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THE WEATHER FORECASTE R ROLE AT PRESENT AND IN THE FUTURE
D. ZIAKOPOULOS
National Meteorological Centre, HNMS

ABSTRACT

Some years ago weather forecasters considered the numerical weather prediction models as useful
tools providing assistance in their daily work, lehthey were cautious about the accuracy of the models
results. Nowadays weather forecasters depend greatly on these models and considering the fact that the
model sé6 accuracy is constantly improved and the fo
automated almost in every case, the question about the potential role of weather forecasters in the future
is raised. In this work the human factor in weather prediction procedures is examined and an estimation
regarding the future status ih the upcomyegrs is discussed.
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| MPROVING THE POSEIDON WEATHER FORE CASTS
USING OPERATIONAL 3D DATA ASSIMILATION

| . PAPADOPOULOS, P.KATSAFADOS’, E. MAVROMATIDIS?, E.N. ANAGNOSTOU"® AND
I. PYTHAROULIS?

YInstitute of Inland Waters, Hellenic Centre for Marine Research, Greece.
’Department of Geography, Harokopio University of Athens, Greece.
®Civil and Environmental Engineering, University of Connecticut, USA.
*Department of Meteorologglimatology, Schoabf Geology, Aristotle University of
Thessaloniki, Greece

ABSTRACT
The Hellenic Centre for Marine Research (HCMR) operates the POSEIDON

system to preide advanced measurements and forecasts for the environmental
conditions of the Greek Seas. This study investigates whether the weather forecasts are
improved with the operational application of the LAPS. LAPS is the meteorological
data assimilation syste which applied for the production of high resolution analysis
fields covering Europe. The two operational cycles of POSEIDON weather forecasting
system, one with the LAPS based initialization and the other with the standard GFS
initialization, are assesdeising as reference fields surface data from weather observing
stations across Europe.
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DYNAMIC PROCESSES OF THE MEDITERRANEAN BO MB OF 2004

T.S.KARACOSTAS, D. BRIKAS 2, . PYTHAROULIS® AND P.PENNAS"

'Department of Meteorology and Climatology, A.U.Th.
’Hellenic National Meteorological Service, Regional Meteorological Centre Makedonia

ABSTRACT

The meteorological bomb associated with the low pressure rattkdria, in January 2004, was born in

the Libyan Sea when a frontogenetically active occlusion was overtaken by a short wave of the
subtropical jet. Very soon the bomb dominated in the Mediterranean area. For the greatest part of its
lifetime, the bomb mmained between two fronts, the subtropical and the polar one, in a zone of weak
stratification. This favoured a strong updraft in the bomb vortex. The main vorticity production
mechanism was the stretching of the above vortex.
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A MODELING STUDY ON TH E EFFECTS OF AEROSOL ON CLOUD PROCESSES AD
PRECIPITATION

SOLOMOSS.,J.KUSHTA, C.SPYROY,C. MITSAKOU , G.KALLOS

University of Athens, School of Physics,
Division of Environmental Physics and Meteorology

ABSTRACT

Airborne particles of natural or anthropogenic origin, may act as both Cloud Condensation Nuclei (CCN)
and ice nuclei (IN) during cloud formation processes. Apart from their impact on cloud formation,
agosols do also interfere with atmospheric conditions by altering the radiation pattern as they can absorb
and scatter at both shortwave and loveye parts of the radiation spectrum. Thiegrated Limited Area
Modeling System (ICLAMS) has been developgdie Atmospheric Modeling and Weather Forecasting
Group at the University of Athens, in order to investigate possible links and feedbacks between air
pollution, atmospheric processes and regional climable present work focuses on the effects of
airborre particles on clouds and precipitation over eastern Mediterranean.
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MARINE POLLUTION EMERGENCY RESPONSESUPPORT SYSTEM FOR THE
EASTERN M EDITER RANEAN SEA

TH. CHARANTONIS, P.LOUKA AND TH. ANDREADIS
Hellenic National Meteorological Service

