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1.0 INTRODUCTION

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

The goals of FIRE are (1) to seek the basic understanding of the
interaction of physical processes in determining life cycles of
cirrus and marine stratocumulus systems and the radiative proper-
ties of these clouds during their life cycles and (2) to investi=-
gate the interrelationships between the ISCCP data, GCM parameteri-
zations, and higher space and time resolution cloud data.

The FIRE Implementation Plan (FSET, 1985) 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 described in the Implementation Plan: a model-
ing 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 satellite retrieval algorithms. All
FIRE modeling strategies seek (1) to compare the best current
understanding of a phenomenon with observations of that phenomenon
and (2) to extend that understanding by utilizing the models to
extrapolate 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 component 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 geographical 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.

Although the results of the LA studies will be significant in and



of themselves, it is their relationships to the other parts of FIRE
marine stratocumulus studies that is most important. For example,
preliminary cloud modeling results have shown that the linkage
between fine-scale radiative and microphysical processes determines
the overall character of a cloud in a given enviromment. However,
the linkage between microphysical and radiative parameters in
actual clouds is speculative. The LA studies will increase our
understanding of this radiative microphysical coupling.

The Intensive Field Observations (IF0) data gathering component
consists of separate field missions to study cirrus clouds over
the mid-continental U.S. and marine stratocumulus clouds off the
southwestern coast of California. The first cirrus mission was
performed in October of 1986 in central Wisconsin; the Marine
Stratocumulus Intensive Field Observations will be performed in
July of 1987 in the vicinity of San Nicolas Island, California.
Each three-week mission combines coordinated satellite, airborne,
and surface observations with modeling studies to investigate the
cloud properties and physical processes of the cloud systems,
Both field missions will be repeated: the cirrus in the fall of
1989 and marine stratocumulus in July 1990.

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 Marine Stratocumulus Intensive Field Observation program is
planned to support research tasks requiring high time and space
resolution information to marine stratus and stratocumulus cloud
systems. In addition to supporting the marine stratocumulus
studies, these data will be instrumental in the development of
parameterizations of cloud-scale processes, based climate-scale
variables, and a better understanding of 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 satel-
lites, aircraft, balloon, and surface-based instrumentation.

Two field experiments are planned with the first in July 1987 and
the second in July 1990. Each will be three to six weeks in dura-
tion. A target of sixteen case study samples should be attainable
in this two stage experimental setting. The two observational
periods will provide an opportunity for researchers to develop
strategies and instrumentation based on the experience and results
of the first experiment. The planned two-phase intensive field
program is especially important to reaching the goals of further-
ing our understanding of marine stratocumulus cloud systems to

the point where reliable GCM parameterizations can be developed,
For each field experiment there will be a period of preparation

to allow time for the planning and development of suitable data
acquisition and processing technigues. These planning activities
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will make use of both previous and concurrent experiments with
related objectives. For example, DYCOMS (Dynamics and Chemistry
of Marine Stratocumulus), was conducted in August 1985 off the
California coast using the NCAR Electra in conjunction with a
pre~FIRE field experiment involving the NOAA P3, The use of
satellite observations to characterize the Cloud Topped Boundary
Layer (CTBL) can begin immediately, using archived data. A full
spectrum of modeling studies will contine throughout the experi-
ment. There will be many opportunities for comparisons of field
observations with model results,

This Operations Plan fully documents the detailed experiment and
operation plans of the Marine Stratocumulus IFO data gathering
component,

