
Reviewers' comments: 

Reviewer #1 (Remarks to the Author): 

I have reviewed NCOMMS-19-42313, "How have global large cities grown in recent decades". I 

regret that there are several major problems with this paper and I do not think it is publishable as 

written. Here are my my main concerns: 

1) The purpose of the paper is unclear. The clearest articulation of what the paper is about is 

found in the title, but after the title the hypotheses, research problems and or purpose for 

conducting this study are never articulated. The paper becomes a description of how cities have 

grown and how their greenness has changed. There seems to be a particular focus on comparing 

China with the USA. I recognize China is the world's largest country with one the fastest growing 

urban populations, but the emphasis was somewhat strange and seemed to reveal a biased point 

of view of the authors, that came across as propaganda at times (e.g. see the discussion and 

conclusions on line 160-173). 

2) The writing in the paper was poor. The abstract and introduction had multiple errors in every 

paragraph, making the paper very hard to read. The quality of the writing improved through the 

paper, but the paper needs to be rewritten and restructured to be clearer, more logical and 

objective in its scholarship. 

3) The conclusion of the authors were often subjective, lacking the objective rigor of scholarship I 

expect from scientific articles. The authors seem to be making subjective value judgements about 

the effects of urban growth in some countries, that seem completely unrelated and 

unsubstantiated by their data. This starts in the introduction on lines 96-98, and continues in the 

conclusions (e.g. line 169; lines 171-173; 177-179, line 181-182; line 189). 

In conclusion, I think the data is interesting, but the reason of the study is unclear, the writing is 

poor and the conclusions are biased an go beyond the data. 

I regret the paper is not publishable in its current form in a journal. 

Reviewer #2 (Remarks to the Author): 

Overall, this is a good paper which quantifies the uneven urbanization from individual city to global 

scale. The authors analyzed urbanization characteristics in terms of urban expansion, population 

growth, built-up area greening and its beneficiaries, and found these characteristics show strong 

economic-related or spatial patterns. The paper is well-written, clearly organized, and the analysis 

is well conducted. Hence, I recommend it for publication after addressing the comments suggested 

below that authors may consider for improving their manuscript. 

1. The concept/term of urbanization is ambiguous in this paper. It is sometimes used to refer to 

‘urban expansion’ (e.g., Section ‘Rapid urbanization process’), which is the physical growth of 

built-up areas. While in some other contexts, the term refers to the general process including 

urban expansion, population growth and urban environment improvement, e.g., in Lines 160-161. 

So it would better to clarify and unify the meaning of the term ‘urbanization’. 

2. The economic data used in the analysis is based on economic classification at the country level. 

But the economic level in one single country can be very uneven. Take China as an example. 

Regions along China’s eastern coast are far better developed than other parts of China. Therefore, 

it’s not quite appropriate to group cities like Urumqi in the same economic level with cities/urban 

agglomerations such as Beijing, PRD and YRD. 

I understand that maybe using country-level data is the only feasible way for this analysis at the 

global scale. So if there are no other suitable economic level datasets, this limitation should at 



least be mentioned in the discussion section. 

For the case studies of PRD and YRD, authors could consider using the economic data of these 

regions alone instead of the number for the whole country, to quantify the relationship between 

levels of socio-economic and BUA, population growth, urban greening, etc. 

3. The term ‘Large cities’ is commonly defined based on population. In this paper, large cities are 

urban patches larger than 100 km2 extracted from satellite images. Could the authors clarify if this 

definition will omit cities with a large population or high population density but relatively small 

areas? 

4. Fig. 1 and Supplementary Fig. 5: It would be better to consider combining BUA and population, 

i.e., calculating BUA population density, in Fig. 1 and Supplementary Figure 5. In this way, the 

situation of urban land expansion lagging behind the needs of the growing urban population 

(overcrowding) in lower-middle-income and low-income countries can be better presented. 

5. Figures 1b, 1d, 2b and 3b: I suggest that the authors conduct a statistical test to see if the 

average BUAE, average PopI, average REVI and the average population living in BUA greening at 

the four economic levels are significantly different. 

6. Lines 130-139: The “fried egg” shape is very interesting. But it would be better to briefly 

explain what the “fried egg” shape indicates and why this shape matters. For example, what is the 

difference between the ‘yolk’ areas and ‘egg white’ areas in terms of urban density, population 

density or time when the urban land appears? Why it’s shaped like that? 

7. Section ‘Beneficiaries from urban greening’: Greening areas in this context are not necessarily 

greener than other areas. Just as said in Line 189, some areas are “green enough”. So besides 

beneficiaries of urban greening, I suggest analyzing beneficiaries of urban greenness (EVIamax) as 

well, instead of relating urban greenness to BUA in Supplementary Fig. 6. 

8. Some other minor questions: 

1) Line 9: Please check the grammar. ‘Global’ is an adjective. 

2) Lines 10-11: In the sentence ‘we found lower-middle-income and low-income countries respond 

to the high population pressure and environmental problems’, the word ‘respond’ seems unclear. 

3) Line 51: Please indicate if ‘adjacency’ is determined based on 4-connectivity or 8-connectivity. 

4) Section ‘MODIS land cover type product’: The classification accuracy of the MODIS land cover 

product could be mentioned in order to show the reliability of using this data to extract large cities. 

5) Lines 222-223: It is not clear how NDVI datasets were used in the study. If it is important, it 

would be better to give a little more explanation. Otherwise, I suggest deleting the sentence ‘the 

NDVI datasets are used for the comparative analyses’. 

6) The word ‘frequency’ in all of the figures seems a little unsuitable. ‘Percentage’ may be the 

better word. It would also be better if the decimals in Table 1 could be presented as percentages. 

7) Fig. 3b: The title of the purple y-axis should be ‘Average population living in GBUA (thousand)’. 

I hope the authors will find my comments useful.



Response to Reviewers 

We much appreciate the valuable comments and suggestions from both the reviewers. 
These comments and suggestions have encouraged us to view our work with much 
greater insight than before. According to these comments, we have revised the 
manuscript thoroughly. The detailed responses to these comments are given below. 

Response to Reviewer #1: 

I have reviewed NCOMMS-19-42313, "How have global large cities grown in recent 
decades". I regret that there are several major problems with this paper and I do not 
think it is publishable as written. Here are my main concerns: 

1) The purpose of the paper is unclear. The clearest articulation of what the paper is 
about is found in the title, but after the title the hypotheses, research problems and or 
purpose for conducting this study are never articulated. The paper becomes a 
description of how cities have grown and how their greenness has changed. There 
seems to be a particular focus on comparing China with the USA. I recognize China is 
the world's largest country with one the fastest growing urban populations, but the 
emphasis was somewhat strange and seemed to reveal a biased point of view of the 
authors, that came across as propaganda at times (e.g. see the discussion and 
conclusions on line 160-173).  

Response: Thanks for the valuable comments. We have revised the paper thoroughly 
and clarified the research problems and the purpose of the paper (Please see the text 
on lines 44-51 of the revised manuscript). To highlight the findings of the study, we 
also amended the paper title as “Dramatic uneven urbanization development of global 
large cities in recent decades” .  

Urbanization is an unavoidable socioeconomic progress; specifically, due to rapid 
population growth and economic development since the middle twentieth century, the 
world has experienced dramatic urbanization. However, because of the urban data 
availability, a systematic understanding of global urbanization has not been available 
yet. Undoubtedly, such an understanding is valuable for disclosure of likely 
experiences and lessons of urbanization in different parts of the world. Using the 
state-of-the-art urban data, including built-up area, population and land vegetation 
index, the paper aims to reveal the features of urbanization development of global 
large cities in the recent decades (from 2001 to 2018). Therefore, as indicated in the 
text on lines 44-47, three research questions which motivated the study are “ (i) How 
has global urbanization developed in recent decades? (ii) What is the relationship 
between the economy and urban development? (iii) Has the urban environment 
improved? If so, how many people have benefited?”. 

The text on lines 160-173 in the original submission has been removed. Specifically, 
we have removed the description which may cause a biased point of view. 
Nevertheless, as a salient urbanization development from 2001 to 2018, the urban 
expansion in China from 2001 to 2018 is the largest, accounting for 47.5% of the total 
urban expansion in the world. Therefore, the paper includes the texts on lines 241-252
to provide the salient urbanization feature in China. 



2) The writing in the paper was poor. The abstract and introduction had multiple 
errors in every paragraph, making the paper very hard to read. The quality of the 
writing improved through the paper, but the paper needs to be rewritten and 
restructured to be clearer, more logical and objective in its scholarship. 

Response: We have revised the paper thoroughly. Also, this revised manuscript has 
been edited by LetPub Editing Service. 

3) The conclusion of the authors was often subjective, lacking the objective rigor of 
scholarship I expect from scientific articles. The authors seem to be making subjective 
value judgements about the effects of urban growth in some countries, that seem 
completely unrelated and unsubstantiated by their data. This starts in the introduction 
on lines 96-98, and continues in the conclusions (e.g. line 169; lines 171-173; 177-179, 
line 181-182; line 189).  

Response: We rewrote the section of Discussion and conclusions (Lines 198-278). 
We removed those sentences which might cause subjective conclusions. In this 
revised manuscript, all the results were induced from data analysis with objective 
rigor of scholarship. 

In conclusion, I think the data is interesting, but the reason of the study is unclear, the 
writing is poor and the conclusions are biased an go beyond the data. 

I regret the paper is not publishable in its current form in a journal. 

Response: We much appreciate the reviewer’s constructive comments. We believe 
that the clarification of the presentation of the revised manuscript has been improved.



Response to Reviewer #2: 

Overall, this is a good paper which quantifies the uneven urbanization from individual 
city to global scale. The authors analyzed urbanization characteristics in terms of 
urban expansion, population growth, built-up area greening and its beneficiaries, and 
found these characteristics show strong economic-related or spatial patterns. The 
paper is well-written, clearly organized, and the analysis is well conducted. Hence, I 
recommend it for publication after addressing the comments suggested below that 
authors may consider for improving their manuscript.  

Response: We are grateful for the reviewer’s positive and encouraging comments and 
invaluable suggestions. Accordingly, we have revised the paper thoroughly. We 
believe that the clarification of the presentation of the paper has been improved. 

1. The concept/term of urbanization is ambiguous in this paper. It is sometimes used 
to refer to ‘urban expansion’ (e.g., Section ‘Rapid urbanization process’ ), which is the 
physical growth of built-up areas. While in some other contexts, the term refers to the 
general process including urban expansion, population growth and urban environment 
improvement, e.g., in Lines 160-161. So it would better to clarify and unify the 
meaning of the term ‘urbanization’ . 

Response: Many thanks for the suggestion. In the revision, the section of ‘Rapid 
urbanization process’ was renamed as ‘Built-up area expansion’ . Yes, urbanization 
refers to built-up area explanation, urban population growth and environment change. 
The concept of urbanization has been unified in Introduction section (Lines 39-40, i.e., 
Notably, urbanization refers to urban built-up area (BUA) expansion, population 
growth, and environmental change.) and Discussion and conclusions section (Lines 
198-199, i.e., Using the results presented above, we identified the urbanization 
characteristics for large cities in terms of the urban expansion, population growth, and 
urban environmental changes.). 

2. The economic data used in the analysis is based on economic classification at the 
country level. But the economic level in one single country can be very uneven. Take 
China as an example. Regions along China’s eastern coast are far better developed 
than other parts of China. Therefore, it’s not quite appropriate to group cities like 
Urumqi in the same economic level with cities/urban agglomerations such as Beijing, 
PRD and YRD.  

I understand that maybe using country-level data is the only feasible way for this 
analysis at the global scale. So if there are no other suitable economic level datasets, 
this limitation should at least be mentioned in the discussion section.  

For the case studies of PRD and YRD, authors could consider using the economic 
data of these regions alone instead of the number for the whole country, to quantify 
the relationship between levels of socio-economic and BUA, population growth, 
urban greening, etc. 