ABSTRACT

The Hellenic National Meteorological Service (HNMS) operates, in the framework
of WMO, a Marine Pollution Emergency Response Support System (MPEBSEg
eastern Mediterranean Sea. This system implements a sea pollution model based on the
French model MOTHY (Mod | e Oc®anique de Tr
METEOFRANCE. MOTHY is a trajectory model applied for cases of accidents in the
sea, a. for oil spill, and has also the possibility to be applied for floating items cases. It
uses input from a Numerical Weather Prediction (NWP) model, specifically predictions
of surface wind speed, ssarface pressure and optionally temperature, togetitbar
data concerning the particular sea sector, e.g. bathymetry and sea currents. HNMS has
recently updated and improved MPERSS in order to use high resolution predictions
resulted from COSMG@5R model with a horizontal increment of ~7km. The
implementationof MPERSS includes the specification of the location (latitude and
longitude) and the time of the incident, the type of the cargo involved (oil), while the
required duration of the forecast is clarified. MPERSS has been used successfully in
several casedies in the Eastern Mediterranean.
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ON THE STUDY OF THE HEAT WAVE EVENTS IN
THESSALONIKI
DURING THE LAST 60 YEARS
N. Pakalidou and T. Karacostas
Department of Meteorology and Climatology\JAT.
ABSTRACT

Taking into consideration the dramatic affect of anthropogenetic activities upon the atmospheric
environment of the second largeity ©f Greece Thessaloniki an attempt is made to study the frequency
of occurrencé and the intensity of the heat wave everdsring the summer period (May until
September) for the last 60 years (125D9).

To meet this objective, the observed hourly values of air temperature and relative humidity
obtained at the Meteorological Stati of the Department of Meteorology and Climatology of the
Aristotle University of Thessalonikiare used. The bioclimatological index values of the modified
Summer Simmer I ndex (SSI16) is adopted foreheithe i dent
wave events, which are then classified into six (6) distinct categories, according to their intensity.

The frequency of occurrences of the heat wave events are calculated within each one of the
categories. The examined long time period is dividéd &ix (6) tenyear periods and twelve (12) five
year periods. The exceptionally long time period of study provides the opportunity to look for any
variability of the extreme heat wave events, probably due to the climatic changes.
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PRE-PROCESSING OF METEOROLOGICAL DATA IN KNO WLEDGE
DISCOVERY

E. TSAGALIDISl, G. EVANGELIDIS?

'Hellenic Agricultural Insurance Organization, Meteorological Applications Centre
’Department ofApplied Infamatics, University of Macedonia

ABSTRACT

As an application of Knowledge Discovery from Meteorological Databases, we
attempt to relate recorded precipitation data from the Mikra Meteorological Station in
Thessaloniki, Greece, to the recorded data of tbgest to the station ERAO node
(i.e., node with latitude 40! and longitude 22%). We use the daily values of the
ERA-40 meteorological data from the European Centre for MedRamgeWeather
Forecasts (four times a day at 00h, 06h, 12h and 18h) geriad of 42 years (1960
2001). We examine different scenarios in thegnacessing phase of the input data and
we study their impact on the performance of data mining algorithms designed to predict
the occurrence of precipitation in Mikra Meteorologicaiation. The goal is to
determine the appropriate gpeocessing on the input file that can ensure effective
application of data mining techniques.
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1. INTRODUCTION

i Kn o w | Discbgeeyin DatabasegKDD) is an interactive iterative procedure
that attempts to extract implicit, prewisly unknown, and potentially useful knowledge
from datao (Roiger et al ., 2003) . Once a
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appropriate dataset is chosen and goes through-prgressing and transformation
phase. The resulting dataset is analyzed Ipyyapm various data mining algorithms on

it. The output is interpreted and evaluated and decisions are made about whether to
repeat previous steps or take action incorporating and applying the extracted knowledge
directly to appropriate problems (Roigeraét 2003).

KnowledgeDiscoveryhas become a very popular scientific discovery tool during
the past decade. Problems from diverse application fields, like, Astronomy, Athletics,
Meteorology, Marketing, etc., can be seen as interesting data mining app$chat
involve interdisciplinary collaboration.

In this paper we address the problem of data preparation in the context of the
application of data mining algorithms on Meteorological Databases. We combine two
datasets, th&eRA-40 datafrom the reanalgis project ofthe European Centre for
MediumRangeWeather ForecastECMWF), and the weather observations data from
the Meteorological Station of Mikra (Thessaloniki, Greece). Our goal is to ptadict
occurrence of precipitation in the station. Thisydze addressed as a classification
problem, i.e., how to assign a set of ER® parameter values to one of a set of well
defined classes. More specifically, we are interested in the presence or absence of
precipitation on the ground (i.e., we have a binelgss variable). We apply five
different data mining algorithms to design models for predicting our class variable. The
model evaluation is performed using a training/test set method, where the output
consists of the evaluation metrics.