2.0 SCIENCE OBJECTIVES
2.1 General

During the Marine Stratocumulus IFQ data will be gathered to
support high spatial and temporal resolution studies of marine
stratocumulus cloud fields., These observations will provide the
greatest accuracy for validation of radiative transfer models,
ISCCP cloud property retrievals, and GCM cloud models, but over
limited areas and time intervals. Diagnosis of cloud processes
requires not only careful measurement of the enviromment but also
observations during the complete life history of cloud structure,
The two new aspects of this field study for FIRE are: a. inclusion
of simultaneous "cloud truth" observations to validate satellite
measurements of the cloud enviromment, and b, observations of
radiation from atmosphere, surface, and clouds to be related to
satellite radiance measurements. The intensive measurements will
be coordinated with satellite observations so that diagnostic
results can be extended to scales of greater than 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 clouds
will be combined with satellite measurements to deduce free-
atmospheric radiative heating/coeling rates; likewise, ground and
aircraft data will be used to deduce whole boundary layer heating
rates. Furthermore, multiple aircraft flight levels will allow
separation of free-atmospheric and boundary layer heating/cooling
rates into discrete wavelengths associated with particular atmos-
pheric constituents {H20,C0;, etc.).

Radiative modeling is required in this analysis to test the
accuracy 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 fore-
cast studies to determine both the seunsitivity of such forecasts

to measured variables and the crucial quantities or statistics that
must be measured to constrain parameterizations. Model studies
should also be used to plan subsequent observational seguences.

242 SEecific

The specific goals and research strategy of FIRE with respect to
marine stratocumulus clouds are detailed in the FIRE Implementa-
tion Plan (FSET, 1985). The research strategy involves the appli-
cation of strongly coupled observational and theoretical (modeling)
approaches to consider cloud properties and relevant physical pro-
cesses over a range of spatial and temporal scales. This strategy
holds the most promise for achieving the FIRE goals with respect
to marine stratocumulus. The Marine Stratocumulus IFQ is the
common element through which the required coupling is made.

The specific observational objectives of the Marimne Stratocumulus
IFO are as follows:

1. Determine the large scale structure of clouds and sur-
rounding meteorological environment.

2. Characterize the fine scale microphysical, radiative,
dynamic, and structure of marine stratocumulus clouds,
with emphasis on multiple angular and spectral observa-
tions and characterization of the marine stratocumulus
life cycle,

The specific objectives related to the understanding of the phys-
ical processes of clouds are as follows:

3. Determine the factors that affect the fractional cloudi-
ness and cloud morphology.

4, Identify the role of cloud-top entrainment instability
in determining cloud type.

5. Investigate the factors that determine the magnitude of
the entrainment rate.

6. Determine how the diurnal radiation cycle is transmitted
into a diurnal behavior of the cloud layer.

7. Determine how the maritime aerosols relate to droplet
distributions in the stratocumulus clouds.

8. Identify "characteristic" large scale meteorological
environmental features associated with stratocumulus.



lhe specific objectives related to modeling goals of FIRE are as
follows:

9, Provide a data set to relate the (observed) microphys-
ical structure of marine stratocumulus clouds to radia-
tive properties as a function of convective structure
meteorolgical enviromment conditions.

10. Provide a data set to relate the (analyzed) cloud struc-
ture and radiative properties to the radiation field as
a function of spatial scale.

11, Provide a data set to seek the optimal means to describe
the marine stratocumulus cloud field for diagnosis of
large scale properties of radiative convergence/divergence
and satellite observations.

12. Provide a data set to define the description of cloud
properties and classification of marine stratocumulus
clouds on various temporal and spatial scales. Specific
cloud properties are: cloud topology (cloud size, hori-
zontal and vertical aspect ratios, orientation angle of
cloud street features, and cloud top texture) and cloud
internal variability (liquid water content and hydrometer
size distribution).

13. Provide a data set of multiple angular and spectral
radiation observations for validation and improvement
of radiation transfer models.

14. Provide a data set for statistical studies of cloud
space and time spectra,

15. Provide a data set for validation and improvement of
satellite cloud retrieval algorithms. Specific retrieval
parameters are cloud cover and cloud height.

16, Provide a data set for validation and improvement of GCM
parameterizations. Specific properties are: (a) large
scale meteorclogical fields (winds, temperature, and
water vapor) and satellite derived cloud properties
{cloud fraction, cloud top height, albedo, and long
wave emitted flux) at spatial resolution of 25 km and
temporal resolution of 1 hour, and (b) satellite derived
cloud properties and Marine Stratocumulus IFO observed
cloud water content, cloud droplet size distribution,
and cloud base altitude at spatial resolution of 1 km
for a 500 km X 500 km region,

A summary of the observations necessary to address the specific
scientific objectives is given in Table 2,2,



TABLE 2.2: SUMMARY OF INTENSIVE OBSERVATIONS

1. Aircraft:

a. Direct Observations

i.

