106 94 109 109 102 | 105 103
R (WP1995N) 98 102 104 105 106 103 97 92 90 93 98 99 98 98
R (WP1995S) 97 98 89 84 92 97 96 95 92 95 100 097 94 92
R (CCCM1997) |103 97 108 100 109 95 93 94 104 108 107 103 | 101 99
R (CCCM2000) |105 98 106 98 106 91 90 92 106 113 111 104 | 101 97
R (GISS1998) 98 97 98 101 102 100 98 102 106 103 100 100 | 100 101
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