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1.0 INTRODUCTION

Project FIRE (First International Satellite Cloud Climatology
Project (ISCCP) Reglonal Experiment) is a U.,S. cloud climatology
research program to validate and improve ISCCP data products and
cloud/radiation parameterizations used in general circulation models.

The goals of FIRE are (1) to seek the basic understanding of the
interaction of physical processes in determining the properties of
cirrus and marine stratocumulus systems over their life cycles

and (2) to investigate the interrelationships between the ISCCP
data, GCM parameterizations, and higher space and time resolution
cloud data.

The FIRE Implementation Plan outlines a series of investigations
and observations designed to meet the goals of basic understanding
and parameterizations of cirrus and marine stratocumulus cloud
fields and ISCCP data products. There are three components des-
cribed in the Implementation Plan: a modeling component and two
data gathering components involving Extended Time Observations
(ETO) and Intensive Field Observations (IFO).

The Modeling component includes radiative transfer models, cirrus
and marine stratocumulus physical process models, general circula-
tion and climate models, and retrieval algorithm models. All FIRE
modeling strategies seek (1) to compare the best current under-
standing of a phenomenon with observations of that phenomenon and
{2) to extend that understanding by utilizing the models to extra-
polate to other conditions.

The Extended Time Observations component will consist of coordi-
nated satellite data, meteorological analyses, and data from a
limited number of surface observing sites throughout the year over
a four year period. These data will provide a means of extending
the results derived in the more detailed Intensive Field Observa-
tion intercomparison studies to larger time and space scales.

The ETO program will directly support the ISCCP and GCM valida-
tion efforts.

The ETO is subdivided into two space scales: Extended Area (EA)
and Limited Area (LA). The EA data set is meant to provide data
over a large geographical area where occurrences of cirrus and
stratocumulus cloud systems may be found in a variety of geograph-
ical locations; and to allow for multi-satellite, multiple-view
observations of these systems. The LA data set is geographically
specific to the location and surrounding area of surface observing
sites being maintained throughout the FIRE experiment.

Though the results of the LA studies will be significant in and of
themselves, it is their relationships to the other parts of FIRE
cirrus cloud studies that is most important. For example, pre-
liminary cirrus cloud modeling results have shown that the linkage



between fine-scale radiative, microphysical and dynamic processes
are important in determining the overall character of a cirrus
cloud in a given environment. However, knowledge of these proces-
ses and the coupling between them in actual cirrus is to a large
extent speculative. The LA studies will very significantly in-
crease our understanding of these processes and the interactions
between them.

There is a close relationship between the Intensive Field Observa-

tions and the Limited Area climatological studies. Results of the

climatological studies will be used to evaluate the representative—
ness of the specific intensively observed cases. Results from the

IFO's will be used to interpret the climatological studies.

The Intensive Field Observations (IFO) data gathering component
consists of separate field missions to study cirrus clouds over
the mid-continent U.S. and marine stratocumulus clouds off the
southwestern coast of California. The cirrus mission will be
performed in the fall of 1986 in central Wisconsin; the marine
stratocumulus mission will be performed in the summer of 1987 in
the vicinity of San Nicolas Island, California. Each three-week
mission will combine coordinated satellite, airborne, and surface
observations with modeling studies to investigate the cloud pro-
perties and physical processes of the cloud systems. Both field
missions will be repeated: the cirrus in the spring of 1988 and
marine stratocumulus in June 1989,

The Cirrus IFO program will support research requiring high time
and space resolution information on cirrus cloud systems., These
data will also be instrumental in developing parameterizations
relating cloud-scale processes to climate-scale variables and in
better understanding the ISCCP data products. The intensive field
observations will be gathered from a variety of platforms on a
relatively local, but regionally representative, geographical
scale. Data will be collected from multiple satellites, aircraft,
balloon and surface-based instrumentation.

Two field experiments are planned with the first in the Fall, 1986
and the second in early Spring, 1988. Each will be three to six
weeks in duration. A target of sixteen case study samples should
be attainable in this two stage experiment setting. The observing
periods will provide the opportunity to sample pre-warm frontal
and jet stream cirrus in 1986 and convectively generated cirrus
and jet stream cirrus in 1988.