Response: Many thanks for the valuable suggestion. Since the paper analyzed the 
global data, we didn’t include the impacts of regional differences of economy in a 
country on urbanization development in the study. We assume a country adopt the 



similar policies in developing urbans, and the features of urbanization in one county 
are distinct from them in another country. Moreover, according to UN’s economic 
data and separation of four income classifications, the paper summarized the 
urbanization features associated with the income classifications. 

Following the comments, in the revision, we emphasized the political zones of 
economic levels. In the section of discussion and conclusions, we added the 
limitations of the study in using economic data (see the text on Lines 255-261. i.e.,
However, due to the singularity of the economic data (income levels)20, the 
interpretation of the results still has certain limitations. For example, with a large 
economic aggregate and large land area, China has a significant difference in the 
economic development in the eastern and western regions. In the YRD and PRD in 
eastern China, the gross domestic product (GDP) per capita in 2018 (see Methods) has 
reached the level of the high-income countries. Thus, we should be cautious in 
elucidating the impacts of country income levels on urbanization.) 

3. The term ‘Large cities’ is commonly defined based on population. In this paper, 
large cities are urban patches larger than 100 km2 extracted from satellite images. 
Could the authors clarify if this definition will omit cities with a large population or 
high population density but relatively small areas? 

Response: To emphasize the features of urban built-up area expansion in association 
with urban population growth and greening, this paper defined the large cities in terms 
of urban patches larger than 100 km2. Then, this is a limitation of the study that some 
cities with large population and small built-up area will not be included. In the 
revision, we clarified the advantages in the section of built-up area expansion (Lines 
62-65, i.e., Further, our analysis focused on the urban patches larger than 100 km2

(large cities, hereafter) around the world. The advantage of defining large cities in this 
way is that we were able to include more cities with large BUA areas but relatively 
smaller populations, such as many low-density cities in the United States and other 
developed countries.) and the limitation in the section of discussion and conclusions 
(Lines 261-264, i.e., In addition, in order to provide a global estimate of urbanization, 
we used 100 km2 as a criterion to screen large cities around the world. Consequently, 
only dozens of cities in Africa and India were selected as our research objects, which 
may not represent the reality of urbanization process in these countries.). 

4. Fig. 1 and Supplementary Fig. 5: It would be better to consider combining BUA 
and population, i.e., calculating BUA population density, in Fig. 1 and Supplementary 
Figure 5. In this way, the situation of urban land expansion lagging behind the needs 
of the growing urban population (overcrowding) in lower-middle-income and 
low-income countries can be better presented. 

Response: Thanks for the constructive suggestion. We add Fig. 1e to represent the 
ratio (RPB) of the urban population growth rate to the BUA growth rate of the 105 
large cities with BUA expansion exceeding 50 km2 from 2001 to 2018. The result 
presented in Fig. 1e shows that in most parts of the world, urban expansion has lagged 
far behind the population growth since the advent of the new century. 

Moreover, we added a new figure (Fig. 2 in the revised manuscript) and the text on 
lines 110-120 to present the population density of the 841 large cities. From the new 



figure, we can obtain more insights into the urbanization development in recent 
decades. Fig. 2b shows that the average population density of the large cities in the 
low-income countries is approximately 3.2 times that in the high-income countries. 
Concerning the built-up area expansion and population growth, we found that some 
large cities would face sever crowding and possible other city problems (please see 
Fig. 2c).  

5. Figures 1b, 1d, 2b and 3b: I suggest that the authors conduct a statistical test to see 
if the average BUAE, average PopG, average REVI and the average population living 
in BUA greening at the four economic levels are significantly different. 

Response: Thanks for the suggestion. We have regenerated the Fig. 1b, 1d, Fig. 3b,
Fig. 4b and Supplementary Fig. 5b. Those new figures (please see the error bars) 
include the standard errors of the mean of the corresponding parameters for each 
economic level. In the revised paper, we analyzed the means of the parameters at 
different economic levels, and the significant differences of the means were given. 
(Please see the text on Lines 81-83; namely, “From 2001 to 2018, the average BUA 
expansion in high-income countries was only 12.6 km2 per city, which significantly 
differs from that of the other three groups (P < 0.01; purple lines in Fig. 1b).” ) 

6. Lines 130-139: The “fried egg” shape is very interesting. But it would be better to 
briefly explain what the “ fried egg”  shape indicates and why this shape matters. For 
example, what is the difference between the ‘yolk’ areas and ‘egg white’ areas in 
terms of urban density, population density or time when the urban land appears? Why 
it’s shaped like that? 

Response: In the revised manuscript, we included the more explanation about “ fried 
egg” , “yolk”  and “egg white” . Please see the text on Lines 143-156 and below:

From the spatial pattern of the greening pixels in 325 large cities (REVI > 0.1), 

we found that many greening areas of large cities have a shape like a “ fried egg” , 

where the yolk-shaped area has been turning green significantly (P < 0.05); the “egg 

white”  area refers to the area of browning or no significant greening outside the 

yolk-shaped area.""These yolk-shaped BUA greening areas are usually located in 

the cores of the cities. Normally, the main characteristics of these areas include a high 

building density and high population density26. In these areas, the majority of the 

urban construction would have already been completed before 2001, so any newly 

established parks or green spaces, even the growth of street vegetation, will increase 

the greenness of the BUA pixels year by year.

7. Section ‘Beneficiaries from urban greening’ : Greening areas in this context are not 
necessarily greener than other areas. Just as said in Line 189, some areas are “green 
enough”. So besides beneficiaries of urban greening, I suggest analyzing beneficiaries 
of urban greenness (EVImax) as well, instead of relating urban greenness to BUA in 
Supplementary Fig. 6. 

Response: Many thanks for the suggestion. We added a paragraph in Lines 179-195. 
In addition, we regenerated Supplementary Fig. 5a-c. The revised manuscript 
included the population living in BUA with different levels of average urban 



greenness (EVIcity).(i.e., Lines 189-195: Furthermore, according to the gridded 
population data in 2015, only 12% (135 million) of the population lives in one quarter 
of the large cities with the highest EVIcity (Q4), and over 71% (157 out of 211) of the 
large cities in Q4 are located in high-income countries (Supplementary Fig. 5c). In 
contrast, approximately 69% of population are lives in large cities with a relatively 
low EVIcity in Q1 and Q2 (Supplementary Fig. 5c). 

8. Some other minor questions:
1) Line 9: Please check the grammar. ‘Global’ is an adjective.  

Response: Done (Lines 8-9). i.e., However, a perspective to clarify the urbanization 
characteristics from individual cities to the globe still lacks.

2) Lines 10-11: In the sentence ‘we found lower-middle-income and low-income 
countries respond to the high population pressure and environmental problems’ , the 
word ‘ respond’ seems unclear. 

Response: We rewrote the abstract. Please see the text on lines 11-14 and below: 

On average, large cities in the low-income and lower-middle-income countries have 
the highest urban population growth, and the BUA expansion in the 
upper-middle-income countries is more than three times that of the high-income 
countries. 

3) Line 51: Please indicate if ‘adjacency’ is determined based on 4-connectivity or 
8-connectivity. 

Response: Done, see the detail in Method section in Lines 289-291. i.e., In this 
process, only the pixels that were edge-adjacent (4-connectivity) were merged into a 
united urban patch. 

4) Section ‘MODIS land cover type product’ : The classification accuracy of the 
MODIS land cover product could be mentioned in order to show the reliability of 
using this data to extract large cities.  

Response: Done. See the detail in Lines 285-287. i.e., The spatial resolution of the 
land cover product was 500 m and had a reported 73.6% overall land cover 
classification accuracy and relatively high accuracy for urban areas19.

5) Lines 222-223: It is not clear how NDVI datasets were used in the study. If it is 
important, it would be better to give a little more explanation. Otherwise, I suggest 
deleting the sentence ‘ the NDVI datasets are used for the comparative analyses’ . 

Response: Done. We deleted the text. Thank you for the suggestion.

6) The word ‘ frequency’ in all of the figures seems a little unsuitable. ‘Percentage’ 
may be the better word. It would also be better if the decimals in Table 1 could be 
presented as percentages. 

Response: Done. In the revision, we used ‘percentage’ to replace ‘ frequency’ in all the 



figures and Table 1. 

7) Fig. 3b: The title of the purple y-axis should be ‘Average population living in 
GBUA (thousand)’ . 
I hope the authors will find my comments useful. 

Response: Done. We regenerated Fig. 4b and use ‘Average Beneficiaries’ for the title. 
We much appreciated the reviewer’s constructive and valuable comments and 
suggestions.  



REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

I have reviewed “Dramatic uneven urbanization development of global large cities in recent 

decades” for a second time. My first review of the paper was very critical, and I concluded that the 

paper was not publishable. I have carefully given the revised paper a second look at the explicit 

request of the editors. The paper does address a very important topic (recent urban growth and 

greening), performed on a comprehensive assessment of all “large” cities throughout the world, 

and the results are interesting and important. The methods appear to be rigorous (but see major 

concern about scale of greenness trend used), and the results are interesting. So, I do think the 

paper has value. While the revisions have improved the paper, there are still significant problems 

with the paper and I do not think it is publishable in its current form. Notably, there are a number 

of items I brought up in the original version of the paper that were not appropriately addressed. 

Specifically, there remains significant bias in the interpretation of the results, where the authors’ 

conclusions go beyond what the data should allow suggesting a subjective bias by the authors in 

their conclusions. The English remains problematic in many places. I also have one major concern 

about how greening was measured, which requires clarification and perhaps reanalysis and 

reinterpretation. 

I have tried to be as thorough in my comments here as possible, because it is important that if 

this paper is to be published, that the interpretation is accurate and the conclusions are 

appropriate. 

1) Concerns with methodology used to quantify urban greening - 

The scale at which urban greening was measured is unclear and potentially problematic. Was 

urban greening measured over the entire extent of the urban area of each city, and readjusted as 

cities grew? This was would be the best approach because it would properly greening over the 

entire urbanized area, without confound from conversion of forest, arid, or rural areas to urban 

development, which would downwardly bias greening trends. 

Alternatively, was a fixed area taken that may or may not contain the entirety of each city. The 

following text on lines 311-312 suggest it was the latter, but it is still very much unclear from this 

text: 

“the spatial resolution of the MOD13A1 data is 500 m; thus, we wrote a python program to 

calculate the Mann-Kendall trend for each pixel in a 2,400 by 2,400 km grid” 

Surely this same grid was not applied to every city since 2400x2400 km would not include every 

city? So was a new grid applied to each city, and was it really 2400km x 2400km? Note, the 

distance form Beijing to Hong Kong isn’t even 2000km. How was this grid then restricted to the 

limits of each city and adjusted through time for their growth? Overall, I am very confused about 

the scale used to measure urban greening and this scale will have a huge influence on the results 

obtained, and thus the conclusions reached. For example, if the cities were smaller than the grid 

used then the pixels would also be picking up rural areas, which we would not expect to 

significantly green over time, or may decrease in greenness if converted to urban development 

during 2001-2018. As mentioned above, I would think that the best approach would be to scale 

the sampling area to each city, and have that scaling change through time to match the growth of 

city size. 

In conclusion, this method needs clarification because it is key to one of the most important 

questions and conclusions from the paper. 

2) Lines 231-232: Discussion and results relating to “green enough” urbanization- I appreciate 

that "green enough" is in quotations, but this term is misleading and should not be used. It isn't 



clear how much green is enough for maintaining sustainable ecosystems and healthy human 

populations. Existing data suggests that the benefits of increased greening have no clear plateau 

within the range of urban greenness on both ecosystem health (pick your favorite urban ecology 

book) and health benefits to humans (e.g. Kardan et al 2015 Sci Reports, Engemann et al 2019 

PNAS, the list of possibly refs is long), so this wording and analysis is both inaccurate and 

unsubstantiated in the message it sends. 

