Point-by-point responses to referee’s comments for acp-20130782

Responses to Referee #1:

Comments:

The CarbonTracker inversion system is configured for the Asia region. They have used some of the Chinese inland sites and aircraft data
from CONTRAIL for constraining the CO2 fluxes from several eco-regions. I believe such efforts are long overdue for Asian regions. But
I am sceptic of the results presented here. The recommended Asian sink is apparently too large. What is more serious that the
presentation of results are partial (as always for the carbon Tracker papers), which does not allow the readers to evaluate the quality of
inversion. For the sake of completeness for any inversion system, the global total sources and sinks must be tabulated. For example, the
CT CO? for the all NH land sink is given as ~1.5 PgC/yr in Peylin et al. Now how will that look like if ~1.5 PgC/yr sink is assigned to
Asia alone? Unless this big picture is clarified, there is no value in discussion the numbers presented in Table 4 for detailed ecoregion. As
we know the quality of inversion results depend critically on the forward model transport and since the inversion uses aircraft
measurements, exploring vertical profile (both a priori and a posteriori) comparison would greatly benefit the research.

Response:

We greatly appreciate Reviewer #1 for the in-depth evaluation and useful comments. We agree that the descriptions and discussions
about the sources/sinks for the whole globe are not complete in the current version. We regret that the reviewer cannot find the
information he/she was looking for in this paper, and we agree that providing the global flux information can help the readers to easily
evaluate the accuracy of our inversion results. We therefore included the global flux information in more details in the revised version
(See Table 3 in page 35 and SI Appendix B in page 55-57). And in addition, a-priori comparison of aircraft data with 3 vertical bins (475—
525, 375425, 225-275 hPa) was added in the revised version (See Figure 3 in page 44 and associated text in page 13 line 18 to page 14
line 12).



Surface CO2? time series of WLG, China between 2006-2010 (36.29 N, 100.90 E)
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Figure 3 (a new figure added into the revised version) Comparison of modeled values with observed CO, concentrations from surface
flask station (a) Mt. Waliguan (WLG), located in China; and from CONTRAIL data in the region covering 136-144°N, 32-40°E for three
different vertical bins: (b) 485-525 hPa; (c) 375-425 hPa; (d) 225-275. Although 4 vertical bins (575625, 475-525, 375-425, 225-275
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hPa) of CONTRAIL measurements have been selected and added into the system, only 3 vertical bins observations have really been
assimilated as sparse measurements associated to the 575-625 hPa in CONTRAIL data. Note that the prior CO, concentrations here are
not really based on a-priori fluxes only, as they are a forecast started from the CO, mixing ratio field that contains all the already
optimized fluxes (1,..., n-1) that occurred before the current cycle of the data assimilation system (n). So these prior mole fractions only
contain five weeks (five weeks are the lag windows in our system) of recent un-optimized fluxes and constitute our ‘first-guess’ of
atmospheric CO, for each site.

The added new paragraph is as below:

“We also checked the inversion performance in the free troposphere in addition to the surface CO2. Figure 3b, 3¢ and 3d show the comparison
between measured and modeled (both prior and posterior) mixing ratios in the free troposphere during the period 2006-2010 in the region covering
136-144°N, 32-40°E for 3 vertical bins (475-525, 375—425, 225-275 hPa). The observed vertical CO2 patterns are reasonably reproduced by our
model, with high correlation coefficients (R = 0.95, 0.94 and 0.93 for 475-525, 375-425, 225-275 hPa, respectively) between CONTRAIL and
modeled CO2. The observed low vertical gradients for flight sections in 3 vertical bins (475-525, 375—425, 225-275 hPa) at northern mid-latitudes
(32-40°E) are well captured by the model (both prior and posterior), indicating the transport model can produce reasonably the vertical structure of
the observations. We also find that the observed CO2 concentration profiles were modeled better after assimilation than before (modelled —observed
= —0.01£1.18 and 0.05£1.25 ppm for a-priori and posterior, respectively), although our inverted (posterior) mole fractions still could not adequately
reproduce the highest values in the winter (December-January-February) and the lowest values in the summer (June-July-August). This mismatch of
CO?2 seasonal amplitude suggests that our inverted (posterior) CO2 surface fluxes do not catch the peak of terrestrial carbon exchange. Previous
studies have also found this seasonal mismatch, which may correlate with atmospheric transport, and has already been identified as a shortcoming in
most inversions (Peylin et al., 2013; Saeki et al., 2013; Stephens et al., 2007; Yang et al., 2007). Overall, the agreement between the modeled and
measurements is fairly good and consistent with previously known behavior in the CarbonTracker systems, derived mostly from North American and

European continuous sites."