Experiments havehe®wn that redundant attributes as input variables are responsible
for significant losses of performance in standard classiffeogger et al., 2003)nput
attributes highly correlated with other input attributes are redundant, as it happens in the
ERA-40 dataset. We address this issue by using the Principal Component Analysis
(PCA) extraction method as a data reduction technique on our original data.

A second question that we address is whether data transformation can improve the
performance of data mingnalgorithms. We experiment with three different scenarios
for preparing the dataset as input to the algorithms in order to find the most appropriate
for the ERA40 data. In addition, when classes are imbalanced, many learning
algorithms can suffer from ¢hperspective of reduced performance (Jo et al., 2004). In
our problem, the positive class (recorded precipitation) is only 16.1% of the cases. As
an attempt to overcome this issue of skewed data, we apply the common solution of
sampling the data randomtyg achieve a balanced distribution (Jo et al., 2004; Weiss,
2004; Batista et al., 2004).

The remainder of the paper is organized as follows. Section 2 describes the datasets
we used for applying the data mining algorithms. Section 3 discusses the maiodolo
used in the experiments. In Section 4 we present the analysis and the results, and,
finally, we conclude in Section 5.

2. DATASETS

The European Centre for MedidRange Weather Forecasts (ECMWF)-Re
Analysis ERA40 is a global atmospheric analysis of maoyventional observations
and satellite data streams for the period September 1957 to August 2002. Over the past
decade, reanalyses of mudiécadal series of past observations have become an
important and widely utilized resource for the study of atmesphand oceanic
processes and predictability (ECMWF). Since reanalyses are produced using fixed,
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modern versions of the data assimilation systems developed for numerical weather
prediction, they are more suitable than operational analyses for use essfidong

term variability in climate. Reanalysis products are used increasingly in many fields that
require an observational record of the state of either the atmosphere or its underlying
land and ocean surfaceBhe main objective of the reanalysis gaj ERA40 is to
promote the use of global analyses of the state of the atmosphere, land and surface
conditions over the period 192002(ECMWEF).

There are numerous data products that are separated into dataset series based on
resolution, vertical coordate reference, and likely research applications. In this study,
we used the ERAO 2.5 degree latitudengitude gridded upper air analysis on
pressure surfaces. This dataset contains 11 variables on 23 pressure surfaces on an
equally spaced global 2.5 deg latituddongitude grid. All variables are reported four
times a day at 00, 06, 12 and 18UTC for the entire period.

We created our initial dataset choosing the values of 10 variables on 7 pressure
surfaces on one node. We used only the data from withdegeographical coordinates
AN latitude and 22% longitude, which is the closest node to the Meteorological
Station of Mikra, Thessaloniki, Greece. The 10 variables argebpotentiain m?A™s
temperaturan K, U velocityi n  m¥Avelscityi n  dpectlic humidityn k g A'k g
relative humitidyas percentage (%)orticity (relative)in s®, potential vorticityin
K A% K*A’S divergencen s?, andvertical velocityin P a AWe omit the 11" Ozone
mass mixing ratioThe1000hPa, 925hPa, 850hPa, 700hPa, 500hPa, 300hPa and 200hPa
are the 7 pressure surfaces we chose, because these are the ones that are mainly used by
the meteorology forecasters operationally. In addition, theegabf thebarometric
pressure on mean sea leval Pa, supplement the initial dataset that consists of 71
variables.

Furthermore, the initial values of most of the variables for each pressure surface
and the pressure on mean sea level were transformeakethem easier to understand.

More specifically specific humidityva s ¢ o n v e T andvettical velocifyA k g h P a A
h™. The relatively small values of bothorticity (relative) and divergencewere
multiplied by 16, and the value gfotential vortidty by 1. Regarding the windyind
directionin azimuth degrees amwdnd speedn knots were calculated using the U and V
velocities. Also, the azimuth degrees for thied directionwere assigned into the eight
discrete values of north (N), northeas&(Netc., used in meteorology. Theopotential
was divided by the World Meteorological Organization (WMO) defined gravity
constant 0% thus,.it8wa$ BaBsiodned tgeopotential heighin gpm.
Finally, the values dbarometric pressure on mean sea levele expressed in hPa, and
only the védues of temperatureand relative humidityon pressure surfacesmained
unchanged.

