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1. Introduction:
· Clouds as the leading source of uncertainty  for understanding climate sensitivity (IPCC)
· Cloud properties and associated measurements as one of the foundations for the ARM program.
· Clouds are important via:  radiative properties, precipitation formation, aerosol susceptibility, and precipitation susceptibility to aerosol.  Perhaps some mention of feedbacks should be mentioned here also. 
· Complexities of clouds included:  different phases / mixed-phase processes / phase transfer processes; variable PSD/DSD; variety of habits / mass-dimensional relations; complex nucleation; sometimes complex radiative interactions/scattering; difficult to observe.  [Including discussion of why the cloud problem has been so difficult to solve by dedicated efforts by DOE, NASA, others, etc…   Two reasons:  1) the dimensionality of the problem is much greater than the available observational constraints, 2) most important processes are hidden from passive remote sensing.  This is where ARM is so important:  providing multiple observational constraints and probing deep within clouds where the processes occur.]
· Important to develop cloud retrievals to have long datasets that are appropriate for understanding cloud processes and developing model parameterizations. 
· Acknowledgement of limitations associated with ground-based perspective:  Need coordination with satellites.
· Brief statement on the state of cloud retrievals prior to ARM and who else is doing, has done cloud retrievals (CloudNet, Satellite teams)
· DOE has played a unique and influential role in this field because:  
· Extensive suite of operational instruments
· Long data records at many global locations
· Synthesis activities to combine and generalize cloud retrievals for broad audiences
· First to make long-term observational records publicly available and maintains these records in a long-term public archive.
· Intro to the general structure of the paper.  Difficult to examine the many different approaches and instruments so we will focus on generic cloud types as a way to organize the discussion.   We will start with a discussion of basic detection of clouds and cloud type classification.  Then proceed in general order of complexity:  liquid, ice, mixed-phase, precipitation….  In each of these we deal with the many different parameters of interest.   Need to acknowledge that this categorization is artificial and ultimately limiting.
· (Need to consider how to include the concept of uncertainty and why it is important and how it is derived.
2. Cloud Presence:
· Definition of “cloud” is a challenge; ultimately it depends on the perspective and use.   There are differences based on radar, lidar, radiometric, visibility, etc.
· ARSCL as one of the high level products
· Some papers that summarized the cloud presence:  Mace et al. 2001 for SGP; Dong and Mace 2003 & Shupe et al. 2011 for Barrow.  Others???
3. Cloud Phase: 
· Multiple methods have been developed:  Wang, Luke et al., Shupe et al., others…
· These methods bring multiple measurements to bear, to best constrain the phase.
· Phase classification is a critical first step prior to application of a retrieval.  But there is also another critical step that determines the applicability, which includes phase, but also layering, and data availability.
4. Liquid Clouds:
· TOP CONTRIBUTION:  LWP retrievals
· Turner et al. overview of techniques for thin liquid water clouds
· Other contributions:  Liljegren, Turner, Clough, Westwater, Cadeddu, Marchand, others
· LWP is the first-order product; others are also important but can be difficult to derive.
· IR method:  Turner
· Z method:  Matrosov, history of others
· Contributions from Albrecht, Kollias, Ghate, Luke  looking at fairweather Cu
· Multiple instrument methods – Frisch article is seminal here.  Followed by several papers by others that expanded on this.  
· Dynamics retrievals by the same people
5. Ice Clouds:
· TOP CONTRIBUTION:  Multisensor retrievals, operational retrievals
· Comstock et al. overview of techniques
· Contributions:  Mace papers, Matrosov, Comstock, McFarlane, Protat, Mitchell, etc.
· Z, Z-V, Z-IR, LIDAR,
· Dynamics retrievals:  Mace, Deng, Comstock
· Detection issue:  Protat
· Optical properties:  Mitchell, Matrosov
6. Mixed-phase Clouds:
· TOP CONTRIBUTION: Long term record, phase separation
· Shupe et al. overview of techniques
· Outline the basic mixed-phase structure, what does this mean.
· Contributions:  Wang, Verlinde, Eloranta, de Boer, Dong, Mace, Turner, Shupe
· Discuss difficulties associated with the different responses of different instruments to liquid vs. ice.  Can use this info to derive more information.  Radiation dominated by liquid; radar dominated by ice.
· Doppler spectra methods.
· Dynamics retrievals.
7. Precipitation:
· TOP CONTRIBUTIONS:  Phase separation, Habit
· Drizzle:  Kollias, Luke, Albrecht
· Rain:
· Snow:  Matrosov
· Habit:  No clean retrievals but are working towards them as demonstrated by Matrosov et al (2012), Marchand et al. (2013)
· Vertical velocity in convection:  Collis, Giangrande, Williams
8. Taking Cloud Retrievals into the Future: 
· New measurements bring new possibilities for retrieval development.
· Where does ARM/ASR go from here?
· Comprehensive, multi-sensor, all-cloud retrievals
· Detailed, spectral deconvolution
· Scanning techniques, polarimetry, 3 D properties
· Multiwavelength radar techniques.
· Habit techniques
· Targeting DSD, PSD information
· Coordinated cloud properties and turbulence properties
· Towards microphysical processes from simple property diagnostics should be discussed.
9. Conclude:
· Recap top level contribution
· How have ARM retrievals impacted model development?
