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APPENDIX B--ACRONYMS

(Acronyms for Appendix C and following are yet to be included)

3-D
4DVAR
ACE
ADAM Lite
ADCP
ADEOS
ADT
AERI
AES
AFB
AIMS
AIRMISR
AMPR
APM
APU
ARC
ARCS
ARCSS
ARGOS

Three Dimensional

4-Dimensional Variational assimilation

Arctic Cloud Experiment
ARM Data Acquisition System for use at SHEBA
Acoustic Doppler Current Profiler
Advanced Earth Observing Satellite
Alaska Daylight Time
Atmospheric Emitted Radiance Interferometer
Atmospheric Environment Service(Canada)
Air Force Base
Airborne Imaging Microwave Spectrometer
Airborne Multi-angle Imaging Spectro-Radiometer
Advanced Microwave Precipitation Radiometer
Assistant Project Manager

Auxiliary Power Unit

Ames Research Center(NASA)

Atmospheric Radiation and Cloud Stations

Arctic Systems Science(NSF)

(satellite used to telemeter data to shore station[France])
Atmospheric Radiation Measurement(Program)(DOE)
Aircraft Scientist
American Standard Code for Information Exchange
Alaska SAR Facility(U. AK)

Arctic Cloud Experiment Science Team

Advanced Spaceborne Thermal Emission and Reflection radiometer
Air Traffic Control
Atmospheric Technology Division(NCAR)
Along-Track Scanning Radiometer

Advanced Very High Resolution Radiometer
Advanced Visible and Near Infrared Radiometer
Broad band

Balloon-Borne Sounding System

Bi-Directional Reflectance Function

Boundary Layer

Basic Measurement

Bi-directional Spectral Reflectance Distribution Function
NCAR aircraft

Cloud and Radiation Testbed

Cloud Behavior(Model)

Cloud Condensation Nuclei

Cloud Condensation Nuclei Counter

Compact Disk-Read Only Memory

Central Daylight Time

Clouds and the Earth's Radiant Energy System
Continuous Flow Diffusion(Chamber)

Cooperative Institute for Research in the Environmental Sciences
Cloud Lidar System

Canadian Meteorological Center

B-1



CN

2
CODIAC
CPI
CRREL
CSPHOT

ETL

FAN
FIRE
FM-CW
FPO
FSSP
FTP
GAC
GASS
GCM
GCSS
GEWEX

GIF
GISS
GND MFR

Condensation nuclei

Carbon Dioxide

Cooperative Distributed Interactive Atmospheric Catalog
Cloud Particle Imager

Cold Regions Research and Engineering Laboratory(Army-COE)
Cimel Sunphotometer

Colorado State University
Conductivity-Temperature-Depth (Profiler)
Counterflow Virtual Impactor

Distributed Active Archive Center(EOS-NASA)
Depolarization and Backscatter Unattended LIDAR
Digital Archival Tape

Downwelling Diffuse

Deputy Daily Mission Scientist

Dryden Flight Research Center(NASA)
Downwelling IR

Downwelling Infrared

Differential Mobility Analyzer

Daily Mission Scientist

Defense Meteorological Satellite Program(DOD)
Department of Commerce

Department of Defense

Department of Energy

Derived Product

Desert Research Institute(U. of AZ)
Downwelling Solar

Data Support Section(NCAR)

Downwelling

Evaluation

European Center for Medium-range Weather Forecasts
Eastern Daylight Time

Edgerton, Germeshausen and Grier

Earth Observing System(NASA)

Extended Range

NASA Dryden high altitude aircraft

European Remote-Sensing Satellite
Environmental Sciences Division(DOE)
Environmental Technology Laboratory(NOAA)
Forcing at Boundaries

S/W utility program for use of netCDF files on UNIX
First ISCCP Regional Experiment

Frequency Modulation-Continuous Wave

FIRE Project Office

Forward Scattering Spectrometer Probe

File Transfer Protocol

Global Area Coverage(AVHRR)

GPS Atmospheric Sounding System

Global Climate Model

GEWEX Cloud System Study

Global Energy and Water Cycle Experiment
Geophysical Institute(U. of AK)

Graphics Interchange Format

Goddard Institute for Space Studies(NASA)
Upwelling Multifilter Radiometer
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GND RAD
GPS
GSFC
GTS
H,O
HDF/netCDF
HF
Hg
HIRS
Hi Vol
HRPT
html
http
Hum

I

IAG
IAR
ICAO
ID
IFN
IFR
IMAU
IMG
IOP
IR
IRBR
IRF
IRS
IRT
ISCCP
JIC
JOSS

MASP
McIDAS
MCR
mech
MFR
MFRSR
MHS
MIR
MISR
MMCR
MMTP

Upwelling Radiation Sensor Suite

Global Positioning System

Goddard Space Flight Center(NASA)

Global Telecommunications System

Water

Hierarchical Data Format/Net Common Data Format
High Frequency

Mercury

High-resolution Infrared Radiation Sounder
High volume

High-Resolution Picture Transmission(AVHRR)
Hypertext Markup Language

Hypertext Transfer Protocol

Relative Humidity

Input

Interagency Group

Institute for Atmospheric Research
International Civil Aviation Organization
Identifier

Ice Freezing Nuclei

In-flight Rules
Institute for Marine and Atmospheric Research Utrecht
Interferometric Monitor for Greenhouse Gases
Intensive Observation Period

Infrared

Infrared Broadband Radiometer

Instanteous Radiative Flux(dataset)

Inertial Reference System

Infrared Thermometer

International Satellite Cloud Climatology Experiment
Joint Ice Center

Joint Office for Science Suport

Jet Propulsion Laboratory(NASA)

Johnson Williams

Local Area Coverage(AVHRR)

Local Area Network

Langley Research Center(NASA)

Large-Eddy Simulation

Light Detection and Ranging

Lead Mission Scientist

Longwave

Liquid Water Concentration

MODIS Airborne Simulator

Multiangle spectrometer probe

Man-computer Interactive Data Access System
Multichannel Cloud Radiometer; Multi-Channel Radiometer
Mechanic

Multifilter Radiometer

Multifilter Rotating Shadowband Radiometer
Microwave Humidity Sounder

Millimeter-wave Imaging Radiometer
Multi-angle Imaging Spectro-Radiometer
MMW Cloud Radar

Millimeter Wavelength Temperature Profiler
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MMW Millimeter Wave

MOA Memorandum of Agreement

MODIS-N Moderate-resolution Imaging Spectrometer-Nadir

MPL Micropulse LIDAR

MPT Mission Planning Team

MSFC Marshall Space Flight Center(NASA)

MST Mission Selection Team

MTPE Mission to Planet Earth

MWR Microwave Radiometer

NASA National Aeronautics and Space Administration

NCAR National Center for Atmospheric Research

NCEP National Center for Environmental Prediction(NOAA)

NESDIS National Environmental Satellite, Data, and Information Service

NFOV Narrow Field of View Radiometer

N.G.C.C. National Guard of Canadian Coast

Nd:YAG Neodymium:Ytterbium-Aluminum-Garnet

NIMFR Normal-Incidence Multifilter Radiometer

NIP Normal Incidence Pyranometer

NOAA National Oceanic and Atmospheric Administration(DOC)

NPS Naval Postgraduate School

NRC National Research Council(Canada)

NSA/AAO North Slope of Alaska/Adjacent Arctic Ocean(ARM-DOE)

NSF National Science Foundation

NSIDC National Snow and Ice Data Center

NWP National Weather Prediction(Center)

NWS National Weather Service

OAII Ocean-Atmosphere-Ice Interactions (Program)(NSF)

OAP Optical Array Probe

OCTS Ocean Color and Temperature Scanner

OFPS Office of Field Project Support

OLR Outgoing Longwave Radiation

OoLS Operational Linescan System

OM Operations Manager

ONR Office of Naval Research(DOD)

ONRL Oar Ridge National Laboratory(DOE)

OrbView (name of Orbital Sciences, Corp. satellite for SeaWiFS)

PAARCS Portable Arctic Atmospheric Radiation and Cloud Station

PAM Portable Atmospheric Mesonet

PCASP Passive Cavity Aerosol Spectrometer

PDF (C-130 Ice Nucleus inst.)

PDT Pacific Daylight Time

Pl Principal Investigator

PIR Precision Infrared Radiometer

PM Project Manager

PMEL Pacific Marine Environmental Laboratory

PMS Particle Measurement Systems, Inc., Boulder

PNL Pacific Northwest Laboratory(DOE)

PO Project Office

POES Polar Orbiting Environmental Satellite

POLARIS Photochemistry of Ozone Loss ithe Arctic Region in
Summer(NASA)

POLDER Polarization and Directionality of Earth Reflectances

Precip Precipitation

Pres Surface Air Pressure
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PRT
PSP
PVM
QA

RAD

RADARSAT

RAF
RAMS
RASS
R-CL
RDAS
RESURS
RGPS
RN
RTNEPH

RWP-RASS

R-WX
SAIC
SAR
SBUV
SCARAB 2
SCD
SCICEX
SCM
SeaWiFS
S/IF
SHEBA

SHIS
SKYRAD
S-MET
SNL
SOM
SpecA
SPEC, Inc.
SPO
SR
SSFR
SSM/I
SSMIT
SSM/T2
SSSF
SwW
TBD
TBS
TDDR
tech
TECO
Temp
TIC

T/O
TOA
TOMS
TSBR

Precision Radiation Thermometer

Precision Spectral Pyranometer
Particulate Volumn Monitor
Quality Assurance
Radiation Sensor Suite

Radar Satellite(Canada)
Research Aviation Facility(NCAR)
Radiation Measurment System

Radio Acoustic Sounding System
Routine Climate Data
Radiometer Data Acquisition System
(French Satellite)
RADARSAT Geophysical Processing System
Net Radiometer
Real-time Nephanalysis
Radar Wind Profiler and Radio Acoustic Sounding System
(routine surface/aviation weather reports by a weather observer)
Science Applications International Corporation
Synthetic Aperture Radar(RADARSAT)
Solar Backscatter Ultraviolet

Scanner for the Radiation Budget(RESURYS)
Scientific Computing Division

Submarine Science Ice Experiment

Single Column Model
Sea-viewing Wide Field Sensor

SHEBA/FIRE

Surface Heat Budget dhe Arctic Ocean(Subprogram of NSF
ARCSS OAll)
Scanning High-resolution Interferometer Sounder
Downwelling Radiation Sensor Suite

Surface Meteorological System

Sandia National Laboratory

Surface Optical Model

Spectral Albedo

Stratton Park Engineering Co., Inc.

SHEBA Project Office

Shadowband Radiometer

Solar Spectral Flux Radiometer

Special Sensor Microwave/lmager

Special Sensor Microwave/Temperature sounder
Special Sensor Microwave/Temperature Sounder; version 2
Surface and Sounding Support Facility(NCAR)
Shortwave

To Be Determined

Tethered Balloon System

Total Direct Diffuse Radiometer

Technician

Thermal Electron Corporation

Air Temperature

Turbulence Instrument Clusters

Take Off

Top of the Atmosphere

Total Ozone Mapping Spectrometer(NASA)
Total Solar Broadband Radiometer
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Thermal Systems, Inc.
University

University Cooperation for Atmospheric Research
Up/ Down

Upwelling IR

Universal Resource Locator
Upwelling Solar

Universal Time Code
Ultraviolet-B radiometer
Ultraviolet

University of Washington
Vaisala Ceilometer

Wind Direction

Wind Profiler

Wind Speed

Whole Sky Imager

World Wide Web

Weather
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APPENDIX C--SATELLITES, SENSORS, AND DATA PRODUCTS

C.1 NOAA Polar-orbiting Operational Environmental Satellite (POES)
C.1.1 Introduction

The POES satellite system offdh® advantage of daily globebverage, bynaking nearly

polar orbits roughly 14.1imes daily. Since the number ofbits per day is not aimteger

the sub orbital tracks do not repeat on a daily basis, althougtotiz solar time of each
satellite's passage is essentially unchanged for any latitude. Currently in orbit are NOAA-12
and NOAA-14, which provide global coverage four times daily. FB®ES systenmcludes

the Advanced VenHigh ResolutionRadiometer (AVHRR) and th&iros Operational
Vertical Sounder (TOVS).

Today's generation of polar orbiting satellites weisated with thelaunch of TIROS-N on
October 13, 1978. These satellites, like their predecessors, operate samsgnchronous
orbits. Consecutive equatorial crossings are separated by about 25 degrees of latitude. This
produces up to 14.1 orbits per day. Orbital tracks do not repeat on a daily basisyilaut
equatorialnodesoccur every eightdays. The two mainsensors on boarthese satellites
include the Advanced VeryHigh ResolutionRadiometer (AVHRR) and th&IROS
OperationalVertical Sounder (TOVS).The AVHRR is a four/five channel radiometer
(depending on theatellite number). Spectrabandsrange fromthe visible through the
thermal infrared. The TOVS is composed of three different sensors, all measuring incoming
radiation in the infrared or passiwgcrowaveportion of theelectromagnetispectrum. The

three components of th€OVS are the MicrowaveSounding Unit(MSU) with four
microwavechannels, the StratospheBounding Unit(SSU) with three infraredchannels,

and the High Resolution Infrared Sounder/2 (HIRS/2) with twenty infrared channels.

The next generation of polar orbiting satelliteti begin with the launch of NOAA-K
sometime iNL997. NOAA-K and its successoldOAA-L and NOAA-M, represent an
improvement over thprevious series.Therewill be more passivemicrowaveinstruments
and channels. Theew Advanced Microwavé&ounding Units(AMSU-Al, AMSU-A2,
AMSU-B) are state-of-the-art passiveicrowavesoundersthat will significantly enhance
NOAA'S atmospheric sounding and non-sounding products JinieeAMSU instruments
have better spatial resolution and upper atmospheric sounding capabilities than the previous
MSU instrument flown on thelIROS-N series.The Advanced VenHigh Resolution
Radiometer(AVHRR/3) will provide improved low energy/light detection and aamannel,
called3A, at1.6 microns forimproved snow andice discrimination. Channel 3Avill be
time sharedwith the previous3.7 micron channel, now calle8B. The High Resolution
Infrared RadiationSounder (HIRS/3) haspectral channel changedbat were made
primarily to improvesoundings and to be congruervith the specifications developed for
the new GOES Sounders.

Because of the polar orbiting nature of the POES ssaitedlites these satellites are able to
collect global data on a daily basis for a variety of land, ocean, and atmospheric applications.
Data from the POES series supports a broaahge of environmental monitoring
applications includingveatheranalysis and forecastinglimate research angrediction,

global sea surface temperature measurements, atmospbendings oftemperature and
humidity, oceandynamics researchjolcanic eruption monitoring,forest fire detection,

global vegetation analysis, and many other applications.
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C.1.2 Data

In addition to providing direateadout, thellIROS-N seriesatellites carnyive digital tape
recorders, eactvith a single electronic module and duape transport, toecorddata for
subsequent transmission throuthle CDA to thedataprocessingfacility. Eachtransport
has the capacity to record one of the following:

1) 15 minutes (slightly more than a full orbit) of G&th embeddedTIP data.
(TIROS Information Processor is the on boeothputer systerthat formats
the sensor data for transmission. TIP includes TOVS and auxiliary data.)

2) Eleven and one half minutes of HRPT data (called LAC when recorded), or

3) 230 minutes of TIP data only (called stored TIP).

Between October 1978 and Apiil, 1985, direct readoliRPT and recorded@AC, LAC,

and TIP data were ingested by NESDIS computers and stored temporarily on giskgng

used as work space and for interfacing these compwittrdshe NESDIS TerabitMemory

(TBM) mass storage systeimhe ingestedlata werehen retrievedrom disk storage on a
time-availablebasis, processed td_evel 1b format (which included appending d&arth
location and calibration information) and returned to the disks for subsequent transfer to the
TBM for NESDIS product processing and the SSB archive.

On April 11,1985,NESDIS abandoned th&BM system as aneans of storing ingested
polar orbiter data. Over the years, SSB's hardware compléragabangedwith advancing
technology, but theorrespondingnediachanges remain transparent to fagellite data
user.

During the period of conversion from TBM tapes, SSB attempted to transfer as much of the
datafrom TBM tapes as possiblgvhile simultaneously servicingser requests). Priority

was given to recovering the GAC data sets and 88% of Wesesaved. Similarly39% of

the TOVS and 6% ofthe LAC/HRPT were savedUsers shouldcontact SSB for the
availability of any Level 1b data which were ingested between October 1978 and April 1985.

As mentioned above, Earth location and calibratiata areappended to thdata as part of

the Level 1b processing. The Earth location data are read from CCTs which contain up to 29
hours ofinformation. These data are updawgry 24hours. These Earth location tapes
(called GELDS data)were archived bySSB betweenMarch 8, 1985 andseptember 7,

1992. On September 8, 1992, NESDIS/I.D. discontinued geneth&@ELDS data since

the data were redundant with the Level 1b data.

C.1.3 AVHRR

The Advanced VenHigh ResolutionRadiometer (AVHRR)represents atimprovement
over theVHRR sensofflown aboard thdTOS series ofbperational satellites (the last of
which was-NOAA-5). The AVHRR is a cross-track scanning systienilar to theVHRR,
but features four ofive spectral channels, compared jtst two for the VHRR. The
AVHRR flown aboardTIROS-N, NOAA-6, NOAA-8, and NOAA-10 has fouchannels,
and the AVHRR aboard NOAA-7, NOAA-9, NOAA-11, NOAA-12 and NOAA-A8sfive
channels. Subsequent satellites in the series will have five. Provision has bedarniaele
channels in the data format for all satellites. Channel 5 contains a repeat of Chdaiagl 4
when only four different channels are available.

The spectral band widths (in micrometers) of the AVHRR channels fGiR@S-N series
and those proposed ftite remaining spacecraft asgown inTable C.1.3-1. Inaddition,
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the Instantaneous Field dfiew (IFOV) in milliradians is includedor each channel in
Table C.1.3-1.

Table C.1.3-1. Spectral band widths (micrometers) of the AVHRR.

Channel # NOAA-7,-9, NOAA-13 IFOV
-11,-12,-14 (mr)
1 0.58-0.68 0.58-0.68 1.39
2 0.725-1.10 0.725-1.10 1.41
3 3.55-3.93 3.55-3.93 1.51
4 10.3-11.3 10.3-11.3 1.41
5 11.5-12.5 11.4-12.4 1.30

The IFOV of each channel is approximately? milliradians leading to a resolution at the
satellitesubpoint of 1.1 km for @mominal altitude 0f833 km. The scanningrate of the
AVHRR is 360 scans per minute. The time within each scan line of AVHRR data represents
IFOV #1.

The analog data output from the sensors is digitized on board the satellite at a rate of 39,936
samples per second per changdch samplestep corresponds to amgle of scanner
rotation of0.95 milliradians. At this samplingate,there arel.362 samples per IFOV. A

total of 2048 samples will be obtained per channel per Beail, whichwill span arangle

of +/-55.4 degrees from the nadir (subpoint view).

The IR channels are calibrated in-fligiging aview of astable blackbody and space as a
reference. No in-flightisible channel calibration igerformed (although thepaceview is
available asone reference point). Although thesd vary from instrument tanstrument,

the design goals forthe IR channelsvere an NEdT (Noise Equivalent differential
Temperature) of 0.12 K (@ 300 K) and a S/N (signal to noise ratio) of 3:1 @ 0.5% albedo.

Users should baware that AVHRRChannel 3 data on eadiROS-N seriesspacecraft
have been very noisy due to a spacecraft problem and may be unusable, especially when the
satellite is in daylight.

As a result of the design of the AVHRR scanning system, the normal operating mode of the
satellite call§or directtransmission tdcarth (continuously imeal-time) of AVHRR data.

This direct transmission icalled HRPT, for High ResolutionPicture Transmission. In
addition to the HRPT mode, about ten minutes of data maglbetivelyrecorded oreach

of two recorders on board the satellite for later playback. These recorded data are referred to
as LAC (Local Area Coveragépta.LAC data may beecordedover any portion of the

world as selected bNMOAA/NESDIS andplayed back on the same orbit as recorded or
during a subsequent orbit. LAC and HRPT data have identical formats.

C-3



The full resolutiondata isalso processed on boatie satellite intaGAC (Global Area
Coverage) data which recorded only foreadout by CDA stations. GA@ata contains
only one out of three original AVHRR lines and tifeta volumeand resolution are further
reduced by averagingveryfour adjacentsamples and skippintpe fifth sample along the
scan line.

C.1.4 GAC Data

This section describethe data characteristi@nd magnetic tape format oGlobal Area
Coverage (GAC) data. NESDIS hashanced théevel 1bformatfor GAC andthe most
recent format (for data collected after November 15, 1994) is included in this section.

Data Characteristics

The processor on board the satellite samples the real-time AVHRR qatadtwe reduced
resolution GAC dataFour out of every five samples along thecanline areused to
compute one average value, and the data from only every thirdirec@neprocessed. As a

result, the spatial resolution of GAC data near the subpaaatiglly 1.1 km by 4 kmwith

a 3 km gapbetweenpixels acrossthe scanline, although generally treated as 4 km
resolution. All of the GAC data computed during a complete pass are recorded on board the
satellite for transmission to Earth on command. The 10-bit precision of the A\ddRRSs
retained.

