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Abstract. This paper introduces the Atmospheric Measure-sessions (see Table 1). For each session, keynote and relevant
ment Techniques special issue on tropospheric profilingspeakers were invited to set the stage for identifying the state
which was conceived to host full papers presenting the resultsf the art and discussing future directions of research and
shown at the 9th International Symposium on Tropospheridechnology development. ISTP9 hosted 83 oral presentations
Profiling (ISTP9). ISTP9 was held in L'Aquila (Italy) from and 140 extended abstracts. The abstracts and the proceed-
3to 7 September 2012, bringing together 150 scientists repings of ISTP9 have been published by the ESA Conference
resenting of 28 countries and 3 continents. The tropospheri®ureau and freely available online (Cimini et al., 2012a, b).
profiling special issue collects the highlights of ISTP9, re-

porting recent advances and future challenges in research and ) - o

technology development. 2 The tropospheric profiling special issue

The AMT special issue on tropospheric profiling was con-
ceived to host full papers describing the state of the sci-
1 Introduction ence presented at ISTP9. Twenty-one papers were initially
submitted, of which 19 were published as discussion pa-
The Atmospheric Measurement Techniques (AMT) spe-pers on AMTD {ttp://www.atmos-meas-tech-discuss.net/
cial issue on tropospheric profiling is the outcome of special_issue40.htiland the following 17 (in order of pub-
the 9th edition of the International Symposium on Tro- lication) were finally published on the AMT special issue
pospheric Profiling (ISTP9). ISTP9 was held in L'Aquila (http://www.atmos-meas-tech.net/special_issue51)html
(Italy) from 3 to 7 September 2012, hosted by the Cen- Burton etal. (2013) present a comparison of aerosol classi-
tre of Excellence for the Remote Sensing and Forecasfication products from the Cloud-Aerosol Lidar with Orthog-
of Severe Weather (CETEMPS) of University of L'Aquila onal Polarization (CALIOP) instrument on the CALIPSO
(http://cetemps.aquila.infn.j/ in cooperation with the In- satellite and the NASA Langley Research Center airborne
stitute of Methodologies for the Environmental Analysis High Spectral Resolution Lidar (HSRL-1). Based on 109
of the National Research Council of Italy (CNR-IMAA, flights of HSRL-1 under the CALIOP orbit track, they pro-
http://www.imaa.cnr.it, the European Space Agency (ESA, vide insight into the performance of the CALIOP aerosol
http://www.esa.int and the office of European Cooperation type algorithm and give recommendations aiming at its im-
in Science and Technology (COStp://www.cost.ei The provement.
main topics of the ISTP series include the profiling of atmo- Legain et al. (2013) propose a new system for high-
spheric state parameters and constituents, the understandifi¢gquency boundary layer profiling based upon conventional
of tropospheric processes, and the use of experimental data iBPS radiosonde attached to a couple of inflated balloons. The
atmospheric models. ISTP9 was organized in nine sequentialew system allows two soundings — one ascending and one
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Table 1.List of ISTP9 sessions and corresponding chairs.

Session  Topic Chairs
A Algorithms for Improved Parameter Retrievals I. Veselovskiy (PIC, Russia)
V. Rizi (CETEMPS, U. L'Aquila, Italy)
B Evaluation of Models and Data Assimilation J. Wilczak (NOAA, USA)
T. Schwitalla (U. Hohenheim, Germany)
C Aerosols, Clouds and Precipitation G. Stephens (NASA-JPL, USA)

F. S. Marzano (CETEMPS, U. Rome, Italy)
S. Crewell (U. Cologne, Germany)
P. Di Girolamo (U. Basilicata, Italy)

D Boundary Layer and Mesoscale Studies M. Hardesty (NOAA, USA)

