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Abstract. A comparison is made between the precipitation 1  Introduction
forecasts by the non-hydrostatic limited area model LME of
the German Weather Service (DWD) and observations fromThe local model LME (Doms and Sétiler, 2002; Steppeler
a network of rain gauges in Cyprus. This is a first attemptet al., 2003; Schulz, 2005) was developed by the German
to carry out a preliminary verification and evaluation of the Weather Service (DWD). Its pre-operational phase started in
LME precipitation forecasts over the area of Cyprus. January 2005 and in September 2005 it became operational.
For the verification, model forecasts and observationsThe boundary data for the LME are provided by the opera-
were used covering an eleven month period, from 1/2/200%ional global model GME, for every hour. The horizontal res-
till 31/12/2005. The observations were made by three Auto-olution of the LME is 7 km (0.0625, while the atmosphere
matic Weather Observing Systems (AWOS) located at Lar-is represented by 40 layers in the vertical, ten of which re-
naka and Paphos airports and at Athalassa synoptic statiosplving the boundary layer structure. The LME covers the
as well as at 6, 6 and 8 rain gauges within a radius of aboutvhole European region, including the Mediterranean, Black,
30km around these stations, respectively. The observationlorth and Baltic Seas. For the purpose of this study, a sub-
were compared with the model outputs, separately for eactarea was chosen, enclosed by meridiarfs28nd 37 E and
of the three forecast days. latitude circles 30N and 40 N.
The “probability of detection” (POD) of a precipitation
event and the “false alarm rate” (FAR) were calculated. From
the selected cases of the forecast precipitation events, the ag- Data and methodology
erage forecast precipitation amounts in the area around the
three stations were compared with the measured ones.  For the calculations, the forecast precipitation accumulations
An attempt was also made to evaluate the model's skillof the 00:00 UTC model runs for a 3-day forecast model out-
in predicting the spatial distribution of precipitation and, in put (t+30, t+54 and t+78) were contrasted to the observed
this respect, the geographical position of the maximum fore-ones, during the eleven-month study period, namely, from 1
cast precipitation amount was contrasted to the position ofebruary to 31 December 2005. The forecast values used for
the corresponding observed maximum. Maps with monthlythe verification represent the average precipitation accumu-
precipitation totals observed by a local network of 150 rain |ations at selected grid boxes surrounding the stations.
gauges were compared with the corresponding forecast pre- The observations were made by three Automatic Weather
Cipitation maps. Observing Systems located at the Airports of Larnaca
(33.37 E, 34.52 N) and Paphos (32.4%, 34.72 N) and at
Athalassa station (3324, 35.F N). The actual values used
for the comparison represent the mean daily accumulated
precipitation measured at Larnaka, Paphos and Athalassa and
at 6, 6 and 8 rain gauges within a radius of about 30 km
around these locations, respectively. The grid boxes used for
the verification, as well as the position of the rain gauges
Correspondence toA. Orphanou are shown separately for each station in Fig. 1. The clos-
(orphanoua@yahoo.qgr) est available rain gauges within the selected grid box area
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Fig. 1. The locations of Larnaka, Paphos and Athalassa stations (marked with star), their surrounding rain gauges (marked with blue dots)
and the grid boxes used for the verification (orange boxes).