C.1.5 LAC/HRPT Data

This section describethe data characteristics of Loc#lrea Coverage(LAC)/High

Resolution Picture Transmission (HRPT) data. NESDISemeimnced théevel 1bformat
for LAC/HRPT andthe current formatfor data collected after Novembé&b, 1994) are
included in this section.

Data Characteristics

The AVHRR data are digitized tb0-bit precision. The digitizedata areboth transmitted
from the satellite in real-time dsigh ResolutionPicture Transmissio(HRPT) data, and
selectively recorded on board the sateflite subsequenplayback as Locahrea Coverage
(LAC) data. A maximum of ten minutes of LAC data may be recorded per orbit.

In the event that a user would want SOCC to schedule an AVHRR LAC orbit over a specific
area(out of direct readout range &vallops Island or Fairbank€DA's), theprocedures
and requirements are given elsewhere.

C.1.6 HIRS/2

The HIRS/2 instrument measures incident radiation primarilyhie infrared region of the
spectrum including bottongwave (15 micrometers) andshortwave (4.3 micrometers)
regions (seelable C.1.6-1). The IFOV of the HIRS/2 channels are steppeatross the
satellite track byuse of arotating mirror. This cross-trackcan, combinedwith the
satellite’s motion in orbitill provide coverage of a majaortion of the Earth'surface.

The width of thecrosstrack scan is 99 degrees or 2240 km and consists of 56 steps. The
mirror is stepped from home position in 55 steps of 1.8 degredise &nd of thescan (at
position 56)the mirror rapidlyreturns tothe homeposition and repeatthe scanning
pattern. Each scan takést seconds tcomplete(100 milliseconds per step) artbere are

42 km between IFOVs along tlseib-orbital trackThe opticalFOV is 1.25 degreeshich
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gives a ground IFOV of 17.4 kdliameter at th@adir. At the end of thecan, theground
IFOV is 58.5 km cross-track by 29.9 km along-track.

HIRS/2 can be commanded to automatically enter a calibration reely 256 seconds.
When the instrument is in the calibration mode, the mirror (starting tinenbeginning of a
scan line) rapidly slews to a spagew and samplesll channels fothe equivalent time of
one completescanline of 56 scan stepdNext, themirror is moved to aposition where it
views acold calibration target andata is takerfor the equivalent of 5&can steps. The
mirror is then stepped to view an internal warm target for another 56 scan steps.

Upon completion of the calibratiomode, themirror continues its motion to the home
positionwhere itbegins normaEarthscan.The total calibratiorsequence igquivalent to

three scan lines (no Earth data are obtained during this period). The analog data output from
the HIRS/2 sensor is digitized onboard the satellite at a rate of 2880 bits per second. At this
rate, there are288 bits per step (steime = 100 milliseconds)which includesall 20
channels. The data is digitized to 13-bits precision.

Table C.1.6-1 containgypical values of theHIRS/2 spectral characteristics and noise
equivalent differential radiance (NEdN's in units of mW/(m2-sr-cm-1)). Tiwdrde some
variation in the parameters from one HIRS/2 instrument to another.

Table C.1.6-1. Typical HIRS/2 Channel Characteristics.

Channel Half-power Maximum Scene Specified NEdN
Bandwidth (cm-1) Temperature (K)

1 3 280 3.00

2 10 265 0.67

3 12 240 0.50

4 16 250 0.31

5 16 265 0.21

6 16 280 0.24

7 16 290 0.20

8 35 330 0.10

9 25 270 0.15

10 60 17* 290 310* 0.16 0.09*

11 40 275 0.20

12 80 260 0.19

13 23 300 0.006

14 23 290 0.003

15 23 280 0.004

16 23 260 0.002

17 23  26* 280  350* 0.002

18 35 340 0.002

19 100 340 0.001

20 1000 100%A 0.10%A

* NOAA-11 andall subsequensatellites (except NOAA-1Davechannels 10 and 17 at
different locations in the spectrum. An * (asterisk) indicates the values for NOAA-11.

C.2 DMSP
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The Defense MeteorologicéatelliteProgram(DMSP) is ®epartment oDefense(DoD)
program run bythe Air Force Space antMissle Systems Center(SMCThe DMSP
program designs, builds, launches, and maintaegeral nearpolar orbiting, sun
synchronoussatellites monitoring theneteorological, oceanographiand solar-terrestrial
physics environments.

DMSP satellites are in a near polar orbitirgyn synchronousrbit at an altitude of
approximately 830 Km above the earth. Each satellite crosses any point on theiearth
day and has aorbital period of aboutlO1 minutesthus providing complete global
coverage of clouds every six hours.

Each DMSP satellite monitors the atmospheric, oceanographic and solar-geophysical
environment of the Earth. The visild@d infraredsensorscollect images of global cloud
distribution across 8,000 km swatlduring bothdaytimeand nighttimeconditions. The
coverage of themicrowaveimager andsoundersare one-half thevisible and infrared
sensors coverage, thus they cover the pelgionsabove 60 on a twicdaily basis but the
equatorial region on a dailyasis.The space environmentakensorsrecord alongtrack
plasma densities, velocities, composition and drifts.

The datafrom the DMSP satellites arerecievedand used abperational centers on a
continualbasis.The data arsent daily tathe NationalGeophysical Data Center(NGDC),
Solar Terrestrial Physics Division(STPD) for creation of an archive.

C.2.1 SSM/I DESCRIPTION

The SSM/I is aseven-channelfour frequency, linearly-polarized, passiv@icrowave
radiometricsystemwhich measuresatmospheric, ocean and terramcrowavebrightness
temperatures at 19.35, 22.23%,.0 and 85.55Hz. The data areised toobtain synoptic

maps of critical atmospheric, oceanographic and selected land parameters on a global scale.
The SSM/I archive dataset consists oAntenna temperatures recordeross &l,400 km

conical scan, satellite ephemeris, easthface positions foeach pixeland instrument
calibration. Electromagnetic radiation is polarized by the ambient eléelticscattered by

the atmosphere and the Eartbisface and scattered antisorbed by atmosphenwater

vapor, oxygen, liquid water and ice.

INSTRUMENT DESCRIPTION:

The SSM/I instrument consists of an offset parabolic reflector that is 24 x 26 inches fed by
a sevenyort hornantenna. The reflector and feed are mounted drua which contains

the radiometers, digital dataubsystem,mechanical scanning subsystem angower
subsystem. The drum assembly rotates about the axis of the drum. A small mirror and a hot
reference absorber are mounted on the assembly.

The instrument sweeps 450 cone aroundhe satellite velocity vector so that the Earth
incidence angle is always10. Data are recordeduring the 102.40 ofthe cone when the
antenna beam intercepts tBarth's surfaceThe channel footprinvaries with channel
energy, position in the scan, along scan or along track directioaltinde of the satellite.

The 85GHz footprint is the smallestith a 13 x 15 kmand the 19GHz footprint is the
largest at 43 x 69 km. Because the 85 GHz footprint is so small, it is sampled toftenas

i.e., 128 times a scan. One data cycle consists of 4 85 GHz scans and 2 fuari®0p2

and 37GHz channels. Theomplete cyclgakes 28seconds and it must lmmplete to
process the data.

DMSP satellites are in a sun-synchronous, low altitude polar orbit. The orbital period is 101
minutes and the nominal altitude is 830 km.

PROCESSING:
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The SSM/I processor igjueried once a second by onboard computer taaeddata are
placed into thé TS SSP"data field. Datastored on recorderare down linked to Thule
AFB once anorbit, sent to Air Force Global WeatherCentral (AFGWC) via
communications satellite,

written to 8 mm tapes by the ARchive Processing System (ARPS) and sent to the National
Geophysical Data CentéNGDC) on adaily basis. At NGDCthe "TS SSP"data are
decommutated, deinterleaved, bit flippeelordered and restructured into orbits beginning
with the equatorialcrossing ashe satellite travelfrom south to northSatellite ephemeris
are computedusing a physically-based, orbital mechanics mod8SM/I pixels are
geolocatedusing the satellite ephemerig@nd satellite attitude corrections. Antenna
temperatures are computddom instrumental counts by énear equation, i.e., the
conversion is reversible.

In the decommutation step, we encountered bit reversals that occurred 1.8 - 3.4%naf the
and areprobably caused by ionospheric scintillation. Thagee identifiedthrough careful
checking procedures and corrected. Archive tapes contain an automatedstatemagént, an
orbital inventory, metadata byrbit and geolocated antenna temperaturesypical tape
contains 8 days of data from two satellites.

APPLICATIONS:

SSM/I data areused toderive geophysical parametensptably, ocearsurfacewind speed,

area covered by ice, age of ice, ice edge, precipitation over land, cloudnaaicintegrated

water vapor, precipitation over water, soil moisture, land surface temperature, snow cover and
sea surface temperatutdost current methodsise statistical algorithmavhich mean or
difference channel brightness temperatures [Hollinger et al., 1989]. Brigkengssratures

are computedrom antenna temperaturesing the published antenna pattern correction
which includes dynamic adjustmenter antenna siddobe, antenna efficiencies and
neighboring pixel contributiongzuture methodsvill be physically basedising datafrom

all atmospheric sensors on DMSP satellites, i.e., SSM/I, OLS, SSM/T and SSM/T-2.

C.2.2 SSM/T2 DESCRIPTION

The SSM/T-2 sensor is #éive channel,total power microwave radiometerwith three
channels situated symmetrically about the 183.31 GHz water vapor resonance line and two
window channels. This instrumemtas flown onall DMSP Block 5D-2 satellites starting

with F11 launched in1991. SSM/T-2 is designed farovide global monitoring of the
concentration of water vapor in the atmosphere under all sky conditions by adkegage

of the reduced sensitivity of the microwave region to cloud attenuation.

INSTRUMENT DESCRIPTION:

The SSM/T-2 is a cross-trackcanning,five channel, passive total powemicrowave
radiometersystemwhich consists of asingle, self-contained moduleith a step-scan
motion in thecross-track direction of/- 40.5degreesThe SSM/T-2 scamrmechanism is
synchronizedwvith the SSM/T-1 sothat the beam cepatterns of théwo sensorcoincide.
The SSM/T-2 observation rate i3.5 scans peminute. There are 28 observations (beam
positions) per scan fagach of thefive channels, with eacbbservation having a spatial
resolution of approximately 48 knAll five channelshave coincident centers. Theotal
swath width for the SSM/T-2 is approximately 1500 km.

The SSM/T-2 employs a single offset parabolic refleaiitit a 2.6 inch diameter projected
aperature. The reflector is shrouded to eliminate the possiblity of raygHemsun striking
either of the calibratiopaths and causingnwanted thermafjradients. Thdeedhorn is a
corrugated pyramiddiorn with aflare designed toninimize phasecenter seperatioover
the bandwith(91 to 183.3GHz), while providing a sphericalvave illumination of the
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reflector. To achieve the cross-track scanning, the reflector alone rotates. The rotation of the
reflector produces a rotation of the plane of polarization of the upwelling $&ehich

is permitted provided that the polarization remains identaathe two windowchannels

and 183.3+/- 7 GHz. These channels musiave the same polarization characteristics
because they measure contributions from both the atmosphere anaféoe. Notehat all
SSM/T-2 channels possess the same polarization.

During eachscanperiod, and for all five channels at twenty-eight discrete earibwing
positions, four discrete calibration measurements of a hot-load target (~300K), and cosmic
background radiation (~3K) are monitored.

The SSM/T-2 inflight warm-load calibration target is derivative ofthe SSM/T-2 warm

load calibration target. Th@armload (~300 K) is shrouded tomprove radio frequency
(RF) coupling of energy to the reflector/feedhorn antenflais minimizes potential
calibration errors arising from the reception of extraneous energy due to scattezarth of

or solar radiatioroff of the spacecraft. The cold path is a cylindrical oversizadeguide

tube which permits a direct view of the cosrackground (~3 K) byhe antenna reflector
during calibration.

The periodic calibration data are modeled by a linesnsfer function tacharacterize the
state of the total power radiometer and remove time variations mfdbigergain and offset

for frequencies lesthan half the reciprocal of the calibration period. As a consequence
relatively large temperature related receiver ghifts are taken into account in the periodic
construction of the transfer function. Threnimal detectable temperatuddference is0.45

K. The SSM/T-2 employs a calibration period of 8 seconds in which four samplekeme

of a warm-load calibration target along with four samples of the cosmic background.

PROCESSING:

Processing amagery insupport of DOD operations and scientific research
occurs
onboard the satellite, at Air Force Global Weather Central (AFGWC) and at the National
Geophysical Data Center (NGDC). Satellite telemetry are down linked to Thule AFB and
transmitted to AFGWC via communications satellite.

APPLICATIONS:

The imaging of SSM/T-2 data offers a new perspective on the atmosphere that complements
other remotely sensed datasets. Conlee (1995, Pe&ik Dissertation) showghat major
mid-latitude weathephenomenasuch as fronts andxtratropical cyclonediave excellent
signatures in SSM/T-®@ata,including three-dimensional structure. Other phenonsecé

as as tropical cyclones, tropical plumes, subtropical anticycemgsurface states such as

sea ice and snow cover may be identified.

Applications other than profiling amossiblewith the SSM/T-2. The retrieval ofvertically
integrated water vapor is also possible due to the strong sensitivity b83t#&1 Ghavater

vapor absorption line.

C.3 RADARSAT/SAR
C.3.1 Summary

RADARSAT-1 is an advanced Earth observation satellite project developed by the Canadian
Space Agency(CSA) to monitor environmental changeand to support resource
sustainability. NASA launched RADARSAT-1 in excharfge access tahe satellite on a

pro rata basis through its Alaska SAR Faci{f§5F). Atthe heart of RADARSAT-1 is an
advancedradar sensor called Synthetic Aperture RadafSAR). SAR is amicrowave
instrumentwhich sends pulsed signals the Earth angrocesseshe received reflected
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pulses. RADARSAT-1's SAR-baséechnology provides its owmicrowaveillumination
and thuswill operate day onight, regardless ofveatherconditions. RADARSAT-1 was
placed into asun-synchronougolar orbit in order tgrovide global coverage. Research
emphasis will be on the polar regions, though on-board tape recordeaowilimaging of
any region, world-wide. Data downlinked to the Canadiatations (PrinceAlbert,
Saskatchewan anatineau, Quebec)will be made availablethrough RADARSAT-1
International(RSI). Data downlinked to NASA's stations (McMurdantarcticaand ASF

in Fairbanks, Alaska) will be made available through the Alaska SAR Facility.

Some potential applications of RADARSAT-1's data include: sea-ice monitoring - daily ice
charts; extensive cartograpiood mapping and disaster monitoring general; glacier
monitoring; forestcover mapping; oil spill detectionassessment ofhe likelihood of
mineral, oil and gas deposits; urban planning; crop production forecasts; saastdlance
(erosion); and surface deformation detection (seismology, volcanology). Sdhreelafge
RADARSAT-1 activities include: the Antarcticmapping mission;"Arctic Snapshots”
showing thecomplete Arctic ice extent at giveimes (4 snapshotsevery 24days); a
Geophysical Processor System (RGPS) to provide derived data sets suclcasrezian
products; and a global set of stereographic SAR images. RADARSWasl launched
November 4, 1995 and has a design lifetime of 5.25 years.

C.3.2 Synthetic Aperature Radar(SAR)

At the heart of RADARSAT-1 is an advanced ragansorcalled Synthetic Aperture Radar
(SAR). SAR is a microwave instrument whisénds pulsed signals Earth andorocesses
the received reflectedulses. RADARSAT-1's SAR-basddchnology provides its own
microwave illumination and thus will operate day or nighgardless ofveatherconditions.
RADARSAT-1 offers a variety of beam selections; the satelBAR will have the unique
ability to shape and steer its beam from an incidence andgssihan 20 degrees to more
than 50 degrees, in swaths from 35 to &ll@meters, withpossible resolutions from 10 to
100 meters. The RADARSAT-1 SAiRage swath canovermuch of theArctic daily and
most of Canada every 72 hours, depending orbélaen selected. The entire Earth could be
covered every 24days usingthe standard 100-kilometebeam mode. Datawill be
downlinked in real time or stored on one of thperecordersuntil the spacecraft igithin
range of a receiving station. Data is expected tavagablefor users dew hoursafter the
satellite passegver anarea. Receivingtationsare located aPrinceAlbert, Saskatchewan;
Gatineau, Quebec; Tromso, Norway; and Fairbanks, Alaska. Addigomahd stations are
also developing the capability to support the RADARSAT mission.

Spacecraft Parameters:

Design Lifetime: 5.25 years
Spacecraft Mass: 3100 kg (vs 2750 kg)
Bus Mass: 1560 kg
Payload Mass: 1540 kg
Average Power:

Requirement: 1500 W

Total Solar Power: 2500 W

Batteries: 3 48 Ah NiCd

Available (after 3 years): 1900 W
Hydrazine:

Yaw Maneuver: 67 kg
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Orbit Parameters:

Geometry: Circular, sun-synchronous (dawn-dusk)
Altitude: 798 km (793-821)
Inclination: 98.6 degrees
Period: 100.7 minutes, 14 orbits/day
Repeat Cycle: 24 days, 343 orbits
Local mean solar time
of ascending node: 18:00 GMT
Argument of perigee: 90.0 degrees

Coverage Information:

Data will be downlinked to receivingstationsat: Prince Albert, Saskatchewan; Gatineau,
Quebec; McMurdo, Antarctica; and ASF in Fairbanks, Alaska. The North American stations
can obtain real-time data within their station masks - an area within approxid@@€lykm

of each stationMcMurdo's coveragemask is morelimited due to thesurrounding
mountains. Data may also be recorded over the desired locatidatemdownlinked later -
receiving station. Using the maximum swath width o500 km, the following may be
obtained:

» Daily coverage in areas north of 70 N, excepting a small portion at the pole
» Coverage every 4 days for regions between 48 N and 70 N
» Coverage every 6 days for locations north of 80 S

» Dalily coverage in areas south of 80 S, excepting a portion at the pole

Direct Downlink Coverage from RADARSAT

When viewing the groundcoveragefor a RADARSAT receiving station, it is important to
note that thegroundarea that can baccessed and downlinked to the nearestiving
station, is not circular in shape.

To illustrate thispoint, RADARSAT can providgroundcoverage over 800 Km ground

swath and alsbas a stand-offlistance of approximatel®50 Km fromnadir to the near
edge of the swath. Therefore the additicc@lerage distandeom the maximum downlink

line-of-sight is 750 Knmexcluding extended beams. This extendederageappears as a
bulge to the side of the circular line-of-sighdnsmissiortircle. The size and trghape of

the additional coverage varies for various satellite systems.

Readers shouldhote that the coverage aréar side-looking sensorsnay depend on
ascending or descendiqssesand thereforewill provide less frequentoverage in the
enlarged regions.

The maximum coverage distanf@r each of the satellites is dependant owasdety of
factors besides the steering capability of the sensor. Other factors incluadéute of the
satellite, the minimum elevatiamgle of the receiving antenaéove thehorizon and, the
elevation of the antenna abosealevel. The coveraggatterns indicated are theoretical and
may have slight variations from actual results which are affected bydonoditions such as
elevation changes, transmission interference, or other variables.
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The presentation of the coverage is also distorted due to the Map Projection @yliziedn
Readers are cautioned to be aware of these factors when reviewing the coverage diagrams.

The area covered is elongated in the horizontal direatittnonly a slightdeviation in the
vertical asthe side-looking and steerabkensorsprovided enhanced coverageross the
satellite track which is primarily north-south in direction.

For the RADARSAT receivingstations listed in thisite, we havencluded thecoverage
based upon oreceiving antennalevationangle of 5 degree receptiomasks showing the
downlink range. Data may kable to be collectedutside of thesareasdue to either the
ability to receive data from smaller elevation angles, extended beams, or the tape recorder.
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Attitude Characteristics:

RADARSAT-1 is 3-axis stabilized.
Position Errors:
Along-Track: +/- 1430 meters
Cross-Track: +/- 36 meters
Radial: +/- 26 meters
Velocity Errors:
Along-Track: +/- 0.75 m/s
Cross-Track: +/-1.5 m/s
Radial: +/-1.5 m/s

Rotation Measurement Errors:

Roll: +/- 0.1 degrees
Pitch: +/- 0.1 degrees
Yaw: +/- 0.1 degrees

(from 0.05 degrees long term bias, 0.05 degrees short
term random errors for each)

Drift Rates:
Roll: +/- 0.001 degrees/second
Pitch: +/- 0.001 degrees/second
Yaw: +/- 0.001 degrees/second

Antenna Pointing Errors:

Elevation/Azimuth Pointing Errors: 0.5 degrees
Elevation/Azimuth Drift Rates: 0.01 degrees/second

Data Collection System:

The S-bandcommand andelemetry linkwill permit simultaneous reception of commands
and transmission ofelemetry between the RADARSAT-1 satelli#md the Telemetry,
Tracking, and Control Stations (TTCS) at ST.-Hubert and Saskatoon. S8R will
currently be downlinked to the Canadistations and Gatineau and Pringibert and the
U.S. station at Fairbanks, Alask@ther groundreceivingstationsmay be added in the
future.

