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Abstract 
 
 The purpose of this presentation is to solicit Horizon’s participation in a proposed field study 

funded by the Atmospheric Radiation Measurement (ARM) Program of the U.S. Department of 

Energy with the goal of improving our understanding of clouds and climate. The proposed study 

involves deployment of AMF2, an ARM Mobile Facility consisting of three 20-foot “seatainers,” or 

vans, and several smaller modules, that contain radars and other scientific instruments that measure 

meteorological conditions and properties of clouds, aerosols, and light intensity, on the Horizon Spirit 

traversing the route between Los Angeles and Hawaii starting in fall of 2012 and ending in fall of 

2013. This transect is of great interest to climate scientists because of the types of clouds and the 

variation of their properties along this route, and the data from the Horizon deployment will be of great 

value in validating and improving computer models that describe clouds and predict climate. The 

proposal for this field study will be submitted to ARM in April, 2011, and decision will be announced 

in fall of 2011; if accepted, DOE headquarters will work with Horizon to negotiate contracts and 

handle arrangements concerning the deployment. This presentation provides information on this 

proposal and demonstrates the feasibility of deployment on a Horizon vessel. An accompanying 

presentation to Horizon at their headquarters in Kenilworth, NJ was made on March 8, 2011 by Ernie 

Lewis and Michael Reynolds, primary investigators of this proposal. 

 
 

 
Satellite image captured by the MODIS instrument on NASA’s Aqua satellite shows marine 
stratocumulus clouds and streaks of higher cirrus clouds west of Mexico’s Baja Peninsula. These 
regions of low clouds occur on the eastern margins of the Pacific and Atlantic Oceans. Clouds reflect 
sunlight and are important to understanding climate. 
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Introduction 
 
 The extensive marine stratiform cloud decks that cover the eastern ocean margins of the world, 
including off the west coast of the United States, are poorly understood and are a large uncertainty for 
climate models. Major improvement to our understanding of climate depends on a better understanding 
of these marine clouds. The Atmospheric Radiation Measurement (ARM) program of the U.S. 
Department of Energy is a major U.S. scientific effort to measure and model global radiation (i.e., 
sunlight and heat radiation given off by Earth) and climate. 
 
 This document presents a plan to place a suite of scientific instruments on the Horizon Spirit, 
which makes the Los Angeles-Hawaii transit, for a year-long period from October, 2012 through 
October, 2013. The instruments will be placed on the ship so as not to interfere with ship operations or 
interrupt normal ship schedules. The project will require one or two technicians who will oversee the 
instrumentation and launch the weather balloons. 
 
 

 
 Horizon Spirit. 
 
 
 Our goal is to satisfy Horizon management that this is a crucial scientific study which will 
provide data necessary for our understanding of eastern ocean margin clouds and that we are able to 
operate all scientific equipment within Horizon operational and safety restraints. We hope this will 
initiate a partnership between Horizon and the ARM program, realized by a letter of commitment from 
Horizon with which we can present with our formal proposal to the ARM program office. 
 
 This document is structured as follows. An introductory section provides a 1-page science 
primer, followed by information on the ARM program, the facilities that we propose to deploy on the 
ship, and the proposal itself. A more detailed science section follows, which explains why clouds are 
important, how computer programs are used to model clouds, and why the Horizon route would be an 
ideal one for this proposal. Next, a plan for the placement of instruments on the Horizon vessel Spirit is 
presented. Finally, a list of the investigators involved with this proposal and curriculum vitae of Ernie 
Lewis, Warren Wiscombe, and Michael Reynolds, authors of this document, are provided. Attached at 
the end of the document are copies of slides from the presentation made to Horizon at their 
headquarters in New Jersey by Ernie Lewis and Michael Reynolds on March 08, 2011. 
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Science Primer (in one page!) 
 
 The instantaneous conditions of the atmosphere: temperature, relative humidity, wind speed, 
precipitation, and so forth, comprise weather. The long-term average of weather is called climate. As 
the saying goes, “Climate is what you expect, weather is what you get.” Understanding of climate, and 
the ability to describe and predict it with computer programs, is of vital importance economically and 
socially, and is of great scientific interest. It is also the purpose of the proposed investigation. 
 
 Both weather and climate are determined by the balance between incoming solar radiation 
(infra-red, visible, and ultra-violet light from the sun) and outgoing radiation (infra-red light) emitted 
by Earth. NOTE: the term “radiation” here and throughout this document refers to light of various 
wavelengths and does not in any way refer to radiaoactivity. Anything that reflects, scatters, or 
absorbs light affects this balance. 
 
 Clouds, which are collections of small water drops or ice crystals in the atmosphere, reflect and 
scatter incoming solar radiation and absorb outgoing heat radiation from Earth, and for this reason play 
a major role in Earth’s weather and climate. Thus measurement and understanding of cloud properties, 
such as height, thickness, coverage, water content, sizes and number of cloud drops, and phase (water 
vs ice), is important to understanding climate. 
 
 Every cloud drop starts when water vapor condenses on an aerosol particle, a small particle in 
the atmosphere composed of dust, sea salt, pollutants, or other substances. The number, sizes, and 
composition of aerosol particles determine the number and sizes of cloud drops, and also cloud 
properties such as water content. Aerosol particles also scatter incoming solar radiation. Thus, 
measurement and understanding of aerosol properties, such as numbers, sizes, and chemical 
compositions, are also important to understanding climate. 
 
 Clouds also play a major role in Earth’s climate and weather through their role role in the cycle 
of moisture in the atmosphere. Water evaporates from the oceans, is transported upward in the 
atmosphere by “turbulent eddies” (parcels of air that move randomly), and condenses to form cloud 
drops (or ice particles), which in turn can deliver this moisture back to the surface in the form of rain, 
snow, or hail. The rate of evaporation of water from the oceans depends on sea surface temperature 
(SST), air temperature, wind speed, and relative humidity. Likewise, transport of clouds, and whether 
or not they precipitate, is also affected by wind speed, temperature, and relative humidity. Thus, 
meteorological conditions are important quantities to measure in field campaigns designed to study 
climate, as is the “flux” of water vapor—the rate at which it rises in the atmosphere. Weather balloons 
provide important measurements of temperature, relative humidity, and wind speed and direction as a 
function of height above the surface, and are thus crucial components to these field campaigns. 
 
