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Capabillities of different satellite observing systems
for mapping methane emissions on regional to km scales
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Satellite observations of atmospheric methane
and their value for quantifying methane emissions (Jacob et al., ACP2016)

Simple mass balance analysis to compare capabilities of different systems:
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Regional-scale OSSE for the Southeast US
How does GeoCARB satisfy the GEO-CAPE GCIRI objectives?

Simulated column concentrations
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* Cloud mask statistics from Remer et al, (2012) — exclude 73-91% of data
depending on pixel size and following GEOS-5 cloud cover

* Forward model column error of 12 ppb, temporal error correlation of 6 hours from
GEO-Chem comparison to Lamont TCCON site

Sheng et al. [2018]



Quantifying forward model error statistics with hourly TCCON data

Hourly comparison of 0.25°x0.3125° GEOS-Chem to Lamont TCCON data for Aug-Sep 2013

Residual model error = XcHa,GEOS-Chem — XcHa, TCCON = XCH4.GEOS-Chem — XCH4. TCCON
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Two key results:
* Forward model error dominates over instrument precision on 25 km scale
» 6-h temporal error correlation diminishes value of frequent return times

Sheng et al. [2018]



Comparing satellite observing systems by their DOFS
ldeal: DOFS=216 (full mapping of 25x25 km? emissions)
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All systems are better than what SEAC*RS aircraft observations could do (DOFS=10)
GeoCARB 2x/day delivers ~70% of GEO-CAPE (GCIRI) information

GeoCARB 2x/day performs comparably to alternate schedule of (4x/day, 1x/day)
TROPOMI is very sensitive to cloud cover, GeoCARB is not

Sheng et al., 2018



Kilometer-scale OSSE over the Barnett Shale

Can GeoCARB and other geo configurations quantify emissions on km scales?

observing domain
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Analyze Fisher information matrix F = KTS5 1K

Inverse square roots of eigenvalues of F give the methane flux thresholds
for detecting the flux patterns described by the corresponding eigenvectors

Turner et al. [2018]



Eigenanalysis of Fisher information matrix

Information content for constant sources
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TROPOMI can achieve ~30 km resolution on emissions in 1 week of observations,
GeoCARB can achieve ~2-7 km depending on return frequency
A next-generation instrument with 1.3x1.3 km? pixel resolution, 0.1% precision,

hourly return could fully resolve the emission fields

Turner et al. [2018]



On 1-km scale, instrument precision matters more than return frequency
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e Instrument precision better than 6 ppb is critical
« Temporal error correlation limits benefit from increasing return frequency

Turner et al. [2018]



Detecting anomalous methane emitters from space

Typical oil/gas field
20-100 wells in 50x50 km? domain

bimodal emission pdfs for wells (Barnett Shale, EDF)
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OSSE for 50x50 km2 domain with 20-100 wells

Generate 500 emission scenarios by random sampling of bimodal pdfs
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Detection of high-mode emitters by inversion with L-1 regularization (sparse solution):

minimize cost function J(X) = (y - KX)S5(y - KX)" + 2 |x|,
with forward model error correlations of 40 km, 2 h

Diagnose success with categorical metrics: T/F for well in high-mode (P) or not (N)
Probability of detection

POD(%) =100x

Cusworth et al. [2018]

T

P

> TP+ > FN

False alarm ratio

FAR(%) =100 x

D FP

> TP+ > FP



Probability of detection of high-mode emitters (POD)
and false alarm ratio (FAR)

Sensitivity to the density of sites (50x50 km? domain)
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Cusworth et al. [2018]



Can a surface monitoring network complement the satellite data?

5-20 optimally placed surface monitors based on k-means of spatial distribution of sites

Probability of Detection (POD)
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« Surface monitors augment capability of TROPOMI and GeoCARB
« GeoCARB usefully augments a surface network, TROPOMI mostly adds false alarms
* Next-generation satellite does it all — no need for surface monitors

Cusworth et al. [2018]



Findings

GeoCARB 2x/day delivers about 70% of GEO-CAPE recommendation (GCIRI)
for regional mapping of methane sources. Alternating 4x/day and 1x/day gives

comparable information to 2x/day

GeoCARB 2x/day with precision < 6 ppb can map emissions down to 4 km and

can detect anomalous emitters in a sparse field of point sources (1 site per 100
km?)

