
Response to comments on “A global map of emission clumps for future monitoring of 

fossil fuel CO2 emissions from space” by Y. Wang et al. 

 

We thank the referee for reviewing our manuscript. Please find attached a point-by point reply 

(in black) to each of the comments raised by the referee (in blue) with legible text and figures 

organized along the text. For your convenience, changes in the revised manuscript are 

highlighted with dark red. All the pages and line numbers correspond to the original version of 

text. 

 

This study aims at delineating areas that can generate detectable atmospheric satellite CO2 

plumes. A large fraction of fossil fuel CO2 emissions is coming from a very small fraction of 

the land surface, namely the emission clumps. Identifying these clumps is important for 

comparing fossil fuel CO2 emissions across different emission inventories and useful for 

observations of CO2 plumes from the space. To identify the clumps, the authors developed a 

random walker algorithm to consider the area in the vicinity of the cores and split the area 

between different clumps based on the spatial gradients in the emission field. In addition, a 

state-of-the-art CO2 emission inventory (ODIAC 2017) at a 30 x 30 arc-seconds is employed 

to perform this study. This question is interesting. However, there is a question which is not 

answered by the authors. As pointed out by the authors, the emission clumps could be a useful 

tool to “provide a global dataset of fossil fuel CO2 emission clumps for high-resolution 

atmospheric inversions that will use XCO2 imager data”. However, these emission clumps 

are not fixed over time. The authors should explain how their emission clumps can be used in 

identifying hotspots in the future global satellite imagery of XCO2, when the emission 

clumps are evolving themselves from month to month and from year to year. 

In addition, there are some necessary information that are missed in the paper. Please see 

some comments below. The paper can be accepted for publication after addressing all these 

comments. 

Response: 

We would like to thank the referee for the valuable comments and suggestions for 

improving our manuscript.  

The specific concern raised by the reviewer about the temporal variation in the emission 

spatial distribution and thus the identification of clumps are discussed in the reply to Comment 

7 and 8. The clump map derived in this paper is based on ODIAC for the year 2016, and it could 

be updated annually once new versions, either from ODIAC or other high-resolution emission 

inventories, become available. The purpose of the study was to propose and test a new algorithm 

to determine clumps and to provide the global clump map for a typical year, not to analyze 

trends in clumps, which could be a topic for a follow up study.  

 

Specific comments: 

1) Line 21: For “cities and power plants”, the relationship between the two concepts is 

ambiguous. 

Response: 

“City” emission refers to emission other than those from power plants. Oda et al. (2018) 

separated the emissions from power plants (called point sources in ODIAC) and other 



emissions (called non-point sources in ODIAC). The non-point sources were distributed in 

proportion to the nighttime light that is observed from space. To clarify the relationship 

between “cities” and “power plants”, we revise the sentence into: “A large fraction of fossil 

fuel CO2 emissions occur within “hotspots”, such as cities (where direct CO2 emissions 

related to fossil fuel combustion in transport, residential, commercial sectors, etc., excluding 

emissions from electricity-producing power plants, occur), isolated power plants, and 

manufacturing facilities, which cover a very small fraction of the land surface….” 

 

2) Line 23: Delete “very”. I do not understand “closely”. Rephrase “there is no detailed 

emission inventory for most of them”. The English is not clear at some places, may be 

polished by a native speaker. 

Response: 

 We delete “very”. 

 We revised this sentence: “…small fraction of the land surface. The coverage of all high-

emitting cities and point sources across the globe by bottom-up inventories is far from 

complete, and for most of those covered, the uncertainties in CO2 emission estimates in 

bottom-up inventories are too large to allow continuous and rigorous assessment of emission 

changes (Gurney et al., 2019). Spaceborne imagery of…” 

 We have requested several fluent English speakers to take more active roles in 

proofreading the whole manuscript. We hope the revised manuscript could satisfy your 

concerns. 

 

3) Line 27: Define “XCO2” before it is formally used. 

Response: 

We revise the sentence: “The proposed space-borne imagers with global coverage 

planned for the coming decade have a pixel size on the order of a few square kilometers, and 

an accuracy and precision of <1 ppm for individual measurements of vertically integrated 

columns of dry air mole fractions of CO2 (XCO2).” 

 

4) Line 30: This sentence is too long, and should shorten for clarity. 

Response: 

We revise the sentence: “In this study, we address the question of the global 

characterization of characterize area and point fossil fuel CO2 emitting sources (those hotspots 

are called emission clumps hereafter) that may cause generating coherent XCO2 plumes in 

that may be observed from space-borne CO2 images across the globe. We characterize these 

emitting sources around the globe and they are referred to as “emission clumps” hereafter. An 

algorithm is proposed…” 

 

5) Line 49: For “cities and power plants”, the relationship between the two concepts is 

ambiguous. They may overlap. 