The planned use of two phases for the intensive field program is
important. Relatively little is presently known about cirrus
cloud systems since no major experiments have been performed.
Consequently, research on cirrus clouds has been stifled because
of the lack of observational data. The two-phase field program
with one complete year in between has been designed to enable
experiment planners to incorporate information gained and lessons



learned from the first phase into the second phase of the experi-
ment, This is especially inportant when investigating a phenomenon
about which relatively little is quantitatively known from either
an observational or theoretical viewpoint.

This Operations Plan will fully describe the experiment and
operations plans for the Cirrus IFO data gathering component.

2.0 SCIENCE OBJECTIVES
2.1 General

The Cirrus IFO will gather data to support high spatial and tem-
poral resolution studies of cirrus cloud fields. The observations
will be of sufficient accuracy and resolution for validation of
radiative transfer models, ISCCP cloud property retrievals, cloud
models and GCM cloud parameterizations. Diagnosis of cloud pro-
cesses requires careful measurement of environmental conditions
and cloud structure as the cloud field evolves. The two new and
unique aspects of this field study for FIRE are inclusion of simul-
taneocus "cloud truth" observations to validate retrievals of cloud
properties from satellite measurements and the observations of up-
welling and downwelling radiation at the surface, near the cloud
boundaries and at other levels in the atmosphere in conjunction
with simultaneous satellite radiance measurements. The intensive
measurements must be coordinated with satellite obserations so

that diagnostic results can be extended to scales of 100 km and
days.

In addition, the intensive phase will provide the opportunity for
a three-platform intercomparison study. Ground, aircraft, and
satellite measurements will be combined to infer the effects of
processes that are extremely difficult to measure directly. for
example, aircraft radiation measurements taken above the c¢louds
will be combined with satellite measurements to deduce free-atmos-
pheric radiative heating/cooling rates; likewise, ground and air-
craft data will be used to deduce free troposphere and whole
boundary layer heating rates.

Radiative modeling is required in this analysis to test the accu-
racy of extending the "point" measurements to larger scales. Cloud
process models are needed to attempt simulations of the observed
time history and to understand the significance of the larger scale
variations. GCM studies should concentrate on diagnostic studies

to forecast studies to determine both the sensitivity of such diag-
noses to measured variables and the crucial statistical quantities
which are needed to constrain the parameterization and which should
therefore be determined from the observations. Model studies should
also be used to plan subsequent observation sequences.



2.2 Specific

The specific goals and research strategy of FIRE with respect to
cirrus clouds are detailed in the FIRE Implementation Plan (FSET,
1985). The research strategy involves the application of strongly
coupled observational and theoretical (modeling) approaches to
consider cloud properties and relevant physical processes over a
range of spatial and temporal scales. This strategy holds the
most promise for achieving the FIRE goals with respect to cirrus.
The Cirrus IFO is the common element through which the required
coupling is made.

In support of the strategy for achieving the FIRE goals, the
following observational objectives are adopted for the Cirrus
IFO:

1. Characterize the physical structure of cirrus cloud
fields and the corresponding structure of the
associated radiative fields and their dependence on
conditions in the large-scale meteorological environ-
ment. This includes providing data sets relating:

(a) Appearance of the cloud field, including
cloud topology and texture, to the bulk microphysical
properties of the clouds, primarily vertically
integrated ice water path.

(b) Bulk microphysical properties of the clouds
to the corresponding large-scale meteorological
conditions including ambient temperature, humidity,
vertical motion, and horizontal wind field.

(c) Bulk microphysical properties of the clouds
to their corresponding radiative properties, including
the broadband properties, the visible albedo, and the
10-12 {m infrared emittance.

(d) Cloud radiative properties to the correspond-
ing upwelling and downwelling broadband radiative
fluxes.

(e) Upwelling and downwelling broadband radiative
fluxes to the corresponding angularly and spectrally
dependent radiance fields.

