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1. Introduction

Verification is a central aspect of quantitative precipitation forecasts (QPFs) to assess their
shortcomings and problems. The MAP D-PHASE dataset offers a unique opportunity to
investigate the QPF performance of different deterministic regional numerical weather pre-
diction (NWP) models. Due to the complex nature of precipitation fields the verification of
QPFs is very challenging. Also for current high-resolution NWP models, including models
without parameterization of deep convection, it is difficult to accurately capture observed
convective rainfall events in time and space. When using classical grid-point based veri-
fication measures, errors in the timing and/or location of the events lead to the so-called
“double penalty” problem. In order to measure the skill of QPFs in a more reasonable way,
a feature-based or fuzzy verification technique is required. (See Casati et al. (2008) for a re-
view of recently proposed verification approaches.) One of the newly developed QPF quality
measures, referred to as SAL (Wernli et al. 2008), will be used in the present study.
The goal of this study is to reveal the differences in the QPF performance of various NWP
models that, among other factors differ in terms of horizontal resolution, treatment of deep
convection and the influence of assimilated data. QPFs are taken from the MAP D-PHASE
dataset during Summer 2007, when the COPS (Convective and Orographically-induced Pre-
cipitation Study) field experiment took place (Wulfmeyer et al. 2008 ). The area of interest
is the German Part of the COPS region (see Fig. 1).

Figure 1: Topography of the German part of the COPS region (referred to as “COPS
Germany”) with the Black Forest, the Swabian Alb and the upper Rhine valley.
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2. Data and methods

(a) Observations and model data
The observational precipitation field was obtained from about 150 rain gauges in the COPS
Germany region, provided by the German Weather Service. These daily accumulated station
values were transformed to a grid with a horizontal resolution of 7 km, using the gridding
technique of Frei and Schär (1998). More information about the gridding of the German
rain gauge data can be found in Paulat et al. (2008).

For this study, 19 deterministic models have been extracted from the D-PHASE “model
zoo” (see Table 1), which can be divided into three categories: global models (1), medium-
resolution local area models (LAMs) with parameterized deep convection (10), and high-
resolution LAMs (7) where deep convection is explicitely calculated.

model horizontal parameterization of model category
resolution deep convection

ECMWF ∼30 km yes global

MM5 60 60 km yes medium-resolution

MM5 15 15 km yes medium-resolution

QBOLAM11 11 km yes medium-resolution

ALADAT 9,6 km yes medium-resolution

ALADFR 9,5 km yes medium-resolution

MESONH8 8 km yes medium-resolution

COSMO-EU 7 km yes medium-resolution

COSMOCH7 7 km yes medium-resolution

LMEURO 7 km yes medium-resolution

LAMI7 7 km yes medium-resolution

COSMO-DE 2,8 km no high-resolution

LMITA 2,8 km no high-resolution

AROME 2,5 km no high-resolution

COSMOCH2 2,2 km no high-resolution

MESONH2 2 km no high-resolution

MM5 CT 2 km no high-resolution

MM5 4D 2 km no high-resolution

ISACMOL2 2 km no high-resolution

Table 1: List of the 19 models with their horizontal resolution (∆x in km), information about
the parameterization of deep convection and the corresponding model category.

To calculate daily precipitation sums (from 06 to 06 UTC on the following day), the simu-
lations started at 00 UTC (except for COSMO-DE and COSMOCH2 for which the forecasts
starting at 00 and 12 UTC had to be combined) were used. Due to the fact that the 19 NWP
models have different horizontal resolutions ranging from 2 to 60 km(see Table 1), the fore-
casts were transformed onto the same grid as the observations with a horizontal resolution
of 7 km.

(b) The SAL technique
For the assessment of the QPFs of the 19 NWP models, the recently developed feature-based
verification technique SAL (Wernli et al. 2008 ) has been used. SAL contains three indepen-
dent components measuring the quality of the (S)tructure, (A)mplitude and (L)ocation of
the QPF.
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Figure 2: An example for the application of SAL. The left panel shows the observations in
mm/day and the right panels show two forecasts, which score different in terms of SAL.

The structure component S investigates the size and shape of precipitation objects. It is
defined in the range [−2 · · · + 2], where negative values correspond to too small and/or too
peaked objects, while positive values indicate too large and/or too flat simulated precipita-
tion objects. Corresponding to SAL, a value S = 0 indicates a perfect structure of the QPF.
The amplitude component A evaluates the total amount of precipitation in a predefined
region. The values of A are within [−2 · · · + 2], where 0 represents again the perfect value.
Negative values of A correspond to too little and positive values to too much predicted pre-
cipitation, respectively.
The location component L quantifies the displacement of observed and simulated precipita-
tion objects, relative to their overall centers of mass. The values of L are within [0 · · · + 2]
and also here 0 denotes the perfect value.

