
Reply to Reviewer #2

This  study  examines  the  impact  of  prescribed  biomass  burning  emissions  in  CO2  flux  inversion

analyses. They show that the prescribed biomass burning emissions have a minor impact on large scale

net fluxes but a larger impact on regional scales (although these impacts are generally still small). They

also find that differences between biomass burning emission estimates in the tropics are quite large, and

thus have a large impact on inferred NEE estimates (to conserve NBE). Overall, I think this analysis is

of interest to readers of ACP, but feel that the analysis could be expanded. In particular, the impact of

including the CO-constrained biomass burning emissions on the performance of the CO2 flux inversion

could be more fully explored.

We are grateful for the Reviewer comments and for taking the time to review our manuscript. We

answered the comments with information on page and line numbers that have been changed in the

manuscript when necessary.

General comments:

1. The biomass burning CO2 emissions constrained by assimilating CO data seemed to just be

used as an alternative fire CO2 estimate, but it was unclear if this was an improved estimate and

what implications it had on NEE. 

Firstly,  I  think  that  the  posterior  CO  fields  from  the  MOPITT  flux  inversion  should  be

evaluated. I would recommend comparing the posterior fields to TCCON XCO in the same way

that the posterior CO2 fields were evaluated. 

We indeed acknowledge that an evaluation of the CO fluxes should be present in the paper. However to

not create an overly long paper, we have added this evaluation in supplement information.

We performed an evaluation of the priors and posteriors mixing ratio against  each TCCON site as

shown in the Fig. S7 below.



Figure S7. Annual mean difference in ppb between the prior (in green) and posterior (in blue) against

each TCCON site.  Mean and  coefficient  of  correlation  are  specified  for  each year.  From top  left

through bottom right are the annual years 2015, 2016, 2017 and 2018.

 

We corrected and added the figure number in the sentence page 32 line 636: For evaluation of our CO

posteriors and priors emissions with TCCON (not shown here), we found that biases between MOPITT

CO posterior simulated mixing ratio and TCCON were lower than biases with the CO priors with on

average a  5 ppb reduction each year. Additionally, for the 2015-2018 period, the posterior biases∼ 5 ppb reduction each year. Additionally, for the 2015-2018 period, the posterior biases

were  7 ppb underestimated TCCON values while the priors were  13 ppb overestimated TCCON∼ 5 ppb reduction each year. Additionally, for the 2015-2018 period, the posterior biases ∼ 5 ppb reduction each year. Additionally, for the 2015-2018 period, the posterior biases

values.  To In  comparison  to  TCCON,  for  the  2015-2018  period,  the  CO  posterior  biases  were

underestimated by 7 ppb, while the CO priors were overestimated by 13 ppb (Fig. S7). Even if the

posterior  biases  are  lower  than  the  prior  biases,  the  underestimation  observed  in  Fig.  S7  against

TCCON could explain the low fluxes observed of the FIREMo compared to the other fire estimates

over some regions. We can observe an underestimation of the posterior CO mixing ratio of ~ -12 ppb in

2015 at the Ascension Island site, while the a priori CO mixing ratio has an overestimation of 5 ppb in

2015. However, the biases at the Darwin TCCON site give -3 ppb for 2015-2016 (-0.5 ppb for 2017-

2018) with the posterior and 20 ppb for 2015-2016 (22 ppb for 2017-2018) with the prior. This gives



the impression that our inversion is not getting the best fluxes for Ascension Island, but we can see that

this is not the case for other tropical locations. Ascension Island is known to be impacted with Saharan

dust and therefore the posterior simulated concentration could be biased due to aerosols.

Second,  it  would be useful  to  characterize whether  employing this  MOPITT-based biomass

burning estimate improved the inversions in any way. In particular, were the inversions able to

better  fit  to  OCO-2 and IS measurements  that  were  strongly impacted  by biomass  burning

emissions?  You  could  perform this  comparison  by  running  a  tagged  tracer  experiment  for

biomass burning emissions and then look at the data-model mismatch for measurements that

had a large biomass burning signal. 