3) Biased interpretation: Throughout the paper the authors interpret a significant trend in greening 

as “improvement” to the environment and as a “benefit” to people. The authors have quantified 

urban change and urban greening, but they have not explicitly measured any metric of 

improvement to the environment or the direct effects of urban greening on human health. There 

are such studies, but not on the scale of analysis performed. Conclusions about “improvement” 

and “benefits” would need direct measurement of environmental quality (e.g. water quality, air 

pollution, etc.) and human health (e.g. cardiovascular disease, psychological disorders, etc.). It is 

important the authors’ interpretation and conclusions be limited to their data, and to leave any 

subjective interpretation to a wider discussion, where they can openly and explicitly speculate 

about how their results relate to ecosystem and environmental quality and benefits for humans. 

For example, it would be totally acceptable to describe their results, and then late in the discussion 

to say that access to nature and the amount of urban green space are likely to have multiple 

benefits on the environment and for human health/well-being, including cardiovascular condition, 

mental health and reduced crime and violence. In conclusion, the authors need to be MUCH more 

cautious in their interpretation and to make it clear to readers when they are speculating. 

Here are specific instances of the authors’ claims that go beyond their data or that show a bias of 

interpretation: 

- Line 14: “urban environment has improved in 325 large cities” 

- Line 32-33: “a pleasant urban environment” is vague and subjective. 

- Line 46: “Has the urban environment improved”? The authors need to restate this question – 

they measured whether urban environments have undergone greening; they have not directly 

measured “improvement”. For example, “greening” in Phoenix is not beneficial to most native arid 

flora and fauna. Similarly greening achieved by the planting of exotic trees may not benefit native 

biodiversity, while it may have positive effects on air quality and human well-being. Thus, the 

effects of greening are nuanced and dependent on one’s perspective. 

-Line 116-117: “resulting in various urban problems, such as overcrowding or emergence of urban 

slums.” - The authors are assuming "urban problems" without measuring them. The citation given 

is related to Bangladesh, not the cities being discussed. The authors should not make conclusions 

that go beyond their data. They can speculate in the discussion, but such speculations should be 

clearly identified as such, not presented as fact as is done here by the authors. 

- Line 119: “Fortunately”, again this wording shows a biased interpretation of the data not directly 

supported by the data 

- Line 229: “gratifying to note …”, the word “gratifying” suggests the authors are proud about 

something, again showing a biased and subjective interpretation of the importance of their results. 

- Line 249-252: “As the largest developing country and the second largest economy, China has 

improved the urban environment dramatically, and the experience of urbanization in China can be 

a beneficial reference for the other developing countries” - This is not an objective interpretation of 

the results, but instead biased viewpoint that reads more like propaganda than actual science. The 

authors have not directly measured improvement to environments or benefits to humans; they 

have measured greening, with the assumption that this equates to these two things. The authors 

need to be more careful in their interpretation and tone. 

4) Although the authors indicate they have corrected all of the English and used a professional 

editing service, there are still numerous problems with grammar, word useage and vague or 

unclear writing. Here are the specific issues I identified: 

- Title: The title is grammatically incorrect and doesn’t make sense as written. Please consider the 



following: “Dramatic uneven urban development of large cities throughout the world in recent 

decades” 

- Line 8: revise to read: “The world has experienced …” OR “The world has been experiencing …” 

- Lines 8-9: “The globe still lacks” is grammatically incorrect. Consider reword the sentence to 

read: “However, we still lack information about the characteristics of urbanization from individual 

cities around the world”. 

- Line 24: revise to read: “of the United Nations” 

- Line 27:What is meant by: “whether the future of urban is flourishing …”? This is vague and 

unclear. 

- Line 29-30: “urbanization with development occurs when urban expansion is adaptable to the 

population growth”. This is vague and unclear. Furthermore, urbanization by definition includes 

development, so this doesn’t make sense (also applies to line 33) 

- Line 116: revise to read: “had limited urban expansion, …” 

- Line 133: “… Revi larger than 0.1.” - As written it is not clear to readers what the ratio means in 

any biological sense. What does a value>0.1 correspond to in concrete terms? Can the authors 

relate this to a % increase in greening per unit area? 

- Line 144-146, re: Fried egg analogy: While this is a nice analogy, can the authors relate this to a 

location within the city? Is the "yolk" the downtown area and the "egg white" the suburbs? The 

yolk is defined further down, but it would be helpful if that was given here. The eggs white is never 

defined with respect to location in the city 

- Line 185-186: The point being made here is unclear. Do the authors mean to say that these 

cities are naturally arid, and are naturally less green because of this? Please be more clear and 

explicit. 

- Line 189-193: These two sentences are poorly written and have many grammatical errors. They 

need to be completely and carefully rewritten 

- Line 235: “that on the way to achieve”. Please correct the grammar, I am not sure what the 

authors are trying to say. 

- Line 263-264: the word “objects” is an odd choice here, and the last clause should have the word 

“the” before “urbanization” (“… the urbanization process…”) 

- Figure legends: Please define all acronyms used in the figures (e.g. PRD, YRD) in the figure 

legend, so figures can stand alone. 

Other minor comments: 

5) Lines 74-75: Quote income amounts parenthetically here. 

6) Line 106: This measure doesn't account for increased vertical growth through the construction 

of highrise apartments and condominiums, seen in many large cities throughout the world. Some 

cities are intensifying as opposed to growing outwards 

Reviewer #2 (Remarks to the Author): 

Thank you for the careful attention in addressing the comments I provided. I think all of them 

make the paper stronger. However, there are still a few suggestions I would like to give as below. 

1. ‘Urbanization development’ in the title and the text (Lines 200 and 272) is not an accurate term. 

It should either be termed as ‘urbanization’ or ‘urban development’. I suggest using ‘urbanization’. 

2. I think the three research questions are so big that it’s almost impossible to address any of 

them in one single paper. Please be more explicit and rewrite them to match what is actually 

solved. 

3. Line 29: The context ‘in countries with economic growth and development’ is too broad. Lots of 

countries are experiencing economic growth and development, but urbanization with development 

is not common in many of them. 

4. Lines 39-40: The definition of ‘urbanization’ is incorrect as urbanization covers more than these 

three aspects. I would suggest not to define ‘urbanization’ but focus on clarifying the three 

perspectives this paper aims to characterize. 



5. Line 203: Please clarify what the first feature is at the start of this paragraph instead of stating 

how this feature was obtained. Similar to this issue, in Line 223, the second feature also needs to 

be described accurately. 

6. Lines 113-115: I don’t quite understand why only six cities are mentioned here, because all the 

dots in Fig. 2c represent cities with population growth more than 2 million. Besides, according to 

Fig. 2a, among these six cities, Cairo and Dhaka experienced massive urban expansion (> 200 

km2). 

My remaining concerns are mainly grammatical and wording-related. 

1. The word ‘the’ is used too many times where it’s not needed, making the text not very smooth 

to read. For example, in Line 115, ‘the’ in ‘the limited urban expansion’ can be deleted. 

2. The use of past tense and present tense should be double-checked. For example, in Lines 285-

287, ‘was’ and ’had’ should be replaced with ‘is’ and ‘has’. 

3. Some statements are not concise enough, e.g., in Lines 59-60, the sentence ‘Except for…’. In 

Line 202, ‘urbanization in recent decades’ would be enough. Another example is Lines 194-195, 

where the sentence could be rewritten in more authentic English. 

4. Line 8: should use a positive voice. 

5. Line 16: ‘benefited’ should be followed by ‘from…’. 

6. Line 27: should use a noun after ‘the future of’ instead of the adjective ‘urban’. 

7. Line 193: use ‘live’ instead of ‘are lives’. 

8. Line 213: The word ‘asymmetric’ does not fit in this context. 

9. Lines 234-235: should be ‘but the ratio of the BUA greening from 2001 to 2018 is also the 

smallest’. 

10. Line 256: ‘Singularity’ does not seem to be the right word. Could use ‘scarcity’ instead. 

11. Line 268: should read ‘achieving’. 

12. The s.e.m (standard error of the mean) should be capitalized as S.E.M (Standard Error of The 

Mean).



)+1/.-1+ 2. )+3,+4+01

)+1/.-1+ 2. )+3,+4+0 $%'

D ZShW dWh[WiWV o?dS_Sf[U g`WhW` gdTS`[lSf[a` VWhW^ab_W`f aX Y^aTS^ ^SdYW U[f[We [`
dWUW`f VWUSVWep Xad S eWUa`V f[_W+ Gk X[def dWh[Wi aX fZW bSbWd iSe hWdk Ud[f[US^) S`V D
Ua`U^gVWV fZSf fZW bSbWd iSe `af bgT^[eZST^W+ D ZShW USdWXg^^k Y[hW` fZW dWh[eWV bSbWd
S eWUa`V ^aa] Sf fZW Wjb^[U[f dWcgWef aX fZW WV[fade+ NZW bSbWd VaWe SVVdWee S hWdk
[_badfS`f fab[U 'dWUW`f gdTS` YdaifZ S`V YdWW`[`Y() bWdXad_WV a` S Ua_bdWZW`e[hW
SeeWee_W`f aX S^^ o^SdYWp U[f[We fZdagYZagf fZW iad^V) S`V fZW dWeg^fe SdW [`fWdWef[`Y S`V
[_badfS`f+ NZW _WfZaVe SbbWSd fa TW d[Yadage 'Tgf eWW _S\ad Ua`UWd` STagf eUS^W aX
YdWW``Wee fdW`V geWV() S`V fZW dWeg^fe SdW [`fWdWef[`Y+ Ma) D Va fZ[`] fZW bSbWd ZSe hS^gW+
QZ[^W fZW dWh[e[a`e ZShW [_bdahWV fZW bSbWd) fZWdW SdW ef[^^ e[Y`[X[US`f bdaT^W_e i[fZ
fZW bSbWd S`V D Va `af fZ[`] [f [e bgT^[eZST^W [` [fe UgddW`f Xad_+ HafST^k) fZWdW SdW S
`g_TWd aX [fW_e D TdagYZf gb [` fZW ad[Y[`S^ hWde[a` aX fZW bSbWd fZSf iWdW `af
Sbbdabd[SfW^k SVVdWeeWV+ MbWU[X[US^^k) fZWdW dW_S[`e e[Y`[X[US`f T[Se [` fZW [`fWdbdWfSf[a`
aX fZW dWeg^fe) iZWdW fZW SgfZader Ua`U^ge[a`e Ya TWka`V iZSf fZW VSfS eZag^V S^^ai
egYYWef[`Y S egT\WUf[hW T[Se Tk fZW SgfZade [` fZW[d Ua`U^ge[a`e+ NZW @`Y^[eZ dW_S[`e
bdaT^W_Sf[U [` _S`k b^SUWe+ D S^ea ZShW a`W _S\ad Ua`UWd` STagf Zai YdWW`[`Y iSe
_WSegdWV) iZ[UZ dWcg[dWe U^Sd[X[USf[a` S`V bWdZSbe dWS`S^ke[e S`V dW[`fWdbdWfSf[a`+

D ZShW fd[WV fa TW Se fZadagYZ [` _k Ua__W`fe ZWdW Se baee[T^W) TWUSgeW [f [e [_badfS`f
fZSf [X fZ[e bSbWd [e fa TW bgT^[eZWV) fZSf fZW [`fWdbdWfSf[a` [e SUUgdSfW S`V fZW Ua`U^ge[a`e
SdW Sbbdabd[SfW+

)+1/.-1+' QW _gUZ SbbdWU[SfWV kagd XgdfZWd hS^gST^W Ua__W`fe+ <UUadV[`Y fa fZWeW
Ua__W`fe) iW ZShW dWh[eWV fZW _S`geUd[bf fZadagYZ^k SYS[`+ NZW Xa^^ai[`Y Y[hWe fZW
VWfS[^WV dWeba`eWe fa fZWeW Ua__W`fe a`W*Tk*a`W+