 Finally, as solar radiation is the principal driver for Earth’s weather and climate, and emission 
of infra-red radiation is the compensating mechanism by which Earth loses energy, radiation properties 
such as light intensity and how much of the solar radiation at the surface is direct vs. diffuse, and how 
these quantities depend on wavelength, are also necessary to measure. 
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ARM Program 
 
 The Atmospheric Radiation Measurement (ARM) program (http://www.arm.gov/about) of the 
U.S. Department of Energy was created in 1989 “to study cloud formation processes and their 
influence on radative transfer” (propagation of radiation, or light, through the atmosphere). As one of 
the premier climate research facilities in the world, ARM manages three fixed study sites 
(http://www.arm.gov/sites): one on the North Slope of Alaska, one in Oklahoma, and one in the 
Tropical Pacific; two mobile facilities (http://www.arm.gov/sites/amf), AMF1 and AMF2; an aircraft 
facility; and a data archive. ARM also funds climate research and supports field programs around the 
world. Approximately 500 scientists are supported by ARM and many others use ARM data, which are 
available to all. ARM has also provided extensive support for development of computer programs, so-
called “models,” that attempt to simulate clouds and their properties, formation, processes with which 
they are involved, including precipitation, interaction with radiation (i.e., reflecting sunlight and 
blocking transmission of infra-red light from Earth’s surface), and more generally the interaction of 
clouds and climate. 
 

 
 
 
 The ARM mobile facilities were designed to make measurements in a variety of environments 
to improve understanding of clouds and climate, and have been deployed at numerous locations around 
the world (http://www.arm.gov/campaigns/). Deployments are typically planned years in advance, with 
proposals being submitted by different groups of scientists stating where these facilities will be located 
and what scientific questions will be addressed. 
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ARM Mobile Facility AMF2 
 
 The ARM Mobile Facility AMF1 was first deployed in 2005, and recently a second ARM 
Mobile Facility, AMF2, was built with “stimulus” funding under the American Recovery and 
Reinvestment Act of 2009, or ARRA (http://www.arm.gov/about/recovery-act). The mobile facilities 
consist of three 20-foot modified shipping containers called “seatainers,” or vans, and other smaller 
modules, containing radars and other scientific instrumentation. The vans are designed to operate in a 
wide range of conditions, including shipboard deployment, and many of the instruments are pre-
installed so that the vans can be shipped to any location ready to operate. AMF2 instruments and a 
proposed deployment on the Horizon Spirit are discussed below. 
 
 

   
AMF2 radar van       AMF2 aerosol van 
 
 
 The radar van contains radars and other instruments to measure cloud properties such as height, 
thickness, coverage, and water content. During deployment the radars are installed on top of the van, as 
shown in the left photograph. The aerosol van contains instruments to measure sizes, numbers, and 
other properties of aerosol particles. This van has an inlet, visible in the right photograph, through 
which air is drawn in order to measure properties of the airborne particles (aerosols). The operations 
van contains computers, data backup systems, and assorted spare parts. 
 
 Smaller modules, with footprint approximately 2-feet by 2-feet, contain instruments that 
measure meteorological conditions such as relative humidity, temperature, and wind speed, and 
properties of solar radiation, such as light intensity at different wavelengths. These instruments can be 
distributed individually on top of the vans or at various locations on deck. 
 
 Facilities to launch weather balloons are also required. These balloons have attached 
radiosondes that relay data back as the balloon rises, providing data on temperature, relative humidity, 
and wind speed and direction throughout the atmosphere rather than just at the surface. A list of the 
instruments in the ARM mobile facility is available at http://www.arm.gov/sites/amf/amf2 and 
summarized on p. 24. 
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MAGIC Proposal 
 
 The MAGIC proposal would be a collaboration between Horizon and ARM involving 
deployment of the AMF2 on the Horizon vessel Spirit traversing the route between the Los Angeles 
and Hawaii for an approximate time period of October, 2012 to October, 2013.The name MAGIC is an 
acronym that is based on a hierarchy of parent programs and stands for Marine ARM GPCI 
Investigation of Clouds, where GPCI (http://www.idl.ul.pt/cgul/projects/gpci.htm) stands for GCSS 
Pacific Cross-section Intercomparison, GCSS (http://www.gewex.org/gcss.html) stands for GEWEX 
Cloud System Studies, an international group of cloud modelers, and GEWEX is the Global Energy 
and Water Cycle Experiment (http://www.gewex.org/), a core project of the World Climate Research 
Programme. The Pacific Cross-section refers to a transect from the west coast of the U.S. heading 
southwest to the equator along which different computer models of clouds and their properties are 
compared in an effort to improve our understanding of clouds and our ability to represent them in 
computer models that describe climate. 
 
 The Principal Investigators (PIs) of MAGIC are Ernie Lewis of Brookhaven National 
Laboratory (Upton, NY) and Warren Wiscombe of NASA (Greenbelt, MD). Co-Investigators are 
Michael Reynolds of Remote Measurements & Research Company (Seattle, WA) and ten other 
individuals from three countries. The list of investigators appears on p. 26. 
 
 Scientifically this is an extremely exciting proposal for several reasons. First, the clouds along 
this transect are very important with regard to Earth’s climate, and our understanding of these clouds 
and their properties is poor. Secondly, by traversing the same transect repeatedly over an extended 
period of time, a “climatology” can be built up that describes expected values of cloud properties such 
as height, thickness, coverage, etc. for different seasons, and seasonal variations of these properties can 
be established. Finally, as previous deployments have been at fixed locations, shipboard deployment of 
AMF2 represents a major advance in technology and is vital to improvement of our ability to measure 
clouds over the ocean, which comprises roughly two-thirds of Earth’s surface. 
 
 The proposal mechanism for AMF deployments is different than typical scientific proposals in 
that the investigators of the winning proposal have no direct control of the funding or of the 
instrumentation. Regardless of which proposal is chosen, DOE headquarters will negotiate contracts 
and ARM infrastructure will handle arrangements and installation of the AMF2. The investigators will 
be involved in the process and will have input on details of the deployment, but have no authority. 
 
 Proposals for the AMF2 deployment is due by the end of April, 2011, and the chosen proposal 
will be announced in fall of 2011. Deployment will start around October, 2012 and last until around 
October, 2013. 
 
 If Horizon chooses to participate in this endeavor, we need a letter of commitment to be 
included with our proposal stating that Horizon has discussed this proposal with us and agrees to 
host the AMF2 on its vessel Spirit traversing the Los Angeles-to-Hawaii route for the 
approximate time period October, 2012 to October, 2013, contingent upon suitable terms being 
agreed upon with ARM. 
 
 We realize that there are many unresolved questions regarding this deployment, but we trust 
that these can be satisfactorily resolved in the intervening time. 
 
