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Abstract

The available radiosonde data from Athalassa — Nicosia in Cyprus cover a period
from 1982 to present and provide a useful validation dataset for atmospheric and climate
model studies in the Eastern Mediterranean region. In this paper, a comparison is being
made between the radiosonde observations made at Athalassa - Nicosia, Cyprus and the
corresponding output for Nicosia from a recent long-term dynamical downscaling
simulation of the present climate in Southeast Europe with the PRECIS regional climate
model. In the present context, we compare surface and upper air temperature and relative
humidity monthly time-series from the radiosonde station with the corresponding model
output.

1. Introduction

According to the Intergovernmental Panel on Climate Change, the global average
surface temperature has increased in the 20" century by about 0.6°C, temperatures have
risen during the past four decades in the lowest 8 kilometres of the atmosphere, snow cover
and ice extent have decreased and global average sea level has risen and ocean heat content
has increased (IPCC, 2001). The same report states that concentrations of atmospheric
greenhouse gases and their radiative forcing have continued to increase as a result of human
activities and concludes that “there is new and stronger evidence that most of the warming
observed over the last 50 years is attributable to human activities”.

Estimates of the impacts of climate change (and related adaptation measures) can be
obtained from scenarios of the future climate produced by the predictions of Global
Climate Models (GCMs) forced by projected Greenhouse Gas (GHG) concentrations.
Although GCMs contain all the important physical processes of the climate system, their
predictions lack the detail useful in the local level because of the relatively crude horizontal
resolution (of a few hundred kilometres). Regional Climate Models (RCMs) can be used in
conjunction to GCMs in order to provide the finer detail of the climate change projections
by “dynamically downscaling” the meteorological information of the GCMs from the
global scale to the regional scale (few tens of kilometres).

The PRECIS (Providing REgional Climates for Impact Studies) RCM was
developed by the Hadley Centre (UK Met. Office) as an alternative, user-friendly and
resource-inexpensive climate modelling tool which can be used to provide accurate climate
change scenarios in the regional scale. The model was applied in South-East Europe and
the first results of a 3-year simulation of the recent past are validated here for the region of



Cyprus. Attention is given to the UT/LS region where changes in the tropopause height
provide an alternative indicator of the anthropogenic effect on climate (Santer, 2004).

2. Methodology and datasets
2.1 Model description and datasets

The PRECIS RCM is based on the atmospheric component of HadCM3 climate
model (Gordon et al., 2000) and it is described extensively in Jones et al. (2004). The
atmospheric dynamics module of PRECIS is a hydrostatic version of the full primitive
equations and uses a regular latitude-longitude grid in the horizontal and a hybrid vertical
coordinate. There are 19 levels from the ground up to 0.5 hPa and the horizontal resolution
is 0.22° x 0.22° or, 25 x 25 km, while the model time-step is 5 minutes.

The ERA-40 Lateral Boundary Conditions (LBC) are the drivers of the simulation
and are produced from the original European Centre for Medium-range Weather Forecasts
(ECMWF) ERA-40 meteorological analyses (a re-analysis dataset of the global atmosphere
from 1958 to 2001, with 1.5° x 1.5° horizontal resolution, Uppala et al., 2006). Hadley
Centre (David Hein, personal communication) has prepared a part of the ERA-40 dataset
for a broad region of S.E. Europe (with corner coordinates -15°W, 55°E, 55°N, 20°S). The
ERA-40 LBC are available every 6 hours and during the simulation are “informing” the
PRECIS model for the “observed” meteorological conditions. The model then adjusts its
own meteorological field (produced by its own physics at 0.22° x 0.22° horizontal
resolution) to the ERA-40 information. The outcome is a high resolution meteorological
field with realistic detail in the local level, derived from the global scale analyses (Figure
1).