We performed a  tagged tracer  experiment,  comparing  the  data-model  mismatch  to  OCO-2 and IS

retrievals for all simulations. As these results allow to evaluate how the priors and posteriors fit the data

assimilated, the results have been added to the Validation section of the paper page ? Line ? with the

figure and discussion as noted below. We also modified the evaluation plots in the paper to have a site-

by-site TCCON evaluation instead of an evaluation by latitudes (see Fig. 11). 

3.2.3 Evaluation of the simulation

3.2.3.a Evaluation of the inversions to fit the OCO-2 retrievals and IS data

The  global  distributions  of  OCO-2  retrievals  over  the  2015-2018  period  (Figure  10.a)  shows  a

latitudinal  gradients  from north  to  south  with  higher  XCO2 concentrations  in  the  tropics  and  the

northern hemisphere. High land values (no higher than 409 ppm) are observed over east Asia, north

west Africa, north tropical south America. Figure 10.b shows the global distributions of IS data with

higher number of observations in the northern hemisphere than the tropics or the southern hemisphere.

High XCO2 concentrations (higher than 409 ppm) can be observed for temperate north America and

near the coast of east Asia. The regional mean differences between the prior or posterior and the OCO-

2 retrievals (IS data) are summarized in Table S1. 



Figure  10. Spatial  distributions  of  the  CO2  total  column  (XCO2).  Mean  distribution  of  OCO-2

retrieval (a) and In-Situ data (b) over the 2015-2018 period. Annual difference between the prior of

each simulation (CMS (2nd row), prior3 (3rd row), prior4 (4th row) and priorMO (5th row)) and OCO-2 in

the 1st column (IS in  the 3rd column).  Annual  difference between the posterior  simulation of  each

simulation (row similar to the priors) and OCO-2 in the 2nd column (IS in the 4th column). Results are in

ppm.

The prior have larger differences with the OCO-2 retrievals than the posteriors. The prior3 (using both

FIRE3 and  NEEre3,  see  Fig.  2)  better  fit  the  OCO-2 measurements  than  the  other  priors  for  the

southern hemisphere and the tropics (Fig.10 and Table.S1). The priorCMS however does not fit the

OCO-2 measurements with high bias between 3 and 4 ppm. The large difference is also observe with

the IS measurements. For the IS inversions, the differences between priors and posteriors with the IS

data are very similar. This result suggests that the inversion does not change much from the prior, but



this result can be explain due to the small number of observations available in these regions. While the

optimized concentrations fit the OCO-2 retrievals quite well compared to the priors, suggesting the

inversion’s ability to fit the data. For the comparison among the simulations, there is no large difference

between the different simulations and the data, particularly for the optimized CO2 measurements. 

Regions OCO IS

Prior
CMS

prior3 prior4 Prior
MO

CMS GFED3re GFED4re MOre Prior
CMS

prior3 prior4 Prior
MO

ISCMS IS3re IS4re ISMOre

North America 0.64 0.20 0.16 0.24 -0.071 -0.073 -0.074 -0.073 -90.94 -91.38 -91.42 -01.34 -91.61 -91.61 -91.61 -91.61

North  T.S.
America

0.15 0.033 0.043 0.050 -0.017 -0.016 -0.017 -0.017 6.18 6.07 6.08 6.09 6.03 6.03 6.03 6.03

South T.S.
America

0.046 0.0045 0.015 0.014 -
0.0078

-0.0073 -0.0078 -
0.0074

5.99 5.95 5.96 5.96 5.93 5.93 5.93 5.93

Temp.S.
America

0.30 0.078 0.14 0.13 -0.034 -0.033 -0.034 -0.033 19.91 19.69 19.75 19.74 19.59 19.59 19.59 19.59

Temp.N.Africa 0.068 0.020 0.017 0.024 -
0.0078

-0.0078 -0.0079 -
0.0078

-0.75 -0.80 -0.81 -0.80 -0.82 -0.82 -0.82 -0.82

North.T.
Africa

0.14 0.029 0.045 0.048 -
0.0097

-0.0097 -0.0095 -0.010 5.88 5.77 5.79 5.79 5.73 5.73 5.73 5.73

South.T.
Africa

0.15 0.035 0.068 0.061 -
0.0094

-0.0095 -0.010 -
0.0098

13.08 12.97 13.00 13.00 12.92 12.92 12.92 12.92

Temp.S.
Africa

0.21 0.056 0.10 0.094 -0.023 -0.022 -0.022 -0.022 27.09 26.94 26.98 26.98 26.87 26.87 26.87 26.87

