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This document summarizes existing and proposed projects related to the aerosol optical sites at Eureka and Egbert. It is an attempt to render coherent the diverse projects and personnel strategies defined in a number of proposals (most of which have been funded or partially funded). 

1 Validation of CALIPSO size information profiles at Eureka and Egbert

1.1 CALIPSO validation : background

     CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations) was launched April 28, 2006. Its payload includes a two channel backscatter lidar (CALIOP; Cloud-Aerosol LIdar with Orthogonal Polarization) for vertical profiling of aerosols and clouds and an imaging infrared (IIR) camera for the characterization of cirrus emissivity and particle size. CALIPSO will fly in formation as part of the A-train constellation and will acquire data in tandem with aerosol/cloud sensors such as MODIS and PARASOL as well as chemical constituent sensors on the Aura satellite.
    Techniques for the retrieval of vertical profiles of size information using passive satellite data as support are more or less restricted to orbits over the ocean
. The CALIOP processing algorithms (SIBYL and HERA, Vaughan et al., 2004) will use backscatter, colour ratio, and depolarisation information to retrieve ( as many as 15) layers of type-of-aerosol products, including the extinction to backscatter ratio (Sa).  Vertical profiles of extinction coefficient will then be retrieved from backscatter profiles combined with the derived Sa values. The Sa values themselves will require optical coherency verification and/or validation using ground-based systems. In addition the production of dual-wavelength extinction coefficient profiles will yield coarse size information which can be converted (for example) to rudimentary estimates of the fine and coarse mode extinction coefficients (and integrated to estimates of the fine and coarse mode ODs).

     The measurement suite at Eureka will include 4-band IR radiometry for purposes of inferring the presence and size distribution of super-micron aerosols and clouds. AERONET/AEROCAN inversions in the super-micron (1 to 15 ìm radius region) are largely invalidated and deteriorate in significance as one approaches the 15 ìm upper radius limit. Pancrati (2005) observed that IR radiometry can lead to supplemental information which allows independent evaluation of the veracity of AERONET super-micron retrievals. Three or four band IR radiometry, combined with lidar backscatter measurements, is also a valuable tool in determining the presence and size of thin homogeneous cloud such as high altitude cirrus (see Chiriaco et al., 2004 for example).

This is a critical element in the evaluation of; for example, the AERONET/AEROCAN

inversions where the presence of thin homogeneous cloud is not detectable using standard

AERONET cloud screening procedures (O'Neill et al., 2003).
1.2 CFCAS CALIPSO validation project (CFCAS pdf, Madhavi Latha)

     The role of the pdf within the scope of CALIPSO validation will be multi-fold;

(a) to oversee the retrieval of CALIPSO (CALIOP) profiles and to investigate the extraction of particle size information from these profiles. This data will then be compared with analogous ground-based retrievals to ascertain the coherency of the aerosol optics. 

· investigate CALIOP data (in the first instance become intimate with all the CALIOP products) for its potential in retrieving size profile information

· lead the validation effort where CALIOP size profile retrievals are compared with ground-base retrievals (the latter being the responsibility of a Ph.D. student). At Eureka this means coordinating with Ed Eloranta's (University of Wisconsin) AHSRL group and Tom Duck's RMR group to retrieve and process their data (but this work will have to be coordinated with the IPY postdoc whose tasks are briefly described in Section 2.1 below). At Egbert this comparison implies participation in CALIPSO validation experiments led by Kevin Strawbridge (tentatively planned for the summer of 2008), participation in the regular zenith pointing lidar measurements at CARE (Egbert) and the analysis of these data sets (as well as the analysis of previously acquired CALIPSO validation data sets).
· supervise the installation, maintenance and QA of the Egbert starphotometer.  This means working with Konstantin Baibakov who has the short-term responsibility for both the Eureka and Egbert starphotometers. Also participate in the analysis of these data.
(b) to interface with the aerosol modelling group in order to select model evaluation events and evaluate the model in terms of its (size dependent) vertical profile and total AOD estimates. 