In each of these data sets, the spatial resolution will be
sufficient to address issues of horizontal structure/variability
(e.g., cloud fraction and cloud field organization) and spatial
averaging, i.e., the cloud and radiative observations will be
made primarily at scales ranging from ) 1 km.



2.

Characterize the fine-scale microphysical, radiative,

dynamic, and thermodynamic structure of cirrus clouds at various
stages of their life cycle as functions of their large scale
meteorological environment. This includes providing data sets

relatings:

(a) Fine-scale microphysical cloud structure,
including ice water contents, particle size distri-
butions, and particle habits, to the bulk microphy-
sical properties of the cloud.

(b) Fine-scale microphysical structure of the
cloud to the dynamic and thermodynamic structure of
the cloud with special emphasis on the scales and
magnitudes of vertical motion in the cloud.

(c) Convective structure of the cloud, as in
(b) to the ambient environmental conditions,
including cloud temperature, large-scale vertical
motion, and vertical wind shear.

(d) Fine-scale microphysical structure of the
cloud to the radiative properties of the cloud (broad-
band, visible and 10-12 [m) and the corresponding
broadband radiative fluxes.

(e) Fine-scale microphysical structure of the
cloud to the corresponding spectrally and angularly
dependent radiance fields.

In each of these data sets, the full spatial and temporal resolu-
tion of the relavent observations will be retained to the extent

possible.

This may be contrasted to the previous data sets (1)

where a more statistical approach will be applied when representing
the observations. This will enable detailed descriptions of the
horizontal and vertical distributions of the above parameters

and the temporal variations thereof.

3.

Characterize relationships between cloud properties

inferred from satellite observations at various scales, especially
products of the ISCCP algorithm, and those observed directly (or
inferred) from very high resolution measurements (e.g., aircraft
and surface based lider and passive radiometric instrumentation).
The cloud properties include cloud top height, cloud fraction,
cloud optical depth (visible), and 10-12 {m infrared cloud

emittance.

Achievement of the observational objectives will ensure adequate
data bases for analysis efforts concerned with a variety of pro-
perties over a range of scales. Furthermore, it will ensure ade-
quate data bases for evaluation and improvement of models, from
detailed cloud and radiative models up to current cloud, and radi-
ative parameterizations on the scale of a general circulation model

-5-—



grid volume. It also will provide information crucial for evalua-
tion and improvement of cloud retrieval algorithms and, thus, pro-
vide a basis for improving the intepretation of the ISCCP products.

3.0 PLATFORMS, INSTRUMENTS, AND MEASUREMENTS
3.1 Satellite

Satellite data are required on a daily basis for the period one
week prior to the Intensive experiment, during the experiment, and
one week following the field program.

The data will be collected for the IFO region (see Figure 3.1)
defined by 37.5°N to 47.5°N and 80°W to 102.5°W as follows:

i, NOAA AVHRR HRPT data, 1 km resolution, 5 spectral bands,
2 satellites, day and night.

ii. NOAA AVHRR GAC data, 5 spectral bands, 2 satellites, day
and night. This data is the reduced resolution version
of the HRPT data.

iii. NOAA TOVS Sounder Data, 20 spectral bands, 2 satellites,
day and night.

iv. GOES VAS Imager Data, 1 km resolution visible channel
and 8 km resolution infrared data, every 30 minutes
through the 3-week experiment period. This data will
insure an average separation of AVHRR/TOVS data from
GOES data of 7.5 minutes. If two GOES satellites are
available, data from both satellites is required. 1In
addition, the two satellites should be time synchron-
ized with each other to provide simultaneous coverage of
the FIRE IFO regions.

v. GOES VAS Sounder Data. During the FIRE IFO period, the
GOES VAS data will be obtained from both GOES satel-
lites. VAS data should be simultaneous with the TOVS
data whenever possible., In addition, on at least 7 of
the 21 experiment days, a 3-hour period coincident with
aircraft flights should be used to obtain dedicated VAS
sounder data with 30 minute time resolution and 7 km
spatial resolution.