Comment:



For example, the CT CO?2 for the all NH land sink is given as ~1.5 PgC/yr in Peylin et al. Now how will that look like if ~1.5 PgC/yr
sink is assigned to Asia alone? Unless this big picture is clarified, there is no value in discussion the numbers presented in Table 4 for
detailed ecoregion

Response:

We understand the confusion about the numbers, but we like to clarify that this numerical comparison made by the reviewer is not quite
accurate (when reading from a figure and not taking the same time period). We reiterate the numbers for clarity in the following Table
R1.

Table R1 Comparison of inverted Global and continental carbon fluxes by Peylin et al. (2013), CarbonTracker North America (referred
as CT2011 oi) and this study. The values are the averaged fluxes for the period 2006-2010, in PgC/yr, and include emissions from

biomass burning and biosphere uptake over land areas.

Regions Peylin et al., (2013) paper  CarbonTracker This study This study
(CarbonTracker Europe) North America®  (without CONTRAIL) (with CONTRAIL)
Global -4.44 -4.49 -4.40 -4.51
land -2.20 -2.20 -2.24 -2.43
Ocean -2.24 -2.30 -2.16 -2.08
NH land sink -2.33 -2.50 -2.64 -2.93
Eurasia Boreal -0.93 -1.00 -0.96 -1.02
Eurasia Temperate -0.33 -0.41 -0.33 -0.68



Tropical Asia” 0.22 0.14 0.19 0.15

Total Asia -1.05 -1.27 -1.09 -1.56

dCarbonTracker North America: this is derived from http://carbontracker.noaa.gov

*Tropical Asia: is not including into the NH land

As seen in Table R1, our inferred global mean natural (ocean + biosphere + biomass burning) CO, is -4.51 Pg C yr™' (—4.40 Pg C yr’!
without CONTRAIL data) for the period 2006-2010, which is well comparable that from the CT2011 _oi (—4.49 Pg C yr'') and Carbon
Tracker Europe (—4.44 Pg C yr', Peters et al. (2010) and Peylin et al. (2013)). The carbon sink for the total Asia area estimated by this
study is -1.56 Pg C yr'' (~1.09 and -1.70 Pg C yr"' without and with CONTRAIL data, respectively). The carbon sink in extra-tropical
Asia was estimated to be —1.29 Pg C yr' without CONTRAIL data. These estimates leave enough room (—1.36, —1.23 Pg C yr'
respectively for with and without CONTRAIL data) for additional sinks in the other continents of the NH: North America and Europe.
We further note that our inverted CO, flux in Asia exhibits a good agreement with CT2011_oi and Carbon Tracker Europe.

Finally, we found that the addition of CONTRAIL data leads to a larger carbon sink increase in Temperate Asia (0.35 Pg C yr™") and in
the NH land (0.29 Pg C yr™), partly at the expense of weaker ocean uptake (0.08 Pg C yr’'). This shift of carbon fluxes to a stronger land
uptake and a weaker ocean sink is in line with results reported by Niwa et al. (2013), who found that there was a stronger global
terrestrial uptake (-2.67 Pg C yr ') and a weaker global oceans uptake (-1.79 Pg C yr ') with CONTRAIL data used in the inversion. Our
estimated global ocean sink does not decrease as strongly though, as half the extra uptake is compensated in other regions. Overall, these
differences in the order of several 100 Tg C yr”' do not support the reviewers qualification that the “Asian sink is apparently too large” in
this study compared to what we know of the Asian fluxes, or of the NH carbon budget. We agree though that it is mostly the large

uncertainty inherent in these methods that allow this larger estimate to co-exist with the previously published ones.



Specific comments:

p.27600, 1.22 : It feels like "rapid economic growth, steep population expansion" are a source of uncertainty. This cannot be. Text
should be more scientific. p.27600, 1.27: you should attempt to separate natural vs anthropogenic variabilities. In any case variability
should be treated separately from estimation uncertainties
Response:

Thank you for this comment. We rewrote this paragraph in the revised version (see page 4 lines 23 to page 5 line 1) as “One reason
is that a steep rise of fossil fuel emissions in most Asian countries has imposed large influences on the Asian CO2 balance and leads to an increased
variability of the regional carbon cycle (Francey et al., 2013; Le Quere et al., 2009; Patra et al., 2013, Patra et al., 2011, Raupach et al., 2007). In
addition, quick land-use change and climate change have likely increased the variability in the Asian terrestrial carbon balance (Cao et al., 2003;
Patra et al., 2011; Yu et al., 2013). All these together make it challenging to accurately estimate of CO2 fluxes of the Asia ecosystems.”

