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The ARM Mobile Facilities
1. Introduction

a. Why make an ARM site mobile?
i. Some cloud systems of known importance in the Earth’s Radiation Budget are not sampled by the five fixed ARM sites
ii. Accurate Global Climate Model (GCM) cloud parameterizations of these cloud systems   requires a process-level understanding of their macrophysical and microphysical characteristics in different synoptic situations.
iii. While quite illuminating, one or two month field deployments designed to study cloud processes occurring in a limited range of conditions does not satisfy the full requirements for evaluation and development of GCM parameterizations.      
b. Why the time was right to build an ARM Mobile Facility (AMF)?    
i. The fixed ARM sites were widely popular within the Atmospheric Science Community and the data that were being generated pushed the envelope with respect to cloud and radiation physics and cloud observations.               
ii. Temporary field deployments of the Penn State Cloud Observing System and NOAA’s Environmental Technology Laboratory (ETL) assets were highly successful, whereupon they served as models of the possible form of a Mobile ARM Site. 
iii. Technological innovation as a result of research conducted at the ARM fixed sites reached a level of maturity that enabled the experience gained at those sites to inform the specifications of a mobile ARM site.
c. What motivated the expansion of the Mobile Facility Program?
i. A general consensus developed within the GCM community that marine cloud systems and their structural transitions were among the most difficult to simulate in models and that they played a key role in modulating cloud feedbacks.
ii. Leveraging the success and high demand for the first AMF and upon the need for over-ocean measurement capabilities led to the construction of the second AMF.
iii. This second AMF was designed to be more modular to satisfy the requirements for ship deployment and to meet the measurement needs of more limited mobile deployments requiring only a subset of the full measurement suite (RHUBIC-II, for example).

2.  Scientific objectives and logistical issues addressed during AMF deployments

a. Each AMF deployment has been guided by a different scientific mission and has faced a new set of logistical challenges
i. Competitive scientific proposals are evaluated by a scientific review board and those with the highest scientific merit and logistical feasibility are selected for mobile facility deployments.
ii. International deployments involve a nexus between scientific needs and geopolitical reality.  
iii. Brief Survey of AMF Deployments 
1. Two or three sentence surveys of the key science questions and key logistical issues for each of the following deployments: PYE-MASRAD, RADAGAST, COPS, China, GVAX, CAP-MBL, TCAP, StormVEX, MAGIC (date range included)

3. Exemplary scientific findings from two high-profile deployments

a. RADAGAST
i. Originally proposed by Dr. Anthony Slingo, RADAGAST remains one of the most unique cloud and radiation interaction experiments ever conducted. 
ii. Four unique elements of the experiment were (1) its location in the West African Sahel, which is home to the largest water vapor gradient on the planet; (2) the juxtaposition between comprehensive and semi-continuous satellite and surface radiation measurements in conjunction with AMF cloud and thermodynamic assays of the column, (3) the uniformity of the Sahelian landscape, and (4) the presence of high concentrations of absorbing aerosol that included Saharan dust and the products of biomass burning.
iii. In addition to providing a comprehensive survey of cross-atmosphere radiative flux divergence and its relationship with clouds, RADAGAST provided a unique opportunity to test the cloud and radiation interaction physics in several GCMs.
iv. RADAGAST also produced some pioneering new measurement and analysis techniques 
1. AERI mineral composition measurements in dust
2. The use of an ancillary site to insure uniformity of the radiation field
3. Coincident use of thermodynamic profiles and cloud properties to expose a strong relationship between precipitation and the height of the surface LCL                                                  
b. CAP-MBL
i. Spearheaded by Dr. Robert Wood, CAP-MBL was the culmination of the increasing need to collect a long-term data set that characterized the physical and thermodynamic attributes of marine stratocumulus clouds and structural transitions in the marine boundary layer.
ii. Among the most unique aspects of CAP-MBL was that it revisited the scientific mission of the Atlantic Stratocumulus Transition Experiment conducted in 1992 in the Azores, but with vastly superior technology, a significantly longer data collection window, and a better understanding of the key scientific questions.
1. Some preconceived notions about the structure of the marine stratocumulus clouds in the region were proven inaccurate.
a. One incorrect notion was that the clouds observed in Graciosa would be similar to those observed from Santa Maria during June 1992 and be relatively equal parts of solid marine stratocumulus and cumulus rising into stratocumulus.  Surprisingly, stratocumulus and broken stratocumulus dominate the cloud structure at Graciosa and cumulus rising into stratocumulus is observed only 8% of the time.
b. Stratus and stratocumulus are observed during all months of the year with significant fractional coverage, rather than just during the summer months as previously envisioned.
c. At least six unique modes of cloud structure were observed during the CAP-MBL experiment, which is consistent with the high number of modes that are typically observed in visible satellite photos.

4. Perspectives on the AMF program

a. What impacts have the program as a whole had upon Atmospheric Science?
i. New knowledge about different climate regimes and their cloud and radiation budgets
ii. Unique analysis strategies and synergies that have been driven largely by AMF deployments
iii. What have we learned about observing strategy from the AMF
1. What you don’t know can hurt you!
a. The absence of appropriate instrument monitoring capabilities was a significant challenge during the China deployment.
b. Deployment logistics can often lead to instrument operating modifications that become the new normal during future deployments.
2. What are the most significant measurement challenges?
a. Surface properties
i. Proper characterization of the surface properties in the deployment area remains one of the single most difficult issues with any AMF deployment.  
1. For example, eddy correlation techniques require a long fetch over uniform surface to be representation, but the AMF is rarely deployed in such a circumstance.
2. Surface albedo is also extremely difficult to determine due to changing surface conditions and surface spectral albedo is even more challenging.
ii. Dust clogs filters, settles on radiometers, sand blasts surfaces, and finds its way into all mechanical components.
iii. Exceptionally low cloud bases and fogs are a blessing and a curse.
a. Surface aerosol and aerosol activation measurements are likely to be highly representative, but active remote sensor measurements challenging when the cloud base lies below the minimum detectable range of a cloud radar, which was the case at PYE.
iv. Life on an island requires that the properties of the surrounding ocean be properly characterized and the effects of the island on measurements be carefully considered.

5. Forecasting the Future of the AMF Program

a. All ARM sites including the AMFs were significantly upgraded as part of the American Recovery and Reinvestment Act and these increased measurement capabilities broaden the range of possible scientific missions.
b. GoAmazon2014-15
i. Amazonia is known by many Atmospheric Scientists as the "Green Ocean" and is aptly named due to its low aerosol concentrations and high water vapor loads, which are often the same conditions found in remote ocean regions.  
ii. The AMF will be situated downwind of the only major source of anthropogenic aerosol in Amazonia, which is Manaus, Brazil, a city with approximately one-million residents and a growing number of vehicles.
iii. This deployment contains all of the earmarks of the most notable past AMF deployments and will have the added benefit of a quantum leap in the sophistication of the instruments due the expansion of the AMF prior to TCAP.
c. Increasing demand for AMF measurements
i. New and more robust proposals are being received each year