 We sincerely hope that Horizon will decide to join us in this investigation. 
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Science Background for the MAGIC Deployment 
 
Clouds 
 
 Clouds, which are collections of small water drops or ice crystals in the atmosphere, exhibit a 
huge variety of sizes, shapes, and types. Each cloud drop forms around an aerosol particle, the number, 
sizes, and type of which determine the number and sizes of the cloud drops and of other properties of 
clouds, such as water content. Cloud properties such as height, thickness, and coverage are highly 
variable, both temporally and geographically. Clouds scatter and absorb light of various wavelengths, 
including infra-red, visible, and ultra-violet light, and thus play an important role in Earth’s energy 
balance and in climate. Clouds also play a crucial role in the global water cycle and are intrinsically 
coupled to precipitation. Condensation of water vapor to form drops releases large amounts of heat into 
the atmosphere, whereas evaporation of cloud drops requires heat, thus cooling the atmosphere; these 
processes also play an important role in Earth’s energy balance. Despite being intensively studied for 
many years, current understanding of clouds and cloud processes is poor. 
 
 A major reason for this lack of understanding is cloud’s multi-scale nature. On the planetary 
scale, clouds affect Earth’s energy balance through their interaction with sunlight and with infra-red 
radiation leaving Earth. On a scale of 100 km, the typical grid size (i.e., resolution) of current climate 
models, clouds exhibit complex mesoscale organization: cloud streets, cloud clustering, etc. On a scale 
of 1 km (103 m), individual cloud dynamics become important, in which mixing processes between 
clouds and their environment occur. Finally on a scale of 1 meter or less, cloud microphysical 
processes such as collisions between cloud drops, which affect the sizes of cloud drops and the 
conversion rate from cloud drops to rain drops, are important. The reflection of sunlight by clouds, so 
clearly visible on the global scale, is directly dependent on the sizes of cloud drops and hence on these 
microphysical processes. Thus cloud processes range over huge spatial scales (at least 13 orders of 
magnitude), but also processes on the smallest scale directly influence the global energy balance. To 
understand these processes and their effects it is important to determine how well they are represented 
in computer models of climate and how to deal with this huge range of spatial scales. 
 
 

 
Spatial hierarchy of cloud processes 
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Computer Models of Clouds 
 
 To attempt to understand clouds and their behavior, scientists have developed computer 
programs, or models, in which the atmosphere is divided into boxes called grid cells. Within each grid 
cell properties such as temperature, relative humidity, and wind speed are assigned a unique value. The 
sizes of the boxes vary from meters to hundreds of kilometers, depending on the model, and are largely 
limited by resources (i.e., computer speed and memory space). The equations describing the motion of 
the atmosphere, the formation of cloud drops, the transport of heat and radiation in the atmosphere, and 
the like are solved and the models attempt to simulate the time evolution of the atmosphere. Models 
provide a substitute for measurements in some situations; for instance, long-term measurements of 
meteorological conditions over large regions of the ocean are impractical. Additionally, these models 
can be projected into the future to make predictions about climate. 
 
 There are three major types of computer programs to simulate clouds and their behavior, 
forming a hierarchy of scales. Climate models cover the globe, or a substantial fraction of it, and 
typically have grid cells of several hundred kilometers. However, within grid cells of these sizes, 
important quantities such as cloud coverage and light intensity may vary considerably, as do processes 
that affect these quantities. This results in difficulties, as the computer programs must assign a unique 
value of a property to the entire grid cell. Such properties require parameterizations, i.e. simple 
treatments that allow their calculation (at least in an average sense) from quantities that can be 
measured and do not vary appreciably over these length scales. This sub-grid variability is a major 
concern with climate models, and much effort has been devoted to deal with this issue. 
 

 
Simulation hierarchy for the study of clouds and climate 

 
 
 At the opposite scale extreme from climate models is Direct Numerical Simulation (DNS), 
which solve the relevant equations using extremely small grid cells, of the order of 1 millimeter on a 
side. Current supercomputers can calculate domains of 100010001000, or domains up to roughly 
one meter on a side. DNS is a useful tool to study phenomena such as drop-drop interactions in 
turbulent clouds or detailed entrainment of dry air at the cloud interface, but is of course useless for 
simulating cloud dynamics on a local, regional, or planetary scales. 
 
 For scales between DNS and climate models, Large Eddy Simulation (LES) techniques with 
typical grid cells tens of meters on a side, allowing some processes to be directly modeled, while 
requiring parameterization for others. For grid cells of 100 m on a side, domains of 100 km (about the 
size of single grid box in a state-of-the-art climate model) can be calculated. A drawback of LES is that 
it requires conditions at the boundaries to be specified. 
 



 11

GEWEX Cloud System Study: GCSS 
 
 This full hierarchy of simulation systems can be used to inform each other. DNS can be used to 
study cloud droplet growth and collisions and provide models for microphysical processes that can be 
used in LES. LES models in turn can be used to study convective transport of heat and moisture 
through a cloud ensemble and provide statistical models (i.e. parameterizations) of convective 
transport for climate models. This reductionist strategy has been a painfully slow but extremely 
productive pathway for improving not only theoretical understanding but also representation of sub-
grid processes in climate models, and it has been the foundational research strategy employed by 
GEWEX Cloud System Study, or GCSS, an international group of cloud scientists devoted to 
improving the treatment of clouds in climate models; GEWEX is the Global Energy and Water Cycle 
Experiment. 
 
 GCSS is actively involved in using data from field campaigns; it has used much ARM data in 
the past and is a ready-made customer for the data from the Los Angeles-to-Hawaii campaign. GCSS 
has focused primarily on day-long field-campaign case studies, because often field campaigns have 
only a few “Golden Days” of near-perfect data (certainly the GCSS scientists would like much longer 
datasets and that is a huge attraction for a long deployment like the Los Angeles-to-Hawaii one). 
GCSS modelers use LES simulations as a virtual atmospheric laboratory and apply this information to 
simplified versions of climate models to evaluate existing and new cloud parameterizations. This 
approach has led to new successful parameterizations for top-entrainment processes in stratocumulus 
clouds and lateral turbulent mixing in shallow cumulus clouds. 
 

