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This special issue contains nine papers presenting results of the Convective and Orographically-induced Precipitation
Study (COPS). The goal of COPS was to determine the physical processes responsible for the production of convec-
tive precipitation in complex terrain including heavy precipitation leading to flash flooding. COPS took place in a
medium-high mountainous area covering the Black Forest and Vosges mountains in Germany and France as well
as the Rhine Valley between the two ranges. The field phase of this experiment was from 1 June to 30 August
2007 with 18 intensive observation periods covering about 30 days in total (WULFMEYER and BEHRENDT, 2007;
WULFMEYER et al., 2008; RICHARD et al., 2009; WULFMEYER et al., 2011).

During COPS, scientists from many European countries and the US brought together a large number of research
instruments in order to investigate the process chain related to convective precipitation: synergetic remote-sensing
instruments such as water vapor, temperature, and wind lidars, cloud radars, polarization weather radars, microwave
radiometers, and sodars, as well as intensified networks of meteorological instruments at the ground including auto-
matic weather stations, energy balance stations, soil moisture sensors and GPS receivers. In addition, several aircraft
and a large number of radiosonde sounding systems were used to collect high-resolution in-situ data at higher alti-
tudes. Some of the instruments and measurement techniques were new and employed during COPS for the first time
(e.g., AOSHIMA et al., 2008; RADLACH et al., 2008; BEHRENDT et al., 2009; BEHRENDT et al., 2011; CORSMEIER et al.,
2011; KIEMLE et al., 2011; WAGNER et al., 2013). COPS was acknowledged as a Research and Development Project
of the World Weather Research Programme (WWRP) of the World Meteorological Organization (WMO). In parallel
to the COPS field campaign, a suite of mesoscale numerical weather prediction models was operated in real-time
within the WMO Forecast Demonstration Project D-PHASE (Demonstration of Probabilistic Hydrological and Atmo-
spheric Simulation of flood Events in the Alpine region, see ROTACH et al., 2009a,b). The output of these models were
used on the one hand for planning and refining the experimental activities. On the other hand the dense meteorological
data collected during COPS could be used to verify the model performances (e.g., DORNINGER and GORGAS, 2010;
BAUER et al., 2011a; HEROLD et al., 2011; CHABOUREAU et al., 2011; GORGAS and DORNINGER, 2012a,b). Further-
more, COPS was embedded in a 12-month long measurement phase which collected operational data within central
Europe, the so-called General Observation Period (CREWELL et al., 2008). After the campaign, the data analysis con-
tinued, the data were quality controlled (e.g., BHAWAR et al., 2011), atmospheric processes were analyzed in detail
within case studies (e.g., KOTTMEIER et al., 2008; KALTHOFF et al., 2009; BEHRENDT et al., 2011; BENNETT

et al., 2011; CORSMEIER et al., 2011; HAGEN et al., 2011; HUANG et al., 2011; RICHARD et al., 2011), climatologies
on convection initiation were derived (e.g., AOSHIMA et al., 2008; WECKWERTH et al., 2011) and data assimilation
studies were performed (e.g., ZUS et al., 2008; YAN et al., 2009; BAUER et al., 2011b; SCHWITALLA et al., 2011;
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BIELLI et al., 2012). Even six years after the field phase of COPS, the use of COPS data is not over; most research
funding related directly to COPS has finished, but the collected data still offers unique opportunities and are available
for all interested scientists in well defined data formats at a data base at the World Data Center for Climate (WDCC,
see http://www.dkrz.de/daten-en/wdcc/projects_cooperations/cops-campaign).

This special issue is now the third mayor collection containing COPS publications. In 2008, a special issue of
the priority program 1167 on quantitative precipitation forecast of Deutsche Forschungsgemeinschaft (HENSE and
WULFMEYER, 2008), in which COPS was embedded, contained papers already presenting first COPS results
(http://www.schweizerbart.de/papers/metz/list/17#issue6). In 2011, a special issue of the Quarterly Journal of the
Royal Meteorological Society collected 21 papers (http://onlinelibrary.wiley.com/doi/10.1002/qj.v137.1s/issuetoc).
In the following, we will give an overview of the papers of this special issue. Some results were not ready in time
to be included in this issue, but await publication in Meteorologische Zeitschrift in forthcoming issues.

