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SIMULATED TREND  OF  WET  AND  DRY  CLIMATIC  CONDITIONS  

IN  CENTRAL/EASTERN  EUROPE  USING  PRECIS  OUTPUTS

ABSTRACT
Global warming may be recognized both in shifts of regional mean climate, and also, in the frequency and 
intensity changes of different climatological extremes associated to both temperature and precipitation. In 
this poster the main focus is on the analysis of precipitation-related climatic conditions. For this purpose 
we use different types of drought indices (Dunkel, 2009), namely, precipitation index, standardized 
precipitation anomaly index (SAI), De Martonne aridity index, Thornthwaite index, Lang’s rainfall index, 
Ped’s drought index and Foley’s anomaly index (FAI). In  order to calculate the time series of these 
indices, temperature and precipitation datasets of PRECIS simulations (Bartholy et al., 2009b) are used. In 
this poster simulations for the periods 1961-1990 (as the reference period), 1951-2050 (using SRES A1B 
emission scenario), and 2071-2100 (using the SRES A2, B2 and A1B emission scenario) are analyzed.

The main conclusions of our analysis:
The results suggest that the climate of the Carpathian basin is projected to become wetter in winter and 
drier in the other seasons. The largest drying in the 21st century is very likely to occur in summer.

Model PRECIS: Providing REgional Climates for Impact Studies

Applicable for all region of the world
Aim: national/regional impacts of global change
Description of PRECIS: 

Jones et al., 2004, Wilson et al., 2007
Driving ICBC: 

ERA-40 (ECMWF, Uppala et al., 2005)
HadCM3 (UK MetOffice, Gordon et al., 2000)

Target region:
123 x 96 gridpoint (Central Europe)

Region of interests:
56 x 30 gridpoint (Carpathian Basin)

Horizontal resolution: 25 km
Vertical resolution: 

19 vertical levels using σ-coordinates

Region of interest

Geographical location and topography
of the selected integration domain

Precipitation index
(Kane et al., 1986)
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A
ut

um
n

(S
O

N
)

mm

∆HUN = +4.7 mm

∆HUN = -8.2 mm

Su
m

m
er

 (J
JA

)
Sp

rin
g

(M
A

M
)

W
in

te
r (

D
JF

) ∆HUN = -2.1 mm

∆HUN = -4.9 mm

∆HUN = -37.4 mm ∆HUN = -27.7 mm

∆HUN = -3.5 mm ∆HUN = -7.5 mm

∆HUN = -0.3 ∆HUN = -0.2

∆HUN = -1.0 ∆HUN = -0.7

∆HUN = +0.0 ∆HUN = -0.2

∆HUN = +0.2 ∆HUN = -0.1

∆HUN = -9.3 mm/°C ∆HUN = -7.0 mm/°C

∆HUN = -16.6 mm/°C ∆HUN = -13.1 mm/°C

∆HUN = -5.3 mm/°C ∆HUN = -6.4 mm/°C

∆HUN = -11.3 mm/°C ∆HUN = -14.7 mm/°C

mm/°C

Summer is projected to become significantly drier in the whole territory of Hungary
for all the three scenario.
The projected drying in case of A2 is larger than that either in case of B2 or A1B. 
Spring and autumn are likely to become slightly drier in the country,
except in the case of A1B when spring is likely to become slightly wetter. 
Winter is likely to become wetter in Hungary in case of A2 and A1B scenario
and slightly drier in case of B2 scenario compared to the reference period.
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Summer is projected to become significantly drier in the entire target domain for all the
three scenario.
Spring is likely to become drier in the country, which is projected to be smaller than in 
summer in the case of A2 and B2. The projected drying for Hungary in case of A2 is larger 
than that in case of B2.
In the case of A1B scenario, spring is likely to become sightly wetter.
Winter is likely to become wetter in Hungary in case of A2 and A1B. In case of B2 only the 
southwestern part of the country is likely to become wetter, the rest of the country area and 
most of target domain are projected to become drier.
Autumn is likely to become slightly drier in case of B2 and A1B. In case of A2 the western 
part of Hungary is likely to become wetter and the northeastern part drier than in the 
reference period.