vi. LANDSAT Thematic Mapper Data. For the IFO data period,
10 LANDSAT Thematic Mapper scenes will be collected.
Each scene covers a 180 km square region. At 42,5°N
(approx. Madison, WI)} adjacent LANDSAT orbits are
separated by 125 km, giving 55 km overlap between Land-
sat scenes taken from adjacent orbit paths. Orbit
repeat cycle is 16 days so that the satellite ground
track passes over the same point every 16 days. For
a given target, LANDSAT will sample 3 adjacent orbit

-6-
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paths as follows: path 1 on days 1 and 17, path 2
adjacent to the cast on days 10 and 26, and path 3
adjacent to the east of path 2 on days 3 and 19. For

a 3-week experiment, 5 LANDSAT orbits will fall within
an east-west distance of 250 km. For the FIRE IFO, 2
along orbit scenes will be collected for each of these
orbits giving 10 LANDSAT scenes with a coverage of

180 km by 350 km 5 times during the IFO experiment. The
LANDSAT orbit GMT time of the data will be the same
within plus or minus 1 minute for all 5 orbits sampled.
This time can be predicted well in advance (approx.

9:45 a.m. local time) for any region so that simultan-
eous GOES, aircraft, and surface based data can be taken
at these times.

vii. Earth Radiation Budget Experiment (ERBE) Satellite Data.
All available archived data from the ERBE experiment (up
to 3 satellites) should be collected and added to the
IFO data. This will include both 30 km resolution
scanner and medium and wide field of view nonscanner
data.

viii. ISCCP B3 Analyzed Cloud Properties. Cloud properties
as analyzed by the operational ISCCP algorithm are
required for comparison to the IFP cloud validation
data.

ix. SAGE II aerosol extinction and water vapor data when-
ever the satellite tangent point is over the IFO region.

x. DMSP, 1 km resolution, visible and infrared radiances,
daytime and nighttime, digital swath data.

3.2 Aircraft

Three highly instrumented research aircraft will be deployed dur-

ing the intensive field observing program. The nominal horizontal
resolution/sampling interval is ~100 m or less for these airborne
systems. Radiometric instrumentation will serve to define the upwell-
ing and downwelling broadband fluxes and spectral radiances. The
aircraft observations will also permit direct analysis of the fine-
scale structure of the upper level humidity and motion fields. The
list of the aircraft-based instrumentation is included in Table 1.

NASA/ER-2 Instrumentation

The NASA/ER-2 aircraft will be used primarily as a high level (well
above cloud top) areal cloud mapping platform. Besides allowing
high resolution definition of the cloud and upwelling radiance
fields, it will alsc obtain data spectrally comparable to a number
of satellite systems. This will permit detailed intercomparisons
with the satellite systems.



TABLE 1:

OBSERVATION

Spectral Radiances at
TM Channels

Shortwave Fluxes
(Up & Down)

Longwave Irradiances
(Up & Down)

IR Temperature
Solar Irradiance
Aerosol

Aerosol

Aerosol

Frost Point

Solar Irradiance

Radiation

Icing Rate

Ice Crystal

Cloud Droplet
Water
Aerosol

Temperature

INSTRUMENT

Barnes MMR Radiometer

Kipp Albedometer

Eppley Pyrgeometers (2)
Barnes PRT-5 Radiometer
Eppley Pyrheliometer
PMS 2D-C

PMS 2D-P

PMS FSSP

JW LWC

Frost Point Indicator

Pyranometers
{4; Up & Down)

Pyrgeometers
{(2; Up & Down)

Rosemont Icing Rate
Detector

CSU Radiometer

Bugeye Radiometer

Ice Crystal Spectrometer

Hydrometer
Spectrometer

Ligquid Water Content
Aerosol Spectrum

Temperature Indicator

CIRRUS AIRCRAFT IFO MEASUREMENTS

PRINCIPAL
INVESTIGATOR

Roger

Roger

Roger
Roger
Roger
Steve
Steve
Steve
Steve

Steve

Steve

Steve

Steve
Steve
Steve
Andy
Andy
Andy
Andy
Andy

Andy

Davies/Purdue

Davies/Purdue

Davies/Purdue
Davies/Purdue
Davies/Purdue
Cox/CSU
Cox/CSU
Cox/CSU
Cox/CSu

Cox/CSU

Cox/CSU

Cox/CSU

Cox/CSU

Cox/CSU

Cox/CSU
Heymsfield/NCAR
Heymsfield/NCAR
Heymsfield/NCAR
Heymsfield/NCAR
Heymsfield/NCAR

