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Thank you for the thorough and highly constructive suggestions on the manuscript. The
suggestions are insightful and thoughtful and have been incredibly helpful for improving
the manuscript.

• The scope of the review should be stated in the introduction. For example, many
studies aimed at understanding CO2 uptake by terrestrial vegetation are evidently
out of scope, even though biological CO2 sequestration may significantly offset
US CO2 emissions.

This is a great suggestion for clarifying the manuscript framing. We have added
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content to the introduction defining the scope as suggested here. The reviewer
makes a great point about biological CO2 sequestration. We felt that this topic
would have expanded the scope of the review beyond what we could feasibly
cover in a single paper. It would be an excellent topic for a future review paper,
though.

• Discussion of the quality of satellite data required for anthropogenic flux
estimation and trend estimation would be helpful. The measurement re-
quirements to detect anthropogenic CO2 plumes are described in the 2010
NRC Report, Verifying Greenhouse Gas Emissions, and in publications de-
scribing the notional CarbonSat mission as well as in the CarbonSat report
(http://esamultimedia.esa.int/docs/EarthObservation/SP1330-1_CarbonSat.pdf).

We have added this information to Sect. 4.1 of the revised manuscript. In addi-
tion, we have also added mention of the newly announced GeoCARB satellite in
this section.

• Also it should be noted that the current generation of satellite sensors are not
designed to provide comprehensive global mapping and are therefore not ideally
suited for urban and point/source estimation. OCO-2 and GOSAT were designed
for global carbon cycle science rather than emissions monitoring. How does the
uncertainty in e.g. the Kort et al. analysis of Los Angeles emissions using GOSAT
compare with the requirements for useful urban trend detection (e.g., something
like a 10

The reviewer makes a great point, and we have added this information to Sect.
4.1. Current satellite data products are unlikely to detect a 10% trend over 10
years; the measurement uncertainties and retrieval biases associated with these
products are likely too large relative to the XCO2 increment. Kort et al. (2012)
estimate that GOSAT could detect a trend as small as 22% from Los Angeles.
However, Los Angeles is arguably an ideal case study, a very large city with a
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small biospheric CO2 signal.

• It would be useful to see more discussion about where existing inventories and/or
inversions agree and where they disagree. For example, how do the Schneising
et al SCIAMACHY fugitive methane emissions estimates for North America com-
pare with those from aircraft campaigns?

We have added text to Sect. 2.4 that highlights where existing estimates agree
and disagree. Different top-down and inventory studies often have very different
spatial scales and cover different time windows. These differences in scale can
make disagreements among the estimates more challenging to identify. We also
highlight this point in the revised version of Sect. 2.4.

• Finally, some more discussion of transport modeling errors would be useful. To
what extent do uncertainties in simulated transport limit top-down flux estimation?
What type of work is needed to address transport uncertainty?

We have added content to the synthesis discussion in Sect. 5. We mention
the importance of reducing transport errors and recent innovations that could
aid in this effort (e.g., monitoring mixed layer height with LIDAR). In sections 3.1
and 3.3, we also highlight studies that discuss the impact of transport errors on
sector-specific attribution. These studies include papers by Shiga et al. (2014)
and Karion et al. (2015).

• page 2, line 20: Are there any regulations targeting CH4 emissions from agricul-
ture? Perhaps worth mentioning here that agriculture is a large source of CH4
even if not regulated yet.

To our knowledge, there are no regulations that mandate CH4 emis-
sions reductions from agriculture in the U.S.. In August of 2014,
the US EPA, USDA, and US DOE released the "Biogas Opportu-
nities Roadmap" targeting voluntary reduction strategies for agriculture
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(https://www3.epa.gov/climatechange/Downloads/Biogas-Roadmap.pdf). We
have updated this line of the manuscript with a brief mention of the roadmap.

• page 3, line 9: “meteorically” sounds sensational

We have replaced this phrase with “began in the past decade.”

• page 3, line 15: Perhaps briefly discuss biological CO2 sinks and potential for
deliberate sequestration, along with concomitant need for verification of such
reservoirs. Also could mention challenges of accounting for emissions from CH4
wetlands, as well as CH4 emissions related to anthropogenic interference in the
hydrological systems (emissions from reservoirs). Something about co-location
of cows and oil and gas perhaps also worth mentioning here.

We have added a sentence to this paragraph mentioning the possibility of bio-
logical or geological sequestration as a public policy tool and the need to verify
those carbon sinks.