Response: 

 We revise the sentence: “The contribution from cities (excluding electricity-related 

emissions from large power plants, see Sect. 2) and power plants to national and global 

mitigation efforts is thus critical (Creutzig et al., 2015; Shan et al., 2018).” 



 

6) Line 51: This sentence is too long, and should shorten for clarity. 

Response: 

 We revise the sentence: “The technique called atmospheric CO2 inversion quantifies 

emissions based on a prior estimate from inventories, atmospheric CO2 measurements and 

atmospheric transport models. Inversions of fossil fuel CO2 emissions have…” 

 

7) Line 82: “a high resolution global map of fossil fuel CO2”, it seems that the authors 

realized the importance of a high spatial resolution. However, what about the high temporal 

resolution? Does this affect the identification of emission clumps? 

Response: 

 We are aware of that there are some day-to-day and month-to-month variations in the 

spatial distribution of fossil fuel CO2 emissions. And these variations can lead to variations in 

the spatial extent of the clump over the same timescales. In this study, we arbitrarily choose 

threshold-2 to be an order of magnitude smaller than threshold-1 to include marginal areas. 

We assume that our conservative definition of threshold-2 ensures that the effective clumps 

(clump cores) always stay between our boundaries, and it also ensures the consistency of the 

unit for which the satellite observations could provide emission estimates through one year.  

 In addition, in the regions experiencing fast urbanization, we agree that the clump 

definition should be updated annually based on the latest inventories at high resolution to 

track the trends in growing cities. 

 To address the reviewer’s concern, we revise the manuscript by: 

- Adding in Line 162: “…For calculating clumps based on morning emissions, we 

multiplied the annual mean emission rate (unit: g C m-2 hr-1) in each grid cell of ODIAC 

by the average scaling factors of emissions between 6:00-12:00 local time. The day-to-

day and month-to-month variations in the spatial distribution of fossil fuel CO2 

emissions may lead to temporal variations in the spatial extent of the clumps. In this 

study, we define the clumps based on two thresholds (see Sect. 2.2) to ensure that the 

effective clumps are always within the boundaries of the clumps, and that the satellite 

observation should provide emission estimates consistently within a year. We thus 

ignore the month-to-month and day-to-day variations in the emissions.” 

- Adding in L422: “… In this study, threshold-2 is chosen an order of magnitude smaller 

than threshold-1. This choice is somewhat arbitrary to include some marginal areas. Such 

marginal area accounts for the fact that the outskirt of the cities could also contribute to 

the city cores. In addition, the marginal area ensures that the effective clumps (e.g. the 

cores of the clumps) will always be accounted for in the clump map within a short time 

span (typically within one year to among few years). With this default choice of 

threshold-2, …”. 

- Adding in Line 447: “…, these results highlight the necessity to objectively associate 

the observed CO2 plumes with underlying emitting regions. In this study, the clumps are 

only defined based on the ODIAC emission map for the year 2016. However, in the 

regions experiencing fast urbanization rates, the spatial distribution of emissions are 

also changing rapidly. In order to build an operational observing system in the near 

future, it is also necessary to consistently update the clump definition based to latest 



emission maps to track the trends in the emissions and CO2 plumes for growing cities.” 

 

8) Line 131: Provide evidence that the emission spatial distributions do not change significantly 

from year to year. 

Response: 

 We are aware that some significant spatial distribution changes may be expected for 

countries with fast urbanization, e.g. China and East Asia (Frolking et al., 2013). As discussed 

in the response to Q7, our algorithm include some marginal areas around the city cores, ensuring 

that the clump map always capture the effective clumps in a short period (within one year to 

few years). In addition, the algorithm can be applied for each year to track the year-to-year 

variations in the clump definition for growing cities. 

We add in L131: “… We chose the year 2016 assuming that the emission spatial 

distributions do not change significantly from year to year. In regions with rapid urbanization 

rates, the emission spatial distributions may change rapidly. The analysis of such changes is out 

of the scope of this paper, but the clump definition can be updated consistently with the latest 

high-resolution emission maps for each year, using the approach presented in Sect. 2.2. The 

ODIAC dataset provides…”  

 

9) Line 139-163: These two paragraphs are given under a section namely “ODIAC fossil fuel 

CO2 emission map”. However, the authors are not introducing the ODIAC product here, and 

it confuses me a lot when I was reading these paragraphs. I cannot understand the relationship 

between the ODIAC product and LEO, OCO-2, GOSAT and GeoCARB imagers. 