E. Batchvarova (NIMH, Bulgaria)
E Validation, Instrument Synergies and Field Experiments  A. lllingworth (U. Reading)

H. Russchenberg (TUD, the Netherlands)
F Thermodynamics, Turbulence and Radiation R. Goody (U. Harvard, USA)

B. Demoz (Howard University, USA)
G Networks, Satellites and Aircrafts G. Pappalardo (CNR-IMAA, Italy)

T. Leblanc (NASA-JPL, USA)
H New Instruments C. Serio (U. Basilicata, Italy)

V. Chandrasekar (CSU, USA — FMI, Finland)
| Water Vapor, Ozone and Trace Gases S. C. Reising (CSU, USA)

T. Weckwerth (NCAR, USA)

descending — and a forecast-aided radiosonde recovery. Thdethodologies for Water Vapour Measurement (DEMEVAP)
successful tests during two field experiments are presentegroject. Two Raman lidars, a stellar spectrometer, a differen-
(namely the Boundary Layer Late Afternoon and Sunset Tur-tial absorption spectrometer, a sun photometer, five GPS re-
bulence (BLLAST) in 2011 and the Hydrological cycle inthe ceivers and four types of radiosondes participated in the cam-
Mediterranean Experiment (HyMeX) in 2012), showing a re- paign, aiming at assessing humidity sounding techniques and
covery rate of more than 80 %. establishing a reference system based on the combination of
Bayat et al. (2013) report on the investigation of polar- remote sensing sensors.
ized sun-photometer measurements of aerosol optical depth, Guldner (2013) presents a retrieval analysis concerning a
Angstrém exponent, single-scattering albedo, and polarize@2-channel microwave radiometer profiler operating at the
phase function collected in Zanjan, northwest Iran. TheyMunich Airport during the “LuFo iPort VIS” campaign fo-
found that the aerosol polarized phase function is stronglycusing on visibility forecast. The study aims at verifying the
correlated with the Angstrém exponent, and that it alsosuitability of a numerical weather prediction (NWP) model
shows a moderate negative correlation with the aerosol opfor the calculation of model-based regression operators pro-
tical depth and single-scattering albedo. Therefore, they conviding unbiased vertical profiles. The results of the study
clude that the polarized phase is a key parameter to charashow that on the basis of NWP model data, available anytime
terize the atmospheric particles of the region — a populatedrom anywhere, the model-based regression method is capa-
city in a semi-arid area of the earth’s dust belt. ble of providing comparable results at a multitude of sites,
Adachi et al. (2013) present a method using volumetricoffering auspicious conditions for automation and continu-
C-band polarimetric radar data for very short-term forecast-ous updating.
ing of potentially hazardous convective clouds. The method Cimini et al. (2013) propose an innovative method for re-
is immune to the high reflectivity associated with hail as thetrieving the mixing layer height (MLH) from ground-based
effect of ice particles is removed based on polarimetric mea-microwave radiometer observations at multiple channels and
surements. The results suggest that both the vertical maxielevation angles. The proposed method is shown to be able
mum intensity of the rainfall rate and a high differential re- to follow both the diurnal cycle and the seasonal variability
flectivity extending above the freezing level, estimated fromof MLH. Statistics with respect to reference lidar estimates
polarimetric measurements, are useful to identify potentiallyshow reasonable mean and root mean square differences and
hazardous clouds. good correlation, demonstrating a new potential for atmo-
Bock et al. (2013) report results from the field campaign spheric observation by ground-based microwave radiometry.
conducted in September—October 2011 at Observatoire de
Haute Provence in the framework of the Development of
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Hurter and Maier (2013) discuss a collocation approachwind field over a boundary layer wind profiler radar located
for reconstructing atmospheric wet refractivity profiles com- in complex terrain on the coast under different meteorologi-
bining GPS zenith path delay, ground meteorological mea-cal conditions is analyzed. The results reveal the importance
surements, satellite radio occultation, and radiosonde measf being aware of deviations in the homogeneity assumption,
surements. They also derive relative humidity profiles com-and we evaluate its effect on the final product. Quality indica-
bining the wet refractivity profiles with temperature profiles tors to be implemented at the product level are also proposed.
estimated with a ground-based V-band microwave radiome- Pichelli et al. (2014) present a model analysis to reproduce
ter, and validate both wet refractivity and relative humidity the circulation in a urban area (Rome) with a high-resolution
profiles against radiosonde profiles available at the same IoNWP model. The significant role of the urban surface forcing
cation. Results demonstrate that the collocation is capablén the evolution of wind, temperature and water vapor content
of combining humidity-related data such that the resultingin the planetary boundary layer (PBL) is verified by compar-
humidity profiles gain from complementary strengths of the ing model results with observations coming from remote and
various measurement methods. in situ instruments (lidar, sodar, sonic anemometer and sur-