Latitude Crossing Times:

RADARSAT-1 was launched into sun-synchronous dawn-dugbklar orbit. Thesatellite
crosses the equator at 6 a.m. and 6 p.m.
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C.4 RESURS/SCARAB 2

ScaRaB is a 4-channel cross-track scanmadjometerwith angular resolution of 48
milliradians. Scanning is obtained by rotation of a cylinder (titer) carryingthe optics,
filters, detector,choppers andanalog-detection electronics about an gasallel to the
direction of rnotion of thespacecraft, within a cylind€stator) rnounted othe spacecratt.
The four channels (Table C.4-1) include two broad spedutnadls fromwhich the reflected
SW andemitted LW radiances arderived,andtwo narrowerbandssimilar to operational
weather satellite imager channalse corresponding tthe infrared atmospheriwindow,
the other to the visible (green to red) portion of sb&ar spectrum. Notthat theupper 50-
pm limit of the TW channel is nominal; there is no abrupt cut-off in spaesglonse and
no practical way to measure the response in this rargelower0.24um limit of SW and
TW channelresponse corresponds ttee cut-off inreflectance of the aluminum mirror
optics.

Daytime radiation in the L\Wand (nominally 4 to 5(um) is determined by appropriately
weightedsubtraction of the SW sign&lom the TW signalNote that although the ERBE
scanner had a LVehannel, the unfiltered LWadianceswvere in practicedetermined from
such TW-SW subtraction. The CERES scanner has awri@®w channel in place of the
ERBE LW channel, and LW radiances will also be determined by spectral subtraction.

The four channels ofdentical structure are mounted parallel inside therotor cylinder,
perpendicular to its axis. Incoming radiationfaigused by a sphericaluminum mirror
directly onto the detector field stowjth no secondary reflectiorEach detector is mounted
at the prime focus of a telescope with a single mirror, and each optical systentei®d so
as to be insensitive to polarization. T¢w®anning is produced by rotatitige ensemble of
the four telescopes around an guasallel to thesatellite’s orbital motiorvector. The field
of view isdefined by a squarkeld stop, whose diagonal is parallel to tean direction.
Half-diagonal overlapping of pixels reduces aliasifgr ScaRaB FM1,which flew on
Meteor-3/7 at 1200-km altitude, the projection on the grouncidit, of theinstantaneous
field of view (pixel) is a 60-km square, with pixel spacing on a square grid okdR.5

The detectors are windowless pyroelectrics cowiéid black paint. The radiation arriving

on each detector is chopped at the pixel sampling frequBaci. of the twahoppers is a
rotating hemispherical mirror with two openings, each detector altermetelyes radiation
transmitted directly from outside and radiati@ilected from a small internal reference

black body. This is not &alibration source; its temperature is aotively controlled. The
temperature of the reference blackbddly channel 3 is measured by a platinum resistance
thermometricsonde andincluded in the scientific telemetry. These datad thermal
modeling of the instrument confirm that these temperatures are stable on time scales as long
as several scan cycles.

The pixel signal is in fact the difference between the signal intedffated0 ms)when the
chopper is fully open tthe external scene and the signal obtaiwwbdn it is fully closed
and reflecting the internal bladdlody. Notethat because the filterssed for channels 1, 2
and 4 are located between the chopper and the detector, their themnssbn iseliminated.
Radiometer bias isanceledusing aspace look athe beginning or end adachscanline
(depending on the direction of the Sun, which is avoided). It may be noted tIGEREES
instrument is similar to the ERBE scanner, Wiih the imperfecbroad LW bandeplaced
by an infraredwindow channel(8-13 um) analogouso, but somewhat broadethan,
ScaRaB IRW channel 4 (10.5-12180).

Table C.4-1 ScaRaB channels
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Channel No. Description Wavelength range Filter Type
1 Visible (VIS) 0.55—0.65um Interference
2 Solar (SW) 0.2 —4pm Fused silica
3 Total (TW) 0.2 — 50um Unfiltered

4 IR window (IRW) | 10.5 — 12.5um Interference

TABLE C.4-2 ScaRaB SCIENCE DATA PRODUCTS

ERBE Organization Description - Quantities included
analog
Al pre- Daily files Geographical location, instrument counts,
PAT Pixel by pixel housekeeping data, calibration data, filtered
as observed radiances each channel, for each pixel
Dally files Geographical location, illumination/viewing
A2 PAT S-8 Pixel bpixel geometry, filtered radiances eatiannel,
scene
as observed identification, unfiltered SW, LW

radiances, SW
and LW fluxes

A3 S-9 Monthly files Regional mean quantitieand other
statistics
ERBE regions

A3 MRI Record 2 ERBE regions, Quasi-instantaneous regional means:
by satellite all-sky and clear-sky SW andfluweés,
other
overpass statistics, scene-type fractions

A3 MRJ part of ERBE regions as above, daily regional means
record 1 day by day
A3 part of ERBE regions Monthly hourly regionaleans, i.e.
monthly mean
MRH record 1 hour by hour diurnal variation of above quantities
A3 part of ERBE regions Monthly regional means obtained from
daily
MRMJ record 1 regional means
A3 part of ERBE regions Monthly regional means obtained from
monthly
MRMH record 1 hourly regional means

C.5 Earth Probe

C.6 LANDSAT
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APPENDIX D--AIRCRAFT, SENSORS, AND DATA PRODUCTS
D.1 NCAR C-130Q Instruments

Instrument Name Parameter(s) PI
PMS-PCASP 100 Aerosol Spectrum & mean particleCurry
diameter
PMS-FSSP-100 Cloud droplet spectrum & mean | Curry

particle diameter & water/ice
content
PMS-FSSP-300 Cloud droplet spectrum & mean | Curry
particle diameter & water/ice
content
PMS-FSSP-2D-C Total Number of Cloud Particles| Curry
PMS-FSSP-2D-P Total Number of Water Particles| Curry
OAP-260X Cloud Droplet spectrum, mean | Curry

particle diameter, water/ice conteft
& computed reflectivity

Cryo. Dewpoint Hygrometer | Humidity RAF
Lyman-alpha absorption Water vapor density RAF
hygrometer

UV Hygrometer Humidity RAF
Dew-point hygrometer Frost point temperature RAF
Atmos./satur. water vapor Derived relative humidity RAF
pressure

Amb./dew pt. temp. & water | Derived absolute humidity RAF
vapor pressure

Stat. press & water vapor Derived specific humidity RAF
pressure

Water vap. press & stat. press.Cryogenic mixing ratio RAF
PMS/CSIRO lig. water probeg Liquid water content RAF
Near-IR Laser Spectrometer May
H20O Vapor
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Instrument Name

Parameter(s)

Pl

Multiangle Spectrometer
Probe(MASP)

Aerosol Size and Number

Baumgardner

Gerber PVYM 100A

Cloud Liquid Water and Effective
Radius

Curry

Rosemount 871F ice-accretior
probe

) Derived supercooled liquid water|
content

RAF

TSI CN counter CN concentration Curry
Heinmann KT19.85 IR Surface Temperature RAF
Radiometer

NCAR-modified Eppley PIR | Hemispheric IR Radiation RAF
Pyrgeometer

NCAR-modified Eppley PSP | Up/down hemispheric SW RAF
Pyranometer Radiation

Eppley UV UV irradiance RAF

radiometer/photometer
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Multichannel Cloud
Radiometer(MCR)

Cloud Fraction, Optical Depth, | Curry
Surface Temperature, Melt Pond
Coverage/depth

Airborne Imaging Microwave
Radiometer(AIMR)

Lead fraction, New Ice Fraction | Curry

Honeywell Laser Inertial

3D Position, Attitude and Ground RAF

Reference System Speed
APN-159 and -232 Radar altitude RAF
Barometric pressure Pressure altitude RAF

Trimble TANS-III GPS
Receiver

Time, Position, Ground Speed | FAF

Dynamic/static pressure

Calculated true airspeed RAF

IRS & plane speed & attitude

wind vector components RAF

RAF Radome/IRS Wind Gust| Air Motion RAF
System
Cloudscope Video Tapes of Collected ParticledHallett

Particle Area/Time Plots
Particle Habit and Size
Particle Volume Concentration
Particle Mass and Density

Exter. Video; Down & Video Tapes of Clouds RAF
Left/Right
Rosemount Temperature RAF

Rosemount Model 1201F1
Absolute Pressure Transduce

Barometric Pressure, Pressure | RAF
F Altitude

Ophir 1l Rad. Temp. Sensor

Ambient Air Temperature Curry

Continuous Flow
Diffusion(CFD) Chamber

IFN Number Concentration Rogers

Condensation Nuclel(CN)
Particle Counter

CN Number Concentration(total [ Rogers
larger than 0.012m)

Cloud Particle Imager(CPI)

Particle Images and Physical Chatawson

CCN Spectrometers & CN
counter

CCN Activation Spectrum Hudson

CN Concentration
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| Radiometers(RAMS) | Up and Downwelling Solar Flux | Valero

D.1.1 Description of Radiation Measurement System(RAMS)

Instrument
Name: Radiation Measurement System (RAMS):
a multi-instrument array of radiometers consisting of:
1 Total Direct Diffuse Radiometer (TDDR)
1 Multichannel Radiometer (MCR)
2 Total Solar Broadband Radiometers (TSBR)
2 Infrared Broadband Radiometers (IRBR)
1 Narrow Field of View Radiometer (NFOV)
1 Radiometer Data Acquisition System (RDAS)
(plus cables from RDAS to instruments)
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Weights: TDDR =5.5 Ibs
MCR =5.5 Ibs
TSBR =3 Ibs (each)
IRBR =3 Ibs (each)
NFOV = 21.5 Ibs
RDAS =50 Ibs
cables = approx. 40 Ibs (depends on distance from RDAS
to instruments)

Sizes: TDDR = 10" x 4.25"
MCR =10"x 4.25"
TSBR = 7.25" x 5.25"
IRBR = 7.25" x 5.25"
NFOV = 24.5" x 9.5"
RDAS = 8" x 19" x 29"

External sensor location:
TDDR = zenith port
MCR = nadir port
TSBR = one in zenith port, one in nadir port

IRBR = one in zenith port, one in nadir port
NFOQOV = nadir port (requires 2 windows)

Note: Since all of our instruments (except the NFOV) have hemispheric fields-of-view, we require thégdom famsitions
on the plane which minimize obstructions to their view (such as tail fins, radio antennas, other instruments, etc.).

Voltage: 115V AC; 28V DC

Signal: Analog and Digital signals

Sample Rate: 2.5Hz

Hazardous materials: liquid nitrogen required for NFOV

Scientific basis for measurement and measurement accuracy:
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TDDR: Shadow-band radiometer with a hemispheric field of
view and 7 channels spanning the solar spectrum
from the near-UV to the near-IR. The TDDR measures
the total, direct, and diffuse components of the
downwelling solar flux. Optical depths as a
function of wavelength can be retrieved from these
measurements.
Accuracy = approx. 1%

MCR: Exactly the same as the TDDR except it does not
have a shadow-band. The MCR measures the upwelling
solar flux in the 7 spectral channels. When
combined with the TDDR measurements spectral
albedo, net flux, etc. can be derived.

Accuracy = approx. 1%

TSBR: Radiometer with a hemispheric field of view and a
spectral bandpass from 0.2 to 3.9 microns. The
TSBRs measure the downwelling and upwelling total
solar irradiance. Albedo, net flux, etc. can be
derived from these measurements.

Accuracy = approx. 1%

IRBR: Radiometer with a hemispheric field of view and a
spectral bandpass from 4.125 to 48.25 microns. The
IRBRs measure the downwelling and upwelling
infrared flux.

Accuracy = approx. 1%

NFOV: narrow field of view radiometer with two spectral
channels (typically 4-40 microns and 8-12 microns).
The NFOV measures the upwelling radiance at the
given bandpasses. Brightness temperatures can be
derived from these measurements.
Accuracy = approx. 1%
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D.1.2 Airborne Imaging Microwave Radiometer(AIMR)

Resolution @ 1000m altitude: 45m (37 GHz), 17m (90 GHz)

Swath @ 1000m altitude: 3464m

37 & 90 GHz, both polarizations

scans at 60 deg.

Data Products: lead fraction, new ice fraction; other possibilities: snowfall retrieval

D.1.3 Multichannel Cloud Radiometer(MCR)

Resolution @ 1000m altitude: 7m
Swath @ 1000m altitude: 2000m
scans at +- 45 deg.

MCR channel configuration:

Channel No. Central Wavelengiimf) Bandwidth (FWHMum)

1 0.630 0.065
2 0.761 0.001
3 0.763 0.001
4 1.06 0.07
5 1.64 0.054
6 2.16 0.085
7 10.8 1.0

» Data Products: cloud fraction, optical depth, surface temperature, melt pond coverage/depth

D.1.4 Cloud Particle Imager(CPI)

Description:

The CPI records in situ digital images of cloud particles.
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Particle Size Range:lim To 2.3 mm

Size Resolution: 2.8m

Max Frame Rate: 40 Per Second

Max Particle Rate: >1000 Per Second (Depends On Particle Density)
Number Of Grey Levels In The Image: 256

Data Products:

Raw Data: Patrticle Images Plus Housekeeping Data.

Derived Data Products:

Particle Length And Width

Effective Radius

Particle Area

Drop Size Distribution (For Drops > ~10n)
Crystal Size Distribution

IWC

LWC (For Drops > ~1(0m)

Ratio Of IWC/LWC (For Drops > ~30m)
Particle Habit*

Degree Of Crystal Riming**

*Simple Particle Classification Algorithm That Is Being Improved On A Monthly Basis.

**Algorithm Under Developement.

D.1.5 CFD Chamber and CN Counter

Continuous Flow Diffusion (CFD) Chamber
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OPERATING PRINCIPLES:

Air flows in the space between two cylinders that coated isétland held at different temperatures. Ice forming nytieN) activate in
this supersaturated region and grow to crystdésvamicrons in size. Therystalsare counted at the chamber outléth an optical
particle counter. Operation and data logging use a PC-based data system. There are three fundamentafdmtiieti@etinique: (1)
measures at one temperature and humidity (no capability for instantaneous spectra); (2) statistical sampling llifhit eameentrations
are low; and (3) no sensitivity to contact-freezing or homogeneous freezing nucleation.

MEASUREMENT CHARACTERISTICS:

Range of Sample Temperatures: -10 to -35C

Range of Sample Humidities: ice saturation to 20% water supersaturation
Temperature Change Rate: 0-1.5C per minute

Humidity Change Rate: 0-10% per minute

Sample Flow Rate: 1-2 liters per minute

Accuracy: temperature 1C, humidity +/-1%, air flow +/-5%, pressure +/-2%
Response Time: ~5 seconds (0%-95%) + piping delay

Temporal Resolution: ~1s

Data Sample Rate: ~5Hz for particle count; 1Hz for temperature, flow and pressure

DATA PRODUCTS:

* Number concentration of ice forming nuclei (IFN) at sampling conditions.

» Derivedproducts to bgrovided: time, sampling conditiongtemperature, watesind ice supersaturation, pressuifigw rate), IFN
count

» Other possiblederivedproducts: freezing nucleation spectra; contributions from diffaenhucleationmodes (condensation-
freezing and deposition); fraction of total aerosol represented by IFN; size and chemical composition of IFN

OPTIONS:

Ice crystals >8im thatform in the CFD can be collected by impactianto an electron microscomggid. These crystalsontain the
nucleating particles, and when the crystalaporatethe IFN are leftbehind. The nuclei can be analyaeging electron microscopy and
X-ray microprobe techniques to determine therphology andelementalcomposition. Collections are typicalccumulatedor ~30
minutes to get a few hundred particles.

Condensation Nuclei (CN) Particle Counter
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OPERATING PRINCIPLES:

This is a butanol type CMounter, commercially manufactured by TSI, IMdgdel 3010. It measurdle concentration adll particles
larger than about 0.0uth diameter. Sample air flows over a heated reservoir of butyl alcohol and becomes satilrdtedvapor. It
then flows into a pipe that is about 18Goler, which creates ligh supersaturation (~300%Butanol dropletswcleategrow to a few
microns and are counted with an optical particle counter. Coincidence errors become significant for concentrations dreadécchan

MEASUREMENT CHARACTERISTICS:

Range of Particle Concentration: 0 to 10™4/cc

Particle Size Detection Limit: 50% at 0.012um diameter, increasing to ~100% at 0.025um
Sample Flow Rate: 1 liter per minute

Accuracy: air flow +/- 2%

Response Time: <5 seconds (0%-95%) + piping delay

Data Sample Rate: approx. 5Hz for particles, 1Hz for flow

DATA PRODUCTS:

* Number concentration of CN (total particles larger than ~Qu@i@ameter).

» Derived products to be provided: time, CN concentration at STP

» Other possiblalerivedproducts: fraction ofotal aerosolactive asCCN and IFN; indicator of airmass origin(clean or polluted,
boundary layer, etc.); in-cloud particle scavenging

D.1.6 CCN Spectrometers and CN Counter

DRI Cloud Condensation Nucleus (CCN) spectrometers

Counts particles in the supersaturation range of 2% to 0.01% with about 50 channels of resolution.
Sensitivity 1 particle per cm-3.

Concentration range 1 to 5000 cm-3.

Sample flow rate about 1 cm3/s

Sample rate 1 Hz

Calibrated with monodisperse salt (NaCl or ammonium sulfate), aerosol, ndsé&mown critical supersaturations, Sc. This is done
with an aerosol generator and an electrostatic classifier (DMA).

The DMA canalso be used tsize select the ambieaerosol and thisan then bgassed to one dhe CCN spectrometers to obtain
relationships between dry particle size and Sc.
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An oven can also be used to heat the sample to various temperatures to obtairvgatiityeinformation, which caryield clues about
particle composition.

With the two CCN spectrometers one can monitor gmabientCCN spectra continuouslyhile the other is calibrated and/atoes
volatility and/or size vs. Sc measurements.

TSI 3010 CN counter

Obtains total particle concentrations--condensation nuclei (CN).
Sample rate 1 Hz

Sample flow rate 16 cm3/s

Concentration range 1 cm-3 to 10000 cm-3.

D.1.7 NCAR Cloud Statistics Data Product

» Data Processing Special Considerations

PCASP
Activity, Flowrate Corrections
Refractive Index Corrections

FSSP-300
Activity Corrections
Refractive Index Corrections

FSSP-100

Beam Fraction Correction
Activity Correction
Airspeed Corrections

OAPs
Airspeed Corrections

Hot Wire LWC
Wire Temperature Corrections
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Location Corrections

PVM
?777?

+ Data Products

Standard

10 Hz Size Spectra, Concentrations,
LWC, average diameter, DBZ

Value Added
Cloud Statistics

Cloud Pass # 53 From 17:28:26 To 17:28:29
119.2 Deg., 7.9 nmfrom CP-2:

Altitude = 2676.m, Cloud Width = 364.m

Air Speed (rn/s) Avg.=121  Min.=120
Temperature(C) Avg.=10.3 Min.=10.2
Pressure (mb) Avg.=729.9 Min.=729.9
Wind Dir (deg) Avg.=200. Min.=194.
Wind Speed (rn/s) Avg.=6.0 Min.=4.7
Vertical Wind (rn/s) Avg.=0.7  Min.= 0.2
FSSP Conc.(cm-3) Avg.=218. Min.=165.
2D-C Conc. (/1) Avg.=0.00 Min.=0.00
2D-P Conc. (/1) Avg.=0.06 Mm.=0.01
King LWC (g m-3) Avg.=0.57 Min.=0.37
FSSP LWC (g m-3) Avg.=0.62 Min.=0.45
Gerber LWC (g m-3)Avg.=0.88 Min.=0.73

Composite Size Spectra
0.1-60Qum

Max.= 122
Max.= 10.3
Max.= 730.1
Max.=206.
Max.= 6.7
Max.= 1.5
Max.=311.
Max.= 0.00
Max.= 0.10
Max.= 0.86
Max.= 0.93
Max.= 1.09
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D.2 NASA ER-2 Instruments

Table D.2-1 ER-2 Instruments and Principal Investigators

Instrument Pl Location

MAS Michael King right wing superpod(rear)
MIR Jim Wang right wing superpod(front)
AIrMISR Roger Marchand nose

AMPR Robbie Hood Q-bay

Scanning HIS Hank Revercomb spear pod

CLS Jim Spinhirne left wing superpod(front)
SSFR Peter Pilewskie E-bay

D.2.1 Solar Spectral Flux Radiometer (SSFR)
Characteristics:

300 nm - 2500 nm spectral range

hemispheric or narrow field of view (1 mrad)

5-15 nm resolution

> 1 Hz spectral sampling rate

calibration: integrating sphere, standard lamp, standard diffuser, cavity radiometer
Pressure/Temperature chamber tested

zenith and nadir pointing.