• page 4, line 1: I don’t see a reference for EDGAR inventory in this list of refer-
ences for global efforts, though it is frequently used.

We have added the following reference to EDGAR: European Commission, Joint
Research Centre (JRC)/Netherlands Environmental Assessment Agency (PBL).
Emission Database for Global Atmospheric Research (EDGAR), release version
4.3.1 http://edgar.jrc.ec.europa.eu/overview.php?v=431, 2016.

This particular publication is one of the preferred references for EDGAR stated
on their web site (http://edgar.jrc.ec.europa.eu/terms_of_use.php).

• page 4, line 10: For the example of coal gasification, how is energy lost in con-
version of coal to gas taken into account? It seems like this should count as
emissions from coal.

We have clarified this line in the manuscript. This line does not refer to energy
lost in the conversion of coal to gas. Rather, the energy converted from coal to

C4



gas is moved from the “industrial other coal” category in EPA’s accounting to the
“natural gas combustion” category. EPA explains, “The energy in this synthetic
natural gas enters the natural gas distribution stream, and is accounted for in EIA
natural gas combustion statistics. Because this energy of the synthetic natural
gas is already accounted for as natural gas combustion, this amount of energy is
deducted from the industrial coal consumption statistics to avoid double counting”
(EPA 2016c, p. A-31).

• page 4, line 28: First mention of EDGAR, but I don’t see any reference. Perhaps
add a url.

We have added a reference to EDGAR (JRC/PBL 2016, as shown above).

• page 5, first paragraph: Perhaps mention for which years these products are
available and how often they are updated (or not updated).

We have added this information to the paragraph.

• page 5 line 8: instead of “rigorous” consider “detailed”

We have replaced the words as suggested.

• page 5 line 14: repeated use of “EFs” results in confusing long sentence. Con-
sider simplifying e.g., “...much higher EFs that result in higher emissions that are
much more consistent. . .”

We have simplified and shortened this sentence accordingly.

• page 5, various lines: over-use of the word “leverage” in this section

We have reduced the usage of this word throughout this section.

• page 5, line 26: The Andres et al. effort is also government-sponsored
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This statement is technically true since Andres works at Oak Ridge National Lab-
oratory. What we intended to say is that most of these inventories are not con-
structed by regulatory agencies and are not part of an official regulatory agency
inventory product. We have revised this line accordingly.

• page 5, line 31: “these omissions” since threshold plus ag exemption

We have changed “this” to “these” as suggested.

• page 6, line 20: it would be helpful to define what is meant by on-road measure-
ments, i.e. are these all ground-based mobile using public (or private) roads?

All of the studies listed here use ground-based mobile measurements on road-
ways. Not all of these studies list whether the roads were public or private (e.g.,
Mitchell et al., 2015, Subramanian et al., 2015). With that said, many of the stud-
ies listed in the manuscript use public roadways (e.g., Brondfield et al., 2012;
Brantley et al., 2014; Jackson et al., 2014; Lan et al., 2015; Maness et al., 2015;
and Roscioli et al., 2015). Roscioli et al., (2015) also took ground-based mobile
measurements within the perimeter of many sites.

• page 6, line 25: Smokestack measurements of CO2 are not used in the EPA
inventory?

We have edited this passage to make it more precise. EPA uses smokestack
measurements in some contexts. For example, smokestack or facility level
measurements are used in EPA’s Greenhouse Gas Reporting Program (GH-
GRP) (e.g., see Sect. 2.1 in https://www.epa.gov/sites/production/files/2016-
03/documents/stationaryemissions_3_2016.pdf).

• page 7, line 2: Marcellus not Mercellus

We have corrected this spelling accordingly.

• page 7, line 20: Could you also include agricultural CH4 emissions in Figure 1?
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We have added agricultural emissions to the figure.

• page 9, line 10: Mays and Cambaliza both Indianapolis.

This is correct. One study examined CO2 while the other focused on CH4 (and
hence we have listed the studies separately).

• page 9, paragraph beginning on line 31: A limitation is that most of these stud-
ies use data from a single campaign and provide only a snapshot of emissions.
Some of the studies used tracers such as ethane to estimate contribution of land-
fills, etc. I think this is worth mentioning here.

We have added this point to the paragraph in question.

• page 11, line 33. The verbiage “run an atmospheric transport model once per
source sector” is confusing. Zhao et al. and Jeong et al. used STILT-WRF, so
they generated footprints from a single WRF run. Suggest simply eliminating the
phrase “once per source sector”, since details of how the transport model is run
may vary.

