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Population Goes Up — Energy Demand Goes Up!

U.S. AND WORLD COAL COMBUSTION (millions of tons)

Souree : United Hations, Fopulation Prospects: 1995 Edition. T 2000 o 2o 200
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L.S. and world combustion of coal (in
millians of mefric tons) has increased
steadily from 1937 to the present. Itis
expected to increase even more
between now and beyond 2040,
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CO, (p.p.m. by volume)
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CO;Concentration

Projection of CO; and Temperature to 2100
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NOT JUST CARBON DIOXIDE
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Doubiec Danger From CFCs

Fuidly halcgenated CFCs and many of the compounds being consdered as allerna
fives nave the polentigl both 1o deplese stratospherks ozore and to comtribuls o
possible global greenhouse warming through the absorption of imfrared energy. In
thess grapgh. the orona-deplation and gicbal-warming patentia s are represeni=d ior
WEFICUS COmPpounds relative to GRC-11, which is given a value of 1 on both aoes e
cucles sre propodtional in area o the compounds’ atmosphenc bleimes. T he fulhy
halgenatec CHCs ave long lifetimes and consicersblie potamiial 1o corstribate o
bath preiams. The Piydrochlorcfluoracarbons (HCFCs) break cown mMech FasLed in
tha gtmosphens and thereiore have only abowt 2-5%% of tha crone-dapelon ootan-
tial al CFC=s. The hydealluosccartbaons [HFCs) caatain no chlorins 1o threalen Sirasc-
sphenc czone, but they do have socme potential 1o act as gresnhouss gases,

12

113
) CFCs
% _— LGS

isib 2z B HFCs

& - 125

[ oaza - L

i =
Pl T

e =

1348 i

Sicbal-Warmirg Poiential {relatiee b CFC-11

Saurce: Du Ponl

- T e TR

I

S

e



AEROSOLS-CLOUDS - ARE NOW THE BIG UNCERTAINTY

The global mean radiative forcing of the climate system
for the year 2000, relative to 1750
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The primary goal of the ARM Program is to improve the treatment of
cloud and radiation physics in global climate models in order to improve
the climate simulation capabilities of these models.
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Mission Statement
The U.S. Department of Energy's (DOE's) ARM Climate Research
Facility (ACRF) has been designated a national user facility for the
purpose of providing this unique asset for the study of global change to
the broader national and international research community. Research at
this facility will include the study of alterations in climate, land
productivity, oceans or other water resources, atmospheric chemistry,
and ecological systems that may alter the capacity of the Earth to sustain
life. Global change research also includes the study, monitoring,
assessment, prediction, and information management activities to
describe and understand:

*The interactive physical, chemical, and biological processes that

regulate the total Earth system

*The unigue environment that the Earth provides for life

*The changes that are occurring in the Earth system and the

environment and how these changes are influenced by human

actions.
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Southern Great Plains Research Site
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MOBILE FACILITY... more on that later
POINT REYES - California




ARM INSTRUMENTATION.....

Measurement Categories
*Shortwave Spectral Radiation
*Cloud Properties
«Surface Meteorology
« Atmospheric Profiling
eSurface Energy Flux
*Aerosols
*Atmospheric Carbon
*Airborne Platforms
L_ongwave Spectral Radiation
Longwave Broadband Radiation
«Shortwave Broadband Radiation
*Retired Instruments



Shortwave Spectral Radiation

Radiometric measurements provide data on the propagation of
electromagnetic energy through the atmosphere. These types of
measurements represent the majority of ARM data, and are obtained
using various types of active (such as radar and lidar) and passive (such
as broadband radiometers and spectral sensors) sensors.

*Absolute Solar Transmittance Interferometer (ASTI)
*Baseline Solar Radiation Network (BRS)

«Cimel Sunphotometer (CSPHOT)

Multifilter Radiometer (MFR)

Multifilter Rotating Shadowband Radiometer (MFRSR)
*Narrow Field of View (NFOV)

*Normal Incidence Multifilter Radiometer (NIMFR)
*Rotating Shadowband Spectrometer (RSS)

sShortwave Spectrometer (SWS)

Solar Radiance Transmission Interferometer (SORTI)



Cloud Properties

Active and passive remote sensing instruments are used to measure the
macroscopic properties (horizontal and vertical distributions) of clouds,
and the microphysical properties (sizes, shapes, and phases [water or
Ice]) of the particles that comprise the clouds.

*Belfort Laser Ceilometer (BLC)
eMicropulse Lidar (MPL)

*Microwave Radiometer (MWR)
*Microwave Radiometer Profiler (MWRP)
*Millimeter-Wavelength Cloud Radar (MMCR)
*Narrow Field of View (NFOV)

eRaman Lidar (RL)

*Total Sky Imager (TSI)

Vaisala Ceilometer (VCEIL)

*Video Time-Lapsed Camera (VTLC)
*\Whole Sky Imager (WSI)



MULTI-FILTER ROTATING SHADOW BAND RADIOMETER



METEOROLOGY

Measurements

|




Datastreams by Measurement Category

Shortwave Spectral Radiation
Radiometric measurements provide data on the propagation of
electromagnetic energy through the atmosphere. These types of
measurements represent the majority of ARM data, and are obtained
using various types of active (such as radar and lidar) and passive (such
as broadband radiometers and spectral sensors) sensors.
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RAW DATA — Quality Assured and Archived — Daily
FOR ALL SITES..

