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Summary of project objectives
(10 lines max)

The goal of this project is to improve the existing short-range ensemble prediction system, based on
the Ensemble Kalman Filter (EnKF) approach (COMET-LETKEF [1] [2]) for the data assimilation
component (estimation of the initial conditions) and the COSMO regional model ( www.cosmo-
model.org ) for the prognostic one, in the framework of a comprehensive plan for development of a
new set of tools for the probabilistic forecast.

Summary of problems encountered (if any)
(20 lines max)

No real problem was encountered, neither technical nor conceptual.

Summary of results of the current year (from July of previous year to June of current
year)

The atmospheric short-range ensemble prediction system (COSMO-ME EPS) based on the
COMET-LETKEF analysis and the COSMO model is running operationally at the Italian Air Force
Meteorological Service (pre-operational since July 2013).

The relevant characteristics of the atmospheric COSMO-ME EPS are:

e Domain and resolution: COSMO model is integrated 40 times on the same domain of the
COMET-LETKEF system.

» |IC and BC: initial conditions are derived from the COMET-LETKF system; lateral boundaries
conditions are from the most recent IFS deterministic run perturbed using ECMWF-EPS.

» Model error: stochastics physics perturbation tendencies.
» Forecast range: 72 hours at 00/12 UTC.

During the third year of the project, different calibration methods have been evaluated in order to
correct the bias of the existing ensemble and the derived uncertainty information of the precipitation
field. The aim of the work is to provide to our forecasters the best possible support for specific
operational applications.

Calibration is a post-processing technique used to reduce systematic uncertainties of probabilistic
forecasts, so that the ensemble forecast statistical properties become similar to those of the observations
(reference dataset). In this way, the probabilistic forecasts are corrected using the errors of the past
probabilistic forecasts. The choice of the most appropriate method is a function of the variable to be
calibrated, the ensemble features and the possible uses of the forecasts. The effectiveness of calibration
depends on the training dataset length. A greater number of available historical data (reforecast dataset)
is needed for a better performance of a calibration method. Because the small COSMO-ME EPS
historical dataset, only two methods (quantile-to-quantile mapping QQM [3] and Local quantile-to-
quantile transformation LQQT [4]) have been chosen as a starting point. Both methods need a smaller
training period with respect to other algorithms proposed in literature. QQM and LQQT methods are
used to calibrate the QPF (quantitative precipitation forecast) of each ensemble member so that
correspondent rain field maintains their spatial features.

In this project the two methods have been implemented using R language and tested over a 1 month
period.

The purpose of the QQM approach is to ensure that the calibrated forecasts have the same marginal
distribution of the observations. For each grid cell and each member, the reforecast dataset and the
corresponding observations are sorted in ascending order for the period (season) of the target date. Then,
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the corresponding cumulative probability distributions are generated. The not-calibrated QPF quantile of
the target date is identified in the reforecast dataset CDF. The observed value with the same quantile in
the corresponding CDF of the observations is the daily calibrated QPF. This method allows only the
bias correction but not improvement of deficiencies in spread corrections. In fig 1 the maps of the
differences between the calibrated and raw forecast probability of 6 hours cumulated precipitation
greater than 0.2 mm and 10 mm are shown for a single event.

Fig 1 Test of QQM method: maps of the differences between the calibrated and raw forecast
probability of cumulated 6hours precipitation greater than 0.2 mm (left) and 10 mm (right) for a
single event.

The LQQT method proposed by Bremnes (2007) is based on the same idea of QQM algorithm, but it has
been introduced to works properly with not continuous variables such as precipitation. Following the QQM
methodology the pairs of reforecast and observations have been constructed, but the calibrated forecast p’ is
obtained from the raw forecast p by a linear transformation p’(p)=ao+ai (F-p), where F are the reforecast
series. The coefficients are obtained by minimization of the function

Zin:io(Gi_m(Fi))w(Fil p 1)

where G is the observations climatology, io is the number of sorted pairs with zero values both for
G and F, and W is the weighting function. W has been chosen for our test as follows:

W = (0.42+0.5-cos(x - dd) +0.08 - cos(27 - dd ))? , (2)
where
g _F-p (3)
3-std(G)

The calibrated probability of precipitation for thresholds of 0.2 mm and 1 mm has been computed
for different test cases with LQQT method. Results for a single event (the same as fig.1) are shown
in fig.2. The LQQT method seems to correct less than the QQM approach the ensemble
precipitation forecasts and, by contrast, it seems to correct more for heavy precipitation.

The differences of two methods are shown in fig.3 for the t+36h forecast probability of 6 hours
cumulated precipitation greater than 0.2 mm (OOUTC run of 14 november 2014). In this case
comparison with real observations shows that the QQM calibrated ensemble gives unrealistic high
precipitation probability over south of Italy.

A first objective comparison of the two methods have been done using the continuous rank
probability score (CRPS) computed over a longer period (OOUTC run for november 2014) as a
function of lead time. Results (fig.4) show that lower value of the CRPS are obtained with the
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LQQT method. An extension of the investigation period is planned, in order to have a more
statistically robust result.

Fig 2 Test of LQQT method: maps of the differences between the calibrated and raw forecast

probability of cumulated 6hours precipitation greater than 0.2 mm (left) and 10 mm (right) for a
single event.

Observation (mm)

Fig 3. Comparison between the t+36h forecast probability of 6 hours cumulated precipitation

greater than 0.2 mm (OOUTC run of 14 november 2014) for raw, QQM and LQQT calibrated
ensemble. Observation for the same day are given
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Fig 4. Comparison of CRPS score (OOUTC run for november 2014) as a function of lead time of 6
hour cumulated precipitation forecast for raw ensemble (left), QQM calibrated ensemble (centre)
and LQQT calibrated ensemble (right).
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Summary of plans for the continuation of the project

(20 lines max)

Plans for the last period of the project comprise evaluation of performances of the two implemented
methods (QQM and LQQT) through the computation of new scores (i.e. brier score and continuous
rank probability score). Implementation and test of different calibration methods are also planned.
Possible candidates are methods that calibrate directly the forecast probability, such as the reliability
calibration proposed in [5,6].
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