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Unique Value of In-situ Aircraft Sampling

The ability to probe tracers both in the vertical and the
horizontal at multiple scales, enabling:

*Determination of spatial variability of tracers (CO, as example
here)

*Direct constraint of regional-scale fluxes from airmass-
following experiments

*Model testing: diagnosis of errors in atmospheric modelling
(e.g., PBL ht, wind vectors, convection)

*Validation of space-borne sensors



COBRA (CO, Budget & Rectification Airborne Study)
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Fig. 1. Flight tracks from the CO, Budget and Rectification Airborne (COBRA) study from three different years: August 2000, May—June of 2003,

and May—August of 2004. The aircraft altitude above sea-level is shown in grayscale.
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* Determination of spatial variability of CO, and other
tracers

* Direct constraint of regional-scale fluxes from airmass-
following experiments

* Model testing: diagnosis of errors in atmospheric
modelling (e.g., PBL ht, wind vectors, convection)

 Validation of space-borne sensors

Lin, J.C., C. Gerbig, B.C. Daube, et al., An empirical analysis of the spatial variability of atmospheric CO,:
implications for inverse analyses and space-borne sensors, Geophysical Research Letters, 31
(L23104), doi:10.1029/2004GL020957, 2004.

Gerbig, C., J.C. Lin, S.C. Wofsy, B.C. Daube, et al.. Toward constraining regional-scale fluxes of CO, with
atmospheric observations over a continent: 1. Observed spatial variability from airborne platforms, J.
Geophys. Res., 108(D24), 4756, doi:10.1029/2002JD003018, 2003.




COBRA-2003
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Models of the Atmosphere Divide it Up into
Many Individual Boxes (gridcells)
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Representation Error derived from Spatial simulation for
CO,, based on Variogram
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Representation error: continent vs ocean
North America August 2000
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Lin, J.C., C. Gerbig, B.C. Daube, et al., An empirical analysis of the spatial variability of atmospheric CO,:
implications for inverse analyses and space-borne sensors, Geophysical Research Letters, 31
(L23104), doi:10.1029/2004GL020957, 2004.



» Determination of spatial variability of CO, and other
tracers

 Direct constraint of regional-scale fluxes from
airmass-following experiments

* Model testing: diagnosis of errors in atmospheric
modelling (e.g., PBL ht, wind vectors, convection)

 Validation of space-borne sensors

Lin, J.C., C. Gerbig, S.C. Wofsy, et al., Measuring fluxes of trace gases at regional
scales by Lagrangian observations: Application to the CO, Budget and
Rectification Airborne (COBRA) study, J. Geophys. Res., 109 (D15304, doi:
10.1029/2004JD004754), 2004.

Lin, J.C., et al., Designing Lagrangian experiments to measure regional-scale trace
gas fluxes, J. Geophys. Res., 112(D13312, doi:10.1029/2006JD008077),
2007.




Planning and Analysis of “Air-Following” Experiments

Objective: test method for providing tight atmospheric
constraint on fluxes in targeted regions

UPSTREAM

-

o direction of time, wind

Mixed layer top

Lin et al., “Measuring fluxes of trace gases at regional scales by
Lagrangian observations”, J. Geophys. Res. [2004].



Planning and Analysis of “Air-Following” Experiments

Receptor: Howland, Maine
(June 11% 2004, 2200UT)
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Lagrangian experiments to measure regional-scale trace gas fluxes’’, J. Geophys. Res., 112, D13312, doi:10.1029/2006JD008077.