were chosen, while some others in the vicinity were alsoarea of Cyprus is quite frequently affected by cyclonic sys-
taken into account to extract the area average used in theems (Meteorological Office, 1962; Reiter, 1975; Flocas et
verification. The “probability of detection” (POD), defined al., 2001; Michaelides et al., 2004; Nicolaides et al., 2004)
as the percentage of the number of cases where a precipitéhat influence the amount of precipitation and its spatial dis-
tion event was observed and forecast by the model, to theribution.
number of cases where a precipitation event was observed,
was calculated. The second calculated parameter is the “fals.1  In situ comparison
alarmrate” (FAR), defined as the percentage of the number of
cases where a precipitation event was forecast by the moddihe Probability Of Detection (POD) and False Alarm Rate
but not observed, to the number of cases where a precipita(FAR) were calculated by comparing the averaged actual
tion event was forecast. From the selected cases of preci@mounts of precipitation at each station with the accumulated
itation events, the average forecast precipitation amounts ifiorecast values corresponding to lead times D1, D2 and D3
the area around the three stations were compared to the mefi30, t+54 and t+78, respectively) of a model run. The cal-
sured ones. The simple arithmetic mean was calculated fofulations refer to the 11-month period and the two groups of
both the grid boxes and the rain gauges. For uniformity, 12months of the cyclone season.
grid boxes had to be used for the verification. Since Paphos The results in Tables 1, 2 and 3 suggest that Athalassa,
station is at almost sea level, the grid boxes were chosen s@hich is located inland, has the lowest POD in almost all pe-
that the nearby mountainous region was excluded. riods and lead times, compared to the other two coastal sta-
By using data from 150 rain gauges covering the island,ions, namely, Larnaka and Paphos Airports; only at D2 dur-
maps of monthly precipitation totals were constructed. Theind the two sub-groups of months POD is higher at Athalassa
distribution of these rain gauges and the location of the thredhan at Larnaka. The percentages vary between 47-55% for
stations are shown in Fig. 2. D1, 53-57% for D2 and 50-54% for D3. It is worth pointing
out that, in most cases, the POD at Athalassa is higher when
the lead time of the model is increased (D2, D3), than when it
3 \Verification of precipitation is closer to the initial time of the model run (D1), mainly dur-
ing the first group of months. The FAR at Athalassa remains
The evaluation of the skill of the LME model to forecast pre- much the same at all lead times, but increases with lead time
cipitation was carried out in two ways. The first is based onat the other two stations.
an in situ quantitative comparison of predicted and measured Similar results with Athalassa were found for Larnaka, but
precipitation at the three stations and their surrounding armore promising, since both POD and FAR have more trust-
eas and the second is based on a qualitative comparison @forthy values. The POD varies between 63-68% for D1,
the spatial distribution of forecast and observed precipitationrd4-50% for D2 and 67—73% for D3. In addition, it is worth
over the island of Cyprus. noting that the model performs much better in detecting pre-
For the in situ comparison, the calculations were donecipitation for D3 than for D2 at Larnaka.
for the 11-month period, but also for the six months of the Overall, the best performance of the model in all periods
cyclone season, namely, February, March, April, October,and all days was for Paphos, the western coastal station, in
November and December. It is within these months that thewvhich the highest POD was measured. It varies between

Adv. Geosci., 10, 13338 2007 www.adv-geosci.net/10/133/2007/



K. Savvidou et al.: DWD limited area model LME over Cyprus 135

/ Height {m)
0
T 75
/ o
-~ 25
- 300

| 375
450
525
600
675
= 4 Athalagsa . a0
T H .* s e

525
00
a7s
1050
d 125

»=1200
Larnaka

L

335
340
345

Fig. 2. Morphological map of Cyprus showing the network of rain gauges (indicated as red circles) and the position of the three synoptic
stations referred to in the text (indicated as green stars).

Table 1. POD and FAR of precipitation forecast for Athalassa, Lar- Table 3. POD and FAR of precipitation forecast for Athalassa, Lar-
naka and Paphos one (D1), two (D2) and three (D3) days ahead, fanaka and Paphos one (D1), two (D2) and three (D3) days ahead, for

the 11-month study period. the second group of months, October, November and December.
Stations Days Stations Days
D1 D2 D3 D1 D2 D3
POD FAR POD FAR POD FAR POD FAR POD FAR POD FAR
Athalassa 54.9 349 57.1 349 542 35.0 Athalassa 529 18.2 529 100 50.0 27.3
Larnaka 68.1 27.3 489 313 689 404 Larnaka 625 16.7 43.8 125 733 214
Paphos 73.3 313 682 348 721 354 Paphos 86.7 188 733 26.7 714 28.6

Table 2. POD and FAR of precipitation forecast for Athalassa, Lar- first group of months (i.e. February, March and April). At
naka and Paphos one (D1), two (D2) and three (D3) days ahead, foAthalassa, the POD is of similar order of magnitude, but the

the first group of months, February, March and April. FAR is notably reduced.
During the in situ comparison, the cases of forecast pre-
Stations Days cipitation events were selected and the average forecast pre-
D1 D2 D3 cipitation amounts in the area around the three stations were
POD FAR POD FAR POD FAR compared with the measured ones. Due to space limitations

the results shown in Fig. 3 refer to the first forecast day for
each station during the two groups of months of the cyclone
season.