North Asia 0.61 0.20 0.15 0.23 -0.060 -0.060 -0.062 -0.061 -13.99 -14.40 -14.44 -14.37 -14.64 -14.63 -14.63 -14.63

North.T.
Asia

0.24 0.071 0.079 0.094 -0.011 -0.011 -0.012 -0.012 -10.67 -10.84 -10.83 -10.81 -10.91 -10.91 -10.91 -10.91

South.T.
Asia

0.18 0.051 0.077 0.078 -0.015 -0.015 -0.016 -0.016 10.75 10.62 10.64 10.65 10.57 10.57 10.58 10.58

Trop Australia 0.082 0.022 0.037 0.036 -
0.0073

-0.0074 -0.0073 -
0.0073

3.42 3.36 3.38 3.38 3.34 3.34 3.34 3.34

Temp Australia 0.38 0.095 0.17 0.16 -0.048 -0.047 -0.047 -0.047 33.68 33.40 33.47 33.46 33.27 33.27 33.27 33.27

Europe 0.25 0.083 0.059 0.094 -0.032 -0.032 -0.032 -0.032 -10.13 -10.30 -10.33 -10.29 -10.40 -10.40 -10.40 -10.40

Table S1. Summary of CO2 model (prior or posterior)-data comparison against OCO-2 retrievals and

IS data for each OCO-2 MIP regions. Values are in ppm.

3.2.3.b Validation against TCCON data

Figure 14 shows biases between prior and posteriors simulated mixing ratio (XCO2) of the different

CO2 inversions against TCCON data by latitudinal bands : Northern Hemisphere Extra-Tropics (NH),

Tropics (T), and Southern Hemisphere Extra-Tropics (SH). The number of sites by latitude used for the

validation are referenced in the figure caption. The priors used for GFED4re, GFED3re and MOre

inversions have similar errors and have particularly less biases over Southern Hemisphere than over the

Northern  latitudinal  (see table  6).  CMS has  the largest  biases  with large XCO2 overestimation  of

TCCON values (two times more than biases observed with the three other priors) with biases of 4.82

ppmv in NH and 4.28 ppmv in the Tropics. CMS prior has in addition, the largest standard deviation

values compared to the other priors and the lowest coefficient of correlation (table 6). Improvements of



biases and standard deviation with the GFED3re prior compared to CMS which also use FIRE3 as fire

prior, are likely due to the re-balanced respiration that match the NOAA growth rate. This re-balanced

respiration and growth rate matches have also been used for GFED4re and MOre priors. However, all

priors  XCO2  seems  to  have  a  positive  trend  with  increase  of  biases  over  the  time,  particularly

pronounced for CMS XCO2. The three mixing ratio of the re-balanced priors are relatively similar,

with the MOre prior showing more biases than GFED for the Northern Hemisphere and less biases than

GFED4 but more than GFED3 in the Southern Extra-Tropical hemisphere, and almost similar biases

than GFED4 in the tropics. However, the tropics have only 3 TCCON sites for validation. Validation

over this latitudinal band needs to be viewed with this in mind. In Southern Hemisphere, MOre prior

has smaller biases than GFED4re. This prior biases improvement might result from the optimized CO

fire  emissions  in  the MOre prior,  which,  has  already mentioned,  the CO posterior  emissions were

higher than the CO prior emissions (temperate South Africa and temperate Australia). However the

larger biases present in the CO2 priors with MOPITT fire compared to the GFED priors could come

form the underestimation of CO emissions observed with the CO posterior  emissions  over  Boreal

forests (CO biases are ~4ppb lower with XCO posterior than prior for Eureka site but ~5ppb higher for

Ny-Alesund and Sodankyla, not shown here). We observed in the results section that posterior fluxes

had similarity across the priors used for each data constraint for SH Ext (see Fig. 10) but 2016 is

adjusted downward significantly in the OCO-2 fluxes. We observe, in Fig. 14.l, a larger negative bias

for OCO-2 than for IS particularly in 2016. For NH Ext, we observed previously (see Fig. 10 for North

America and Europe mainly), a strong sink for OCO-2 over the period compared to IS, which observed

stronger year-to-year variability. When evaluating with TCCON data (Fig. 14.j), we can see that OCO-

2 has lower biases in 2015-2016 but higher biases for the 2015-2018 period and underestimates the

concentration for almost the whole period compared to IS. The posterior XCO2 are in better agreement

with TCCON measurements  than the priors.  Additionally,  all  standard deviation and coefficient  of

correlation  are  similar  between  all  inversions  with  slightly  larger  standard  deviation  for  the  IS

inversions than for the OCO-2 inversions.