Heymsfield/NCAR



TABLE 1:

OBSERVATION

Dewpoint

Decelaration
Splar Irradiance

Cloud Height/Optical
Thickness

Radiances

Radiances

Radiosonde
Cloud-Top Height,
Polarization

Radiation (Net, Up,
Down)

Narrowband Emissivity
Cloud-Top Height
Cloud-Top Height

Winds

Wind Profile
Cloud-Top Height

Winds

INSTRUMENT

Dewpoint Indicator
Lyman Alpha Hygrometer

VIS and IR Radiometers
(4; Up and Down)

Barnes PRT-5
Decelarator

Eppley Pyranometer (4)

ER-2 Cloud Lidar System

ER-2 Multi Spectral Cloud

Radiometer

ER-2 Cloud Absorption
Radiometer

ER-2 Radiometer
Class Portable
Radiosonde System

Polarization Ruby Lidar

Pyrradiometer

Mid IR Radiometer
Lidar

Lidar

Doppler Lidar

Passive Radiometer

Microwave Wind Profiler
Lidar

Doppler Radar
-10-

CIRRUS AIRCRAFT IFO MEASUREMENTS (Cont'd)

PRINCIPAL
INVESTIGATOR

Andy Heymsfield/NCAR

Andy Heymsfield/NCAR

Andy Heymsfield/NCAR
Andy Heymsfield/NCAR
Andy Heymsfield/NCAR

George Kukla/Columbia

Jim Spinhirne/GSFC

Jim Spinhirne/GSFC

Mike King/GSFC

Francisco Valero/ARC
SUNY

David Starr/ Albany

Ken Sassen/Utah

Ken Sassen/Utah

Ken Sassen/Utah

Pat McCormick/LARC
Freeman Hall/NOAA-ERL
Freeman Hall/NOAA-ERL
Freeman Hall/NOAA-~ERL

Jerry Nordenberg/
Astronautics

Eloranta/Wisconsin

Roger L'Hermitte/
Miami



The following instrumentation is available for operation from the
ER-2 platform (see Appendix A.2.1 for more details):

i. Cloud Lidar System {(CLS) - a downward pointing Nd and
doubled Nd (1.064 and 0.532 um) dual polarization
lidar with ~7.5 m vertical resolution and a 50 m hori-
zontal sampling interval.

ii. Multispectral Cloud Radiometer (MCR) - a scanning (45°
cross—track) multispectral (0.754, 0.760, 0.763, 1.644,
1.713, 2.164, 10.070 uym) radiometer with resolution of
about ~100 m at the nadir, sample synchronized with
CLS and simultaneous in all channels.

iii. Thematic Mapper Simulator (TMS) - a scanning (84° cross-
track) multispectral (6 visible, 0.83, 0,98, 3.7, 11,
12.5 ym) radiometer with resclution of about ~50 m at
the nadir, channelization allows use as a NOAA-PO AVHRR/
LAC simulator in addition to its use as a LANDSAT/5
thematic mapper siumulator.

iv. Two channel IR broadband hemispherical flux radiometer,
flipping up and down.

v. Narrow spectral bandpass, narrow field of view downlook-
ing 2 channel IR radiometer.

vi. Hemispherical solar flux radiometers upward and downward
looking.

vii. Narrow spectral bandpass hemispherical solar flux radio-
meter.

viii. Temperature and Pressure Probes.
ix. INS Wind System.
x. Downlooking Vinton 90 mm camera.
xi. HIS spectral interferometer.

NCAR Sabreliner Instrumentation

The NCAR Sabreliner aircraft will be used in the vicinity of the
cloud layer with the purpose of obtaining in situ data on the
microphysical, thermodynamic, and radiative structure of the target
cloud field. Flight levels just above, within, and below the tar-
get cloud will be required in order to measure spectral radiances,
irradiances, and the cloud layer microphysical properties. In this
mode, multiple flight levels will be used in order to sample the

vertical profiles of radiative fluxes and meteorological state
parameters.

