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SNR studies using two unabsorbed laser wavelengths.

In the latest flight experiments conducted in September-October
2008, the absolute accuracy of the CO, remote measurements
were shown to agree with the in situ measurements to better
than 0.75 percent (<3 ppm CO,). The results presented here are
the first high-quality, quantitative measurements of CO, made
with an airborne laser remote sensing system. This airborne
LAS could make to large-scale studies
of CO, over North America.
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ACCLAIM LAS Flight Test Campaigns

ASCENDS Mission

Mission Objectives

Goal: To significantly enhance the understanding of the role of CO; in
the global carbon cycle and its impact on climate change by launching a
“laser-based CO, mission” as “the logical next step after the launch
of NASA's Orbiting Carbon Observatory (OCO)"

- Objective 1. Quant

i
global spatial distribution
of atmospheric CO, on - b

scales of weather models by 19
- Objective 2. Quantify

current global spatial —

distribution of terrestial @ omnn

and oceanic sources and
sinks of CO, on 1 degree
grids at weekly resolution

- Objective 3. Provide a oo G trcaton
i
scientific basis for future et N
projections of CO, sources, s
and sinks through data-

based process Earth
System models

ASCENDS Measurements

CO, column mixing ratio (XCO,) measurement with Laser
Absorption  Spectrometer (LAS) technique requires  the
simultaneous measurement of the CO, column number density
(CND); the O, column number density for converting the CND to
XCO,; and the path length of the measurement. A temperature
profile measurement is also required to constrain the XCO,
A column CO over the same XCO,
path is also for i i inks of CO,.

+ €O, column measurement
~ €O, Laser Absorption Spectrometer

to resolve (or weight) the CO,
altitude distribution, particularly
across the mid to lower troposphere.
~ 1.6-micron LAS only baseline or
integrated 1.6-micron + 2.0-micron
LAS option
Surface pressure measurement
- 0, Laser Absorption Spectrometer to
convert CO, number density to
mixing ratio.
+ Surfacelcloud top altimeter
~ Laser altimeter to measure CO,
column length.
Temperature sounder
- Six channel passive radiometer to
provide temperature corrections.
+ CO sensor
~ Gas Filter Correlation Radiometers
(at2.3 & 4.6 ym) to separate
biogenetic fluxes from biomass
burning and fossil fuel combustion.
+ Imager
~ To provide cloud clearing for
soundings.

Advanced CO, and Climate LAser
International Mission (ACCLAIM)

(Active CO, Instrument for ASCENDS Mission)

N

ITT Engineering Development
Unit used to validate end-end
system performance model;
technology readiness for
ACCLAIM Mission; and
capability for high precision
€O, measurements.

ACCLAIM Flight Test
Campaigns
May 21-25, 2005
onca City, Oklahoma (DOE ARM Site)
(5 Lear Flights: Land, Day & Night)
June 20-26, 2006
Alpena, Michigan

(6 Lear Flights: Land & Water, Day &

ight)

October 20-24, 2006
Portsmouth, New Hampshire

(4 Lear Flights: Land & Water, Day &
ight)
May 20-24, 2007
t News, Virgi
(5 Lear Fighes: Land & Water Day &
Night)
October 17-22, 2007

lewport News, Virginia
(9 Lear lights: Land & Water,Day &
Night, Clear & Cloudy)

September 22-October 30, 2008

Newport News, Virg
(10 UC-12 Flights: Land & Water, Day
&Night, Rural & Urban)

2007 & 2008 Flight Tracks
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« I situ profiles of CO, on each flight were used to determine in situ OD and
comparisons with measured CO, OD showed high correlation under wide range of
surface and background conditions.

CO, Comparisons, September-October 2008
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Enhanced In

u Sampling Approach

+ High precision (<0.05 ppm) in
situ CO, measurements made on
UC-12 on spirals done at center of
legs at start and finish of each
flight

« Spirals done over low-use airport
so sampling could be done to
surface on touch-and-go at airport
(see example of in situ CO,
profiles)

+ Radiosondes launched before
and after each flight at airport for
T, P, & RH profiles to constrain
€O, retrievals

« Flight legs flown at various
altitudes (see sample flight profile)

CO, Measurement SNR

(30 October 2008, 16:02-20:20 EDT)
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‘Sample Track 4 Fit Profile

In Situ CO,
Profiles on 29
Sept 2008

X Sondes &
Tri-County Airport Touch and Go

North Carolina

[[ofiioff signal ratios show SNR = 5,000 for 10-s average with root-N dependence.
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Results from Flight Tests and Future Applications

+ First high-pi . hig! , remote

of CO, were

from an airborne platform.

« High-precision CO, column measurements were made with a Signal-to-Noise Ratio (SNR) of >250 (<1.5 ppm CO, uncertainty) for 1-s averaging times
(~150 m) over land and 10-s (~1.5 km) averaging over water, and the SNR increased to >390 (<1 ppm CO) with 10-s averaging over land.

« Absolute accuracy of the remote CO, optical depth measurements were shown to be within ~1.5% (~5 ppm) of the modeled optical depths calculated from
in situ CO, profiles in the 2007 campaign, and using the enhanced in situ sampling approach, they were within <0.75% (~3 ppm) in the 2008 campaign.

« Extensive data sets were collected for ACCLAIM instrument performance evaluation over a wide range of surfaces and in presence of scattered clouds.

« First airborne remote observations of enhanced CO, in urban plumes were obtained during the October 2008 campaign where the column CO, were seen
to increase from background CO, levels in the mid-380 ppm to well over 395 ppm in many down-wind locations.

« This airborne remote CO, measurement capability can be used in regional to continental-scale studies of CO, over North America to investigate CO,

sources and sinks and to evaluate and improve carbon budget models.
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