Nemuc et al. (2013) present an 11-month-long analysis offace stations). The impact of different urban canopy models
multiwavelength depolarization Raman lidar measurements(UCMS) on the forecast is quantified. For the case study un-
discussing study cases for typical Saharan dust intrusion ander analysis, the considered NWP model shows a tendency
biomass burning smoke. They conclude that calibrated deto overestimate vertical transmission of horizontal momen-
polarization measurements are critical to distinguishing betum from upper levels to low atmosphere, which is partially
tween smoke-reach aerosol during the winter and dust-reacborrected by local PBL scheme coupled with an advanced
aerosol during the summer, as well as between elevatetdCMs.
aerosol layers having different origins. Réchou et al. (2014) present an interesting approach to

Lollietal. (2013) report the results from testing a 0.355 um link measurements from UHF radar profiler to soil erosion
high spectral resolution backscatter Doppler lidar for atmo-on a volcanic island in a tropical zone (La Réunion, France).
spheric wind profiling. Using data from a field campaign con- Measurements of reflectivity, vertical and horizontal wind
ducted at the Haute Provence Observatory (France), the aware used, under suitable assumptions, to determine raindrop
thors address the consistency of wind profile measurementsnergy fluxes, which are essential for erosion caused by rain-
made by different active remote sensors (lidars and a 72 MHZall. One year of data is used to compute statistics of rain ver-
radar) with balloon radio soundings, in light of the upcoming tical profiles in different seasons and in case studies with typ-
European Space Agency wind Doppler lidar mission (ADM- ical conditions, such as summer deep convection, cold front,
Aeolus), currently scheduled for launch in 2015. and winter depression embedded in trade winds. A simple re-

Summa et al. (2013) consider three different methods fodationship between the reflectivity factor and kinetic energy
estimating the planetary boundary layer (PBL) height basedluxes is found for each case study.
on (i) radiosonde profiles, (ii) elastic and (ii) Raman li- Montopoli et al. (2014) discuss the potentiality and draw-
dar signals. Using data collected during the Convective andacks of X-band dual-polarization (DPX) radar measure-
Orographically-induced Precipitation Study (COPS), theyments to estimate near-source volcanic ash cloud parameters.
demonstrate that the latter approach is successfully applicaFhey present data acquired during the Grimsvétn (Iceland)
ble also in the afternoon—evening decaying phase of the PBLyolcanic eruptions in May 2011. A multi-source compari-
when the effectiveness of the elastic lidar approach may be&on is made in terms of total columnar concentration (TCC),
altered by the presence of the residual layer. encompassing a DPX, a C-band single-polarization radar

Federico (2013) reports the development of a novel threeand the satellite Special Sensor Microwave Imager/Sounder.
dimensional variational data assimilation system, tailored forResults show that high-spatial-resolution DPX radar data
the Regional Atmospheric Modeling System (RAMS; Cot- identify an evident volcanic plume signature, even though the
ton et al., 2003), to produce analyses for wind, temperatureinterpretation of the polarimetric variables and the related re-
relative humidity, and geopotential height. The system is ap-rievals is not always straightforward, likely due to ash and
plied to the real context of atmospheric profiling data overice particle aggregate formation and radar signal depolariza-
central Europe. Assimilated data are vertical soundings otion induced by turbulence.
wind, temperature, and relative humidity from radiosondes, Maiello et al. (2014) report an assessment of Doppler
and wind measurements of the European wind profiler netweather radar (DWR) data assimilation into a NWP model
work. The system performances are quantified by comparindor the prediction of heavy rainfall. The impact of the radar
the horizontal wind components at asynoptic times with mea-eflectivity and radial velocity on the assimilation into the
surements from the European wind profiler network, show-Weather Research Forecasting (WRF) model is discussed.
ing effective improvements at the short range (1-2 h). Several experiments are performed using different sets of ini-