M. DORNINGER and T. GORGAS (2013) perform a model inter-comparison for model chains by using novel ver-
ification tools. They used surface parameters for the model inter-comparison which are provided by the verification
tool Vienna Enhanced Resolution Analysis (VERA) and which are NWP-model independent. The observational data
and model data cover the area of Central Europe and were collected in a combined effort of the projects COPS and
D-PHASE. So, the verification periods allow ranging from single case studies to half a year. Due to the focus of the
project, the verification parameters are precipitation and the gradient of equivalent potential temperature as front indi-
cator. The authors could only partly confirm previous findings that the models with the highest resolution usually out-
perform their counterparts of lower resolution. Instead, they found a very different picture dependent from the model
chain and from the used verification measure, e.g. additional forecast skill is not consistently added by the nested
models with the highest resolution. In the case of frontal propagation it is the coarsest model that shows the best
results.

The paper by C. PLANCHE et al. (2013) describes several model simulations of summertime precipitating convec-
tive systems, which are performed to better understand the role of orography in triggering convection in the COPS
area. The research effort focuses on three case studies: July 18, August 12 and August 13, 2007. A nesting procedure
focusing on the Vosges area is used to represent the synoptic influences and reproduce the small scale orography
features with higher accuracy. The three simulated cases are found to compare well with available observations of
local thermo-dynamical conditions, namely, high resolution X-band radar reflectivity, Vienna Enhanced Resolution
Analysis (VERA) of the surface horizontal wind, and water vapour retrieval through GPS tomography. Model results
and observations confirm that the convection generation is largely influenced by the Vosges’ topography.

L. LABBOUZ et al. (2013) combine radar observations, surface analyses, GPS retrievals and model output to elu-
cidate the physical processes which lead to the initiation and development of convection on the lee side of the Vosges
on July 18, 2007. It is concluded that convection was initiated by the convergence of moist air flowing down the
lee-side of the Vosges, in particular being funnelled down the valleys, with upslope flow coming from the Rhine.
The results also suggest the important role of small hills at the exit of the valley enhancing the convergence and lifting.
This work illustrates in more detail the role of water vapour as precursor to convective initiation as previously shown
in VAN BAELEN et al. (2011) together with the prominent contribution of low-level convective lines to convection
triggering as also observed in many other case studies (e.g. KALTHOFF et al., 2009, and BEHRENDT et al., 2011).

R. BURTON et al. (2013) extend the studies on the most-discussed COPS case so far: On July 15, 2007, a
deep-convective cloud developed locally over the Black Forest. Previous studies have already discussed the COPS
observations (AOSHIMA et al., 2008; KOTTMEIER et al., 2008; KALTHOFF et al., 2009; BEHRENDT et al., 2011)
and related modeling efforts of this case (BARTHLOTT et al., 2009, BARTHLOTT et al., 2011, RICHARD et al.,
2011). In the present study, the authors confirm that a reservoir of moist air developed on this day which provided
the required conditions for convective-available potential energy to be released when a convergence zone acted as
trigger for convection initiation. The authors employ a series of tests of the Weather Research and Forecasting
(WRF) model to investigate the sensitivities to boundary-layer and land-surface specification in the model and show
which combinations provides the required reservoir of moist air.

N. KALTHOFF et al. (2013) use synergetic data from COPS Supersite H instruments on the mountain peak
Hornisgrinde in the Northern Black Forest to investigate turbulence characteristics of the convective boundary layer
(CBL) over complex terrain. The combined use of different monitoring systems allowed for investigating the structure
of the convective cells on three days, namely, July 14, 15, and 30, 2007. The authors find significant differences
between cloud-free and cloud-topped cases. Active CBL clouds penetrated deeper into the free troposphere than
dry convective cells. In the cloud-free CBL, the variance of the vertical velocity decreased to zero at the CBL
top; in cases of the cloud-topped CBL, the variance of the vertical velocity, however, was nearly constant in the upper
half of the CBL. The higher values in cloudy cases may be explained with the additional elevated heat source due to
condensation. In the cloud-free CBL, the latent heat flux profile showed a strong decrease in the upper part of the CBL
and in the entrainment zone which means that these heights became considerably moistened. In the cloud-topped
CBL, the latent heat flux decreased only significantly above the CBL top when using the aerosol gradient to determine
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the CBL top height. CBL height calculations, which took measures of the turbulence into account, however, resulted
in profiles, which became zero at the CBL top and appear therefore more appropriate for CBL height scaling.