HUGE DATA SETS...


http://www.arm.gov/images/dataplotex.jpg

SOME EXAMPLES OF ARM SCIENCE...

*Dr. Bruce Albrecht, University of Miami, and Dr. Pavlos Kollias, NOAA/CIRES/ETL.:
"Development and Evaluation of Boundary Layer Cloudiness Parameterization Using ARM
Observations"

*NEW-Drs. Richard Austin and Graeme Stephens, Colorado State University: "Operational
Retrieval of Cloud Microphysical Properties Using Combined Measurements by Diverse
Instruments”

NEW-Dr. Howard Barker, Meteorological Service of Canada: "Advancing the
Representation of Radiative Transfer for Cloudy Atmospheres in Global Climate Models"
NEW-Dr. Larry Berg, Pacific Northwest National Laboratory: "Development, Evaluation,
and Application of New Parameterization Framework for Boundary-Layer Cumuli*

*NEW- Dr. Christopher Bretherton, University of Washington: "ARM-based Development
of a New Combined Parameterization for Shallow and Deep Cumulus Convection in Large-
Scale Climate Models"

*NEW-Dr. Jennifer Comstock, Pacific Northwest National Laboratory, and Dr. Ruei-Fong
Lin, NASA/Goddard Space Flight Center: "Investigation of High Ice Supersaturation in
Cirrus Clouds Using ARM Measurements and an Explicit Cloud Model"

http://www.arm.gov



The ARM Mobile Facility ( AMF) and UAV Program
Jeff Gaffney- Rick Petty (DOE, OBER)

spring 1999 - Kauai, Hawaii
science flights over 55,000 feet

http://www.arm.gov/sites/amf.stm

http://armuav.ca.sandia.gov/armuav.htmi



Proteus performance characteristics

Altitude record (10/25/00): 62,786 feet (peak)
61,919 feet (sustained)
55,786 feet (w/1000 kg payload)

Ceiling wW/ARM-UAYV payload:  Approx. 52,000 feet

Stall speed: 65 knots
Top speed: 250 knots/M=0.6
Mission duration: Approx. 12 hours

Payload electrical power: 30 kW; demonstrated 600 A @ 60 kft



ARM-UAV/Proteus payload arrangement

Stable radiometer platform .
Boom extension, S-HIS

Canard station,
CIN

Iridium
satellite phone

Canard station,
CAPS

Iridium satellite
data link

Payload pod



lZ\I‘:S ARM-UAYV has conducted ten major field campaigns
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Field Campaigns to date: - \ ST (F93, S94)
o Fall 1993, Edwards AFB, CA =L /ANy

e Spring 1994, Northern OK

e Fall 1995, Northern OK

e Spring 1996, Northern OK

e Fall 1996, Northern OK

e Fall 1997, Northern OK

e Spring 1999, PMRF Kauai, HI e
e Summer 1999, Monterey, CA = _4
e Winter 2000, Northern OK

e Fall 2002, Northern OK GA-ASI “Altus II”
(Su99)

Grob “Egrett”
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GA-ASI “Altus I” (F96, F97)

Proteus (F02)

Twin Otter
(F93, S94, F95, S96, F96,
F97, Sp99, Su99, W00)



High altitude, long endurance aircraft options
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Recent additions to ARM-UAV payload instruments

Instrument
Compact millimeter-wave radar (CMR)
Cloud, Aerosol, and, Precipitation
Spectrometer (CAPS)
Cloud Integrating Nephalometer (CIN)
Nevzorov Probe
Video Ice Particle Sampler (VIPS)

Description
95 GHz cloud radar
Cloud particle size measurement,
0.3 um to over 1.5 mm
Cloud optical extinction characteristics
Cloud liguid/total water content
Cloud ice particle morphology, 5 to 150 um

Lead organization
University of Massachusetts-Amherst
Droplet Measurement Technologies

Geber Scientific, Inc.
Sky Tech Research, Inc.
NCAR

Top View

Connectors
\

ol - o Video Camera
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Ol Can——

Motor Drive =

LED} Lamp

Nevzorov




Stabilized radiometer platform improves measurements

Stabilized radiometer platform prevents
small-scale angular motion
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Arrangements for recent and future ARM-UAV deployments

V4
Satellite link for low data rate

data and payload commands \'\

Flight tracks precisely High altitude aircraft/UAV
coordinated by GPS with on-board data storage /\/

mal \'\

\:\

Optional Low altitude aircraft Distributed data access
via web

Optional
Ground \'\‘

Station




The ARM-UAYV “Grand Tour”

Southern Great Plains - Oct/Nov 2002
K7 Cirrus cloud tops
Microphysical properties
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North Slope of Alaska - October 2004
Arctic cirrus properties B rovanso o
Surface melt radiation budget o
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Tropical cirrus clouds