Data Products

. solar spectral radiance or irradiance

. spectral reflectance and transmittanceu R, /(. F,; T(K,)=F /K F,

. bi-directional spectral reflectance and transmittancg;lRErd(-1<u<0)/u F,; T(u,p,)=md(0<p<1)/p,F,

. surface spectral albedo

» derived products to be provided: TBD; other possible derived products: cloud water phase, optical depth, particle/gieeydiguid
path, liquid/ice water content
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Figure D.2-1 ER-2 Instrument Arrangement

FIRE-III Configuration

D.2.2 MODIS Airborne Simulator(MAS)
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The MODIS Airborne SimulatofMAS) is amodified Daedalus Wildfire scanning spectrometgiich flies on a NASA ER-2 high
altituderesearch aircraft and provides spectral information simil#naiowhichwill be provided by the Moderate Resolution Imaging
Spectroradiometer (MODIS) scheduled to be launched on the EOS-AM platform in 1998.

The Wildfire Spectrometer was delivered to NASA Ames Research Center in April 1991. A

single visible channel was added and several spettaainels in the infraredort were altered t@onfigure the instrumerior the FIRE
Cirrus-1l experiment. In January 1992 the modified Wildfire was then further modified to become MAS. Beginning in 1R9% tfe
MAS hasbeen flown in aeries of experimenthat havelasted omaverage 2 to 8 weeks, witmywhere from 5 to 15 flightsarried
during each experiment.

The MAS spectrometer acquires high spatial resolution imagetliyeirrange 0D.45 to 14.5 microns. #otal of 50 spectrabands are
available inthis range. Pre-199he digitizer was configurefibr eachmission to record a pre-selectgcbup of 12 bands during the
flight. For most of these missions the digitizer was configured to record four 10-bit channels and seven 8-bit channels.

A 50-channel digitizer which records all 50 spectral bands at 16 bit resolution became operational il98buarkie MAS digitizer is
a state-of-the-art desigieveloped by Berkeley Camera Engineering. It is specifically optini@etbw-noise digitization of analog
signals where radiometric accuracy is of the utmost importance.

The MAS spectrometer is mated tosaanner sub-assemblyhich collects image dataith an IFOV of 2.5 mrad, giving aground
resolution of 50 meters from 20000 meters altitude, and a cross track scan width of 85.92 degrees.

MAS Instrument/Platform Specifications

Platform: NASA ER-2 aircraft

Ground Speed: 400 kts (206 m/second)

Altitude: 20 kilometers (nominal)

Pixel Spatial Resolution: 50 meters (at 20 kilometers altitude)
Pixels per Scan Line: 716 (roll corrected); nadir scanning
Scan Rate: 6.25 scans/second

Swath width: 37.25 km or 22.9 mi (at 20 km altitude)

Total Field of View: 85.92°
Instantaneous Field of

View: 2.5 milliradians
Roll Correction: Plus or minus 3.5 degrees (approx)
Data Channels: 50 (pre-1995 was 12 selected from 50 spectral

D-16



bands)
Spectral Bands: 50 (digitized to 16-bit resolution)
Port 1: 09 bands from 0.451 - 1.010 micron
Port 2: 16 bands from 1.593 - 2.406 microns
Port 3: 16 bands from 3.044 - 5.438 microns
Port 4: 09 bands from 8.266 -14.471 microns

Spectral Range: 0.4451-1414P8

Spectral Resolution: 0.04r0m{depending on wavelength)

Bits per Channel: 16 bits (pre-1995: 8 bits, configured to have 4
chs @ 10 bits, 7 chs @ 8bits)

Data Rate: 246 Megabytes/hour

Visible Calibration: Integrating sphere on the ground

Infrared Calibration: Two temperature-controlled black bodies on board

Data Products:

» solar spectral radiance

 bidirectional spectral reflectance:|R{,) = 1d(H,H,®)/HF,

» derived products to be provided: cloud water phase, optical depth,
particle size, liquid/ice water path

Spectral Bands:

By January 1995, modifications that allow the MODIS Airborne Simulator to record informationvisil® and infrared spectral band
regions at 16-bit resolution had been completed. Offered below is the spectral band configuration for the FIRE.ACE 1998thession
MAS deployments may have slightly different spectral band configuratibith areoffered on theirespectiveField Experiment Data
pages. (All values are in microns)

SpectralBand Center  Bandwidth Spectral Range

Channel um) {m) am)

1 0.4649 0.0397 0.4451-0.4848
2 0.5494 0.0417 0.5285-0.5703
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0.6550
0.7024
0.7431
0.8248
0.8667
0.9072
0.9476
1.6422
1.6975
1.7499
1.8014

1.8548
1.9044
1.9553
2.0048
2.0551
2.1037
2.1532
2.2019
2.2522
2.3021
2.3512
2.4005

3.1192

3.2809
3.4330
3.5940
3.7449
3.9069
4.0707
4.1699
4.4029
4.5404
4.6979
4.8536
5.0033

0.0511
0.0415
0.0420
0.0427
0.0414
0.0409
0.0397
0.0519
0.0505
0.0506
0.0491
0.0489
0.0487
0.0483
0.0487
0.0484
0.0486
0.0483
0.0481
0.0486
0.0487
0.0476
0.0483
0.1616
0.1486
0.1617
0.1539
0.1449
0.1602
0.1554
0.0669
0.1255
0.1512
0.1591
0.1516
0.1468

0.6294-0.6805
0.6816-0.7231
0.7221-0.7641
0.8034-0.8461
0.8460-0.8874
0.8867-0.9276
0.9277-0.9674
1.6163-1.6682
1.6722-1.7228
1.7245-1.7752
1.7768-1.8259
1.8303-1.8792
1.8801-1.9288
1.9312-1.9794
1.9804-2.0291
2.0309-2.0793
2.0794-2.1210
2.1291-2.1774
2.1779-2.2259
2.2278-2.2675
2.2777-2.3265
2.3274.2.3750
2.3764-2.4246
3.0384-3.2000
3.2066-3.3552
3.3521-3.5138
3.5170-3.6709
3.6724-3.8I74
3.8267-3.9870
3.9929-4.1484
4.1365-4.2034
4.3401-4.4656
4.4648-4.6160
4.6184-4.7775
4.7778-4.9294
4.9298-5.0767
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39 5.1588 0.1400 5.0888-5.2288

40 5.3075 0.1327 5.2412-5.3738
41 5.3977 0.0755 5.3590-5.4365
42 8.5366 0.3950 8.3391-8.7341
43 9.7224 0.5365 9.4541-9.9906
44 10.5071 0.4579 10.278-10.736
45 11.0119 0.4710 10.776-11.247
46 11.9863 0.4196 11.776-12.196
a7 12.9013 0.3763 12.713-13.089
48 13.2702 0.4584 13.041-13.500
49 13.8075 0.5347 13.540-14.075
50 14.2395 0.3775 14.051-14.428

D.2.3 Millimeter-wave Imaging Radiometer(MIR)
Sensor Characteristics.

The Millimeter-wave Imaging Radiometer (MIR) is a cross-track-scanning total-power
radiometer that measures radiatiosiatfrequencies 089, 150,183.3+1, 183.3+3, 183.3+xAnd 220GHz. It isinstalled on thdront
end of the right superpod of the ER-2 aircraftie sensor has a 3-dBeamwidth of abouB.5 atall frequency channels and covers an
angular swath of £50 with respect to nadir. elrery scanningcycle ofabout 3 sec in duration, vtews twoexternal calibration targets;
one of them is heated to a temperature of 330 K and another remainsrabtbet temperatunhat atthe cruising altitude of theER-2
aircraft, is about 240 K. The temperatures of these calibration targets are closely monitored to within £0.1 K. Ther¢esansit
of the six low-frequency channels (£ 220 GHZ) is on the order of 0.4 K and the calibration accuracy is better thathedtginness
temperature range of 240-300 K. The measurement accuracy below 240 K is somewhat uvasethiarthe calibrationstudies in the
laboratory, the accuracy near the liquid nitrogen temperature of 77 K is estimated to be +3 KERarcraft cruisingltitude of
about 20 km, the footprint at nadir is about 1 km. The speed of the aircraft is about 200 m/sec. With a scanning aytcBesafcainols,
the MIR will produce contiguous images at all nine channels with a ground swath of about 42 km.

* spectal range: 89, 150, 183.3+1, 183.3£3, 183.3+7, and 220 GHz.
» field of view: 3.5 deg. beamwidth

* sampling rate: sampling period of about 3 sec.

» calibration: two external calibration targets used to obtain calibrated

brightness temperatures to an accuracy of 2 K.
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* swath: cross-track scanner with angular swath of £50 deg. centered
at nadir

Data Products:
» Calibrated brightness temperatures at 57 beam positions covering 100 deg. swath.

» Water vapor profiles and cloud information (liquid cloudsjcerwaterpath from storm-associatéck clouds)can be obtained from
these brightness temperatures with appropriate algorithms.

D.2.4 Advanced Microwave Precipitation Radiometer(AMPR)

Characteristics:

» Passive microwave radiometer

* Four frequency channels (10.7, 19.35, 37.1, and 85.5 GHz)

» Cross nadir track scanner (90 degrees total scan)

» Single polarization rotating from vertical to the left of the aircraft
» to horizontal to the right of the aircraft

* In -flight calibration with external hot and cold blackbodies

» Three second scan period

Fifty data samples per scan

Direct Data Products to be provided by MSFC / AMPR team:

» Calibrated brightness temperatures

* Imagery of calibrated brightness temperature both in raster format and
gridded latitude and longitude maps

Derived Data Products which will be developed by Judith Curry:

* Sea ice emissivity
* Precipitation rates

Derived Data Products which could be developed by others:
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» Bulk vertical profiles of hydrometeors

The Advanced Microwave Precipitation Radioméf&¥PR) is atotal powerscanning multifrequency radiometghich collects data at
10.7, 19.35, 37.1, an85.5 GHz.The AMPR is composed ofwo adjacentantennasystemswith one large scanning mirror
accomodating both systems. One antenna system was designed to use a copy of the SSM/I feddhtireéohigher frequencies.
The second antenna system collects data at 10.7 GHz using a feedhorn designed by the Georgia Tech Research Institute (GTRI).

The AMPR is currently configured to fly aboard the high altitude ER-2 aircraft. The ground spatial resolution of the paiditsféoim
the nominal aircraft altitude of 20 km is 0.6 km for the 85 GHz channel, 1.5 km for 37.1 GHz, and 2.8 km for both the 1935 and
GHz channels. Th&MPR calibrateswith external cold andvarm loads after every fourth data (surface) scan. Aotal calibration
sequence or a total data scan are each performed in a three second time peAMPRIscanner sweeps throughotal 90 degree
(+/- 45 degrees from nadidatascancollecting a sampléor each channetvery1.8 degrees for total of 50samples per channel.
Based upon an aircraft altitude of 20 km and an aircraft speed oh/20this scarratewill yield contiguous footprints fothe 85.5
GHz channel within a 40 km wide swath. The three other chawniielse oversampled by the factogsven in TableD.2.4-1. Also
listed in Table | are other performance characteristics of the radiometer.

The feedhorns have been aligned such that full vertical polarization is 45 degrees left of nadir and full horizontabpatadsatiegrees
right of nadir. An equal mix of polarization occur at nadir. A more thorough discussion of the instrument may be Snemten, et
al (1994).

Table D.2.4-1 AMPR Instrument Characteristics

IF 3dB Mainbeam Cross
Frequency Bandwidth Beamwidth Oversampling Efficiency Polarization
85.5 GHz 1400 MHz 1.8 deg 1.0x 93.2% 1.4%
37.1 GHz 900 MHz 4.2 deg 2.3x 98.8% 0.4%
19.35 GHz 240 MHz 8.0 deg 4.4x 98.7% 1.6%
10.7 GHz 100 MHz 8.0 deg 4.4x 97.8% 0.2%

D.2.5 Scanning High-resolution Interferometric Sounder (SHIS)

Measurement Characteristics:

Spectral Coverage: Options for 3-17 & 3-25 microns
Spectral Resolution: 0.5 cm-1
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Spatial Resolution: 2 km from 20 km
Cross-track Coverage: 11 earth spots & 2 calibration views every scan
Scan step size: 0.15 radians
Cross-track scan time: 15 sec
Dwell time/sample: 1 sec
RMS Noise per sample: order 0.25 K @ 260 K
Calibration: from 2 onboard reference blackbodies
<1.0 K absolute
<0.2 K reproducibility
Location on ER-2: Centerline pod under fuselage

Data Products:

IR Spectral Radiances

Vertical Temperature distributions

Vertical Water Vapor distributions

Sea Surface Temperature

Land Surface Temperature and Emissivity*

Cloud properties (height, emissivity, particle size, phase, ice/liquid water content)*
Ozone vertical profile*

CO total columm?*

* Research products, not routinely generated.

D.2.6 Cloud Lidar System(CLS)

The CLS is flown on th&R-2 to conduct cloud radiation asdverestormfield experiments.Designed tmperate at high altitudes in
order to obtain measuremerabove thehighest clouds, the instrument provides the true height of douddaries andhe density

structure of less dense clouds. The height structure of cirrus, cloud top density and multiple cloud layers may alsd.Geéhprsfitem

specifications are as follows:

Transmitter:

Laser Type: Nd:YAG LIl
Wavelength: 1064, 532 nanometer
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Pulse Energy: 90, 30 mJ
Pulse repetition frequency: 10 Hz

Beam width: 1 mrad

Receiver:

Diameter: 0.15m

Beam width: 1.4 mrad
Polarization: vertical and horizontal

Data System:

Sample rate: Measurements at 20 m intervals at 200 m/s aircraft speed
Range Resolution: 7.5m

Number of Channels: 4

Samples per Channel: 3310

Record Capacity: Bours

For more information otthe Cloud LIDAR System, trythe CLS home page(sectiod.5) orcall theprincipal investigatofor CLS, Dr.
James Spinhirne at NASA's Goddard Space Flight Center.

D.2.7 Airborne Multi-angle Imaging Spectro-Radiometer(AirMISR)

Instrument Description:

AIrMISR is a an airborne instrument for obtaining multi-angle imagery similar to that of the
satellite-borneMISR instrument. AirMISR flies orthe NASA-ownedER-2 aircraft. Itwas builtfor NASA by the JetPropulsion
Laboratory in Pasadena, California. More information on MISR can be obtained at the URL given in Table 9.3-1.

AIrMISR consists of oneamera, ofthe exact samelesign asthe nine cameras on tHdISR instrument, whichmakes radiance
measurements at 433, 555, 670 and 865 nm with a 10 nm bandwidtltarée isnounted so that is can point along the direction of
flight from +70 to -70 degrees (relative to nadir). The resulting image pixel resolution depehdsdistance to the target and the look
direction. Taking the ER-2 to be 20 km above the target gives roughggerresolution at nadir and 2®eterresolution at 70 degrees.
The along-track image sizepends (primarily) othe length oftime the camera ikeld at a fixed angle. Duplicating théISR look
directions of 0, +/-26.1, +/-45.6, +/-60 and +/-70.5 for one flight line requires a flight path of great&0®@hkam inlength and yields a
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maximum overlapping in the nine images of about 9 km along &madklO0 kmcrosstrack. For more information about AirMISR or
inquires regarding measurements planned during FIRE 11l contact Roger Marchand.

Data Products:
The basic AirMISR product is a calibrated radiance image at each view angle and at each wavelength.
Ultimately, we plan to coregister the images onto a common position grid. (how well we can do this is not fully knowmat)this t

From the coregistered images we hope to extract cloud top height using stereo photogammetric techniques.

D.3 UW CV-580 Instruments

Parameter Instrument Type Manufacturer Range(and error)

(a) Navigational and Flight Characteristics

Latitude and longitude, ground | Global positioning Bendix/King KLN900 Global
speed and horizontal winds |system
True airspeed Variable capacitance |Rosemount Model 0 to 250 m $(<0.2%)
831 BA
Heading Gyrocompass King KCS-55A Oto360_ (1)
Pressure Variable capacitance |Rosemount Model 150 to 1100 mb (<0.2%)
830 BA
Altitude above terrain Radar altimeter Bendix Model
ALA 51A
Aircraft position and course Derived from GPS |In-house 180 km (1 km)
plotter
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Parameter

Instrument Type

Manufacturer

Range(and error)

Pitch and Roll

Differential GPS

Trimble TANS/Vector

GPS Attitude System

0t0 360_(20.15)

(b) General Meteorological

Total air temperature

Platinum wire
resistance

Rosemount Model

102CY2CG and 414 |}

Bridge

601040 _C(<0.1_C)

Static air temperature

Reverse-flow
thermometer

In-house

601040 C (<05 C)

Dew point

Cooled-mirror dew
point

Cambridge System
Model TH73-244

401040 C (<1_C)

Absolute humidity

IR optical hygrometer

Ophir Corp. Model
IR-2000

0 to 10 g ni(~ 5%)

AIr turbulence

RMS pressure
variation

Meteorology Researc
Inc. Model 1120

—

0 to 10 crPs® (<10%)

UV hemispheric radiation, one
upward, one downward

Diffuser, filter photo-
cell (0.295 to 0.390

Hm)

Eppley Lab. Inc.
Model 14042

0t0 70 W ni(£ 3 W )

VIS-NIR hemispheric radiation
(one downward and one
upward viewing)

Eppley thermopile
(0.3to 3 um)

Eppley Lab. Inc.
Model PSP

0 to 1400 W mi(z 10 W 1)

Surface radiative temperature

IR radiometer
1.5 FOV (8to 14

um)

Omega Engineering
053701

-50° to 1000C + 0.8% of
reading

Video image

Forward looking
camera and time codsg

Sony Hi8 camera

SVHS tape

D-25




Parameter

Instrument Type

Manufacturer

Range(and error)

(c) Aerosol

Number concentration of
particles

Condensation particle
counter

TSI Model 3760

10%to 10cme(> 0.02 pm)

Size spectrum of particles

Forward light-
scattering

Particle Measuring
Systems Model FSSE
300

0.31t0 20 um
P30 channels)

Size spectrum of particles

35 to 120 light-
scattering

Particle Measuring
Systems Model
PCASP-100X

0.12 t0 3.0 ym
(15 channels)

Size spectrum of particles

90 light-scattering

Particle Measuring
Systems Model LAS-
200

0.5to 11 pm
(15 channels)

Size spectrum of particles

Forward light-
scattering

Particle Measuring
Systems Model FSSH
100

21047 pm
P(15 channels)

Size spectrum of particles

Differential Mobility
Particle Sizing

TSI, modified in-hous

£0.01 to 0.6 pm
(21 channels)

Spectrometer (DMPS
Light-scattering coefficient Integrating 3- MS Electron 1.0 x 10 m*to 1.0 x 16 m* for 550
wavelength and 700 nm channels,

nephelometer with
backscatter shutter

nm channel
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Parameter Instrument Type Manufacturer Range(and error)
Light-scattering coefficient Integrating Meteorology Research1.0 x 16 m* to 2.5 x 16 m*
nephelometer Inc. Model 1567
(modified for
increased stability anc
faster response time)
Light-scattering coefficient Integrating Radiance Research (1.0 x 10 m*to 2.0 x 18 m* or 1.0 X
(for bag-house) nephelometer 10°m*to 1.0 x 16 m
Light absorption and graphitic | Particle Radiance Research | Absorption coefficient: 10to
carbon soot/absorption 102m?; Carbon: 0.1 pg fto
photometer 10 mg (£ 5%)

Graphitic and/or Organic Carbd

Quartz filters Thermal
optical technique

Lawrence Berkely Lal]
(T. Novakov)**

410 160 pg m (£ 1.6 pg nd) for
1 n? sample

Humidification factor for aerosglScanning humidigrapiin house (designgab,, (RH) for 30%<RHs< 85%
light-scattering ﬁl/ln;l? gg;g; UW by
(d) Cloud Physics
Cloud and precipitation Digital holographic [ SPEC, Inc. 5pumto 3 mm
particle images camerd Model CPI-230

Size spectrum cloud particles |Forward light- Particle Measuring 210 47 pm
scattering Systems FSSP-100 (15 channels)
Size spectrum of cloud and Diode occultation Particle Measuring 20 to 310 um

precipitation particles

Systems OAP-200X
(1D-C)

(15 channels)

Images of precipitation particles

Diode imaging

Particle Measuring

Resolution 25 pm
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Parameter

Instrument Type

Manufacturer

Range(and error)

Systems OAP-2D-C

Liquid water content

Hot wire resistance

Johnson-Williams

Oto2or0to6gr

Liquid water content Hot wire resistance | King/PMS Oto5gnt
Liquid water content; particle [ Optical sensor Gerber Scientific Inc. 0.001-10 g m; 5-10,000
surface area; effective droplet PVM-100A

radius

cn? m?; 2-70 pm

Optical scattering/extinction
coefficients at 635 nm,
asymmetry parameter, and
back-to-forward scattering rat
for cloud and precipitation
drops and ice particles

g-meter

(0]

Gerber Scientific, Inc.