The 6hourly main synoptic surface observation data of the Mikra Meteorological
Station, located at 40.88, 22.9PE and altitude of 4m, completed our initial dataset.
More specifically, we collected the recorded precipitation data of the period 1/1/1960
OOUTCi 31/ 12/ 2001 18UTC. We a s s-hogrly eecbrdstoh e v al u
rain, drizzle, sleet, snow, shower at the station or the records of thunderstorm at the
staton or around it, and the value 6nod to th
variable of our study. We mentighat the determination of the recorded precipitation is
taking into account both the present and past weather of the synoptic tbseaval
that snow or thunder have priority over rairable 1 depicts the distribution of the
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precipitation types that had been recorded in the Mikra Meteorological Station
according to the defined subclusters.

TABLE 1. Natural distribution of values witn the precipitation class variable

Precipitationl yesg

Precipitationl ngj

Rain, Drizzle

Snow, Sleet

Thunder

Total

Fog

Fair, Cloudy

Total

11.66%

0.89%

3.55%

16.1%

2.27T%

81.62%

83.9%

3. METHODOLOGY

We applied data reduction using the Principal Componanalysis (PCA)
extraction method to remove highly correlated variables from the-EHRdatasetWe
used the SPSS statistical software package to process the enthéOER#aset (SPSS).
We applied PCA and we selected components with eigenvalues gheatamte. Then,
we examined the component matrix of loadings. Component loadings represent the
degree of association, correlation, of each variable with each component. To identify the
significant loadings for each variable, the lower threshold of the w@tesealue of 0.4
was used due to the relatively large dataset size. In addition, the communalities of the
variables, which were calculated as the sum of the squared component loadings, were
examined to identify variables that explain more than 50% of #r@nce in each

variable.

Furthermore, we employed the Varimax with Kaiser normalization orthogonal
rotation method to achieve simpler and more meaningful component solutions, reducing
some of the ambiguities that often accompany initial unrotated swutid/hen a
variable is found to have no significant loadings or just one significant loading, the
d eleadimydThen,ahe b e
variable is candidate for deletion and the model is respecified. A iehals a cross
loading when it has more than one significant loadings (Hair et al., 2006; SPSS).

Common operational practice for meteorologists in weather forecasting is the
calculation of the differences between successive values of the meteorologatakegar
According to this practice and after the application of data reduction, we experimented
with two extra scenarios in addition to the one that uses the regular values of the
selected variables. In the second scenario, the values at each synoptweneur
replaced by the past 2®burly differences, and, in the third scenario, in addition to the
24-hourly differences we kept the regular values of the variables that express the wind
elements. We express the differences in the case of wind directigingywaluesl, -

2, -3 and-4 when the wind turns counter cleekse, 1, 2 and 3 when it turns cleck
wise, and 0 when the wind direction remains the same. For example, when a western
wind turns to southwest the differencd is when it turns to south ttdfference isi 2,

vari abl

eds

communal

ty

when it turns to northwest the difference is 1, etc.

In a conceptearning problem, we have class imbalance in our data if some classes

S
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t

have a much larger number of instances than the rest. Such a situation poses challenges

for typical dassifiers, such as decision tree induction systems or multilayer perceptrons,
since they are designed to optimize overall accuracy without taking into account the
relative distribution of each class. As a result, these classifiers tend to ignore small
classes while concentrating on accurately classifying the large ones. Such problems
occur in a large number of practical domains and especially in our dataset, where only
16.1% of the instances correspond to precipitation. In an effort to improve the
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performance of classifiers it is common to use thesaenpling process of manipulating

the distribution of the training instances. More specifically, the random sadepling
method is applied to randomly remove instances in the majority class and to reduce
them to the size of the minority class, thus, producing a completely balanced
distribution (Jo et al., 2004; Weiss, 2004, Batista et al., 2004).