 
GCSS strategy for parameterization development 

 
 On the other hand GCSS paid relatively little attention to systematically evaluating these 
newly-developed parameterizations in full three-dimensional climate models on larger space and time 
scales. In an attempt to rectify this, the GCSS Pacific Cross Section Intercomparison (GPCI) project, 
an official working group of GCSS, was initiated in 2005 under the leadership of Dr. Joao Teixeira, a 
co-investigator on the MAGIC proposal. 
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GCSS Pacific Cross-section Intercomparison: GPCI 
 
 The main goal of the GCSS Pacific Cross-section Intercomparison (GPCI) is to evaluate and 
improve the representation of tropical and sub-tropical cloud and precipitation processes in weather 
and climate prediction models (http://www.idl.ul.pt/cgul/projects/gpci.htm). The GPCI approach is to 
analyze weather and climate prediction models along a Pacific Ocean cross-section from the 
stratocumulus regions off California, across the shallow convection trade-wind areas, to the deep 
convection regions near the Equator (the first part being very near the route taken by Horizon from Los 
Angeles to Hawaii, which has similar cloud properties to the GCSS route). This approach aims at 
complementing GCSS by providing a simple framework for three-dimensional model evaluation that 
includes several crucial cloud regimes such as stratocumulus and shallow and deep cumulus, as well as 
the transitions between them. Also, intercomparison is made easier as data are needed only along a 
two-dimensional cross section along the transect. 
 

 
Annual mean cloud cover along the GPCI cross-section, with the Horizon Spirit route shown 

 
 The GPCI has been proven successful in various ways: 
 It has attracted around 20 participating climate models and numerical weather prediction models to 

do intercomparisons along this transect. 
 It has been a useful forum for confronting these models with the newest generation of satellite data 

sets. 
 It has clearly shown that climate models tend to underestimate cloud amounts in the stratocumulus 

regimes and overestimate cloud amounts in the shallow cumulus regimes. 
 It has shown that those climate and numerical weather prediction models that are actively working 

on developing their treatments of cloud processes show a significant improvement in their 
predictions of these stratocumulus and shallow cumulus cloud regimes. 
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Uncertainties in Climate Models 
 
 Numerical climate models are capable of reproducing the climate of the 20th century quite well, 
although doing so requires making assumptions in the treatment of processes affecting clouds and 
aerosols, many of which are known with only little confidence. Additionally, these models are the best, 
and indeed the only, tools we have for projecting forward in time to study climate change. To test how 
well climate models simulate reality and to improve them, results from these models are compared 
against measurements. Intercomparisons are also performed in which different models are run with the 
same set of conditions and the results are compared. Ideally, all the results should yield the same result.  
 
 One commonly used set of conditions for intercomparisons is that in which the carbon dioxide 
(CO2) concentration in the atmosphere is doubled that what it was before the industrial era, referred to 
as 2CO2 experiments. Increased CO2 concentration leads to warming of climate by blocking outgoing 
infra-red radiation from Earth (CO2 is a so-called “greenhouse gas”). During such an intercomparison, 
general circulation models (a type of climate model) agreed closely with each other on predicted 
climate changes when the effects of clouds and aerosols were not taken into account, but when such 
effects were included the results varied greatly, with the projected global-average temperature increase 
in the 21st century ranging from 1.5C to 4.5C, which is as large as that which occurred when the 
Earth emerged from the last Ice Age. Clouds are therefore critical to understanding of climate and 
climate change. It has been well established that the spread in warming in these different climate 
models is primarily due to differences in how clouds are modeled. The Intergovernmental Panel on 
Climate Change concluded in its 2007 report that cloud effects “remain the largest source of 
uncertainty in model based estimates of climate sensitivity.” 
 

 
Predicted temperature increases from different 

climate models show a wide range of values 
 
 Further analyses show that that this range of temperatures in different climate models is 
predominantly due to marine subtropical clouds such as stratocumulus and shallow cumulus—the very 
clouds encountered by the Horizon ships traversing the route from California to Hawaii. These shallow 
clouds reflect much more sunlight than the sea surface and are a major determinant of how much 
sunlight the Earth as a whole reflects back to space. This reflection acts to cool the Earth (and allows it 
to be habitable). The different climate model predictions of how these cloud types will change in the 
future are largely responsible for the uncertainty in future predictions of surface temperature. 
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Importance of the Horizon Route 
 
 Although satellites can provide much information on clouds over a global scale, many of these 
measurements are average values through the atmosphere. Additionally, the new satellite data with 
vertical resolution (such as Cloudsat) are unreliable in the lowest kilometer of the atmosphere, where 
the clouds of interest reside. Thus, although GPCI has been successful in discovering errors in cloud 
representation in climate models, the lack of near surface observational data prevents finding the 
physical origins of these errors. It is therefore crucial to have complementary observations from the 
surface along the GPCI transect. These include surface fluxes (i.e., rates of vertical change) of water 
vapor, light, and heat; cloud properties such as thickness, base height, and water content; and profiles 
of temperature, humidity, and wind in the lowest few kilometers above the surface. Ocean surface 
properties such as temperature and salinity are also important in this regard. Almost all of this menu of 
needs can be satisfied by the proposed Horizon Spirit deployment, and therefore the leadership of 
GCSS and GPCI strongly support the deployment and will be avid users of the data. 
 
 

 
Annual mean cloud cover along the GPCI cross-section; 

Horizon Spirit route from Los Angeles-Hawaii also shown 
 
 
 As noted above, the Horizon Spirit Los Angeles-to-Hawaii route lies very close to the GPCI 
transect. Clouds types exhibit large differences with distance along this transect, and models have had 
difficulty in capturing this variability. Measurements of clouds and their properties along this route 
would thus provide valuable data for improving these models. Additionally, as noted above, clouds 
along the route from Los Angeles to Hawaii are responsible for much of the differences between 
climate models, and understanding of these clouds is crucial to improving these models. These clouds 
are also the ones that exert the largest influence on Earth’s energy balance. 
 

The Horizon route would be an ideal one for the MAGIC proposal! 
 
 This will be a ground-breaking investigation. There has never been a commercial-government 
joint research exercise of this scale in the geophysical sciences. A long-term, repeating transect with 
the vast suite of instruments outlined here will be a first. Advances in science follow advancements in 
measurements, and this proposal provides the opportunity to make a major contribution to climate 
science. 



 15

Plan for Deployment of Instrumentation on the Horizon Spirit 
 
Overview 
 
 In this section the instruments that make the measurements necessary for a complete 
description of the cloud fields are discussed and a plan of how they can be deployed on the Horizon 
Spirit is presented. This plan was formulated by Michael Reynolds based on his visit to the Spirit in 
Long Beach, CA on February 10, 2011. It is one feasible way to install all the diverse instruments on 
the Horizon Spirit, but it is certainly not set in stone. Our goal is to demonstrate to Horizon 
management that we are experienced in ship installations and that we can work together to devise an 
installation that meets any concerns about safety or ruggedness, and one that does not interfere with 
Horizon’s activities. 
 