.( >a`UWd`e i[fZ _WfZaVa^aYk geWV fa cgS`f[Xk gdTS` YdWW`[`Y *

NZW eUS^W Sf iZ[UZ gdTS` YdWW`[`Y iSe _WSegdWV [e g`U^WSd S`V bafW`f[S^^k bdaT^W_Sf[U+
QSe gdTS` YdWW`[`Y _WSegdWV ahWd fZW W`f[dW WjfW`f aX fZW gdTS` SdWS aX WSUZ U[fk) S`V
dWSV\gefWV Se U[f[We YdWi; NZ[e iSe iag^V TW fZW TWef SbbdaSUZ TWUSgeW [f iag^V
bdabWd^k YdWW`[`Y ahWd fZW W`f[dW gdTS`[lWV SdWS) i[fZagf Ua`Xag`V Xda_ Ua`hWde[a` aX
XadWef) Sd[V) ad dgdS^ SdWSe fa gdTS` VWhW^ab_W`f) iZ[UZ iag^V Vai`iSdV^k T[Se
YdWW`[`Y fdW`Ve+

<^fWd`Sf[hW^k) iSe S X[jWV SdWS fS]W` fZSf _Sk ad _Sk `af Ua`fS[` fZW W`f[dWfk aX WSUZ
U[fk+ NZW Xa^^ai[`Y fWjf a` ^[`We 0..*0./ egYYWef [f iSe fZW ^SffWd) Tgf [f [e ef[^^ hWdk
_gUZ g`U^WSd Xda_ fZ[e fWjf7 ofZW ebSf[S^ dWea^gf[a` aX fZW GI?.0<. VSfS [e 2-- _8
fZge) iW idafW S bkfZa` bdaYdS_ fa US^Ug^SfW fZW GS``*EW`VS^^ fdW`V Xad WSUZ b[jW^ [`
S /)1-- Tk /)1-- ]_ Yd[Vp+

MgdW^k fZ[e eS_W Yd[V iSe `af Sbb^[WV fa WhWdk U[fk e[`UW /1--j/1-- ]_ iag^V `af
[`U^gVW WhWdk U[fk; Ma iSe S `Wi Yd[V Sbb^[WV fa WSUZ U[fk) S`V iSe [f dWS^^k /1--]_ j
/1--]_; HafW) fZW V[efS`UW Xda_ =W[\[`Y fa Ca`Y Ea`Y [e`rf WhW` /---]_+ Cai iSe
fZ[e Yd[V fZW` dWefd[UfWV fa fZW ^[_[fe aX WSUZ U[fk S`V SV\gefWV fZdagYZ f[_W Xad fZW[d
YdaifZ; IhWdS^^) D S_ hWdk Ua`XgeWV STagf fZW eUS^W geWV fa _WSegdW gdTS` YdWW`[`Y
S`V fZ[e eUS^W i[^^ ZShW S ZgYW [`X^gW`UW a` fZW dWeg^fe aTfS[`WV) S`V fZge fZW



Ua`U^ge[a`e dWSUZWV+ Aad WjS_b^W) [X fZW U[f[We iWdW e_S^^Wd fZS` fZW Yd[V geWV fZW` fZW
b[jW^e iag^V S^ea TW b[U][`Y gb dgdS^ SdWSe) iZ[UZ iW iag^V `af WjbWUf fa e[Y`[X[US`f^k
YdWW` ahWd f[_W) ad _Sk VWUdWSeW [` YdWW``Wee [X Ua`hWdfWV fa gdTS` VWhW^ab_W`f Vgd[`Y
/--.*/-.5+ <e _W`f[a`WV STahW) D iag^V fZ[`] fZSf fZW TWef SbbdaSUZ iag^V TW fa eUS^W
fZW eS_b^[`Y SdWS fa WSUZ U[fk) S`V ZShW fZSf eUS^[`Y UZS`YW fZdagYZ f[_W fa _SfUZ fZW
YdaifZ aX U[fk e[lW+

D` Ua`U^ge[a`) fZ[e _WfZaV `WWVe U^Sd[X[USf[a` TWUSgeW [f [e ]Wk fa a`W aX fZW _aef
[_badfS`f cgWef[a`e S`V Ua`U^ge[a`e Xda_ fZW bSbWd+

)+1/.-1+' GS`k fZS`]e Xad fZW Ud[f[US^ Ua__W`f+ ?gW fa fZW fkba [` fZW bdWh[age
_S`geUd[bf) fZW VWeUd[bf[a` aX US^Ug^Sf[`Y @PD fdW`V _[YZf _[e^WSV S` g`VWdefS`V[`Y aX
fZW _WfZaV+ D` XSUf) fZW ebSf[S^ dWea^gf[a` aX TafZ FS`V >ahWd JdaVgUf S`V @PD dSefWd
X[^W geWV [` fZ[e efgVk [e 2-- _) S`V WSUZ dSefWd X[^W ZSe /1-- Tk /1-- daie,Ua^g_`e
'HIN /1-- Tk /1-- ]_ Yd[V(+ NS][`Y FS`V >ahWd ?SfS [` /-.5 Se S` WjS_b^W) Xad fZW
iad^V) fZWdW SdW /./ VSfS f[^We fZSf US` TW geWV fa VWfWUf fZW Wj[efW`UW aX =O< VSfS+

D` fZ[e efgVk) iW WjfdSUfWV gdTS` bSfUZ =O< VSfS ^SdYWd fZS` .-- ]_/ Xda_ fZW FS`V
>ahWd JdaVgUf [` /-.5+ NZW`) iW US^Ug^SfWV fZW fdW`V aX S``gS^ _Sj[_g_ @PD '@_Sj(
[` /--.*/-.5 Xad WSUZ b[jW^ i[fZ[` S` gdTS` WjfW`f '=O< [` /-.5(+ D` fZW SdWSe
fdS`eXad_WV Xda_ XSd_^S`Ve ad XadWefe [`fa gdTS` ^S`V Xda_ /--. S`V /-.5) fZW
YdWW``Wee aX fZWeW SdWSe iag^V VWUdWSeW+ CaiWhWd) Xad fZW ad[Y[`S^ gdTS` SdWSe) [X fZW
`Wi bSd]e ad YdWW` ebSUWe iWdW VWhW^abWV) fZW YdWW``Wee aX fZWeW SdWSe iag^V [`UdWSeW+
D` fZ[e efgVk) iW US^Ug^SfWV fZW @_Sj fdW`V aX fZW b[jW^e [` S^^ fZW ^SdYW U[f[We) S`V fZW`
[VW`f[X[WV fZaeW b[jW^e i[fZ e[Y`[X[US`f fdW`Ve [` WSUZ U[fk+ <UUadV[`Y^k) iW Uag^V aTfS[`
YdWW`[`Y XWSfgdWe aX S^^ fZW ^SdYW U[f[We+ <e bWd fZW Ua__W`f) fa U^Sd[Xk fZW _WfZaV) iW
dWh[eWV fZW VWeUd[bf[a` aX fZW _S[` fWjf S`V GWfZaV eWUf[a`+

J^WSeW eWW fZW _S[` fWjf a` ^[`We ./4*.0.+ [+W+) Using the enhanced vegetation index 
(EVI)23,24 as a greenness indicator and BUA of 2018 as urban extent, we applied the 
Mann-Kendall method to calculate the trend of the annual maximum EVI (Emax) for 
each urban pixel of the 841 large cities from 2001 to 2018 (see Methods). Then, we 
calculated the ratio (REVI) of the area of the pixels with a significant increasing Emax

trend (P < 0.05) to the BUA in 2018 of the corresponding large city. 

D` fZW GWfZaV eWUf[a`) iW dWh[eWV fZW VWeUd[bf[a` a` ^[`We 0-4*0.1+ [+W+) D` fZ[e efgVk)

fZW ebSf[S^ dWea^gf[a` aX fZW GI?.0<. VSfS [e 2-- _8 fZge) iW idafW S JkfZa` bdaYdS_

fa US^Ug^SfW fZW GS``*EW`VS^^ fdW`V aX @_Sj Xda_ /--. fa /-.5 Xad WSUZ b[jW^ [` S /)1--

Tk /)1-- daie,Ua^g_`e dSefWd X[^W+ NZW`) fZW BWaebSf[S^ ?SfS <TefdSUf[a` F[TdSdk

'B?<F( 'Zffbe7,,YVS^+adY( iSe geWV fa _aeS[U S^^ fZW dSefWd X[^We '/./ f[^We( aX fZW fdW`Ve

[`fa S Y^aTS^ dSefWd _Sb aX fZW @_Sj fdW`V+ A[`S^^k) iW WjfdSUfWV fZW @_Sj fdW`V Xad WSUZ

gdTS` b[jW^ i[fZ[` fZW gdTS` WjfW`f '=O< [` /-.5( S`V US^Ug^SfWV fZW dSf[a 'L@PD( aX fZW

SdWS aX fZW b[jW^e i[fZ S e[Y`[X[US`f [`UdWSe[`Y @_Sj fdW`V '% 9 -+-2( fa fZW W`f[dW =O<

aX fZW UaddWeba`V[`Y gdTS` WjfW`f+

/( F[`We /0.*/0/7 ?[eUgee[a` S`V dWeg^fe dW^Sf[`Y fa oYdWW` W`agYZp gdTS`[lSf[a`* D
SbbdWU[SfW fZSf #YdWW` W`agYZ# [e [` cgafSf[a`e) Tgf fZ[e fWd_ [e _[e^WSV[`Y S`V eZag^V
`af TW geWV+ Df [e`&f U^WSd Zai _gUZ YdWW` [e W`agYZ Xad _S[`fS[`[`Y egefS[`ST^W
WUaekefW_e S`V ZWS^fZk Zg_S` babg^Sf[a`e+ @j[ef[`Y VSfS egYYWefe fZSf fZW TW`WX[fe aX



[`UdWSeWV YdWW`[`Y ZShW `a U^WSd b^SfWSg i[fZ[` fZW dS`YW aX gdTS` YdWW``Wee a` TafZ
WUaekefW_ ZWS^fZ 'b[U] kagd XShad[fW gdTS` WUa^aYk Taa]( S`V ZWS^fZ TW`WX[fe fa Zg_S`e
'W+Y+ ESdVS` Wf S^ /-.2 MU[ LWbadfe) @`YW_S`` Wf S^ /-.6 JH<M) fZW ^[ef aX baee[T^k
dWXe [e ^a`Y() ea fZ[e iadV[`Y S`V S`S^ke[e [e TafZ [`SUUgdSfW S`V g`egTefS`f[SfWV [` fZW
_WeeSYW [f eW`Ve+

)+1/.-1+' NZS`]e Xad fZW SUgfW Ua__W`f+ D` fZW dWh[eWV _S`geUd[bf) iW geWV #YdWW`Wd#

fa dWb^SUW #YdWW` W`agYZ#+ AgdfZWd) iW _aV[X[WV fZW fWjf a` ^[`We .50*.51+ [+W+) In other 

iadVe) fZWeW U[f[We eZag^V TW oYdWW`Wdp Ua_bSdWV i[fZ fZaeW [` VWhW^ab[`Y Uag`fd[We+

D` ?[eUgee[a` S`V Ua`U^ge[a`e) ^[`We //6*/0.+ [+W+) In the high-income countries, due to 

oYdWW`Wdp gdTS`[lSf[a` 'Mgbb^W_W`fSdk A[Y+ 2S S`V 2T( TWXadW /--.) fZW greening 

increase of these cities is not the largest (Fig. 3b).