4. EXPERIMENTS AND RESULTS

4.1. Feature selection

After applying PCA and examining the component matrix of loadmgd the
variable communalities, we deleted a total of 36 variables from our initial dataset that
consisted of 71 variables. The component model was respecified six times with a final
outcome of 35 variables and 9 components with eigenvalues greater thidre 1.
analysis reveals that the first component is most highly correlated with the geopotential
height on 200hPa, and, generally, is highly correlated with the geopotential height in the
upper levels, the temperature almost in all levels, and the spagifiiclity in low levels
of the atmosphere. The second component is most highly correlated with the relative
vorticity on 1000hPa, and, generally, it is highly correlated with the relative vorticity in
low levels, the geopotential height on 925hPa, and tesspre at mean sea level. The
third component is highly correlated with the wind direction in middle and upper levels
and especially on 300hPa. The fourth component is highly correlated with the wind
speed in upper levels and especially on 300hPa. The didimponent is highly
correlated with the wind speed in low levels and especially on 925hPa. The sixth
component is most highly correlated with the divergence on 300hPa and also the
vertical velocity in the upper levels. The seventh component is hightglated with
the temperature and relative vorticity on 200hPa. The eighth component is most highly
correlated with the potential vorticity on 500hPa and also the relative vorticity in the
same level. Finally, the ninth component is highly correlated Wwehatind direction in
low levels and especially on 925hPa.

Table 2 displays the variance explained by the rotated components and additionally
the corresponding ninmost highly correlatedariables. TheTotal column gives the
eigenvalue, or amount of variem in the original variables accounted for by each
component. Théo of Variancecolumn gives the ratio, expressed as a percentage, of the
variance accounted for by each component to the total variance in all of the variables.
The Cumulative %column giveghe percentage of variance accounted for by the%irst
components (SPSS)Yhey explain nearly 85.2% of the variability in the original
variables and it is possible to considerably reduce the complexity of the data set by
using these components, with a&8%. loss of informationAs a result, we can reduce
the size of the ERAIO dataset by selecting the 9 most highly correlated variables with
the 9 principal components.

TABLE 2. Variance explained by rotated components and the representative variables

Component Variable Total % of Variance Cumulative %
1 geopotential height 200hPg 9.8 28.0 28.0
2 relative vorticity 1000hPa 4.2 11.9 39.9
3 wind direction 300hPa 29 8.4 48.3
4 wind speed 300hPa 2.6 7.5 55.7
5 wind speed 925hPa 2.4 7.0 62.7
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6 divergence B0hPa 2.3 6.7 69.4
7 Temperature 200hPa 2.1 6.0 75.4
8 potential vorticity 500hPa 1.8 5.0 80.4
9 wind direction 925hPa 1.7 4.8 85.2

4 2. Data transformation

The reduced ERAO dataset with the 9 chosen variables, as predictors, and the
precipitation, as class variable, comprise our experimental dataset (Datasetl). As
explained in the previous section, we formed a second dataset by replacing the regular
values of the 9 predictorwith the past 24ourly differences (Dataset2). We also
formed a third diaset with 13 predictorby replacing the regular values of the 9
predictorswith the past 24ourly differences plus the regular values of the wind
direction on 300hPa and 925hPa and the wind speed on 300hPa and 925hPa (Dataset3).

The three datasets weitge input to five data mining algorithms that were run
and evaluated using WEKAhe algorithms were the decision tree C4.5 with unpruning
and Laplace estimate, theNearest Neighbours with k=3 and Euclidean distance, the
RIPPERt he Napve BtleeyMulilayar lPercegrondneural network with
backpropagation. The last three algorithms were run using the default settings of
WEKA (Hall et al., 2009; Witten et al., 2005).

As an evaluation metric, we used the Area Under the ROC (Receiver Operating
Charateristics) curve or simply AUC that measures the performance of the algorithms
as a single scalar. ROC graphs are-tlwoensional graphs in which the True Positive
Rate(the percentage of positive cases correctly classified as belonging to the positive
clasg is plotted on the Y axis and the False Positive R gercentage of negative
cases misclassified as belonging to the positive klagdotted on the X axis. A ROC
graph depicts relative tradeoffs between benefits (true positives) and costs (fals
positives). The AUC is a reliable measure especially for imbalanced datasets to get a
score for the general performance of a classifier and to compare it to that of another
classifier (Veiss, 2004; Batista et al., 2004)

The training/test set method wased to build and evaluate the models. Each
one of the three initial datasets (scenarios) with 61&&@mples or instances wa
divided into 10non-overlapping folds. By taking each one of the 10 folds as test set and
the rest 9 as a pool of instancesdboosing the training sets, we formed 10 groups with
55228 training instances and 6136 test instances. Then, from the training instances of
each group, we randomly took 10 samples with replacement consisting of 17788
instances. Thus, we formed 100 trairdtegt datasets with 23924 instances (17788
training and 6136 test instances, 74.3526.65%) for each scenario for a total of 300
datasets.Every fold or sample was chosen randomit it followed the natural
distribution according to the clusters withihre precipitation class variable, as shown in
Table 1.