 Three locations on the Spirit would provide excellent places for deployment of ARM 
instruments: the bridge deck, the mast, and the stern. The radar, aerosol, and operations vans would be 
placed on the bridge deck. This location offers great exposure of open sky for the radars and for 
sampling marine air by the aerosol van, access to the interiors of the vans, ample room for foot traffic, 
and clear access to life rafts. Modules and smaller sensors could be distributed around the bridge deck 
and on the mast, which also provides good exposure to open sky and clean over-ocean air. Finally, the 
stern contains ample room to support weather balloon activity including storage of helium tanks. 
 
 

Balloon launch Vans Distributed sensors

 
Horizon Spirit 

 
 
 All container vans have been inspected for sea worthiness by Southwest Trailers & Containers, 
Inc., Albuquerque, NM and have current certificates of compliance. Likewise, the electrical systems 
have been inspected and are certified as meeting 2008 NEC electrical code. Any engineering 
considerations that require modifications will be performed with certified, Horizon-approved, 
engineering design and inspections. 
 
 The radar and aerosol vans each operate at 440 V with one 15A circuit; the operations van and 
modules require less power. For all vans top side equipment is installed after they are placed on ship. 
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Placement of Vans 
 
 The radar van could be placed on the aft, port side of the bridge deck, and the aerosol van on 
the port side of the bridge deck in a forward location. These locations provide good exposure for clean 
sky and air as required. The operations van could be located on the starboard side of the bride deck. 

  
 
   Bride deck with possible location of vans 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Port side of bridge deck with optimal locations for radar and aerosol vans 

Radar 
 van 

Aerosol 
   van 
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Radar Van  
 
 The radar van contains two radars and other "remote sensors" that obtain measurements 
remotely by looking up into the atmosphere and detecting radio waves, laser signals, or infra-red 
radiation. Some of these sensors are “active” whereas others are “passive.” An active sensor transmits 
energy and detects reflections from a target of some sort, such as a cloud drop or an aerosol particle. 
Examples are radars and acoustic depth sounders. A passive sensor measures the environment directly. 
Examples are temperature sensors (i.e., thermometers) that respond to the temperature of the ambient 
air and solar radiometers that measure sunlight. AMF2 contains some active sensors but great care is 
taken in their use. Lasers are eye-safe and well marked. Radar pulses are human safe. As a general 
rule, the ARM program is exceptionally sensitive to human safety, and all installations are inspected 
and certified by safety officers before they can begin operation. 
 
 The two radars are the SWACR and the MMCR, which operate in different “bands” (at 
different wavelengths) to retrieve different cloud properties. Other instruments in the radar van are the 
MWR, AERI, MPL, and CEIL, all of which are briefly described below. 
 
SWACR, a steerable radar 
 The most important instrument in the radar van is the SWACR (Scanning W-band ARM Cloud 
Radar), a steerable radar especially designed to see both the bottom and the top of the clouds as well as 
measure other cloud properties. The radar is on a steerable pedestal (left photograph) so it can point in 
computer-controlled directions. For maximum coverage, this radar will most likely sweep the sky from 
port to starboard as the ship moves forward, providing a wide field of coverage. 
 
 

   
 The SWACR (radar) is on the top of the van;  Millimeter Cloud Radar (MMCR) 
 the MWR is the housing shaped like a mailbox 
 on top of the van on the upper left 
 
 
MMCR, an upward-pointing radar 
 The MMCR (Millimeter Cloud Radar) is an upward-pointing dish about 2 meters in diameter, 
designed to detect the bottom and top of clouds, in addition to having Doppler capability that allows it 
to measure vertical velocities of cloud drops. It will be located on the roof of the radar van adjacent to 
the SWACR.  
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MWR, a microwave radiometer 
 The MWR (Microwave Radiometer) is a passive instrument that measures the amount of 
moisture in the air directly above the ship. It is the mailbox-shaped instrument on the left side of the 
van in the left photograph on the previous page, and is also shown in the photograph below. 
 

     
 Microwave radiometer MWR     The AERI is the box on the 
         left side of the van 
 
AERI, an infra-red radiometer 
 The AERI (Atmospheric Emitted Infra-red Interferometer) is a passive instrument that faces 
directly upwards and measures the downward infra-red radiation at all wavelengths. It is the box on the 
left side of the van in the left photograph above. It will be installed after the van is locked in place. 
This is the only projection from the side of the van. 
 
 
MPL, Micro-pulse Lidar 
 The MPL (Micro-Pulse Lidar) transmits pulses of green laser light upward and uses an 
astronomical telescope to detect reflections from particles as high as 12 kilometers. It is an “active” 
sensor, but the laser is eye-safe. The MPL is located inside the radar van during operations. 
 

       
  Micro-pulse Lidar    Ceilometer 
 
CEIL, a ceilometer 
 The ceilometer is a self-contained device designed to measured cloud base height at up to three 
levels (in case of stacked clouds) and as high as 10 kilometers by transmitting pulses of infra-red light 
which are detected by a receiver after being reflected by cloud drops and aerosol particles. 
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Aerosol Van 
 
 The aerosol van uses a pumping system to draw a stream of air through the inlet and distribute 
it to instruments inside the van that measure the sizes, number, and other characteristics of the aerosol 
particles in this air stream. It is essential that the incoming air is uncontaminated by the presence of the 
ship, as ship exhaust, cigarette smoke, and the like will invalidate the measurements and those data 
must be thrown out. Access to the interior of this van is necessary once every several days to replenish 
liquids in some of the instruments and, of course, in case any of the instruments are not performing 
properly. For deployment on the Spirit the inlet can be shorter than that shown in the left-hand picture. 
 
 

    
 Aerosol van - weather door entry  Aerosol van showing AC and electrical panel 
 
 
Operations Van 
 
 The operations van contains computers and data backup systems, in addition to some spare 
parts, office supplies, and the like. It is the site data system and all vans and sensor modules are linked 
to this van by Wifi. The three large antennas shown in the photo below are probably not needed for 
deployment on the Spirit, as the other containers and modules will be close. 
 
 

      
  Operations van    Operations van - interior 
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Placement of Meteorological and Radiation Instrumentation 
 
Modules 
 Many of the instruments for the mobile facility are small sensors such as wind anemometers or 
humidity sensors that can be located in exposed, out-of-the-way locations on the bridge deck or roof 
and on the main mast. Signals from the sensors connect by small wires to data acquisition "modules” 
which log the data. The sensors do not interfere with ship radar and are usually immune to interference 
from the radar. 
 
 The modules are rugged stainless steel weather proof enclosures with mass ~180 kg and 
contain a smart power system, air conditioner, a computer, and a WiFi modem. Cables from the 
sensors enter the module via a weatherproof penetration. Each module is customized for the sensors 
assigned to it. 
 