0( =[SeWV [`fWdbdWfSf[a`7 NZdagYZagf fZW bSbWd fZW SgfZade [`fWdbdWf S e[Y`[X[US`f fdW`V
[` YdWW`[`Y Se o[_bdahW_W`fp fa fZW W`h[da`_W`f S`V Se S oTW`WX[fp fa bWab^W+ NZW
SgfZade ZShW cgS`f[X[WV gdTS` UZS`YW S`V gdTS` YdWW`[`Y) Tgf fZWk ZShW `af Wjb^[U[f^k
_WSegdWV S`k _Wfd[U aX [_bdahW_W`f fa fZW W`h[da`_W`f ad fZW V[dWUf WXXWUfe aX gdTS`
YdWW`[`Y a` Zg_S` ZWS^fZ+ NZWdW SdW egUZ efgV[We) Tgf `af a` fZW eUS^W aX S`S^ke[e
bWdXad_WV+ >a`U^ge[a`e STagf o[_bdahW_W`fp S`V oTW`WX[fep iag^V `WWV V[dWUf
_WSegdW_W`f aX W`h[da`_W`fS^ cgS^[fk 'W+Y+ iSfWd cgS^[fk) S[d ba^^gf[a`) WfU+( S`V Zg_S`
ZWS^fZ 'W+Y+ USdV[ahSeUg^Sd V[eWSeW) bekUZa^aY[US^ V[eadVWde) WfU+(+
Df [e [_badfS`f fZW SgfZader [`fWdbdWfSf[a` S`V Ua`U^ge[a`e TW ^[_[fWV fa fZW[d VSfS) S`V
fa ^WShW S`k egT\WUf[hW [`fWdbdWfSf[a` fa S i[VWd V[eUgee[a`) iZWdW fZWk US` abW`^k S`V
Wjb^[U[f^k ebWUg^SfW STagf Zai fZW[d dWeg^fe dW^SfW fa WUaekefW_ S`V W`h[da`_W`fS^
cgS^[fk S`V TW`WX[fe Xad Zg_S`e+ Aad WjS_b^W) [f iag^V TW fafS^^k SUUWbfST^W fa VWeUd[TW
fZW[d dWeg^fe) S`V fZW` ^SfW [` fZW V[eUgee[a` fa eSk fZSf SUUWee fa `SfgdW S`V fZW S_ag`f
aX gdTS` YdWW` ebSUW SdW ^[]W^k fa ZShW _g^f[b^W TW`WX[fe a` fZW W`h[da`_W`f S`V Xad
Zg_S` ZWS^fZ,iW^^*TW[`Y) [`U^gV[`Y USdV[ahSeUg^Sd Ua`V[f[a`) _W`fS^ ZWS^fZ S`V
dWVgUWV Ud[_W S`V h[a^W`UW+ D` Ua`U^ge[a`) fZW SgfZade `WWV fa TW GO>C _adW USgf[age
[` fZW[d [`fWdbdWfSf[a` S`V fa _S]W [f U^WSd fa dWSVWde iZW` fZWk SdW ebWUg^Sf[`Y+

)+1/.-1+' NZS`]e Xad fZW hS^gST^W egYYWef[a`+ D` fZW `Wi dWh[eWV _S`geUd[bf) [` fZW
LWeg^f eWUf[a`) iW geWV obabg^Sf[a` [` YdWW`[`Y =O<p fa dWb^SUW oTW`WX[U[Sd[Wep+ QW
VWeUd[TWV babg^Sf[a` ^[h[`Y [` =O< i[fZ e[Y`[X[US`f YdWW`[`Y fdW`V [` LWeg^f eWUf[a`)
S`V S^^ fZW TW`WX[fe aX gdTS` YdWW``Wee [`UdWSeW SdW V[eUgeeWV [` ?[eUgee[a` eWUf[a`+

MWW fZW fWjf a` ^[`We .31*.34+ [+W+) mm fZWdW SdW Sbbdaj[_SfW^k .+.3 T[^^[a` gdTS`
dWe[VW`fe [` fZW 51. ^SdYW U[f[We) S`V .6/ _[^^[a` gdTS` babg^Sf[a` SdW ^[h[`Y [` fZW =O<
b[jW^e i[fZ e[Y`[X[US`f YdWW`[`Y fdW`Ve 'A[Y+ 1S(+ NZW ShWdSYW babg^Sf[a` ^[h[`Y [` =O<
i[fZ e[Y`[X[US`f YdWW`[`Y fdW`V [` fZW gbbWd*_[VV^W*[`Ua_W Uag`fd[We [e fZW ^SdYWefmm

MWW fZW fWjf [` ?[eUgee[a` eWUf[a` a` ^[`We /03*/06+ [+W+) D` SVV[f[a`) Se fZW iad^V&e
^SdYWef eagdUW aX W_[ee[a`e0-) ^SdYW U[f[We i[fZ S e[Y`[X[US`f YdWW`[`Y fdW`V _Sk S^ea
TW`WX[f fZW ZWS^fZ aX ^aUS^ gdTS` dWe[VW`fe0.)0/) S`V) fa S UWdfS[` WjfW`f) _[f[YSfW fZW
[_bSUf aX Y^aTS^ U^[_SfW UZS`YW00+

CWdW SdW ebWU[X[U [`efS`UWe aX fZW SgfZader U^S[_e fZSf Ya TWka`V fZW[d VSfS ad fZSf eZai
S T[Se aX [`fWdbdWfSf[a`7



* F[`W .17 ogdTS` W`h[da`_W`f ZSe [_bdahWV [` 0/2 ^SdYW U[f[Wep

)+1/.-1+' Na Sha[V fZW T[SeWV [`fWdbdWfSf[a`) iW geWV ogdTS` YdWW``Wee ZSe [`UdWSeWVp
fa dWb^SUW fZW o[_bdahWV gdTS` W`h[da`_W`fp+ <UUadV[`Y^k) iW dWidafW fZW fWjf [` fZW
<TefdSUf+ ^[`We .1*.2+ [+W+) B^aTS^^k) fZW gdTS` YdWW``Wee ZSe [`UdWSeWV Tk _adW fZS` .-
bWdUW`f aX fZW gdTS` =O< [` 0/2 ^SdYW U[f[We i[fZ S e[Y`[X[US`f YdWW`[`Y fdW`V '%9-+-2(+

* F[`W 0/*007 oS b^WSeS`f gdTS` W`h[da`_W`fp [e hSYgW S`V egT\WUf[hW+

)+1/.-1+' QW geWV oYdWW` ebSUW ad bSd]ep '^[`We 0.*0/( fa dWb^SUW oS b^WSeS`f gdTS`
W`h[da`_W`fp+

* F[`W 137 oCSe fZW gdTS` W`h[da`_W`f [_bdahWVp; NZW SgfZade `WWV fa dWefSfW fZ[e
cgWef[a` n fZWk _WSegdWV iZWfZWd gdTS` W`h[da`_W`fe ZShW g`VWdYa`W YdWW`[`Y8 fZWk
ZShW `af V[dWUf^k _WSegdWV o[_bdahW_W`fp+ Aad WjS_b^W) oYdWW`[`Yp [` JZaW`[j [e `af
TW`WX[U[S^ fa _aef `Sf[hW Sd[V X^adS S`V XSg`S+ M[_[^Sd^k YdWW`[`Y SUZ[WhWV Tk fZW
b^S`f[`Y aX Wjaf[U fdWWe _Sk `af TW`WX[f `Sf[hW T[aV[hWde[fk) iZ[^W [f _Sk ZShW bae[f[hW
WXXWUfe a` S[d cgS^[fk S`V Zg_S` iW^^*TW[`Y+ NZge) fZW WXXWUfe aX YdWW`[`Y SdW `gS`UWV
S`V VWbW`VW`f a` a`Wre bWdebWUf[hW+

)+1/.-1+' NZS`]e Xad fZW Ua__W`fe+ >a`UWd`[`Y fZW XaUge aX fZW efgVk) [` fZW dWh[e[a`)
iW \gef [`U^gVWV fia cgWef[a`e+ MWW fZW fWjf a` ^[`We 1.*10+ [+W+) ''( Cai ZShW Y^aTS^
U[f[We Ydai` [` dWUW`f VWUSVWe [` fWd_e aX gdTS` WjbS`e[a`) babg^Sf[a` YdaifZ S`V
gdTS` W`h[da`_W`fS^ UZS`YW; '''( QZSf SdW fZW dW^Sf[a`eZ[be TWfiWW` fZW gdTS`[lSf[a`
XWSfgdWe S`V fZW WUa`a_[U ^WhW^e;

*F[`W ..3*..47 odWeg^f[`Y [` hSd[age gdTS` bdaT^W_e) egUZ Se ahWdUdaiV[`Y ad
W_WdYW`UW aX gdTS` e^g_e+p * NZW SgfZade SdW Seeg_[`Y #gdTS` bdaT^W_e# i[fZagf
_WSegd[`Y fZW_+ NZW U[fSf[a` Y[hW` [e dW^SfWV fa =S`Y^SVWeZ) `af fZW U[f[We TW[`Y
V[eUgeeWV+ NZW SgfZade eZag^V `af _S]W Ua`U^ge[a`e fZSf Ya TWka`V fZW[d VSfS+ NZWk
US` ebWUg^SfW [` fZW V[eUgee[a`) Tgf egUZ ebWUg^Sf[a`e eZag^V TW U^WSd^k [VW`f[X[WV Se
egUZ) `af bdWeW`fWV Se XSUf Se [e Va`W ZWdW Tk fZW SgfZade+

)+1/.-1+' ?a`W+ QW VW^WfWV fZW dW^SfWV fWjf [` LWeg^fe eWUf[a` S`V ]WWb fZW
ebWUg^Sf[a`e i[fZ fZW iadV oUag^Vp [` ?[eUgee[a`+ '^[`We /.4*/.6+ [+W+) Hence, the cities 
with a rapid population growth and relatively slow BUA expansion in the lower-
middle-income and low-income countries could cause serious urban problems, such as 
slums and crowding15,28(

* F[`W ..67 oAadfg`SfW^kp) SYS[` fZ[e iadV[`Y eZaie S T[SeWV [`fWdbdWfSf[a` aX fZW VSfS
`af V[dWUf^k egbbadfWV Tk fZW VSfS

)+1/.-1+' ?a`W+ MWW fZW fWjf a` ^[`We ..5*..6+ [+W+) ?gW fa fZW dSb[V gdTS` WjbS`e[a`)
fZW babg^Sf[a` VW`e[f[We aX fZWeW Xagd U[f[We iWdW dW^Sf[hW^k ^ai

* F[`W //67 oYdSf[Xk[`Y fa `afW mp) fZW iadV oYdSf[Xk[`Yp egYYWefe fZW SgfZade SdW bdagV
STagf ea_WfZ[`Y) SYS[` eZai[`Y S T[SeWV S`V egT\WUf[hW [`fWdbdWfSf[a` aX fZW
[_badfS`UW aX fZW[d dWeg^fe+

)+1/.-1+' ?a`W+ QW VW^WfWV fZW fWjf aX oDf [e YdSf[Xk[`Y fa `afW fZSfp 'eWW fZW fWjf a`



^[`W //3(+

* F[`W /16*/2/7 o<e fZW ^SdYWef VWhW^ab[`Y Uag`fdk S`V fZW eWUa`V ^SdYWef WUa`a_k)
>Z[`S ZSe [_bdahWV fZW gdTS` W`h[da`_W`f VdS_Sf[US^^k) S`V fZW WjbWd[W`UW aX
gdTS`[lSf[a` [` >Z[`S US` TW S TW`WX[U[S^ dWXWdW`UW Xad fZW afZWd VWhW^ab[`Y Uag`fd[Wep
* NZ[e [e `af S` aT\WUf[hW [`fWdbdWfSf[a` aX fZW dWeg^fe) Tgf [`efWSV T[SeWV h[Wiba[`f fZSf
dWSVe _adW ^[]W bdabSYS`VS fZS` SUfgS^ eU[W`UW+ NZW SgfZade ZShW `af V[dWUf^k _WSegdWV
[_bdahW_W`f fa W`h[da`_W`fe ad TW`WX[fe fa Zg_S`e8 fZWk ZShW _WSegdWV YdWW`[`Y)
i[fZ fZW Seeg_bf[a` fZSf fZ[e WcgSfWe fa fZWeW fia fZ[`Ye+ NZW SgfZade `WWV fa TW _adW
USdWXg^ [` fZW[d [`fWdbdWfSf[a` S`V fa`W+

)+1/.-1+' GS`k fZS`]e Xad fZW hS^gST^W Ua__W`fe+ QW dWidafW fZW fWjf 'eWW fZW fWjf
a` ^[`We /16*/2.(+ [+W+) NZW YdWW`[`Y aX U[f[We [_b^[We _adW gdTS` bSd]e ad YdWW` ebSUWe)
iZ[UZ SdW ^[]W^k fa ZShW _g^f[b^W TW`WX[fe fa fZW W`h[da`_W`f S`V Zg_S` ZWS^fZ,iW^^*
TW[`Y) [`U^gV[`Y USdV[ahSeUg^Sd Ua`V[f[a`.) /) _W`fS^ ZWS^fZ0 S`V dWVgUWV Ud[_W S`V
h[a^W`UW1+