Moreover, for each one of the 10 groups, we formed 10 balanced training sets,
where the number of O0yes dgheseaaasetsqgamariseidt o t he

8894 randomly with replication selct ed i nstances of 0nood, anec
i nstances of 6yesb. We used the same 10 t
i nstances, to evalwuate the built model s. |

of precipitation taken randdyy follows the natural distribution according to its
subclusters as shown in Table 1.
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To recap, we test each one of the three scenarios with 100 training/test datasets that
follow the natural distribution and 100 training/test datasets that follow tlaendwmad
distribution, for a total of 600 training/test datasets. These datasets comprise the input to
the five data mining algorithms. Thus, we performed 3000 runs in the WEKA
environment and we show the results in Table 3 and Figurakle 3 presents thmean
value and the standard deviation of AUC of the 100 runs for each dataset, distribution
and algorithm.

TABLE 3. Mean value and standard deviation of AUC

Natural distribution Balanced distribution

Datasetl Dataset2 Dataset3 Datasetl Dataset2 Datased

Algorithm X S.D. X S.D. X S.D. X S.D. X S.D. X S.D.

D.Tree | .728 | .011 | 641 | .009 | .679 | .009 | .737 | .008 | .653 | .009 | .683 | .010

k-NN .679 | .009 | 588 | .009 | .639 | .011 | .734 | .007 | .623 | .010 | .693 | .011

MPbp .786 | .009 | .703 | .008 | .727 | .011 | .803 | .008 | .716 | .005 | .758 | .009

N.Bayes | .773 | .008 | .703 | .007 | .736 | .007 | .774 | .008 | .704 | .006 | .737 | .007

RIPPER | .586 | .014 | .538 | .007 | .546 | .009 | .732 | .010 | .656 | .009 | .684 | .011

Figure 1 depicts the boxplots of the corresponding AUC values. The white boxplots
correspond to Datasetl, the light grey to Dataset2, and the dark grey to Dataset3. The
boxplots for the balanced datasets have a pattern consisting ofdblackvhereas, the

boxplots for the natural datasets have no pattern. We notice that the balanced
distribution strategy performs better than the natural one, especially forNkarkst

Neighbour, the RIPPER and the Multilayer Perceptron, whereas, arperfslightly

better for the Decision Tree and al most th
the three different scenarios for each distribution and algorithm, Datasetl (with the

regular values) performs better than the other two, and, Dataset3lfeithfferences

plus the regular values) performs better than Dataset2 (with only the differences).
Finally, in the natural distribution strategy the algorithm ranking is Multilayer
Perceptron, Napuv e B&Ngasest Neighbour &nd RIPRER the Tr e e,
case of the balanced distribution strategy the performanceNdarest Neighbour and

RIPPER vastly increases and it is almost equal to that of Decision Tree, whereas the
performance of Multilayer Perceghéeseaomd i s t he
best.

5. CONCLUSIONS

We applied Principal Component Analysis to reduce the 71 initial chosen variables
of the ERA40 dataset to 9 uncorrelated to each other variables. The variables that could
represent the 9 principal componegrigplaining neast 85.2% of the variability in the
original variables were the followingeopotential height on 200hPa, relative vorticity
on 1000hPa, wind direction on 300hPa, wind speed on 300hPa and on 925hPa,
divergence on 300hPa, temperature on 200hPa, potentialityooh 500hPa and wind
direction on 925hPa.

The reduced ERAIO dataset and the historical precipitation records of the
Meteorological Station of Mikra were the input into five data mining algorithms we
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used to build models that predict the occurrencepicipitation at the station.