We have eliminated this phrase accordingly in the revised manuscript.

• equation 5: x[i] not defined.

The variable x[i] is defined in the lines of text following Eq. 3. We have added a
clarifying note following Eq. 5: “All other variables are as defined earlier.”

• page 12, line 28: Technicality: SCIAMACHY is not a satellite. It is the name of a
sensor on the Envisat satellite.

We have updated this line in the text accordingly.

• page 13, equation 6: A limitation of the GIM as implemented in the cited ref-
erences is that the betas are spatially constant whereas in reality relationships
between activity data and emissions may vary spatially or temporally.
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This is true, and we have added this point to the revised manuscript. The
coefficients could, in theory, be variable. For example, Fang and Micha-
lak (2015, doi:10.1002/2014GB005034) allow the coefficients to vary from one
biome to another (in the context of biospheric fluxes). Gelfand et al. (2003,
doi:10.1198/016214503000170) developed a statistical model that estimates
spatially variable coefficients, albeit not in the context of atmospheric inverse
modeling. Either of these studies could be a starting point for implementing vari-
able coefficients within a GIM.

• page 14, line 10: Radiocarbon measurements show that respired biogenic CO2
is significant even in winter.

This is definitely true. However, the overall magnitude and diurnal variability of
biogenic CO2 fluxes are much lower in the winter than in summer. As a result,
inverse modeling approaches stand a better chance of identifying fossil fuel flux
patterns in winter than in summer (e.g., Shiga et al. 2014).

• page 15, line 15: It should be mentioned that in order for satellite measurements
to be useful for understanding and tracking urban emissions, they must not only
detect the presence of a large urban area but also be sufficiently sensitive to
measure trends.

This is an astute point, and we have added discussion on this point to the cor-
responding lines of the revised manuscript. For example, Hammerling et al.
(2015) examined whether a LIDAR mission like ASCENDS would be able to de-
tect changes in anthropogenic emissions from large regions like Europe or China.

• page 15, line 24: Limitations of the ASCENDS concept should be mentioned. For
example ASCENDS will provide limited spatial coverage, infrequent revisits, and
will low signal to noise for urban signatures.

Good suggestion. We agree that this information is important to mention and
have added it to the corresponding lines of the revised manuscript.
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• page 15, line 30: Revised launch date needed for TROPOMI.

We have revised the launch date. The TROPOMI team currently estimates a
launch date sometime in 2017 (http://www.tropomi.eu/instrument/status-0).

• page 16, line 11: More recently than what?

We have replaced the phrase “more recently” with “Beginning in the 1940s, . . ..”

• page 16, line 22: The description of current radiocarbon sampling could be im-
proved. More specificity is needed, especially regarding the temporal density of
samples in the current network compared to what is recommended by Basu et al.

We have added more specific information on the available radiocarbon observa-
tions at tall tower and aircraft sites in the US.

• page 17, line 2: Impact of disequilibrium fluxes on estimated emissions can be
mitigated if major urban areas have both upwind and downwind sampling.

Good point. We have added this information into the corresponding lines of the
revised manuscript.

• page 17, line 17: Typo “now markets and”.

We have fixed this typo in the revised manuscript.

• page 17, line 18: Detlev Helmig’s lab at INSTAAR has been measuring
ethane in whole air samples from the NOAA global network for many years
(http://www.nature.com/ngeo/journal/v9/n7/abs/ngeo2721.html). There is a also
a new instrument that is now being used to measure ethane from whole air sam-
ples North American tall towers and aircraft.

We have updated these lines of the revised manuscript to reflect this information.

• page 18, lines 15-20: Repeated use of “far more”. Not quantitative.

We have replaced the words “far more” in the corresponding paragraph.
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• page 18, line 25: Perhaps should point out that intensive measurement cam-
paigns provide only a snapshot and, unless repeated, provide no information
about how emissions may vary over time.

This is a great point, and we have added it to the corresponding lines of the
revised manuscript.

• page 19, line 13: I don’t think it is helpful or fair to single out Environment Canada
for criticism (especially since focus of this review is US emissions), though your
general point about data not being readily accessible is valid. CO2 data from
Environment Canada through 2015 is available from the GLOBALVIEWplus_v2.1
ObsPack available here (http://www.esrl.noaa.gov/gmd/ccgg/obspack/data.php).
Hopefully a similar product will be available soon for CH4.

We have removed this reference from the revised manuscript.
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