Particles 10-2000 pm.
Rate 5-100 Hz.
Asymmetry parameter
(g) to 1-2% accuracy.
Optical extinction
coefficient to 5-10%.

(e) Chemistry

Particulate species SPNOS,

Teflon filters and ion

Gelman Dionix

0.1 to 50 pg m (for 500 liter

Cr, Na, K*, NH",, Ca", Mg™ | exchange air sample)
chromatography

SO, Pulsed fluorescence | Teco 43S (modified 0.1 to 200 ppb

in-house)

Ozone Chemi-luminescence [ Monitor Labs 0to 5 ppmv (< 7 ppb)
(CH.) Model 8410 A

CcO Infrared correlation |Teco Model 141 0 to 50 ppmv (~0.1 ppmv)
spectrometer

CoO, Infrared correlation |LI-COR Li-6262 0 to 300 ppmv (0.2 ppmv at
spectrometer 350 ppmv)

NO/NO, Chemi-luminescence | Modified Monitor 0to 5 ppmv (~1 ppb)
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Parameter

Instrument Type

Manufacturer

Range(and error)

(G)

Labs Model 8840

() Remote Sensing

Radar reflectivity

Pulsed 35 GHz radar
(A =0.86 cm)( same
as ground units at
Barrow and Ship but
without doppler)

In-house

Upward or downward pointing
(600 m to 20 km)

Absorption and scattering of

Thirteen wavelength

NASA-Goddard/

13 discrete wavelengths between 4

70

solar radiation by clouds and [scanning radiometer-{ University of and 2300 nm
aerosols; reflectivity of surfaceq Cloud Absorption Washington
Radiometer(CAR)
Weather radar Pilot’s radarf=3 cm) | Bendix/King(now 160 nm
Allied Signal)

Solar Spectral

irradiance or radiance;
Spectral transmission and
reflectance

Up and down looking
hemispherical signal
collectors

NASA Ames Solar
Spectral Flux
Radiometer (SSFR)*

300-2500 nm (5-10 nm revolution.
FOV 1 mrad. 1 Hz spectral sampli

rate.

(9) Data Processing and Display

In-flight data processing and
recording

Microcomputer

In-house, based on
Motorola MVME-
133A technology

Recording (analog voice

transcription)

Cassette recorder
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Parameter Instrument Type Manufacturer Range(and error)

In-flight data processing and |Laptop PC NEC Versa 5060X
display
Digital printout Impact printer Epson MX-80

* Guest instrument (SSP-2 unlikely).

**Guest instrument uncertain

" To be ordered if funding permits.

"Ordered (to be delivered 1 March or, at latest, 1 April)

D.3.1 Solar Spectral Flux Radiometer (SSFR)

Characteristics:

300 nm - 2500 nm spectral range

hemispheric or narrow field of view (1 mrad)

5-15 nm resolution

> 1 Hz spectral sampling rate

calibration: integrating sphere, standard lamp, standard diffuser, cavity radiometer
Pressure/Temperature chamber tested

zenith and nadir pointing.

Data Products

. solar spectral radiance or irradiance

. spectral reflectance and transmittanceu R, /p F.; T(H)=F /L F,

. bi-directional spectral reflectance and transmittance, .RErd(-1<p<0)/u F,; T(u,p)=md(0<p<1)/p,F,
. surface spectral albedo
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» derivedproducts to berovided: TBD; other possiblelerivedproducts: cloudvater phase, optical depth, particle size, liquid/ice
water path, liquid/ice water content

D.3.2 Cloud Absorption Radiometer

Instrument Description

The Cloud Absorption Radiomet€dCAR), considered thenost frequentlyused airbornenstrument builtin-house atNASA Goddard
Space Flight Center, is capable of measuring how light is scattered by clouds in thirteen spectral bands.

Thescanmirror, rotating atLOO rpm, directs
the light into a Dall-Kirkham telescope where the beam is split into eight Sa&than lightbeamspass throughbeam splitters, dichroics,
and lenses tindividual detectorg0.30 - 1.27um), and finally are registered tseven datzhannels. They are sampled simultaneously
and continuously. The eight beam, on the other haagkses through a spinnifitier wheel to aStirling cycle cooler.Signals registered
by the eighth data channel are selected from among six spectral channels (1.55 - 2.30 um). The filter wheel can eitbeghbytiesti
spectral bands at a prescribed interval (usually changingeiteey fourth scanline), orlock onto any one athe six spectralbands and
sample it continuously.

The CAR scan mirror scans 360° in a plane perpendicular to the direction of flight. In the normal mode of operation, tees1A88° vi
of earth-atmosphere scene around the starboard horizon. This configuration permits observations of both zenith andsnadichvidk a
a 5° aircraft roll. The CAR instrument can alsoused as aownward looking multi-spectral imagirdgvice. Inthis mode ofoperation,
the CAR instrument and the aircraft nose cone assembly are rotated 90° around the principal axis prior to takeoff. TiesviGgRI®i
becomes 190° around the nadir. Table 1 summaries the characteritics of the CAR sensor, platform and scanning system.

Table 1. CAR Instrument Specifications

Host Platform
Convair C-131A, University of Washington

True Air Speed
80 m/s (nominal)

Total Field of View
190°

Instantaneous Field of View
10
Scan Rate
100 scans/minute (1.67 Hz)
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Pixels Per Scan Line
395 (nominal)
Spectral Bands

13
Spectral Range
0.3-2.3um
Data Channels
8
Bits Per Channel
10 bits

Sampling Rate
1250 * 8 channels = 10,000 bytes/s
Data Rate
11,683 bytes/s

At the beginning of each mirror scan cycle, the CAR data acquisition system first re¢tendbyée header. It contains informatisuch
as flight number, current date, roll angle and scan line counter, etc. Following the header is the data stream dedaclesgirels. Two
sync pulses denote the start and end of an active scan segment. These pulses are distinguished by their differing $imfesduratingn
zero aircraft roll and pitch angle, the CAR scan mirror should be looking at 5° before zenith direction at the first @flggasindadir at
the second pulse. Also multiplexed into each channel on each scan cycle are the set of referenceweltagen@asurements from the
four internal thermistors. The reference voltages range from 0.00 to 8.00 V in steps of 1.00 V and give the appearaincasef d st
voltage staircase permits the conversion of digital counts to voltage, while the conversion from voltage to radianceigshadctimguigh
a laboratory pre-and-post-flight calibration procedure.

The instrument incorporateveralnovel
features. Since it is flown through clouds, there is the possithiifynoisture may be deposited optical surfaces, especially tBean
mirror, producing largeerrors.The instrument is mounted outside the airplane and cannot be observed in fligiderdrtocheck for
water on the mirror, a unique detection system was devised. A thin beam of light is shone on the edge of the mirrof|esmetimaen
is monitored by a photodiode. If any condensation appears on the mirror the reflected light scatters, reduuigdibde’s output and
flagging data likely to be in error. Another novel feature maintains low offset (ensuring that zero volts at the outpco@isapsd to a
zero-radiance input) by using the scan mirror as a type of radiation chopper. It works bytf@retegtricabutput to zero duringach
backscarwhile thedetectors arall completedly darkened by means of a scanner-synchrompsdableshutter. Longtime constant
coupling in the amplifier then ensures that data measured during the active part of the scan remains accurately retatedreddaresce
level.

Data Product
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Calibrated radiances

Please refer to the CAR web site listed in table 9.4-1 for the source of this information and more details.

D.4 Canadian CV-580 Instruments

Instrument Micro Chemistry Dynamics/ Radiation
physics Thermo
dynamics
Inboard PCASP| Na and
spectra
Epply UV Radiative fluxes
Dropsonde T, Td, U, Z
RH
LandSat Reflectance at #
Simulator channels
U. of Arizona Reflectance at P
Radiometer channels
LIDAR(up and Backscatter
downward coefficient,
looking) Reflectance
Nephelometer Volume light
scattering
coefficient
AES Rosemount T
Temperature
Reverse Flow T
CVi Ni, IWC, Td,| Ice nuclei
qv, size| information
distribution
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Instrument Micro Chemistry Dynamics/ Radiation
physics Thermo
dynamics
Rosemount Ic¢ Phase
Detector and separation
Vibrometer Iceg
Detector
Airbus Icing| Phase changg
Rod
King Probes LWC
Nevzorov LWC, TWC Td
Probes
FSSP-100-96 | Nd, droplet
spectra
FSSP-100-124 [ Nd, droplet
spectra
2D2-C or 2D-C | Ni,ice crystal
2D-GA spectra, shapg
2D-P
DRI Replicator | Shape, Ni
DRI Cloudscopg Shape, Ni
IWC
SPEC. Probe??| Shape, Ni,
PCASP Na, aeroso
spectra
FSSP-300 Nd, droplet
Spectra; N3
aerosol
spectra
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Instrument

Micro
physics

Chemistry

Dynamics/
Thermo
dynamics

Radiation

Extinction
Meter

Visible extinction
coefficient

IR Pyrgeomete
(up and down)

-

IR
fluxes

radiative

SW
Pyranometer
(up and down)

SW
fluxes

radiative

PRT-5

Ts

EG-G
point

Dew|

Td

RussianLyman-
Alpha
Hygrometer

Phase

Td,Tf, latent
heat fluxes

U. of Wyoming
CCNC

CCN & %SS

TSI 3025 CN
Counter

CN>3 nm

PMS 7610, CN
Counter
Flowmeter

CN>15 nm

IAR 858 Gust
Probe

3-D Wind
components

TECO 49,43S

Concentration o
O3 and SO2

|
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Instrument Micro Chemistry Dynamics/ Radiation
physics Thermo
dynamics
Hg Monitor Concentration of
Calibrator gas-phase Hg
Aerosol filter Inorganic anc
&flow meter organic ions
black carbon
trace metals, and
total organic
carbon.
Moudi Impactor Size segregated
& flowmeter inorganic ang
organic ions
Tenax Cartridge Organohalogens
flowmeter
DMA 3025 Aerosol sizq
distribution
(5-200 nm)
Hi Vol. Total organiq
Flowmeter carbon, speciated

organics

SYMBOLS USED IN TABLE

Na: aerosol concentration
Nd: Droplet concentration

Ni: Ice crystal concentration

Td and Tf: Dew point and Frost point temperatures
Ts: Surface temperature
CN: Condensation nuclei
CCN: Cloud condensation nuclei
gv: Mixing ratio

SS: super saturation
RHw: Relative humidity wrt water
LWC, IWC, TWC: liquid, ice, and total water contents
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Z: Altitude
U: Horizontal wind
IR and SW: Radiative fluxes

D.4.1 Lidar
Description:

LIDAR will have simultaneous measurements18t64 micron in upward/downward directions. This channel &las apolarization
capability in both directions.

Resulution in horizontal and vertical: ~65-100 m and 4 m, respectively.
Measurements:
Backscatter ratio, depolarization ratio

Derived parameters: cloudkight, cloud base,cloud physical thickness, aerodmbundaryheight, particle shapeand cloudoptical
thickness using aircraft particle data.

D.4.2 U. of Arizona Radiometer
D.4.3 LANDSAT Simulator
D.5 SHEBA Ultralight

SpeC|f|cat|ons of the NOAA ATDD Quicksilver GT500:
Configuration: enclosed, high wing, pusher
Empty weight: 195 kg

Gross weight: 454 kg

Maximum speed: 47 m/s

Cruise speed: 24.5-36 m/s

Fuel capacity: 98.5 liters

Fuel consumption: 10 liters/hour
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Instruments:

Specific scientific instruments that comprise the Multiple Flux Platform (MFP) system are listed below.

Closed pathgas analyzer,LICOR 6260 closedpath InfraredGas Analyzer, for measuring carborioxide andwater vapor
concentrations

Openpathgasanalyzer, NOAAATDD designed and fabricated open path Infrare@as Analyzer (IRGA) for determination of
carbon dioxide and water vapor concentrations at high frequencies.

Trimble TANS, A 10 Hz aircraft attitude measurement device based on GPS satellite inputs.

Novatel Inc. Global Positioning System, a computerized system that determines aircraft position and altitude.

Infrared Temperature Transducer, Everest Interscience series 4000 for measurement of the surface temperature below the aircraft
Net Radiometer, REBS Model Q7.1, for the measurement of net radiant flux.

Pressure Transducers, Data Instruments Inc., for measurement of wind velocities.

Solar radiation sensors (up- and down-looking), LICOR 190S quantum sensors, for measuriwgvetnadiation andcalbedo,400-
700 nm, millisecond response time.

LaserAltimeter, RIEGL Laser Measuremeystemamodel LD90-3300, for high resolutiordetermination of aircraft altitude and
ground surface features.

Radar Altimeter, TERRA TRA 3000, for low resolution altitude and ground surface features.

Pressure Sensor for measuring static pressure.

Accelerometers, Sunstrand Data Control model QA-700, for measurement of aircraft vibration.*

Dew point sensor, EG&G Dewtrak model 200 chilled mirror dew point hydrometer.

Four channel Exotech Radiometer with filter bands at 504-597, 598-700, and 805-1042 nm, 1deg. or 15deg. FOV

True colorvideo with realtimeGPS Latitude/Longitude and screen-scataptioning, for determination of surfaceover and
topographical characteristics.

Sub-surface interface radar SIR2 (500 and 120 MHz) for the determination of snow and ice depths.

* No known FIRE.ACE interest

D.6 SHEBA Twin Otter

Video camera
KT-19 for surface temperature

D.7 SHEBA Helicopter
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high resolution video camera

KT-19 infrared photometer for surface temperature
visible and near-infrared SpectroRadiometer

Nikon 35 mm
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APPENDIX E--SURFACE-BASED INSTRUMENTATION AND DATA PRODUCTS
E.1 SHEBA -Ship

Quantity Instrument Frequency Point of contact Comments
Cloud radar reflectivity (z) Cloud Radar &hz Hourly Uttal Retrievedroducts such asloud

boundary and Doppler velocity (rn/s)
layer averages oprofiles of cloud
microphysical properties will
require post processing

Backscatter profiles Lidar (DABUL) Seconds Eberhard Average to miangiess dbr
Cloud boundary height Lidar (DABUL) Minutes Intrieri Deodedt
Cloud phase Lidar (DABUL, depolarization)  Minutes Intrieri Devnkect p
SW Optical Depth Lidar(DABUL) Minutes Eberhard
Derived product
Cloud microphysics Lidar with radar/radiometers Case studies  Eberhard Derived product
Air temperature (2) Balloon Hourly Stamnes Profiles in lower 1 km of aenosphe
Humidity (z) Balloon Hourly Stamnes Rrdélesril km of
atmosphere
Cloud microphysical Balloon Hourly Stamnes Profiles inkowof atmosphere

parameters (z)

Wwind velocity Balloon Hourly Stamnes Profoesinl
km of atmosphere
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Mean shortwave intensity Balloon

Air pressure (z) Rawinsonde
Air temperature (2) Rawinsonde

Relative humidity (z) Rawinsonde

Wwind velocity (z) Rawinsonde

Surface air temperature Vaisala thermistor probe

downwind of ship
Surface air humidity Vaisala humidity probe
downwind of ship
Surface wind velocity RM Young propeller, vane
downwind of ship

Surface air pressure Aneroid

downwind of ship
Broadband incident solar Eppley pyranometer
radiation
Broadband incident Eppley pyrgeometer

longwave radiation
Stress, sensible heat flux

Latent heat flux
3,10 m

Mean temperature
0,3,5,10,20 m

Hourly Stamnes
Twice aday Moritz
Twice aday  Moritz
Twice aday Moritz
Twice aday  Moritz

10 minutes Moritz

10 minutes Moritz

10 minutes Moritz

10 minutes Moritz

20 minutes Moritz

10 minutes Moritz

Sonic anemometer thermometer

Ophir rapid-response hygrometer Hourly

Vaisala thermistor probe Hourly

E-2

Andreas

Andreas

Profiles in lower 1 km of aenosphe

Vertical profile

Height 2 m, 10 nangbwind

Height 2 m, 10 mamgwind

Height 2 m, 10 m upwind an

Height @ opwlid and

Height [0 m

Height 10 m

Nominal heights 3,5,10,20 m

Nominal heights

hisigimtinial



Mean humidity Vaisala hygrometer probe Hourly
0,3,5,10,20 m
Upwelling/downwelling Eppley pyranometer Hourly Andreas
solar radiation
Upwelling/downwelling Eppley pyrgeometer Hourly Andreas
longwave radiation
Areal heat and momentum Scintec scintillometer Hourly Andreas
fluxes
Surface temperature Cooled-mirror hygrometer Hourly Andreas
Surface temperature Barnes infrared thermometer Hourly Andreas
Mean pressure Setra barometer Hourly
m
Wind stress, sensible heat  sonic anemometer, thermometer  Hourly Andreas

Snow properties

Ice physical properties Ice cores Weekly-Monthly Tucker

crystallography
Snow and ice samples

Particulates Weekly

Ice mass balance Thickness gauges Days-weeks

E-3

Andreas Nomitsal heigh
Nominal heights 1 m
Nominal heights 1 m

Nominal heights 4 m

Nominal heights 0.10 m

Nominal heights I m

Andreas | héightenb
Daily-Weekly
Strum
Snow depth, density,
stratigraphy,
particulates
es @?rsdilinity, density, brine
and awvolume,
Light/Grenfell
Perovich Septh, ice
ablation/accretion at

several points



Ice mass balance Acoustic sounders Hourly Perovich ptBhme de
ablation/accretion
Ice temperature Thermistor string Hourly Richter-Menge Vertical profiles,

every 10 cm

Daily-weekly  Grenfell/Perovich Kipp radiometer

Broadband albedo Kipp radiometer

Spectral albedo Spectroradiometer Daily-weekly Perovich/Grenfell Wave length range of 350-2500 nm

In-ice spectral irradiance Spectroradiometer Daily-weekly  Grenfell Wavelength range 400-1100 nm

Irradiance in the ice
Spectral transmittance
Ocean salinity (z)
Ocean temperature (z)

Ocean heat, salt, and
momentum fluxes

Ocean temperature
gradient and variance

Ocean drag coefficient
and eddy viscosity

E.2 ARM -Ship

Radiometers
Spectroradiometer

Sea-Bird conductivity
Sea-Bird temperature

Turbulence Instrument Cluster

Thermal microstructure sensor

Acoustic Doppler Current
Profiler

Wind, Temperature, and Humidity Sounding Systems

Hourly

Hourly-daily Perovich Verticalvptbiiiebe ice

Daily-weekly Perovich Wavelength rarfsdasras

Morison Vertical profilbsptit af 200 m

Hourly Morison Vertical [pafdpstof 200 m

6 per second  McPhee Meagulfe<LCuatv4,8,12,
16 m below the ice/water interface

Hourly Morison Vertical profiles tof 2@@pth o

Minutes Pinkel Vertical profile to 400 mwith 3 m

resolution
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Microwave Radiometer (MWR) - 23.8 GHz and 31.8 GHz, passive; integrated column water vapor and liquid amounts overhead
Millimeter-wavelength temperature profiler (MMTP) - ATTEX, temperature profiles from near surface to height of 300-600 m

Cloud Observation Instruments

Vaisala ceilometer (VCEIL) - 0.905 micrometer wavelength; detects cloud base height up to heights of 7.5 km
Whole-sky imager (WSI) - daytime and possibly nighttime; cloud fraction, number, and related statistics

Downwelling Radiation Properties

Extended range atmospherically emitted radiance interferometer (ER-AERI) - spectra of zenith absolute radiance at
wavelengths from about 4 micrometers to 20 micrometers, 1.3-deg field of view

Infrared thermometer (IRT) - zenith sky temperatures at 223K to 323K in wavelength band 9.6-11.5 micrometers

Multifilter rotating shadowband radiometer (MFRSR) - solar optical depths in six narrow wavebands (0.415, 0.500, 0.665, 0.862,
0.940 micrometers); derived parameters

Normal incidence multifilter radiometer (NIMFR) - direct-beam solar irradiance in direct beam in six narrow wavebands; solar
optical depths, derived parameters

Precision Solar Pyranometer, unshaded (PSP/DS) - broadband total hemispherical solar irradiance

Precision Solar Pyranometer, shaded (PSP/DD) - diffuse broadband hemispherical solar irradiance

Pyrheliometer (NIP) - broadband direct-beam solar normal incidence irradiance

Precision Infrared Radiometer-unshaded (PIR/DI) - broadband hemispherical infrared irradiance

Precision Infrared Radiometer-shaded(PIR/DDI) - broadband hemispherical infrared irradiance

Ultraviolet-B radiometer (UVB) - hemispherical ultraviolet-b irradiance

Net Radiometer (RN) - net of upwelling and downwelling solar and infrared hemispherical irradiances

Duplicate PSPs and PIRs

Upwelling Radiation Properties

Infrared thermometer (IRT) - zenith sky temperatures at 223K to 323K in wavelength band 9.6-11.5 micrometers
Precision Solar Pyranometer, unshaded (PSP/US) - broadband total hemispherical solar irradiance
Pyrgeometer (PIR/UI) - broadband hemispherical infrared irradiance

