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Part I: General Information 

A. Corresponding Principal Investigator 

Name A. Heymsfield 

Institution NCAR 

Address 3450 Mitchell Lane Boulder, Co. 80301
 

Phone 303-497-8943 

FAX 303-497-8171 

Email heyms1@ucar.edu 

Co-Investigator(s) and Affiliation(s) P. DeMott/Colorado State University 

D. Rogers/J. Jensen/NCAR 

Sonia Lasher-Trapp/Purdue University 

Paul Field/UK Met. Office 

B. Project Description 

Project Title Ice in Clouds Experiment (ICE)-

Tropical (T) 

Location of Project St. Croix, Virgin Islands. 

(From an educational outreach perspective,  San 

Juan, Puerto Rico is an alternative, only 100 nm 

away from St. Croix. See Mayol Letter 

suggesting this alternative base in the Appendix) 

Start and End Dates of Field Deployment Phase 20  June thru 15 July 2011 

NSF Facilities requested C130 

Funding Agency and Program Officer Name(s) NSF (Smull, Detwiler/Nelson) 

Proposal(s) affiliated with this request To be determined 

Proposal Status In preparation (X), submitted (), funded () 

Do you expect other, non-NSF support?   

If yes, from whom? 

No 

Is this a resubmission of a previous request? No 

Is this a multi-year request or a request for 

continuation? 

No 
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C. Abstract of Proposed Project  

More than 50% of the earth’s precipitation originates in the ice phase. Ice nucleation, therefore, is 

one of the most basic processes that lead to precipitation. The poorly understood processes of ice 

initiation and secondary ice multiplication in clouds result in large uncertainties in the ability to 

model precipitation production and to predict climate changes. Therefore, progress in modeling 

precipitation accurately requires a better understanding of ice formation processes. 

 

Drawing upon the results of the successful Ice in Clouds (ICE) Layer (L) field campaign 

conducted in November-December 2007 with the NCAR C130 aircraft, this facility request is to 

conduct the next phase of a study of ice processes acting in clouds. ICE-L focused on 

heterogeneous nucleation in clouds where secondary ice production processes are not thought to 

be significant. For ICE-T (Tropical), we turn our attention to tropical convective clouds, where 

both primary and secondary ice formation processes may play significant roles. 

 

The objective of the Ice in Clouds Experiment (ICE) is to focus on the following long-term 

scientific goal: 

To show that under given conditions, direct ice nucleation measurement(s), or other specific 

measurable characteristics of the aerosol, can be used to predict the number of ice particles 

forming by nucleation mechanisms and secondary processes in selected clouds. Improved 

quantitative understanding of the roles of thermodynamic pathway, location within the cloud, 

and temporal dependency are also sought.  

 

Tropical maritime cumulus clouds are an important part of the global water and energy cycles. 

Tropical cyclone development is strongly influenced by glaciation processes. Cirrus outflow from 

deep tropical convection has a major effect on the earth’s radiation budget. Before we can 

understand the complex ice production processes operating in deep tropical maritime clouds, it is 

necessary to unravel the processes in simpler tropical maritime cumulus clouds, the goal of ICE-

T. 

 

The motivation for ICE-T derives from the reports of glaciation of tropical maritime clouds with 

top temperatures of -5 to -12C that stem from in-situ measurements taken in the 1960’s thru early 

1980’s. Hallett et al. (1978) reported on graupel concentrations of up to 10’s per liter in low 

latitude convective clouds with top temperatures of -5 to -10C. Concentrations of pristine ice 

were often too low to be detected. This and other Florida Area Cumulus Experiment (1970–76) 

studies (e. g., Sax et al., 1979) supported the observations of Mossop et al. (1968, 1970) that 

maritime clouds with top temperatures of -5 to -12C glaciate rapidly. Even if African dust may 

have been involved in the heterogeneous ice nucleation process in the Florida clouds, laboratory 

studies in the AIDA and CSU cloud chambers and lidar observations in Africa tell us that dust is 

not a good ice nucleus until temperatures of -15C or below are reached. If secondary ice 

production processes do take over after a few graupel per cubic meter are produced, what 

heterogeneous ice nucleation processes and ice nucleus composition promotes ice production at 

such warm temperatures? Are biological or bacterial nuclei implicated in the process? Could the 
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research aircraft making the FACE measurements also be implicated in the production of the ice 

as suggested from the observations of Rangno and Hobbs (1983)? Is there a primary or secondary 

ice production process that may have been overlooked in earlier studies? Can we duplicate those 

earlier observations and explain them based on new measurement techniques? 

 

ICE-T (tropical) will aim to understand the role of primary and secondary ice production in 

developing towering cumulus clouds. These clouds provide a relatively simple convective 

framework for studying the production of ice. During ICE-L, the influences of dust, pollution, 

and biomass burning aerosols on primary ice formation processes were examined. We expect 

ICE-T clouds to be subject to influences of clean maritime conditions and episodic mineral dust 

transport events, both including possible biological particle influences of oceanic or terrestrial 

origin, and possible influence of long range transports biomass burning particles. 

 

We propose to use the NCAR C130 aircraft (through separate requests) to make the in-situ and 

radar observations for ICE-T in late June-mid July. We will request the University of Wyoming 

Cloud Radar and Cloud Lidar. As with ICE-L, it is anticipated that students from a number of 

institutions will be involved in this effort. Proposals for PI and student participation will be 

submitted to NSF. 

D. Experiment Design  

The scientific objectives of the proposed project are to: 

 

1. Attempt to observe the conditions leading to glaciation of maritime cumulus with top 

temperatures warmer than -10C 

2. Characterize the aerosol as CCN and IN and investigate the dependence on temperature, size 

and aging (special interest in dust and biological material). 

3. Characterize the link between warm rain and primary and secondary ice processes as a 

function of time and environmental conditions. 

4. Determine if primary ice nucleation can explain the onset and glaciation of maritime cumuli. 

5. Determine whether secondary ice formation processes are critical to the glaciation of cumuli. 

If so, what concentration of primary IN are sufficient to trigger them and how does the process 

work? 

6. Determine whether mid-level entrainment plays a role in feeding CCN and IN into maritime 

convective clouds. 

7. Test primary and secondary ice nucleation schemes in models and evaluate them against 

observations. 

 

The underlying hypothesis to be tested is the following: 

 

Tropical maritime towering cumulus clouds glaciate rapidly due to a combination of primary and 

secondary ice production processes and that these processes can be detected and explained using 

in-situ and remote sensing measurements and the rates predicted by cloud numerical models. 

 

Each of the investigators on this proposal has extensive experience in the specific area targeted  
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for study in this proposal. Andrew Heymsfield was the PI for the Ice in Clouds Experiment –

Layer Clouds. ICE-L used the NCAR C130 to study ice initiation in orographic wave clouds ad 

upslope clouds in Colorado and Wyoming in 2007. He also studied ice nucleation in wave clouds 

using NCAR RAF aircraft in 1989 and 1990. Paul DeMott has had extensive experience 

measuring ice nucleus concentrations in the laboratory and during many field programs including 

the RAF projects ICE-L, WISP and AIRS 2 and numerous NASA field campaigns. David Rogers 

has conducted wave cloud studies with the Wyoming King Air in 2000 and the C130 in ICE-L 

and has developed laboratory and airborne instruments to measure ice nucleus concentrations.  

Jorgen Jensen has had extensive field experience in RAF projects, many of which were in the 

Project Manager role.  Paul Field was a co-investigator for the ICE-L experiment and co-

investigator in the INTACC study of wave clouds in Sweden using the UK Met. Office C130 in 

2000. Sonia Lasher-Trapp participated in the RICO studies of trade wind cumulus clouds. 

 

Since the mid-1980’s, there have been few systematic investigations of the ice production 

process in tropical maritime towering cumulus clouds. The effort proposed here will fill an 

important gap in the understanding of how ice develops in these clouds. We will leverage new 

measurement techniques. In the past ten years, there have been significant improvements of 

instruments and combinations of instruments for directly and remotely measuring cloud-active 

aerosol particles, early precipitation development and dust. New instruments have been 

developed to characterize ice nucleus properties and concentrations of small ice and complement 

existing and recently available probes. The continuous flow diffusion chamber (CFDC, DeMott 

et al., 2003; italics here and in later paragraphs indicate instruments we plan to use for this 

project) measures ice nucleus concentrations of aerosols in the size range ~50 nm to 1 um. The 

counter-flow virtual impactor (CVI) separates particulate residues from evaporated cloud 

particles (Twohy et al., 2008). CVI derived aerosols can be fed into the CFDC to examine their 

ice nucleating properties or to a single particle mass spectrometer to measure the size and 

chemical composition (Pratt et al., 2009a). In-situ measurements of the size-resolved chemical 

composition of individual submicron residual particles can now be made using the recently 

developed aircraft aerosol time-of-flight mass spectrometer (A-ATOFMS) (Pratt et al. 2009b). 

Cloud profiling with the University of Wyoming W-band Doppler radar (WCR) and the 

University of Wyoming Cloud Lidar (WCL), mounted on the C130, provide information on 

cloud structure, mixing state, the location of early precipitating ice (Heymsfield et al., 2010) and 

dust layers. These in-situ instruments and remote sensors all collected high quality data from the 

NCAR C130 during ICE-L. 