A



The following instrumentation will be available and operated from
the Sabreliner platform (see Appendix A.2 for more details):

i

ii.

iii.
iv.
V.
vi,
vii.

viii.

Particle Measuring System (PMS) - 2 Knollenberg 2-
dimensional spectrometer probes (2D-C probe: 50-1600 um
range, 2D-P: 100-3400 ym range). -1 Knollenberg

forward scattering spectrometer probe (FSSP: 5 - 50 um
range).

Radiation Sensors - 2 Pyranometers (.3 - 3 um,

0 1400 w/m2, 1 upward looking and 1 downward looking.

-2 Pyranometers (.7 — 3 um, 0 - 1000 w/m2 upward
looking, 0 - 700 w/m2 downward looking). -2 Pyrgemeters
(0 - 300 w/m2 upward looking, 200 -~ 600 w/m2 downward
looking).

Flight Level Temperature Indicator (-70°C - + 30° C).
Frost Point Indicator (-90° C - 0° C).

Altitude Pressure Indicator (0 - 35000 AGL).

Rosemont Icing Rate Detector.

CSU Radiometer Electronics Module.

Bug Eye.

NCAR King Air Instrumentation

*

The NCAR King Air aircraft will be used for profiling and as an
in situ sampling platform. The NCAR King Air will specialized in
microphysical measurements and air motion sensing within the cirrus

cloud layer. 1Its capabilities represent an important addition to
describing the cirrus cloud layer properties.

The following instrumentation is available on the NCAR King Air:

Parameters Instrument

Winds

Gust probe, inertial navigation system

Temperature Rosemount, NCAR, reverse flow, fast

response, radiation

Water Vapor Lyman—Alpha hygrometer
Liquid Water Knollenberg (3), and Johnson-Williams
Droplet Distribution Liquid water

-12=



Parameters Instrument

Shortwave and Longwave Barnes PRT-5, Eppley Pyranometers and
Irradiances pyrgeometers

Sea Surface Temp. Barnes PRT-5
Ozone Pearson-Stedman

Aerosols Partial sampler (entended rod), Lidar

3.3 Surface
There are two components of the surface based observing systems:
cloud lidar/radiometric sites and meteorological sounding systems.
The cloud lidar/radiometric instrumentation will be deployed at
four field sites.
A list of the surface-based instrumentation in included in Figure 3.3.

Field Site 1 Instrumentation (Oshkosh, WI)

The following instrumentation will be operated by personnel from
the Environmental Research Laboratory, NOAA:

i. Scanning ruby, doubled ruby and doubled Nd YAG lidar
(694, 347, 532 nm) with dual polarization receiver.

ii. Scanning, narrow beam, visible (400 - 750 nm) radiometer.

iii. Scanning, narrow beam, near infrared (1.04 - 2.2 pm)
radiometer.

iv., Precision spectral pryanometers.
v. Cloud imaging cameras.

The corresponding directly calculable cloud properties are (i}
cloud base and top heights, areal cloud fraction, particle phase,
ice crystal orientation, and cloud optical thickness at 694, 347,
and 523 nm; (ii) cloud optical thickness at multiple wavelengths
from 0.4-2.2 um; {(iii) surface radiation budget; and (iv)} cloud
type and amount.

Field Site 2 Instrumentation (Wausau, WI)

The following instrumentation will be operated by personnel from
the University of Utah:
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i. Scanning ruby (694 nm) lidar with dual polarization
receiver

ii. Scanning narrow beam infrared (10-12 um) radiometer
iii. All-sky, 35 mm fisheye camera
vi. Pyranometers

v. Pyrheliometer (solar tracking)

The corresponding directly calculable cloud physical properties

are (i) cloud base and top heights, areal cloud fraction, particle
phase, ice crystal orientation, and cloud optical depth at 694 nm;
and (ii) cloud type and amount. The corresponding inferentially
calculable cloud properties are (i) broadband visible cloud optical
thickness and ice crystal habits; (ii) cloud emittance at 10-12 ym
and broadband infrared cloud emittance; and cloud [ice] water con-
tent [occasionally].