1.3 Ground-based sunphotometry-lidar size inversion (Ph.D. project, David Daou)

     Techniques for inversion of upward looking ground-based lidar and sunphotometry data to yield size dependent aerosol profiles are being actively developed (see, for example, Chaikovsky et al., 2004, who derive vertical profiles of fine and coarse mode extinction coefficients). These techniques are more reliable than pure satellite lidar algorithms if the ground-based component includes sunphotometry / sky radiometry (AERONET) type instruments combined with a multi-channel lidar. The complementarity of the passive and active information can, in turn, provide indicators of the capacity for extracting size indication information from the spectral and polarization capabilities of pure lidar retrievals (as a ground-based complement to the CALIPSO retrievals discussed above). 
The objective of the Ph.D. project (which is being carried out in collaboration with Kevin Strawbridge at Egbert and  with Tom Duck and  Ed Eloranta from Dalhousie Universtiy and the University of Wisconsin respectively at Eureka)  will be to investigate techniques for combining sunphotometry and lidar data in order to retrieve both extensive and intensive optical parameters as well as micro-physical parameters (i.e. particle number dependent parameters such optical depths and extinction coefficients and number independent parameters such as Angstrom exponents, fine-mode fraction estimates, or effective radius retrievals of the fine or coarse mode). Inversion techniques applied to the combination of such passive and active optical data do exist and thus the role of the Ph.D. student will be to evaluate (and/or adapt) the most appropriate technique. The fundamental criterion for the most "appropriate technique" to acheive the greatest level of inversion simplicity which is commensurate with the information content of noisy data; one seeks a in-depth understanding of the essential physical sources of variation and then chooses and/or adapts an inversion algorithm to permit the retrieval of robust (significant) optical and microphysical parameters.
Investigations into the complementarity of active and passive optical data is an ongoing research thrust at Egbert and  Eureka. Examples include the Pacific2001 work of  O'Neill et al. (2004), the dust-event observations of McKendry et al. (2006) and a continuing series of observations relating the coarse / fine mode extractions of O'Neill et al. (2003) to lidar measurements at Egbert (manuscript in preparation by Thulasiraman et al).  More recent results include comparisons with Ed Eloranta's Arctic High spectral Resolution Lidar (AHSRL) profiles at Eureka (O'Neill et al., 2008) and very recent Arctic Haze results acquired in April of 2008 during the NASA ARCTAS campaign. 
An excellent background memo on High Spectral Resolution Lidars (HSRL) in general can be found on Ed Eloranta's web pages;
Limitations of traditional lidars

http://lidar.ssec.wisc.edu/syst/hsrl/node1.htm
HSRL measurement principles and measured parameters

http://lidar.ssec.wisc.edu/syst/ahsrl/princ.htm
An equally instructive memo on the particulate size information associated with the HSRL depolarization ratio can be found on another web page created by Ed Eloranta;
Depolarization ratio

http://lidar.ssec.wisc.edu/papers/pp_thes/node20.htm
The AHSRL at Eureka has been acquiring backscatter coefficient and depolarization ratio  data since 2003.The web site for downloading gif profiles is;

http://lidar.ssec.wisc.edu/cgi-bin/archive/month?type=bscat
Ovidiu Pancrati (who used to work at Sherbrooke until recently) has provided Matlab programs to Norm O'Neill  for reading AHSRL lidar directly from a U. of 
Wisconsin site.
1.4 Starphotometry and  nightime lidar (MSc Project, Konstantin Baibakov)  

     The CALIPSO validation data set would not be restricted to daytime CIMEL and lidar measurements since it would include starphotometer and zenith-pointing lidar night-time measurements at Egbert as well as starphotometer and AHSRL and possibly RMR lidar during the Polar winter measurements at Eureka. The analysis of this type of data would provide a unique continuity of observations during the nightime in a relatively turbid region (southern Ontario) as well as continuity across seasons for the Arctic region. The first step in the analysis would be to make temporal comparisons of ground-based lidar profiles and starphotometer AODs to better understand their optical coherence and to investigate such simple statistical indicators as the correlation coefficient between the integrated lidar profiles (using various approaches to Sa estimation) and the AODs. The next step would be to develop a vertical profile retrieval algorithm using available auxilliary information such as depolarisation and colour ratios from both lidar systems (if the RMR is available), the spectral shape of starphotometer AODs and information garnered from the more advanced CIMEL phase function information acquired during the day (at least for Egbert and for a short period during spring and fall for Eureka). The third step would be to compare the optical coherency of CALIOP retrievals with ground-base retrievals in an effort to lend more confidence to the former.

     The Eureka and Egbert starphotometers will be tested in Eureka during the early summer of 2006. The former, along with the 0PAL and PEARL CIMELs will then be shipped to Eureka at the end of the summer. These starphotometers are similar in design to the Ny Alesund (Spitzbergen) instrument employed by Herber et al., (2002) and the DOME-C starphotometer being developed for Antarctice measurements (Herber (2006)). They require careful monitoring and data analysis and this is probably best effected by implicating a graduate student from the beginning as the person responsible for the scientific analysis of the starphotometer data and the comparison with the ground lidars (and who naturally would assist in the implementation of the starphotometers). 