In general, the index values are projected to decrease in all seasons both for Hungary and the 
entire domain, which implies dryer climatic conditions in the area for the future compared to the
reference period. The only exeption to this general characteristics can be found in winter in case of
A1B scenario where the index values are projected to decrease only at the eastern part of the
country.
The projected decrease is larger in absolute value in case of A2 than either in case of B2 or A1B.
The largest decrease for Hungary is projected in summer and winter. 
In winter in some of the grid points the simulated changes are largely positive because of the 
seasonal mean temperature is being less than -10 °C in the reference period, thus resulting in 
negative index values, which are due to the index definition itself. 
In spring and autumn the projected decrease is smaller for Hungary than that in summer or winter. 
Larger decrease is simulated for the higher elevated mountainous regions of the target domain 
than for the lowlands.

A decrease of 30-year mean index value is projected for Hungary for all season,
the largest decrease is in summer.
Large decrease of inter-annual variability is projected for summer.
Smaller decrease for autumn (especially for B2). 
An increase of inter-annual variability is projected for spring, especially, for A2 
scenario. Only a slight increase is projected for winter.
For the transient A1B scenario run, in summer and autumn the fitted linear trend is 
decreasing, implying drying processes, while in winter and spring it is increasing, and 
the seasons are likely to become wetter with time. The largest decreasing and the
largest increasing trends are projected for summer and for winter, respectively.

A significant decrease of 30-year mean index value is projected for Hungary for summer, 
which is larger in absolute value in case of A2 than B2. 
Smaller decrease is projected for the other seasons.
Large decrease of inter-annual variability is projected for summer.
Large increase of inter-annual variability is projected for spring in case of A2 scenario.
For the transient A1B scenario run, decreasing trend is projected for summer (and 
somewhat smaller trend for autumn as well), and increasing trend is projected for winter
(although the trend coefficient is positive in spring, it is not significant).

Decrease of the 30-year mean index value is projected for Hungary for all seasons. 
The largest decrease is projected for summer.
Large decrease of inter-annual variability is projected for summer.
For the transient A1B scenario run, negative linear trends can be fitted for all seasons. The 
largest decreasing trends are projected for autumn and summer.
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PROJECTED SEASONAL CHANGE OF DROUGHT INDICES
Spatial structure of the projected changes is shown for the 4 seasons. The projected change is calculated as the difference between the scenario and the reference period.
The spatial average is shown above the map for the gridpoints within Hungary.

m

Applied formula:Applied formula:Applied formula:
where
P: precipitation sum
T: mean temperature

where
P: precipitation sum
m(P): precipitation average for 1961-1990
d(P): standard deviation of precipitation for 1961-1990

where
P: precipitation sum
m(P): precipitation average for 1961-1990

1961-1990                           2021-2050                          2071-2100
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A2 scenario B2 scenario A1B scenario A2 scenario B2 scenario A1B scenario

Reference period: 1961-1990
Target periods: 2021-2050 (A1B), 2071-2100 (A2, B2, A1B)
Integration period: 1950-2100 

Applied scenarios: 
SRES A2, SRES A1B, SRES B2 
estimated CO2 level by 2100: 
856 ppm, 717 ppm, 621 ppm, respectively
(Nakicenovic and Swart, 2000)