4%

iii.

iv,

Entraimment rate (through inversion budgets)
Thermodynamic profiles of mean and turbulent
variables, particularly for adjacent cloudy and
cloud-free enviromments,

Radiative flux profiles

Cloud drop size distribution

Photography, particularly showing details of cloud
top morphology

b. validation Platform for Remotely Sensed Parameters

i.
ii.
iii.

iv,

Lidar, cloud top morphology
Radiometry, satellite calibration
Microphysical probes, cloud liquid water structure

Turbulent flux probes, turbulence parameters

2, Surface-Based Observations:

a. Radar, Microwave Radiometer, and Doppler Sodar

i.
ii.

iii.

Cloud structure
Variability of liquid water within cloud system

Cloud and subcloud layer kinematics (doppler),
velocity statistics that contribute to the turbulence
kinetic energy budget, and measurement of the entraiun-
ment rate.

b. Tethered Balloon

i,
ii.

iii.

Turbulence measurements
Radiometric measurements

Microphysical measurements



TABLE 2.2: SUMMARY OF INTENSIVE OBSERVATIONS

c., Surface and Tower
i. Turbulence measurements
ii, Radiometric measurements
iii., Microphysical measurements

d. Rawinsonde and Cloud Ceilometer

{continued)

i. Vertical structure of temperature, dewpoint, and
horizontal winds throughout boundary layer and

free troposphere
ii. Cloud base height
e. Constant-level Balloous
i. Low level trajectories

ii, Pressure, height and temperature.



3.0 PLATFORMS, INSTRUMENTS, AND MEASUREMENTS

3.1 Satellite

Satellite data are required on a daily basis for the period
beginning one week prior to the Intensive Field 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 30N to 40N and 117.5W to 137.5W as follows:

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

2. NOAA AVHRR GAC Data: 5 spectral bands, 2 satellites,

day and night. This data is the reduced resolution
version of the HRPT data.

3. NOAA TOVS Radiance Data: 20 spectral bands, 2 satel-
lites, day and night.

4. GOES VISSR Data: 1 km resolution visible channel and
8 km resolution infrared data, every 30 minutes through
the 3-week experiment period from the GOES satellite, or
GOES West if there are two satelletes. These data will
ensure an average separation of AVHRR/ TOVS data from
GOES data of 7.5 minutes.

5. GOES VAS Sounder Data: During the FIRE IFO period, the
GOES VAS data will be obtained from the GOES satellite,
VAS data should be simultaneous with the TOVS data when-
ever possible, 1In addition, on at least 7 of the 21 ex-
periment 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,

6. LANDSAT Thematic Mapper Data: For the IFQ data period,
several LANDSAT Thematic Mapper scenes will be collected,
Each scene covers a 180 km square regiorn, At 35N (mid=-
point of IFO region) adjacent LANDSAT orbits are separated
by 125 km, giving 55 km overlap between LANDSAT 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 point,
LANDSAT will sample 3 adjacent orbit paths as follows:
(path 1 on days 1 and 17, path 2 adjacent to the east 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
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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.
10:45 a.m. local time) for any region so that simultan-
eous GOES, aircraft, and surface based data can be taken
at these tines.

7. 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
scanner and medium and wide field of view nonscanner data.

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

9. SAGE II aerosol extinction and water vapor data whenever
the satellite tangent point is over the IFO region.

10. DMSP, 1 km resolution, visible and infrared radiances,
daytime and nightime, digital swath data.

ll. SPOT, 10 or 20 m resolutiomn, visible and near infrared
radiances, daytime (10:18 a.m, mean solar time), digital
swath data.