Field Site 3 Instrumentation (Ft. McCoy, WI)

The following instrumentation will be operated by personnel from
the Langley Research Center, NASA:

i. Scanning ruby, doubled ruby and doubled Nd YAG lidar
(694, 347, 532 nm) with dual polarization receiver.

ii. Scanning CO3 doppler lidar (9-11 pm)

iii. Vertically pointing, narrow beam, infrared (10-12 um)
radiometer

iv., Narrow beam, visible, sun photometer (solar tracking)

The corresponding directly calculable cloud properties are (i)
cloud base and top heights, areal cloud fraction, particle phase,
ice crystal orientation, and cloud optical thickness at 634, 347,
and 532 nm; (ii) ice particle fall speeds, turbulent intensity

and vertical profiles of horizontal convergence/divergence; and
(iii) broadband visible cloud optical thickness. The corresponding
inferentially calculable cloud properties are (i) broadband visible
cloud optical thickness and ice crystal habits; (ii) local vertical
profile of vertical wind speeds and ice crystal habits; (iii) cloud
emittance at 10-12 um and broadband infrared cloud emittance; and
(iv) areal cloud fraction.

Field Site 4 Instrumentation (Madison, WI)

The following instrumentation may be operated by personnel at
the University of Wisconsin: (This section is being prepared by
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Dr. Donald P. Wylie of the University of Wisconsin.)

Meteorology Sounding Systems

Because of the importance of relating the observed cloud and radi-
ative fields to the large scale meteoroclogical conditions and the
difficulty of obtaining good estimates of large scale vertical
motion at cirrus cloud levels, it is proposed that two independent
wind sounding systems be deployed over the intensive field observ-
ing region. The first is the conventional rawinsonde network that
will be operated by NOAA/NWS. Coordinated on-demand launches will
be required of all these sites during times when aircraft missions
are in progress. The affected stations would be St. Cloud, MN;
International Falls, MN; Green Bay, WI; Omaha, NB; Peoria, IL;
Sault St. Marie, MI; and Flint, MI. 1In addition, at least one

and possibly two stations will be required in the observing region
(western edge). Data from the supplementary rawinsonde sites will
allow the analysis of these data to resolve subsynoptic scale
(mesoscale) spacial structure in the larger scale forcing, e.g..,
vertical motion, in association with observed variations in the
cloud field at this scale. In addition, these data will provide

a tie-on point between the aircraft observations and the sonde
observations.

The second upper-level wind system is a VHF wind profiling system
being developed by Astronautics, Inc., Madison, Wisconsin for
possible use by NOAA/ERL. This system is unaffected by problems
of sonde tracking and drift and may provide an accurate direct
measurement of ambient vertical motion over each unit. 1In addi-
tion, horizontal wind speeds and directions can be observed which
may then be used to infer larger scale vertical motions in much
the same way as is done for rawinsonde observations. Continuous
sampling allows time averaging that ensures a much greater degree
of representativeness than rawinsonde observations offer. To
achieve high accuracy at cirrus cloud levels, wind profilers
should be operated at a frequency of 50 MHz. Ideally, three of
these sites would be operated within the field region provided
resources can be found to support this activity. At the very
least, one profiler would be very useful to provide a detailed
description of the convective structure of the overlying cirrus
cloud. Astronautics, Inc. of Madison, Wisconsin is currently de-
veloping a prototype microwave wind profiler operating at 200 Mhz.
Astronautics expects it will be operational in time for the IFO.
Discussions are underway to include it within the IFO operations.

4,0 EXPERIMENT DESIGN
4.1 Sites

The preliminary site selected for the first experiment will be a
(~150 km)2 area in central Wisconsin (Figure 3). Wisconsin
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was chosen for a number of reasons. Climatologically, this area
has a relatively high and reliable frequency of cirrus cloud
occurrence (~35%), especially pre-warm frontal cirrus during

this fall time period. The northerly location together with the
selected time period will ensure that cloud overflights are pos-
sible with at least two research aircraft, i.e., relatively low
cirrus layers (<12 km) will occur. Furthermore, complications in
the analysis of vertical motion fields due to orographic effects
are minimized by using this site. This site is within the view
of both GOES satellites and is close to Lake Superior and Lake

Michigan, which provide uniform backgrounds for aircraft-satellite
cloud data intercomparisons.

