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Abstract. In this study, the impact of global climate change et al., 2007). In addition, the observed climate changes
on the temperature and precipitation regime over the island o#re likely to enhance the frequency and intensity of extreme
Cyprus has been investigated. The analysis is based on dailgvents’ occurence, such as heatwaves and droughts (Gao et
output from a regional climate model (RCM) at a high hori- al., 2006; Meehl et al., 2007) which may critically affect the
zontal resolution (25 km) produced within the framework of society and economy of small island countries, like Cyprus.
the EU-funded ENSEMBLES project. The control run rep- There is therefore a need for more accurate climate model
resents the base period 1961-1990 and is used here as ref@redictions that will provide meteorological information on
ence for comparison with future predictions. Two future pe- national level and enable relevant climate change impact
riods are studied, 2021-2050 and 2071-2100. For the studgtudies to assist adaptation strategies. A wealth of data for
area and over the study period, an analysis of the changese future state of the climate is now becoming available for
associated with the temperature regime and the hydrologicaEurope from state-of-the-art, high-resolution, climate model
cycle, such as mean precipitation and drought duration, isimulations, that allow estimates for future climate extremes
presented. Variations in the mean annual and seasonal rait@nd their impacts on a regional levelg®.e et al., 2005; He-
fall are presented. Changes in the number of hot days/warmwitt, 2005; Christensen and Christensen, 200&q® et al.,
nights as well as drought duration are also discussed. Thes2007).
changes should be very important to assess future possible Cyprus lies at the eastern end of the Mediterranean Sea,
water shortages over the island and to provide a basis for agjence it belongs in the Mediterranean climate zone and there-
sociated impacts on the agricultural sector. fore, experiences mild winters and hot dry summers. Win-
ters are mild, with some rain and snow on Troodos moun-
tains. In summer, the extension of the summer Asian Ther-
1 Introduction mal Low is evident throughout the eastern Mediterranean
in all seasonal circulation patterns (Kostopoulou and Jones,
The Intergovernmental Panel on Climate Change Fourth As2007a, b), associated with high temperatures and abundant
sessment Report (IPCC-AR4) indicates significant summegunshine. The average daytime temperature in winter ranges
warming in south-eastern Europe and the Mediterraneanffom 12-15°C. In summer, the average maximum temper-
while downward trends are associated with the mean annuadture in coastal regions is 3€. Further inland, the maxi-
precipitation (Christensen et al., 2007). The combined ef-mum temperature often reaches°4D The wet season ex-
fect of high temperatures and low rainfall poses challengegends from November to March, with most (approx. 60%) of
to many economic sectors as well as a significant threat ofhe rain falling between December and February (Pashiardis,
desertification (Giorgi, 2006; Gao and Giorgi, 2008). For 2002). Precipitation is generally associated with the move-
instance, the IPCC-AR4 highlights that water stress will in- ment of moist maritime flows to the North, occurring partic-
crease in southern Europe, and hence agriculture will have tglarly over areas of high elevation (Kostopoulou and Jones,

cope with increasing water demand for irrigation (Alcamo 2007a). Winter precipitation is closely related to cycloge-
nesis in the region (Pinto et al., 2001). Nevertheless, it is

_ not uncommon for isolated summer thunderstorms to occur,
Correspondence tdC. Giannakopoulos  which however contribute to less than 5% to the total annual
BY (cgiannak@meteo.noa.gr) precipitation amount (Pashiardis, 2002). The characteristic
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provides a good mid-line scenario for carbon dioxide emis-

sions and economic growth (Alcamo et al., 2007).

Station LateN) Lon(CE) Altitude (m The.observa'ltional dgta obtaineq from the Cyprus Met(_a-
above mean sea level) orological Sevice archives are daily weather records avail-

able from 1976 to present. The stations are located at vari-

Table 1. Station details.

Nicosia 35.16 33.35 160 ous geographic locations and altitudes to represent the com-
tﬁ;r;iiil 33:"?2 §33§23 321 plex terrain of the island. Table 1 provides a list of the lati-
Prodromos 34'_95 32.83 1423 tude/longitude co-ordinates and elevation of each station. It
Stavros 3502 3263 810 is evident from Table 1, that some are coastal stations, while
Amiantos  34.93 32.92 1397 others are continental at low, medium or high altitudes.
Lefkara 34.9 33.29 391

Saittas 34.86 3291 641 .