      
   Modules on a Woods Hole Oceanographic Institution ship  Module anchored to deck 
   Photographs show deployment at Woods Hole Oceanographic Institution during summer, 2010 
 
TSI, Total Sky Imager 
 The Total Sky Imager (TSI) provides a fish-eye view of the sky and requires a location that 
provides an unobstructed view. This is typically also difficult to find on a ship, but a good location 
might be the aft end of the bridge deck. The photograph below shows a TSI on a research ship and the 
image, right panel, has considerable clutter around the horizon of the image. 
 

      
  Total sky imager, TSI    TSI, view from above 
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Radiation Sensors 
 It is essential that the radiation sensors, which measure the incoming solar radiation and the 
downward infra-red (heat) radiation from the atmosphere, are located in a clear open place with no 
shadows or exposure to heated metal. This is typically difficult to do on a ship, although the mast has 
some good areas for radiation sensors at the very top. 
 
 

    
   Radiation sensors on a stable mount   
 
 
Meteorological Sensors 
 Sensors that measure meteorological quantities such as air temperature, wind speed and 
direction, relative humidity, rainfall, and barometric pressure, have a variety of shapes and sizes. 
Generally two or more of each sensor are used, and they are placed in different locations so that at least 
one of them has good exposure. Additionally, having multiple sensors helps reduce, or at least 
quantify, changes in calibration. 
 
 

    
   Sensors scattered in convenient locations 
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Mast Top Package 
 Meteorological instruments and radiation sensors can be packaged into one small platform and 
placed at the top of the mast, as was done on a recent cruise on a sailboat. The cluster is approximately 
one meter wide and has a mass of ~15 kg, and it can be installed and removed without a crane. Such a 
package might be suitable for the top of the Spirit mast, adjacent to the Inmarsat-C antenna. Radiation 
and mean wind sensors would go on the top plate and temperature, relative humidity, and barometric 
pressure sensors would go on the top platform. 
 
 

    
 Mast top sensor cluster    Mast of Horizon Spirit 
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Weather Balloon Operations 
 
 Weather balloons with a radio transmitting package (often called a “radiosonde” or just 
“sonde”) provide measurements of atmospheric conditions such as temperature, relative humidity, and 
wind speed and direction as a function of height above the surface, and are thus crucial components to 
these field campaigns as they provide information on the state of the atmosphere that is not otherwise 
available and which affects cloud formation and properties. The balloons are approximately 1 meter in 
diameter. They will typically be launched four times per day, but depending on weather conditions 
they may be launched as often as eight to twelve times per day. 
 
 Balloon launches require a portable shelter for inflating the balloon and attaching and checking 
the radiosonde out of the wind and rain. Helium tanks used to fill the balloons must be mounted 
nearby. Once a balloon is inflated and the radiosonde attached, the balloon is walked to the lee 
(downwind) rail and released into the wind. The radiosonde transmits information back to a receiver on 
the ship as the balloon floats off. 
 
 

         
The launch of a balloon from a ship. The balloon is inflated in a temporary shelter. When the 
balloon is ready and the radiosonde unit is attached the balloon is taken to a lee (downwind) 
rail and released into the wind. 

 
 
 The XBT area on the stern provides an excellent location for balloon launching, as it satisfies 
the following requirements: 
• Space for an inflation structure 
• Space for as many as 20 helium bottles 
• A desk or table space inside for the radio receiver. 
 
 A small antenna will need to be placed on the rail to detect the signal from the radiosonde after 
the balloon is launched. 
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Ocean Measurements 
 
 No physical description of the air-sea interface is complete without some knowledge of the 
uppermost layer of the ocean. However, the top of the ocean is complex because of heating from the 
sun, precipitation, evaporation, wind and wave mixing, and the heat conduction from temperature 
differences between the ocean and the atmosphere above. Typically conditions of the top ten meters 
the ocean vary considerably so that any measurement of the temperature or the salinity depends on the 
depth, the previous weather, the time of day, and the ocean currents at that location. 
 
 Necessary measurements include the “skin” temperature and a “bulk” temperature at some 
known depth, typically several meters. These quantities are crucial for accurate determination of the 
energy exchange between the atmosphere and the ocean. The skin temperature is the temperature of the 
top few micrometers (1 micrometer is equal to 0.0004 in.) of the ocean surface, which contains water 
that is in direct contact with the air. This temperature can differ from that even 5 millimeters beneath 
the surface by as much as 1ºC, a significant difference, as good estimates of the rate at which energy 
leaves the surface (the energy flux) require an accuracy of less than 0.1ºC. 
 
 Skin temperature is measured with a special infra-red thermometer (IRT). An Infra-red Sea 
Surface Temperature Autonomous Radiometer (ISAR) is a shipboard IRT which is often used on 
research and commercial ships. Typical ISAR operation involves viewing the sea surface and then the 
sky, followed by looking at two reference chambers (containing “black bodies”), permitting 
measurements of the skin temperature accurate to 0.05ºC. The bulk temperature is most successfully 
measured by an instrument called the Thermo-salinograph (TSG). The TSG has been deployed on 
hundreds of commercial ships, research vessels, and private yachts. Typically it is connected into the 
ship's cooling water intake plumbing, as close to the hull penetration as possible. The TSG is 
autonomous and measures the water temperature and the water salinity. Other sensors such as pH, 
oxygen, CO2, and turbidity are often added to the same package. 
 
 

    
Left: The Infra-red Sea Surface Temperature Autonomous Radiometer (ISAR) 
deployed on the car carrier Jingu Maru. Also shown are the Iridium SBD (short-burst 
data) antenna and the Optical rain gauge. 
Right: Sea-Bird thermo-salinigraph (TSG )installed on the car carrier M/V Falstaff. 
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Table of Instruments. 
 
 This list may change as the proposal progresses, but the instruments here are nearly certain to 
be deployed. Active sensors refer to those that transmit energy as radio waves, light waves, 
microwaves, or as a laser and detect reflections from a target (as discussed on p. 16). Passive sensors 
do not transmit, but only receive signals. 
 