Multifilter radiometer (GND MFR) - hemispherical solar irradiance in six wavebands
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E.3 ARM - Barrow

Surface Meteorological Sensors

* Wind speed, wind direction, temperature, and humidity at heights of 2, 10 and 40 m
» Dewl/Frost point hygrometer, one level, movable from level to level
» Standard precipitation gage

Wind, Temperature, and Humidity Sounding Systems

* Microwave Radiometer (MWR) - 23.8 GHz and 31.8 GHz, passive; integrated column water vapor and liquid amounts overhead
* Radiosondes from NWS upper air station in Barrow
* Raman Lidar -

Cloud Observation Instruments

* Millimeter-wavelength cloud radar (MMCR) - 35 GHz, cloud boundaries at zenith up to 20 km height
* Micropulse lidar (MPL) - 0.5235 micrometer; detects cloud base height up to about 20 km
» Vaisala ceilometer (VCEIL) - 0.905 micrometer wavelength; detects cloud base height up to heights of 7.5 km

Downwelling Radiation Properties

* Extended range atmospherically emitted radiance interferometer (ER-AERI) - spectra of zenith absolute radiance at

wavelengths from about 4 micrometers to 20 micrometers, 1.3-deg field of view

UV spectrometer -

Infrared thermometer (IRT) - zenith sky temperatures at 223K to 323K in wavelength band 9.6-11.5 micrometers

Cimel sunphotometer (CSPHOT) - solar optical depths in eight narrow wavebands; derived quantities

Multifilter rotating shadowband radiometer (MFRSR) - solar optical depths in six narrow wavebands (0.415, 0.500, 0.665, 0.862,

0.940 micrometers); derived parameters

* Normal incidence multifilter radiometer (NIMFR) - direct-beam solar irradiance in direct beam in six narrow wavebands; solar
optical depths, derived parameters

» Precision Solar Pyranometer, unshaded (PSP/DS) - broadband total hemispherical solar irradiance

* Precision Solar Pyranometer, shaded (PSP/DD) - diffuse broadband hemispherical solar irradiance

» Pyrheliometer (NIP) - broadband direct-beam solar normal incidence irradiance
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Precision Infrared Radiometer, unshaded (PIR/DI) - broadband hemispherical infrared irradiance
Precision Infrared Radiometer, shaded (PIR/DDI) - broadband hemispherical infrared irradiance
Ultraviolet-B radiometer (UVB) - hemispherical ultraviolet-b irradiance

Net Radiometer (RN) - net of upwelling and downwelling solar and infrared hemispherical irradiances
Duplicate PSPs and PIRs

Upwelling Radiation Properties

Infrared thermometer (IRT) - zenith sky temperatures at 223K to 323K in wavelength band 9.6-11.5 micrometers
Precision Solar Pyranometer, unshaded (PSP/US) - broadband total hemispherical solar irradiance

Precision Infrared Radiometer(PIR/UI) - broadband hemispherical infrared irradiance

Multifilter radiometer (MFR) - hemispherical solar irradiance in six wavebands

Aerosol Instrumentation

* Multi Wavelength Integrating Nephelometer -
» Condensation Nuclei Counter(CNC) -
* Filter Samplers -

Gas Instrumentation

Flask Samplers -

Gas Chromatography for Greenhouse Gases -
UV Ozone Monitor

Column Ozone Monitor

E-7



E.4 FIRE -Ship

E.4.1 University of Utrecht

The IMAU will participate inFIRE 11l from the end ofApril till early June 1998. Taneasure the medooundarylayer structure the
IMAU will operate a tethered balloon (Table E.4.1-1) (Vila et al. 1994, van der Hage et al. 1994). With this device thadnesgocity
and direction, temperature, moisture gmdssure irthe lowerl000 mcan be obtained (Tabke.4.1-2). Moreover, the actiniflux F, a
radiometric quantity which is defined as radiance integrated over all solid angles per unit area, will be measacédicTln increases
in clouds due tdahe enhancement dliffuse radiation by multiple scattering in tleboudsand,for example, is &ey parametefor the
photodissociation rate for chemical species like NO2. In addition, a microwave radisihéterused todetermine the liquidvater and
water vapor path.

To provide acontinuousdata set, théethered balloonvill be operatedevery 12hours. Datawill be checkedfor accuracy andwill be
presented as a function of height with a vertical resolution of about 20 m.

Table E.4.1-1. Characteristics of the IMAU tethered balloon (ADAS basic Air-3B)

Characteristic Value
measurement frequency 0.1 Hz
maximum altitude 1000 m
radio frequency 403 MHz
balloon volume 12 m3
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Table E.4.1-2. Instruments attached to the IMAU tethered balloon

Instrument Parameter Symbol Units
Tethersonde wind velocity U [m/s]
AIR017
wind direction deg degrees
temperature T [Kelvin]
relative humidity RH [%0]
pressure p [hPa]
photoelectrical actinic flux F [W/(m2 nm)]
detector

Surface-based measurements will be made from a 9 nmieggorological profile mast (Tabke4.1-3)while fast measuremen{3able
E.4.1-4) will be made to obtain turbulence statistics instiréace layer at a height of about 3 Wind and temperature measurements
will be performed at five heights with a frequency of 1 Hz. All raw data will be stored can@fter postprocessingyill be half-hour
averaged and submitted to the FIRE Central Archive.

Table E.4.1-3. Instruments mounted on the IMAU profile mast

Instrument Parameter Symbol Units
Vector A10OOR wind velocity U [m/s]
Vector W200P wind direction deg degrees
Vaisala HMP35AC temperature T [Kelvin]
moisture q [a/kg]
Kipp CM14 upward solar radiation Sup [W/m2]
downward solar radiation| Sdown [W/m2]
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Instrument Parameter Symbol Units

Eppley PIR upward longwave radiatiof Lup ° [W/m2]

downward longwave rad | Ldown [W/m2]

Table E.4.1-4. Surface-based instruments. High frequency measurements allow the
calculation of turbulent fluxes which will be included in the data archive

Instrument Parameter Symbol | Units Frequency
(Hz)

Campbell CSAT3 3D | wind velocity u,Vv, w m/s 20
Campbell CSAT3 3D | temperature T K 20
Lyman-Alpha KOH2| water vapor q a/kg 20
PVM-100A liquid water| gl a/kg 20

content
PVM-100A effective radius re micrometer | 20
Microwave radiometer | liquid water path | LWP g/m2 0.03

water vapor path | WVP g/m2 0.03

The balloon flights will be coordinated and scheduled to coincide with overpasses of polar orbiting satetii@dNOAA and DMSP,
and satellite datdfrom AVHRR will be used tohelp 'scale-upgocal measurements to geographic areas comparable in size to that of a
GCM grid cell.
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E.4.2 Solar Spectral Flux Radiometer (SSFR)

Characteristics:

300 nm - 2500 nm spectral range

hemispheric or narrow field of view (1 mrad)

5-15 nm resolution

> 1 Hz spectral sampling rate

calibration: integrating sphere, standard lamp, standard diffuser, cavity radiometer
Pressure/Temperature chamber tested

zenith pointing

Data Products:

. solar spectral radiance or irradiance

. spectral reflectance and transmittanceu R, /p F.; T(H)=F /L F,

. bi-directional spectral reflectance and transmittance, .RErd(-1<p<0)/u F,; T(u,p)=md(0<p<1)/p,F,

. surface spectral albedo

» derived products provided: TBD; other possible derived products: cloud water phase, optical depth, particle size, lajerdsath,w
liquid/ice water content
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E.5 Buoys

Four NCAR Portable Automated Mesonet (PAM) statiares deployed in theicinity of the mainShebaicecamp. These are so-called
flux PAMS with instruments to measure turbulent aadiativefluxes. Each station is completely independerith an onboarddata
acquisition and processing computer. The data are processed into 5Sawemaigesnd statisticsvhich are immediately transmitted via
RF modem to a central computer on #iep. The PAMs are deployed atour locations designated Floridatlanta, Baltimore, and
Cleveland(listed in order of increasing distance frahe ship). Florida isactually located in the icecamp near thex group'smain
tower. The others are on different ice types 2-6 km away (that is, at the initial deployment)

The information obtained from the PAM stations is:

Wind speed and direction

Air temperature and humidity

Ice-snow interface temperature

Station orientation and position

Atmospheric pressure

Covariance fluxes of momentum and sensible heat
Upward and downward longwave and solar radiative fluxes
Heat flux at the ice-snow interface

Variance of wind components and temperature
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APPENDIX F--SHEBA SHIP(ICE STATION)

F.1 Overview

The Canadian Department bisheries and Oceaf®FO) is providing theship and ship
relatedsupport to SHEBA adefined by theSHEBA Project Office and Logistics Office.
The mission profile is described in the next sectidRO believes that irorder tomet the
outlinedsupport needthe services ofwo shipsare required. As the drift platform they
offer the CanadiaiCoast Guardcebreaker thé&l.G.C.C. Des Groseilliers. Ahe second
(support) shighey offerthe N.G.C.C. Louis StLaurant. ThelLouis St.Laurantwill be
available toassistthe Groseilliers as needed and gapport some othe ancillary project
elements

F.2 SHEBA Ship Facilities

While at the research site the Groseilliers will serve as:

* The research platfornfior some ofthe SHEBA experimentsScience vans can be
positioned on the helo deck or other deck area. Instrumentation can be mounted on the
wheelhouse andther suitable locations. Trship has anultitude of rooms/space
/cabins suitable for setting up ship based laboratories.

* The hotel, with victualingand accommodatiofor SHEBA participants throughout the
duration of the drift. The number of personneéxpected to vary between add 30 .
Cabins will be maintained by the occupants, with opefatoishing cleanbedding and
towels.

» Storage area for project equipment and supplies.

« The command and contratenter, with customer access to the bridge and the
communications, network and navigation equipment.

Once in the research area, the ship's crew will be reduced during the drift phase to a number
sufficient to be fully selfeliant, safely supporthe vessel as a base/hotelspond to any

ship emergencies, and to render occasional assistance to the logistical aspects of the project ,
i.e., cargo handling on/ofghip, runway building andipkeep, repair of mechanical and
electric nature, etc.

Many experimentswill be carried out on théce floes aroundthe ship. Heated tent or
plywood shelterswill serve adaboratories at some of these on-ice research sites. It is
anticipated that everybodill live onboard andhat only in specialcaseswill personnel
overnight in the on-icéabs.Over theside shipselectrical power igplannedfor the sites
within convenient distance, i.e., up3060 meters fronthe ship. Shipsuel will be used for
heating theséuts and for on-sitelectric powergenerators at the more distant sities,
beyond 500meters. The Logistics Offickas avariety of shelterswith heatand basic
furnishings for use asn-ice laboratoriesElectric power cablessome transformers to
interface to ship's power, and some smaller generators are available as well. Investigators are
asked tareexamine theineeds andhegotiate with thé.ogistics officefor specific support
requirements.
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F.3 Schedules and Operations Constraints

It is anticipated that thehip will load material at a middle-latitugmrt such asSeattle or
Halifax late in thesummer of 1997 .After the ship hagransited to the Beaufo8ea, it is
anticipated there will be an opportunity to load additional material transported ghighby
lighter from anarctic shore base such as Prudhoe Bay. Qheship is onstation in the

pack ice, transport of personnel amdterialwill be by aircraft. Typical of thesupport for

past experiments is the Twin Otter. Specifications for aircraft likesupportthe SHEBA
experiment can be linked via the SHEBA home page. A feasible scéraniansport is to
operate the Twin Otter or similar A/C for 5-6 day periodmiarvals 0f8-10 weeks. Thus
personnel at the SHEBA experiment would plan to spend 8-10 weeks at a time in the field.

The tentative, but not final schedule for SHEBA is:

To the extent possible project equipment and supplies will be loaded Grabeilliers
in Quebec and the LOUIS at Halifax prior to sailing North for the summer-fall cruises.

The Groseilliers departs on July 2 atie Louis on August 8. Groseilliergill arrive
off Prudhoe Bay around 13 September, 1997. Before proce@dsg forthe mooring
work off Barrow , needed personnel and equipnathtbe loadedusing shipshelo or
barge.

The Louis will arrive offPrudhoe Bay around 25eptember, andsing shipshelo and
barge, take on ancillary science personnel and equipment before proceeding north on the
science cruise.

The Groseillierswill return to Prudhoe around eptember andll SHEBA project
equipment, supplies and personnél be lightered to theGroseilliers by bargservice
to be arranged by th8HEBA Logistics Office. Some shiptelo supportmight be
required to ferry personnel from Prudhoe Bay to the ship .

An alternative tothis scenario is to loadll equipment on theGroseilliers 13-14
September before departing for the mooring work off Barrow. Ice conditions permitting
this wouldallow theGroseilliers to proceed directipward theSHEBA sitefollowing
deployment of the westedAMSTEC mooring andhe UW ULS. Personneivould

have the option of embarking at Prudhoe on the later arriving LOUIS.

While the Louis is supporting ancillaanadianand USscienceshewill be close by
and available to assist the Groseilliers as required while en route to the SHEBA research
area.

En route to SHEBA, when at thdesired location, the Groseilliers will hold for
deployment of the IOEB-2 buoy, and a ULS mooring. Other baogdJLS moorings
will be deployed when practical.

Arrival at the SHEBA site is anticipated to be on September 29.

At the researchocation, to be selected in the area #4.5-76.8N, 141-148W the
GROSEILLIERS will be parked in a suitable location and project equipmergtares
carried by the Louis off-loaded in the vicinity.

Ships' helicopters, before departing on the Lowi, provide flight support toimplant
remaining data buoys in an array up to 100 km from the GROSEILLIERS.

Before departing Louis will top off all fuel tanks on the Groseilliers.
The Louis is scheduled to depart 10-12 October.

The Louis, on its way out of thee, will supportadditional ancillary Canadian and US
science,deploy remainingbuoys and moorings and stop at Prudhoe to disembark
project equipment and personnel.
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» The Groseilliers will be allowed to freeze in and drift passively with the moving pack ice
for approximately one year. The requirement for a full sunmmetthroughfall freeze-
up cycle, to be observed in sequence, suggests that the drift might not termindege until
October 1998.

* Ice conditions permitting, first air operations to the site is schedotet October and
then every six weeks thereafter.

* At the end of thalrift, the Des Groseillierswill return to Seattlefor off-loading of
project equipment. Some lighter transfer of project equipment and persmtwekn
the Grosellliers and Prudhoe Bay Barrow is anticipated on theay out,again the
responsibility of the SHEBA Logistics Office.

» If necessary, théouis will be available tohelp extract th&roseilliers , inwhich case
and if practical, theLouis' helicopterwill be available tolift project participants to
Prudhoe Bay or Barrow.

Ships helicopters will support the fall 1997 establishment oStHEBA site. Thisnvolves
primarily the deployment of the buoy array. Both helds depart on thé.ouis. For a 4-6
weekperiod in thespring (tentatively 15April-30 May) a polar bear tagging projeaetill
base at the ship, bringing a Bell 206 helicopter, that to a limited extavdilable tosupport
other needs. (Drs. Farley and Ramsey) A helicopiieragain be at thehip to support the
1998 summer througfall scientific program.The Logistics Officewill contractfor this
aircraft. An aircraft of thédS350-B2 or MBB 10%ype is envisioned. The primary uses,
with tentative hour allocations are: Routine photo flights (50 Hours), occasisitglto the
primary buoy sites, 3-4 sites 50 Km out (10 hours), recovery/refurb of thedotayy at the
end (15 hours), ice sampling at adjacent floes ( 10 hours), logistics (10).

Throughout the experiment, the service betweestiie and shoravill be by aircraft, most
likely a DeHavillandTwin Otter operating fronPrudhoe BayThe Logistics Officewill
contract for this aircraft. Such services are planned topiakeduring a 2- to 4 daysme
period every 6 weeksyith a higher frequency durinthe months ofApril and May, 1997.
Project crew rotation, delivery of data tapes, partsil, and fresh foodare the main
purposes of these airlifts. No serious problem is anticipated in meeting this schedule during
the fall-winter-spring period. Surface conditions and distdnme shorewill determine
how well the summer flight service can be upheld. flisé rotation istentativelyscheduled
for mid- October. By that time it is expected thlitexperiments are installed and checked.
The installation crewsvill depart and thevinter crewsmove in. To the extenthat the
Groseilliers crew rotation is scheduled around the Project schedule, the LogisticsMdffice
arrangefor the needed flighsupportbetweenship and shoreThe crewrotation and re-
supply aircraft, might need an occasional refueling askiig and soméurbine fuelwill be
carried for this purpose. (15 drums)

Transer of personnel and equipmdrgtween theSHEBA site and ashore base, i.e.,
PrudhoeBay, Barrow, or otherwill be attemptedusing fixed wing aircraft. Surface
conditions at theSHEBA site will change duringthe course ofthe 14 month long
experiment. As the ship drifts with the moving ice, the distance to shore bases will change as
well. A variety of aircraft are therefore likely to be employed as the project evolves.

Thefirst air operationgsurface conditions permittingyill be attempted over a 3 - 5 day
period to include 15 October (due drew rotation requirements)After that, againdriven
by contractual requirements for crew rotation, there wilsbehflight operations scheduled
every 42 days,e., centerecaround 26Nov., 7Jan., 18 Feb., April, 13 May, 24 June, 5
Aug., and 16 SeptAdditional Flightoperations are plannedound 0INov., 11 Mar., 22
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April, and 31 May. These "additional" periods may be added to and shifted depending upon
needs, lead time being offered, and surface conditions.

The ability to carry out summer and fa®98 operationsvill depend on surface conditions

at the ship, distance to shore, amailability of suitable aircraft. Based ohow flying
conditions develop during the spring month, an attempt will be made to project when the last
opportunity for assuretlight operationswill be. Thiswill be announced and updated so
participants and the aircraft operatwve the opportunity to adjust theischedules. The
resumption of fall flight operations will be dealt with similarly.

Projectsthat aredeploying to theship after the start of the drift or terminating before the

end should make every attempt to load as much equipment as possible on board prior to the
ship's depatrture. If departing early, projects shplda toleavemost equipment behind to

come out with theship atthe end. Over thedistancesnvolved, the Twin Otter will become

an expensive cargo freightélso, the4x4 foot side door "loses¥idth quickly as cargo

items get longer. A larger cargo plameguires more runwawhich is harder to find and
maintain.

Please see the logistics information on BI4EBA home page(sectiod.4) for more
detailed and current information.
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APPENDIX G--DATA PARAMETERS

Data parameters may be sensor direct measurements(basic data) or parameterdrogauitirtper processing arttie use ofalgorithms on

basic data(derived products).