2 Pure Eureka projects

2.1 Advanced calibration techniques (pdf, IPY application, Auromeet Saha)

     This particular project (in collaboration with Bruce McArthur at Environment Canada who also runs the BSRN site at SAFIRE, the 3rd Eureka site) is concerned with the extremely low aerosol optical signals measured in the Arctic and the analysis of how to maximize information retrieval in the presence of these low signals. The monitoring of phenomena such as variations in aerosol size and absorption properties are very sensitive to radiometric accuracy which one can achieve. The project involves the rigorous analysis of different sunphotometry calibration techniques. These techniques which include participation in IPY inter-calibration campaigns, in-situ calibration techniques, redundancy measurements, improved cloud-screening techniques and differential radiometry (between 0PAL and PEARL sunphotometers) are described in detail (pages 6 to 9) in the original IPY-NSERC  proposal submitted by Norm O'Neill in 2005. The following paragraph is complementary to the Differential Radiometry section in O'Neill's IPY-NSERC proposal.
     The two CIMELs at 0PAL and PEARL will provide independent estimates of aerosol optical depth (total and boundary layer) as well as estimates of particle size distribution, refractive index, aerosol phase function and extinction to backscatter ratio (Sa). The SEARCH AHRSL  (Arctic High Spectral Resolution Lidar) as well as the RMR lidar at 0PAL will provide valuable complementary information on the aerosol vertical profile.
 The difference signals between the OPAL and PEARL sunphotometers will yield, we believe, sensitive indicators of the boundary-layer aerosol content between the OPAL and PEARL altitudes. The correlation between this difference signal and the lidar vertical profiles over the same altitude range will yield information on the sensitivity of the differential AOD to thin-layer optical disturbances as well as on the correction of the lidar overlap function. 

NB : the type of work being described in this section ("Advanced calibration techniques") is probably more aptly described as aerosol analysis in a clean, high-Arctic environment.  Calibration is more of a tool to achieve the aerosol analysis end (one can't avoid calibration issues in such conditions). The interplay between aerosol analysis of weak optical signals and calibration issues (in terms of questions concerning real and pseudo diurnal variations of the aerosol optical depth) is illustrated in a recent publication (O'Neill et al., 2008).
2.2 Super-micron particle detection using IR radiometry (Ph.D, Yann Blanchard)

     The objective of this project is to investigate whether multispectral, zenith pointingIR radiometry will permit the extraction of information on super micron aerosols, thin clouds and clear sky precipitation where the crystal layer is relatively thin (Diamond Dust in particular, see Girard & Blanchet, 2001 for example). It has been hypothesized that Diamond Dust has an important influence on Arctic radiative fluxes and thus on the surface radiation budget
. This latter investigation is part of our collaboration with Jean-Pierre Blanchet (UQAM) in terms of NARCM validation in the high Arctic. The combination with Lidar data will also be analyzed.

     This study has potential applications to the 3-band IR image data collected by the IIR (Imaging Infrared Radiometer) on-board CALIPSO in combination with CALIOP (preliminary contact has been established with Jacques Pelon). It is directly linked to the passive/active CALIPSO validation (CFCAS) project led by Norm O'Neill.

     Infrared thermal radiometry is a relatively new approach for aerosol analysis and is complementary to sun/star photometry. AERONET/AEROCAN inversions in the super-micron (1 to 15 m radius region) are largely unvalidated and  degrade in significance as one approaches the 15 m upper radius limit. IR radiometry can  provide supplemental information which allows independent evaluation of the veracity of AERONET super-micron retrievals (or which can be exploited in a combined inversion to help tie down the latter retrievals). Three or four band IR radiometry, combined with lidar backscatter  as well as millimeter cloud radar profiles, is also a valuable tool in determining the presence and size of thin homogeneous cloud such as high altitude cirrus (see Chiriaco et al., 2004 for example). This is a critical element in the evaluation of, for example, the AERONET/AEROCAN inversions where the presence of thin homogeneous cloud is not detectable using standard AERONET cloud screening procedures (O'Neill et al., 2003).

     Ground-based measurements will be conducted at Eureka, and at Egbert-Sherbrooke. There are several possibilities for the instrument that will be used at Eureka: 

· a new CIMEL CE-312 four channel radiometer (45 k$) requested with the University of Sherbrooke CFI project submitted in March 2006.

· a new CIMEL CE-312 multispectral radiometer (45 k$) purchased with extra available money from PEARL/CANDAC CFI project and the FQRNT project (To be discussed).