1( <^fZagYZ fZW SgfZade [`V[USfW fZWk ZShW UaddWUfWV S^^ aX fZW @`Y^[eZ S`V geWV S
bdaXWee[a`S^ WV[f[`Y eWdh[UW) fZWdW SdW ef[^^ `g_Wdage bdaT^W_e i[fZ YdS__Sd) iadV
geWSYW S`V hSYgW ad g`U^WSd id[f[`Y+ CWdW SdW fZW ebWU[X[U [eegWe D [VW`f[X[WV7

* N[f^W7 NZW f[f^W [e YdS__Sf[US^^k [`UaddWUf S`V VaWe`rf _S]W eW`eW Se id[ffW`+ J^WSeW
Ua`e[VWd fZW Xa^^ai[`Y7 o?dS_Sf[U g`WhW` gdTS` VWhW^ab_W`f aX ^SdYW U[f[We fZdagYZagf
fZW iad^V [` dWUW`f VWUSVWep

)+1/.-1+' GS`k fZS`]e Xad fZW ][`V egYYWef[a`+ <UUadV[`Y^k) iW UZS`YWV fZW f[f^W Se
o?dS_Sf[U g`WhW` gdTS`[lSf[a` aX ^SdYW U[f[We fZdagYZagf fZW iad^V [` dWUW`f VWUSVWep+

* F[`W 57 dWh[eW fa dWSV7 oNZW iad^V ZSe WjbWd[W`UWV mp IL oNZW iad^V ZSe TWW`
WjbWd[W`U[`Y mp

)+1/.-1+' ?a`W) eWW fZW fWjf a` ^[`W 5+ [+W+) oThe world has experienced dramatic 
urbanization in recent decades.p

* F[`We 5*67 oNZW Y^aTW ef[^^ ^SU]ep [e YdS__Sf[US^^k [`UaddWUf+ >a`e[VWd dWiadV fZW
eW`fW`UW fa dWSV7 oCaiWhWd) iW ef[^^ ^SU] [`Xad_Sf[a` STagf fZW UZSdSUfWd[ef[Ue aX
gdTS`[lSf[a` Xda_ [`V[h[VgS^ U[f[We Sdag`V fZW iad^Vp+

)+1/.-1+' GS`k fZS`]e+ ?a`W) eWW fZW fWjf a` ^[`We 5*6+ [+W+) oCaiWhWd) iW ef[^^ ^SU]
[`Xad_Sf[a` STagf fZW UZSdSUfWd[ef[Ue aX gdTS`[lSf[a` Xda_ [`V[h[VgS^ U[f[We Sdag`V fZW
iad^V+p

* F[`W /17 dWh[eW fa dWSV7 oaX fZW O`[fWV HSf[a`ep

)+1/.-1+' ?a`W+ eWW fZW fWjf a` ^[`W /1+ [+W+) oAccording to the latest report of the 
United Nations (UN)mmmp

* F[`W /47QZSf [e _WS`f Tk7 oiZWfZWd fZW XgfgdW aX gdTS` [e X^agd[eZ[`Y mp; NZ[e [e
hSYgW S`V g`U^WSd+



)+1/.-1+' QW dWidafW fZW fWjf+ MWW fZW fWjf a` ^[`We /3*/4+ [+W+) oO`VagTfWV^k) gdTS`
egefS[`ST^W VWhW^ab_W`f aX U[fk [e Z[YZ^k dW^SfWV fa fZW XgfgdW aX Zg_S`[fkp

* F[`W /6*0-7 ogdTS`[lSf[a` i[fZ VWhW^ab_W`f aUUgde iZW` gdTS` WjbS`e[a` [e
SVSbfST^W fa fZW babg^Sf[a` YdaifZp+ NZ[e [e hSYgW S`V g`U^WSd+ AgdfZWd_adW)
gdTS`[lSf[a` Tk VWX[`[f[a` [`U^gVWe VWhW^ab_W`f) ea fZ[e VaWe`rf _S]W eW`eW 'S^ea
Sbb^[We fa ^[`W 00(

)+1/.-1+' QW dWidafW fZW fWjf a` ^[`We /6*0-+ [+W+) OegS^^k) [` VWhW^abWV Uag`fd[We) fZW
gdTS` WjbS`e[a` [e SVSbfST^W fa fZW babg^Sf[a` YdaifZ+ QW S^ea dWidafW fZW fWjf a` ^[`We
0/*00+ [+W+) I` fZW Ua`fdSdk) Xad _S`k VWhW^ab[`Y Uag`fd[We) fZW `Sf[a`S^ WUa`a_[U
YdaifZ S`V VWhW^ab_W`f SdW [`SVWcgSfW fa _WWf fZW `WWVe aX S Ydai[`Y gdTS`
babg^Sf[a`+

* F[`W ..37 dWh[eW fa dWSV7 oZSV ^[_[fWV gdTS` WjbS`e[a`) mp

)+1/.-1+' ?a`W+

* F[`W .007 om LWh[ ^SdYWd fZS` -+.+p * <e id[ffW` [f [e `af U^WSd fa dWSVWde iZSf fZW
dSf[a _WS`e [` S`k T[a^aY[US^ eW`eW+ QZSf VaWe S hS^gW:-+. UaddWeba`V fa [` Ua`UdWfW
fWd_e; >S` fZW SgfZade dW^SfW fZ[e fa S % [`UdWSeW [` YdWW`[`Y bWd g`[f SdWS;

)+1/.-1+' Na U^Sd[Xk fZW _WS`[`Y aX L@PD) iW dWidafW fZW fWjf a` ^[`We .0/*.01+ [+W+)
There are 325 large cities where more than 10 percent of the urban pixels (i.e., REVI > 
0.1) were significantly greening from 2001 to 2018 (red points in Fig. 3a).

* F[`W .11*.13) dW7 Ad[WV WYY S`S^aYk7 QZ[^W fZ[e [e S `[UW S`S^aYk) US` fZW SgfZade
dW^SfW fZ[e fa S ^aUSf[a` i[fZ[` fZW U[fk; De fZW #ka^]# fZW Vai`fai` SdWS S`V fZW #WYY
iZ[fW# fZW egTgdTe; NZW ka^] [e VWX[`WV XgdfZWd Vai`) Tgf [f iag^V TW ZW^bXg^ [X fZSf
iSe Y[hW` ZWdW+ NZW WYYe iZ[fW [e `WhWd VWX[`WV i[fZ dWebWUf fa ^aUSf[a` [` fZW U[fk

)+1/.-1+' GS`k fZS`]e+ <UUadV[`Y^k) iW dWidafW fZW fWjf a` ^[`We .11*.15+ [+W+) we 
found that many greening SdWSe aX ^SdYW U[f[We ZShW S eZSbW ^[]W S oXd[WV WYYp) where 
the yolk-shaped downtown area has been turning green significantly (P < 0.05); the 
oWYY iZ[fWp SdWS dWXWde fa fZW SdWS aX Tdai`[`Y ad `a e[Y`[X[US`f greening outside the 
yolk-shaped area, and these areas are usually the suburbs. 

* F[`W .52*.537 NZW ba[`f TW[`Y _SVW ZWdW [e g`U^WSd+ ?a fZW SgfZade _WS` fa eSk fZSf
fZWeW U[f[We SdW `SfgdS^^k Sd[V) S`V SdW `SfgdS^^k ^Wee YdWW` TWUSgeW aX fZ[e; J^WSeW TW
_adW U^WSd S`V Wjb^[U[f+

)+1/.-1+' RWe+ Na U^Sd[Xk fZW ba[`f) iW dWidafW fZW fWjf a` ^[`We .53*.55+ [+W+) HafST^k)
VgW fa fZW eW_[*Sd[V ad Sd[V U^[_SfW) fZW gdTS` YdWW``Wee aX ^SdYW U[f[We ^aUSfWV [` fZW
eagfZiWef aX fZW O`[fWV MfSfWe S`V <gefdS^[S SdW gegS^^k ^ai 'dWV ba[`fe aX K. [`
Mgbb^W_W`fSdk A[Y+ 2S(+

* F[`W .56*.607 NZWeW fia eW`fW`UWe SdW baad^k id[ffW` S`V ZShW _S`k YdS__Sf[US^
Wddade+ NZWk `WWV fa TW Ua_b^WfW^k S`V USdWXg^^k dWid[ffW`

)+1/.-1+' QW dWidafW fZW fWjf a` ^[`We .56*.62+ [+W+) The average EVIcity in the low-



income countries is 0.28. Furthermore, according to the gridded population data in 2015, 
for Q4, there were only 12% (135 million) of the total population in the large cities; 
moreover, over 71% (157 out of 211) of these large cities in Q4 were located in high-
income countries (Supplementary Fig. 5c). By contrast, for Q1 and Q2, there were 
approximately 69% of the total population of the 841 large cities (Supplementary Fig. 
5c). 

* F[`W /027 ofZSf a` fZW iSk fa SUZ[WhWp+ J^WSeW UaddWUf fZW YdS__Sd) D S_ `af egdW iZSf
fZW SgfZade SdW fdk[`Y fa eSk+

)+1/.-1+' QW dWidafW fZW fWjf a` ^[`We /01+ [+W+) These results indicate that on the way 
to equitable and sustainable urban development 

* F[`W /30*/317 fZW iadV oaT\WUfep [e S` aVV UZa[UW ZWdW) S`V fZW ^Sef U^SgeW eZag^V
ZShW fZW iadV ofZWp TWXadW ogdTS`[lSf[a`p 'om fZW gdTS`[lSf[a` bdaUWeemp(

)+1/.-1+' QW dWidafW fZW fWjf a` ^[`We /3.*/3/+ [+W+) Consequently, in this study, only 
dozens of the cities in Africa and India were selected, which may not represent the 
reality of the urbanization process in those countries. 

* A[YgdW ^WYW`Ve7 J^WSeW VWX[`W S^^ SUda`k_e geWV [` fZW X[YgdWe 'W+Y+ JL?) RL?( [` fZW
X[YgdW ^WYW`V) ea X[YgdWe US` efS`V S^a`W+

)+1/.-1+' ?a`W+ QW ZShW VWX[`WV S^^ SUda`k_e [` X[YgdWe fa W`egdW fZW S^^ X[YgdWe US`
efS`V S^a`W+

IfZWd _[`ad Ua__W`fe7
2( F[`We 41*427 KgafW [`Ua_W S_ag`fe bSdW`fZWf[US^^k ZWdW+

)+1/.-1+' ?a`W+ MWW fZW fWjf a` ^[`We 4-*41+ [+W+) fZW 51. ^SdYW U[f[We iWdW V[h[VWV [`fa
Xagd Ydagbe7 Z[YZ*[`Ua_W 'C) Ydaee `Sf[a`S^ [`Ua_W 'BHD( _adW fZS` $./)042 bWd
USb[fS() gbbWd*_[VV^W*[`Ua_W 'OG) BHD TWfiWW` $0)663 S`V $./)042 bWd USb[fS()
^aiWd*_[VV^W*[`Ua_W 'FG) BHD TWfiWW` $.)-/3 S`V $0)662 bWd USb[fS() S`V ^ai*
[`Ua_W 'F) BHD ^Wee fZS` $.)-/2 bWd USb[fS(

3( F[`W .-37 NZ[e _WSegdW VaWe`&f SUUag`f Xad [`UdWSeWV hWdf[US^ YdaifZ fZdagYZ fZW
Ua`efdgUf[a` aX Z[YZd[eW SbSdf_W`fe S`V Ua`Va_[`[g_e) eWW` [` _S`k ^SdYW U[f[We
fZdagYZagf fZW iad^V+ Ma_W U[f[We SdW [`fW`e[Xk[`Y Se abbaeWV fa Ydai[`Y agfiSdVe

)+1/.-1+' ?a`W+ MWW fZW fWjf a` ^[`We .-2*.-4+ [+W+) This result would indicate that in 
most parts of the world, without considering the vertical growth through the 
construction of high-rise apartments and condominiums, urban expansion has lagged 
far behind the population growth since the advent of the new century.