G-1 Instruments and Data Parameters for the Arctic Cloud Experiment

Data Parameters Location/ Instrument Instrument Category |Archive
Platform Investigator Location
Surface - Passive:
Air temperature (z) SHEBA Balloon Stamnes 1
Humidity (z) SHEBA Balloon Stamnes 1
Cloud microphysical parameters (z) SHEBA Balloon Stamnes 2
Wind velocity SHEBA Balloon Stamnes 1
Mean shortwave intensity SHEBA Balloon Stamnes 1
Air pressure (z) SHEBA Rawinsonde Moritz 1
Air temperature (z) SHEBA Rawinsonde Moritz 1
Relative humidity (z) SHEBA Rawinsonde Moritz 1
Wind velocity (z) SHEBA Rawinsonde Moritz 1
Surface air temperature SHEBA Vaisala thermistor probe Moritz 1
Surface air humidity SHEBA Vaisala humidity probe Moritz 1
Surface wind velocity SHEBA RMYoung propeller, vane Moritz 1
Surface air pressure SHEBA Aneroid Moritz 1
Broadband incident solar SHEBA Eppley pyranometer Moritz 1
Broadband incident longwave SHEBA Eppley pyrgeometer Moritz 1
wind stress SHEBA Sonic anemometer thermonpeter Andreas 1
sensible heat flux SHEBA Sonic anemometer thermorpeter Andreas 1
Latent heat flux SHEBA Ophir rapid-resporgsAndreas 1
hygrometer
Mean temperature SHEBA Vaisala thermistor probe Andreas 1
Mean humidity SHEBA Vaisala hygrometer probe Andreas 1
Upwelling/downwelling solar SHEBA Eppley pyranometer Andreas 1
Up/downwelling longwave SHEBA Eppley pyrgeometer Andreas 1
Areal heat SHEBA Scintec scintillometer Andreas 1
Areal momentum SHEBA Scintec scintillometer Andreas 1
Surface temperature SHEBA Cooled-mirror hygrometer Andreas 1
Surface temperature SHEBA Barnes infrared thermometer  Andreas 1
Mean pressure SHEBA Setra barometer Andreas 1
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Data Parameters Location/ Instrument Instrument Category |Archive
Platform Investigator Location

Wind stress, sensible heat SHEBA sonic anemometer, thermometer Andreas 1

Broadband albedo SHEBA Kipp radiometer Grenfelll |1
Perovich

Spectral albedo SHEBA Spectroradiometer Perovich/ 1
Grenfell

Many parameters SHEBA PAMS (several locations) Andreas/Fajrall 1

integrated column water vapor SHEBA-ARM MWR ARM 1lor2

integrated liquid water amount SHEBA-ARM MWR ARM lor2

temperature profiles from near surface to hefgHEBA-ARM MMTP - ATTEX ARM lor2

of 300-600 m

cloud fraction SHEBA-ARM | WSI ARM lor2

cloud number SHEBA-ARM | WSI ARM lor2

related statistics SHEBA-ARM | WSI ARM lor2

absolute radiance at 4 - 20 micrometers SHEBA-ARM (ER-AERI ARM lor2

zenith sky temperatures &23 - 323K at 946SHEBA-ARM IRT ARM lor2

11.5 micrometers

solar optical depths in sixnarrow wavebargiISHEBA-ARM | MFRSR ARM lor2

(0.415, 0.500, 0.665, 0.862, 0.940 micrometgers)

derived parameters SHEBA-ARM | MFRSR ARM lor2

solar optical depths SHEBA-ARM | NIMR ARM 1 or 2

derived parameters SHEBA-ARM | NIMR ARM 1 or 2

broadband total hemispherical solar irradiante =~ SHEBA-ARMPSP/DS) ARM 1lor2

diffuse broadband hemispherical solar irradiance SHEBA-ARMPSP/DD ARM lor2

broadbanddirect-beamsolar normalincideng SHEBA-ARM NIP ARM lor2

irradiance

broadband hemispherical infrared irradiance SHEBA-ARMPIR/DI ARM lor2

hemispherical ultraviolet-b irradiance SHEBA-ARM uUvB ARM lor2

net of upwelling anddownwelling solar ai SHEBA-ARM RN ARM lor2

infrared hemispherical irradiances

hemispherical solar irradiance in six wavebapds SHEBA-ARMGND MFR ARM lor2

broadband total hemispherical solar irradiante  ~  SHEBA-ARMPSP/US ARM lor2

broadband hemispherical IR irradiance SHEBA-ARMPIR/UI ARM lor2

IWC SHEBA-ARM ER-AERI/MWR Uttal 2

LWC SHEBA-ARM ER-AERI/MWR Uttal 2

IWP SHEBA-ARM ER-AERI/MWR Uttal 2

LWP SHEBA-ARM ER-AERI/MWR Uttal 2
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Data Parameters Location/ Instrument Instrument Category |Archive
Platform Investigator Location
cloud optical depth SHEBA-ARM ER-AERI/MWR Uttal 2
particle size profile SHEBA-ARM ER-AERI/MWR Uttal 2
particle size layer average SHEBA-ARM | ER-AERI/MWR Uttal 2
particle concentration profile SHEBA-ARM| ER-AERI/MWR Uttal 2
particle concentration layer average SHEBA-ARM | ER-AERI/MWR Uttal 2
solar spectral radiance or irradiance SHEBA-FIRESSFR Pilewskie 1
spectral reflectance SHEBA-FIRE |SSFR Pilewskie 1
spectral transmittance SHEBA-FIRE |SSFR Pilewskie 1
bi-directional spectral reflectance SHEBA-FIRE |SSFR Pilewskie 1
bi-directional spectral transmittance SHEBA-FIRE |SSFR Pilewskie 1
surface spectral albedo SHEBA-FIRE| SSFR Pilewskie 2
cloud water phase SHEBA-FIRE |SSFR Pilewskie 2
optical depth SHEBA-FIRE |SSFR Pilewskie 2
particle size SHEBA-FIRE |[SSFR Pilewskie 2
liquid/ice water path SHEBA-FIRE |SSFR Pilewskie 2
liquid/ice water content SHEBA-FIRE |SSFR Pilewskie 2
Vertical profiles (sfc. to 1 km) of pressyrf8HEBA-FIRE U Utrecht Tethered balloon Duynkerke 1
temperature, humidity, windel. and dir., arg
actinic flux
Vertical profiles (sfc. to 9m) of Twind vel. arg SHEBA-FIRE U Utrecht 9m tower Duynkerke 1
dir., moisture, up/dowrsolar irradiances, &
up/down longwave irradiances
Surface airtemperature,pressure, wind vel| SHEBA-FIRE U Utrecht Tethered Surface Duynkerke 1
water vapor, LWC, effective radius, and LWH
cloud boundaries at zenith up to 20 km height ARM-Barroy MMCR ARM 1 or 2
Temperature, wind, and humidity profiles ARM-Barrow Rawinsonde ARM lor2
Tethered temperaturewind, and humid§] ARM-Barrow Airsonde-TBD ARM lor2
profiles
downwelling zenith sky temperature ARM-Barrow IRT ARM lor2
upwelling surface temperature ARM-Barrow IRT ARM lor2
solar optical depths in eight narrow wavebands ARM-Barroy CSPHOT ARM lor2
derived quantities ARM-Barrow |CSPHOT ARM lor2
solar irradiances in 6 bands ARM-Barrow | NIMFR ARM 1 or 2
solar optical depths ARM-Barrow [ NIMFR ARM 1 or 2
derived parameters ARM-Barrow [ NIMFR ARM 1 or 2
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Data Parameters Location/ Instrument Instrument Category |Archive
Platform Investigator Location
broadband total hemispherical solar irradiange  ~ ARM-BarrowPSP/DS ARM lor2
diffuse broadband hemispherical solar irradiance ARM-BarroyvPSP/DD ARM lor2
broadbanddirect-beamsolar normalincideng ARM-Barrow NIP ARM lor2
irradiance
broadband hemispherical infrared irradiance ARM-Barrow PIR/DI ARM lor2
hemispherical ultraviolet-b irradiance ARM-Barrow UVB ARM lor2
net of upwelling anddownwelling solar an ARM-Barrow RN ARM lor2
infrared hemispherical irradiances
broadband total hemispherical solar irradiante  ~ ARM-BarrowPSP/US ARM lor2
broadband hemispherical infrared irradiance ARM-Barrow PIR/UI ARM lor2
hemispherical solar irradiance in six wavebahds ARM-Barroy MFR ARM lor2
solar optical depths in sixnarrow wavebarglARM-Barrow MFRSR ARM lor2
(0.415, 0.500, 0.665, 0.862, 0.940 micrometgers)
derived parameters ARM-Barrow | MFRSR ARM lor2
cloud fraction ARM-Barrow Whole Sky Imager ARM lor2
cloud number ARM-Barrow Whole Sky Imager ARM lor2
related statistics ARM-Barrow | Whole Sky Imager ARM lor2
integrated column water vapor ARM-Barrow MWR ARM lor2
integrated liquid amount ARM-Barrow MWR ARM lor2
temperature profiles from near surface to heigRM-Barrow MMTP - ATTEX ARM lor2
of 300-600 m
Wind speed, wind direction, temperature,da#RM-Barrow Surface weather station ARM lor2
humidity at heights of 2, 10 and 40 m
Dew/Frost point at heights of 2, 10 and 40 n{ ARM-Barrow Surface weather station ARM lor2
precipitation at heights of 2, 10 and 40 m ARM-Barrow Surface weather station ARM lor2
TBD ARM-Barrow Transmissometer-TBD ARM lor2
profiles of water vapor ARM-Barrow Passive microwave ARM lor2
TBD ARM-Barrow 449-MHz WP and RASS-TBD ARM lor2
upwelling broadbandtotal hemisphericalsola) ARM-Barrow PSP/DS ARM lor2
irradiance
upwelling broadband total hemispherical R ARM-Barrow PIR/DI ARM lor2
irradiance
cloud boundaries ARM-Barrow | Lidar/Ceilometer ARM lor2
absolute radiance at 4 - 20 micrometers ARM-Barrov ER-AERI ARM lor2
IWC ARM-Barrow ER-AERI/MWR ARM lor2
LWC ARM-Barrow ER-AERI/MWR ARM lor2
IWP ARM-Barrow ER-AERI/MWR ARM lor2
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Data Parameters Location/ Instrument Instrument Category |Archive
Platform Investigator Location
LWP ARM-Barrow ER-AERI/MWR ARM lor2
cloud optical depth ARM-Barrow ER-AERI/MWR ARM lor2
particle size profile ARM-Barrow ER-AERI/MWR ARM lor2
particle size layer average ARM-Barrow | ER-AERI/MWR ARM lor2
particle concentration profile ARM-Barrow ER-AERI/MWR ARM lor2
particle concentration layer average ARM-Barrow| ER-AERI/MWR ARM lor2
Data Parameters Location/ Instrument Inst. PI Category [ Archive
Platform Location
Surface-Active
Radar images SHEBA Cloud Radar 35 GHz Uttal 0
Radar backscatter profiles SHEBA Cloud Radar 35 GHz Uttal 0
Radar Doppler velocities SHEBA Cloud Radar 35 GHz Uttal 0
Cloud radar reflectivity (z) SHEBA Cloud Radar 35 GHz Uttal 1
cloud boundaries SHEBA Cloud Radar 35 GHz Uttal 1
ice cloud layer mean particle size SHEBA Cloud Radar 35 GHz Uttal 1
ice cloud layer mean particle concentration SHEBA Cloud Radar 35 GHz Uttal 1
ice cloud layer particle size profile SHEBA Cloud Radar 35 GHz Uttal 2
ice cloud layer particle concentration profile SHEBA Cloud Radar 35 GHz Uttal 2
LW cloud profile SHEBA Cloud Radar 35 GHz Uttal 2
water cloud turbulence profile SHEBA Cloud Radar 35 GHz Uttal 2
Radar spectra of velocities SHEBA Cloud Radar 35 GHz Uttal 3
Backscatter profiles SHEBA Lidar (DABUL) Eberhard/Grynd 0O
Aerosol scattering profiles SHEBA Lidar (DABUL, | Intrieri/Grund | 1
depolarization)
Aerosol extinction profiles SHEBA Lidar (DABUL, | Intrieri/Grund | 1
depolarization)
Cloud boundaries SHEBA Lidar (DABUL) Eberhard/Grund 1
lidar depolarization SHEBA Lidar (DABUL, | Intrieri/Grund | 1
depolarization)
ice/water/mixed phase index SHEBA Lidar (DABUL, | Intrieri/Grund | 2
depolarization)
optical depth SHEBA Lidar (DABUL, | Intrieri/Grund | 4
depolarization)
crystal habits SHEBA Lidar (DABUL, | Intrieri/Grund | 4
depolarization)
Cloud microphysics SHEBA Lidar with radar/radiometer$ Eberhard 2
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Data Parameters Location/ Instrument Inst. PI Category [ Archive
Platform Location
cloud base height up to heights of 7.5 km SHEBA-ARMIVCEIL 1
Cloud base height up to about 20 km ARM-Barrow MPL ARM-Barroyw 1
cloud base height up to heights of 7.5 km ARM-Barrow] VCEIL ARM-Barrow |1
Wind profiles up to 2 km ARM-Barrow 915 MHz Profiler with RASS  ARM-Barroy 1
virtual temperature profiles up to 0.5 km ARM-Barrow 915 MHz Profiler with RASS ARM-Barrgw 1
Water vapor profiles ARM-Barrow Raman water vapor lidar? Philbrick ?
Data Parameter Platform Platform/Instrument Inst. PI Category | Archive
Location
Aircraft -Remote
multispectral radiance image at 50 wavelengihs NASA ER-2 MAS King 2
spectral reflectance NASA ER-2 MAS King 2
bi-directional spectral reflectance NASA ER-2 MAS King 2
solar spectral radiance NASA ER-2 MAS King 2
liquid/ice water path NASA ER-2 MAS King 3
cloud optical thickness NASA ER-2 MAS King 3
cloud water phase NASA ER-2 MAS King 3
RTI NASA ER-2 CLS Spinhirne 0
aerosol scattering profile NASA ER-2 CLS Spinhirne 1
vertical structure NASA ER-2 CLS Spinhirne 2
cloud height NASA ER-2 CLS Spinhirne 2
depolarization NASA ER-2 CLS Spinhirne 2
cloud habit NASA ER-2 CLS Spinhirne 2
calibrated radiances NASA ER-2 | AIrMISR Conel 1
co-registered radiances NASA ER-2 AIrMISR Conel 1
stereo cloud heights NASA ER-2 AIrMISR Conel 2
Calibratedbrightnesstemperatures &9, 150 NASA ER-2 MIR J.Wang 1
220, 184, 186190 GHz at 57eampositions
covering 100 deg. swath
Water vapor profiles NASA ER-2 MIR Wang 2
cloud information (liquid clouds, oice water NASA ER-2 MIR J.Wang 2
path from storm-associated ice clouds)
IR Spectral Radiances NASA ER-2 | SHIS Revercomb 1
Vertical Temperature distributions NASA ER-2 | SHIS Revercomb 2
Vertical Water Vapor distributions NASA ER-2 | SHIS Revercomb 2
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Data Parameter Platform Platform/Instrument Inst. PI Category | Archive
Location
Sea Surface Temperature NASA ER-2 | SHIS Revercomb 2
Land Surface Temperature NASA ER-2 | SHIS Revercomb 2
Land Surface Emissivity NASA ER-2 SHIS Revercomb 2
Cloud properties(height, emissivity, particleNASA ER-2 SHIS Revercomb 2
size, phase, ice/liquid water content)
Ozone vertical profile NASA ER-2 SHIS Revercomb 2
CO total column NASA ER-2 SHIS Revercomb 2
Calibrated brightness temperatures at 85.pNASA ER-2 AMPR Hood 1
37.1, 19.35, 10.7 GHz
Imagery of calibratedbrightnesstemperatur¢ NASA ER-2 AMPR Hood 1
both in raster format and griddéatitude and
longitude maps
Sea ice emissivity NASA ER-2 | AMPR Curry 2
Bulk vertical profiles of hydrometeors NASA ER-2 | AMPR Curry 2
Precipitation rates NASA ER-2 | AMPR Curry 2
solar spectral radiance or irradiance NASA ER-2 | SSFR Pilewskie 1
spectral reflectance NASA ER-2 | SSFR Pilewskie 2
spectral transmittance NASA ER-2 | SSFR Pilewskie 2
bi-directional spectral reflectance NASA ER-2 | SSFR Pilewskie 2
bi-directional spectral transmittance NASA ER-2 | SSFR Pilewskie 2
surface spectral albedo NASA ER-2 | SSFR Pilewskie 2
cloud water phase NASA ER-2 | SSFR Pilewskie 2
optical depth NASA ER-2 SSFR Pilewskie 2
particle size NASA ER-2 SSFR Pilewskie 2
liquid/ice water path NASA ER-2 SSFR Pilewskie 2
liquid/ice water content NASA ER-2 SSFR Pilewskie 2
microwave emission NCAR C-130 AIMR NCAR, Curry | 2
surface roughness NCAR C-130 AIMR NCAR, Curry 2
ice surface topology NCAR C-130 AIMR NCAR, Curry] 2
types and ages of ice NCAR C-130 AIMR NCAR, Curn 2
open water NCAR C-130 AIMR NCAR, Curry | 2
cloud radiation NCAR C-130 MCR NCAR, Curry | 2
Surface temperature NCAR C-130 infrared temperatur¢ NCAR, Curry | 2
radiometer
hemispheric IR radiance NCAR C-130 PIR Pyrgeometer NCAR, Cujry 1
hemispheric VIS radiance NCAR C-130 [ PSP Pyranometer NCAR, Curry{ 1
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Data Parameter Platform Platform/Instrument Inst. PI Category | Archive
Location

Spectral vegetation index NCAR C-130 SVR-spectral ~ Vegetation NCAR, Curry | 2

Radiometer
total, direct,and diffuse components of th&iCAR C-130 RAMS: TDDR) Valero 1
downwelling solar flux
Optical depths NCAR C-130 | RAMS: TDDR Valero 2
upwelling solar flux in the 7 spectral channels  NCAR C-13() RAMS: MCR Valero 1
spectral albedo NCAR C-130 RAMS: MCR Valero 2
net flux NCAR C-130 RAMS: MCR Valero 2
downwelling and upwelling total solar| NCAR C-130 RAMS: 2 TSBRs Valero 1
irradiance
Albedo NCAR C-130 RAMS: 2 TSBRs Valero 2
net flux NCAR C-130 RAMS: 2 TSBRs Valero 2
downwellingand upwelling infraredlux from | NCAR C-130 RAMS: 2 IRBRs Valero 1
4.125 to 48.25 microns
Upwelling radiance at (4-40 and 8-12 micrond)ICAR C-130 RAMS: NFOV Valero 1
Brightness temperatures

Hobbs

TBD UW CV-580 Many instruments Hobbs ?
cloud-top brightness temperature UlV-580 CAR Tsay 1
cloud optical depths UVZV-580 CAR Tsay 2
solar spectral radiance or irradiance WBN-580 SSFR Pilewskie 1
spectral reflectance UWV-580 SSFR Pilewskie 2
spectral transmittance UwV-580 SSFR Pilewskie 2
bi-directional spectral reflectance UGN-580 SSFR Pilewskie 2
bi-directional spectral transmittance UQW-580 SSFR Pilewskie 2
surface spectral albedo UGN-580 SSFR Pilewskie 2
cloud water phase UWV-580 SSFR Pilewskie 2
optical depth UWCV-580 SSFR Pilewskie 2
particle size UWCV-580 SSFR Pilewskie 2
liquid/ice water path UWCV-580 SSFR Pilewskie 2
liquid/ice water content UVCV-580 SSFR Pilewskie 2

Multiple Flux Platform: Brooks 2
surface temperature Ultralight Temperature Transducer | Brooks 2
net radiant flux Ultralight Net Radiometer Brooks 2
up- and down-looking short wave radiation Ultralight Solar radiation sensors | Brooks 2
albedo Ultralight LICOR  190S quantum Brooks 2
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Data Parameter Platform Platform/Instrument Inst. PI Category | Archive
Location
sensors
aircraft altitude Ultralight Laser Altimeter Brooks 2
ground surface features Ultralight Laser Altimeter Brooks 2
low resolution altitude Ultralight Radar Altimeter Brooks 2
low resolution ground surface features Ultralight Radar Altimeter Brooks 2
Radiances at 504-597, 598-700, &0®%-1042 Ultralight Four channel Radiometer | Brooks 2
nm
surface cover Ultralight video with GPS position Brooks 2
TBD Twin Otter video camera 2
surface temperature Twin Otter infrared temperdture 2
radiometer
TBD Helicopter video camera 2
surface temperature Helicopter KT-19 infrared photometgr 2
Radiation:
Reflectance at 4 channels Can CV-580 Landsat Simulator Isaac 1
Reflectance at 2 channels Can CV-580 U. of Arizona Radiometey Isaac 1
Backscatter coefficient Can CV-580 LIDAR (up and down) Isaac 1
reflectance Can CV-580 LIDAR (up and down) Isaac 1
Volume light scattering coefficient Can CV-580 Nephelometer Isaac 1
Radiative fluxes Can CV-580 Epply UV Isaac 1
Visible extinction coefficient Can CV-580 Extinction Meter Isaac 1
IR radiative fluxes Can CV-580 IR Pyrgeometgup and Isaac 1
down)
SW radiative fluxes Can CV-580 SW Pyranomet@rp and| Isaac 1
down)
Data Parameter Platform Platform/Instrument Inst. PI Category | Archive
Location
Aircraft - Insitu
3D Position, Attitude and Ground Speed NCAR C-13d Lasdnertial  Reference NCAR, Curry | 1
System
Time, Position, Ground Speed NCAR C-130 GPS Receiver NCAR, Cdrry 1
Air Motion NCAR C-130 Radome/IRS Wind Gust| NCAR, Curry | 1