Planning and Analysis of “Air-Following” Experiments

Upwind/Late Morning CO, Observations
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Planning and Analysis of “Air-Following” Experiments
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Planning and Analysis of “Air-Following” Experiments

Upwind/Late Morning CO, Observations
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» Determination of spatial variability of CO, and other
tracers

* Direct constraint of regional-scale fluxes from airmass-
following experiments

* Model testing: diagnosis of errors in atmospheric
modelling (e.g., PBL ht, wind vectors, convection)

 Validation of space-borne sensors

Gerbig, C., J.C. Lin, S.C. Wofsy, B.C. Daube, et al., Toward constraining regional-
scale fluxes of CO, with atmospheric observations over a continent: 2.
Analysis of COBRA data using a receptor-oriented framework, J. Geophys.
Res., 108(D24), 4757, doi:10.1029/2003JD003770, 2003.




Atmosphere Serving as an Integrator. But need
to know how big box is! (mixed-layer height)
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Atmosphere Serving as an Integrator. But need
to know how big box is! (mixed-layer height)
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Fig. 2. (A to C) Observed Northern Hemisphere average profiles compared with predictions of the
12 T3L2 models over the same seasonal intervals as in Fig. 1. Gray lines indicate the observed
average vertical CO, gradients (center) and uncertainties (width) from Fig. 1 (25). The model
output was processed in the same way as the observations at each site before averaging (25).
Symbols indicate 1- and 4-km values used for calculating the vertical gradients shown in Fig. 3.
The horizontal axis in (B) is zoomed by a factor of 2 relative to those in (A) and (C).

Weak Northern and Strong Tropical
Land Carbon Uptake from Vertical
Profiles of Atmospheric CO,

Britton B. Stephens,™* Kevin R. Gurney,? Pieter P. Tans,® Colm Sweeney,® Wouter Peters,>
Lori Bruhwiler,? Philippe Ciais,* Michel Ramonet,* Philippe Bousquet,* Takakiyo Nakazawa,®
Shuji Aoki,® Toshinobu Machida,® Gen Inoue,” Nikolay Vinnichenko,®t Jon Lloyd,’

Armin Jordan,® Martin Heimann,® Olga Shibistova,** Ray L. Langenfelds,’? L. Paul Steele,*?

Roger J. Francey,™? A. Scott Denning™® 22 JUNE 2007

Post-inversion flux (PgCyr)

Altitude (km)

B

Annual means

Northern land ™

add

1 L 1 L]

00 05 1.0 1.6 20 25
1 km -4 km CO, (ppm)

VOL 316 SCIENCE




Latitude

Mixed-Layer Biases

NGE_ML:WRFjan04 NGE_ML:WRFapr04

WRF mesoscale
model fields

80
70 15 compared against
60 0 radiosonde data
50 0.5
40 0.0
-0.
30
20
-180 -140 -100 -60 -180 -140 -100 -60
Longitude Normalized Gross Error (NGE)
NGE - mean(model) — mean(obs)
- mean(obs)
NGE_ML:WRFjul04 NGE_ML:WRFoct04
80
70 15
60 1.0
50 05
0.0

40
30
20

-0.

-180 -140 -100 -60 -180 -140 -100 -60



COBRA-2003
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» Determination of spatial variability of CO, and other
tracers

* Direct constraint of regional-scale fluxes from airmass-
following experiments

* Model testing: diagnosis of errors in atmospheric
modelling (e.g., PBL ht, wind vectors, convection)

 Validation of space-borne sensors




Satellite Welghtlng Function (example from MEOS)
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Figure 6. Integrated profiles by the DC-8 (triangles) and
King Air (circles) compared to FTS retrievals from the two
CO, bands. CO, 6228 cm™! band retrievals are solid; CO,
6348 cm™' band retrievals are shaded. Each integrated
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Conclusions and Future Steps

* Aircraft observations provide unique information on the spatial
variability of tracers

* Airmass-following experiments yield constraints on regional
fluxes for targetted areas: e.g., boreal forest fires, carbon loss
in pine beetle-infested forests, methane release in Arctic

* The high-resolution atmospheric observations are valuable for
iImproving models

« Aircraft data help in satellite validation efforts

=> Aircraft sampling is an important complement and
addition to satellite observations!