 

Particle size distributions and shape information can now be obtained from a small ice particle 

detector probe (SID-2, Cotton et al., 2010), a Cloud Droplet Probe (CDP) and a cloud particle 

spectrometer with depolarization (CPSD). One- and two-dimensional Cloud Particle Imager 

Probes (CPI
,
 Lawson et al., 2001; 2D-S, Lawson et al., 2004b, 3D-CPI (HAIS instrument) yield 

detailed information on early ice formation in clouds and the size distributions of coexisting 

small ice and water droplets. Fast 2D probes improve upon the response and resolution of earlier 

2D imaging probes. 

 
Flight plans discussed below will provide measurements of the concentrations of ice crystals as a 

function of time, temperature, position within the cloud, ambient relative humidity, and chemico-



 

 5 

physical characterizations of the aerosol.  With measurements of IN and CCN concentrations, we 

hope to determine the predictive value in the measurement of ice nucleus concentrations and 

make progress in understanding heterogeneous ice nucleation processes. With repeated updraft 

penetrations and upwind to down-shear sampling and high resolution particle imagery, secondary 

ice production processes can be identified and tracked. Given the likelihood of situations with 

alternatively dust events and dust-free background, we can evaluate the specific role of dust on 

ice formation processes. 

 

With new instrumentation, including SID-2, CDP, 3D-CPI and a fast 2D probes requested for 

this experiment (see later sections), ice nuclei and chemical composition measurements and the 

University of Wyoming King Air 94 GHz cloud radar and cloud  lidar looking nadir and zenith 

from the C130, with the flight patterns we propose to conduct (see below), it is likely that we can 

identify the ice nucleating aerosol sizes and concentrations, possibly their chemical compositions 

[from CVI residuals, among others], and identify which heterogeneous ice nucleation modes and 

secondary processes are active and important.  

 

We have developed C130 flight patterns to reduce the chances of contaminating the clouds we 

will be studying. Aircraft-produced ice particles (APIPS) may have been a factor in the rapid 

glaciation found in earlier tropical maritime cumulus studies. 

 

If this is a re-submittal of a request, please address all concerns and questions raised in the 

“Confidential Comments and Feedback to PI” portion that was provided with the 

notification letter.  

 

N/A 

 

If this is a second year request for continuation of a program, please provide a summary or 

highlights describing the results of the first field phase.  

N/A 

 

Publications resulting from EOL support (including EOL-managed data) within the last 

five years: 

 

The table below identifies the publications that the PI and co-PI’s have been involved in as 

a result of the ICE-L and RICO (SL-T) field campaigns: 

 

Table 1 

ICE-L or Related Investigations 
 

Arthur, D. K., S. Lasher-Trapp, A. Abdel-Haleem, N. Klosterman, and D. S. Ebert, 2009:  A new three-dimensional 

visualization system for combining aircraft and radar data and its application to RICO observations.  Submitted to J. 

Atmos. Ocean. Tech. 

 

Baker, B., 2010a: Comparisons between ICE-L wave cloud data and earlier wave cloud data sets. Part 1: Kelvin-

Helmholtz waves within gravity waves. Resubmission planned, J. Atmos. Sci. 
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Baker, B., 2010b: Comparisons between ICE-L wave cloud data and earlier wave cloud datasets. Part 2: Sudden high 

ice concentrations with evaporation Resubmission planned, J. Atmos. Sci. 

 
DeMott, P.J., A. J. Prenni, X. Liu, M. D. Petters, C H. Twohy, M. S. Richardson, T. Eidhammer, S. M. Kreidenweis, 

and D. C. Rogers, 2009:  Predicting global atmospheric ice nuclei distributions and their impacts on climate, 

Submitted to Proc. Natnl. Acad. Sci. 

 

Eidhammer et al. 2009: Ice initiation by aerosol particles: Measured and predicted ice nuclei concentrations versus 

measured ice crystal concentrations in an orographic wave cloud. J. Atmos. Sci., ICE-L Special Issue, in press. 

 

Field et al. 2010: Contrasting the ice nucleation in two lee wave clouds observed during the ICE-L campaign. Article 

in preparation. 

 

Heymsfield, A. J., P. C. Kennedy, S. Massie, C. Schmitt, Z. Wang, S. Haimov and A. Rangno, 2010: Aircraft-

Induced Hole Punch and Canal Clouds: Inadvertent Cloud Seeding. Bull. Amer. Meteor. Soc., in press. 

 
Hudson, J., 2009: Comparisons of CCN with Supercooled Clouds. Submitted to J. Atmos. Sci., ICE-L Special Issue. 

 
Pratt, K.A., P.J. DeMott, J.R. French, Z. Wang, D.L. Westphal, A.J. Heymsfield, C.H. Twohy, A.J. Prenni and K.A. 

Prather. 2009. In-situ detection of biological particles in cloud ice crystals. Nature Geoscience. 2: 398-401. 

 
Pratt, K.A. and K.A. Prather, 2010. Aircraft measurements of vertical profiles of aerosol mixing states. J. Geophys. 

Res., in press. 

 

Pratt, K.A., A.J. Heymsfield, C.H. Twohy, S.M. Murphy, P.J. DeMott, J.G. Hudson, R. Subramanian, Z. Wang, J.H. 

Seinfeld and K.A. Prather. In-situ chemical characterization of aged biomass burning aerosols impacting cold wave 

clouds. .J. Atmos. Sci. special issue, in press. 

 

Pratt, K.A., C.H. Twohy, S.M. Murphy, R.C. Moffet, A.J. Heymsfield, C.J. Gaston, P.J. DeMott, P.R. Field, D.C. 

Rogers, T.R. Henn, M.K. Gilles, J.H. Seinfeld and K.A. Prather, 2010. Observation of playa salts as nuclei of 

orographic wave clouds. J. Geophys. Res.,in press. 

 

Pratt, K.A., S.M. Murphy, R. Subramanian, P.J. DeMott, G.L. Kok, D.C. Rogers, A.J. Heymsfield, J.H. Seinfeld and 

K.A. Prather. Flight-based chemical characterization of biomass burning aerosols within two prescribed burn smoke 

plumes. Atmos. Chem. & Phys.. In preparation. 

 

Reiche, C., and S. Lasher-Trapp, 2009:  The minor importance of giant aerosol to precipitation development within 

small trade wind cumuli observed during RICO.  Atmos. Res., in press. 

 

Twohy, C. H., P. J. DeMott,  K. A. Pratt, R. Subramanian, G. L. Kok, S. M. Murphy, T. Lersch, K. A. Prather, J. H. 

Seinfeld, A. J. Heymsfield and Z. Wang,  Relationships of biomass burning aerosols to ice in orographic wave 

clouds. J. Atmos. Sci. special issue, in press. 
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E. Educational Activities  

Please list anticipated number of graduate and undergraduate students who will be involved 

directly and in a meaningful way in field work and/or data analysis related to this project, how 

you plan to enhance undergraduate or graduate classes with hands-on activities and 

observations related to this project; and if you will conduct outreach activities for K-12 and the 

public. 

 

During ICE-L, a number of students were directly involved in the field program. They included 

Kerri Pratt of the University of California/San Diego and Sean Murphy of the California Institute 

of Technology. Their participation in the field campaign resulted in at least five publications 

either submitted to or published in the formal literature. 

 

The ICE-T field campaign will provide an excellent education opportunity for a broad range of 

future scientists.  

 

Graduate students:  Over 10 universities are expected to participate in the ICE-T field 

campaign, introducing approximately 8 graduate students to field work, including mission 

planning and execution, and data quality control and analysis.  Time spent at the operations 

center talking with the ICE-T PIs can be quite valuable to students:  observing the data collection 

strategies makes later analysis of the data far easier, and such an opportunity also helps the 

students build networks in and outside their fields, and potentially gain new mentors that can 

serve them far later into their careers. The data collected during ICE-T will also assist the 

laboratory and numerical modeling efforts of additional graduate students at the participating 

institutions, as they conduct research on ice processes while progressing toward the attainment of 

their degrees. 

 

Strong collaboration with an ongoing NSF-funded project that is studying the effects of dust on 

precipitation over Puerto Rico is anticipated (see letter from Profs. Mayol and Prather in 

Appendix). Proposals have been submitted to an NCAR funding opportunity to directly involve 

graduate students from the University of Puerto Rico in the ICE-T field operations. 

 

Undergraduate students:  The University of the Virgin Islands- St. Croix (UVI) is a participant 

in the White House Initiative on Historically Black Colleges and Universities.  The proposed 

timing of the project (July) coincide with the summer break at UVI. This institution conducts an 

Emerging Caribbean Scientists (ECS) Program that hosts multiple opportunities for summer 

scientific research for their undergraduates.  Two particular events under the ECS program in 

which ICE-T might participate include SURE (Summer Undergraduate Research Experience—a 

quality REU program) and the SSRI (Summer Sophomore Research Institute—a program to 

provide research opportunities for sophomores and rising juniors, to foster confidence in the 

academic abilities, and foster skills in science).  If ICE-T is approved, we will contact appropriate 

personnel at UVI to participate in the mentoring of some of these students during the project, and 

for the rest of the summer (remotely).  

 

K-12, and teacher training:  The island of St. Croix has 12 elementary schools, 3 junior-high 

schools, and 2 high schools, all of which may benefit from the planned ICE-T.  (Their academic 
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year typically extends to June 15.) We plan to have a graduate student serve as an outreach 

coordinator during the month of ICE-T, assisting ICE-T investigators, to contact and work with 

the teachers of these schools, to help provide access to a real-time website during ICE-T (similar 

to the HIPPO project), to arrange tours of the aircraft and instruments, and to assist in access to 

the data for specially-constructed lesson plans based on the scientific agenda of ICE-T.  ICE-T 

investigators may also serve as guest speakers in some cases.  Working not only with students, 

but also with teachers, helps impact a greater number of students not only during the ICE-T 

campaign, but also for several years afterward.  Assistance in designing the website is currently 

being discussed with EOL personnel, and assistance with lesson plan design will be sought 

through collaborations with science education programs at some of the institutions having 

investigators planning to participate in ICE-T. 

 

 

 

 

 

 

 

 

 

Part II – Operational Considerations & Logistics 

 

Approx. how many people will be involved in the field campaign?  

Please specify number of participants and location(s). 

Approx. 20 at St. Croix 

What other facilities/platforms outside the EOL suite will be deployed?  Are any of 

them non-US facilities? 

None identified at this point  

Are complex inter-facility or inter-agency permissions required for flight operations 

and/or other facility operations that would benefit from EOL leadership and 

experience? 

No 

Is there a need for integrated diplomatic arrangements? (e.g., customs, immigration, 

focal point with local hosts/governments) 

No 

If there are multiple instrumentation/operations sites, is there a need for operational 

coordination? 

No 

What kind of real-time data display and project coordination needs do you 

anticipate? 

The same as was used for ICE-L. 

Is forecasting support required for project operations? Forecasting desirable. Will have help 

from a graduate student identified at the 

University of Puerto Rico. 

What kind of communications capabilities do you expect on site?  

(e.g., bandwidth) 

High speed internet connections 

necessary 
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Will operations center and real-time display and coordination services be required?
 

1
  

No 

Will you require work space? (e.g., office, lab and storage space) Yes, lab space will be necessary. 

Will you require system administration support on site? No 

Is there a need for coordinated shipping, lodging or transportation? (especially if 

this is an international project) 

Instrumentation can be shipped with the 

C130. Supplies for maintenance of 

instrument investigator equipment will 

be separate shipments. 

Will you be shipping hazardous/radioactive material? Yes, RDMA or other DMA 

Will you be shipping expendables? (e.g., radiosondes to local NWS offices) If they are requested, they will be 

shipped with the C130 

Do you require assistance with various activities/services? (e.g., help with Air 

Traffic Control, organizing of workshops, meetings, site surveys, leases, permits) 

Yes, especially for the educational 

outreach activities. 

 

Part III: Data Management 

 

What operational data do you need? (e.g., satellite, 

upper air, radar, surface, oceanographic, 

hydrological, land characterization, model products) 

Satellite, radar, to be provided by the 

group 

Do you have any specific real-time data needs to aid in 

your data collection activities? 

Yes, available NWS soundings from 

Puerto Rico will be valuable. 

Is there a requirement for a local satellite receiver to 

acquire local or real time polar orbiter or high 

resolution geostationary satellite data?  

No 

Beyond the EOL dataset, will you or your Co-PIs 

provide additional research data to the project? 

Yes, data from instrument investigators 

and real-time dust products 

What data analysis products will you provide during 

the deployment? 

Our group will provide quick-look 

products for most user-supplied 

instruments 

What other research data and products do you need? Standard RAF quick-look products 

Is an EOL Field Catalog needed to provide real-time 

information management, reporting, decision 

dissemination, data exchange and resource monitoring? 

No, but would be nice for educational 

outreach purposes. 

Do you plan on moving a large amount of data back to 

your home institution during the project? 

No 

What arrangements have been made for a 

comprehensive data archive, including the management 

and distribution of data from non-EOL platforms? 

If EOL cannot provide it, the 

investigators will provide this service.  
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Part IV: Facility Specific Request Forms 

GPS DROPSONDE  

AVAILABLE ON C-130, G-V AND NRL P-3 
 

CONTACT: TERRY HOCK 

 

For reasons of cost, we have decided not to request dropsonde capability. 
 

Wyoming Cloud Radar (WCR)
♦♦♦♦ 

 

Contact: Dr. Samuel Haimov  

Email: haimov@uwyo.edu; Phone: (307) 766-2726  

http://atmos.uwyo.edu/wcr 

 

Operations 

 

Brief scientific rationale for the use of WCR: To provide information on the first 

radar echoes  in the ice regions and 

their subsequent spread, wind data 

Weather events during which collection is desired: Mostly cumulus clouds 

Estimated number of flights for which the radar will be used: 12-15 (every flight) 

 

Desired Radar Parameters 

 

Antenna configuration (select all desired): 

   Up-pointing (near zenith) antenna” 

   Down-pointing (near nadir) antenna: 

   Down-aft-pointing (35 deg incidence angle) antenna:  

 

Y 

Y 

Y 

Maximum range per antenna (3-4 km typical): From flight level down to the 

surface and up ~3km above flight 

level 

Number of range gates (100 to 200 typical): Greatest resolution desired 

Sampling along the beam/range (15 to 75 m typical): Greatest resolution desired 

Sampling along the flight track (3-5 m typical): Greatest resolution desired 

Minimum Sensitivity Needs (dBZ at 1 km): -40 dBZ 

Scientific rationale for desired radar parameters (pertaining to the 

sensitivity needs and if outside the typical values): 

need to define the structure of ice-

formation and mixing/entrainment 

regions 

 

Data 

                                                 
♦

 The Wyoming Cloud Radar (WCR) is owned, maintained, and operated by the University of 

Wyoming.   Use this request form only for deployment of the WCR on the NSF/NCAR C-130. For 

WCR on the UW King Air Research Aircraft use the UW  request form: 

http://atmos.uwyo.edu/n2uw/users/KA_request.doc 
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Quicklook reflectivity images are made available within 24 hours after a 

flight on a WCR project web page.  Is Internet access to quick looks and 

WCR status acceptable? 

Yes 

Please specify your in-field real time data access needs? Yes 

 Guidance on active convection 

and locations of first ice 

 

Other 
Do you have any special requirements that pertain to 

WCR support? 
Yes, polarimetric measurements to 

separate ice from liquid regions 

Which WCR scientist/engineer/project manager was 

consulted to help complete this request?  
Haimov/Wang 

Wyoming Cloud Lidar (WCL)
♦♦♦♦ 

 

Contact: Dr. Zhien Wang  

Email: Zhien Wang <ZWang@uwyo.edu  

 

Operations 

 

Brief scientific rationale for the use of WCL: To provide information on the 

occurrence of dust and the 

locations of dust layers, locations 

of early ice around the peripheries 

of liquid water regions 

Weather events during which collection is desired: Mostly cumulus clouds 

Estimated number of flights for which the radar will be used: 12-15 (every flight) 

 

Desired Lidar Parameters 

 

Antenna configuration (select all desired): 

 

____ 

____ 

Maximum range per antenna (3-4 km typical): Max Resolution 

Number of range gates (100 to 200 typical): Max resolution 

Sampling along the beam/range (15 to 75 m typical): Best resolution possible 

Sampling along the flight track (3-5 m typical): Best resolution possible 

Minimum Sensitivity Needs (dBZ at 1 km): 0.1 /m if possible 

Scientific rationale for desired radar parameters (pertaining to the 

sensitivity needs and if outside the typical values): 

need to define the structure of ice-

formation and mixing/entrainment 

regions 

 

Data 

                                                 
♦

 The Wyoming Cloud Lidar (WCL) is owned, maintained, and operated by the University of 

Wyoming.   Use this request form only for deployment of the WCL on the NSF/NCAR C-130. For 

WCR on the UW King Air Research Aircraft use the UW  request form: 

http://atmos.uwyo.edu/n2uw/users/KA_request.doc 
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Quicklook reflectivity images are made available within 24 hours after a 

flight on a WCR project web page.  Is Internet access to quick looks and 

WCR status acceptable? 

Yes 

Please specify your in-field real time data access needs? Guidance on active convection 

and locations of first ice 

 

Other 

Do you have any special requirements that pertain to WCR 

support? 

No 

Which WCR scientist/engineer/project manager was 

consulted to help complete this request?  

Zhien Wang 

 

 

 

 

b) User-supplied scientific payload  

Please see Appendix 

 

 

 

NSF/NCAR C-130 

Contact: Dr. Jorgen Jensen  

Email: jbj@ucar.edu, Phone: (303) 497-1028  

http://www.eol.ucar.edu/raf/Aircraft/c130.html 

 

Operational Considerations: 

 

Preferred flight period 20 June-15 July 2011 

Total number of research flight hours requested 60 

Total number of flights requested 12-15 

Estimated duration of each flight 4-5 hours 

Total number of flights per week 3-4 

Particular part(s) of day for flights Probably 10am-4pm 

Do you plan to fly night missions? no 

Preferred base of operation St. Croix, USVI (San Juan, PR) 

Alternate base San Juan, PR (St. Croix, USVI) 

Is JeffCo Airport (near Boulder) acceptable as your 

operations base? 

No 

Average flight radius from base 250 miles 

Desired flight altitudes(s) 100-24000 feet 

Will there be operations in foreign or military airspace? No 

Number of scientific observers for each flight (max is 15) 10 (12) 
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Will you require air to ground communications? yes 

Will you require satellite communications above base 

level? (see Appendix IV) 

no 

 

 

Description of desired flight pattern(s), priorities, and estimate number of flights:  

(Please include graphics and flight pattern images as needed.) 

 

PLEASE DESCRIBE DESIRED FLIGHT PATTERN(S), PRIORITIES, AND 

ESTIMATE NUMBER OF FLIGHTS:  
(Please include graphics and flight pattern images as needed) 

 

Flight planning will be conducted on a daily basis, aided by forecast and real-time radar products 

from the NWS in Puerto Rico, which were valuable for flight planning during the RICO project. 

Real-time radar imagery that covers the St. Croix area is available 

(http://radar.weather.gov/radar.php?rid=jua). Upper-air soundings are available from San Juan as 

well (station number 78526). Satellite imagery is available in real-time. Periodic release of 

dropsondes will provide additional information on the vertical structure of the thermodynamics 

and winds. 

 

A set of flight patterns was developed by the investigators to address the science goals. There are 

several other issues that were considered in the design of these patterns, including: 

1. The transient nature of the updrafts of tropical maritime cumulus clouds.  

2. Potential for APIP production (aircraft-produced ice particles) 

3. Safety considerations, including aircraft icing and turbulence penetration. 

 

Periodic outbreaks of dust can be expected in the study area during the proposed June-July 

timeframe. As outlined in our ICE-T white paper, perhaps ½ of the days during this period will 

have enhanced concentrations of dust relative to the background dust levels during the winter at 

Barbados, not far from St. Croix. Relatively high concentrations, above 50 ug/m3, might be 

present 20% of the time and with transits to dust enhanced areas yielding a greater percentage of 

cases. Dust outbreaks can be tracked from satellite imagery and from models run by the Navy 

Postgraduate School in Monterey. With lidar and aircraft profiling from near the surface to mid-

levels, the flights will characterize the vertical distribution of dust layers. Cloud sampling will be 

conducted using the patterns described in this section. The presence and amount of dust in cloud 

particles will be derived from several instruments, including the CVI and mass spectrometers and 

the activity of the dust as ice nuclei (and their post-study compositional analyses) from the 

CFDC. 
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Clear Air Sampling 

Routine measurements will be made below the bases of cumulus clouds to determine the region 

where the updrafts are active and to characterize the inflow thermodynamic conditions, as well as 

the properties of the aerosols, cloud-active nuclei and trace gases flowing into the clouds. This 

sub-cloud base sampling will be made during the transit to the cloud sampling area and on the 

return to the C130’s base airport.   

Stair-step Patterns 

Two patterns are designed to provide data on the temporal evolution of the ice phase in 

developing cumulus. 

 1. Quasi-Lagrangian Ascent 

An ideal experiment will be to sample an isolated growing region of a cloud, so that the history 

of the upper cloud regions could be documented as the rising top encounters the 0C temperature 

level and above (Fig. 1).  The C130 climbs to the 0C level and looks for a target cloud either 

visually and/or with the aid of the downward looking WCR Doppler measurements. Details of 

the penetrations include: 

• A pass 100 m above cloud base is made upon entry into the area of cloud sampling to 

characterize the aerosol. 

• The second cloud penetration is made in a developing cloud at about the 0C (4.5 km) 

level to document dynamical and thermodynamic characteristics of the updraft, as well as 

particle size distributions produced by the warm rain process. 

• The growing cloud top is subsequently sampled during its ascent to document the 

appearance of the first ice. 

• The flight strategy should be oriented relative to the direction of shear whenever 

significant shear is present, where shear is defined here as vertical shear of the horizontal 

wind.  When shear is present (visually and/or in soundings), then the strategy will be to 

make the first penetration perpendicular to the shear, and subsequent passes up-shear and 

down-shear. This provides a measurement of the shear-induced structure by using both 

in-situ and remote sensing.  

• The specific climb rates of the C130 can be determined following the first transit through 

the cloud. (Typical vertical velocities in developing maritime cumulus are of order 4 m/s 

or less, G. Heymsfield et al. 2009).  

• The cloud penetrations should be done as expeditiously as possible, in order to minimize 

cloud evolution.  

• CO and SP2 measurements can identify whether the C130 is re-intercepting its own 

exhaust in the subsequent cloud penetrations. Microphysics data will identify re-

interceptions are associated with ice crystals produced by the C130 (APIPs).  

The details of the cloud environment can be documented by leveling off or holding a heading for 

a few minutes after exiting cloud to improve the wind data. Although some aerosol information 

is obtained in this way, dedicated aerosol sampling (as well as documentation of the 
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thermodynamic conditions and winds in the cloud environment) can be conducted at several 

altitudes during a descending spiral, leveling off at various altitudes for aerosol sampling, 

following the cloud sampling or on the return ferry back to aircraft base.  

 

Figure 1. Single cloud or cloud turret flight sampling plan for tropical maritime cumulus clouds. 

 2. Descending Pattern 

This pattern is designed to characterize primarily the tops of individual or several targeted 

maritime cumulus clouds, and to minimize the chances of aircraft produced ice particle (APIP)  

production (Fig. 2). If the updrafts remain active, the C130 will descend through cloud in a stair-

stepped pattern. 

 

First, the C130 makes a penetration through a cluster of cumulus clouds at a temperature near 

0°C (4.5 km) and/or to avoid APIP production, climbs above the tops of a developing, candidate 

cloud or cluster of clouds. An over flight provides a radar and lidar overview at the beginning of 

a cloud sampling sequence.  This remote sensing information indicates the stage of development 

of the liquid phase, vertical velocity structure, and the location and status of ice phase 

development.  

 

Thereafter, the tops of candidate cumulus clouds will be penetrated, with preference given to 

clouds that have a dome-like top, indicating that the updrafts are likely to be active. With wind 

shear near cloud tops, cloud is carried down-shear. If the sheared portion is in the temperature 

range of interest, the evolution of the droplet to ice transition can be characterized in passes along 

the direction of the shear vector. This pattern might give us information on secondary ice 

production—the Hallett-Mossop process, for example. 
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Following the sampling near cloud top, profiling will be conducted primarily from cloud top 

downwards (to reduce the chance of sampling APIPS (if present) in the updrafts). Penetrations 

are made as rapidly as possible. Our expectation is that most maritime cumulus clouds that with 

maximum tops at about the -10C level are not likely to present any flight hazards from airframe 

icing, turbulence, or lightning. (Vertical velocities are weak, see G. Heymsfield et al., 2009). 

Many studies have shown that lighting production is minimal in maritime cumulus). 

 

Figure 2: Stair-stepped descending flight pattern 

Statistical Sampling 

When the number of clouds reaching cloud top temperatures of -10C are plentiful, 

statistical sampling will be conducted, similar to the RICO field campaign.  Flight tracks are 

proposed wherein penetrations are made through the upper parts of the cumulus clouds, without 

regard to their stage of development (Fig. 3). This type of pattern will provide a large sample of 

data from which we can characterize ice concentrations as a function of cloud top temperature, 

and when dust is present, can be used to determine how dust affects these concentrations. APIP 

production will not be of concern because re-penetration of the same cloud is unlikely. 

Dropsondes will provide periodic vertical profiles of the thermodynamics and wind fields. 
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This sampling approach requires a field of numerous cumulus clouds that can be 

penetrated in turn to provide a statistical view of an ensemble of cumulus. Assuming cloud top 

temperatures of ~-12°C, the general procedure is: 

1. Transit to operating area 

2. Profile descent to below cloud to provide an environmental profile. 

3. Fly straight and level legs 100 m above the ocean surface to characterize below-cloud 

aerosol and chemistry 

4.  Fly at least one leg through cloud at 100 m above cloud base to characterize the cloud 

droplet spectrum and to characterize the properties of the aerosols. The height of the 

cloud base, the aerosol concentration just below base, and the cloud spectra just above the 

base are critical parameters for understanding the microphysics of these clouds and the 

role of dust. 

5. Ascend to -10C level and perform series of runs through different cumulus clouds. 

6. Descend to -5C level and perform a series of runs through different cumulus clouds. 

7. If cloud top is well defined then characterize aerosol and chemistry just above. Perform 

downward looking remote sensing runs. 

If sampling is conducted along the direction of wind shear, we may be able to 

characterize secondary ice production and how it is influenced through the role of dust. 
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Figure 31 Statistical sampling flight pattern 

Aircraft-Produced Ice Particle Sampling (APIP) 

One of our goals is to determine whether glaciation of warm-topped cumulus clouds 

found in the Mossop et al. (1968) study was due to natural causes, e. g., the Hallet-Mossop effect, 

or whether it may have been due to APIPS. The study of Woodley et. al (2003) provides some 

insight into when the C130 will produce APIPS. Those researchers found that the onset of APIP 

production decreased with the number of propeller blades, for a given engine power and blade 

area. With 3000 kw of power per engine, the C130 has more power than any of the airplanes 

studied by Woodley et al., but the four propeller blades to distribute the power reduces the onset 

temperature of APIP production. Currently (2009), the C130 has 4-bladed propellers, and the 

prop disk diameter is 4.1 m.  In comparison with the aircraft in Woodley’s experiment, the prop 

disk area is very large, so that expansion and adiabatic cooling behind the propeller blades is 

further mitigated. NCAR expects to upgrade the propellers to 6-blade versions, which are more 

efficient and quieter. Our expectation is that this modification will further reduce the likelihood 

of APIP generation. Flying the C130 at relatively low power through the target clouds will 

further mitigate the chances of APIP production. Thus, the C130 is unlikely to produce APIPS at 

temperatures warmer than -10C (see Woodley article). 

 

Nonetheless, we propose a flight pattern whereby the C130 penetrates a cumulus cloud, 

turns 90 degrees and then tries to cross the initial track (Fig. 4). A number of instruments 

onboard the C130, including the Soot Photometer (SP2), condensation nuclei concentrations, and 

chemistry (CO), should be good tracers of prior penetration by the C130. If APIPs are identified, 

we will evaluate the spread of the ice with repeated penetrations of the cloud at different heights 

or out-of-cloud with radar and lidar. 
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Figure 4: Flight pattern designed to identify APIP production in the -5 to -10C temperature range. 
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AIRBORNE SCIENTIFIC INSTRUMENTATION 

a. Standard Measurements 

A limited set of RAF’s standard measurements are available. At present, we can provide 

barometric (static) pressure, ambient temperature, dew point, 3-dimensional wind, geometric 

(radar) altitude and aircraft position.  For details about instrument type and performance, 

consult the RAF Bulletins on the RAF web site at http://www.eol.ucar.edu/raf/Bulletins. 

 

b) Standard EOL/RAF Measurements 

Standard measurements provided automatically when the C-130 is allocated for a project are 

listed in Appendix II. 

c) Additional instruments available upon request 
2
 

 
Description Special 

Consider

ations 
3
 

Data 

Rate(s) 

Name Needed 

Yes/no 

Radiometric Ambient Air Temperature  

(Ophir III / in cloud) 
 1 sps OAT Yes 

Radiometric Sky Temperature  1 sps RSTT No 

TDL Laser Hygrometer and VCSEL B,C,D 1 sps TDL & VCSEL Yes 

UV Hygrometer B 1 / 25 sps UVH Yes 

Gerber Probe (Liquid Water Content)  1 / 25 sps PVM-100 No 

Cloud Particle Size Distribution (0.5-47µm)  1 / 10 sps FSPP/SPP-100 Yes 

Cloud Particle Size Distribution (0.5-47µm)  1 / 10 sps CDP Yes 

Aerosol Particle Size Dist. (0.1–20µm)  1 / 10 sps FSSP/SPP-300 Yes 

Aerosol Particle Size Dist. (0.1–3µm)  1 / 10 sps PCASP/SPP-200 No 

Aerosol Particle Size Dist. (0.05–1.5µm)  1 / 10 sps UHSAS Yes 

PMS Cloud Particle Images (2-Dim)  B,D Auto OAP 2D-C (10 µm) Yes 

PMS Cloud Particle Images (2-Dim)  B,D Auto OAP 2D-C (25 µm) Yes 

PMS Cloud Particle Images (2-Dim) B,D Auto OAP 2D-P (100 µm) Yes 

Small Ice Detector – II B,D Auto SID-II H Yes 

Cloud Particle Imager (3-Dim) A,B,C,D Auto 3V-CPI Yes 

TECO Ozone Concentration  0.1 sps TEO3 No 

                                                 
2
 Before requesting instruments in this section, please refer to Appendix 1 to see whether any are needed.  Some 

instruments may require considerably more resources, special data handling and a dedicated, on-board operator.     

 
3
 A – Instrument requires a dedicated operator on board the aircraft. 

B – Special software tools required for routine data processing, display and analysis  

C – Data recorded on separate data acquisition system, not on RAF’s ADS. 

D – Data acquired by instrument requires unique post-processing. 

E – Instrument requires filling out a separate request form (available in this document). 

 



 

 21 

NCAR CN Counter A, B, D 1 sps CONCN Yes 

RAF Aerosol Inlet   SDI (heated) Yes 

Differential GPS (High Res Position) B,C,D 1 / 10 sps DGPS Yes 

Digital Video recording (side or down)  C,D 1 sps DVR Yes 

d) Instruments available by special arrangement 
4
 

 

Description Special Considerations Data Rate(s) Name Needed 

Counter-flow Virtual Impactor A, B, D 1 sps CVI Yes 

Wyoming Cloud Radar A, B, C, D, E Auto WCR Yes 

Wyoming Cloud Lidar A, B, C, D, E Auto WCL Yes 

Chemiluminescence Ozone 

Conc. 
A,D 1 / 10 sps 

FO3_M

R 
Yes 

Carbon Dioxide Conc. B,D 1 / 10 sps 
CO2_M

R 
Yes 

Carbon Monoxide Conc B,D 1 / 10 sps CO_Mr Yes 

Radial Differential Mobility 

Analyzer 
B,D 1 sps RDMA Yes 

Low Turbulence Aerosol Inlet B,C,D  LTI No 

Aerosol Mass Spectrometer A, B, C, D, E Auto AMS Yes 

Advanced Whole Air Sampler A,D Manual AWAS No 

Microwave Temperature Profiler B,C,D Auto MTP No 

Auto Giant Nuclei Impactor A, B, C, D, E Auto GNI Yes 

High Spectral Resolution 

Aerosol Lidar 
A, B, C, D, E Auto HSRL No 

GPS dropsonde A, B, C, D, E 0.5 sps  Yes 

 

                                                 
4
 CPI, CVR and WCR are not covered by NSF Deployment Pool Funds and require separate funding sources. They 

also require considerably more resources, need special data handling and require a dedicated on-board operator.  
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Please identify mission critical instruments in order of importance: 

 

Group 1 – essential for successful outcome of ICE-T 

 

SID-IIH, CDP, Fast 2D-C 25 µm, 2D-P, 3V-CPI, CIP depol., CDFC with TEM, ATOF-MS, CVI 

with TEM, CN, RDMA, UHSAS, SP2, either DMT CCN or DRI CCN, UWyo radar, UWyo 

lidar, OPHIR temperature, Fast Ozone, TDL or VCSEL, Lyman-α hygrometer, 

Dropsondes. 

 

Group 2 – highly desirable for successful outcome of ICE-T (should be flown if at all 

possible) 

 

HOLODEC, FSSP (tubeless), Fast 2D-C 10 µm, RDMA, CCN not already in group 1, GNI, 

Water Isotopes, CO, CO2, TDL or VCSEL not already in Group 1. 

 

Group 3 – desirable for ICE-T (may be flown if possible, not all listed in table 1) 

 

FSSP-300, Remote sky/surface temperature, MTP, Gerber PVM-100. 

 

 

e) User-supplied scientific payload 
5
 

Please provide the following information for each user-supplied scientific instrument 

See APPENDIX 

                                                 
5
  All user-supplied equipment must meet RAF safety and design specifications.  Refer to RAF Bulletin No. 3, No 13 

and the Design Guide RAF-DG-00-001 (http://www.eol.ucar.edu/Bulletins/). 
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APPENDIX 

User Supplied Instruments 

 
Instrument Name: 3V-CPI 

Primary Contact Name: Paul Lawson 

Primary Contact Institution: SPEC Inc. 

Primary Contact Phone: 303-499-110 

Primary Contact Email: plawson@specinc.com 

Individual weight of all components: Probe: 70 lbs 

Data System (in cabin): 50 lbs 

Complete size dimensions of all components: Probe: 32” x 16” x 6.5” 

Data System (in cabin): 19” x 22” x 10.5”  

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

 Data System (in cabin): U4 (7”) &  U2 

(3.5”) 

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

 No 

Hazardous material required: No 

Radioactive sources or materials: No 

Power required (watts, volts, amps): Probe:  300 W, 28 VDC; 2200W, 115 

VAC, 60 Hz. 

Data system (in cabin): 800W, 115 VAC, 

60 Hz. 

Type of power (DC, 60 Hz, 400 Hz): 28 VDC;  115 VAC 60 Hz 

External sensor location (if any):  wing pod 

Are signal(s) to be recorded on RAF’s Aircraft Data System 

(yes/no)? 

 No 

If yes:  Signal format (digital, analog, serial):   

            Full-scale Voltage:  

            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):   

Need real-time, in-flight, RAF-measurement, serial data feed 

(RS-232, RS422)? 

 True Airspeed in RS-232 serial ASCII 

string (format of string as follows: 56 

characters long, The first character must 

be the letter “D”.  The next three 

characters are the air speed in knots. The 

last two characters must be a carriage 

return and line feed. 

Need IRIG time-code feed? It would be nice to have an ASCII version 

of the  IRIG time code included in the 

serial string mentioned above (anywhere 

between the True airspeed and the last 

two characters. 

Special sensor calibration service required?  No 

Need full-time operator during flight?  Yes 

Number of lap-top computers for on-board use: 0 
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Will EOL support be required in preparing the instrument(s) 

for use on the aircraft (other than inspection, installation and 

power hook-up)? If so, specify type and lead time. 

Will need the following 

connections /wires between the 

Probe and the Data System: 

Power: 

5 conductors (2-AC and 2-return 

1-frame) 

6 conductors (2 each: +7v, -7v, 

Gnd) 

2 conductors (+28v, Gnd) 

 

Signaling: 

12 conductors (5 twisted pair & 2 

gnd for 422 and diff. camera 

signaling) 

4 conductors (twisted pair 

Ethernet) 

 

Camera Data: 

4 fiber optic cables 

Will you be using your own recording system? Yes, identified as “data system” 

What additional recording capability is needed?  Please 

provide details on the number of signals, their characteristics, 

format, synchronous, fire-wire, ethernet, etc.   

None 

If nonstandard output formats and/or data rates are required, 

how often are the measurements needed?  Note: The standard 

format for processed, RAF output data is net CDF.  The 

standard output media are CD/DVD and ftp transfer.  

None 

 

Payload ground support needs for user-supplied instrumentation: 

 
 Preflight needs Postflight needs Routine Maintenance 

 On flight days On flight days On non-flight days 

Access (hrs) 0.5 0.5 0 

Power (hrs) 0.5 0.5 0 

Special support needs 0 
0 

0 
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Instrument Name: Isotopic Water Analyzer  

Primary Contact Name: David Noone 

Primary Contact Institution: University of Colorado 

Primary Contact Phone: 3030 735 6073 

Primary Contact Email: dcn@colorado.edu 

Individual weight of all components: 27 kg 

Complete size dimensions of all components: 17 x 9.75 x 23 in (43 x 25 x 59 cm) 

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

 10” (25 cm) 

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

 No 

Hazardous material required: None 

Radioactive sources or materials: None 

Power required (watts, volts, amps):  500 W, 90-110 V, 60Hz ac 

Type of power (DC, 60 Hz, 400 Hz): 60 Hz ac 

External sensor location (if any):  Air inlet, backward facing. Could be 

shared. 

Are signal(s) to be recorded on RAF’s Aircraft Data System 

(yes/no)? 

 No (internal data logger, but could be 

interfaced if more desirable) 

If yes:  Signal format (digital, analog, serial):   

            Full-scale Voltage:  

            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):   

Need real-time, in-flight, RAF-measurement, serial data feed 

(RS-232, RS422)? 

 No  

Need IRIG time-code feed?  No 

Special sensor calibration service required?  None 

Need full-time operator during flight?  No  

Number of lap-top computers for on-board use: 0  

Will EOL support be required in preparing the instrument(s) 

for use on the aircraft (other than inspection, installation and 

power hook-up)? If so, specify type and lead time. 

No 

Will you be using your own recording system? Yes 

What additional recording capability is needed?  Please 

provide details on the number of signals, their characteristics, 

format, synchronous, fire-wire, ethernet, etc.   

None 

If nonstandard output formats and/or data rates are required, 

how often are the measurements needed?  Note: The standard 

format for processed, RAF output data is net CDF.  The 

standard output media are CD/DVD and ftp transfer.  

N/A 

 

Payload ground support needs for user-supplied instrumentation: 
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 Preflight needs Postflight needs Routine Maintenance 

 On flight days On flight days On non-flight days 

Access (hrs) 2 2 0.5 

Power (hrs) 2 2 0.5 

Special support needs None None None 

 
 

Instrument Name: DRI CCN 2 

Primary Contact Name: Jim Hudson 

Primary Contact Institution: Desert Research Institute 

Primary Contact Phone: 775-674-7020 

Primary Contact Email: hudson@dri.edu 

Individual weight of all components: 192 lbs 

Complete size dimensions of all components: 22.5”x23.5”x37”  screen sits up an 

additional 12” on front only 

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

 No 

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

 Yes 

Hazardous material required: No 

Radioactive sources or materials: No 

Power required (watts, volts, amps):  25A 

Type of power (DC, 60 Hz, 400 Hz): 28V DC 

External sensor location (if any): Need inlet  

Are signal(s) to be recorded on RAF’s Aircraft Data System 

(yes/no)? 

 No 

If yes:  Signal format (digital, analog, serial):   

            Full-scale Voltage:  

            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):   

Need real-time, in-flight, RAF-measurement, serial data feed 

(RS-232, RS422)? 

No  

Need IRIG time-code feed?  No 

Special sensor calibration service required?  No 

Need full-time operator during flight?  Yes, same as CCN1 

Number of lap-top computers for on-board use: zero 

Will EOL support be required in preparing the instrument(s) 

for use on the aircraft (other than inspection, installation and 

power hook-up)? If so, specify type and lead time. 

No 

Will you be using your own recording system? Yes 

What additional recording capability is needed?  Please 

provide details on the number of signals, their characteristics, 

format, synchronous, fire-wire, ethernet, etc.   

None 
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If nonstandard output formats and/or data rates are required, 

how often are the measurements needed?  Note: The standard 

format for processed, RAF output data is net CDF.  The 

standard output media are CD/DVD and ftp transfer.  

 

 

Payload ground support needs for user-supplied instrumentation: 

 
 Preflight needs Postflight needs Routine Maintenance 

 On flight days On flight days On non-flight days 

Access (hrs) 0.7 0.3 2 ave 

Power (hrs) 0.7 0.3 2 ave 

Special support needs    

 

 

Instrument Name: DRI Cal  

Primary Contact Name: Jim Hudson 

Primary Contact Institution: Desert Research Institute 

Primary Contact Phone: 775-674-7020 

Primary Contact Email: hudson@dri.edu 

Individual weight of all components: 240 lbs 

Complete size dimensions of all components: 22”x25.5”x38”   

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

 No 

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

 Yes 

Hazardous material required: No 

Radioactive sources or materials: No 

Power required (watts, volts, amps):  15A ;   8A 

Type of power (DC, 60 Hz, 400 Hz): 28V DC;  60 Hz 120V AC 

External sensor location (if any): Need inlet  

Are signal(s) to be recorded on RAF’s Aircraft Data System 

(yes/no)? 

 No 

If yes:  Signal format (digital, analog, serial):   

            Full-scale Voltage:  

            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):   

Need real-time, in-flight, RAF-measurement, serial data feed 

(RS-232, RS422)? 

No  

Need IRIG time-code feed?  No 

Special sensor calibration service required?  No 

Need full-time operator during flight?  Yes, same person as DRI CCN2 

Number of lap-top computers for on-board use: One 

Will EOL support be required in preparing the instrument(s) No 
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for use on the aircraft (other than inspection, installation and 

power hook-up)? If so, specify type and lead time. 

Will you be using your own recording system? Yes 

What additional recording capability is needed?  Please 

provide details on the number of signals, their characteristics, 

format, synchronous, fire-wire, ethernet, etc.   

None 

If nonstandard output formats and/or data rates are required, 

how often are the measurements needed?  Note: The standard 

format for processed, RAF output data is net CDF.  The 

standard output media are CD/DVD and ftp transfer.  

 

 

Payload ground support needs for user-supplied instrumentation: 

 
 Preflight needs Postflight needs Routine Maintenance 

 On flight days On flight days On non-flight days 

Access (hrs) 0.7 0.3 2 average 

Power (hrs) 0.7 0.3 2 average 

Special support needs    

 

 

b) User-supplied scientific payload  

Please provide the following information for each user-supplied scientific instrument 

 

Instrument Name: DRI CCN 1 

Primary Contact Name: Jim Hudson 

Primary Contact Institution: Desert Research Institute 

Primary Contact Phone: 775-674-7020 

Primary Contact Email: hudson@dri.edu 

Individual weight of all components: 240 lbs 

Complete size dimensions of all components: 22.5”x23”x38”  laptop on top sticks up 

additional 12” 

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

 No 

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

 Yes 

Hazardous material required: No 

Radioactive sources or materials: No 

Power required (watts, volts, amps):  25A 

Type of power (DC, 60 Hz, 400 Hz): 28V DC 

External sensor location (if any): Need inlet  

Are signal(s) to be recorded on RAF’s Aircraft Data System 

(yes/no)? 

 No 

If yes:  Signal format (digital, analog, serial):   

            Full-scale Voltage:  
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            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):   

Need real-time, in-flight, RAF-measurement, serial data feed 

(RS-232, RS422)? 

No  

Need IRIG time-code feed?  No 

Special sensor calibration service required?  No 

Need full-time operator during flight?  Yes, same person as DRI CCN2 

Number of lap-top computers for on-board use: One 

Will EOL support be required in preparing the instrument(s) 

for use on the aircraft (other than inspection, installation and 

power hook-up)? If so, specify type and lead time. 

No 

Will you be using your own recording system? Yes 

What additional recording capability is needed?  Please 

provide details on the number of signals, their characteristics, 

format, synchronous, fire-wire, ethernet, etc.   

None 

If nonstandard output formats and/or data rates are required, 

how often are the measurements needed?  Note: The standard 

format for processed, RAF output data is net CDF.  The 

standard output media are CD/DVD and ftp transfer.  

 

 

Payload ground support needs for user-supplied instrumentation: 

 
 Preflight needs Postflight needs Routine Maintenance 

 On flight days On flight days On non-flight days 

Access (hrs) 0.7 0.3 2 average 

Power (hrs) 0.7 0.3 2 average 

Special support needs    
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Instrument Name: Continuous flow diffusion 

chamber (CFDC) 

Primary Contact Name: Paul DeMott 

Primary Contact Institution: Colorado State University 

Primary Contact Phone: 970-491-8257 

Primary Contact Email: pdemott@lamar.colostate.edu 

Individual weight of all components: 320 lb (without rack) 

Complete size dimensions of all components: All components in 19x24x49 inch 

rack except 5x7x10 inch icing 

water tank that sat in base of 

second rack during last C-130 

deployment; chamber extension 

out rack top to 56 inches total from 

floor. Will require N2 gas 

somewhere in cabin. 

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

 Single User supplied rack 

19x24x49 inch 

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

Yes (HIAPER rack purchased 

from NCAR). All loads 

documented in report on file at 

NCAR. 

Hazardous material required: R-404A refrigerant, N2 

Radioactive sources or materials: None 

Power required (watts, volts, amps):  Not to exceed 3100 W, 120V, 

average running 19.9 amps (ELA 

document on file at NCAR). 

Type of power (DC, 60 Hz, 400 Hz): 60 Hz 

External sensor location (if any):  Require de-iced forward facing 

aerosol inlet; possible shared use 

of CVI 

Are signal(s) to be recorded on RAF’s Aircraft Data System 

(yes/no)? 

 Devoted data system, but a 

selection of signals are usually sent 

to the aircraft system.  

If yes:  Signal format (digital, analog, serial):  Serial 

            Full-scale Voltage:  

            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):   

Need real-time, in-flight, RAF-measurement, serial data feed 

(RS-232, RS422)? 

 No 

Need IRIG time-code feed?  No 

Special sensor calibration service required?  No 

Need full-time operator during flight? Yes 
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Number of lap-top computers for on-board use: One: data system with CFDC-1H 

Will EOL support be required in preparing the instrument(s) 

for use on the aircraft (other than inspection, installation and 

power hook-up)? If so, specify type and lead time. 

Connection to onboard network, 

supply of air sampling inlet. 

Will you be using your own recording system? Yes 

What additional recording capability is needed?  Please 

provide details on the number of signals, their characteristics, 

format, synchronous, fire-wire, ethernet, etc.   

 

If nonstandard output formats and/or data rates are required, 

how often are the measurements needed?  Note: The standard 

format for processed, RAF output data is net CDF.  The 

standard output media are CD/DVD and ftp transfer.  

None 

 

Payload ground support needs for user-supplied instrumentation: 

 
 Preflight needs Postflight needs Routine Maintenance 

 On flight days On flight days On non-flight days 

Access (hrs) 2 0.5 2 

Power (hrs) 2 0.5 2 

Special support needs none none None 
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Instrument Name: Time of Flight Aerosol Mass Spectrometer 

Primary Contact Name: Kim Prather 

Primary Contact Institution: Univ California at San Diego 

Primary Contact Phone: 858-822-5312 

Primary Contact Email: kprather@ucsd.edu 

Individual weight of all components: 450 pounds (Instrument + Rack) 

Complete size dimensions of all components:  46” x 42”x25” (Height x Length x Width  

of instrument in rack) 

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

  

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

 Yes, our rack consists of 2 -19 inch racks welded 

together with the instrument, riveted to the rack 

Hazardous material required: No 

Radioactive sources or materials: No 

Power required (watts, volts, amps):  110 VAC (60 Hz), 5.5 amps,  600 watts 

Type of power (DC, 60 Hz, 400 Hz): 110 VAC (60 Hz) 

External sensor location (if any):  None 

Are signal(s) to be recorded on RAF’s Aircraft 

Data System (yes/no)? 

No 

If yes:  Signal format (digital, analog, serial):   

            Full-scale Voltage:  

            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):   

Need real-time, in-flight, RAF-measurement, serial 

data feed (RS-232, RS422)? 

 No 

Need IRIG time-code feed?  Yes, IRIG or NTP 

Special sensor calibration service required?  No 

Need full-time operator during flight?  No, but desired if possible 

Number of lap-top computers for on-board use: 0 

 

Will NCAR support be required in preparing the instrument(s) for use on the aircraft 

(other than inspection, installation and power hook-up)?  EOL/RAF can provide design 

and fabrication support for hardware and electronic interfaces.  (If so, specify type and lead 

time).   

 Rack was rebuilt to meet C-130 requirements for the ICE-L project.  

SPECIAL DATA RECORDING AND PROCESSING REQUIREMENTS 

Will you be using your own recording system? Yes 

 

What additional recording capability is needed?  Please give us details on the number of 

signals, their characteristics, format, synchronous, fire-wire, ethernet, etc.  (We may not be 

able to accommodate any and all signals.) 
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None 

 

 

If nonstandard output formats and/or data rates are required, how often are the 

measurements needed?  Note: The standard format for processed, RAF output data is net 

CDF.  The standard output media are magnetic tape and ftp transfer. (Nonstandard rates 

and/or formats will be considered as special processing requests.) 

Data acquisition is contained entirely within the instrument 
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Instrument Name: Single Particle Soot Photometer (SP2) 

Primary Contact Name: Greg Kok 

Primary Contact Institution: Droplet Measurement Technologies 

Primary Contact Phone: 303-440-5576 

Primary Contact Email: glkok@dropletmeasurement.com 

Individual weight of all components: 36 kg (SP2); 16.4 kg (PC); 7 kg (pump) 

Complete size dimensions of all components: 19"x12"x25" (SP2); 17"x7"x21" (PC); 

8"x6"x8" (pump) 

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

25" deep, 12" high (SP2); 21" deep, 7" 

high (PC) 

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

No 

Hazardous material required: No 

Radioactive sources or materials: No 

Power required (watts, volts, amps): 100 W (instrument) + 300 W (pump) + 

300 W (PC) 

Type of power (DC, 60 Hz, 400 Hz): 115 V AC 

External sensor location (if any): N/A 

Are signal(s) to be recorded on RAF’s Aircraft Data System 

(yes/no)? 

No 

If yes:  Signal format (digital, analog, serial):   

            Full-scale Voltage:  

            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):   

Need real-time, in-flight, RAF-measurement, serial data feed 

(RS-232, RS422)? 

No 

Need IRIG time-code feed? No 

Special sensor calibration service required? No 

Need full-time operator during flight? Yes 

Number of lap-top computers for on-board use: 1 (for SP2+CAPS+CCN) 

Will EOL support be required in preparing the instrument(s) 

for use on the aircraft (other than inspection, installation and 

power hook-up)? If so, specify type and lead time. 

No 

Will you be using your own recording system? Yes 

What additional recording capability is needed?  Please 

provide details on the number of signals, their characteristics, 

format, synchronous, fire-wire, ethernet, etc.   

None 

If nonstandard output formats and/or data rates are required, 

how often are the measurements needed?  Note: The standard 

format for processed, RAF output data is net CDF.  The 

standard output media are CD/DVD and ftp transfer.  

N/A 
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Payload ground support needs for user-supplied instrumentation: 

 
 Preflight needs Postflight needs Routine Maintenance 

 On flight days On flight days On non-flight days 

Access (hrs) 0.5 1 1 

Power (hrs) 0.5 1 1 

Special support needs None None None 
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b) User-supplied scientific payload  

Please provide the following information for each user-supplied scientific instrument 

 

Instrument Name: Cloud Condensation Nuclei counter 

(CCN-200) 

Primary Contact Name: Greg Kok 

Primary Contact Institution: Droplet Measurement Technologies 

Primary Contact Phone: 303-440-5576 

Primary Contact Email: glkok@dropletmeasurement.com 

Individual weight of all components: 38 kg (CCN); 2.7kg (Inlet pressure 

controller) 

Complete size dimensions of all components: 19"x32"x11" (CCN); 8"x4"x8" (IPC) 

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

11" deep, 32" high (CCN); 8" deep, 4" 

high (IPC) 

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

No 

Hazardous material required: No 

Radioactive sources or materials: No 

Power required (watts, volts, amps): 28 V DC, 10-15 A operate, 25 A at 

startup 

Type of power (DC, 60 Hz, 400 Hz): 28 V DC 

External sensor location (if any): N/A 

Are signal(s) to be recorded on RAF’s Aircraft Data System 

(yes/no)? 

No 

If yes:  Signal format (digital, analog, serial):   

            Full-scale Voltage:  

            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):   

Need real-time, in-flight, RAF-measurement, serial data feed 

(RS-232, RS422)? 

No 

Need IRIG time-code feed? No 

Special sensor calibration service required? No 

Need full-time operator during flight? No 

Number of lap-top computers for on-board use: 1 (for SP2+CAPS+CCN) 

Will EOL support be required in preparing the instrument(s) 

for use on the aircraft (other than inspection, installation and 

power hook-up)? If so, specify type and lead time. 

No 

Will you be using your own recording system? Yes 

What additional recording capability is needed?  Please 

provide details on the number of signals, their characteristics, 

format, synchronous, fire-wire, ethernet, etc.   

None 

If nonstandard output formats and/or data rates are required, 

how often are the measurements needed?  Note: The standard 

N/A 
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format for processed, RAF output data is net CDF.  The 

standard output media are CD/DVD and ftp transfer.  
 

Payload ground support needs for user-supplied instrumentation: 

 
 Preflight needs Postflight needs Routine Maintenance 

 On flight days On flight days On non-flight days 

Access (hrs) 0.5 0.5 1 

Power (hrs) 0.5 0.5 1 

Special support needs None None None 

 

Instrument Name: DMT CPSD 

Primary Contact Name: Darrel Baumgardner 

Primary Contact Institution: Droplet Measurement Technologies 

Primary Contact Phone: 3034405576 

Primary Contact Email: Darrel.baumgardner@gmail.com 

Individual weight of all components: 50 lbs 

Complete size dimensions of all components: Pylon mounted, PMS canister 

Rack-mountable 19” panel space required 

(Note:  depth beyond 25” will overhang in back): 

 15”x 20” 

Supplying your own 19” rack (yes/no): 

(Note:  racks must survive 9G crash load.) 

No 

Hazardous material required: No 

Radioactive sources or materials: No 

Power required (watts, volts, amps):  30A 

Type of power (DC, 60 Hz, 400 Hz): 28V DC 

External sensor location (if any): Pylon 

Are signal(s) to be recorded on RAF’s Aircraft Data System 

(yes/no)? 

 Yes 

If yes:  Signal format (digital, analog, serial):  Serial 

            Full-scale Voltage:  

            Range:  

            Resolution:  

            Sample Rate (1, 5, 250 sps):  RS422 

Need real-time, in-flight, RAF-measurement, serial data feed 

(RS-232, RS422)? 

Yes 

Need IRIG time-code feed?  No 

Special sensor calibration service required?  No 

Need full-time operator during flight?  No 

Number of lap-top computers for on-board use: zero 

Will EOL support be required in preparing the instrument(s) 

for use on the aircraft (other than inspection, installation and 

power hook-up)? If so, specify type and lead time. 

No 

Will you be using your own recording system? Yes 
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What additional recording capability is needed?  Please 

provide details on the number of signals, their characteristics, 

format, synchronous, fire-wire, ethernet, etc.   

None 

If nonstandard output formats and/or data rates are required, 

how often are the measurements needed?  Note: The standard 

format for processed, RAF output data is net CDF.  The 

standard output media are CD/DVD and ftp transfer.  
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Appendix – Letters of Support for Educational Outreach 

 

November 23, 2009 

 

Andrew Heymsfield 

Senior Scientist 

MMM Division 

NCAR 

3450 Mitchell Lane 

Boulder, Co 80301 

 

 

Dear Dr. Heymsfield: 

 

Collaboration with ICE-T would be a great opportunity for our research group since it augments 

our recently funded NSF proposal titled “Impact of African Dust on Clouds and Precipitation 

in a Caribbean Tropical Montane Cloud Forest”, whose CoPIs are Kimberly Prather (Scripps 

and UCSD) and Elizabeth Andrews (University of Colorado, Boulder).  The ICE-T program 

would also benefit from the near location of the University of Puerto Rico-Rio Piedras (UPR-

RP), of my own research program in atmospheric chemistry (with the recent NSF award), and the 

Arecibo Observatory, with potentially useful LIDAR capacity.  St. Croix, USVI, while a 

desirable location in certain ways, offers none of these linkages to other research programs or 

infrastructure. 

 

Basing the C130 out of San Juan would benefit both projects (ICE-T and our NSF funded 

project) and the language will not be an issue.  Having the C130 based in San Juan would 

support our proposed studies (e.g., see attached Table 1 for Deployment of Instruments during 

the Project, and Table 2, Research Team, for the list of our collaborators) strengthen both ICE-

T and our research program in atmospheric chemistry, as well as provide students new 

opportunities for research.  The interaction of the students with collaborators may inspire them to 

pursue careers as higher-level scientists within the field of aerosols, clouds, and climate studies.   

 

The language will not be a problem in Puerto Rico since here Spanish and English are well 

spoken almost everywhere and English is sufficiently used in the island for several other national 

collaborative programs (e.g., NSF-LTER, NSF-IGERT, NSF-GK-12, NSF-RICO, PRACS, 

PRIDE,…). English is also the official language of agencies such as NOAA NWS San Juan, 

FAA, US EPA, and other federal agencies in the island.  In addition to this, our research group 

has had multiple collaborative studies with researchers from institutions in USA (e.g., NOAA 

ESRL GMD, Lawrence Berkeley National Laboratory, Scripps, UCSD, University of Colorado, 

and University of Illinois) and Europe (e.g., Max Planck Institute for Chemistry in Mainz, 

University of Manchester, and Institute for Tropospheric Research in Leibzig).  During these 

studies English has been the official language and it never represented a problem.  Several 

publications (e.g., Gioda et al., 2009; Reyes-Rodriguez et al., 2009; Rauber et al. 2007a, Rauber 



 

 41 

et al. 2007b, Allan et al. 2008, Gioda et al. 2008a) and presentations came out of these efforts 

and/or are in progress. 

 

Puerto Rico is an ideal location for both ICE-T and our NSF funded project.  The island has 

good exposure to the easterly trades, and is free of major land masses upwind, minimizing the 

effects of anthropogenic aerosol sources.  Also, in Puerto Rico, our group has an aerosol 

sampling station (Cape San Juan, CSJ) at the northeast coast (18° 23' N, 65° 37' W) that operates 

since the 90s, and a more recently added cloud/rain/aerosol sampling station, downwind from 

CSJ, operating since 2004 (Pico del Este, PE, in the Luquillo Experimental Forest (18° 16' N, 65° 

45' W).  CSJ measurements are supported by NOAA ESRL, the station is part of the NASA 

AErosol RObotic NETwork (AERONET), and it recently became one of the regional stations of 

the Global Atmosphere Watch (GAW) program.  PE’s elevation (at 1051 m amsl) sits above the 

cloud condensation level thus facilitating the study of clouds without the need for aircraft and the 

related complexity and costs.  Mean annual precipitation at PE is > 5000 mm/yr. 

 

Both stations (CSJ and PE) have the major advantage of having a large university research 

center, UPR-RP, within an hours’ drive.  University staff, faculty, and facilities facilitate the 

research activities (e.g., minimizing concerns about sample handling and preservation, and 

providing highly reliable data).  The close proximity of UPR-RP to the sampling site also permits 

a continuous sampling program that is essential to monitoring the variations in aerosol and cloud 

properties that occur due to seasonal changes.  

 

The measurements that we have been performing in Puerto Rico together with the ones that will 

be perform as part of our recently funded project and the ones that you propose for ICE-T would 

definitely strengthen both of our projects.  It would be great to be able to join efforts in these 

projects and to have the operations based in Puerto Rico.  We look forward to collaborating with 

you.  

 

 

Best regards, 

 

 
Olga L. Mayol-Bracero 

Associate Professor and PI of NSF funded “Impact of  

African Dust on Clouds and Precipitation in a Caribbean  

Tropical Montane Cloud Forest” 

Institute for Tropical Ecosystem Studies 

University of Puerto Rico 
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Table 1: Deployment of Instruments during the Project 
Instrument Year 1 Year 1 Year 1 Year 1 Year 2 Year 2 Year 2 Year 2 Yr 3 

 Oct-
Dec 

Jan-
April 

May-
July 

Aug-
Sept 

Oct-Dec Jan-Apr 
(IFP) 

May-
July 
 (IFP) 

Aug-Sep Oct-
Dec 
(IFP) 

ATOFMS   PE PE   PE PE? PE 

SMPS  PE PE PE PE PE PE PE PE 

Nephelometer CSJ CSJ CSJ CSJ CSJ CSJ CSJ CSJ CSJ 

PSAP CSJ CSJ CSJ CSJ CSJ CSJ CSJ CSJ CSJ 

Particle Counter CSJ CSJ CSJ CSJ CSJ CSJ CSJ, PE CSJ, PE CSJ, 
PE 

GRIMM Optical 
Counters 

PE PE PE PE CSJ, PE CSJ, PE CSJ, PE CSJ, PE CSJ, 
PE 

APS       PE PE PE 

CCN Counter       CSJ, PE CSJ, PE CSJ, 
PE 

AMS       PE PE PE 

Aethalometer CSJ CSJ CSJ CSJ CSJ CSJ CSJ CSJ CSJ 

2 Neph with 
humidification 
system 

 CSJ CSJ CSJ CSJ CSJ CSJ CSJ CSJ 

Lidar AO AO AO AO AO  AO CSJ, AO AO 

Sunphotometer
s 

CSJ, 
AO 

CSJ, AO CSJ, 
AO 

CSJ, AO CSJ, AO CSJ, AO CSJ, AO CSJ, AO CSJ, 
AO 

Filter and 
Impactor 
Sampling 

CSJ, 
PE 

CSJ, PE CSJ, PE CSJ, PE CSJ, PE CSJ, PE CSJ, PE CSJ, PE CSJ, 
PE 

Cloud water 
sampling 

PE PE PE PE PE PE PE PE PE 

pCVI       PE PE PE 

Visibility sensor  PE PE PE PE PE PE PE PE 

FM-100   PE PE PE PE PE PE PE 

Webcam 
system 

CSJ CSJ CSJ CSJ CSJ CSJ CSJ CSJ CSJ 

Rain water 
sampling 

PE PE PE PE PE CSJ, PE CSJ, PE CSJ, PE CSJ, 
PE 

Weather 
stations 

CSJ, 
PE 

CSJ, PE CSJ, PE CSJ, PE CSJ, PE CSJ, PE CSJ, PE CSJ, PE CSJ, 
PE 

IFP = Intensive Field Phase 
 

Table 2. Research Team 

Name  
Institution  

Project Contribution 

Olga L. Mayol-Bracero (PI) UPRRP/ITES  
Aerosol/cloud 
measurements 

Kimberly Prather (CoPI)  Univ. of California, San Diego 
Field experiment, 
PISCAS, data from Asia 

Elisabeth Andrews (CoPI) Univ. of Colorado, Boulder Field experiment 

Stephan Borrmann (Co) 
Johannes Gutenberg University & 
Max Planck Institute for Chemistry, 
Germany  

Field experiment, 
outreach activities 

Jeff Collett (Co) Colorado State University  Cloud sampler 

Dan Cziczo (Co) Pacific Northwest National Laboratory Field experiment 

Daniel Rosenfeld The Hebrew University of Jerusalem Field experiment 

Pedro Diaz (Co) USGS, Water Science Center, PR  
Providing climate & 
rainfall chemical data for 
Luquillo mountains 

Werner Eugster (Co) ETH, Zuerich, Switzerland Cloud instrumentation 

Goeran Frank (Co) Lund University, Sweden  Field experiment 

Ariel Lugo (Co) 
IITF USDAFS, Puerto Rico 
(Chemistry Lab) 

IC & ICP analyses  

Israel Matos (Co) NOAA NWS San Juan Office, PR  
Analysis & interpretation 
of met/climate data 

John A. Ogren (Co) NOAA Earth System Research Lab, Support with aerosol 
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Colorado  measurements 

Fred Scatena (Co) Univ. of Pennsylvania  
Weather/climate data, 
PISCAS 

Martha Scholl (Co) USGS, NRP, Reston, VA Visibility sensor 

Craig A. Tepley (Co) 
Shikha Raizada (Co) 

Arecibo Observatory (AO), Cornell 
Univ.  

Altitude variation of 
aerosol properties 

Field Technician UPRRP 
Lab & field maintenance 
of instruments & data 
entry 

Grad (2), undergraduate (2)  UPRRP (2g, 2u) Field studies  

 

 