Comment:
p.27602, 1.12 : "The latter papers show ..."

Response:

Thank you for this suggestion. We updated this sentence in the revised version (see page 6 lines 12-14) as: “Patra et al. (2011) reported the
added value of CONTRAIL data to inform on tropical Asian carbon fluxes, as their signals are transported rapidly to the free troposphere over the
west Pacific.”
Comment:
p.27602, 1.15-25 : delete this para - it is a kind of repetition.

Response:

Thank you, this suggestion was followed. We have checked our draft and agree with the reviewer that the sentences of 1.15-25 in
p.27602 are repetitive. We removed the repeated sentences in the revised version (see page 6 lines 20 -28) as “Our work complements

previous inverse modeling studies as it: (1) presents the inverted CO2 results of Asian weekly net ecosystem exchange not shown previously, (2) uses



surface observations not available in an earlier top-down exercises; (3) assimilates the continuous COZ2 observation from a number of Asian
continental sites for the first time; (4) includes extra free tropospheric CO2 observations to further constrain the estimation; (5) uses a two-way
atmospheric transport model TM5 (Krol et al., 2005) with higher horizontal resolution than previous global CO2 data assimilation studies that
zoomed in Asia (at 1 %1 degree grid over Asia while globally at a 2 %3 degree resolutions, see Figure 1).”
Comment:

p.27605, .16 : Gfed3 is available already for quite some years, but not used. Any reason?
Response:

Indeed, the GFED3 (and now even the GFED4) is available for quite few years. It offers higher spatial resolutions which is attractive,
but it also uses a different products for the satellite observed NDVI and FPAR (MODIS instead of AVHRR). This causes different
seasonality in the biosphere fluxes which are calculated alongside the fire emissions in GFED, with a less realistic amplitude. Since this
amplitude of the seasonal biosphere is important to us, we did not update to this new GFED3 product. In this study, we integrated the
GFED4 data with SIBCASA to make a new dataset of fire estimates. Our analyses show that the impact of using GFED4 vs GFED2 on
estimated Asia fluxes is very weak. We added a sentence (See Page 9 lines 14-23) to clarify this choice to the methods section.
Comment:

p. 276006, 1.1-6 : Odd formulation of sentence. Something like "CO?2 time series from 9 sites by NOAA..., one site by CSIRO ..." May be
site here relevant papers for CRI, GSN etc. sites
Response:

Thank you, this suggestion was followed (see page 10 lines7-8). “There are fourteen surface sites with over 7,957 observations located in
Asia, including 10 surface flask observation sites and 4 surface continuous sites.”
Commnet:
p. 27600, 1.13 : definition of free troposphere, please.

Response:



Thank you. This suggestion was followed. We defined the free troposphere in the revised version as the region between the top of the
planetary boundary layer (PBL) and the tropopause. Because of variable PBL heights over time and space, we filter out of the
stratospheric CO, data using the threshold of potential vorticity (PV) > 2 PVU (1 PVU= 10°m’ s K kg™), in which PV was calculated
from the TMS5 (ECMWF temperature, pressure and wind fields ).

Comment:

p. 27606, 116 : I thought the main reason for not including stratospheric data is that they do not constrain surface fluxes in your
assimilation system. If the seasonal cycle is not in line with that for tropospheric data, your model transport should take care of that.
Response:

We agree that in principle all data should be usable if the model’s transport is accurate, but we specifically state here that we deem the
transport beyond the tropopause not reliable enough to use this stratospheric data. To allow these data (including their phase shift) to be
assimilated would require a more sophisticated transport model with higher resolution, and more gradient conserving advection near the
tropopause. This is why stratospheric modeling is usually done in separate simulations from tropospheric ones, and we follow this
example with TMS.

Comment:

p. 276006, 1.25 : Explain why you need to grid contrail data? CTDAS should be ingesting instantaneous measurements.
Response:

We agree with this point that each data point could be ingested individually, leading to a much larger number of observations.
However, we would have to accurately prescribe the correlated error structure of these measurements, which are taken so closely together
in space/time that they share both instrumental errors (temperature, pressure, and flow-rate dependent) as well as modeling errors (grid
box size and sub-grid scale error dependence). These correlated errors would effectively reduce the number of ‘independent’ observations
to the typical resolution we can simulate in space (~100km) and time (~20 minutes). Our pre-aggregation of the observations has

achieved this in a simpler fashion.