∆HUN = +0.6 

∆HUN = +0.1 

∆HUN = -0.6 

∆HUN = -0.1 

∆HUN = +14.7 mm

∆HUN = +2.7 mm 

∆HUN = -18.7 mm

∆HUN = -1.8 mm

∆HUN = -5.8 mm/°C

∆HUN = -9.6 mm/°C

∆HUN = -7.6 mm/°C

∆HUN = -7.3 mm/°C

SIMULATED SEASONAL TIME SERIES OF DROUGHT INDICES
Spatial average values for the 229 grid points located within Hungary are shown in the graphs
The equation included in the graph indicates the fitted linear trend in case of A1B scenario experiments
30-year average ± standard deviation values are shown under the seasonal graphs for 3 time slices: 1961-1990, 2021-2050, 2071-2100

y = 0.1199x ‐ 3.116

-60

-40

-20

0

20

40

60

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

P
re

ci
pi

ta
tio

n 
In

de
x 

(m
m

) CTL A2 B2 A1B
Winter

0 ± 10.2 mm
-2.1 ± 12.8 mm

-0.0 ± 11.9 mm 5.2 ± 16.0 

4.7 ± 12.4 mm

15.0 ± 18.5 mm

y = 0.0088x + 0.2945

-60

-40

-20

0

20

40

60

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

Pr
ec

ip
ita

tio
n 

In
de

x 
(m

m
) CTL A2 B2 A1B

Spring

0 ± 14.8 mm
-4.9 ± 15.6 mm

0.0 ± 12.8 mm 0.9 ± 17.3 mm

-8.2 ± 20.5 mm

0.3 ± 17.4 mm

y = ‐0.1598x + 4.2104

-60

-40

-20

0

20

40

60

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

Pr
ec

ip
ita

tio
n 

In
de

x 
(m

m
) CTL A2 B2 A1B

Summer

0 ± 24.8 mm
-27.7 ± 12.9 mm

0.0 ± 19.3 mm -9.7 ± 17.5 

-37.4 ± 12.8 mm

-19.0 ± 18.8 mm

y = ‐0.0447x + 5.4217

-60

-40

-20

0

20

40

60

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

P
re

ci
pi

ta
tio

n 
In

de
x 

(m
m

) CTL A2 B2 A1B
Autumn

0 ± 18.2 mm
-7.5 ± 13.4 mm

0.0 ± 16.6 mm 3.9 ± 16.3 mm

-3.5 ± 16.5 mm

-1.3 ± 16.7 mm

y = ‐0.0016x + 0.1937

-2
-1
0
1
2
3

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

SA
I i

nd
ex

CTL A2 B2 A1B
Autumn

0 ± 0.6
-0.2 ± 0.5

   0 ± 0.5  0.1 ± 0.5

0 ± 0.6

 -0.1 ± 0.6

y = ‐0.0052x + 0.1485

-2
-1
0
1
2
3

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

SA
I i

nd
ex

CTL A2 B2 A1B
Summer

0 ± 0.6
-0.7 ± 0.3

    0 ± 0.6 -0.3 ± 0.5

-1.0 ± 0.3

-0.6 ± 0.6

y = 0.0008x ‐ 0.0129

-2
-1
0
1
2
3

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

SA
I i

nd
ex

CTL A2 B2 A1B
Spring

0 ± 0.5
-0.2 ± 0.5

    0 ± 0.5 0.1 ± 0.6

-0.3 ± 1.3

0.1 ± 0.8

y = 0.0051x ‐ 0.1286

-2
-1
0
1
2
3

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

SA
I i

nd
ex

CTL A2 B2 A1B
Winter

0 ± 0.5
-0.1 ± 0.6

  -0 ± 0.5 0.2 ± 0.7

0.2 ± 0.6

0.6 ± 0.8

y = ‐0.04x + 54.86

0

20

40

60

80

100

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

D
e 

M
ar

to
nn

e 
In

de
x 

(m
m

/°C
) CTL A2 B2 A1BWinter

37.9 ± 11.4 mm/°C
28.5 ± 10.2 mm/°C

55.8 ± 19.7 mm/°C 50.0 ± 19.3 mm/°C

30.9 ± 9.3 mm/°C

51.0 ± 17.2 mm/°C

y = ‐0.0513x + 42.314

0

20

40

60

80

100

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

D
e 

M
ar

to
nn

e 
In

de
x 
(m

m
/°C

) CTL A2 B2 A1BSpring

36.6 ± 9.6 mm/°C
29.6 ± 8.4 mm/°C

41.3 ± 9.0 mm/°C 38.3 ± 11.8 mm/°C

27.3 ± 11.3 mm/°C

35.4 ± 13.0 mm/°C

y = ‐0.0816x + 23.941

0

20

40

60

80

100