Response: 

The ODIAC map provides the emission field at a high spatial resolution. However, 

ODIAC has a monthly temporal resolution. Because the planned LEO satellite imagers fly 

over a city at a local time close to noon, the plumes that impact the XCO2 imagery are 

generated by morning emissions. To correctly link the XCO2 observations and underlying 

emissions, morning emissions rather than the monthly mean emissions are needed. In this 

case, we apply the hourly profiles from TIMES to estimate the morning emissions from the 

monthly means. The overpass time of considered satellites determines how the ODIAC 

product is used. 

To remove the ambiguity identified by the reviewer, we revise the manuscript by: 

- Changing the title of section to “2.1 Development of a high resolution emission map of 

morning emissions”. 

- Moving the paragraph L139-L147 into the introduction L116: “Because CO2 produced 

by emissions is quickly dispersed by transport, XCO2 plumes sampled at a given time by 

a satellite image usually relate to emissions that occurred few hours before its acquisition 

(Broquet et al., 2018). In this study, we focus on planned LEO imagers on Sentinel 

missions, assuming an equator crossing time around 11:30 local time (Buchwitz et al., 

2013; Broquet et al., 2018) so that XCO2 plumes sampled by these imagers are from 

morning emissions. Different overpass times are also possible for other satellites. For 

example, Equator crossing times of OCO-2 and GOSAT are 13:00-13:30 local time. 

Geostationary imagers may provide a better temporal coverage of the emissions; e.g. 

GeoCARB images are considered to sample a city for multiple times within a day 



(O’Brien et al., 2016).” 

- Deleting Line 146: “We adopt here a focus on planned Sentinel LEO imagers, and thus 

use annual average of morning emissions for calculating emission clumps. To estimate 

morning emissions, …” 

 

10) Figure 1: I do not quite understand this graph. How do the authors divide the total 

cumulative share of global annual emissions into power plants and area sources? 

Response: 

 ODIAC emissions can be provided in several emission types, such as point source 

(power plant) and non-point sources. The locations and emissions for power plants in ODIAC 

are derived from the CARDA dataset, while the area emissions are computed by distributing 

the national emissions other than power plants based on the nighttime light.  

 Fig. 1 is plotted based on such separation of emissions from power plants and area 

sources. The cumulative share of the area emissions are shown in blue shade, and the 

cumulative share of the emissions from power plants are plotted in red shade and on top of the 

share of area emissions. 

 We add in line 165: “In ODIAC, the point sources only refer to power plants in the 

CARMA database. So in this study, we refer to sources other than power plants as area 

sources. Before clumps are calculated, …” 

 

11) Line 176-216: The presentation of the method used to identify the emission clumps is not 

clear. I tried to follow the steps in these paragraphs, but I was stopped by “Firstly”(line177), 

“Secondly”(line184),“1)”(line191),“2)”(line196),“3)”(line204),“4)”(line211).The structure is 

unclear. Since the core of this paper is to present a new method, the authors need to convince 

us that this method could be easily performed and possibly repeated by other researchers. 

Response: 

 Figures 2 and 3 may be used for a further understanding of the algorithm. “Firstly, ...” 

corresponds to the selection of the power plants. “Secondly, …” corresponds to the 

computation of area clumps. The computation of area clumps follows four steps numbered 1) 

to 4).  

To make it clearer, we add in line 176 “… Fig. 3 illustrates how it operates for a small 

domain as an example. Two categories of emission clumps are defined. A) Firstly … B) 

Secondly…The four steps to compute area sources emission clumps are detailed as below.” In 

addition, we provide the code with detailed comments for the algorithm. 

 

12) Line 176-216: Meanwhile, the authors should publish the original code that is used to 

produce the emission clumps. 

Response: 

We do provide the code, with detailed comments, that is used to produce the emission 

clumps. 

 

13) Line 196: What is the relationship between the emission clumps identified by step “1)”, 

“2)”and “3)”? Saying that they are independent, I would re-name them as Category A, B, 

C, …or those names used in Figure 6. 



Response: 

 The emission clumps are categorized in three types. The first one is the power plants 

(point-source clumps) which was directly taken from the power plants in ODIAC (which was 

based on CARMA dataset) (step “A)” in the revised manuscript, see the response to Q11). 

The second and third types of clumps are both area clumps and they are defined in step “B)” 

and steps “1)”-“4)” (see the response to Q11 and the revised manuscript). The clumps in the 

second type all have a core which was identified as “urban” by ESRI urban map. The clumps 

in the third type do not have a core from ESRI urban map, but have a core whose emissions 

are above threshold-1. Step “1)” defines the potential grid cells to be included in any clump, 

but does not define any clump. Step “2)” defines the cores correspond to an ESRI urban areas. 