System
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Data Parameter Platform Platform/Instrument Inst. PI Category | Archive
Location
Temperature NCAR C-130 Rosemount NCAR, Curry 1
Barometric Pressure, Pressure Altitude NCAR C-130 Rosemount AbSokgeure NCAR, Curry | 1
Transducer
Ambient Air Temperature NCAR C-130 Ophir I NCAR, Curry | 1
Aerosol Spectrum NCAR C-130 | PMS-PCASP 100 1
Cloud Droplet Spectrum NCAR C-130 | PMS-FSSP-100 1
Cloud Droplet Spectrum NCAR C-130 | PMS-FSSP-2D-C 1
Hydrometeor Spectrum NCAR C-130 | PMS-FSSP-2D-D 1
Cloud Liquid Water NCAR C-130 King Probe (Hot Wire) 1
Aerosol Size and Number NCAR C-130 | MASP 1
Ice Accumulation NCAR C-130 Rosemount Icing Detector 1
CN concentration NCAR C-130 CN Counter 1
cloud water residuals NCAR C-130 | CVI? 2?
condensed water content NCAR C-130 CvI? 2?
cloud liquid water content NCAR C-130 PVM100 NCAR 1
droplet integrated surface area NCAR C-130 PVM100 NCAR 1
effective radius NCAR C-130 PVM100 NCAR 1
CCN spectra NCAR C-130 CCN Spectrometers (2) | Hudson 2
total CN concentration NCAR C-130 CN Counter Hudson 1
IFN concentration NCAR C-130 CFD Chamber Rogers 2
IFN composition NCAR C-130 CFD Chamber Rogers 2
water/ice supersaturation NCAR C-130 CFD Chamber Rogers 2
pressure NCAR C-130 CFD Chamber Rogers 2
CN concentration NCAR C-130 CN Counter Rogers 1
CN concentration at STP NCAR C-130 CN Counter Rogers 1
Particle Images NCAR C-130 CPI Lawson 2
Particle Length and Width NCAR C-130 CPI Lawson 2
Particle Images NCAR C-130 CPI Lawson 2
Particle Area NCAR C-130 CPI Lawson 2
Drop Size Distribution, > ~1Am NCAR C-130 CPI Lawson 2
Crystal Size Distribution NCAR C-130 CPI Lawson 2
IWC NCAR C-130 CPI Lawson 2
LWC, > ~1Qum NCAR C-130 CPI Lawson 2
Ratio Of IWC/LWC, > ~10m NCAR C-130 CPI Lawson 2
Particle Habit NCAR C-130 CPI Lawson 2
Degree Of Crystal Riming NCAR C-130 CPI Lawson 2
Physical characteristics NCAR C-130 CPI Lawson 2
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Data Parameter Platform Platform/Instrument Inst. PI Category | Archive
Location
TBD UW CV-580 Knollenberg probes Hobbs 1
TBD UW CV-580 condensation and  cloudHobbs 1
condensation nuclei
optical extinction coeff., 635 nm UWV-580 Gmeter Gerber 1
backscatter ratio UVZV-580 Gmeter Gerber 1
asymmetry parameter UwV-580 Gmeter Gerber 1
UW CV-580 chemistry and trace gases | Hobbs 2
cloud liquid water content UWZV-580 PVM100 Hobbs 1
cloud droplet integrated surface area @WV-580 PVM100 Hobbs 1
TBD UW CV-580 meteorology Hobbs 1
IWC UwW CV-580 Dielectric Hobbs 1
capacitance/evaporator device
TBD Uw CV-580 aerosols Hobbs 2
carbon dioxide Ultralight closed path |Infrared Gd&ooks 2
Analyzer
water vapor Ultralight closed path Infrared Ga®rooks 2
Analyzer
carbon dioxide at high frequencies Ultralight open path Infrared |@&s0ks 2
Analyzer
water vapor at high frequencies Ultralight Trimble TANS Brooks 2
aircraft attitude Ultralight Novatel Inc. GPS Brooks 2
aircraft position Ultralight Novatel Inc. GPS Brooks 2
aircraft altitude Ultralight Novatel Inc. GPS Brooks 2
wind velocities Ultralight Pressure Transducers Brooks 2
static pressure Ultralight Pressure Sensor Brooks 2
relative humidity Ultralight Dew point sensor Brooks 2
Microphysics:
Na Can CV-580 Inboard PCASP Isaac 1
spectra Can CV-580 Inboard PCASP Isaac 1
Ni Can CV-580 CVvi Isaac 2
IWC Can CV-580 Cvi Isaac 2
Td Can CV-580 CVvi Isaac 2
Qv Can CV-580 Cvi Isaac 2
size distribution Can CV-580 CVI Isaac 2
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Data Parameter Platform Platform/Instrument Inst. PI Category | Archive
Location

Ice nuclel information Can CV-580 CVi Isaac 2
Phase separation Can CV-580 Rosemount lsaac 1

Detector/Vibrometer

Detector
Phase change Can CV-580 Airbus Icing Rod Isaac 1
LWC Can CV-580 King Probes Isaac 1
LWC Can CV-580 Nevzorov Probes Isaac 1
TWC Can CV-580 Nevzorov Probes Isaac 1
Td Can CV-580 Nevzorov Probes Isaac 1
Nd Can CV-580 FSSP-100-96 Isaac 1
droplet spectra Can CV-580 | FSSP-100-96 Isaac 1
Nd Can CV-580 FSSP-100-124 Isaac 1
droplet spectra Can CV-580 | FSSP-100-124 Isaac 1
Ni Can CV-580 2D2-C or 2D-C Isaac 1
ice crystal spectra Can CV-580 [ 2D2-C or 2D-C Isaac 1
shape Can CV-580 2D2-C or 2D-C Isaac 1
Ni Can CV-580 2D-GA Isaac 1
ice crystal spectra Can CV-580 | 2D-GA Isaac 1
shape Can CV-580 2D-GA Isaac 1
Ni Can CV-580 2D-P Isaac 1
ice crystal spectra Can CV-580 | 2D-P Isaac 1
shape Can CV-580 2D-P Isaac 1
Shape Can CV-580 DRI Replicator Isaac 3
Ni Can CV-580 DRI Replicator Isaac 3
Shape Can CV-580 DRI Cloudscope Isaac 3
Ni Can CV-580 DRI Cloudscope Isaac 3
IWC Can CV-580 DRI Cloudscope Isaac 3
Shape Can CV-580 CPI Isaac 2
Ni Can CV-580 CPI Isaac 2
Na Can CV-580 PCASP Isaac 1
aerosol spectra Can CV-580 | PCASP Isaac 1
Nd Can CV-580 FSSP-300 Isaac 1
droplet Spectra Can CV-580 | FSSP-300 Isaac 1
Na Can CV-580 FSSP-300 Isaac 1
aerosol spectra Can CV-580 | FSSP-300 Isaac 1
CCN Can CV-580 U. of Wyoming CCNC Isaac 1
% SS Can CV-580 U. of Wyoming CCNC Isaac 1
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Data Parameter Platform Platform/Instrument Inst. PI Category | Archive
Location
CN>3 nm Can CV-580 TSI 3025 CN Counter Isaac 1
CN>15 nm Can CV-580 PMS 7610 Isaac 1
CN>15 nm Can CV-580 CN Counter Flowmeter Isaac 1
Aerosol size distribution (5-200 nm) Can CV-580 DMA 3025 Isaac 3
Dynamics/
Thermodynamics:
3-D Wind components Can CV-580 IAR 858 Gust Probe Isaac 2
profiles of T, Td, U, Z, RH Can CV-580 | Dropsonde Isaac 1
T Can CV-580 AES Rosemount Isaac 1
T Can CV-580 Reverse Flow Isaac 1
Ts Can CV-580 PRT-5 Isaac 1
Td Can CV-580 EGG Dew point Isaac 1
Td Can CV-580 Russian Lyman-Alpha| Isaac 1
Hygrometer
Tf Can CV-580 Russian Lyman-Alpha| Isaac 1
Hygrometer
latent heat fluxes Can CV-580 | Russian Lyman-Alpha| Isaac 2
Hygrometer
phase Can CV-580 Russian Lyman-Alpha| Isaac 1
Hygrometer
Chemistry:
03 Can CV-580 TECO 49,43S Isaac 2
SO2 Can CV-580 TECO 49,43S Isaac 2
Concentration of gas-phase Hg Can CV-580 Hg Monitor Calibrator Isaac 2
Inorganic ions Can CV-580 Aerosol filter & flow meter Isaac 2
organic ions Can CV-580 Aerosol filter & flow meter Isaac 2
black carbon Can CV-580 Aerosol filter & flow meter Isaac 2
trace metals Can CV-580 Aerosol filter & flow meter Isaac 2
total organic carbon Can CV-580 Aerosol filter & flow meter Isaac 2
Size segregated inorganic ions Can CV-580 Moudi Impactor & Flowmeter Isaac
Size segregated organic ions Can CV-580 Moudi Impactor & Flowmeter Isaac
Organohalogens Can CV-580 | Tenax Cartridge Flowmeter Isaac 2
Total organic carbon Can CV-580 Hi Vol. Flowmeter Isaac 2
speciated organics Can CV-580 Hi Vol. Flowmeter Isaac 2
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Data Parameter/Product Satellite Instrument Pl Category [Archive
Location

0.58 - 0.68 pm lambertian refl. NOAA Polar Orbiter 12| &/HRR/HRPT | Minnis 2orl

0.73 - 1.10 pm lambertian refl. 14NOAA Polar Orbiter 12[ &/HRR/HRPT | Minnis 2orl

3.55-3.93 um brightness T &I%AA Polar Orbiter 12 & AVHRR/HRPT | Minnis 2orl

10.3-11.3 um brightness T h%AA Polar Orbiter 12 & AVHRR/HRPT | Minnis 2orl

11.5-12.5 um brightness T h%AA Polar Orbiter 12 & AVHRR/HRPT | Minnis 2orl

TOA VIS image (hard copy) 14NOAA Polar Orbiter 12 [ &VHRR/HRPT | Minnis 1

TOA IR image (hard copy) 14NOAA Polar Orbiter 12 |&VHRR/HRPT | Minnis 1

TOA VIS radiance 1ﬁOAA Polar Orbiter 12 GAVHRR/HRPT | Minnis 2orl

TOA IR radiance 1ﬁOAA Polar Orbiter 12 RAVHRR/HRPT | Minnis 2orl

Broadband clear sky albedo H NOAA Polar Orbiter 13 AYHRR/HRPT | Minnis 2orl

Broadband cloudy sky albedo 14NOAA Polar Orbiter 14 AYVHRR/HRPT | Minnis 2orl

Cloud cover 1IﬁOAAPoIar Orbiter 12 & AVHRR/HRPT | Minnis 2orl

Cloud fraction 1IﬁOAA Polar Orbiter 12 RAVHRR/HRPT | Minnis 2orl

Cloud optical thickness 14NOAA Polar Orbiter 12| &VHRR/HRPT | Minnis 2orl

Cloud particle size 1Lll\IOAA Polar Orbiter 12 (&VHRR/HRPT | Minnis 2orl

Cloud top temperature 14NOAA Polar Orbiter 12| &YHRR/HRPT | Minnis 2orl

cloud height 1l£\1IOAA Polar Orbiter 12 RAVHRR/HRPT | Minnis 2orl

cloud emissivity 1GOAAPoIar Orbiter 12 & AVHRR/HRPT | Minnis 2orl

14
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Data Parameter/Product Satellite Instrument Pl Category [Archive
Location
cloud particle size NOAA Polar Orbiter 12 [&VHRR/HRPT | Minnis 2orl
14
Longwave fluxes NOAAPolar Orbiter 12 & AVHRR/HRPT | Minnis 2orl
14
Surface albedo NOAA Polar Orbiter 12 |&VHRR/HRPT | Minnis 2orl
14
Surface temperature NOAA Polar Orbiter 12| &/HRR/HRPT | Minnis 2orl
14
Note: all of the aboveparameterawill be | NOAA Polar Orbiter 12 & AVHRR/HRPT | Minnis 0
produced in near-reatime in time{ 14
sequenced loops folocations over theg
SHEBA ice station, Barrow, and
Fairbanks.
TOA radiative fluxes NOAAPolar Orbiter 12 & HIRS Wylie 1
14
TOA VIS image (hard copy) NOAA Polar Orbiter 12 |&IRS Wylie 1
14
TOA IR image (hard copy) NOAA Polar Orbiter 12 |&IRS Wylie 1
14
TOA VIS radiance NOAA Polar Orbiter 12 |&IRS Wylie 2
14
TOA IR radiance NOAA Polar Orbiter 12 EHIRS Wylie 2
14
Cloud cover NOAAPolar Orbiter 12 & HIRS Wylie 2
14
Cloud fraction NOAA Polar Orbiter 12 gHIRS Wylie 2
14
Cloud emissivity NOAA Polar Orbiter 12 gHIRS Wylie 2
14
Cloud height NOAA Polar Orbiter 12 gHIRS Wylie 2
14
Cloud IR optical thickness NOAA Polar Orbiter 12| ®IIRS Wylie 2
14
Cloud temperature NOAA Polar Orbiter 12| &IRS Wylie 2
14
TOA microwave radiance DMSP F12 &13 SSM/I & Rossow 2
SSM/T2
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Data Parameter/Product Satellite Instrument Pl Category [Archive
Location
ice/water estimate DMSP F12 &13 SSM/I & Rossow 3
SSM/T2
total cloud liquid water estimate DMSP F12 &13 SSM/I & Rossow 3
SSM/T2
water vapor DMSP F12 &13 SSM/I & Rossow 3
SSM/T2
precipitation rate DMSP F12 &13 SSM/I & Rossow 3
SSM/T2
filtered radiances RESURS SCARAB-2 Rossow 3
unfiltered SW radiances RESURS SCARAB-2 Rossow 3
unfiltered LW radiances RESURS SCARAB-2 Rossow 3
unfiltered SW fluxes RESURS SCARAB-2 Rossow 3
unfiltered LW fluxes RESURS SCARAB-2 Rossow 3
images (for mission planning only) RADARSAT SAR SHEBA 1
cloud fraction various ISCCP Rossow 2
cloud top height various ISCCP Rossow 2
surface radiative fluxes various ISCCP Rossow 3
raw radiances various ISCCP Rossow 2
~ other 130 cloud and radiatiopvarious ISCCP Rossow 1
parameters
Surface albedo various ISCCP Brest & Rossow 1
Surface temperature various ISCCP Brest & Rossow 1
Cloud optical thickness various ISCCP Han & Rossow | 1
Cloud particle size various ISCCP Han & Rossow | 3
Atmospheric humidity POES HIRS NWS 1
Atmospheric temperature POES HIRS NWS 1
Sea ice cover DMSP SSMI NWS/Navy 1
Snow cover ? ? Cavalieri 4
Snowfall POES/DMSP AVHRR/SSMI/T | Curry 4
2
Models Model Investigator Data Parameters Category Archive
Location

Operational Models:

ECMWF Bretherton/Miller

Column products
- SHEBA iice station
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Models Model Investigator Data Parameters Category Archive
Location
Bretherton/Campana Column products 1
- Barrow
AES Bretherton/lsaac back trajectories 2
- SHEBA ice station
- Barrow
- Inuvik
Bretherton/Isaac operational output 2
NCEP Bretherton/Wylie grid analysis 2
TBD operational output 2
TBD TBD Integrated data sets for FIRE ?
TBD TBD Integrated data sets for SHEBA ?

Archive Locations: FIRE = NASA Langley DAAC = LD

ARM = DOE Oak Ridge DAAC = OD
C-130 = NCAR =NC
SHEBA = Ship = SH

NWS = NW

NOAA CMDL = CM
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APPENDIX H--LANGLEY DAAC DATA SET INGEST REQUEST

Please fill out one complete form for EACH data set to be ingested.

Project Title (e.g. Arctic Cloud Experiment):

H.1 Data Set Description

kkkkhkkkkkhkkkkhkhkkkkhkk*k

Data Set Name:
Data Set Producer:

Name:

Address:
Telephone:

Fax:

Internet Address:

List all geophysical parameters along with the corresponding units, fill valuesiaineim
and maximum values. (e.g., albedo, unitless, -999, 0, 1)

List all data sources, theiespectivesensor/instruments, and the parameter(s) measured by
each (e.g., ground sites, rawinsonde, temperature).

Provide a definition and/or brief description o#&ll geophysical parameters,
sensor/instruments and source/platforms.

Processing Level:

Level O

Level 1A
Level 1
Level 2
Level 3
Level 4

B

(0O=Raw radiance data, 1A=Data unprocessed to sensor1BrtBata processed &ensor
units, 2=Derived geophysical parameters, 3=Geolocated geophysical paradvdiets
from multiple measurements)

Spatial Coverage (Range):
Minimum Latitude:
Maximum Latitude:
Minimum Longitude:
Maximum Longitude:

Describe any gaps that may exist in the spatial coverage.
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Spatial Resolution (e.g., 2.5 x 2.5 degree grid):
Temporal Coverage:

Start Date (mm/dd/yy):
Stop Date (mm/dd/yy):

Describe any gaps that may exist in the temporal coverage.
Temporal Resolution:

What is the smallest unit of data collected (e.g., 1 second, daily, monthly,
Were the data collected during the day, night or both?
Data Set Point of Contact:

Name:

Address:

Telephone:

Fax:
Internet Address:

H.2 Data Set Processing History

kkkkkhkkkkkhkkkkhkhkkkkkhkkkkkhkkk*%

When was this data set processed (mm/dd/yy)?
Is this data set still being generated?
If so, at what rate (e.g., 1 file/day)?
Does this data set require further processing by the Langley DAAC?
If so, does the software exist to do this processing?
In what computer language is the software written?
On which computer systems has this software been developed?
On what systems has this software run successfully?
Provide the point of contact for this software.
Name:
Address:
Telephone:
Fax:

Internet Address:

What is the version number of this data set?
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Describe the computer system(s) on which this data set was processed.
Software:
Hardware:
Operating System:
Media Used:
Describe verification/validation procedures used with this data set.
Are there currently any plans to reprocess this data set?
If so, when will the data set be reprocessed?
Why will the data set be reprocessed?
Is this data set in HDF (EOS Standard Data Format) or ASCII?

If not, areyou willing to convert the datset toHDF prior to delivery to the Langley
DAAC?

If you are not willing to convert the data to HDF, why not?

If you are willing to convert the data téDF, will you need guidance frorthe Langley
DAAC?

Do you need HDF documentation?
Describe the organization of the data set.

If data are not in HDF or ASCII, please describe the header, table of coateiltary, data
and trailer files in the following sections.

Total number of files (including headers, ancillary files, etc.):
Header files:

Quantity:

Format:

Length of each (in bytes):

Total number of physical records:

Total number of logical records:

Number of variables in each record:

Number of leading/trailing blanks between records:
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Table of content files:

Quantity:

Format:

Length of each (in bytes):

Total number of physical records:

Total number of logical records:

Number of variables in each record:

Number of leading/trailing blanks between records:
Ancillary files:

Quantity:

Format:

Length (in bytes):

Total number of physical records:

Total number of logical records:

Number of variables in each record:

Number of leading/trailing blanks between records:
Data files:

Quantity:

Format:

Length of each file (in bytes):

Total number of physical records:

Total number of logical records:

Number of variables in each record:

Number of leading/trailing blanks between records:
Trailer files:

Quantity:

Format:
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Length of each file (in bytes):
Total number of physical records:
Total number of logical records:
Number of variables in each record:
Number of leading/trailing blanks between records:
If possible, please submit a sample data file with this request.
Data Processing Point of Contact:
Name:
Address:
Telephone:

Fax:
Internet Address:

H.3 Browse Products

kkkkkkkkkkkkhkk*k

Describe any browse products that will be included with this data set.
Format (e.g., GIF, TIFF, HDF, etc.)
Number of browse images:
Size of each image (in bytes):
Uncompressed:
Compressed:
If compressed, what compression scheme was used?
What is the resolution of each image (e.g. 640x480)?

Software used ta@reatebrowse images (e.glIPL, NCAR Graphics, PV-WAVE,
Spyglass, etc.):

Browse Product Point of Contact:
Name:
Address:
Telephone Number:
Fax:
Internet Address:

If no browse products currently exist, do you have plans to produce any in the future?

G-22



H.4 Data Delivery

kkkkkkkkhkkkkkx

What is the projected date for data set delivery?
How will the data be delivered to the Langley DAAC?
Media:
Type (e.g., 4mm, 8mm, 3480, 6250, floppies, etc.):
Quantity (e.g., 1, 4, 50, etc.):
Have the data been compressed?
If so, what compression scheme was used?
Have you used the UNIX TAR command to write the data to tape?
Total Volume:
FTP:

NOTE: The Langley DAACprefers to pullthe datafrom your ftp site; however,
arrangements can be made for data producers to push data to our ftp site.

Number of files (e.qg, 1, 4, 50, etc.):
Size of files (in bytes):
Have the data been compressed and/or tarred for delivery?
Total Volume:
Data Delivery Point of Contact:

Name:

Address:

Telephone Number:

Fax:

Internet Address:

H.5 Read Software

kkkkkkkkkkkkkx

The Langley DAAC requires data producers to provide read software for their data sets.
Describe all software being delivered with this data set.
Type (e.g., data dump, etc.):

Language (e.g., Fortran, C, C++, etc.):
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On which computer system(s) was this software written?
On which computer system(s) was this software successfully compiled and run?
Is this software portable to other computer systems?

Read Software Point of Contact:

Name:

Address:
Telephone:

Fax:

Internet Address:

H.6 User Community

kkkkkkkkkkkhkkk*k

Describe the current user community of this data set (if any).
[For example: number of requests for data, etc.]

Method which is currently used to distribute data to users:

List all ancillary files and documentation currently inclusgth distribution ofdataset to
user.

H.7 Documentation

kkkkkkkkhkkkkkx

The Langley DAACrequires documentation to be submitted alaith each dataset that
describes the processing history, format, read software, and data.

Please indicate the following information for each document:

Title:

Type (e.g., data format, software, etc.):
Author:

Most recent version date:

List any other documents that would be useful to a new user of this data set.
Documentation Point of Contact:

Name:

Address:

Telephone:

Fax:
Internet Address:
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H.8 References

*kkkkkkkkkk

Please provide a list of publications and journal articles pertaining tdatfaiset or project
(if any).

*kkkkkkkkkk

Langley DAAC Science, User, and Data Support Group
MS 157B

NASA Langley Research Center

Hampton, VA 23681-0001

Tel: (757) 864-8656

Fax: (757) 864-8807

Internet: larc@eos.nasa.gov
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