J. DAVIES et al. (2013) discuss measurements performed mainly with a scanning Doppler lidar at COPS supersite
R in the Rhine valley. Profiles of horizontal wind velocity derived from azimuth scan as well as profiles of vertical
velocity, its variance and skewness derived from vertical-pointing measurements are presented and discussed. Vertical
velocity skewness provides a measure of the asymmetry in the distribution of vertical velocity perturbations and is
important for the understanding of the structure and origin of turbulent convection in the atmospheric boundary layer.
Data of August 6, 2007 are selected for investigations of possible causes of layers with positive and negative velocity
skewness. Comparisons with output from the Weather Research and Forecasting (WRF) model are shown to assess
the accuracy of the model output, including location and timing of rainfall onset.

Accurate high-resolution global-coverage of water vapour fields is a key ingredient for understanding not only
weather processes on the convective scale but also for climate studies. The Infrared Atmospheric Sounding Interfere-
ometer (IASI) is one of the most advanced instruments in space to characterize the atmospheric moisture field.
G. MASIELLO et al. (2013) present their work on comparison of IASI water vapour products over complex terrain
to COPS campaign data. Satellite-derived profiles of water vapour mixing ratio profiles and integrated water vapour
content are evaluated using GPS, radiosoundings and lidar data. The authors use two different algorithms to derive the
IASI products relying on very different background vector and covariance fields. Depending on the background, they
show that infrared observations of high spectral resolution can resolve dry layers in the troposphere of ~1.5 to 2 km
thickness. Furthermore, the comparison with GPS tomography reveals that IASI retrieval accuracy is within 10%
in the lower troposphere and in layers of 2 km thickness.

S. KHODAYAR et al. (2013) and S. KHODAYAR and G. SCHÄDLER (2013) discuss in two papers land surface pro-
cesses and their representation in regional climate models and focus especially on the impact of soil moisture vari-
ability on summer-season simulations of convective precipitation. While part 1 of the two papers deals with
validation, feedbacks, and realistic initialization, part 2 presents results of sensitivity studies to land-surface models
and prescribed soil type distributions. The authors use the COSMO-CLM model and observations from COPS, espe-
cially, from the soil-moisture-monitoring network and surface energy balance network (see also EIGENMANN et al.,
2011; HAUCK et al., 2011; KALTHOFF et al., 2011). In part 1, KHODAYAR et al. show that the simulated precipitation
is overestimated by the model mainly in the valley and at lower altitudes. Interestingly, the analysis of the soil mois-
ture distribution revealed a major underestimation in the valley and in windward Black Forest areas resulting from too
much rain converted into runoff in the model and the forcing data which was too dry. Differences in the surface fluxes
are attributed to a wrong soil type and an inappropriate land use type. The atmospheric water vapour content was
overestimated in the valley and at windward sites, but underestimated at higher levels, probably because thermally
induced circulation systems were not represented well by the model. In part 2, the impact of multi-layer soil-vegeta-
tion-atmosphere transfer models (SVATs) and the prescribed soil type distribution is discussed. The use of the refined
land-surface scheme VEG3D partially reduces the precipitation biases particularly at the highly vegetated windward
and mountain crests of the Black Forest. The authors state that the correct representation of the soil type near the
surface and the soil types below are highly relevant for the simulation of soil water content and soil temperature which
result in adequate surface turbulent fluxes and consequently improved simulation of precipitation in regional climate
models.
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TURNER, T. WECKWERTH, A. HENSE, C. SIMMER, 2008: The Convective and Orographically induced Precipitation Study:
A research and development project of the World Weather Research Program for improving quantitative precipitation
forecasting in low-mountain regions. – Bull. Amer. Meteor. Soc. 89, 1477–1486. DOI: 10.1175/2008BAMS2367.1.

WULFMEYER, V., A. BEHRENDT, C. KOTTMEIER, U. CORSMEIER, C. BARTHLOTT, G.C. CRAIG, M. HAGEN, D. ALTHAUSEN,
F. AOSHIMA, M. ARPAGAUS, H.-S. BAUER, L. BENNETT, A. BLYTH, C. BRANDAU, C. CHAMPOLLION, S. CREWELL, G.
DICK, P. DI GIROLAMO, M. DORNINGER, Y. DUFOURNET, R. EIGENMANN, R. ENGELMANN, C. FLAMANT, T. FOKEN, T.
GORGAS, M. GRZESCHIK, J. HANDWERKER, C. HAUCK, H. HÖLLER, W. JUNKERMANN, N. KALTHOFF, C. KIEMLE, S.
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