Step “3)” defines other cores outside the ESRI urban area. Step “4)” attributes the grid cells 

defined in step “1)” and outside the area in steps “2)” and “3)” to either ESRI cores or non-

ESRI cores. 

We prefer to call them “point-source clump”, “ESRI clump” and “non-ESRI clump”, 

because they are more detailed than just “A”, “B” and “C”. Because the whole text discussed 

the differences and features of the three clumps, using these detailed names will help readers 

without any difficulty recalling what “A” and “B” and “C” refer to. 

We add in line 216: “…recognizing different segments/objects in a picture or 

photograph. The clumps with an ESRI core (step 2) are called “ESRI clumps”, while the 

clumps with a non-ESRI core (step 3) are called “non-ESRI clumps” hereafter. This step is 

illustrated in Fig. 3e… 

 

14) Line 204: What is the difference between “cities” and “towns”? 

Response: 

 We find that the ESRI urban map is not complete to cover all the emission hotspots. For 

example, Fig. 4b in the manuscript show that ESRI urban map only identify Beijing, Tianjin, 

Langfang, etc. But we do see some areas with strong emissions outside these ESRI-urban area 

from Fig. 4e in the manuscript. Because these areas are usually smaller (in terms of surface 

area) than the ESRI-urban area, and is not connected to ESRI-urban area, we call them 

“smaller populated area”. Because countries differ in the levels of administrative divisions, to 

avoid the confusion raised by the referee, we changed the word “towns” into “small cities”.  

 

15) Line 266: “The clump with largest emission is Shanghai” Is it total emission or emission 

density? 

Response: 

It is the total emission. We revise the sentence: “… The clump with largest annual 

emission budget is Shanghai, which emits 47 Mt C per year.…” 

 

16) Line 272-274: I cannot understand these sentences. Shorten for clarity. 

Response: 

 We revise the sentence into: “… This is because the southeast coast of China is densely 

populated even atwithin rural places areas (yellow-green outside the urban area of ESRI urban 

map in Fig. 4e), and because the emission rates per capita is also high in China compared to 

the world average (Janssens-Maenhout et al., 2017). As a result, our algorithm finds more 



non-ESRI clumps and larger area for each clump in China than other regions.” 

 

17) Line 280: There are other data sets for power plants in China better than the CARMA data 

set, e.g. the MEIC inventory, which has been noticed by the authors. 

Response: 

MEIC inventory is used for comparison in Sect. 3.2. In this part, we only discussed the 

distribution of clumps based on the ODIAC map, because it is a global map that were derived 

consistently among countries. In the paper, we aim at some consistency between regions that 

allow comparisons. On the other hand, the methodology that is described in the paper can be 

applied to MEIC (China) or VULCAN (USA) datasets, among others, for more regional 

applications.  

 

18) Figure 5: I do not understand why most emission clumps look like circles or dots in the 

four zoomed region. Is it a visual illusion? 

Response: 

 In this figure, we only plotted the location with small dots rather than the size and shape 

of the clumps. At continental scale, it is hard to display the precise shape of the clumps, 

which was shown by Fig. 4 in the manuscript. To make it clearer, we revise the title of this 

figure: “Figure 5 The spatial distribution of emission-weighted center of the emission clumps 

all over the globe. The inserted plots zooms over 4 regions that contain most of the clumps.”

  

 

19) Section 4: there are too many materials dropped in this part, among which the relationship 

is not very clear. If these discussions are independent, they can be organized in different parts 

under different headlines. 

Response: 

 Following the reviewer’s suggestion, we rewrite this section with three sub-sections: “4.1 

Impacts of the sounding precision on the identification of emission clumps” (with first two 

paragraphs in the original manuscript), “4.2 Impact of using ODIAC on the identification of 

emission clumps” (a newly added paragraph and the third paragraph in the original 

manuscript), “4.3 Implication for future inversion studies” (the last paragraph in the original 

manuscript). 

 

20) Line 466: “a set of large emission clumps” for a large area or a large emission? 

Response: 

 We revise the sentence: “In this study, we have identified a set of large emission clumps 

with large emission rates (in the unit of g C m-2 hr-1) from a high-resolution emission 

inventory. …” 

 

21) Line 467: “This identification method identify”-> “This method identifies”. 

Response: 

We revise the sentence as the reviewer suggested. 

 

22) Line 476: “Given actual atmospheric transport,”-> “Given actual atmospheric transport 



condition,”. 

Response: 

We revise the sentence as the reviewer suggested. 

 