Panagia 34.92 32.63 871 3 Evaluation of the recent past

The years 1961-1990 were used as reference period to ex-
amine potential future changes in the temperature and pre-
. ) N o . Cipitation regime in Cyprus for two 30-year future periods
summer aridity of the region has significant implications in 2021-2050 and 2071—2100. However, before presenting the

several Soclo-economic sectors. Cyprus is facing its WorSK‘indings of the study, it is important to briefly discuss the re-
ever water shortage in the last few decades. sults of the model evaluation analysis

Climate models are widely used to project present and ;e g the late start of the observational data records,

future changes of climate variables. Although the ability iha common evaluation period of data had to be reduced to
of models has improved, systematic biases can be found i3 years, covering the period 1977-1990. The selection of
model simulations. Therefore it is recommended the aCCUthe 'model data, used for the evaluation, was based on ex-
racy of model simulations of past or contemporary climate totracting the four nearest RCM grid point to each observa-
be evaluated by comparing the results with observations. 1,51 |ocation. The closest land grid point was found to be

this study, a high resolution Regional Climate Model (RCM) o most representative for each site. The mean daily mini-

was utilised to examine changes and variations in precipi{,um (Trmin), Maximum (max) temperatures and precipitation

tation over Cyprus. In addition, observational temperature gy for each calendar-day over the evaluation period were
and precipitation data from meteorological stations on thegicyated to illustrate their seasonal cycles, as represented
island were used to evaluate the model accuracy. Finally,y oth model and observational datasets. Figure 1, shows
projected temperature and precipitation for the periods of the,y 1,0 representative examples of the reproduced annual cy-
near (2021-2050) and far (2071-2100) future are presentegdia of maximum (left panels), minimum (middle panels) tem-

as changes from the recent past (1961-1990) for both meage atre and precipitation (right panels) for three selected

and extreme parameters. stations. In general, the model captures well the seasonal
variability of temperature, in most stations. In particular, the
model demonstrated great skill in simulatifigayx and Tmin

in low altitudinal regions, whereagyi, seems to be better
reproduced thaffax. As far as maximum temperature is
concerned, it is evident that the model tends to overestimate
summer maximum temperatures in coastal areas. Regarding
Tmax in high elevated regions, the model presented overesti-
mated values all over the year in the two mountainous sta-
tions studied, namely Amiantos and Prodromos (not shown).
With respect to precipitation, the model results are gener-
ally of the same magnitude as the observational data (apart
from few exceptionally high daily amounts) indicating that

latitude-longitude projection. The model uses initial and S
. . . the fundamental physics is captured by the model. In over-
boundary conditions from the General Circulation Model all agreement with the results . and Ton, the model
(GCM) ECHAMS. The high spatial resolution of RACMO2 9 ax €7 S min, ;
reproduces, to a lesser degree, RR in high elevation areas.

enables a satisfactory representation of the island. The con; : ) . .
: . ccording to the station records, the two stations (Amiantos

trol run represents the base period 1961-1990 and is use . : .
h . A and Prodromos), which are located at considerably higher el-
here as reference for comparison with future projections for

the periods 2021-2050 and 2071-2100. The future eriO(fvations compared to the rest of the sites, receive the highest
sileJDIations of the model. 2021-2050 a.nd 2071_210p0 aréarecipitation amounts of the region. In these cases the model

based on the IPCC SRES A1B scenario. The A1B scenari(f[))erformS poorly in reproducing precipitation.

2 Model and data

Daily output data, from the RACMO2 regional climate
model, developed at KNMI in the Netherlands (Lenderink
et al., 2007), from runs performed in the framework of the
ENSEMBLES project ww.ensembles-eu.oygvere used.
RACMOZ2 has 40 vertical levels in a hybrid sigma-pressure
following coordinate system. The horizontal resolution is
25 kmx 25 km, which produces a European-Mediterranean
grid of 85 longitude x95° latitude grid cells in a rotated
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Fig. 1. Curves show the 30-year mean annual cycles of observed (black) and modelled (red) maximum (left), minimum temperature (middle)
and precipitation (right) at three representative stations. Temperature is measi€eahid precipitation in mm/day.