,
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B D1_Balanced
[0 D2_Natural %
[{] D2_Balanced
O D3_Natural
05— B D3_Balanced

AUC

I I I I I
D. Tree k-N. Neighbour M. Perceptron N. Bayesian RIPPER

FIGURE 1. Boxplots of AUC values foeach algorithm, dataset and distribution.

The dataset with the regular values of the ER® variables (Datasetl) achieved
better performance than the one with the pash@4ly differences of the ERALO
variables (Dataset2), and the one with the differences plus the regular values of the
variables expressing the wind elements (Dataset3). In addition, when using balanced
rather than natural distributidraining sets, according to the s of precipitation, all
algorithms perform better on all three dat s
algorithm. Finally, the Multilayer Perceptron neural network with backpropagation
algorithm outperforms all other algorithms, revealing thest effective data mining
algorithm in this meteorological domain.
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ASSESSMENT OF THE PERFORMANCE OF THE
OPERATIONAL FORECAST MODEL COSMOGR USING
A CONDITIONAL VERIFI CATION TOOL

GOFAF ., RASPANTI A.?, CHARANTONIS T.* AND ¢. TZEFERT

'Hellenic National Meteorological Service,
“ltalian Meteorological Sevice (USAM)

ABSTRACT

The performance of the operational deterministic numerical weather model COSMOGR of the
Hellenic National Meteorological Service (HNMS) is investigated. The aim of this systematic evaluation
is to reveal the model strengths and weakes with respect to correctly forecasting various weather
parameters for the shemdnge time interval of 72 hours. The verification package VERSUS, which was
developed by the Consortium for Smadlale MOdeling (COSMO), consists of a common, unified
verif i cation 6l i braryé and a Conditional Verification
the selection of one or more forecast products in combination with one or more mask variables or
conditions.

Forecasts from the®of December 2008 avards are analysed at positions corresponding to surface
meteorological stations covering the entire area of Greece. The conditional verification exercise focuses
on key combinations of the following meteorological parameters: 2m temperature, 2m dew point
temperature, cloud cover, precipitation and 10m wind speed. The seasonal variability of the performance
of the forecast system is also examined.

1. INTRODUCTION

Verification is an integral element of operational forecasting systems. It is necessary
not onlyto monitor forecast quality, but also to choose between alternative forecasting
systems, to guide their improvement and to inform forecast users regarding uncertainty
levels in order to help them in their decision making. The classical verification of
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forecast products is generally based on the evaluationgieéslements in specific time

and space domains. The resulting numbers, tables and plots present measures of the
overall performance of the model with regard to the product considered. Potential
interdependencies between various products are a priori ignored (e.g. cloud cover
surface temperature). The interpretation of classical verificagsuits with regard to
systematic deficiencies in the model's simulation of specific processes is alsorfar fro
trivial. Even though obvious weaknesses of the model may be identified, determining
the reasons behind these failures is hampered by the integral properties of the classical
approach, i.e. the averaging over spatial (and temporal) domains without catiside

of specific details of the atmospheric and/or surface situation. However, if tools existed
that allowed a process or situation dependent verification, the task of discovering the
cause of model shortcomings might be made much easier and model emprav
would be facilitated. The verification of forecast products imjuxaction with the
existence of additional criteria that are to be met will hereafter be considered as
Aconditional wverificationo (CV).

The primary purpose of CV is the systematic eatsun of model performance in
order to reveal typical shortcomings and their root causes. When applied in a routine
fashion, CV should also have the potential to provide forecasters with information about
the specific situation and prodedépendent modekliability. The typical approach to
CV consists of the selection of one or more forecast products and one or more mask
variables, which are used to define thresholds for the product verification. However, the
masking requirements may occasionally be radoenplex, such as in cases where the
forecast product depends strongly on the history of a certain variable rather than on its
current state (Raspanti et al., 2007).

The Hellenic National Meteorological Service (HNMS) operataghresolution
Numerical Wather Prediction (NWP) systems (e.g. COSI@R) that provide detailed
deterministic forecasts for an extended area around Greece on a daily basis. In addition,
gridded forecast and analysis data are received daily from the European Centre for
Medium-Range V¢ather Forecasting (ECMWF) Integrated Forecasting System (IFS).