Maruri et al. (2014) discuss the homogeneous sample voltial conditions and a different assimilation strategy. In addi-
ume assumption into the context of complex topography andion, three-dimensional variational sensitivity tests to outer
extreme meteorological conditions. The homogeneity of theloops are performed for each experiment to include the
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non-linearity in the observation operators. Results for a casealso advisable; the lack of technical information associated
study show that assimilation of DWR data, both reflectivity with commercial non-disclosure agreements shall be over-
and radial velocity, has a positive impact on the predictioncome to ensure the best instrument characterization possible.
of heavy rainfall, and that warm-start strategies as well as Indications for future research in the tropospheric profil-
outer-loop strategies lead to more accurate experiments. ing field come also from the contributions to the AMT spe-
cial issue. Burton et al. (2013) suggested new features for
future satellite lidar missions to improve the characteriza-
3 Concluding remarks tion of aerosol vertical distribution. Lolli et al. (2013) sug-
gested the validation approach for the planned ESA Aeolus
A panel of seven experts summarized the conclusions ofmission. Several authors (Burton et al., 2013; Bayat et al.,
ISTP9 during the closing ceremony. The experts indicated2013; Nemuc et al., 2013; Montopoli et al., 2014) pointed
that, in light of the unfavorable global economic situation, out that the information brought by multi-wavelength, dual-
innovative research should expand the optimization of thepolarization observations should be further investigated by
existing observing resources and the synergy of different obboth experimental data and modeling. In order to consoli-
serving strategies. Aerosol—cloud—precipitation shall be in-date demonstrative results, statistically significant data sets
vestigated as a whole complex problem, as it is now pos{from long time periods (Pichelli et al., 2014) or from ded-
sible with ground-based observations from well-equippedicated field experiments (Chen et al., 2013) deploying re-
sites (lllingworth et al., 2013) as well as satellite obser- mote sensing observations should be considered. Results ob-
vations from few-minute-spaced platforms (LEcuyer and tained considering pilot instrumentation should be extended
Jiang, 2010). Stronger synergy between active and passivi® instrument networks, such as ground-based weather radars
instrumentation shall be exploited for studying atmospheric(Maiello et al., 2014) or microwave radiometers (Guldner,
processes and improving profiling accuracy. For example, th013). Several authors pointed out that instrument synergy
high vertical resolution of lidar combined with the large hori- should be better exploited to overcome intrinsic limitations
zontal spatial coverage of radiometers from satellite can leadnd reduce the uncertainties of products, such as the PBL
to a breakthrough in horizontal and vertical resolution of wa- height (Cimini et al., 2013; Summa et al., 2013), atmospheric
ter vapor retrievals, as needed for forecasting of convectiveefractivity (Hurter and Maier, 2013), aerosol profiles (Mar-
processes. cos et al., 2013), and rainfall rates (Réchou et al., 2014).
Tropospheric profiling has found new applications in the The availability of near-real-time data and smart informa-
support of renewable (solar and wind) energy exploitation.tion and communications technology tools is recognized as
This opened a new market for wind, aerosol, and cloud pro-crucial for applications such as flight trajectory prediction
filing, both from the modeling and observation points of (Legain et al., 2013), weather nowcasting (Hurter and Maier,
view. The drawbacks of current operational sounding sys-2013), and hazard early warning (Adachi et al., 2013). On
tems (namely the lack of vertical resolution of satellite andthe other hand, Bock et al. (2013) noted that long-term his-
surface observations, and the sparse and infrequent distribderical data sets may be reprocessed with new insight to infer
tion of radiosoundings) could be tackled by improving the by-products, such as integrated water vapor from astronom-
utilization of existing technology for ground-based profiling. ical spectrometers available starting at the beginning of the
Common statistical methodologies are now applied in vari-20th century. Finally, it was noted that automated procedures
ous atmospheric remote sensing and modeling fields. In parshall be developed for reducing the burden of routine data
ticular, the Bayesian framework has become a reference foquality control (Gildner, 2013; Maruri et al., 2014) and for
both physically based inversion algorithms and data assimiquantifying the impact of new data assimilation (Federico,
lation into NWP models, greatly improving the links between 2013; Maiello et al., 2014), towards the optimization of the
the remote sensing and NWP communities. More emphasiavailable resources. Experiments such as observing system
shall be given to techniques enabling the identification of theand observing system simulation (OSE and OSSE, respec-
contribution of individual instruments being assimilated to tively) should be further exploited for quantifying the impact
reducing forecast error. For example, the forecast sensitivef remote sensing observations and guiding national weather
ity to observations (FSO) technique (Cardinali, 2009) hasservices into next-generation mesoscale data assimilation.
revealed that individual wind profilers make a big positive In conclusion, ISTP9 and the associated AMT special is-
impact provided they were well maintained and located in asue have successfully represented an open forum for dis-
data-sparse area. cussing the recent advances of tropospheric profiling re-
Integrated and long-term atmospheric observations areearch and technology development, providing a screenshot
needed for weather, climate, and environment. Long-ternof the state of the art and future scientific challenges.
sustainability means ensured resources for research infras-
tructures and guaranteed data access for users over decades to
enable high-quality, curiosity-driven research. Stronger co-
operation between scientists and instrument developers is
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