We can also see that all posteriors match the variability of TCCON compared to the priors. Biases

observed with CMS have been greatly reduced through the inversion, showing biases of the same order

than the other inversions. 

Figure 11 shows biases between prior and posteriors simulated mixing ratio (XCO2) of the different

CO2 inversions against each TCCON sites. While the priorCMS has the largest biases with TCCON

and standard deviation, the other priors used (priorCMS, prior3, prior4, and priorMO) have biases and



standard deviation very close each other for most of the sites. Improvements of biases and standard

deviation with the prior3 compared to priorCMS, which also use FIRE3 as fire prior, are likely due to

the re-balanced respiration that match the NOAA growth rate. This re-balanced respiration and growth

rate matches have also been used for prior4 and priorMO. While the re-balanced priors mixing ratio are

relatively similar,  prior4 and priorMO have less biases than prior3.  Additionally,  depending on the

TCCON site, priorMO bias are slightly lower or smaller than prior4. It is then not straight forward to

conclude which re-balanced prior is doing better than the others.

The  posterior  XCO2 are  in  better  agreement  with  TCCON  measurements  than  the  priors.  Biases

observed with CMS-GFED3 and ISCMS have been greatly reduced through the inversion, compared to

priorCMS,  with  biases  of  the  same  order  as  compared  to  the  other  inversions.  For  the  posterior

simulated mixing ratio with IS data, we can see that all biases are very similar among the simulations,

and it is here again difficult to conclude which posterior does best. On average, IS4re seems to do

better but looking site by site, ISMOre can be better at some tropical sites than the other simulation

(such as for Ascension Island and Reunion Island). Same applies for the posterior simulated mixing

ratio with OCO-2 data, where there is not one simulation doing better  than the others on average.

Additionally,  all  standard deviation are similar between all  inversions  with slightly larger standard

deviation for the IS inversions than for the OCO-2 inversions.

We observed in the results section that posterior fluxes had similarity across the priors used for each

data constraint for SH Ext (see Fig. 8) but 2016 is adjusted downward significantly in the OCO-2

fluxes. Evaluation against the two TCCON sites in the SH Ext shows similarity using either IS or

OCO-2 constraint (1.3 ppm biases) for Wollongong, but biases are slightly lower with OCO-2 fluxes

for Lauder (1.6 ppm with OCO-2 fluxes against 1.7 ppm for IS fluxes). For NH Ext, we observed

previously (see Fig. 8 for North America and Europe mainly), a strong sink for OCO-2 over the period

compared to IS, which observed stronger year-to-year variability. The evaluation with TCCON data at

European sites, shows smaller biases using IS data than OCO-2 data for all simulations. For instance at

Garmisch  site,  biases  are  around  -0.1  ppm  and  -0.34  ppm  with  IS  fluxes  and  OCO-2  fluxes

respectively,  showing  a  larger  underestimation  with  OCO-2  than  IS  fluxes.  But  for  the  northern

American sites, biases are lower with OCO-2 fluxes than IS fluxes (see Lamont site for instance in Fig.

11).



Figure 11. Comparison between TCCON data and the prior  (left  columns),  IS simulations  (center

columns), and the OCO-2 simulations (right columns). Top panels show experiments biases and bottom

panels show standard deviation compared to TCCON sites. Biases and standard deviation are expressed

in ppm CO2. For each panel and from left to right are the simulations CMS, GFED3re, GFED4re and

MOre. 

2. The CO2 flux inversion configuration is insufficiently described. Are the CO2 flux inversions

optimizing ocean and NEE fluxes? And what are the prior errors applied to these quantities?