Comment:
p. 27609, 1.3: Amplitude means winter-summer values? reformulate the sentence.
Response:
Thank you for this comment. We have removed this sentence from this paper.
Comment:
p. 27609, 1. 10ff: I guess these statistics are for a posteriori model and measurements comparison. Such statics are meaningless unless
compared in relation with a priori model. Need to discuss both or delete.

Response:

Thank you for this comment. We have revised the site level comparison following this suggestion with a priori model value. See Figure
3 in page 44 and associated text in page 12 lines 25 to page 14 line 17: "First we checked the accuracy of the model simulations using the
surface CO; concentration observations and CONTRAIL aircraft CO, measurements. Figure 3a shows the comparison of modeled (both prior and
posterior) CO, concentration with measurements at the discrete surface site of Mt. Waliguan (WLG, located at 36.29° N, 100.90° E). Note that the
prior CO; concentrations here are not really based on a-priori fluxes only, as they are a forecast started from the CO, mixing ratio field that contains
all the already optimized fluxes (1,..., n-1) that occurred before the current cycle of the data assimilation system (n). So these prior mole fractions
only contain five weeks of recent un-optimized fluxes and constitute our ‘first-guess’ of atmospheric CO, for each site. For the WLG site, the
comparison of the surface CO; time series shows that the modeled (both prior and posterior) CO, concentration is in general agreement with
observed data during the period 2006-2010 (correlation coefficient R=0.87), although the modeled result still could not adequately reproduce all the
observed CO; seasonal variations. The posterior annual model-observation mismatch of this distribution is —0.10%1.2. Over the full study period, the
WLG modeled mole fractions exhibit good agreement with the observed CO; time series and the changes in inferred mixing ratios/flux are within the

specified uncertainties in our inversion system, an important prerequisite for a good flux estimate. "

Comment:

p. 27610, 1.1-2 : What is the meaning of these number of obs? Can you tell how many of these contain independent piece of



information?
Response:

The original purpose of these numbers was to show how many Asian observations were included in our assimilation system. And now
we realize that this information is unnecessary and repeat our Tables 1& 2. We have removed this sentence in our revised version.
Comment:

p. 27610, 1.6 : Don t you need to skip 2006 as spin up?

Response:

We agree that the spin-up is very necessary for the inversion calculations. In fact, we performed our inversion from 2000 to 2010. But
we just analyzed the results for 2006-2010 because the CONTRAIL data only available from 2005. So we treated the first five years
(2000-2005) as a spin-up to initiate the runs.

Comment:

p. 27610, 1.11 : Would be informative to say how much from top 3/4 countries.
Response:

Sorry for that we didn’t described it clearly in the previous version. What we wanted to express was to describe how much Asian fossil
fuel emissions were offset by the Asia CO, sink. And now we rewrote this sentence in the revised version (see page 14 lines 18-19): «....
uptake compensates 38% of the estimated +4.15 Pg C yr" CO, emissions from fossil fuel burning and cements manufacturing in Asia.”

Comment:
p. 27610, .16 : The numbers are fine as such, but are the % meaningful, the particularly the 9% source in tropical Asia!
Response:
Thank you for this comment. We removed this number in our revised version (see page 14 lines 23-26). “ The estimated Asian net

terrestrial CO, sink is further partitioned into: a —1.02 Pg C yr' carbon sink in Boreal Eurasia and a —0.68 Pg C yr”" carbon sink in Temperate

Eurasia, whereas a +0.15 Pg C yr’' CO, source in tropical Asia.”
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Comment:

p. 27610, .24 : I thought Valsala et al. discussed intra-seasonal variability, not IAV. Recommend deletion from this sentence and add
another sentence by highlighting their novel findings.

Response: That is indeed a mistake. We removed this citation in the revised version (see page 16 line 26 to page 17 line 2). *“ As has been
noted in many other studies (Gurney et al., 2008, Gurney et al., 2004; Mohammat et al., 2012; Patra et al., 2011, Peters et al., 2007, Peters et al.,
2010; Yu et al., 2013), the IAV of the carbon flux strongly correlates with climate factors, such as air temperature, precipitation and moistures.”
Comment:

p. 27615, section 4.2ff : Needs complete reworking. Table 3 : I strongly recommend you list the other big region fluxes, even though this
paper is about Asia, at the least tabulate the global total land and ocean fluxes by addition of rows. This is mainly because I find the
estimated sinks over Asia is too large, and the global balance will give the readers a chance to make their own judgment.

Response:
We also realize that the complete global fluxes information is necessary for this paper. We agree that more information on global
fluxes will help the reader to assess these results. We added the global information in Table 3 and the associated explanation was given

in SI appendix B (See Table 3 in page 35 and SI Appendix B in pages 55-57).