 
Abbreviation Sensor ( and number of units) Location Type 

SWACR Scanning radar Bridge deck Active 
AERI Emitted Infra-red Radiometer Bridge deck Passive 

MMCR Upward pointing cloud radar Bridge deck Active 
MWR Microwave radiometer Bridge deck Passive 
MPL Micro-pulse Lidar (an eye-safe pulsed laser) Bridge deck Active 
CEIL Laser ceilometer (eye-safe) Bridge deck Active 
TSI Total sky imager Bridge deck Passive 

Aerosol Inlet distributes air to instruments in the van Bridge deck Passive 
MOTION GPS-inertial hybrid motion package Bridge deck Passive 

NAV GPS system (2) Bridge deck Passive 
FRSR Fast rotating shadowband radiometer Bridge deck Passive 
SSST Infra-red sensor for sea surface temperature Bridge deck Passive 
SW Downwelling solar radiation (2) Mast Passive 
LW Downwelling infra-red radiation (2) Mast Passive 

Wind Wind speed & direction, 1-sec (2) Mast Passive 
T/RH Temperature and relative humidity (2) Mast Passive 
Baro Barometric pressure (2) Mast Passive 

SONDE Radiosonde for upper wind, temperature, 
relative humidity 

Stern Balloon 
release 
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Summary 
 
 A proposal has been described that involves installation of three seatainers (vans) and a balloon 

launching facility on the Horizon vessel Spirit plying the route from Los Angeles to Hawaii in 

October, 2012 for a period of roughly one year. This purpose of this proposal is to measure 

meteorological conditions and properties of clouds, aerosols, and radiation (i.e., light) to help advance 

our understanding of climate. The Los Angeles-to-Hawaii transect is extremely well suited for this 

study, as it lies very close to one that has long been studied by, and is of great interest to, climate 

scientists, and this deployment would provide valuable data with which computer models of climate 

could be tested and improved. Additionally, the clouds along this transect are highly variable, are a 

major source of the uncertainty in current climate models, and are of great importance in controlling 

Earth’s climate. A description of the required instruments and a plan for how these would be installed 

on the Horizon Spirit has been presented. 

 

We hope that Horizon will decide to participate in this venture! 
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MAGIC Proposal
The MAGIC (Marine ARM GPCI Investigation of Clouds) 
Proposal involves shipboard deployment of radars and other 
instrumentation for an extended period in 2012-2013 to 
investigate ocean clouds and their role in climate. We invite 
Horizon to participate in this endeavor by hosting our 
instrumentation on the ship SPIRIT traversing the Los 
Angeles-to-Hawaii route.

ARM: Atmospheric Radiation Program

GPCI: GCSS Pacific Cross-section Intercomparison
GCSS: GEWEX Cloud System Studies

GEWEX: Global Energy and Water Cycle Experiment

Co-Principal Investigators: Ernie Lewis & Warren Wiscombe
Co-Investigator: Michael Reynolds

10 other investigators from 3 countries 

Introduction – Ernie Lewis

Review of the Scientific Issues – Ernie Lewis

Examination of a Horizon Deployment – Michael Reynolds



Introduction

Ernie Lewis

Weather refers to the conditions of the atmosphere.
Climate is the long-term average of weather.
“Climate is what you expect, weather is what you get.”

Earth’s energy balance is determined by incoming solar 
radiation* and outgoing heat radiation*.

* (infra-red, visible, and ultra-violet light; not radioactivity)

Anything that affects this balance affects climate.

Clouds strongly affect this balance by reflecting and scattering
solar radiation and absorbing outgoing heat radiation.

Aerosols (small particles in the atmosphere) are necessary for 
cloud formation and affect cloud properties.

Science Overview



What Is ARM?

ARM (http://www.arm.gov/about) is a program of the U. S. 
Department of Energy that was created in 1989 “to study 
cloud formation processes and their influence on radiative 
transfer” (propagation of light through the atmosphere).

ARM manages three fixed study sites, two mobile facilities -
AMF1 and AMF2, an aircraft facility, and a data archive.

AMF2 (http://www.arm.gov/sites/amf) is composed of three 
20-foot “seatainers,” or vans, and smaller modules, 
containing radars and other instruments to measure cloud 
and aerosol properties, meteorological and oceanographic 
conditions, and radiation.

ARM supports field campaigns throughout the world.

ARM Mobile Facility (AMF2) Radar Van



ARM Mobile Facility (AMF2) Aerosol Van

AMF in Niger



Time Table
January 31, 2011 Preproposal submitted to ARM (accepted)

March 31, 2011 Commitment letter from Horizon*

April 30, 2011 Full proposal  submitted to ARM

~October, 2011 ARM announces decision

~October, 2012 Deployment of AMF2 begins

~October, 2013 Deployment ends

*If Horizon chooses to participate in this endeavor, we require a letter 
of commitment stating that Horizon is willing to host the ARM Mobile 
Facility AMF2 on its ship SPIRIT traversing the Los Angeles-to-
Hawaii route for this deployment, contingent upon suitable terms
being agreed upon with ARM.

DOE headquarters will negotiate and handle arrangements.



Review of the Science Issues

Warren Wiscombe
(presented by Ernie Lewis)

Clouds cover ~70% of Earth

(MODIS Terra true-color composite)



Clouds control the climate by …

and by emitting infrared (heat) radiation to space

reflecting sunlight back to space…

High clouds tend to warm the surface (emission wins), 
while low clouds tend to cool it (reflection wins)



Do clouds cool or warm the Earth?

We only learned the answer in the late 1980s:  
clouds have a net cooling effect …

… and thus… REFLECTION WINS!

Low marine clouds do most of the reflecting.

That’s why we need to go to sea to measure them…
and for long periods, not just a few weeks as in the past.

Why do we in the climate field 

care so much about clouds?



Clouds are the biggest unknown in modeling 
climate change

• A late 1990s comparison of 19 general circulation 
models (GCMs) doing the 2xCO2 simulation revealed:

– when the models omitted clouds, they all got the 
same warming within 0.2 degrees C;

– but when they included clouds (each in their own 
way), the range of predicted warmings was 1.5 to 
4.5 degrees C.

• The ocean regulates how long it will take to realize 
the ultimate warming…

• …but clouds are the main determiners of its size.

Clouds cause 1.5–4.5 degrees C range in modeled 
global average temperature increase for 2xCO2

This range of 
temperature 
increase hasn’t 
changed much 
in 25 years!



Marine low clouds are key to cloud 
feedback on climate

Coupled Model Intercomparison Project result: 
“The inter-model spread in cloud feedback originates 
primarily in regions of subtropical subsidence (marine 
boundary layer clouds).”

Solar radiation feedback from marine stratocumulus 
clouds is the primary cause of inter-model 
differences in cloud feedback …

and thus of the 1.5-4.5 degrees C spread in climate 
sensitivity.

Response of subtropical clouds controls predicted 
global warming (thru reflection of sunlight)

NCAR model:
2XCO2  MORE low clouds
 2 degrees C global warming

GFDL model:
2XCO2  LESS low clouds
 4 degrees C global warming

change in cloud amount: 
blue=less, red=more 



Another reason low marine clouds are important is 
that they produce nearly 70% of total precipitation 

in the domain from 60N to 60S.