The surface installations may be considered as nine distinct enti-
ties, which are:

l. Operations Center - consisting of a centralized com-
munications facility and housing the Mission Selection
and Mission Planning Teams. This center will be lo-
cated in Air National Guard Building 408, Truax Field,
Madison, WI.

2. Forecast Center - consisting of the forecast team and
required support facilities including real time access
and interactive processing and display capabilities for
GOES satellite data and NWS data and analysis products.
This forecast center will be physically located as
part of the Operations Center, Truax Field.

3. Surface Lidar/Radiometric Site 1 - consisting of the
NOAA/ERL cloud lidar, doppler lidar, passive radiometric
instrumentation as well as the support personnel and
facilities for these systems. This site will be lo-
cated in the vicinity of Wittman Field, Oshkosh, WI.

4, Surface Lidar/Radiometric Site 2 - consisting of the
University of Utah cloud lidar, passive radiometric in-
strumentation from the University of Utah, and Columbia
University, and the University of Miami dopplar radar
the support personnel and facilities for these systems.
This site will be located in the vicinity of Central
Wisconsin Airport near Wausau, WI.

5, Surface Lidar/Radiometric Site 3 - consisting of the
Langley Research Center (LaRC) cloud lidar and passive
radiometric instrumentation, and rawinsondes as well
as the support personnel and facilities for these
systems. This site will be located at Fort McCoy.

6. Surface Lidar/Radiometric Site 4 - consisting of

the University of Wisconsin cloud lidar and passive
radiometric instrumentation from the University of
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Wisconsin and Purdue University as well as the support
personnel and facilities for these systems. This
site is on the University of Wisconsin campus. Add-

jtional Radiometric Instrumentation will located at
Truax Field.

7. Conventional Rawinsonde Network - consisting of the
NOAA/NWS stations at St. Cloud, MN; International
Falls, MN; Green Bay, WI; Omaha, NB; Peoria, IL;
Sault St. Marie, MI; and Flint, MI.

8. Special Rawinsonde Site - consisting of the NCAR/GAMP
CLASS launching facility and the operator to be lo-
cated at Plattville, WI and the mobile LaRC launching
facility to be located at Ft. McCoy.

9. Aircraft Base - housing the NASA ER-2, the NCAR King
Air and Sabreliner, the flight and ground crews, in-
strument scientists and technicians, and facilities
for maintenance and operation of these aircraft.
This base will be at the Air National Guard, Truax
Field, Madison.

10. sSurface Radiation Budget Network - consisting of 13
additional stations located within the 4 - station
Lidar grid with shortwave radiometric instruments
(call stations) and longwave radiometric instruments
at 3 locations (see figure 4.1)

The Operations Center, Forecast Center and Aircraft Base will all
be colocated at Air National Guard, Truax Field. The University
of Wisconsin McIDAS system will have a remote station at the
Forecast Center. It will be linked to the main system via a
telephone line. This will allow greater flexibility in coping
with potential data access and processing problems under the real
time constraints of field operations. In this case, a reliable
communication link to the Operations Center would be in place and
would include two-way data transmission and display capabilities -
see section 4.7. Surface Lidar/Radiometric Site 4 will be located
in relatively close proximity to the Operations Center. This will
facilitate the active participation of the investigators at Surface
Lidar/Radiometric Site 4 on the mission Selection and Planning
Teams, especially with respect to evaluation of previous missions.

The IFO operations will begin its full up operations on October

13 (DO). All of the sensors should be deployed at their respective
sites (Madison, Oshkosh, Wausau, Fort McCoy). The IFO will continue
for 3 weeks until November 2. There are, however, several modifi-
cations to this schedule and set up to ensure that the appropriate
intercomparisons can be made among like sensors. The modifications
are described below and summarized in Table 2.
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