And  of  great  relevance  to  the  results,  how do  the  prior  errors  vary  between  the  different

experiments? I would expect the posterior regional NBE fluxes to be very sensitive to the prior

error statistics, particularly for the IS inversion. 

The CO2 flux inversions are optimizing the ocean and NEE fluxes, this is and was already mentioned in

the paper page 15, line 357: “We optimized CO biomass burning emissions and CO2 biospheric and

oceanic emissions on a weekly basis”.

Concerning the uncertainties, we added the following sentences page 13 line 319 : The uncertainties in

the  prior  fluxes  are  derived  from different  climatological  fluxes  with  exponential  spatio-temporal

correlation  assumed.  For  the  oceanic  component,  the  horizontal  correlation  is  1000  km  and  the



timescales is 3 weeks, while for the terrestrial component, length and timescale are 250km and 1 week.

These uncertainties are applied similarly to all experiments. 

3. I find much of the text to be quite awkwardly worded, which can make the manuscript hard to

follow.  In  addition,  there  are  a  number  of  rather  sloppy  mistakes  in  the  description  of

experiments,  equations,  and  variable  names.  I  have  flagged  several  issues  in  my  specific

comments,  but  not  all.  I  strongly  recommend  that  the  authors  go  through  the  manuscript

carefully to fix these issues. 

We thanks  the  Reviewer  for  this  remark  and  have  corrected  the  manuscript  accordingly.  We also

corrected the manuscript relative to the specific comments below. In addition, we have reviewed the

paper  to  make sure that  all  variable  names  were correct.  We particularly  specified  the differences

between  the  priors  used,  posteriors  simulation  names  using  either  OCO-2  or  IS  measurements.

Corrections can be found in the track corrected manuscript with red for sentences deleted and blue for

sentence we have added.

Specific comments:

L2: “used as a tracer of CO2” to “co-emitted with CO2” Corrected

L5-6:  This statement is confusing: “These CO2 fire emissions allow us, then, to estimate adjusted CO2

Net Ecosystem Exchange (NEE) and respiration which are then used as priors for CO2 inversions” We

have changed this sentence with the suggestion of Reviewer #1: These optimized CO2 fire emissions

(FIREMo) are used to re-balance the CO2 Net Ecosystem Exchange (NEEmo) and respiration (Rmo)

with the global CO2 growth rate. Subsequently, in a second step, these rebalanced fluxes are used as

priors for an CO2 inversion to derive the NEE and ocean fluxes constrained either by the Orbiting

Carbon Observatory 2 (OCO-2) v9 or by in situ CO2data.

L20-22: This statement is confusing: “Evaluation with TCCON suggests that the re-balanced posterior

simulated give biases and accuracy very close each other where biases have decreased and variability

matches better the validation data than with the CASA-GFED3.” We have changed the sentence with :

Evaluation with TCCON data shows lower biases with the three re-balanced priors than with the prior

using CASA-GFED3. However, posteriors have average bias and scatter very close each other, making

it difficult to conclude which simulation is better than the other.



L48: “atmospheric measurements” to “atmospheric measurements of CO2” changed

L68: Define “terrestrial biosphere fluxes”, to some this could include biomass burning. We changed the

sentence by : “CO2 emissions are separated into four categories: anthropogenic sources, ocean fluxes,

terrestrial biosphere fluxes (meaning the sum of the photosynthesis and respiration) and fires. “

L234: “optimal estimation”? I would assume TM5-4DVar uses 4DVar, correct? Yes, TM5-4DVar uses

4DVar, but this sentence used in the introduction was applied in a general context of the assimilation

system. For clarity, we have changed this to “assimilation system”.

Figure 2 caption: “Localisation” should be “Location” Changed

L286: A Gaussian correlation length of 1000 km is also applied to CO? Hard to think of a physical

reason for this? As mentioned in Meirink et al., (2008), where they performed sensitivity experiments

for inversion with TM5, “The background error covariance matrix B is split into spatial and temporal

error correlation matrices [..]. Spatial correlations are modeled as Gaussian functions of the distance

between grid cells […]. Information on spatial  correlations of emission errors is generally lacking.