The model tends to underestimate the amount of precip-
itation at Athalassa. In many cases though, the difference
is close to zero, while the majority of the events where the
model overestimated the accumulated values, were the ones
72-87% for D1, 68-73% for D2 and 71-76% for D3. The when no precipitation was recorded by the rain gauges. A
only exception is for D3 during the second group of months, petter fitting of the LME is spotted during the first 3-month
where the POD at Larnaka was slightly higher. Regardingperiod (cases to the left of the green vertical line), compared
FAR, the results are similar to the other two stations: it in- tg the second one (cases to the right of the green vertical
creases with increasing lead time, in most of the cases. line). Similar results were found for Larnaka.

Finally, it has been found that during the autumn and A notso explicit picture was found for Paphos. For the ma-
winter months (i.e. October, November and December), thgority of the forecast precipitation events, there was an over-
model’'s skill was much more satisfactory compared to theestimation of the accumulated values, especially during the
rest of the study period, especially at Paphos, where there iirst 3-month period, while during the second 3-month period
a 14 percentage points higher POD on D1, than during théoth overestimations and underestimations were noted. The

Athalassa 47.6 41.2 550 476 526 444
Larnaka 63.2 294 50.0 438 66.7 52.0
Paphos 727 360 714 348 76.2 385
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Fig. 3. Difference between the forecast and the actual mean precipitation amounts at Athalassa (top left), Larnaka (top right) and Paphos
(bottom). The cases (days) to the left of the green vertical line refer to the first group of months, while the cases (days) to the right, to the
second group. The cases of FAR are depicted and shown with red dots.

differences are much higher during the last period, reaching 1. The model is able to capture the basic characteristics of
the amount of 15 mm of underestimation and overestimation.  the seasonal variations of precipitation over Cyprus, but
It is worth mentioning that the striking notch where pre- it underestimates the amount of the monthly precipita-
cipitation was significantly underestimated by the model at tion in the spring season and strongly underestimates it
Athalassa and Larnaka stations during the second group of  during autumn and winter months.
months, refers to the same weather situation that affected
Cyprus on the 6 November 2005. In that case, precipitation
was also underestimated at Paphos, but the underestimation
was limited to 9.5 mm.

2. The forecast maximum precipitation areas were located
to the west part of the island, i.e. Paphos district and
to the windward side of Troodos mountains (the central
massif in Fig. 2).

3.2 Spatial distribution of monthly precipitation forecasts 3. The positions of the forecast maximum precipitation ar-

eas are displaced to the west and southwest of the posi-

An attempt was made to evaluate the model’s skill in pre- i ' Y
tions of the observed maximum precipitation areas.

dicting the spatial distribution of precipitation. Precipitation
forecasts from the 00:00 UTC model runs, from t+06 to t+30 4 |4 the areas of maximum observed precipitation, the
were accumulated, in order to calculate the forecast monthly el forecasts very low values (for example, in Febru-
precipitation distributions, which were subsequently com- ary in areas with observed maximum values equal to
pared to the observed distribution of monthly precipitation 140 mm the model forecasts 20—30 mm.

revealed by 150 rain gauges operating on the island. Figure 4

shows the spatial distribution of forecast and observed pre-

cipitation for the six months of the cyclone season, February,

March, April, October, November and December. A qualita-

tive comparison of forecast and actual precipitation distribu-

tions lead to the following results:
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Fig. 4. Verification of precipitation for the six months of the cyclone season.
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— Comparison of the LME with the global model of the
DWD is planned. By contrasting the two models, a
comparative evaluation of the performance of the local
model LME will be made over the area of Cyprus.
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