)+1/.-1+ 2. )+3,+4+0 $&'

NZS`] kag Xad fZW USdWXg^ SffW`f[a` [` SVVdWee[`Y fZW Ua__W`fe D bdah[VWV+ D fZ[`] S^^
aX fZW_ _S]W fZW bSbWd efda`YWd+ CaiWhWd) fZWdW SdW ef[^^ S XWi egYYWef[a`e D iag^V ^[]W
fa Y[hW Se TW^ai+

.+ qOdTS`[lSf[a` VWhW^ab_W`fr [` fZW f[f^W S`V fZW fWjf 'F[`We /-- S`V /4/( [e `af S`
SUUgdSfW fWd_+ Df eZag^V W[fZWd TW fWd_WV Se qgdTS`[lSf[a`r ad qgdTS` VWhW^ab_W`fr+ D
egYYWef ge[`Y qgdTS`[lSf[a`r+

)+1/.-1+' NZS`]e Xad fZW egYYWef[a`+ <UUadV[`Y^k) iW ZShW dWh[eWV fZW f[f^W S`V fZW
dW^SfWV fWjf+

/+ D fZ[`] fZW fZdWW dWeWSdUZ cgWef[a`e SdW ea T[Y fZSf [fre S^_aef [_baee[T^W fa SVVdWee
S`k aX fZW_ [` a`W e[`Y^W bSbWd+ J^WSeW TW _adW Wjb^[U[f S`V dWid[fW fZW_ fa _SfUZ iZSf
[e SUfgS^^k ea^hWV+

)+1/.-1+' NZS`]e Xad fZW hS^gST^W Ua__W`fe+ D` fZW dWh[e[a`) iW `SddaiWV fZW
dWeWSdUZ cgWef[a`e) S`V \gef XaUgeWV a` fia cgWef[a`e+ J^WSeW fZW fWjf a` ^[`We 1.*10+
[+W+) (i) How have global cities grown in recent decades in terms of urban expansion, 
population growth and urban environmental change? (ii) What are the relationships 
between the urbanization features and the economic levels? 

0+ F[`W /67 NZW Ua`fWjf q[` Uag`fd[We i[fZ WUa`a_[U YdaifZ S`V VWhW^ab_W`fr [e faa
TdaSV+ Fafe aX Uag`fd[We SdW WjbWd[W`U[`Y WUa`a_[U YdaifZ S`V VWhW^ab_W`f) Tgf
gdTS`[lSf[a` i[fZ VWhW^ab_W`f [e `af Ua__a` [` _S`k aX fZW_+

)+1/.-1+' QW dWidafW fZW fWjf a` ^[`We /6*0-+ [+W+) OegS^^k) [` VWhW^abWV Uag`fd[We) fZW
gdTS` WjbS`e[a` [e SVSbfST^W fa fZW babg^Sf[a` YdaifZ+

1+ F[`We 06*1-7 NZW VWX[`[f[a` aX qgdTS`[lSf[a`r [e [`UaddWUf Se gdTS`[lSf[a` UahWde _adW
fZS` fZWeW fZdWW SebWUfe+ D iag^V egYYWef `af fa VWX[`W qgdTS`[lSf[a`r Tgf XaUge a`
U^Sd[Xk[`Y fZW fZdWW bWdebWUf[hWe fZ[e bSbWd S[_e fa UZSdSUfWd[lW+

)+1/.-1+' GS`k fZS`]e Xad kagd ][`V egYYWef[a`+ QW ZShW VW^WfWV fZW Ua`fWjf aX
VWX[`[f[a`+ D` ?[eUgee[a` S`V Ua`U^ge[a`e) iW U^Sd[X[WV fZaeW fZdWW bWdebWUf[hWe+ MWW fZW
fWjf a` ^[`We .65*.66+ [+W+) iW [VW`f[X[WV fZW gdTS`[lSf[a` UZSdSUfWd[ef[Ue Xad ^SdYW U[f[We
[` fWd_e aX fZW gdTS` WjbS`e[a`) babg^Sf[a` YdaifZ) S`V YdWW`[`Y =O< UZS`YWe+

2+ F[`W /-07 J^WSeW U^Sd[Xk iZSf fZW X[def XWSfgdW [e Sf fZW efSdf aX fZ[e bSdSYdSbZ [`efWSV
aX efSf[`Y Zai fZ[e XWSfgdW iSe aTfS[`WV+ M[_[^Sd fa fZ[e [eegW) [` F[`W //0) fZW eWUa`V
XWSfgdW S^ea `WWVe fa TW VWeUd[TWV SUUgdSfW^k+

)+1/.-1+' ?a`W+ J^WSeW eWW fZW fWjf a` ^[`W /-0+ [+W+) NZW X[def [e fZW g`WhW``Wee
TWfiWW` =O< WjbS`e[a` S`V gdTS` babg^Sf[a` YdaifZ+

<^ea) b^WSeW eWW fZW fWjf a` ^[`We ///*//0+ [+W+) NZW eWUa`V XWSfgdW [e STagf fZW
g`WhW``Wee TWfiWW` fZW dSb[V gdTS` babg^Sf[a` YdaifZ S`V e^ai gdTS` W`h[da`_W`fS^
[_bdahW_W`f+



3+ F[`We ..0*..27 D Va`rf cg[fW g`VWdefS`V iZk a`^k e[j U[f[We SdW _W`f[a`WV ZWdW)
TWUSgeW S^^ fZW Vafe [` A[Y+ /U dWbdWeW`f U[f[We i[fZ babg^Sf[a` YdaifZ _adW fZS` /
_[^^[a`+ =We[VWe) SUUadV[`Y fa A[Y+ /S) S_a`Y fZWeW e[j U[f[We) >S[da S`V ?ZS]S
WjbWd[W`UWV _See[hW gdTS` WjbS`e[a` ': /-- ]_/(+

)+1/.-1+' NZWeW U[f[We SdW fZW fab e[j ^SdYW U[f[We i[fZ fZW ^SdYWef babg^Sf[a` VW`e[fk+
QW dWidafW fZW fWjf a` ^[`We ..0*..3+ [+W+) <_a`Y fZWeW ^SdYW U[f[We) ?ZS]S) ESfZ_S`Vg)
GS`[^S) ESdSUZ[) DefS`Tg^) S`V >S[da SdW fZW fab e[j ^SdYW U[f[We i[fZ fZW Z[YZWef
babg^Sf[a` VW`e[fk 'A[Y+ /U(+ NZWeW U[f[We ZShW WjbWd[W`UWV dSb[V babg^Sf[a` YdaifZ ':
/ _[^^[a`( Xda_ /--- fa /-.2 'A[Y+ /U() S`V ^[_[fWV gdTS` WjbS`e[a` Xda_ /--. fa /-.5
'^Wee fZS` /-- ]_/) A[Y+ /U(+

Gk dW_S[`[`Y Ua`UWd`e SdW _S[`^k YdS__Sf[US^ S`V iadV[`Y*dW^SfWV+
.+ NZW iadV qfZWr [e geWV faa _S`k f[_We iZWdW [fre `af `WWVWV) _S][`Y fZW fWjf `af
hWdk e_aafZ fa dWSV+ Aad WjS_b^W) [` F[`W ..2) qfZWr [` qfZW ^[_[fWV gdTS` WjbS`e[a`r
US` TW VW^WfWV+

)+1/.-1+' ?a`W+ QW ZShW dW_ahWV ofZWp+ NZS`] kag+ 'eWW fZW fWjf a` ^[`W ..3(

/+ NZW geW aX bSef fW`eW S`V bdWeW`f fW`eW eZag^V TW VagT^W*UZWU]WV+ Aad WjS_b^W) [`
F[`We /52*/54) qiSer S`V rZSVr eZag^V TW dWb^SUWV i[fZ q[er S`V qZSer+

)+1/.-1+' ?a`W+ 'eWW fZW fWjf a` ^[`We /5/*/50(

0+ Ma_W efSfW_W`fe SdW `af Ua`U[eW W`agYZ) W+Y+) [` F[`We 26*3-) fZW eW`fW`UW q@jUWbf
Xadmr+ D` F[`W /-/) qgdTS`[lSf[a` [` dWUW`f VWUSVWer iag^V TW W`agYZ+ <`afZWd
WjS_b^W [e F[`We .61*.62) iZWdW fZW eW`fW`UW Uag^V TW dWid[ffW` [` _adW SgfZW`f[U
@`Y^[eZ+

)+1/.-1+' ?a`W+
MWW fZW fWjf a` ^[`We 23*24+ [+W+) @jUWbf Xad fZW O`[fWV MfSfWe) fZW afZWd `[`W Uag`fd[We
SdW VWhW^ab[`Y S`V W_WdY[`Y Uag`fd[We+
MWW fZW fWjf a` ^[`We /-.*/-/+ [+W+) @jb^[U[f^k) iW Z[YZ^[YZf TW^ai fZdWW gdTS`[lSf[a`
XWSfgdWe aTfS[`WV [` fZ[e efgVk+
LWYSdV[`Y fZW eW`fW`UW a` ^[`We .61*.62) [` adVWd fa TW _adW Ua`U[eW) iW VW^WfWV fZW
eW`fW`UW+
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)+1/.-1+' ?a`W+ MWW fZW fWjf a` F[`W 5+ [+W+) NZW iad^V ZSe WjbWd[W`UWV VdS_Sf[U
gdTS`[lSf[a` [` dWUW`f VWUSVWe+

2+ F[`W .37 qTW`WX[fWVr eZag^V TW Xa^^aiWV Tk qXda_mr+

)+1/.-1+' QW dWh[eWV fZW eW`fW`UW+ MWW fZW fWjf a` F[`W .2*.4+ [+W+) Particularly, China 
accounts for 32% of the greening BUA of the 841 large cities, where about 108 million 
people have been living.

3+ F[`W /47 eZag^V geW S `ag` SXfWd qfZW XgfgdW aXr [`efWSV aX fZW SV\WUf[hW qgdTS`r+



)+1/.-1+' QW dWh[eWV fZW eW`fW`UW+ MWW fZW fWjf a` F[`W /3*/4+ [+W+) O`VagTfWV^k)
gdTS` egefS[`ST^W VWhW^ab_W`f [e Z[YZ^k dW^SfWV fa fZW XgfgdW aX Zg_S`[fk

4+ F[`W .607 geW q^[hWr [`efWSV aX qSdW ^[hWer+

)+1/.-1+' QW dWh[eWV fZW eW`fW`UW+ MWW fZW fWjf a` F[`W .61*.62+ [+W+) By contrast, for 
Q1 and Q2, there were approximately 69% of the total population of the 841 large cities 
(Supplementary Fig. 5c). 