Therefore  we  specify  spatial  error  correlations  simply  by  Gaussian  functions  of  distance.”  They

performed  an  experiments  using  1000  km instead  of  500  km for  the  prior  error  correlation.  The

experiment  performed with larger a priori error correlation lengths shows larger uncertainty reduction.

As explained, the region of influence of the observations is larger in this  experiment,  so that they

effectively constrain the emissions in more grid cells.

We changed this sentence by :  Spatially, a Gaussian correlation length scale of 1000 km is used,  as

justified in Meirink et al., (2008), while we assume the prior errors have a temporal correlation scale of

4 days.

Figure 3: Maybe try a different colorbar, it is hard to see the different regions.

We have changed this plot with this new colorbar:



L320: “a priori” to “from CO2 data alone” Changed

Equation 3: The notation “max(FIRE3 – FIREx,0)” is not typical notation. This appears to indicate that

the max is taken down the zeroth dimension of the array, but the dimensions of the array have not been

defined in the text. Please revise.

In order to give more indication of this notation, we added:  This equation means that the difference

between FIRE3 and FIREx is cut off at 0 when the difference is  negative. With this equation we only

consider the positive difference (when we have lower FIREx emissions than FIRE3). 

L354-358: This is a methods section not a results section. We moved it at the end of the methodology

section.

L380-385: It is unclear what is meant by “bias satellite data due to cloud coverage”. Please explain

exactly how cloud coverage biases satellite data.  Biases can happen at regional scale due to poorly

modeled scattering by clouds and aerosols in the trace gas retrievals (Wunch et al,. (2017)), which can

have an impact on the flux estimation (Crowell et al., 2019, Chevallier et al., 2007).

L380-391: This whole section is quite unclear. Consider re-writing. We changed the paragraph : 

Over Temperate Northern Africa, this can be a result of bias satellite data due to cloud coverage, giving

the CO posterior emissions closer to the prior GFED4.1s. However, for Northern Temperate America,

the prior might be well enough constrained and validated over this region, to give similar CO fire

emissions than the posterior CO. For Temperate North Africa, MOPITT posterior fires remain close to



the prior GFED4.1s estimates, meaning that the inferred emissions are consistent with GFED4.1s. This

region is known to have a lot of Saharan dust transported across the Atlantic ocean and towards Europe

most of the year and to be largely cloudy during the wet season of the African monsoon (from May to

August), which could explain the posterior emissions being close to the prior. This is also the case for

Northern  Tropical  Africa,  however,  MOPITT  posterior  fires  has  lower  emissions  than  the  prior

GFED4.1s  estimate.  But,  we  still  need  further  investigation  over  Northern  Tropical  Africa  to

understand why GFED4.1s  and MOPITT are  different  each  other.  Tropical  South  America  is  also

known to have a cloudy coverage limiting satellite observations, but over this region we only observe

similar emissions between the prior and the posterior for Northern Tropical America, even if MOPITT

has slightly higher emissions, while for Southern Tropical America, differences between the prior and

the posterior are strong.

To : 

For North Temperate America, posterior emissions remain close to the prior estimates, suggesting that

the  inferred  emissions  are  consistent  with  GFED4.1s.  Comparable  results  are  also  observed  for

Temperate North Africa. However, this region is known to have a lot of Saharan dust transported across

the Atlantic Ocean and towards Europe most of the year, which could explain the posterior emissions

being close to the prior as those MOPITT soundings have largely been removed by pre-screeners .

North Tropical Africa is not only affected by dust, but it is also largely affected by clouds during the

wet season of the African monsoon (from May to August), which could lead to errors in retrievals that

pass the pre-screeners. The combination of clouds and dust could explain the MOPITT posterior fires

having lower emissions than the prior GFED4.1s estimate. But further investigation into North Tropical

Africa is needed. Even though the prior is higher than the posterior for tropical Africa, in opposition to

the previous multi-species study of Zheng et al., (2018), the posterior emissions better fit MOPITT

measurement  than  the  prior  (Fig.  S1b).  Tropical  south  America  (including  North  Tropical  South

America and South Tropical South America) is also known to have cloud coverage limiting satellite

observations.  We  however  observe  similar  emissions  between  the  prior  and  the  posterior  for  the

northern  region,  with  slightly  higher  emissions  for  MOPITT.  For  the  southern  region,  differences

between the prior and the posterior are strong. The cloud coverage might explain this behavior, but

further investigation are needed for these two regions. 