·  utilization of AERI from the SEARCH group (agreement to be established with Matthew.Shupe@noaa.gov)
· utilization of the CANDAC AERI from Kimberly Strong (agreement to be discussed with Kim).

2.3 Optical and micro-physical climatology (visiting fellow, Renate Treffeisen)

     The analysis of complex optical and microphysical data often leads to synergistic information on aerosol behavior or even apparent contradictions which must be resolved. A unique radiometric, lidar and microphysical suite of aerosol measurements will be acquired at Eureka. This suite of measurements must be analyzed and compared in order to achieve a coherent understanding of aerosol behavior in the Arctic environment surrounding the Eureka observatories (specifically PEARL at 600 meters altitude and OPAL at sea-level). The objective of this project will be to collate and, using radiative transfer analysis and microphysical inversion techniques, analyze the physical coherency of these different types of measurements. The ultimate goal is to characterize robust features of aerosol behavior which can be employed in air quality and climate models over the Arctic region.

This project was significantly, advantageously, and fortuitously explanded to encompass a pan-Arctic climatology which involved combining the data of Eureka and Ny Alesund (Spitzbergen) as part of a Marie-Curie fellowship won by Renate Treffeisen (see Treffi's proposal). Dr. Treffeisen has not yet confirmed that she will be accepting the fellowship. 

2.4 Model evaluation project (CANDAC pdf, Alex Lupu, York University)

     Once robust optical and microphysical aerosol behavior are established for the Arctic environment near Eureka, one can run air quality and microphysical aerosol (spatio-temporal) models to determine whether the models capture these robust properties (an example of a robust parameter analysis would be some recent work we did on smoke particle evolution with transport distance; sub-micron particles grew in size due to coagulative effects and this could be measured using ground-based  spectral radiometry). The employment of ground-based (lidar and radiometric) vertical profiles, satellite-based lidar (CALIOP) profiles and surface based microphysical measurements within a low turbidity Arctic environment will ensure that the model evaluation tests will be unique. This project is further downline since there is, as yet, no dedicated (meteorologically driven) aerosol Arctic model in the Canadian community. An Arctic aerosol model which is the analogue to the current Canadian air quality model (GEM-AQ) would very likely be based on Polar-GEM, an Arctic-domain version of GEM (see, for example, the proposal of Gilbert Brunot, RPN/MSC Dorval l). On the climatological scale we continue to work with Jean-Pierre Blanchet at UQAM who has developed an Arctic version of NARCM (Northern Aerosol Regional Climatological Model). Their recent work on the DGF (Dehydration Greenhouse Feedback) effect using CALIPSO and Cloudsat data (Jean Pierre is a Cloudsat Science team member) as well as AHSRL and mm-cloud radar data from Eureka will soon be the subject of a definitive article on Polar winter cooling.
More details on this project are described in two memos (O'Neill & McConnell, 2007; O'Neill  & McConnell, 2008) 
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�     There exist techniques for combining active and passive data from the A-train constellation over glint-free ocean to produce size dependent vertical aerosol profiles  (specifically the CALIOP lidar on CALIPSO and the MODIS radiometer on the Aqua satellite; see Kaufman et al., 2003a, 2003b). The basic principle is to employ altitude-resolved lidar backscattering profiles combined with the coarse spectral information derived from the MODIS data. Over land the possibilities of using passive satellite data to support the retrieval of size dependent vertical profile information is even more limited given the lack of reliable MODIS size (spectral AOD) information. In point of fact, Chu et al., 2002, estimate a correlation coefficient between MODIS derived Angstrom exponent () over land and AERONET  of only 0.5 for stringent conditions on the AOD (a(0.66 m) > 0.2).  In the case of an Arctic site such as Eureka there are not even standard MODIS aerosol products so that a new MODIS AOD retrieval algorithm over snow would be required (whose accuracy would be no better and probably worse than the dark vegetation accuracy of the MODIS AOD algorithm over land).


� The AHRSL is currently making measurements at Eureka while Tom Duck's RMR lidar is in development.


� Measurements by Overland and Guest (1991) have shown increases in the downwelling IR of up to 40 W/m2 in the presence of diamond dust.  Recent measurements by Intrieri and Shupe (2004) during SHEBA have challenged this idea.  Their measurements with a polarization lidar and AERI system showed that diamond dust has a relatively small impact on radiation, whereas thin liquid water clouds are of greater importance.





� � HYPERLINK "http://www-calipso.larc.nasa.gov/resources/publications.php" ��http://www-calipso.larc.nasa.gov/resources/publications.php�








