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Abstract
A two-week deployment of the University of Wyoming King Air (UWKA) is requested
to support meteorology and aviation education at Embry-Riddle Aeronautical University
(ERAU). This project will introduce undergraduate and graduate students in meteorology,
aviation safety, aeronautical sciences, engineering and related degree programs to research flight
planning and deployment. The UWKA will be hosted by the ERAU Flight Operations Center at
Love Field (KPRC), near the ERAU campus in Prescott, Arizona. ERAU students will be
directly involved in flight planning, instrument system training, flight forecast simulations and
follow-up data analysis during the deployment period. Datasets collected from the project will
be utilized in multiple courses, primarily courses taught by the Department of Meteorology in the
College of Aviation. Broader impacts of this program include outreach in science workshop
activities for high school teachers and for high school students in career discovery programs at
the ERAU campus. ERAU has extensive prior success in providing aviation/aerospace,
computing, engineering and science experiential learning programs for high school students,
including sponsorship by the International Organization of Women Pilots and the Experimental
Aircraft Association.

Intellectual Merit
In conjunction with this educational deployment proposed for the University of Wyoming
King Air (UWKA), students and faculty will be directly engaged in research flight planning and
data analysis related to aerosol-cloud interactions and the prediction of boundary layer
turbulence. The project will contribute new knowledge on the interactions of aerosol with cloud
systems in Arizona, including characterizing the size distributions associated with regional
sources of desert dust, forest fires and pollutant emissions. Secondary research goals will foster
development of specialized products useful in forecasting boundary layer turbulence and wind
shear by combined analysis of WRF model and aircraft measurements. The PI’s have prior
background research working with the UWKA and other instrumented aircraft, as well as
experience with mesoscale model applications and the use of aircraft observations in validation
of remote sensing methods and mesoscale forecasts. Embry-Riddle Aeronautical University has
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excellent facilities for hosting the UWKA and conducting the proposed educational project,
including a Flight Center with hangar space and briefing rooms, a Weather Center with
operational modeling and synoptic weather visualization capabilities and a rawinsonde launch
system that will be used to combine the instructional goals related to flight coordination and
research data analysis.

Broader Impacts
This program has an innovative focus on interdisciplinary education in the aeronautical
and atmospheric technology components of airborne research. With the rapidly expanding use of
airborne platforms for observation, research and training, the aspects of flight safety, aircraft
configuration and data interpretation are essential to the effective use of airspace. The UWKA
deployment program is directly relevant to the next generation (NextGen) technological
development underway at the FAA in partnership with NOAA, NASA, aerospace corporations
and universities. Faculty at ERAU conduct research related to weather forecasting, cloud
physics, remote sensing and airborne sampling, and they will gain valuable experience and
datasets from the program that will be utilized in future courses for meteorology students and in
outreach to schools. The ERAU Department of Meteorology is routinely utilizing mesoscale
models to support research projects and operational forecast training of students, and the
proposed project will provide a targeted application of these to improve forecast products that
benefit the flight training of pilots. These activities will expand awareness of instrument system
applications for aeronautical engineering and encourage aeronautical science students to consider
a career options for research pilots.

Background on ERAU Programs
Embry-Riddle Aeronautical University (ERAU) provides the world’s largest academic
program dedicated to aviation and aerospace, and is a non-profit academic institution with fullyaccredited degrees for the baccalaureate, master’s and doctoral levels. ERAU has global reach
with two large residential campus sites (Prescott, Arizona ; Daytona Beach, Florida) and a total
of 150 campus locations providing classroom facilities in North America, Europe, Asia and the
Middle East. There are currently more than 33,000 students enrolled in ERAU programs
worldwide. ERAU degree tracks include traditional and leading-edge disciplines of science and
engineering fields, including recently added degree programs in Aviation Security, Commercial
Space Operations, Unmanned and Autonomous Systems (UAS) Engineering, and a Ph.D.
program in Aviation that includes aviation meteorology. The ERAU Prescott campus
Department of Aviation’s Golden Eagles Flight Team recently won the Conference
Championship of the National Intercollegiate Flying Association for the second consecutive year
(the ninth win since 1993), in which aviation students from 30 collegiate teams specifically
focused on airborne competitions for Safety and Flight Evaluation. Students in the UAS
program recently won a national competition at which an aircraft and sensor system they
designed produced the most successful autonomous flight and pattern recognition sortie. This
capability is being applied to forest microclimate studies in collaboration with Northern Arizona
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University, to acquire forest vegetation pattern imagery for intercomparison with WRF modeling
of upward radiative, moisture and sensible heat fluxes.
The ERAU Prescott campus provides state-of-the-science professional education for
students in aviation with facilities such as Garmin1000 glass-cockpit instrumented aircraft and
motion-based full-flight simulators, for students in aerospace engineering with design,
fabrication and wind tunnel labs, and for students in meteorology with rawinsonde, radar and
computer cluster modeling facilities. Thousands of hours of data per year are available from the
Garmin1000 instrumented training aircraft on meteorological parameters such as temperature,
lateral and vertical g-forces and relative winds. These datasets will be applied to validation of
mesoscale forecasts, to document boundary-layer wind shear and turbulence and for application
to human factors of flight training and aviation safety.
The ERAU Department of Meteorology at the Prescott campus was established in 2006,
and currently includes five faculty members with doctoral preparation from Colorado State
University, Naval Postgraduate School, Purdue University, University of Nevada and University
of Washington. The B.S. curriculum exceeds AMS, NWS and U.S. Air Force guidelines for an
undergraduate degree preparation in the atmospheric sciences. The Meteorology degree requires
foundational courses in advanced differential equations, computer sciences, advanced dynamics
and engineering statistics, and provides unique interdisciplinary courses such as Space Weather
and international field courses (alpine meteorology in Switzerland during 2012 and 2013, and
tropical meteorology/climate studies in Brazil scheduled for 2014). The number of students
pursuing in the Department of Meteorology for the 2012-2013 academic year was 33.
.
A student majoring in Meteorology has two choices for Area of Concentration (AOC).
The first AOC is Meteorology Research, which includes requirements for three semesters of
atmospheric dynamics, two semesters of thermodynamics, atmospheric physics, engineering
physics, engineering math, advanced differential equations, and specialized courses such as
Thunderstorms, Forecasting and Remote Sensing. The second AOC is Meteorology for Aviation
Operations, including most of the courses as required for Research Meteorology, with
specialized classes in Flight (Private Pilot and Instrumented), Applied Climatology,
Aerodynamics, Aircraft Performance, Domestic and International Navigation, Airline Dispatch
Operation, Satellite and Radar Interpretation. Within other Departments (primarily Aeronautical
Sciences and Aviation), 65 students have chosen Meteorology as a degree minor, which requires
at least five full courses in Meteorology.
Approximately 40% of the Meteorology degree majors are women. University support is
available to students who serve as teaching assistants in ERAU courses and as research assistants
for NASA Space Grant and other funded opportunities. The ERAU career development office
promotes summer internships through multiple aerospace and aviation corporations and federal
sponsors such as NSF, NOAA, NASA and DOE. The Meteorology faculty and students compete
strongly in the WxChallenge national forecasting competition, and each student is required to
conduct a senior research project and document their results in an AMS-format paper. ERAU
Meteorology graduates have very high acceptance to their chosen career paths in graduate school
and operational meteorology.
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ERAU faculty members conduct research across a broad spectrum of sciences and
engineering including meteorology, aviation weather, space weather, aeronautical sciences,
aerospace engineering, astrophysics, global security, aviation business, computer engineering,
aviation safety and remotely piloted aircraft systems. Support from NSF to ERAU faculty
members has contributed to research expertise across these disciplines, and program funding has
included multiple RUI, CAREER and computing facility development grants.
The PI has conducted multiple projects that blend university education with research
activities, funded by NSF (Geoscience Education, Advanced Technological Education, and basic
research grants with educational components) as well as support from non-profit community
organizations, universities, NOAA and NASA. Outcomes of past projects have been described
in multiple conference papers and journal articles (Hallett et al., 1993; Wetzel et al., 1995;
Wetzel et al., 2003), and the educational aspects of these initiatives have included training for
ground-based, airborne and remote sensing systems. The UWKA flight coordination training
will benefit academic and career development in disciplines of the atmospheric sciences and
related aeronautical sciences, encouraging more students to pursue professions in meteorological
analysis, instrument development, airborne research, applications of remotely piloted aviation,
weather hazard avoidance and computer-based decision support.

Description of Educational Deployment Plan
The proposed instructional use of the UWKA will provide education related to airborne
science and instrument technology for approximately 90 undergraduate students and 15 graduate
students with majors in meteorology, aviation, aeronautical sciences, engineering and global
security. Student activities will be coordinated with multiple courses in meteorology,
atmospheric instrumentation and aeronautical sciences that will present content on research
aircraft design, deployment and data analysis (WX 201, WX270, WX395, WX457 and
Independent Study options). In addition, an instructional workshop will be developed for high
school science teachers at the ERAU Flight Center related to use of aircraft and remote sensing
measurement technology. Datasets collected during this project will contribute atmospheric
physics content and methodology taught with course projects implemented in subsequent
semesters.
A large percentage of the majors in the Department of Meteorology choose aviationrelated careers. Many of the students in the Aviation and Aeronautical Science degree programs
also complete a minor in Meteorology and related degree tracks such as Aviation Safety,
Aeronautical Engineering, Unmanned Aerial Systems (UAS) and Air Traffic Management. All
of these students will benefit from participation in a research flight deployment that presents
training in the decision process between pilots and scientists. As electronic sensor systems, airair and air-ground communication and control options, and increasingly unique aircraft designs
are developed, aviation professionals will be expected to support complex flight objectives,
collect datasets that serve multiple purposes and adapt to unexpected contingencies and
opportunities. For example, severe events such as wildfires, volcanic eruptions and extreme
weather events present immediate needs for flight research requiring creative and informed
response by well-trained pilots, scientists and engineers. Multiple research objectives have been
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prepared for the two-week UWKA deployment to immerse students in atmospheric research
flight planning.
The process of research flight coordination will be presented in open seminars and course
presentation topics will include: FAA restrictions for flight close to terrain and other aircraft,
limitations for science-driven flight track scheduling, forecast requirements, instrument
deployment trade-offs, engineering aspects of adding new instrumentation, formulating/verifying
the validity of scientific objectives, quality control for measurements, time/space sampling
protocols, in-flight communications, coordination with other aircraft (including possible RPVs),
and other relevant aspects of research flight coordination.
In order to make optimal use of the UWKA measurement systems and to represent rapidresponse scenarios for the flight planning aspect of the course, a suite of operational objectives
will be available for consideration based on each day’s meteorological scenario. These utilize
prior research experience of the faculty in the ERAU Department of Meteorology (Wetzel et al.,
2001 ; Ivanova et al., 2001; Ivanova, 2011) and were selected to take advantage of local and
regional atmospheric conditions. Meteorological conditions in the vicinity of Prescott, Arizona
during spring months include episodes of dust transport, smoke plumes from prescribed fires in
Prescott National Forest, polluted air trajectories from the Phoenix metropolitan area, and
relatively unpolluted airmass conditions (primarily from the north and east).
Details on the scientific objectives, flight patterns and airborne measurements are
presented in the King Air Request (latter sections) of this proposal document. The primary
scientific focus of the proposed UWKA flights will be to document effects on regional aerosol
size distributions and impacts on cloud microphysical processes and radiative transmission. The
effects of smoke, pollution and dust on cloud are a continuing research field which crosses scales
from local precipitation to climate impacts (Eagan et al., 1974; Wetzel et al., 1996; Andreae et
al., 2004) and predictability of net results of aerosol on precipitation enhancement or suppression
is complex (Lowenthal et al., 2002; Twohy et al., 2005; Khain et al., 2008). Optical extinction
effects of aerosol are also of direct consequence, such as through direct tropospheric warming
and reduction in solar energy resources.
Aerosol size distributions are often broad and multi-modal, and particle composition
evolves along the trajectory (Levin et al., 1996) particularly for aerosol which pass through cloud
and participate in droplet and/or ice crystal processes. Detailed in situ studies have revealed
aerosol-specific behavior with respect to cloud nucleation and subsequent microphysical
characteristics (Russell et al., 2013). Field studies which demonstrate the aerosol-cloud
interactions are a valuable theme for research flight instruction, since they influence cloud
development in an arid environment (droplet and crystal nucleation efficiency, latent energy
release), weather forecasting (cloud cover and precipitation prediction, solar energy), radiation
budget (aerosol absorption and scattering, cloud reflectance, deposition to snowpack), and flight
conditions (aircraft icing, visibility and convective turbulence).
The standard UWKA instrumentation to provide thermodynamic, kinematic, radiative
and microphysical parameters including aerosol and cloud physics size distributions are
requested. The WRF operational forecasting model will be utilized in the ERAU Weather
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Center to produce flight period forecasts, and we will use IDV and other routine meteorological
analysis software for processing and visualization of forecast and aerosol transport predictions
during the field deployment period.
ERAU owns a rawinsonde launch system that students will use to provide balloon
soundings during each research flight for additional verification of mesoscale model forecasts,
including wind shear and thermodynamic profile conditions. We will coordinate with NWS
Flagstaff (FGZ) office for analysis of data from their new dual-polarization Doppler radar system
and verification of their Terminal Area Forecast (TAF) products for KPRC.
For optimal utilization of the aircraft as meteorological conditions vary during the twoweek deployment, the operational design plan specified in the UWKA Request section includes
multiple flight scenarios, including verification of wind shear and turbulence forecasts in the
vicinity of KPRC where ERAU flight training operations are centered. This study theme will
include daily WRF model runs and radiosonde launches conducted by the Meteorology students.
We intend to involve ERAU training aircraft to obtain aircraft sampling for study of lower
troposphere turbulence using the GARMIN1000 units recording air temperature, relative winds,
lateral/vertical G-forces with many other aircraft performance variables. The training aircraft
will provide an additional component to the flight coordination aspects of the UWKA
deployment. Additional description of this objective is provided below in the King Air Request
section. ERAU also has a UAS degree program, and the proposed field course will incorporate
aspects of flight planning in which both remotely and manually piloted aircraft must be
coordinated for optimal data collection.
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Feasibility and Costs of UWKA Deployment
The feasibility and cost requirements for the proposed educational project have been
discussed with Dr. Al Rodi and Dr. Jeff French from University of Wyoming. The two-week
deployment (late March to early April 2014) is within a period of time that the UWKA would be
available. The UWKA facilities cost is estimated as $118K for this deployment.
The proposed suite of flight experiments allows for valuable data collection in the variety
of meteorological conditions that may occur during the deployment window. Scientific
objectives have been selected that will not require availability of the UW Cloud Lidar or Cloud
Radar systems, in the event that these are needed for research programs elsewhere or for
engineering work at UW during the March/April time frame. The standard instrumentation on
the UWKA is sufficient to collect extensive measurements for the intended course audiences,
and reduces the need for engineering support from Wyoming. The ERAU Prescott Flight Center
has aircraft maintenance facilities and personnel available full-time which also can facilitate the
UWKA deployment logistics.
Details of the deployment objectives and instrument request are provided in the Request
section below:
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REQUEST FOR UNIVERSITY OF WYOMING
KING AIR SUPPORT
Student Training in Airborne Research and Technology (START)
GENERAL INFORMATION
Corresponding Principal Investigator
Name
Institution
Address
Phone
Email

Dr. Melanie Wetzel
Embry-Riddle Aeronautical University
3700 Willow Creek Rd. Prescott, Arizona 86301
cell 970-846-3670 / office 928-777-3831
Melanie.Wetzel@erau.edu

Project Description
Project Title

Student Training in Airborne Research
and Technology (START)
Dr. Dorothea Ivanova / Embry-Riddle
Aeronautical University
Prescott, Arizona
March 24 – April 7, 2014

Co-Investigator(s) and Affiliation(s)
Location of Project
Start and End Dates of Field Deployment Phase

Abstract of Proposed Project
The proposed two-week field deployment of the University of Wyoming King Air
(UWKA) will provide education on research flight scientific planning and logistics for
approximately 90 undergraduate students with majors in meteorology, aviation and aeronautical
sciences, and an estimated 15 graduate students in aviation and related disciplines. Student
activities will be conducted as seminars and courses in the Department of Meteorology,
including multiple sections of an introductory course for aeronautical sciences majors (WX201).
Airborne research themes will be a focus of multiple lectures and class activities in atmospheric
instrumentation/observations (WX270), special topics (WX395) and senior research class
content (WX457). Students are also able to register for independent study credits, and can focus
a research project using support from the NASA Space Grant program at ERAU. Scientific
objectives for the research flights will include study of aerosol dispersion, cloud microphysical
processes, and validation of mesoscale model parameters for boundary layer turbulence. In
addition, a weekend workshop for high school science teachers will be held at the ERAU
Weather Center and Flight Center, and summer career exploration camps at ERAU in future
years to make broader utilization of datasets collected during this project.
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A large percentage of the majors in the Department of Meteorology have aviation-related
careers in mind. Many of the students in the Aviation and Aeronautical Science degree programs
also complete a minor in Meteorology and related topics such as Aviation safety, Aerospace
Engineering, UAS and Air Traffic Management. These students will benefit from participation
in course activities that present training on the decision-making interactions between pilots and
scientists. The entire decision chain for research flight coordination, including FAA restrictions
for flight close to terrain and other aircraft, limitations for science-driven flight track scheduling,
forecast requirements, instrument deployment trade-offs, engineering aspects of adding new
instrumentation, formulating/verifying the validity of scientific objectives, quality control for
measurements, time/space sampling protocols, in-flight communications, coordination with other
aircraft (including possible RPVs), and other relevant aspects of research flight coordination.

PROPOSAL SUMMARY
What are the scientific objectives of the proposed project?
A two-week deployment of the University of Wyoming King Air (UWKA) is requested
to support meteorology and aviation education at Embry-Riddle Aeronautical University
(ERAU). This project will introduce students in meteorology, aviation safety, aeronautical
sciences and engineering to research flight planning, experiment design and deployment
logistics. The UWKA will be hosted by the ERAU Flight Operations Center at Love Field
(KPRC), near the ERAU campus in Prescott, Arizona (Figure 1). KPRC airfield elevation is
5045 ft MSL, and the airport has a control tower and flight service station. Runway 3R/21L has
dimension 7619 x 150 ft, a shorter parallel Runway 3L/21R has dimensions 4846 x 60 ft and
Runway 12/30 has dimensions 4408 x 75 ft.

Figure 1. ERAU Prescott Flight Operations Center; (a) Flight line, hangar building and
training facilities; (b) interior of ERAU maintenance hangar at KPRC.
Multiple courses and faculty will be involved in the educational deployment. The
WX201 course enrolls approximately 60 students each semester as an introduction to aviation
meteorology. The WX270 course, with expected enrollment of 12 students (typically majoring
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in Meteorology, Aeronautical Sciences and Engineering) has a focus on atmospheric
observations and instrumentation. Students will use data from the UWKA instrumentation as
well as ERAU capabilities, in a program that combines flight route and sampling pattern design
with parameter/data quality optimization. The WX457 course involves Meteorology seniors in a
semester-long research project and includes seminars by professionals in atmospheric science
careers. Aeronautical Science seniors enrolled in a similar course for their degree program will
also be included in the flight deployment activities. Through these and other courses and
seminars, ERAU students will be directly participating in flight planning discussions, instrument
system training, flight forecast simulations and follow-up data analysis during the deployment
period.
What are the hypotheses and ideas to be tested?
The primary goal of the UWKA flight coordination is to characterize the springtime
variability in regional aerosol sources and to demonstrate how these can have an impact on cloud
microphysical processes, precipitation development and water resources. Plumes of
concentrated aerosol common during springtime in Arizona include dust, smoke from prescribed
fires, and urban pollution from the Phoenix metropolitan area. While air mass conditions are
often dry, lifting of air flow over the orographic barriers of the Mogollon Rim, San Francisco
Peaks and smaller mountain features near Prescott (such as Granite Mountain) can cause cloud
formation and precipitation. Aerosol can thus impact the regional water resources through
multiple mechanisms, such as the influence on ice crystal nucleation, cloud droplet size, cloud
microphysical processes and radiation budget processes that determine precipitation efficiency.
Direct deposition of dust and carbonaceous aerosol to snowpack can decrease snow surface
albedo and cause attrition of the snowpack reservoir.
Since the primary purpose of this deployment is education, additional scientific
objectives have been identified so that the daily flight plan can make the most advantageous use
of meteorological conditions in the short (two-week) period. The second research theme focuses
on the hypothesis that mesoscale forecast modeling for the KPRC (Love Field) area can improve
ERAU flight training operational logistics. The UWKA will be used to obtain boundary layer
profiles with a series of ascent/descent profiles near KPRC to measure wind shear and turbulence
characteristics for validation of WRF model simulations. As a component of this research study,
flight observations of winds and g-force conditions obtained from the GARMIN1000
instrumentation of flight training aircraft operating during these days will be intercompared with
the WRF model grid data and UWKA measurements.
The over-arching goal of this program is the combined education of students in
aeronautical and atmospheric sciences on the procedures necessary for coordinated research
flight planning that uses one or more aircraft and to address multiple scientific objectives and
adequately consider FAA restrictions and flight safety protocol. Daily weather briefings and
post-flight debriefing discussions will be open to students and faculty, during which the possible
flight goals and measurement logistics will be considered.
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What previous experiments of similar type have been performed by you or other
investigators?
Dr. Wetzel has utilized the UWKA for programs sponsored by the Office of Naval
Research and NSF in which remote sensing of cloud microphysical characteristics and aerosol
effects on droplet growth were specifically investigated (Wetzel et al., 2000; Wetzel et al., 2001 ;
Stevens et al., 2003 ; Twohy et al., 2005). Figure 2 provides an example of ship-track aerosol in
reducing droplet mean diameter and producing a satellite-observed effect on brightness
temperatures differences (near 11:10 UTC in King Air sampling time series). She has also
conducted research using a wide variety of airbone/spaceborne sensors and platforms (tethered
balloon, long-range balloon, NASA aircraft, satellites) in several geographic regions, and has
applied to advance model validation and student training (Wetzel et al., 1994; Wetzel et al, 1995;
Wetzel et al., 2003). Figure 3 presents a comparison of boundary-layer air temperature from a
WRF model forecast and temperature measurements from an ERAU training aircraft, that was
developed for coursework related to aviation meteorology.

Figure 2. UWKA measurements during a DYCOMS II project flight showing droplet mean
diameter (Dmean), liquid water content (LWC) and down-looking IR temperature during a flight
circle in marine stratocumulus transecting a ship track. Co-located satellite observations of the
difference of near-infrared and infrared brightness temperature (Ch4-Ch2) indicate the spectral
emissivity effects of aerosol observable from spaceborne (and airborne) remote sensing
platforms.

11

14 Oct 2012 0021-0035 UTC

Altitude (m MSL)

G

T

Tmod

3500
3400
3300
3200
3100
3000
2900
2800
2700
2600
2500
2400
2300
2200
2100
2000
1900
1800
1700
1600
1500

-5

5

15

Air Temperature (C) ; Scaled G (*10)
Figure 3. Garmin1000 measurement of air temperature (T) from an ERAU training aircraft
descent profile compared with model (Tmod) forecast, along with g-force parameter (G) also
measured by the aircraft.

Dr. Wetzel has taught and co-taught multiple field training programs for graduate and
undergraduate students, supported by NSF and other organizations (Hallet et al., 1993; Wetzel et
al., 1996; Wetzel et al., 2003). Her research also includes ground-based and remote sensing
observations at mountain locations for study of aerosol effects in mixed-phase clouds (Lowenthal
et al., 2002; Saleeby et al., 2009). Dr. Ivanova’s research on cloud microphysics has focused on
the evolution of ice crystal size distributions and icing conditions in mixed-phase clouds
(Ivanova et al., 2001; Ivanova, 2010 ; Ivanova, 2011), and she has led multiple initiatives for
curriculum development in applied meteorology (Ivanova, 2008 ; Ivanova, 2012).

Give references of results published and explain how the proposed experiment and the use
of the requested facilities go beyond what has already been done.
Listed below are references for prior field-based training programs conducted by the PIs,
as well as research project results published and presented at national/international conferences
that are directly related to the proposed UWKA educational deployment. The design of this
program for daily decision-making to optimally use the aircraft capabilities according to
meteorological conditions will result in a variety of student projects completed during the spring
semester and further pursued in subsequent semesters. This activity will be a completely new
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opportunity for ERAU students, significantly advancing their knowledge on airborne research as
it is implemented for NSF, NASA, NOAA, other agencies and internationally.
The program will engage students with practical experiences that accelerate and
strengthen their career goal-setting. The use of the UWKA will provide transformative field
experiences that bring together students from the meteorology and aviation degree programs to
“model” their future professional opportunities. The mission of this proposed UWKA project
also directly supports the newly formed Embry-Riddle Undergraduate Research Institute, which
supports students and faculty in collaborative independent and team investigations directly
related to course topics.
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Laursen, D. K. Lilly, S. M. Loehrer, S. P. Malinowski, B. Morely, M. D. Petters, D. C.
Rogers, L. Russell, V. Savcic-Jovcic, J. R. Snider, D. Straub, M. J. Szumowski, H.
Takagi, D. C. Thorton, M. Tschudi, C. Twohy, M. Wetzel, and M. C. van Zanten, 2003:
Dynamics and chemistry of marine stratocumulus – DYCOMS II. Bull. Amer. Meteor.
Soc., 84, 579-593.
Twohy, C.H., M.D. Petters, J.R. Snider, B. Stevens, W. Tahnk, M. Wetzel, L. Russell, and J.-L.
Brenguier, 2005: Measurements of the indirect effect of aerosol particles on marine
stratiform clouds: Microphysics. J. Geophys. Res., 110, doi: 10.1029 / 2004JD005116.
Wetzel, M., R. Borys, and L. Xu, 1994: Retrieval of fog microphysical parameters from AVHRR
and simulated GOES-I channel radiances. Seventh Conf. Satellite Meteorology and
Oceanography, Monterey, CA, Amer. Meteor. Soc.
Wetzel, M., R. Borys, D. Lowenthal, and S. Brown, 1995: Meteorological support to the
Earthwinds Transglobal Balloon Project. Bull. Amer. Meteor. Soc., 76, 477-488.
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Wetzel, M.A., R.D. Borys, and L. Xu, 1996: Analysis methods for land-based fog droplet size
and optical depth using satellite data. J. App. Meteor., 35, 810-829.
Wetzel M.A., Chai S.K., Szumowski M.J., Thompson W., Haack T., Vali, G., and Kelly, R.
2000: Application of satellite microphysical retrievals for the analysis of the COAMPS
mesoscale prediction model. 13th International Conf. Clouds and Precipitation, Reno,
NV.
Wetzel, M.A., G. Vali, W. Thompson, S. Chai, T. Haack, M. Szumowski and R. Kelly, 2001:
Evaluation of COAMPS forecasts using satellite retrievals and aircraft measurements.
Weather and Forecasting, 16, 588-599.
Wetzel, M.A., R.D. Borys and D.R. Lowenthal, 2003: Graduate field training in atmospheric
measurements. 12th Symposium on Education, Long Beach, CA, Amer. Meteor. Soc.

What (if any) additional facilities (aircraft, sounding systems, radars, etc.) are expected to
be used in the proposed project?
ERAU has a rawinsonde facility that students will use to provide balloon soundings
launched from the ERAU campus during each research flight for verification of mesoscale model
forecasts, including wind shear and aerosol transport conditions in the flight area. We will
coordinate with the NWS Flagstaff office for utilization of data from their new dual-polarization
Doppler radar system. We also intend to involve ERAU training aircraft to obtain aircraft
sampling for study of lower troposphere turbulence using the GARMIN1000 units recording air
temperature, relative winds, lateral/vertical g-forces with many other aircraft performance
variables. The training aircraft will provide an additional component to the flight coordination
aspects of the UWKA deployment.

How will the instruments/platforms requested be used to test the hypotheses and address
each of the objectives?
The standard UWKA instrumentation to provide thermodynamic, kinematic, radiative
and microphysical parameters including aerosol and cloud physics size distributions are
requested. The WRF operational forecasting model will be utilized in the ERAU Weather
Center to produce flight period forecasts, and we will implement IDV analysis and other routine
meteorological visualization software for processing forecast and aerosol transport predictions
during the field deployment period.
What results do you expect and what are the limitations?
Results are expected to include vertical profiles, horizontal cross-sections and time series
subsets for analysis of aircraft measurements, to be used in conjunction with mesoscale model,
radiosonde, NWS radar and surface meteorological observations. Evaluation of the results will
be focused on the spatial variability and temporal evolution of aerosol size distributions, impacts
of aerosol on cloud microphysical processes, dynamic changes in mixed-phase cloud and
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precipitation particle distributions, modification of downward and upward radiative flux by
aerosol and cloud fields, and a characterization of model forecast accuracy for boundary layer
wind shear and turbulence measured near the ERAU flight operations area.
The primary limitation for the proposed program is the short duration (two weeks).
Difficulties with instrumentation, aircraft or weather conditions which may preclude certain of
the planned flights. However, the University of Wyoming King Air group has agreed to
participate in the student discussions and course seminars to discuss flight planning, instrument
systems and aviation safety aspects of airborne research during “down-time”. This is one of the
most valuable aspects of the proposed educational project, and we can draw from the detailed
background knowledge and experience of the University of Wyoming to give students a strong
appreciation for careers and scientific advancements possible through research aviation
programs.

Expected publication date and journal(s):
This project will lend itself to publication in journals of the AMS (such as Weather and
Forecasting, and Journal of Atmospheric and Oceanic Technology) as well as more broadly
available magazines such as AOPA Pilot and Weatherwise that promote recruitment of new
students. We expect to be able to submit articles beginning in late 2014.

Provide details about the experiment design:
Specific flight patterns are provided in later sections of this document. This section
describes the experiment design of using multiple objectives with a daily decision based on
meteorological scenario. We will thus optimize the instructional activities during the short
deployment window. Each day, WRF mesoscale model forecasts and HYSPLIT dispersion
forecasts will be prepared to determine the direction of airflow and dispersion characteristics for
the following day and the likelihood of significant aerosol sources and cloud development. If
cloud formation is predicted, UWKA flight tracks will be selected from previously specified
options to provide sampling over the Mogollon Rim (or for more localized studies, the San
Francisco Peaks near Flagstaff or Granite Mountain near Prescott). If cloud development is not
likely, aerosol sampling or boundary layer profiling will be selected. Note that while a series of
potential flight tracks will be determined prior to the field program, students will be invited to
observe the decision-making process for each flight and participate in the discussion with
questions to the pilots and project leaders. Days selected for study of aerosol sources (such as
prescribed fire plumes or surface lofted dust) or cloud microphysical studies will focus on
UWKA sampling the size distributions in the aerosol plumes and spiral profiles in aerosol and/or
cloud regions.
On days when significant aerosol sources or cloud formation is unlikely, the
measurements will focus on objective to improve operational logistics for the KPRC area of
ERAU flight training by validating mesoscale model forecasts of wind shear and turbulence.
The UWKA will be used to obtain boundary layer profiles of turbulence parameters for
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validation of the model forecasts, with a series of ascent/descent profiles and constant-altitude
transects near KPRC (but outside any controlled or hazard areas, as determined in coordination
with the FAA Control Tower at KPRC). Flights will be coordinated with rawinsonde profile
data collection by ERAU students from the campus launch site.

EDUCATIONAL BENEFITS OF THE PROJECT
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.
Briefly describe the involvement.
We expect approximately 90 undergraduate students and 15 graduate students to be
engaged in this project, in some way through direct course assignments, lectures, seminars,
visits to the UWKA at the ERAU Flight Center. Activities will include running of
meteorological forecast models for the region of central and northern Arizona, development
of new forecast graphical products to fit the objectives of scientific missions, selection of
research flight objectives based on daily weather conditions, determination of FAA and
logistical restrictions for single and multi-aircraft flight plans, launch/acquisition and
interpretation of balloon profile soundings, review of datasets collected from the flight
periods, and potential field sampling of snowfall amounts and/or dust deposition to snowpack
in northern Arizona,

Do you plan to enhance undergraduate and/or graduate classes with hands-on activities
and observations related to this project? If yes, describe.
We will incorporate the above-mentioned student activities into multiple courses,
including a course on atmospheric instrumentations (WX 270), an introductory course in
meteorology oriented to aeronautical sciences (WX201), the senior research course (WX457)
and special topics credit options (WX395). In addition, datasets and case studies will be
developed for graduate-level course topics in aviation safety and the atmospheric monitoring
aspects of global security.

Do you plan any outreach activities to elementary and/or secondary school students and/or
the public related to the project? If yes, please describe.
The ERAU Department of Meteorology has prior experience in creating instructional
workshops for science teachers. A workshop is planned for high school science and math
teachers which will incorporate the datasets and outcomes of the UWKA deployment
program. ERAU also has several summer programs for career exploration in engineering,
aviation, aerospace and computer applications. The Department of Meteorology intends to
develop a summer program that links the atmospheric and aeronautical sciences.
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Will information about the project's activities, results, data, and publications be made
available via the Internet? If yes, where?
ERAU (http://www.erau.edu) actively uses Internet resources to provide information on
programs and opportunities to the public, potential students, current students and alumni.
The Department of Meteorology provides real-time meteorological data from campus sensors
via the ERAU web pages, and will post the project results, data and publications for public
access.

PREVIOUS RESEARCH EXPERIENCE
Past airborne research support (include all NCAR/EOL, Wyoming and other aircraftsupported projects):
Specific grants which have supported prior airborne research projects are listed below.
These have included use of NASA airborne multispectral image data, development of
instrumentation and flight modeling for balloon flight, direct use of the UW King Air for oceanic
stratocumulus cloud systems in the Pacific Northwest and for nocturnal marine stratus offshore
southern California. Recent research, supported by the NASA Space Grant internally at ERAU,
includes use of small UAS platforms to collect multispectral imagery for improving the
prediction of surface-atmosphere fluxes in forest environments.
1991-1992 NASA Space Grant “Utilization of NASA AVIRIS Data to Simulate AVHRR and
EOS Instrument Observations”
1992-1993 NASA Space Grant “Use of AVIRIS for Study of Mixed Phase Clouds”
1993-1994 E.L. Wiegand Foundation “Atmospheric Profiling and Air Chemistry
Instrumentation for the Earthwinds Transglobal Balloon Program”
1998-2000 ONR “Satellite Retrievals for Low-level Cloud and Fog” (included use of UWKA)
2000-2003 ONR “Multispectral Remote Sensing of Fog and Stratus” (included use of UWKA)
2001-2003 DOE-EPSCoR “Marine Stratus Variability”
Publications resulting from past airborne research:
Adhikari, N.P., M.A. Wetzel, D.R. Koracin and S.K. Chai, 2003: Analysis and prediction of
microwave refractivity profiles in nocturnal marine cloud layers. Fifth Conference on
Coastal Atmospheric Prediction and Processes, Seattle, WA, Amer. Meteor. Soc
Ivanova, D., ‘Aircraft Icing Potential and Ice- and Mixed-phase Cloud Particle Size
Distributions’, 2011 ASR – ARM Science Team Meeting, March 28 - April 1, 2011, San
Antonio, TX.
Ivanova, D., 2010: ‘Ice Clouds Size Distributions (SDs), Ice Water Content (IWC), and their
dependence on temperature – What thousands of SDs tell us’ for the annual ARMAtmospheric Systems Research, DOE Science Team Meeting 2010 in Bethesda, MD.
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Ivanova, D., ‘Ice Clouds Parameterizations, Size Distributions (SDs), and Aircraft Icing’, First
Southwest Winter Weather conference, NWS, Flagstaff, AZ, November 18, 2010.
Ivanova, D., D. L. Mitchell, W. P. Arnott, and M. Poellot, 2001: A GCM parameterization for
bimodal size spectra and ice mass removal rates in mid-latitude cirrus clouds, Atmos.
Res., 59-60, 89-113.
Jekov, J, G. Mardirossijan, K. Penev, D. Ivanova, and D. Indjeva, 1996: Complex synchronous
measurements and observations in remote sensing with pulse photometer TERMA for the
flight of the second Bulgarian cosmonaut, Aerospace Res., 8.
Koracin, D.R. J. Powers, M.A. Wetzel, S. Chai and N. Adhikari, 2003: Improving prediction of
the marine coastal clouds using satellite and aircraft data. Fifth Conference on Coastal
Atmospheric Prediction and Processes, Seattle, WA, Amer. Meteor. Soc.
Stevens, B., D. H. Lenschow, G. Vali, H. Gerber, A. Bandy, B. Blomquist, J.-L. Brenguier, C. S.
Bretherton, F. Burnet, T. Campos, S. Chai, I. Faloona, D. Friesen, S. Haimov, K.
Laursen, D. K. Lilly, S. M. Loehrer, S. P. Malinowski, B. Morely, M. D. Petters, D. C.
Rogers, L. Russell, V. Savcic-Jovcic, J. R. Snider, D. Straub, M. J. Szumowski, H.
Takagi, D. C. Thorton, M. Tschudi, C. Twohy, M. Wetzel, and M. C. van Zanten, 2003:
Dynamics and chemistry of marine stratocumulus – DYCOMS II. Bull. Amer. Meteor.
Soc., 84, 579-593.
Twohy, C.H., M.D. Petters, JR. Snider, B. Stevens, W. Tahnk, M. Wetzel, L. Russell and F.
Burnet, 2004: Measurements of the aerosol indirect effect in marine stratiform clouds.
AAAR Conference, Atlanta, GA, October 4-8, Amer. Assoc. for Aerosol Research.
Twohy, C.H., M.D. Petters, J.R. Snider, B. Stevens, W. Tahnk, M. Wetzel, L. Russell, and J.-L.
Brenguier, 2005: Measurements of the indirect effect of aerosol particles on marine
stratiform clouds: Microphysics. J. Geophys. Res., 110, doi: 10.1029 / 2004JD005116.
Vellore, R.K., D. Koracin, M. Wetzel and J.G. Powers, 2005: Verification study: Modeling the
evolution and structure of nocturnal marine stratocumulus during DYCOMS-II. Sixth
Conference on Coastal Atmospheric and Oceanic Prediction and Processes, Amer.
Meteor. Soc.
Wetzel, M.A., and R.M. Welch, 1992: Simulation of AVHRR-K band ratios with AVIRIS. Third
Annual Airborne Geoscience Workshop, Pasadena, CA, NASA Jet Propulsion
Laboratory.
Wetzel, M.A., 1994: Use of hyperspectral airborne radiances to simulate cloud microphysical
retrievals from AVHRR-K. European Symposium on Satellite Remote Sensing, Rome,
Italy.
Wetzel, M.A., 1995: Simulation of radiances for future AVHRR platforms with the AVIRIS
spectral radiometer. Int. J. Rem. Sens., 16, 1167-1177.
Wetzel M.A., Chai S.K., Szumowski M.J., Thompson W., Haack T., Vali, G., and Kelly, R.
2000: Application of satellite microphysical retrievals for the analysis of the COAMPS
mesoscale prediction model. 13th International Conference on Clouds and Precipitation,
Reno, NV.
Wetzel, M.A., G. Vali, W. Thompson, S. Chai, T. Haack, M. Szumowski and R. Kelly, 2001:
Evaluation of COAMPS forecasts using satellite retrievals and aircraft measurements.
Weather and Forecasting, 16, 588-599.
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Wetzel, M., D. Koračin, R. Vellore and S. Chai, 2005: Temporal and spatial variability of the
microphysical characteristics of nocturnal marine stratocumulus observed with GOES
Imager. Ocean-Atmosphere-Land Processes and Interactions in the Eastern Pacific.
AGU Fall Meeting, San Francisco, CA, Amer. Geophys. Union.

FUNDING AGENCY INFORMATION
Funding Agency

NSF LAOF Educational
Request

Contract Officer
Contract Identification
Proposal Status
Approximate Amount Budgeted (total research)
Is support for deployment expected through NSF-LAOF
deployment pool (see note below)?
If answer to above is no, provide amount budgeted for
deployment costs:

Yes

DATA ACCESS POLICY
UWYO King Air policy will make all King Air data publicly available once the data are quality
controlled. If a PI wants to have exclusive access to these data for the first year, s/he has to
officially request such a restriction via email from the flight facility manager (rodi@uwyo.edu)
eight weeks prior to the start of an experiment.
Do you intend to request restricted access?
No, we would not need to request restricted access.

AIRAFT OPERATIONS
Preferred flight period
Number of flights required
Estimated duration of each flight
Number of flights per day
Preferred base of operation
Alternate base
Is Laramie Airport acceptable as your operations base?
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March 24 – April 7, 2014
32 hours requested
4 hours
One
Love Field, Prescott AZ
Requesting ERAU
Prescott Flight Center
(KPRC) airport location

Average flight radius from base
Desired flight altitudes(s)
Particular part(s) of day for flights
Statistically, how many days during specified period should be
acceptable for flight operations?
Number of scientific observers for required each flight

100 km
Surface to 8 km AGL
9 am – 1 pm MST
75%
2 – 3 (flexible)

Scientific rationale for the use of this aircraft in the proposed project:
The University of Wyoming King Air carries an excellent suite of aerosol, cloud
microphysics and precipitation probes valuable for demonstrating instrument technology and
providing datasets for interpretation of the variety of aerosol-cloud interactions and boundary
layer structure expected during the project. The UWKA also has maneuverability and
instrumentation needed for the boundary layer wind shear studies intended for intercomparison
of model, sounding and training aircraft datasets. Scientific observers on each flight will be one
faculty member and one student, selected to represent the courses participating in the UWKArelated instruction and data analysis. If space and seating availability allows an additional
student to be included on each flight, we will assign these students to work as two-person teams
to enhance their presentations on the flight outcomes during later class sessions.

Description of desired flight pattern(s), priorities, and estimate number of flights for each:
(Please include graphics and flight pattern images as needed.)
We request four-hour flights ( 9 am – 1 pm) on eight days during the two-week deployment.
Preliminary decision on the flight pattern would be made during discussion between pilot, flight
scientist and faculty (with student observers) in a briefing room (ERAU Flight Center or Weather
Center) at 4:30 pm on the previous day, with confirmation of the flight plan at 8:00 am each
morning. The flight pattern for the day will be selected from a group of possible meteorological
situations: (1) prescribed fire in Prescott National Forest (communicated in morning briefings
from the USFS staff), (2) dust event predicted for area northeast of Flagstaff, (3) mixed-phase
cloud and precipitation forecast due to orographic or synoptic-scale event in north-central
Arizona including Mogollon Rim, (4) wind shear / convective boundary layer development in
vicinity of KPRC. Wind climatology information for April at KPRC is shown in Figure 4, and
conditions for March are very similar.
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Figure 4. April wind rose for 1961-1990 at Love Field, Prescott, Arizona.

Descriptions of the four flight scenarios are given below:
(1) Prescribed fire in Prescott National Forest; Figure 5 is an example of a representative
flight pattern:
 UWKA departs from KPRC; flight to location upwind of the observed fire plume and
4,000 ft above the visually estimated plume top altitude
 Prior to flying a half-circle around the fire location, conduct a descending spiral in the
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“clean air” upwind zone to 2,000 ft AGL
Spiral ascent to the apparent altitude of plume core and circle the fire area (maintain safe
radial distance from plume) to a downwind location
Sample 10 nmi cross-wind segments through the estimated plume core, with 5 nmi
downwind track at end of each cross-wind segment; repeat this cross-wind and downwind
sampling pattern five times
If clouds develop in the vicinity, descend to cloud base and conduct ascending spiral to
cloud top (or aircraft flight ceiling)
If no cloud is sampled, finish with spiral descent/ascent in plume horizontal center at
final range, from 2,000 ft AGL to 4,000 ft above prior cross-track legs
Return to KPRC

Figure 5. Plan view for a flight track example (red graphic line) for the prescribed fire
scenario. A description of the segments at constant-altitude as well as spiral
ascent/descent sampling is provided in the narrative.
(2) Dust event in region northeast of Flagstaff (see Figure 6):
 UWKA departs from KPRC; ascent along prevailing flow direction to 14,000 AGL,
passing area of San Francisco Peaks north of Flagstaff (region of potential mountain
wave dynamics)
 Continue downwind to ~ 15 nmi east of Tuba City
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 Spiral descent to 2,000 ft AGL
 Sample 20 nmi cross-wind segments though the estimated plume, fly downwind 15 nmi ;
repeat this cross-wind and downwind sampling pattern five times
 If clouds develop in the vicinity, descend to cloud base and conduct spiral ascent to cloud
top (or aircraft flight ceiling)
 If no clouds encountered, conduct spiral ascent to 2,000 ft above the prior cross-wind legs
 Return to KPRC

Figure 6. Plan view for a flight track example (red graphic line) for the scenario of
windblown dust in northeast Arizona. A description of the segments at constant-altitude
as well as spiral ascent/descent sampling is provided in the narrative.
(3) Orographic/synoptic cloud and precipitation development (see Figure 7):
 UWKA depart from KPRC toward area of expected cloud formation over Mogollon Rim
(note that expected flow from southwest brings urban aerosol from Phoenix area and/or
dust from central Arizona) ; if conditions indicate other terrain focus, select sampling
near San Francisco Peaks / Flagstaff terrain or Granite Mountain / Prescott area)
 On approach to cloud field, assess wind and cloud distribution with objective to sample
50 nmi horizontal segments downwind/upwind across terrain ridge, parallel to prevailing
flow
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 Conduct ascending segment across the terrain feature (Rim or topographic ridge)
sampling at levels 2,000 ft AGL to 2,000 ft above cloud top (or aircraft ceiling) with
2,000 ft vertical separation, with translational shift of each successive segment 5 nmi
perpendicular to prevailing flow
 Return to KPRC

Figure 7. Plan view for a flight track example (red graphic line) for the scenario of
orographic cloud development over Mogollon Rim in north-central Arizona. A
description of the horizontal segments at varying altitude is provided in the narrative.

(4) Wind shear / convective boundary layer development in vicinity of KPRC (see Figure 8):
 UWKA departs from KPRC downwind to radial distance of 10 nmi, ascending enroute (if
airspace or safety restrictions exist, identify alternate location)
 Spiral descent to 2,000 ft AGL, followed by ascent to 18,000 ft AGL
 Enter KPRC landing pattern and conduct touch-and-go procedure
 Repeat downwind spiral descent/ascent at 10 nmi radial distance from KPRC, followed
by touch-and-go procedures, for remainder of flight time
 After final downwind spiral descent/ascent, return to KPRC
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Figure 8. Flight track example for the scenario of wind shear / boundary layer
forecasting study in vicinity of KPRC. A description of spiral ascent/descent sampling in
conjunction with touch-and-go procedures is provided in the narrative.

STANDARD AND OPTIONAL-STANDARD UWYO KING AIR AIRBORNE
SCIENTIFIC INSTRUMENTATION AND MEASUREMENTS
Standard Measurements
The list in Appendix 1 shows the UWYO King Air’s standard measurements that are provided
automatically when the King Air is allocated for a project.
Additional instruments available upon request (Optional Standard)
Before requesting optional standard instruments in this section, please consider some require
additional resources and may need special data handling. The number and/or combination of
instruments may exceed UWYO’s personnel and/or hardware resource limits. Mark these extra,
Needed instruments with “yes.”
Instrument

Cloud Properties
Rosemount 871FA
DMT LWC-100

Measurements Available




Icing Rate
Cloud Liquid Water
25

Needed

Yes
Yes






Cloud Liquid Water,
Droplet Surface Area,
Droplet Effective Radius
Cloud Particle Size Distribution (0.5 – 47m;
selectable )
 Total Concentration,
PMS FSSP-100
 Derived Liquid Water Content,
 Derived Droplet Effective Radius,
 Derived Droplet Surface Area,
 Derived Mean Volume Radius
 Cloud Particle Size Distribution (12.5 –
PMS OAP-200X (1DC)
185.5 m)
 Cloud Particle Images (>25 m)
PMS OAP-2DC
 Cloud Particle Size Distribution
 Precipitation Particle Images (>200 m)
PMS OAP-2DP
 Precipitation Particle Size Distribution
Fast Response Measurements suitable for fluxes and/or turbulence
Reverse Flow wire
 Air Temperature
 Water Vapor
Licor 6262
 Carbon Dioxide
Special High Frequency Data
 1 Hz data is standard, high-rate processing
Processing
available, specify frequency needed
Gerber PVM-100

Instrument

Measurements Available

Yes

Yes

No
No
Yes
Yes
No
Yes,
~1 -5 Hz

Needed

Radiative Properties
Eppley PSP (Pyranometer)
Eppley PIR (Pyrgeometer)
Heimann KT-19.85
(Radiative Thermometer)
Aerosol Properties
PMS PCASP-100X w/ DMT
Signal Processing Package
TSI 3010 CPC
Trace Gas Properties
Licor 6262




Up-welling and Down-welling Radiation
(0.285 – 2.800 m)
Up-welling and Down-welling Radiation
(3.50 - 50 m)



IR Radiometric Surface Temperature




Aerosol Size Distribution (0.12-3.0 m; 30
size bins)
CN Concentration ( > 15 nm)




Water Vapor
Carbon Dioxide

No



Down-looking with date/time stamp (in
addition to the standard forward-looking
video)

Yes

Yes
Yes
Yes

Yes
Yes

Miscellaneous Properties
Digital Video recording
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NON-STANDARD INSTRUMENTATION GROUPINGS
The following instrument/measurement groupings are considered non-standard and may require
additional resources for preparation, maintenance, and/or data processing. If any of the
additional measurements are required please mark the needed instruments/measurements with
“yes.” Please supply a scientific rationale for each non-standard instrument/measurement, and
any additional information that may be necessary to evaluate the appropriateness for that
instrument to meet measurement objectives.
Instrument Grouping

Measurements Available in Grouping

Needed

Cloud Properties (technical contact: Dr. Jeff French, jfrench@uwyo.edu, 307-766-4143)
DMT Cloud Droplet Probe
Yes
 Cloud Particle Distribution (2-50 m)
 Cloud Particle Distribution and Images
DMT Cloud Imaging Probe
Yes
 Diameter > 25 m
Trace Gas Chemistry (technical contact: Dr. Jeff Snider, jsnider@uwyo.edu, 307-766-2637)
TEI model 49
 Ozone (0-1000 ppbv)
TEI model 42S
 Nitrogen Oxides (0.1-100 ppbv)
TEI model 43bs
 Sulfur Dioxide (1-100 ppbv)
Aerosol Properties (technical contact: Dr. Jeff Snider, jsnider@uwyo.edu, 307-766-2637)
TSI 3025 CPC
 UFN Concentration ( > 5 nm)
UWYO CCNC-100A
 CCN Concentration (0.2% - 1.6% S)
Radiance Research M903
 Light Scattering Extinction Coefficient @
Nephelometer
530 nm
***Experimental/Developmental Instruments***
TSI 3936L10 SMPS
 Aerosol Size Distribution (0.02-0.5 m; 64
Spectrometer
size bins)
Magee Scientific AE16
 Elemental Black Carbon
Aetholometer
Scientech model LBF3
 Sulfur Hexaflouride (0-20 ppbv)
UWYO Enzyme Hydrogen Peroxide (0-20 ppbv)
fluorometric
***Experimental instruments require additional support
Scientific rationale for the use of special non-standard instruments in the proposed project
(add justification for each instrument/measurement):
The DMT cloud probes (CIP and CDP) are requested in order to carefully span the range
of droplet sizes as the spectrum evolves with the expected influences of diverse aerosol sources,
orographic forcing and convection. Characterization of droplet and precipitation particle images
may also be useful in study of specialized parameters obtained by the NWS dual-polarization
radar located near the flight region.
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Summary of any special requirements that pertain to non-standard measurements, please
include spatial resolution, accuracy and precision requirements:
Note: Consultation with the facility manager or technical contact is often useful and therefore
encouraged before submitting a request that includes measurements of aerosol properties.

SUPPORTING SERVICES
Will you require air-ground communication? (If so, specify location of base station and
operating frequencies, some limited communications may also be available through sat phone
connections on the UWYO King Air.)
Xchat capabilities will be beneficial.
What real-time display and data services are required?
A basic data/analysis center with LAN connections to the UWYO computers and access to the
internet will be provided in the field by UWYO. Support, if requested, may include real-time
communications links to the aircraft via “chat” and real-time display of selected variables
through UDP data forwarding, currently supported through NCAR JOSS. Access to forecasting
tools and preparations of operational forecasts are not usually included as part of this service.
Real-time display and communications would be of benefit in representing the current
and future capabilities for the students in their future careers in the aeronautics and aviation
meteorology, such as in the FAA NextGen development objectives.
On-site data access requirement:
Access to data from the previous day’s flight would be extremely valuable, so that the
data can be viewed and discussed within the context of classes in meteorology applied to
aviation (WX 201, WX301), atmospheric instrumentation (WX270) and other courses
involved with the project.

APPENDIX I: UWYO KING AIR
Standard Airborne Scientific Measurements
Instrument list with range, accuracy, and resolution can be found at:
http://flights.uwyo.edu/base/InstList.pdf
I. TIME
Name
HOUR
MINUTE
SECOND
TIME
DATE

Units
Hr
Min
Sec
Hhmmss
Yymmdd

Description
Slaved to GPS time (GMT)
Slaved to GPS time (GMT)
Slaved to GPS time (GMT)
Slaved to GPS time (GMT)
Slaved to GPS time (GMT)
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base_time
S
Reference Start Time (UNIX time format)
time_offset
S
Offset from Reference Start Time
II. INERTIAL REFERENCE SYSTEM (Honeywell Laseref SM IRS)
Name
Units
Description
hlat, LAT
degree_N Inertial Latitude
hlon, LON
degree_E Inertial Longitude
Hthead
degree_T Aircraft True Heading Angle
Hpitch
Degree
Aircraft Pitch Angle
Hroll
Degree
Aircraft Roll Angle
Hyawr
radian s-1 Aircraft Yaw Angle Rate
Hpitchr
radian s-1 Aircraft Pitch Angle Rate
Hrollr
radian s-1 Aircraft Roll Angle Rate
Hlata
G
Aircraft Lateral Acceleration (body axis)
Hlonga
G
Aircraft Longitudinal Acceleration (body axis)
Hnorma
G
Aircraft Normal Acceleration (body axis)
Hivs
m s-1
IRS-Computed Aircraft Vertical Velocity
-1
Hgs
ms
Inertial Ground Speed
Htrk
degree_T Inertial Ground Track Angle
Hewvel
m s-1
Inertial Ground Speed Vector, East Component
Hnsvel
m s-1
Inertial Ground Speed Vector, North Component
III. GLOBAL POSITIONING SYSTEM (GPS, Ashtech Z-Sensor)
Name
Units
Description
GLAT
degree_N GPS Latitude
GLON
degree_E GPS Longitude
GALT
m
GPS Altitude
IV. ALTITUDE AND POSITION
Name
Units
Description
ralt1
m
Geometric (Radar) Altitude (King) (0-610 m)
ralt3
m
Geometric (Radar) Altitude (APN232)
z, PALT
m
Pressure Altitude (Std Atm)
Ztrue
m
Altitude (Hypsometric)
hi3
m
IRS Altitude, (Baro-loop corrected)
LATC
degree_N IRS Latitude, GPS-Corrected
LONC
degree_E IRS Longitude, GPS-Corrected
Xdist
km
Distance East from ‘Center Coordinate’
Ydist
km
Distance North from ‘Center Coordinate’
Xerr
km
Position Error (east component); IRS-GPS difference
Yerr
km
Position Error (north component); IRS-GPS difference
V. VELOCITY AND ACCELERATION
Name
Units
Description
hacz3
m s-2
Vertical Acceleration (Baro-loop corrected)
-1
hwp3
ms
Vertical Speed (Baro-loop corrected)
Uerr
m s-1
Velocity Error (east component; subtract from ‘hewvel’)
-1
Verr
ms
Velocity Error (north component; subtract from ‘hnsvel’)
VI. AIRCRAFT AND METEOROLOGICAL STATE PARAMETERS
Name
Units
Description
29

Alpha
degree
Attack Angle
Beta
degree
Sideslip Angle
Pmb
mb
Static Pressure (Rosemount 1201)
ps_hads_a
mb
Static Pressure (Rosemount HADS)
ps_had_b
mb
Static Pressure (Rosemount HADS)
Dpa
mb
Differential Pressure Normal (body axis)
Dpb
mb
Differential Pressure Lateral (body axis)
Dpr
mb
Differential Pressure (approximately Q for zero sideslip and attack)
Aias
knots
Indicated Airspeed, pilot pitot
Bias
knots
Indicated Airspeed, co-pilot pitot
tas, TASX
m/s
Aircraft True Airspeed
Torque
ft lbs
Left Engine Torque
Turb
MKS
Turbulence
VII. THERMODYNAMIC MEASUREMENTS
Name
Units
Description
Trf
C
Ambient Temperature (Reverse-Flow)
Trose
C
Ambient Temperature (Rosemount 102)
Tdp
C
Dew Point Temperature (Cambridge model 137C3 chilled mirror)
Thetad
K
Potential Temperature (dry)
Thetae
K
Equivalent Potential Temperature
Rh
%
Relative Humidity
Mr
g kg-1
Mixing Ratio
VIII. WINDS
Name
Units
Description
Hu
ms
Wind Vector, East Component
Hv
ms
Wind Vector, North Component
Hw
ms
Wind Vector, Vertical Component
Hwf
ms
Wind Vector, Vertical Component (high-pass filtered)
Hwmag
ms
Horizontal Wind Speed
Hwdir
degree_T Horizontal Wind Direction
Ux
m/s
Wind Vector, Longitudinal Component
Vy
m/s
Wind Vector, Lateral Component

In addition to the above listed standard measurements, also provided are the
following as part of the standard flight log:
VHS Video recording
Audio recording
Event markers

Forward-looking with date/time stamp (may be replaced with
down-looking video; see optional standard measurements
section)
Full flight record of King Air intercom and radios
Multiple event markers set by flight crew
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Summary:
The University of Wyoming King Air (UWKA) is requested for use to support Meteorology and Aviation
education at Embry Riddle Aeronautical University (ERAU). The Student Training in Airborne Research
and Technology (START) project will introduce undergraduate and graduate students within meteorology
and aeronautical sciences and engineering at ERAU to planning and deploying aircraft for research
purposes. Students will be involved in flight planning, instrument system training, flight forecast
simulations and follow-up data analysis as part of START. Data sets collected during START will be
used in multiple course at ERAU and will focus on numerous aspects of observational airborne studies
including aerosol, radiation, boundary layer, and clouds.
Hours Required:
The PIs request 32 research hours over a 2 week window. Individual flights should be able to achieve
multiple objectives depending on weather conditions for the day. We anticipate typical 4 hour duration
flights (8 flights, 14 deployment days). An additional 6 hours for ferry flight (to/from Arizona) and 5
hours of test flight (3-4 in Laramie, 1-2 in Arizona) are required. A total of 43 flight hours are reqested
for support of START-14.
Project Dates/Scheduling:
The requested time frame for START is March 24 to April 7, 2014. This two week period should be
sufficient to accomplish 8 research flights, given the broad range of conditions in which the PIs are
interested. The exact days may be adjusted either slightly forward or back, but current obligations should
not lead to a major shift in deployment dates.
Currently the UWKA is scheduled to return from OWLeS 13/14 deployment at the end January and to be
available for flight testing (based out of Laramie) in February. There remains sufficient time between this
and the beginning of START for re-configuration and pre-project testing for deployment to Prescott, AZ
in late March.
At present, the UWKA may still be deployed for the NORCIS project in June 2014. We are awaiting a
decision from NSF. If NORCIS is funded, there will be sufficient time to return from START,
reconfigure and test for NORCIS prior to deploying. However—this will result in a reasonably busy
spring, 2014.
Operations:
The preferred base of operations is Prescott, AZ; ERAU Flight Center. Basing here is quite important to
the project for access to the aircraft for students and faculty and use of the facilities for training and
education as part of START. The airfield is suitable for UWKA operations. Presumably the UWKA will
be based in the ERAU hangar—at this time we do not have verification of the hangar dimensions. If the
project moves forward this will need to be checked with the hangar manager, as well as suitable power,
etc. At this time, we do not anticipate any problems and there does not appear to be any show stoppers.
The flight patterns provided in the request are supportable, as requested. Once anticipates some
refinement if the project does move forward. The PIs are aware of the flight limitations of the UWKA so
we do not anticipate any significant issues. The flights require both VFR and IFR portions—on days
when cloud is present we will focus on cloud work—on days with no clouds we will focus on boundary
layer, aerosol, and or basic thermodynamics/dynamics and turbulence.
We anticipate all VFR work will be conducted at altitudes no lower than 500 ft AGL (lowest requested
altitude in the UWKA request is 2000 ft)—this should be accommodated. In cloud work will of course
require close coordination with ATC, but nothing out of the ordinary.
There is mention of ‘coordinated flights’ with other aircraft—there is not enough information to
determine the amount of coordination that is requested. If the project moves forward this item will need to
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be discussed in short order. Dedicated coordination will require face to face meetings between pilots, a
well-established flight plan, and communication between aircraft during flight.
Only a single flight per day is requested. Typically, flights will begin around 9 AM and end around 1 PM.
Outside of normal flight days, the UWKA crew will be asked to engage in part of the student training—
discussions of instruments, flight planning, and data analysis. This may make for a rather busy
deployment, particularly for the system scientist. Consideration may be given for deployment of two
system scientists.
The PIs would like (if possible) up to 3 seats per flight. Typically the UWKA has available only 2
scientific observer seats. However, the since the WCR and WCL are not requested for deployment, there
will be room in the cabin for an additional seat. At present, we do not own a seat, but may consider
renting or purchasing a seat that can be installed for START and used as a spare observer seat in future
projects.
Crewing:
A 2 week campaign can be crewed by a single rotation. We will have a pilot, technician, and system
scientist for the entire campaign. We will consider bringing an engineer for the first week. We may
consider a second system scientist/project manager depending on the anticipated involvement for the
teaching portion of the project. It could be very useful to have a second scientist on the ground, during the
flights to discuss using the real-time data, etc. Also, Once anticipates a very intensive campaign and this
will ensure quicker turn-around of data while still meeting teaching objectives of the project.
Hazards and other Operation Considerations:
Crew Duty Guidelines:
For planning purposes, a duty period begins approximately two hours prior to takeoff, and ends
approximately one hour after the last flight. On a “standby” day, crew duty ends when the flight is called
down for the day.
Activity

Hours

Flight in any 24 hour period

7

Flight in any 7 day period

35

Flight in any 30 day period

110

Crew duty period

14

Crew rest period

12

Consecutive work days

6 days

Operations during Circadian Low

Any duty within the time period from 0200 to
0600 is considered Circadian Low Operation
(WOCL). For any operations within the
WOCL, the maximum crew duty period will be
reduced by 100% of the amount of
encroachment—e.g. if operations begin at
0400, 2 hours before the end of the WOCL,
maximum duty period is reduced by 2 hours.

For START, only one flight per day is anticipated. Also, we anticipate no operations within the WOCL.

START-14/UWKA (7/15/2013)

page 3 of 4

Airspace Considerations:
The Sunny Military Operations Area (MOA) is located about 60 nautical miles northeast of Prescott. This
will need to be given consideration during flight planning. Phoenix is located approximately 60 nautical
miles south-southeast of Prescott. This must also be given consideration during flight planning purposes.
There are several small Wilderness Areas—these generally allow passage no lower than 2000 ft AGL.
Safety Considerations:
Within this document we are only listing safety considerations with possible mitigations. If START is
funded, the UWKA group will be expected to address all of these (and any additional identified safety
considerations) and determine suitable mitigations. At this time, there are no safety considerations that are
considered show-stoppers.
1. Possible involvement of other aircraft: the request lists some coordination with other aircraft—it
is not clear how much coordination is expected. This is a top priority issue in the event the project
moves forward. Deconfliction with other aircraft may require: face-to-face meetings with pilots,
carefully coordinated flight plans, aircraft-to-aircraft communications.
2. Possible involvement of balloon soundings: this may require deconfliction with flight plans—
depending on launch times and locaitons
3. Turbulence and or lee waves/rotors in the mountain downwind: this will require more careful
analysis and discussion with the PIs to determine conditions under which they would like the
UWKA to fly. We don’t anticipate this is a problem—but need to address this with the PI to
ensure it is not—and that we understand the anticipated meteorological conditions into which we
will be flying.
4. General Aviation Traffic: Particularly for flights in good VFR conditions (but really in all flights)
we may anticipate large amounts of general aviation traffic at times. Hazards may be
compounded by greater number of student pilots in the area. Care must be taken in flight planning
and training of crew. All crew onboard the UWKA should be utilized for visual lookout, and
flight following should be incorporated, particularly in regions where higher than normal general
aviation traffic is expected.
Waivers required:
No special waivers will be required.
Instrumentation and Discussion:
The following instruments have been requested for START:
Optional Standard:
Rosemount 871FA (icing), PVM100, OAP 2DP, LICOR 6262, Fast Temperature (provided by
reverse-flow instrument), PCASP-100X, TSI 3010 CPC, PSP (U/D), PIR (U/D), Heimann KT
(surface temperature)
Non-Standard:
DMT CDP, DMT Fast2DC/CIP
User-Supplied:
None
Instrument discussion:
The requested instrument package can be installed as requested. The payload is well within constraints of
size, weight and power limitations. The UWKA team may consider also operating the LICOR7500 (open
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path Licor) for water vapor. START may provide a good environment for continued testing of the tis
probe. Inclusion of the 7500 will be included a non-interference basis with the requested instrumentation.
Other considerations:
XCHAT and real-time data display on the aircraft (and limited) on the ground should be available.
Ground displays utilized NCAR Aeros software and a limited set of 1-D variables will be uploaded to the
NCAR server from the UWKA in real-time (1 Hz).
The PIs request 2-3 scientific observers per flight. Additional observers would allow more opportunity for
education during flight. Given the requested instrument package, there is room in the cabin for an
additional seat. However, at this time, the facility does not have a fifth seat or pedestal and display
system. It is likely these items can be acquired and prepared prior to START if a funding source can be
identified.