Monthly values of measured surface air temperature and relative humidity and
upper air temperature from radiosondes by the Meteorological Service of Cyprus (MSC) in
the Athalassa, Nicosia for 1982-1984 are compared to the model time-series in the
corresponding grid box.

2.2 Model domain

The model domain has horizontal resolution of 0.22° x 0.22° or 25 x 25 km and is
shown in figure 1 (left). The domain boundaries cover a broad region including most of the
Balkans, Anatolia and the Middle East. A compromise had to be made between the
domain’s size and the computational speed of the experiments. In that respect, Cyprus is
well placed within these boundaries and especially within the inner domain (bound by the
shaded “buffer zones” adjacent to the domain boundaries), allowing for the optimum
dynamical downscaling. Figure 1 (right) shows a magnification of the whole model domain
in the area of interest. Cyprus consists of 14 grid boxes with dimensions 0.22° x 0.22° or 25
x 25 km. This horizontal resolution is the highest than can employed by the PRECIS model
and one of the highest used so far in long-term regional climate modelling (Déqué, 2004).
The selected number of grid boxes corresponds to an area of 14 x 25 x 25 = 8750 km?, or
95% of the total area of the island (~9250 km?).



Figure 1: Model domain. a) Overall domain (left), with (98 x 112) grid boxes, b) Magnified
domain over Cyprus (right), The black dot indicates Nicosia (grid C4). The brightness of
the green colour in every grid depends on the height. All grid boxes in both images have
dimensions 25 x 25 km.

For the purpose of model output extraction and validation with the MSC
observations, grid C4 (Figure 1, right) was selected as representative of the location of
Nicosia. Geographically, this grid lies in the Nicosia area and the corresponding model
orographic height (126 m) is very close to the height of the location of the meteorological
observations (163 m in Athalassa).

3. Validation with radiosonde data

Monthly time-series from the model output for the test simulation period 1982-1984 are
compared to the corresponding radiosonde measurements for the surface and the levels
above.

3.1 Comparison with surface parameters

In figure 2 the monthly evolution of the time-series of surface air temperature and relative
humidity agree very well with the MSC observations, capturing both the annual cycle and
the inter-annual variability.

3.2 Comparison with upper air parameters

In figures 3-6 the monthly temperature time-series from the MSC radiosondes are

compared with the corresponding output from the PRECIS model and the driving ECMWF
ERA-40 analyses. At this preliminary stage of the PRECIS output analysis, only the daily



mean values were extracted from the model and therefore should include a small
overestimation compared to the 12 UTC values (that the other two datasets use in the plots).

Closer to the surface (at 500 hPa shown in figure 3), both the original ECMWF analyses
and the dynamically downscaled from PRECIS are very close to the observed ones. At 250
hPa (figure 4), still within the troposphere, the comparison is similar. The quantitative
agreement at higher levels (100 and 50 hPa , figures 5 and 6), above the tropopause, is less
good (the PRECIS output underestimates the measurements), although in all cases, the
temporal evolution is captured satisfactorily.
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Figure 2. Time-series of surface temperature and relative humidity in Nicosia from the
model and from Athalassa radiosondes by the Meteorological Service of Cyprus.
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Figures 3-6: Time-series of temperature over Nicosia in Nicosia from the model (red, daily
mean), the Athalassa MSC radiosondes (black, 12 UTC) and the driving ECMWF ERA-40
analyses, at 500, 250, 100 and 50 hPa.

4. Conclusions

The comparison of the results of the PRECIS simulation over Cyprus with the CRU
and MSC observations shows that the model can reproduce satisfactorily the temporal
evolution of temperature and other meteorological parameters. This adds to a similar
validation study over Taiwan (Wang and Shallcross, 2005) demonstrating the ability of
PRECIS to simulate well and with very high resolution the climate of recent past. A
complete and statistically robust validation using the output of a 30-year simulation, which
is currently under way, will help validate better the capability of the PRECIS model to
reproduce the climate of the recent past in the Eastern Mediterranean.
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