L389-390; Fig 12 cap: There are not regions defined as “Tropical America”. I think these should be

Tropical South America. We have removed this figure to have only one figure grouping all regions, as

expressed by Referee #1.

I found figure 5 very hard to look at. The subset bar plots are far too small. I would recommend re-

plotting similar to Figure A2.  We took this comment in consideration and made this following plot

instead:

Figure 4. Annual CO fire emissions by vegetation type over the OCO-2 MIP regions between fire

priors (hatch bars) and fire posterior from 2015 through 2018. Vegetation  types are representing by



colors : agriculture in gray, deforestation in yellow, savanna in dark-red, temperate forest in blue, peat

land in red and boreal forests in green. Emissions are annually in TgCO/yr.

L443: “meridional”, should this be “zonal”? Indeed, we changed it.

Figure 8 and others: “OCOcms” – I did not see this defined anywhere. Changed

L554: “the 2018 drop off sink”. This is unclear. We changed it by : For instance, it seems that the sink

decreased for 2018

L560: “Emissions estimated observed with OCO-2”? Changed in “Emissions estimated with OCO-2”.

L673: “fire emissions and plant respiration (and hence net fluxes)”. These two quantities alone do not

combine to the net flux. In this sentence the net fluxes refer only to the plant respiration. But for clarity,

we changed by: In addition, as fire emissions and plant respiration (terms included in the net fluxes) are

difficult to disentangle, we re-balanced ...

L696-699: I do not understand the sentence “Over Southern Tropical and Northern Tropical Asia, the

combination  of  the  spatio-temporal  variability  of  MOPITT CO  fire  and  the  GFED4.1s  emissions

information included in the prior fire emissions of the CO inversion might bring additional information

in the emission ratio and hence in the fire prior used in CO2 inversions.” We decided to remove this

sentence as it is detailed later lines 703-705. 

L727-739: This paragraph seems to be a description of the results rather than a discussion topic. The

relevance to the main findings of the study also seem unclear, I would suggest removing. We removed

this paragraph. And we added the last part of this paragraph in the results section page 32 line 620.

L740: What findings? The sentence line 740 is : Returning to the question of importance of the prior, it

would seem that the simulation experiments in Philip et al. (2019) hold for our experiments as well, i.e.

that OCO-2 inversions are relatively insensitive to the prior in most regions.  We reformulated this

sentence by :  Regarding the question of the importance of the prior and the question of which prior

could do better than the others, we have seen through the results and the evaluation, than no simulation

is better than the other on average. Even if the biases seem to have been reduced with FIREMO for

certain sites (such as Ascension island for instance), they are in the same order as the other a priori

biases for other site. On average and and overall, the added value of optimizing fire emissions before

optimizing NEE is not very apparent. Our results seem, overall, to be very insensitive to optimized fire

emissions.  Philip  et  al.,  (2019)  performed  simulation  experiments  with  different  NEE priors,  and

concluded that posterior NEE estimates are insensitive to prior flux values. But they found large spread



among posterior NEE estimates in regions with limited OCO-2 observations. Our results suggesting

that OCO-2 inversions are relatively insensitive to prior in most regions, are consistent with Philip et

al., (2019), and not only for OCO-2 inversions but also for IS inversions. 

L742-748: This is not an assertion, but a direct result of mass balance. Over a single year, there can be

differences in the growth rate due to sampling. However, if averaging over a few years, the signal will

be well  mixed.  It  is  unclear  what  is  being referred to  with these statements.  Is  it  referring to  the

“Global” fluxes shown in Figure 10? If so, this is only showing the land flux, right? The difference

between the IS and OCO-2 “Global” land fluxes should be compensated for by differences in the ocean

fluxes. Please clarify.  We indeed referred to mass balance.  This is referring for instance to the mass

balance between Europe and north Africa. According to Feng et al. (2016) the large sink over Europe

inferred from GOSAT data was caused by large biases outside of the region, which for mass balance,

the inversions was removing larger CO2 over Europe,  in agreement  with Reuter  et  al.  (2014) and

Reuter et al. (2017).
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