ARM-UAYV mission control and display capabilities

Mission Controller monitors and controls payload by three means:
 Ethernet direct connection (hangar/ramp only)
* RF modem (line-of-sight, < about 30 miles from base)

 Low data rate/low cost satellite data link (Iridium)

Payload senses connected links and
automatically selects fastest available

During flight:

* Uplink commands and downlinked data during flight via Iridium
satellite data link or line-of-sight RF from Mission Ground Station
computer

* “Housekeeping” instrument and aircraft data displays aid mission
planning and monitoring

» Scientific “quick look™ data accessible to scientists during flight from
anywhere with internet access

* Instrument and payload power uplink commands allow the
re-configuration of payload during flight

* VVoice communication with flight crew via VHS radio (line-of-sight) or Iridium
satellite phone (over-the-horizon voice link to pilots via



ARM-UAYV mission control and display capabilities
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Mission control and display capabilities

State of health displays monitor instrument and payload at various
levels of detail

Health and Status for Active Flight, Cube DFC

Health and Status Summary for Active NGS: 2002/11/24 21:28:17 Last SOH: 2002/11/24 21:24:00 (Delta 4 minutes)

Payload Communication Link:
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Mission control and display capabilities

Uplink controls instruments

Instruments
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Many elements of the payload approach were notable

On board storage in dedicated
PC-104-based “data cubes”

Modular instrument/data cube

Commercial cables and components

Low-cost, over-the-horizon data communication

Plots and Time History for Active Flight, Cube DFC , variable: Cam Temp




Summary

« ARM-UAV has...

- developed equipment and operational capabilities for
scientific use of UAVs

- utilized UAVs in a number of major flight campaigns, acquiring
valuable scientific data in over 430 hours of scientific flight

» Conclusion:

- UAVs offer unique capabilities for important scientific applications

- UAV cost, reliability/maintenance, availability, and airspace access
need to improve

- Payload approaches using commercial elements appear satisfactory
(satellite phones/data transmission, COTS cables/connectors/
components)

For more information about ARM-UAYV, please see:
http://armuav.ca.sandia.gov/armuav.htmi




U.S. Department of Energy’s
Office of Science

<2

NOAA/NASA/DOE
UAV
Interagency Collaboration

Rickey Petty
March 24, 2004



AMF Baseline Instruments

Atmospheric Profiling

Profiling Microwave Radiometer (P-MWR)

Acrtist's 3D rendering of the
Clouds inside of the Mobile

*\W-band (95 GHz) Cloud Radar Facility.

*Sky Imager


http://www.arm.gov/instruments/static/bbss.stm
http://www.arm.gov/instruments/static/mpl.stm
http://www.arm.gov/instruments/static/vceil.stm

Radiometers
FTIR

Profiling Microwave Radiometer (P-MWR)

*Broad-Band Instruments

eRadiometric Instrument Systems (groupings of individual broadband
Instruments at sites)


http://www.arm.gov/instruments/static/irt.stm
http://www.arm.gov/instruments/static/mfrsr.stm
http://www.arm.gov/instruments/static/pyra.stm
http://www.arm.gov/instruments/static/pyrg.stm
http://www.arm.gov/instruments/static/pyrh.stm
http://www.arm.gov/instruments/static/uvb.stm
http://www.arm.gov/instruments/static/gndrad.stm
http://www.arm.gov/instruments/static/skyrad.stm

ARM MOBILE FACILITY

Balloon-Borne Sounding System (BBSS)

Primary Quantities Measured
The following quantities are measured as functions of time during a free-
balloon ascent:
*Pressure (hPa)
eTemperature (degC)
*Relative Humidity (%RH)
*\Wind speed (m/s)
*\Wind direction (deg)




Secondary (derived) quantities included in the data stream,
also measured as functions of time, are:

Altitude (gpm)

*Dew Point (degC)

*Ascent Rate (m/s)

oL atitude of Sonde (degN)

L_ongitude of Sonde (degW)

su-component of wind velocity (m/s)

sv-component of wind velocity (m/s)



Surface Meteorology

Primary Quantities Measured

The SMET stations directly measure:
Wind speed at 10 m, Precision: 0.01 m/s; Uncertainty: +/-1% for 2.5 to
30 m/s (see Assessment of System Uncertainties for Primary Quantities
Measured for wind speeds below 2.5 m/s)

Wind direction at 10 m, Precision: 0.1 deg; Uncertainty: +/-5 deg

Air temperature at 2 m, Precision: 0.01 C; Uncertainty: +/-0.41 C
Relative humidity at 2 m, Precision: 0.1% RH; Uncertainty: +/-2% RH
(0% to 90% RH), +/-3% RH (90% to 100% RH)

Barometric pressure at 1 m, Precision: 0.01 kPa; Uncertainty: +/-0.035
kPa

Precipitation, Precision: 0.1 mm/hr; Uncertainty: +/-0.1 mm/hr


http://www.arm.gov/instruments/static/met.stm

ARM MOBILE VAN Completed Testing at Point Reyes

January 2006 Collecting Data from NIGER... Coast of Africa!

Doug Sisterson — dlsisterson@anl.gov

http://www.arm.gov
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