The accuracy of the model was further assessed by corred Future projections
lation analyses undertaken between model and station obser-

vations. Statistically significant correlation coefficients ex- ysing available daily output from the RACMO2 RCM, cli-
ceeding 0.8 were defined for all stations and for bBiffix ~ matic changes in both mean (temperature, precipitation) and
and Tmin. Unfortunately, correlations among precipitation extremes (number of hot days, number of warm nights,
datasets did not reveal encouraging results, as in many casggought length) were examined, with the aim to identify re-
coefficients were below 0.5. An analysis of the daily dif- gions in the study area that are likely to be mostly affected
ferences between model and station data resulted in findpy climate change.

ings consistent with those of the seasonal cycle reproduc- Both future simulations. 2021-2050 and 2071-2100

t}ons. __In generalt,hthe motdelt smulat:as bette(;?(ﬁnltha?h (Fig. 2), indicate an increase of maximum temperatize)
ma (i) summer than winter temperatures and (iii) low than on the island compared to the control run period 1961-1990,

high altitude locations. Precipitation seems harder to repProvith higher increases inland and lower at the coastal areas.

duce, however, daily differences revealed an adequate " Rore specifically, for the average annual maximum temper-

:ﬁsentaéloln b?{hthe nr:otgel. Dré/ <|:Ia3r/]s were ge]EFe_r captltJred b%\ture, the 2021-2050 simulation shows an increase of about
€ model, althoug € model Shows a deficiency 10 cap goc inland, while the increase in the coastal areas and the

ture days with intense precipitation events. Some exception urrounding sea is about £G. The increase of this index

dlfferences were detected in high altitude stations, which "®%or the 2071-2100 future period is about 4Gand 3.5C
ceive larger rainfall amounts.

respectively. For the winter time period the average tempera-
ture increases by about @, for the first future period and
by about 3.6C for the second (difference of about 2@
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Fig. 2. Mean differences between the 2021-2050 future simulation (left), the 2071-2100 future period (right) and the control run period for
the average annudax, average wintefmay, average summefmax, number of days witlmax>35°C.
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among the future simulations), while for the summer period - Average wintefliin ~8°C
the increases are about 2@ for the first and 5C for the

second period (difference of about 3 among the future — Average summermin ~22°C
simulations). The increase of the average maximum tem-
perature mentioned above, compared to the control run pe-
riod is further enhanced by the increased number of heatwave Tpe projected percentage changes of precipitation for the

days (defined as number of days with temperatures exceedy future periods, are given in Fig. 4. In both future simu-
ing 35°C) which are simulated for the two future periods. |ations a decrease of the average annual total rainfall is sim-
The 2021-2050 simulation shows that there will be 25 moreyjated, More specifically, for 2021-2050 simulation the de-
“heatwave” days per year, while the 20712100 simulationcrease of precipitation varies from 6% to 18% depending on
shows an increase of about 2 months. In order to estimatgne area of the island, while for the 2071-2100 simulations
the magnitude increase of the above parameters in the tWehis decrease varies from 20% to 35%, compared to the con-
future simulations the average values for the control run peyro| period. The precipitation changes in the two simulations
riod (1961-1990) of the annudnax, winter Tmax, SUMMEr  for the winter total rainfall present similar spatial patterns.
Tmax, NUMber of days witlnax >35°C are given below. In winter, precipitation decreases more than the average total
rainfall (about 25% for the 2021-2050 simulation, and about
40% for the 2071-2100 simulation). This higher decrease in

— Number of nights withlyj, >20°C~75 days

— Average annualipax ~24°C

— Average wintefTmax ~15°C winter, is accompanied, only for the 2021-2050 period, by
. an increase of precipitation in autumn (about 35%). For the
— Average SUmmefmax ~34°C 2071-2100 future simulation and for the autumn period the

simulations show a decrease on the South-West of the island

(of about 20%) and an increase of about 10% in the North-
Regarding minimum temperatures, the two simulations in-East of the island. The simulated increase in autumn precipi-

dicate a different pattern of their spatial distribution com- tation may be due to elevated sea surface temperatures in the

pared to the maximum ones, with increases covering almostegion after the hot summer period together with enhanced

the whole territory of the island (Fig. 3). More specifically sea breezes.