3.2 Aircraft

A number of highly instrumented research aircraft will be deployed
during the intensive field observing program. The aircraft will

be used for a variety of investigations to study the horizontal
variability of the CTBL in the vicinity of SNI and several hundred
km upstream and downstream in order to determine the representa-
tiveness of the island-based observations and establish the magni-
tude of advective effects at the island. The aircraft can and
will probe the CTBL, the capping inversion, and the overlying

free atmosphere, Both horizontal and vertical variations in
boundary layer structure will be measured,

Table 3.2 lists the aircraft that will be available to the FIRE
Stratocumulus IFO program. A wide variety of instruments will be
carried on the various aircraft, which will fly at levels ranging
from the surface layer to the lower stratosphere., The key obser-
vational capabilities of the aircraft can be summarized as follows:

l. fast response (~10 Hz bandwidth) measurements of
air velocity components and scalar variables to be

-} 0=
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used for turbulence flux estimates and other turbulence
statistics;

2. mean in situ measurements of wind and scalar variables;
3. remote sensing with radiometers and lidar;

4. accurate horizontal and vertical aircraft positioning,
and measurements of air chemistry (for entraimment rates).

The nominal horizontal resolution/sampling interval is ~100 m

or less for most airborne systems, with turbulence systems measur-
ing to about 5 m. The cloud lidar will generate a high resolution
description of cloud base and top heights, areal cloud fraction,
particle phase and orientation, and cloud optical depths at the
sampled wavelengths. Other radiometric instrumentation will serve
to define the upwelling and downwelling broadband fluxes and
spectral radiances. The aircraft observations will also permit
direct analysis of the fine-scale structure of the temperature,
humidity, and motion fields.

The aircraft will be based at three locations. The ER-2 will be
located at NASA Ames Research Center, Moffett Field, California.
The €-131, C-130, and Electra will be located at NAS North Island,
San Diego, California. The Piper Navaho will be located at
Montgomery Field, San Diego, California.

NASA ER-2 Instrumentation

A downward pointing lidar and a multispectral cloud radiometer
will fly on the NASA ER-2 in the lower stratosphere, for the
purpose of mapping the structure of the cloud-top surface. This
will provide high-resolution data on the entraimment process at
the cloud top, and will also give guantitative information about
the small scale structures of in-cloud turbulent elements, It
will be particularly useful in cases where the cloud is in the
process of breaking apart. The ER-2 will also be instrumented
with a multispectral cloud radiometer, to measure cloud optical
and radiative properties, and a thematic mapper simulator that
mimics the AVHRR satellite instrument., ER-2 flights will be coor-
dinated with coincident flights by the University of wWashington
C-131A cloud/aerosol research aircraft that will provide the
necessary in situ measurements to allow the cloud microphysics
and radiative properties to be related. The ER-2 will be used as
a "mini" satellite to provide full coverage of a 200-by-200 km
area in a 3-hour period by the onboard scanning radiometers to a
50 m resolution,

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

1. Cloud Lidar System (CLS) - a downward pointing Nd

-]2=



and doubled Nd (1.064 and 0,532 ym) dual polarization
lidar with ~7.5 m vertical resolution and 50 m horizontal
sampling interval.

2. Multispectral Cloud Radiometer (MCR) - a scanning (45° cross-—

track) multispectral (0.754, 0.760, 0.763, 1.644, 1.713, 2.164,

10,070 um) radiometer with resolution of about ~100 m at
the nadir, sample synchronized with CLS and simultaneous in
all channels,

3. Daedelus Scanning Cloud Radiometer - a scanning (84° cross-
track) multispectral (6 visible, 0.83, 0.98, 3.7, 11, 12.5 ym)
radiometer with resolution of about ~50 m at the nadir,
channelization allows use as a NOAA-PO AVHRR/HRPT simulator in
addition to its use as a LANDSAT/5 thematic mapper simulator,