In order to determine the quality of the NWP products of COSBOand to gain
insight into their accuracy and usefulness, a verification process is applied based on a
tool that was developedrough the COnsortium for Smaltale Modeling (COSMO).
The general aim of COSMO is to develop, maintain and improve éyunostatic
limited-area atmospheric model to be used both for operational and research
applications by the members of the consorti@®SMO consists of different Priority
Projects (PP), each of which has as a goal to investigate and improve different aspects
of the model. One PP was dedicated to the creation of an operational conditional
verification tool, known as the VERIfication Sgm Unified Survey (VERSUS), the
development of which was coordinated by the Italian Meteorological Service (Raspanti,
2008). VERSUS is currently used by the HNMS for all verification activities. The
forecast values of weather parameters are comparedsyitiptic meteorological data
from the HNMS operational network of stations and a range of statistical scores is
calculated on a daily, monthly, seasonally and yearly basis.

2. DATA AND METHODS OF T HE VERIFICATION SYST EM

The main objective of VERSUS the systematic evaluation of model performance
in order to reveal model weaknesses by applying a different approach from the usual
classical verification tools. The VERSUS software was developed as a unified tool
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capable of performing operational standaverification, conditional operational
verification as well as experimental verification, in both batch and interactive mode.
The verification software has a udaendly graphical user interface (GUI) (Fig.1) that
facilitates registration, modification dmmanagement of all verification activities. The
GUI is based on a standard Web interface, which derives from a -stiamr
architecture (Raspanti, 2009).

FIGURE 1.VERSUS web application FIGURE 2. Integration area of CEMO-GR.

Forecasts derived from the COSM&R modelling system were evaluated using
the operational verification procedure and are presented here. The -Jargtednodel
COSMOGR is based on the Lok&odell (LM) of DWD (Deutscher Wetterdienst), in
which pimitive hydrothermodynamical equations describe a compressible non
hydrostatic flow in a moist atmosphere without any scale approximations (Steppeler and
al., 2003). The operational domain of COSNBR covers an area with a longitude
range of 48 and a latude range of 24%5(Fig. 2), with 35 vertical levels and a
horizontal resolution of 0.0625~7km). The model is verified over the course of a
calendar year against data from larahd sedbased weather stations. The model
variables addressed by the ¥iegation procedure are: 2m temperature (T2m), -g@mt
temperature (Td2m), mean de&el pressure (MSLP), cloud cover, precipitation and
10m wind speed and direction (Fig.2).

3. CONDITIONAL AND UNCON DITIONAL VERIFICATIO N RESULTS

The following sectiorpresents the results of the verification of the continuous and
noncontinuous surface parameters for the period: Decemberi26@8mber 2009. All
the statistical scores are calculated for thremth periods and therefore reveal aspects
of seasonal variain.

3.1 Continuous weather parameters

The verification of continuous variables (T2m, Td2m, MSLP, wind speed) is
typically performed using statistics that show the degree to which the forecast values
differ from the observains. The Mean Error (ME), thlean Absolute Error (MAE),
and the RMSE are simple indices that provide useful information about the model's
performance for a given weather parameter for a given location. Thus, for the all
continuous weather parametershdurly forecast values for a hpon of 72h of the
00UTC model runs were compared against the respective SYNOP data.

A number of conditions were applied to the verification of weather parameters,
and a small selection of which are presented in this paper. The T2m forecasts were
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verified first in accordance with the observed cloud cover conditions. COSRO
produces subgrid scale cloudiness using an empirical function that depends on relative
humidity and height. The results in Fig. 3 and 4 show that the model performs better
(lower RMSE)in overcast than in clear conditions, especially during the winter. Clouds
regulate the amount of solar radiation reaching the surface and can théeHuily
influence temperature netlire ground.
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FIGURE 3. Seasonal statistics (ME, MAEMRSE) for T2m in overcast conditions.
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FIGURE 4. Seasonal statistics (ME, MAE, RMSE) for at T2m in clear sky conditions.
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FIGURE 6. Seasonal statistics (ME, MAE, RMSE) for Td2m for all conditions.

During thedaytime, surface temperature will generally be lower when clouds are
present. In addition, the cooling of the Earth's surface at night through the emission of
longwave radiation is lessened in cloudy (mainly low and middle cloud) conditions as
clouds emitsome of this outgoing radiation back to the surface (Gofa, 2008). In general,
the model has a cold bias for all the seasons with a very strong diurnal cycle of the
forecast error. This bias decreases substantially under total cloud cover, highlighting the
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