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

D
e 

M
ar

to
nn

e 
In

de
x 

(m
m

/°C
) CTL A2 B2 A1BSummer

25.3 ± 10.6 mm/°C
12.2 ± 4.6 mm/°C

22.1 ± 8.3 mm/°C 16.6 ± 6.6 mm/°C

8.7 ± 11.3 mm/°C

12.3 ± 6.5 mm/°C

y = ‐0.0859x + 37.866

0

20

40

60

80

100

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

20
50

20
60

20
70

20
80

20
90

21
00

D
e 

M
ar

to
nn

e 
In

de
x 

(m
m

/°C
) CTL A2 B2 A1BAutumn

26.2 ± 11.0 mm/°C
19.1 ± 7.9 mm/°C

33.0 ± 11.3 mm/°C 31.5 ± 10.3 mm/°C

20.2 ± 8.8 mm/°C

25.7 ± 9.6 mm/°C

1961-1990                          2021-2050                    2071-2100 1961-1990                           2021-2050                          2071-2100

REFERENCES
Bagrov, N. A. (1983): On the meteorological index of yields. Met. Gidrol. 11, pp. 92-99
Bartholy J., Pongrácz R., Torma Cs., Pieczka I., Hunyady A. (2009a): Regional climate model experiments for the Carpathian basin. 89th AMS Annual Meeting/21st Conference on Climate Variability and Change. 

http://ams.confex.com/ams/pdfpapers/147084.pdf. Phoenix, AZ. 5p.
Bartholy J., Pongrácz R., Pieczka I., Kardos P., Hunyady A. (2009b): Analysis of expected climate change in the Carpathian Basin using a dynamical climate model. Lec. Notes in Comp. Sci. 5434. 176-183.
Bartholy J., Pongrácz R., Torma Cs., Pieczka I., Kardos P., Hunyady A. (2009c): Analysis of regional climate change modelling experiments for the Carpathian basin. Int. J. of Global Warming 1, 238-252.
Cullen M. J. P. (1993): The unifed forecast/climate model. Meteorol. Mag., 122, 81-94.
David K. (1990): Global environmental issues: a climatological approach, pp. 41.
Dunkel Z. (2009): Brief surveying and discussing of drought indices used in agricultural meteorology. Időjárás 113, pp. 23-37.
Gordon C., Cooper C., Senior C. A., Banks H., Gregory J. M., Johns T. C., Mitchell J. F. B., Wood R. A. (2000): The simulation of SST, sea ice extents and ocean heat transports in a version of the Hadley Centre coupled model without flux 

adjustments. Clim. Dyn. 16, 147-168.
Jones R. G., Noguer M., Hassell D. C., Hudson D., Wilson S. S., Jenkins G. J., Mitchell J. F. B. (2004): Generating high resolution climate change scenarios using PRECIS. Exeter: UK Met Office Hadley Centre.
Kane, R. P., N. B. Trivedi (1986): Are droughts predictable? Climate Change 8. pp. 209-223.
Katz, R. W., M. H. Glantz (1986): Anatomy of a rainfall index. Mon. Wea. Rev. 114, pp. 764-777
de Martonne, E. (1926): Une nouvelle fonction climatologique: L’Indece d’aridite. La Meteorologie 2, pp. 449–458
Nakicenovic N., Swart R. (2000): Emissions Scenarios. A special reports of IPCC Working Group III. Cambridge University Press, UK. 570 p.
Uppala S. M. et al (2005): The ERA-40 re-analysis. Quarterly Journal of the Royal Meteorological Society. Vol. 131 (B), pp. 2961-3012.
Wilson S., Hassell D., Hein D., Jones R., Taylor R. (2007): Installing and using the Hadley Centre regional climate modelling system, PRECIS. Version 1.5.1. Exeter: UK Met Office Hadley Centre.