Recommendations

A next-generation geostationary instrument with 1.3 km pixel resolution,
hourly return, 0.1% precision would be transformative for mapping emissions
at km-scale and for detecting anomalous emitters in dense fields

Instead of the conventional paradigm of using geostationary satellites for
continental-scale observations, consider focus on limited domains to enable
higher pixel resolution and observation frequency — this would most usefully
complement existing LEO capabilities.
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Facilitating OSSEs: Averaging Kernel (AK) variability
Simulated AK for column CH,

SZA Dependence CH, Col. Dependence
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Simulated column CH, observations

Modeled CH4
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Nature run = GEOS-Chem
e 0.5°x0.667° resolution
e Full chemistry

e CH, emissions from
EDGAR v4 and GFED3

Only small ~0.1%
differences between
simulated observations
using scene-dependent
CH, AKs (LUT) and those
using an average AK




CHRONQOS Methane Channel: Surface Jacobian Absolute Value versus SOLZA and SATZA !
D (solid); A (dashed); D/A (red) 4.,
4x107% f ‘y

Preparatory studies for the

CHRONQOS solution for GCIRI:

Analysis of signal dependence on
viewing parameters illustrate the
GFCR advantage of increased D/A
signal at higher SZA
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Including CH, emissions in DART/CESM

Tested for CO, in development for CH,

CAM-Chem (or any CTM)

Atmosphere
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Remote Sensing

|
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Perturbation code allows scale time
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Selectively infer emission inventories

and propagate increments over time




Chemical response to CO assimilation

Control Assim. Control-Assim
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Decreasing CO abundance reduces methane lifetime

Gaubert et al.,
GRL, 2017

~ 8% shorter
CH, lifetime

| Shift due to mete

OH (10° molec.cm™3)

|

Although meteorology (MERRA vs. DART assim.) affects the CH, lifetime offset,
the reduction (slope) in CH, lifetime is due mostly to decreasing CO.



Conclusions

e SWIR column CH, AKs depend mainly on SZA, satellite ZA and CH, amount.

e Only small differences (< 1%) in simulated CH, columns are found from using a scene
dependent LUT column AK compared to an average AK for column CH,
» OSSE results from previous SWIR CH, studies do not have large uncertainties from
assuming an average AK
e Emission tool for including CH, emissions in DART/CESM being developed
 Lifetime of methane has significant dependence on changes in CO through OH

e Decreasing emissions of CO (e.g., BB and China) need to be included in model studies
and assessments that aim to attribute changes in methane emissions, abundance,
growth rates and lifetime

e Start using TROPOMI CH, to see what time/spatial scales are possible for emissions
from LEO at 7 km

e Compare these to surface estimates for a well characterized regions (e.g. Greeley with
NOAA mobile labs)
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Inferring the Aerosol Vertical Profile from CLARS-FTS O,
Observations

A

PBL Height

o

Aerosol scattering
e “Short-circuits” the optical path relative to the surface
* Increases the observed radiance for highly scattering aerosols




Sensitivity of radiance and lineshape to aerosol

3 pm local time
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geometries) with different aerosol
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Sorted radiance

e Sort the clear-day radiance and
then apply to hazy-day radiance

e The advantage of this sorting will be
obvious when studying the impact of
aerosol profiles (next slide)

Zeng et al. in preparation (2018)



Retrieval of aerosol vertical profile
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Zeng et al. in preparation (2018)



Geostationary Imaging Fourier Transform Spectrometer:
Hourly Sampling of XCO,, XCH,, XCO

500 km x 500 km scene is imaged onto a 128x128
pixel focal plane array which provides a 2.7x2.7 km
size pixel at nadir and records spectra in every pixel
for 60 seconds per scene

Spectra in every pixel
captures rapidly evolving
tropospheric chemistry

From geostationary orbit GeoFTS can map all of North and South America hourly with high resolution
measurements (temporal, spatial, and spectral) that capture rapidly evolving tropospheric

concentrations with planetary boundary layer sensitivity L



Panchromatic Fourier Transform Spectrometer (PanFTS):
Engineering Model for Geostationary Chemical Imaging

Spectral Coverage:
0.3-10 um

2 Dynamically
Aligned Plane Mirror
Michelson
Interferometers
MOPD =10 cm

3 Cameras: 128x128 &
focal plane arrays
with in-pixel
digitization

2.7 km nadir ground
sampling/pixel from
geostationary orbit

5 5 L - fl '_

PanFTS Engineering Model being inserted into JPL’s 10-foot
thermal-vacuum chamber for environmental testing in vacuum at
-100 °C.
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