4. Two channel IR broadband hemispherical flux radiometer flip-
ping up and down,

5. Narrow spectral bandpass, narrow field of view down~looking
2 channel IR radiometer.

6. Hemispherical solar flux radiometers upward and downward
looking.

7. Narrow spectral bandpass hemispherical solar flux radiometer.
8. Temperature and Pressure Probes.

9, INS Wind System,

10. Down-looking vinton 90 mm camera.

NCAR Electra Instrumentation

The NCAR Electra aircraft will be used as an in situ sampling
platform. It will specialize in microphysical measurements and
air motion sensing within the marine stratocumulus cloud layer.
The aircraft is equipped with a nose-boom-mounted gust probe
system for turbulence measurements, as well as a wide variety of
other sensors, including cloud microphysics and radiation instru-
ments, It will complement both the ground-based and satellite
observations. It will be used in FIRE to make cross-wind and
along-wind measurements in the vicinity of SNI in coordination
with the ground, satellite, and other aircraft observations and
will be used to sample the undisturbed boundary layer away from
the island. 1In addition, complementary atmospheric chemistry
measurements will be made to provide additional insight on the
entraimment process and coupling between cloud and subcloud
layers.,
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The following instrumentation is available on the NCAR Elecrtra:
(see Appendix A.2 for more details).

1. Winds: Gust probe, inertial navigational system

2. Temperature: Rosemount, NCAR, reverse flow, fast
response, radiation

3. Water vVapor: Lyman~-Alpha Hygrometer, dewpoint hygrometer

4. Liquid water droplet distribution: Knollenberg,
Johnson-Williams liquid water, and King CSIRO Probe.

5. Shortwave and Longwave Irradiances: Eppley Pyranometers
and pyrgeometers

6. Ozone: Pearson—-Stedman
7. Cloud Structure: Lidar
8. Atmospheric Chemistry: Nitric acid, cloud water.

University of Washington C-131 Instrumentation

The University of Washington (UW) C-131 cloud and aerosol research
aircraft will provide cloud microphysics observations on the cloud
particle size distribution, thermodynamic phase, and liquid water
and ice water contents. A multichannel scanning radiometer de-
signed to derive the spectral single scattering albedo of clouds
will also fly (see Appendix A.2 for more details). The following
instrument systems will be available for FIRE:

l. Meteorological quantities: Horizontal winds, tempera-
ture, dew point,

2. Cloud physics: 5 PMS probes, hydrometeor phaze, King
and JW liquid water probes.

3. Radiometric: NASA Cloud Absorption Radiometer, up and
downward pyranometers, UV radiometer,

4, Aerosol physics: Aerosol size, macro and optical
properties outside of cloud and interstitially between
droplets.

British Meteorological Office C-130 Instrumentation

The British Meteorological Office (BMO)} C-130 aircraft will be

used as an in situ sampling platform to measure thermodynamics
(including fast response Lyman-Alpha hygrometer), radiation (both
visible and infrared), and cloud microphysics. It is also equipped
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with a nose-boom-mounted gust probe sensors for turburlence measure-
ments,

The following instrumentation will be available and generated
from the C~130 platform (see Appendix A.2 for more details):

l. Winds: Gust probe, inertial navigation system

2. Temperature: Rosemount, CO3 in cloud radiation
thermometer*

3. Water Vapor: Hygrometer, microwave refractometer
4, Liquid Water: Johnson-Williams
5. Total Water content: Lyman-Alpha Hygrometer

6. Shortwave and Longwave: Eppley pyranometers and
pyrgeometer, Barnes PRT-5, multi-channel radiometer*

7. Particle size distribution: FSSP, 2D-cloud; 2D-Precip:
holographic camera

8. Beta scattering aeroscls: Nephelometer

NOSC Piper Navaho Instrumentation

The NOSC Piper Navahoe will be used as an insitu sampling platform
to measure cloud microphysics and ambient meteorology in a profil-
ing mode,.

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

1. Particle size distribution: Knolleberg probes
2. Temperature: Rosemount probe

3. Dew point: EG and G hygrometer

4. Sea surface temperature: Barnes PRT-5

5. Winds: Loran C navigation system

NOAA/Constant—=level balloon tracking

3.3 Surface
The Marine Stratocumulus IFO will be conducted over th