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N 3 July 27, 2017 flight from California to Alaska Lidar Measured XCO, change over south-central Alaska
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Recent results from Airborne CO, Sounder Lidar

950 running average of 1-sec reievals
- Rimosghanc siate i etreval rom GEOS-5 S st i e
- Siong XCO, ramdonn vergrowing — Geo

croptands i Nebraska & Nath ot

+ Sensitive detector minimizes needed laser power & random errors i retrievals

+ Measurements in the 2017 ASCENDS airborne campaign showed
+ Btter than 1-ppm agreement between most lidar & in situ measurements at spiral-down locations
+ Typically 1-ppm random error with 1-sec integration time
+ North-south 0, gradients, XCO, drawdown caused by

+ Changes in XCO, caused by change in wind directions (i. changes in transport)

+ Measurements through wildfire smoke showed enhanced XCO,

+ Measurements 1o cloud tops allow isolating XCO; in lower atmosphere via cloud siicing
+ Technologies for CO2 Sounder lidar are ready for small-to-medium sized space mission

+ Fiber laser and detector components are at of near TRL-6

+ Measurement model shows ~1-ppm random error in 1-sec (7-km along track) averaging
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- Puised Drect Dotection IPDA lidar
+ Airbome Lidar samples the CO2 lne with 15 to 30 laser wavelengths
+ Sampiing line shape allows retreval's i fit o reduce biases:
+ Typical ones ar from instrument artifacts, such as laser
wavelength dift & receiver's non-unform speciral response

+ Others can be from Doppler shift, & from WV residual
interforonce.

+ The number of wavelengths is programmable
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The ground, clouds & range {0 both are clear strong signals in
backscatter profiles

Allows CO, absorpton line shapos to bo computed every 1
sec for sirong signais: fo ground & cloud tops (dots)
Retrevals (black ines) use lidar samples, range &
atmospheric model (or measured stale) o compute XCO;

Airborne during 2017 ASC
Airborne Campaign July 20- August 8, 2017
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XCO, Measured to Cloud Tops
in ascent after Grand Island Spiral down
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August 6, 2017 flight over northern & western
Alaska
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- Clear gradiantin XCO3 n souttwest Alaska

- Lower XCO, near suface in norrwest Alaska

+ Highor XCO, at begianing offight, owor
dunng last pralover Farbanke

Lidar XCO, vs in situ XCO, in Spiral Down Maneuvers
for Aug 6, 2017 flight

Blue - in situ measured XCOZ,
averaged to 1-km bins

Rod - Lidar measured XCO2,
avoraged to 1-km bins

n southern Alaska caused by
ction (ie transport)

Winds from Northoast, primarily from
over land - primarily central AK
* GFS, accessed via htipsearth.nullschool net

Lidar Measured XCO, Enhancements from Wildfire
Plumes on August 8, 2017 Flight

CO, Sounder Lidar — Approach for Space Mission

+ Nadi pointing from ~ 400 k polar LEO orbit
+ Measure a single CO, absorption line with 16 wavelengths

‘Smallto-medium sized
satelite in ~400 km
circular polar orbit

+ Continuous measurements of CO2 column absorplion, fange,
backscatter profies

+ Measure XCO2 & range to ground, water surfaces & cloud tops
+ Random measurement error: < 1 ppm in 1 sec (7km) over deserts
+ Bias: <04 ppm
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CO, Sounder Lidar — Approach for Space
using 80 cm diameter telescope

Comparison of Lidar XCO, retrievals in Spirals:
Beginning & end of campaign

Retrieval atmospheres based on DC-8 mot and DLH WY data

July 20, 2017 Spiral over Aug 82017 Spiral
Edwards AFB CA over Edwards AFB CA

Whore:
+ Red: Lidar 1-sec retrievals (mean +/-1 std

- Blue line — Insitu CO, measured by AVOCET
+ Blue dots - Column XCO, from AVOCET
using ldar’s vertical weighting function

Note:

+ <05 ppm differanco betwoen Lidar &
n $itu XCO, at altitudes >4 ki

+ No dotoctable chango in Lidar vs in
situ (io bias) over campaign's 19 days

Comparing Lidar measurement Model with Airborne Data
Scaling the Model Results for a Space Mission

Same modol with parameers for spaco

measurements to vegatation
under clear conditions have ~
1ppm random error with 1-sec
(7-km along track) averaging