CloudSat

Fraction of total rainfall from clouds with tops below 5 km

What is the state of cloud modeling?



Global cloud-resolving models have far 
outstripped ability to measure clouds

3.5 km resolution 
model result

GPCI (GCSS/WGNE Pacific Cross-section Intercomparison) is a 
working group of the GEWEX Cloud System Study (GCSS)

23 climate & weather models participating

Models are compared to observations along transect 
from stratocumulus (California), across shallow 
cumulus (Hawaii), to deep convection (Equator)

Color bar: Annual Low Cloud Cover (%)



Transition: Stratocumulus (Sc) near California to 
towering Cumulonimbus (Cb) in tropics

near LA:
cloud cover ~100%

near Hawaii:
cloud cover~10%

HORIZON ROUTE

Current conceptual understanding of transition

Characteristics of the transition from 
Stratocumulus (Sc) to Cumulus (Cu) clouds

• Cloud cover changes from ~100%  to  ~10%

• Boundary layer height grows from ~500 m to ~2 km 



GCSS strategy for improving climate models

Why are clouds so hard to understand and model?

• Inextricably linked to aerosols & precipitation

• Huge range of space and time scales

• Change too fast to measure well

• “Sub-grid scale” in climate models

With advanced instruments like those on the 
ARM Marine Mobile Facility, we are on the 
threshold of being able to measure clouds in 
the way that is necessary for climate studies.



Aerosol

Precipitation Clouds

Clouds are inextricably linked to aerosol 
and precipitation 

Microphysical
processes

Cloud-aerosol interaction is the most poorly 
understood radiative forcing for current climate

In particular, aerosol effect on cloud 
reflection is the largest and most 
uncertain forcing in all of climate 
(IPCC, 2007).



The vast spatial scale hierarchy of clouds

Courtesy Joe Prospero

Clouds change so fast that they are hard to 
measure with current technology

5 min,
start to
finish



We don’t know how clouds will respond to 
climate changes

for example, how their

• height

• amount

• timing

• reflection of sunlight

will change

This is called the “cloud feedback” problem.

The main roadblock to better treatments of 
clouds in climate models is lack of 

sophisticated observational data from 
scanning cloud radars and other advanced 

instruments.

The ARM Marine Mobile Facility has such 
instruments and is ready to gather the data 

needed.



Examination of a Horizon Deployment

Michael Reynolds

We propose 3 locations for AMF2 instrumentation on SPIRIT:
• Bridge roof: Roof deck and mast for distributed sensors
• Bridge deck: Open areas aft of the bridge for vans
• Stern: Weather balloon operations

A Possible SPIRIT Deployment Scheme

Balloon Launch Vans Distributed Sensors



Requirements

•Onboard personnel for normal operation: 1-2 persons; on 
some legs additional persons. A cabin and living quarters 
are required.

•Equipment access: Autonomous operation and networked 
(Wifi) instrumentation reduce time on deck or exposure. 
However, when safe, operators will need occasional access 
to vans and bridge roof.

•Power: Instrument vans will accept 440 VAC. The radar 
van may need two 15 amp connections.

•Project time: Approximately 12 months in 2012-2013.

Bridge deck for 20’ vans:
1 - Aerosol van
2 - Radar van
3 - Operations van

Port and starboard pedestals 
as backup.

Bridge deck of SPIRIT 
offers great exposure and 
ample working area.

Bridge Deck



Deployment of Vans on SPIRIT Bridge Deck

RADAR VAN

SPIRIT bridge deck

The aft, port side of the 
bridge deck can easily 
accomodate the radar van 
(tape measured).

AEROSOL
VAN

Radar Van

• Heart of AMF2.
• Radars and laser sensors measure multiple cloud properties.
• Steerable radar can avoid ship obstructions

(but good exposure is best).
• All topside gear is installed after van is placed on deck.



AERI sensor. Side
protrusion. Installed
after the vans are
locked down.

Micro-pulse Lidar
(MPL): pulsed green
laser. Eye-safe

Millimeter Cloud Radar 
(MMCR). A typical deployment 
on a NOAA research vessel. 

Sensors in the Radar Van

Aerosol Van

Inlet draws un-contaminated air.
Aerosol properties are measured 
by instruments in van.
For SPIRIT, inlet will be shorter.

Aerosol van can mount on the port side 
of SPIRIT bridge deck in a forward 
location.
• Good exposure to clean air.
• Plenty of room for foot traffic.
• Access to life raft is clear.



Bridge Roof & Mast
Instrument Modules
• Weight ~180 Kg each

• Can be cabled down to tie points
• Sensors connect to modules
• WiFi link
• Autonomous and weatherproof

Woods Hole ship exercise, 6/2010 SPIRIT bridge roof, starboard view

Example modules

Mast Instruments

Meteorological instruments on the Research 
ship Southern Surveyor during the 
International Cloud Experiment (ICE) in 2006

Meteorological sensors should 
be placed in the most exposed 
air, free from ship influences.

Meteorological sensors can be 
mounted in approved locations 
with cables run to the modules.

Sensors do not interfere with 
ship radar and are usually 
immune to interference from 
the radars.



Suggested sensor locations on the 
SPIRIT mast:

Top plate:
• Radiation
• Mean wind (not to interfere with 

Inmarsat antenna)

Top platform:
• Temperature
• Relative humidity 
• Barometric pressure

Mast Instruments

Example from a sailboat deployment.

Size: ~1 m

Weight: ~15 kg

Can be installed and removed without 
a crane.

Instruments for the Mast Top Plate



• Condition of “upper air” is an essential 
measurement.
• Wind, temperature, relative humidity 
for heights to 20 Km.
• Launches every 3-6 hours depending 
on conditions.
• XBT area is optimum. 
•Launch from either port or starboard.
•Space for helium bottles and shelter.
•Space inside for the receiver.

Weather Balloon Launch

Weather Balloon Launch

Portable shelter is 
required to avoid 
wind and rain.

The balloon must be 
inflated properly and 
the sensor (sonde) is 
checked at the deck.

Balloon is walked to 
the lee (downwind) 
rail. 

When the balloon is 
prepared and the radio 
is locked on, it is 
released into the wind. 



BOTTOM LINE:

The Horizon Los Angeles-to-Hawaii route 
transits the exact route used by GCSS cloud 

modelers to study the most important problem 
in climate – namely, marine low clouds.

Taking long-term measurements with the 
advanced instruments of ARM’s Mobile Facility 
AMF2 along this route would be of tremendous 

help to climate models.