(c) An example for the application of SAL
To illustrate the working of SAL, an example is shown in Fig. 2 for southwestern Germany.
The observations are shown on the left-hand side with a couple of distinct precipitation ob-
jects. The upper right panel shows the simulation from model I with intense and widespread
precipitation. This leads to high positive values of S = 1, 3 and A = 0, 6, i.e. the amount
of precipitation is overestimated as well as the typical size of the precipitation objects.
The forecast from model II is shown in the lower right and this model simulates almost no
precipitation. The negative values of S = −1, 0 and A = −1, 6 quantify the significant
under-prediction of the amount of precipitation and the size of the objects.

3. Results

For concisely representing the results of all 19 models, the interquartile range (IQR) is plotted
against the median in Fig. 3 for the SAL components S and A determined for all 92 QPFs in
JJA2007. In this diagram, a perfect model is represented by a point at the origin (median=0,
IQR=0). In contrast, a random forecast, generated by using a “Monte-Carlo” approach to
the set of observed precipitation fields (Wernli et al. 2008 ), has a median of zero with a high
IQR (> 2).
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Figure 3: Interquartile range vs. median for the SAL components S (a) and A (b) for JJA
2007 in the COPS Germany domain. Black symbols denote global, blue medium-resolution
and red high-resolution models, respectively.

For S, the results for the three model categories are well separated: The medium-resolution
models (blue) show a tendency to predict too large and/or too flat rain objects (median of
S ≥ 0), while the high-resolution models (red) simulate too small and/or too peaked rain
objects (median of S ≤ 0). Most of the high-resolution models have a significantly smaller
IQR than the medium-resolution models. The global model produces the largest median of
S, but a fairly small IQR.
The picture for the A component (Fig. 3b) is less systematic, but three particular aspects
are apparent. The first one (dark green) is related to the performance of the COSMO model
driven by different global models. The COSMO model driven by the GME (global model
from the German Weather Service) simulates the amount of precipitation better than if
driven by the ECMWF global model, as revealed by the differing medians. The second
aspect corresponds to the fact that different LAMs (orange) driven by the same global
model (ECMWF) perform differently. For the MM5 and COSMO models, the simulated
amount of precipitation is on average underestimated, while for MESONH the amount is
overestimated (MESONH is the only model using a two-way nesting method). The third
aspect (purple) is the positive effect of the 4D-Var assimilation of GPS water vapor mea-
surements in the MM5 model for the amplitude component of SAL. In contrast, both with
and without assimilated GPS data, precipitation objects in the MM5 forecasts are too small
and/or too peaked (as indicated by the negative median of S).

4. Summary & Conclusions

Daily QPFs from a set of 19 models have been verified with the recently developed feature-
based technique SAL in the German part of the COPS area during summer 2007. The
investigation reveals some important differences between medium-resolution models with pa-
rameterized deep convection and high-resolution convection permitting models. On average,
the high resolution models simulate the structure of the precipitation field more realistically
than the medium-resolution models (as shown by the smaller IQR of S), however some of
them show a systematic underestimation of the structure component (median of S ≤ 0). The
quality of the simulated precipitation amount is linked to the following three characteristics.
The COSMO model driven by the GME (median of A ≃ 0) predicts the amount of precip-
itation better than if driven by the ECMWF (median of A < 0). The IQR of A is smaller
for the high-resolution models. For the MM5 model, the use of 4D-Var assimilation of GPS
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water vapor measurements leads to a better estimation of the precipitation amount but not
of the structure of the precipitation objects.
Probably for the first time such a large dataset of forecasts from different models has been
available for a thorough validation of QPF performance. It is interesting that systematic
differences occur between models that parameterize deep convection (here referred to as
medium-resolution models) and models that don’t parameterize deep convection (here re-
ferred to as high-resolution models) - if using a feature-based verification measure like SAL.
In particular when considering the structure of a precipitation field, the first results from the
new generation of convection-permitting models are promising. However, one should keep in
mind that this study focused on a relatively small mountaineous region in southwestern Ger-
many during one particular summer season. Further work is required to assess the robustness
of these results and to quantify the QPF quality of the different model categories in other
regions and during other seasons. Also, the considered summer season in 2007 was charac-
terized by strongly contrasting synoptic weather conditions (Zimmer and Wernli 2008 ) and
it will be rewarding to compare the models’ QPF performance for different weather regimes.
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