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Introduction
• Northern high latitude wetlands, despite their relative small area, are of great interest because global climate models predict
the greatest temperature and precipitation changes at high latitudes, and the CH4 emissions from wetlands have substantial
potential for positive feedback to projected global warming.
• In this work, we focus on the high latitudes wetlands in North America. The overall objective is to use a regional Lagrangian
particle dispersion model (WRF-STILT) to interpret satellite, aircraft, and surface observations over North American high
latitudes, with the goal of constraining the CH4 fluxes from natural wetlands. We assess the consistency of the TES CH4 with
aircraft and ground-based measurements, and evaluate the extent to which these data can be used to constrain wetland fluxes.
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1. Tropospheric Emission Spectrometer (TES)

sensitivity of concentrations at the receptor
to surface fluxes upwind

[Payne et al., 2009]

40-km WRF runs
NARR analysis nudging
every 3 hours
DLEM: Tian et al. 2010; Xu et al. 2010
GEOS-Chem: Kevin Wecht, Harvard

2. Aircraft measurements
ARCTAS-B (June-July, 2008)

[Jacob et al., 2009]

NOAA/ESRL Carbon Cycle Greenhouse Gases
(CCGG) Aircraft Program

[http://www.esrl.noaa.gov/gmd/ccgg/aircraft/]
Receptor-oriented regional
Lagrangian particle
dispersion model (LPDM)
Time-averaged mass fluxes
and convective fluxes
Mass conservation

Anthropogenic (EDGAR4.0)

3. Surface station

[Worthy et al., 1998]
Fraserdale: 40m tower
49°53’N, 81°34’W 210 Masl
(Environment Canada)

[Nehrkorn et al., 2010; Lin et al., 2003]
Biomass burning (FLAMBE)
Model setup: 1 lat x1 long, 500 particles released hourly at the
receptor altitude 10 days back, the mixing layer height defined as ½ of
the planetary boundary layer
Time frame: May-September of 2008
Model domain: North America
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the model domain

Background
•From Arlyn Andrews [NOAA, personal
communication]:based on the GLOBALVIEW
Marine Boundary Layer product with vertical
profiles from aircraft measurements
incorporated.
•With interannual, seasonal, latitudinal, and
altitudinal variation.
• We extend to above 6.5 km by applying the
vertical gradient from GEOS-Chem model.
Example CH4 background at 50-55N, 2008

Summary
•We use the Lagrangian particle dispersion model WRFSTILT to evaluate the extent to which different
observation datasets from ground-based, aircraft and
satellite platforms can constrain high latitude wetland CH4
fluxes.
•NOAA background are generally consistent with aircraft
measurements at background sites, but with a low bias of
~10-30 ppb compared to ARCTAS measurements that are
further inland. The issue of background bias needs to be
further addressed.
•Fraserdale observations point to the importance of
small-scale spatial variability of near-field wetland fluxes.
The wetland fluxes from Kaplan model (used in GEOSChem) are more consistent with Fraserdale observations,
while DLEM fluxes are too high by a factor of 2. The model
bias mostly reflects the near-field CH4 fluxes.

•ARCTAS aircraft observations are mainly affected by
wetland sources over Canada on regional scale. As
shown in the footprints, the model biases in boundary
layer point to the overestimate of DLEM flux in
southwestern Canada (west of 110W). The GEOS-Chem
wetland flux is more in line with aircraft observations,
which is consistent with Fraserdale comparisons.
•TES CH4 data show strong signals near wetland regions,
which mainly reflect the source influences on regional
and continental scale. TES V005.1 data showed improved
sensitivity to lower tropospheric CH4.
• Future work includes (1) quantification of CH4 flux and
further assessment of the background and its impact on
CH4 flux estimates.
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Fraserdale
CH4 wetland flux at Fraserdale
with DLEM flux

DLEM

Dotted: averaged over
3x3 grid boxes

with GEOS-Chem flux

GEOS-Chem

The wetland signal reflects
predominantly the near-field emissions

Local DLEM flux appear to be biased too high by a factor
of 2, while GEOS-Chem flux are slightly higher by 20%.

Zeroing out near-field fluxes greatly reduces
unrealistically high simulated CH4

Footprints for receptors with
significant wetland source signal

AIRCRAFT
•ARCTAS: July, 2008
•NOAA flights: 1x sampling every 2 weeks

excluding biomass plumes (CO>200 ppb) and stratospheric influence (CH4<1.7 ppm)

ARCTAS

averaged footprints
for receptors < 2km

background sites

• CH4 background shows a bias of ~10-30 ppb north of 50N, as
compared to ARCTAS and NOAA flight observations.
near wetland field sites

• CH4 enhancements in the boundary layer during ARCTAS are
dominated by wetland sources
• The model with DLEM flux shows biases in boundary layer, which
points to the overestimate of wetland sources in southwestern
Canada (west of 110W). The model with GEOS-Chem wetland flux is
more in line with the observations.
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Simulated ΔCH4 profiles from WRF-STILT
along TES orbit tracks
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TES R12.1 (V005.1):
Joint retrieval of CH4, N2O, H2O, HDO
[John Worden and Susan Kulawik, JPL]

EDGAR

Ongoing work:
•Quantify the sensitivity of TES CH4 to N2O correction
•Choose better N2O a priori for above correction
•TES V005.1 provides improved sensitivity to lower tropospheric CH4
•TES simulated CH4 show hotspots north of 50N but displaced from HBL
•TES simulated CH4 show anthropogenic signals along East Coast of US
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