Table 3. Results of the sensitivity experiments conducted in this study (Pg C yr™)*

Inversion ID Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Boreal Eurasia -1.02 -0.96 -1.11 -1.25 -1.03 -0.92
Temperate Eurasia -0.68 -0.33 -0.70 -0.63 -0.37 -0.36
Tropical Asia 0.15 0.19 0.12 0.08 0.17 0.20
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Total Asia -1.56
NH land sink -2.93
Land -2.43
Ocean -2.08
Global -4.50

-1.09
-2.64
-2.24
-2.16
-4.41

-1.69
-3.20
-3.07
-2.04
-5.12

-1.80
-3.20
-3.25
-2.05
-5.30

-1.23
-2.79
-2.65
-2.27
-4.92

-1.07

-2.70

-2.50

-2.18

-4.68

*The Case 1 (Surface-CONTRAIL) and Case 2 (Surface-Only) run for the period 2006-2010, while Case 3-6 run for the period 2008-2010; detailed

discussion on global flux estimates can be found in SI Appendix B.

Supporting Information Appendix B:

Table B1. Global annual average aggregated fluxes for TransCom regions from our system compared to similar estimates from CT2011_oi and Peylin

et al. (2013). The time span of each of these studies is indicated in the table. All units are Pg C yr''®.

This work

This work

CarbonTracker

Peylin et al.

(2013) :
. 2006-2010 2008-2010 2006-2010 Niwa et al.
Region Name prior flux 2006-2010 (2012)
2006-2010 2006.2008
Case Case Case Case Case Case b ¢ B
; 0 3 4 p p CT2011 oi CTE2013
1 North American Boreal -0.01 -0.23 -0.27 -0.25 -0.26 -0.22 -0.19 -0.21 -0.24 -
» North American -0.12 052 -0.60 -0.63 -0.61 -0.56 -0.56 -0.37 -0.42 -
Temperate
3 South American Tropical 0.02 0.15 0.12  -0.08 0.00 -0.05 0.00 0.18 0.09 -
4 South American -0.07 0.11 000  -0.01 009 007 -0.03 0.08 -0.10 -
Temperate
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5 Northern Africa 0.06 0.06 0.05 0.08 -0.06 0.08 0.10 -0.07 0.00 -
6 Southern Africa -0.05 0.05 0.06 0.10 -0.04 -0.02 0.05 -0.01 -0.01 -
7 Eurasia Boreal 0.03 -1.02 -0.96 -1.11 -1.25 -0.96 -0.92 -1.00 -0.93 -
8 FEurasia Temperate -0.11 -0.68 -0.33 -0.70 -0.63 -0.44 -0.36 -0.41 -0.33 -
9 Tropical Asia 0.22 0.15 0.19 0.12 0.08 0.17 0.20 0.14 0.22 -
10 Australia -0.11 -0.03 -0.02 -0.09 -0.12 -0.11 -0.12 -0.01 -0.06 -
11 Europe -0.09 -0.48 -0.49 -0.50 -0.45 -0.61 -0.67 -0.51 -0.40 -
12 North Pacific Temperate -0.50 -0.37 -0.38 -0.37 -0.37 -0.39 -0.40 -0.40 -0.41 -
13 West Pacific Tropical 0.00 0.00 0.00 -0.01 0.00 -0.01 -0.01 0.01 0.00 -
14 East Pacific Tropical 0.22 031 0.32 034 034 030 031 0.33 0.35 -
15 South Pacific Temperate -0.53 -0.54 -0.62 -0.58 -0.58 -0.58 -0.52 -0.64 -0.60 -
16 Northern Ocean -0.25 -0.25 -0.27 -0.26 -0.27 -0.25 -0.25 -0.25 -0.30 -
17 North Atlantic Temperate -0.50 -0.40 -0.40 -0.38 -0.39 -0.46 -0.46 -0.43 -0.47 -
18 Atlantic Tropical 0.14 0.17 0.17 0.17 0.18 0.16 0.16 0.16 0.18 -
19 South Atlantic Temperate -0.26 -0.17 -0.15 -0.13 -0.11 -0.18 -0.19 -0.18 -0.15 -
20 Southern Ocean -0.61 -0.31 -0.28 -0.29 -0.28 -0.33 -0.33 -0.37 -0.29 -
21 Indian Tropical 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.18 0.15 -
22 Indian Temperate -0.58 -0.66 -0.68 -0.67 -0.70 -0.67 -0.63 -0.70 -0.68 -
23 Non-optimized 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
24 Global Total -2.99 -4.50 -4.41 -5.12 -530 -4.92 -4.68 -4.49 -4.44 -4.46
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25 Global Land -0.25 -2.43  -2.24 -3.07 -3.25 -2.65 -2.50 -2.20 -2.20 -2.67

26 Global Ocean 22.74 208 216  -2.04 -2.05 -227 -2.18 230 224 -1.79
27 Asia (7,8,9) 0.13 2156 -1.09  -1.69 -1.80 -123 -1.08 127 -1.05 -
28 NH Land (1,2,7,8,11) -0.32 293 264 =320 -320 -2.79 -2.70 -2.50 2.33 -
29 Tropical Land(3,5,9) 0.30 036 036 0.13 002 020 030 0.26 0.31 -
30 Southern Land (4,6,10) 20.22 0.13  0.04 0.00 -0.07 -0.06 -0.10 0.05 -0.18
NH Total
31 (12781112,16,17) -1.56 395 -3.69  -421 -423 -3.89 -3.81 -3.58 -3.52 -
Tropical
32 Tothl(3,5.9.13.14.18.21) 0.79 0.99 0.99 0.77 0.68 0.79 0.90 0.93 0.99 -
33 Southern 221 2155 -1.70  -1.67 -1.74 -1.82 -1.77 -1.85 -1.91

Total(4,6,10,15,19,20,22)

*All the terrestrial biosphere fluxes are including land uptake and biomass burning emissions, but excluding fossil fuel emissions.

°CT2011 _oi : this data is derived from http://carbontracker.noaa.gov

‘CTE2013 is the result of Carbon Tracker Europe (Peters et al., 2010) as presented in Peylin et al., (2013) for the period of 2006-2010

The estimated (a posterior) global CO, sinks/sources across 6 sensitivity tests were presented in Table B1, and aggregated to annual mean for
TransCom regions. These experiments form a range around the best estimate, given an alternative uncertainty with upper and lower limits of
sensitivity tests to the assimilation system. As previously described, the Case 1 was performed the best assimilation on CO, source/sink and its results
were used to analyze the global carbon flux. Based on the results of annual carbon fluxes in Case 1 (Surface-CONTRAIL), most land regions were
estimated to be carbon sinks, characterized by strong sinks in the Eurasia Boreal, Eurasia Temperate, North American Temperate, North American

Boreal and Europe; while inverted carbon sources were in Tropical Asia, South America, and Africa (Table B1). The estimated ocean fluxes show the
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same tendencies as the a priori fluxes that East Pacific Tropical, Atlantic Tropical and Indian Tropical Oceans are carbon sources, while the reminders
are CO, sinks. This distribution of carbon sinks/source is reasonable and quite consistent with other previously published inversion estimates (e.g.

Peylin et al. 2013).

_ ~4.41
450530 Pg C yr’' (the uncertainty range was derived from Cases 1 to 6) for the period 2006-

Our best global mean CO,; flux was estimated to be
2010, compared with the global a priori flux of -2.99 Pg C yr"'. Note here that the biomass burning emissions (averaged +2.20 Pg C yr’' during the
studied period) were included in the inverted flux, but fossil fuel emissions (averaged +8.64 Pg C yr'') were excluded. For comparison, we included
the annual means from CarbonTracker Europe (Peters et al., 2010, quoted as CTE2013) derived from Peylin et al. (2013) and CarbonTracker North

America (quoted as CT2011 oi, data downloaded from http://carbontracker.noaa.gov) for the same time period and areas. The CT2011 oi estimates

the carbon flux of global terrestrial biosphere and oceans were respectively -2.20 Pg C yr™' and -2.30 Pg C yr', while the sink inferred from CTE2013

~441
was estimated to be -2.20 Pg C yr'' on land and -2.24 Pg C yr' in the ocean. Our inferred global carbon sinks/source (_4‘50“5»30 Pg C yr') is

consistent with that from the CT2011_oi (-4.49 Pg C yr') and CTE (-4.44 Pg C yr'"). This consistency can be further represented in the partitioning of

~0.75
the NH land sinks among North America, Asia and Europe. In North America, our result ( =075 _oss Pg C yr') generally agrees with CTE2013 (-

~1.07
0.66 Pg C yr ') and CT2011 oi (-0.58 Pg C yr '). In Asia, the inverted result is ~1.56 150 Pg C yr’', which is within uncertainty and comparable to

~0.45

that of CTE2013 (-1.05 Pg C yr ') and the CT2011 _oi (-1.27 Pg C yr "). In Europe, our result ( —0.48 g7 Pg C yr ') is in the range of CT2011 oi (-
0.51 Pg C yr ") and CTE2013 (-0.37 Pg C yr V).

Also, we found that the addition of CONTRAIL data creates a larger carbon sink in Temperate Asia and the NH land, at the expense of weak ocean
uptake. This shifts of the carbon fluxes to a stronger land uptake versus a weaker ocean sink, more in line with the results of Niwa et al. (2013) that

there existed a stronger terrestrial uptake (-2.67 Pg C yr ') and a weaker oceans uptake (-1.79 Pg C yr ) caused by using CONTRAIL data.

Overall, our global, all-land and all-ocean estimates of the CO, flux in this period are reasonable.
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Comment:
Table 5 : Could you also list the a priori fluxes, biosphere, fossil etc., and a posteriori ecosystem and fire fluxes?

Response:

Thank you for your suggestion. We added these contents in the revised paper (See Table 5 in page 38 and associated text in page 14 lines
15 -26). “During the period 2006-2010, we found a mean net terrestrial land carbon uptake (a posteriori) in Asia of —1.56 Pg C yr”, consisting of
—2.02 Pg C yr! uptake by the terrestrial biosphere and +0.47 Pg C yr” release by biomass burning (fire) emission (Table 5). This terrestrial uptake
compensates 38% of the estimated +4.15 Pg C yr’' CO, emissions from fossil fuel burning and cement manufacturing in Asia. An uncertainty analysis
for the Asian terrestrial CO, uptake derived from a set of sensitivity experiments has been conducted and put the estimated sink ranging from —1.07
to —1.80 Pg C yr' (Table 3), while the I-sigma of the formal Gaussian uncertainty estimate is =1.18 Pg C yr' (Table 5). The estimated Asian net
terrestrial CO, sink is further partitioned into: a —1.02 Pg C yr”" carbon sink in Boreal Eurasia and a —0.68 Pg C yr”" carbon sink in Temperate

Eurasia, whereas a +0.15 Pg C yr' CO, source in tropical Asia.”

Comment:
Table 6. I understand this table may be meant for a rough comparison of your results. But sill I will urge you to get the fluxes for your
region definition from the cited references. It’s ok if you do not get a response - worth a try.
Response:
Thank you for this comment. We updated this Table & corresponding text in the revised version following this suggestion (See Table

6 in page 39 and associated text from page 21 line 14 to page 22 line 13 ).

Table 6. Comparison of the inverted carbon sinks in this study with previous studies (Pg C yr™)

Reference Period Boreal Temperate Tropical Asia Remarks
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Eurasia Eurasia Asia
This study 2006-2010 -1.02+0.91 -0.68+0.70 +0.15+0.28 -1.56+1.18 Surface-CONTRAIL
[Gurney et
1992-1996 -0.59+0.52 -0.60+0.67 +0.67+0.70 -0.52+0.65 -
al.,2003]
[Maki et al.,2010]  2001-2007 -1.46+0.41 0.96+0.59  -0.15+0.44 -0.65+0.49 CNTL experiments
Focused on North
CTE2013* 2006-2010 -0.93+1.15 —0.33+0.56 +0.22+0.20 -1.05£1.29 .
America and Europe
b Focused on North
CT2011 oi 2006-2010 -1.00 -0.41 +0.14 -1.27 .
America
[Niwa ef al.,2012]° 2006-2008 - - +0.45+0.19 - GVCT

*CTE2013 is the result of Carbon Tracker Europe in the pylin et al., (2013) for the period of 2006-2010

°CT201 1_oi : this data is derived from http://carbontracker.noaa.gov; data did not provide the uncertainties

“GVCT : together use GLOBALVIEW and CONTRAIL CO, observation data to perform inversion

“Comparisons of our inverted CO, flux with previous studies are summarized in Table 6. In Boreal Eurasia, our inferred land flux (—1.02 Pg C yr')

is higher than Gurney, et al. (2003) (—0.59 Pg C yr" during 1992-1996), but close to Maki et al. (2010) (—1.46 Pg C yr' during 2001-2007),
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CTE2013 (—0.93 Pg C yr') and CT2011 oi (—1.00 Pg C yr', data downloaded from http://carbontrackernoaa.gov). In Temperate Eurasia, our
inverted flux is —0.68 Pg C yr”, which is well consistent with Gurney, et al. (2003) (—0.60 Pg C yr'), but higher than CTE2013 (—0.33 Pg C yr') and
CT2011 oi (—-0.41 Pg C yr') even though we used a similar inversion framework. One cause of this discrepancy is likely that different zoomed
regions were configured in our system. Another main factor is likely the inclusion of CONTRAIL largely impacts on our Temperate Eurasia’s carbon
estimates. In Tropical Asia, our estimate is +0.15 Pg C yr’, which is in the range of Niwa et al.(2012) (+0.45 Pg C yr") and Patra et al.(2013)
(—0.104 Pg C yr"), both including aircraft CO; measurements in their inversion modeling, and very close to the CTE2013 (+0.22 Pg C yr') and
CT2011 oi (+0.14 Pg C yr'). The estimated total Asian terrestrial carbon sink is —1.56 Pg C yr', which is close to the CTE2013 (—1.05 Pg C yr™)
and CT2011 oi (—-1.27 Pg C yr"). The IAVs comparison between the results from this study and from CTE2013/CT2011 oi is also presented in Table
7 (different from IAV in Section 3.2.2, these results include biomass burning emissions). The IAVs are different between approaches. In 2007, there
was a moderate Asian CO, sink in CTE2013 and CT2011_oi, while the results from this study show Asian was the highest carbon uptake during this
study period, corresponding to strong CO, sinks in Eurasia Temperate and Eurasia Boreal areas. In 2008, Asian was the strongest terrestrial CO;
sink from CTE2013 and CT2011 oi, while from our estimates that the sink in 2008 in Asian was weaker than that in 2007. In Asian, 2009 was a
lower-than-average land sink in CTE2013 and a normal carbon sink in CT2011 oi, while from our results 2009 was the second strongest carbon
uptake year. This discrepancy likely stems from the additions of Asia sites and CONTRAIL data in this study. Compared to previous findings, our

”»

updated estimation with these additional data seems to support a larger Asian carbon sink over the past decade.

Comment:

Figure 3: These site level CO; concentration time series do not make any value-add. It is enough as discussed in the text. Please show
a priori and a posteriori fluxes time series for the regions separately, as discussed here, for all the inversion cases. Maybe then you can
compare with other studies too for flux seasonality.
Response:
Thank you for this comment. It is hard for us to agree with the removal of the CO, time series on the site level. Without this information

would make the paper less accessible for a large part of our community (experimentalists). But we agree that the information on the time
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series of both a-priori and posteriori fluxes is useful. We added a new section (Section 3.2.2) of ‘Seasonal variability’ in our revised

version, see Figure 6 in page 47 and associated text in page 15 line 23 to page 16 line 16).

Fluxes time series of Eurasia Boreal

Fluxes time series of Asia

CO2 fluxes (Pg ciyr)

—&— Priori Flux
-20)) —-e- - posterior Flux
> a 6 8 10 12 2 4 6 8 L.

Fluxes time series of Tropical Asia

05

(d)

CO2 fluxes (Pg cfyr)

o] L L L
month

month

Figure 6. A priori and posteriori averaged fluxes (with uncertainties) over Asian regions during 2006-2010: (a) Asia; (b) Eurasia Boreal,;

(c) Eurasia Temperate; (d) Tropical Asia. This flux is biosphere carbon sink after removal of fossil and biomass burning fluxes.
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“3.2.2 Seasonal variability

Figure 6 shows the prior and posterior seasonal cycles of CO; fluxes for the Asia region and its three sub-regions as well as their
Gaussian uncertainties. The seasonal amplitude in Boreal Eurasia as shown in Figure 6b proves to be the major contributor to the
seasonal signal in Asia (Figure 6a). The large uptake of Eurasia Boreal occurs in summer and the large differences between the prior
and the posterior fluxes are also found in the summer growing season, indicating the surface observation network and CONTRAIL data
largely affect the estimated fluxes. Our monthly variability is very close to changes in Eurasia Boreal presented by Gurney, et al. (2004).
In Figure 6c¢, the seasonal pattern for the Eurasia temperate region shows a comparable pattern to Eurasia Boreal, but with a smaller
seasonal magnitude. And the adjustments of the prior flux in spring and summer are also smaller. The largest CO; uptake in Eurasia
Temperate subregion, however, is shifted from July to August compared to Boreal Eurasia, suggesting that a phase shift in the growing
season occurred here with the highest CO; sink occurring later in the year. This seasonal cycle is slightly different from that reported by
Gurney, et al. (2004), but shows a nice agreement with the seasonal dynamics of Niwa, et al. (2012) in the Southern Temperate Asia
region, and of Patra et al. (2011) in the Northwest Asia region. In Tropical Asia (Figure 6d), the seasonal variation is very different from
other Asian subregions characterized by a weak CO, uptake peak in August-October and much smaller carbon release in May-July.
Overall, the posterior uncertainty reduction for the period 2006-2010 was about 25% in Asia, with the largest uncertainty remaining in

’

the summer, suggesting that our model may not fully capture the biosphere sink signal in the growing season.’
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