ACKNOWLEDGEMENTS. Research leading to this paper has been supported by the following sources: the Hungarian Academy of Sciences under the program 2006/TKI/246 titled Adaptation to climate change, the Hungarian National Science Research Foundation under grants 
T-049824, K-69164, K-78125, and K-67626, the Hungarian Ministry of Environment and Water under the National Climate Strategy Development project , the CC-WATERS project of the European Regional Development Fund (SEE/A/022/2.1/X), the European Union and the European 
Social Fund (TÁMOP-4.2.1/B-09/1/KMR-2010-0003).

Thornthwaite index
(David, 1990)

where
P: precipitation sum
T: mean temperature

Ped’s drought index
(Bagrov, 1953)

where
∆P, ∆T: difference of precipitation sum / mean 
temperature from 1961-1990 average
d(P), d(T): standard deviation of precipitation / 
temperature for 1961-1990
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In case of A1B scenario, the projected changes are considerably different from those in
case of either A2 or B2. The transient run of A1B could be a possible reason for this.
Summer is projected to become drier in the whole territory of Hungary for A2 and B2
scenario. The projected increase is larger in case of B2 than in case of A2. In case of A1B,
summer is likely to become slightly wetter in the southeastern part of the country.
Winter is likely to become wetter in Hungary for all the three scenario.
Spring is projected to become wetter in Hungary in case of A2 and A1B scenario, while only 
the southern and eastern regions of the country are likely to become wetter in case of B2 
scenario. In the remaining parts of the country climate conditions are likely to become drier, 
especially, near the northern border.
Autumn is projected to become drier in most of the country in case of B2 (except in the 
northwestern region). In case of A2 scenario, wetter climate is projected in the western part 
of Hungary, in Transdanubia, and the southwestern part of the Great Hungarian Plains. Drier
climate is projected in the Carpathian mountains (located to the north and east from 
Hungary)  and the eastern part and the Northern Mountains of Hungary in case of A2.
In case of A1B scenario, wetter climate is projected in the southern part of the country and
drier climatic conditions are projected in the northern and western parts of Hungary.

In general, the index values are projected to decrease in all seasons both for Hungary
and the entire domain, which implies dryer climatic conditions in the area for the future 
compared to the reference period. 
In winter in some of the grid points the simulated changes are largely positive because of 
the seasonal mean temperature is being less than -12.2 °C in the reference period, thus 
resulting in negative index values, which are due to the index definition itself. 
Larger decrease is projected for the higher elevated mountainous regions of the target 
domain than for the lowlands.
The largest decrease for Hungary is projected in summer in the western part of the 
country, and in winter near the eastern border of the country.
The smallest decrease for Hungary is projected for autumn in case of A2 and B2 and
for spring in case of A1B.

Decrease of the 30-year mean index value is projected for Hungary for all seasons. 
The largest decrease is projected for summer.
Large decrease of inter-annual variability is projected for summer.
For the transient A1B scenario run, decreasing trends are projected for all the four seasons, 
the largest trend coefficients in absolute value are projected for summer and autumn.

An increase of 30-year mean index value is projected for Hungary for summer.
A decrease of inter-annual variability is projected for winter.
A small increase of inter-annual variability is projected for spring in case of A2 scenario.
For the transient A1B scenario run, increasing trends are projected for each season, 
implying dryer conditions with time. The largest trend coefficient is projected for winter.
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