the 2021-2050 simulation shows an increase of the average Furthermore, in both simulations an increase of the dry

annualTmin of about 1.5C, whereas the 2071-2100 an in- period with precipitation below 1 mm is indicated. More

crease of about4C is noted. In both simulations the lowest specifically for the 2021-2050 simulation the increase is of

increases (about 1°€ for the 2021-2050 simulation, and about 7% {15 more days), while for the 2071-2100 varies

about 3.2C for the 2071-2100 simulation) of the average between 12%+15 more days) and 25%-( more month)

annualTmin are distributed in the coastal area of the island depending on the area of the island.

and the Northeastern part of it. As far as average winter

Tmin IS concerned an increase of about¥C3-1.4°C is sim-

ulated for the 2021-2050 simulation, while the increase for® Summary

the 2071-2100 simulation is about 3@3. A change of the . . .

warming pattern is projected on the average sumias The evaluatlo.n of the model against the_ observatloqa! data

with the maximum average temperatures being simulated irshowed that simulated fields such as maximum and minimum

both cases in the mountainous area of the island (abogi€1.9 €Mperature closely resemble the observed records. The sim-

for the 2021—2050 simulation, and about 4C3for the 2071— ulations are poorer in regions situated at higher altitudes. As

2100 simulation), while the rest of the inland shows lower far s the estimated precipitation is concerned, the model per-

increases (of about 0°C in both simulations. Furthermore, formed generally well, despite the fact that it tended to un-

the increase of the average anniigl, mentioned above is derestimate high precipitation amounts compared to the mea-

enhanced by the considerable increase of the number of tropzuréd data. Overall, the evaluation results are encouraging
ical nights (which is defined as the number of nights with fo'r the use of su.ch RCM data to estimate potential effects of
temperatures exceeding 20). Particularly, for the 2021— climate change n Qyprus. ,

2050 simulation the increase of the number of tropical nights B@S€d on projections of future changes in temperature and
is about 45 days, while the 2071-2100 simulation shows arPrecipitation, this study shows the vulnerability of Cyprus

increase of about 3 months. In order to estimate the magnit® future climate change in two 30-year future periods. Re-

tude increase of the above parameters in the two future simd@rding maximum temperature, in both simulations Cyprus
ulations the average values for the control run period (1961-S€€MS t0 undergoes warming. The warming, depending on

1990) of the annualimin, Winter Tmin, SUMMeTimin, NUMber the season, i§ in the range of 2@ to 1.9°C for the 202.1—
of nights withTimin >20°C are given below: 2050 simulation and 3.8C to 5°C for the 2071-2100 sim-

ulation. For the minimum average temperature the simula-
— Average annualyin ~15°C tions indicate an increase of about 1Gfor the 2021-2050

— Number of days witjax >35°C~60 days

www.adv-geosci.net/23/17/2010/ Adv. Geosci., 23,242010
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Fig. 3. Mean differences between the 2021-2050 future simulation (left), the 2071-2100 future period (right) and the control run period for
the average annudn, average wintefin, average summefiyin, number of tropical nights witlfi,jn,>20°C.
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Fig. 4. Percentage differences between the 2021-2050 future period (left), the 2071-2100 future period (right) and the control run period for
the annual total rainfall, winter total rainfall, autumn total rainfall and the duration of the period with precipitation under 1 mm.
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simulation and 4C for 2071-2100. The seasonal variabil- Déqg, M., Rowell, D. P., lithi, D., Giorgi, F., Christensen, J. H.,

ity varies between 1.3C in winter and 1.9C in summer
for the 2021-2050 simulation, whereas for the 2071-2100
simulation is in the range of 3°€ (winter) to 4.3C (sum-

mer). Finally, the future simulations indicate a drop in rain-
fall amounts. The sharpest decrease is evident seasonally f

the 2071-2100 simulation (decrease in winter accompanied
with decrease in autumn), whereas for the 2021-2050 sim-

Rockel, B., Jacob, D., Kjellstm, E., de Castro, M., and van den
Hurk, B.: Anintercomparison of regional climate simulations for
Europe: assessing uncertainties in model projections, Climatic
Change, 81, 53-70, 2007.

&ao, X., Pal, J. S., and Giorgi, F.: Projected changes in mean and

extreme precipitation over the Mediterranean region from high
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ulation, rainfall shows a decrease in winter, but an increasgsao, x. and Giorgi, F.: Increased aridity in the Mediterranean re-

in autumn. Both simulations indicate an increase in the dry
period with precipitation below 1 mm of about 15 days for
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