5+ F[`W /.07 NZW iadV qSek__Wfd[Ur VaWe `af X[f [` fZ[e Ua`fWjf+

)+1/.-1+' ?a`W+ MWW fZW fWjf a` F[`W /./+ [+W+) GadWahWd) VgW fa fZW V[XXWdW`f YdaifZ
dSfWe aX gdTS` babg^Sf[a` S`V gdTS` ^S`V+

6+ F[`We /01*/027 eZag^V TW qTgf fZW dSf[a aX fZW =O< YdWW`[`Y Xda_ /--. fa /-.5 [e
S^ea fZW e_S^^Wefr+

)+1/.-1+' ?a`W+ MWW fZW fWjf a` F[`W /00+ [+W+) Tgf fZW dSf[a aX fZW YdWW`[`Y =O< Xda_
/--. fa /-.5 [e S^ea fZW e_S^^Wef

.-+ F[`W /237 qM[`Yg^Sd[fkr VaWe `af eWW_ fa TW fZW d[YZf iadV+ >ag^V geW qeUSdU[fkr
[`efWSV+

)+1/.-1+' ?a`W+ MWW fZW fWjf a` F[`W /21+ [+W+) CaiWhWd) VgW fa fZW eUSdU[fk aX fZW
WUa`a_[U VSfS '[`Ua_W ^WhW^e(mm+

..+ F[`W /357 eZag^V dWSV qSUZ[Wh[`Yr+

)+1/.-1+' ?a`W+ MWW fZW fWjf a` F[`W /33+ [+W+) mm[e WeeW`f[S^ fa SUZ[Wh[`Y fZW OHre
MgefS[`ST^W ?WhW^ab_W`f BaS^emm

./+ NZW e+W+_ 'efS`VSdV Wddad aX fZW _WS`( eZag^V TW USb[fS^[lWV Se M+@+G 'MfS`VSdV
@ddad aX NZW GWS`(+

)+1/.-1+' NZS`]e Xad fZW egYYWef[a`+ ?a`W+



REVIEWER COMMENTS 

Reviewer #2 (Remarks to the Author): 

Thanks for the editor’s trust and invitation to also take a look at the responses to Reviewer #1's 

comments, as Reviewer #1 is unable to provide a third review this time. Overall, some concerns of 

the reviewers have been addressed. However, there still exist a few major issues, mainly with the 

‘greenness’ issue raised by Reviewer #1. The English in the paper also needs another thorough 

check preferably by native speakers, because many sentences are still with grammar or wording 

problems, or unclear. Specific comments are given as below. 

1. Reviewer #1’s concern about the usage of BUA in greenness trend calculation is not fully 

resolved. In my opinion, compared to BUA in 2018 and BUA of every year, it makes the most 

sense to use stable BUA (pixels that were built-up areas throughout the whole study time period) 

as the extent of calculating greenness trend. 

pThe reason for not using BUA in 2018: 

The paper focuses on the urban greenness, but the greenness of rural vegetation (cropland and 

natural vegetation) is not urban greenness. So it does not make sense in this paper’s context to 

measure the greenness trend of a pixel that changed from rural vegetation to built-up area (urban 

expansion). 

pThe reason for not using the BUA of every year: 

BUA is different each year, so the trend calculation will be impracticable. 

If the authors have solid reasons to use BUA in 2018 when measuring the greenness trend, then it 

would be necessary to clarify in the text the reason for doing so. 

2. Regarding Reviewer #1’s comment on greenness and ‘improvement’ to the environment, there 

remain many sentences in the paper where greenness increase is still interpreted or referred to as 

‘environmental improvement’, e.g., in Lines 223, 229, 246, 275. Please carefully check this issue. 

3. Similar to the previous issue, in the research questions (Lines 41-43), ‘urban environmental 

improvement’ is different from urban greenness increase and was not measured in the paper. So I 

suggest rewriting the first research question as ‘How have global large cities developed in recent 

decades in terms of urban expansion, population growth and urban greenness change?’ 

In Lines 121 and 122, ‘Urban environmental change‘ should also be reworded as ‘Urban greenness 

change’. Please double-check for other places where this issue exists. 

4. I suggest using EVImax instead of Emax, as it is a bit confusing. 

5. As mentioned by Reviewer #1, REVI is indeed misleading. Could consider renaming this variable 

as Rgreening. 

6. Line 16: According to the first paragraph in the ‘Population in greening BUA’ section, ‘108 

million people’ is obtained from the population data in 2015, so the usage of ‘have been living’ is 

inaccurate. Could use ‘lived’ instead. 

7. Lines 14-15: The sentence ‘Globally, the urban greenness…’ is unclear and its meaning turns 

out not what you meant to say. Could revise it to read: ‘Globally, more than 10 percent of BUAs in 

325 large cities indicate significant greening (P<0.05) from 2001 to 2018.’ 

8. Lines 30-31: ‘public services’ and ‘urban infrastructure and green space or parks’ do not 

preclude each other. Please consider rewording the sentence to read: ”The residents are served by 

good public services and have access to adequate urban infrastructure, such as water and energy 

supplies, sanitation, education, and green space or parks.” 

9. Line 44: Delete ‘the’ in ‘to address both the questions’. 

10. Lines 171-173: This sentence is too long. Please consider splitting it into two sentences. 

11. Line 183: Add ‘before 2001’ after ‘should be greener’. 

12. Lines 184-185: Please explain the reason for calculating the average EVIcity in 2018 instead of 

that in/before 2001. Because according to previous sentences, the point here is to prove large 

cities in high-income countries are ‘greener’ before 2001 (the ‘initial’ stage). 

13. Lines 191-192 and 194-195: These two sentences are unclear and confusing. Please consider 

rewording them to read: 

“Furthermore, according to the gridded population data in 2015, only 12% of the large cities' total 

population lived in cities in Q4.” 



“By contrast, approximately 69% of the large cities' total population lived in cities of Q1 and Q2. 

(Supplementary Fig. 5c).” 

14. Lines 292-293: Please check grammar. 

15. Line 295: Revise ‘Urban BUA’ to read ‘BUA’. 

16. Line 296: Should read ‘this is the reason why...’. 

17. Line 309: I don't think it is necessary to mention the image size (2400 by 2400 pixels). 

Because all the tiles were eventually mosaicked, the size of the images is not very relevant 

information to the analysis. 

18. Please consider using ‘over’ or ‘more than’ instead of ‘exceeding’ in most cases, e.g., in 

‘excluding 19 large cities exceeding 2000 km2’ (Line 294). 
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U^fYb_^]U^d) dXUbU bU]QY^ ]Q^i cU^dU^SUc Y^ dXU `Q`Ub gXUbU WbUU^^Ucc Y^SbUQcU Yc

cdY\\ Y^dUb`bUdUT _b bUVUbbUT d_ Qc nU^fYb_^]U^dQ\ Y]`b_fU]U^do) U+W+) Y^ EY^Uc //0)

//6) /13) /42+ I\UQcU SQbUVe\\i SXUS[ dXYc YcceU+

')/-,+/)% PU bU]_fUT dXU dUb] _V lU^fYb_^]U^dQ\ Y]`b_fU]U^dm Y^ dXU ]QY^ dUhd+

I\UQcU cUU dXU dUhd _^7

EY^Uc //1*//2+ Y+U+) PU ecUT dXU Q^^eQ\ ]QhY]e] WbUU^^Ucc '@OD]Qh( d_ bU`bUcU^d

dXU RUcd cdQdU _V ebRQ^ WbUU^Y^W+

EY^Uc //5*/0-+ Y+U+) C_gUfUb) gYdX dXU US_^_]YS TUfU\_`]U^d _V dXU e``Ub*]YTT\U*

Y^S_]U S_e^dbYUc Y^ bUSU^d TUSQTUc) ebRQ^ WbUU^Y^W XQc Y^SbUQcUT cYW^YVYSQ^d\i)kk

EY^Uc /12*/13+ Y+U+) <]_^W dXU 0/2 \QbWU SYdYUc Y^ dXU g_b\T gYdX cYW^YVYSQ^d ebRQ^

WbUU^Y^W Y^SbUQcU 'KWbUU^Y^W : -+.()kk

EY^Uc /40*/41+ Y+U+) kkdXUbURi QSXYUfY^W Q fYbde_ec SYbS\U Q]_^W ebRQ^ Uh`Q^cY_^)

`_`e\QdY_^ Wb_gdX) Q^T ebRQ^ WbUU^Y^W SXQ^WUc+



0+ LY]Y\Qb d_ dXU `bUfY_ec YcceU) Y^ dXU bUcUQbSX aeUcdY_^c 'EY^Uc 1.*10() nebRQ^

U^fYb_^]U^dQ\ Y]`b_fU]U^do Yc TYVVUbU^d Vb_] ebRQ^ WbUU^^Ucc Y^SbUQcU Q^T gQc

^_d ]UQcebUT Y^ dXU `Q`Ub+ L_ D ceWWUcd bUgbYdY^W dXU VYbcd bUcUQbSX aeUcdY_^ Qc nC_g

XQfU W\_RQ\ \QbWU SYdYUc TUfU\_`UT Y^ bUSU^d TUSQTUc Y^ dUb]c _V ebRQ^ Uh`Q^cY_^)

`_`e\QdY_^ Wb_gdX Q^T ebRQ^ WbUU^^Ucc SXQ^WU;o

D^ EY^Uc ./. Q^T .//) nNbRQ^ U^fYb_^]U^dQ\ SXQ^WUn cX_e\T Q\c_ RU bUg_bTUT Qc

nNbRQ^ WbUU^^Ucc SXQ^WUo+ I\UQcU T_eR\U*SXUS[ V_b _dXUb `\QSUc gXUbU dXYc YcceU

UhYcdc+

')/-,+/)% MXQ^[ i_e V_b dXU S_]]U^dc Q^T ceWWUcdY_^c+ ?_^U+

I\UQcU cUU dXU ]QY^ dUhd _^ EY^Uc 1-*1/+ Y+U+) '&( C_g XQfU W\_RQ\ \QbWU SYdYUc

TUfU\_`UT Y^ bUSU^d TUSQTUc Y^ dUb]c _V ebRQ^ Uh`Q^cY_^) `_`e\QdY_^ Wb_gdX) Q^T

ebRQ^ WbUU^^Ucc SXQ^WU;

I\UQcU cUU dXU ]QY^ dUhd _^ EY^U ./.+ Y+U+) k W\_RQ\ ebRQ^ WbUU^^Ucc SXQ^WU k

1+ D ceWWUcd ecY^W @OD]Qh Y^cdUQT _V @]Qh) Qc Yd Yc Q RYd S_^VecY^W+

')/-,+/)% FQ^i dXQ^[c+ PU XQfU bU`\QSUT Q\\ n@]Qho d_ n@OD]Qho Y^ dXU ]QY^ dUhd)

VYWebUc Q^T dQR\Uc+

2+ <c ]U^dY_^UT Ri KUfYUgUb $.) K@OD Yc Y^TUUT ]Yc\UQTY^W+ >_e\T S_^cYTUb

bU^Q]Y^W dXYc fQbYQR\U Qc KWbUU^Y^W+

')/-,+/)% FQ^i dXQ^[c+ ?_^U+ D^ dXYc bUfYcUT fUbcY_^) gU ecU nKWbUU^Y^Wo Y^cdUQT _V

nK@ODo Y^ dXU ]QY^ dUhd) VYWebUc Q^T dQR\Uc+

3+ EY^U .37 <SS_bTY^W d_ dXU VYbcd `QbQWbQ`X Y^ dXU nI_`e\QdY_^ Y^ WbUU^Y^W =N<o

cUSdY_^) n.-5 ]Y\\Y_^ `U_`\Uo Yc _RdQY^UT Vb_] dXU `_`e\QdY_^ TQdQ Y^ /-.2) c_ dXU

ecQWU _V nXQfU RUU^ \YfY^Wo Yc Y^QSSebQdU+ >_e\T ecU n\YfUTo Y^cdUQT+

')/-,+/)% ?_^U+

4+ EY^Uc .1*.27 MXU cU^dU^SU nB\_RQ\\i) dXU ebRQ^ WbUU^^Uccko Yc e^S\UQb Q^T Ydc

]UQ^Y^W deb^c _ed ^_d gXQd i_e ]UQ^d d_ cQi+ >_e\T bUfYcU Yd d_ bUQT7 nB\_RQ\\i)

]_bU dXQ^ .- `UbSU^d _V =N<c Y^ 0/2 \QbWU SYdYUc Y^TYSQdU cYW^YVYSQ^d WbUU^Y^W

'I9-+-2( Vb_] /--. d_ /-.5+o

')/-,+/)% FQ^i dXQ^[c+ ?_^U+

5+ EY^Uc 0-*0.7 n`eR\YS cUbfYSUco Q^T nebRQ^ Y^VbQcdbeSdebU Q^T WbUU^ c`QSU _b `Qb[co

T_ ^_d `bUS\eTU UQSX _dXUb+ I\UQcU S_^cYTUb bUg_bTY^W dXU cU^dU^SU d_ bUQT7 mMXU



bUcYTU^dc QbU cUbfUT Ri W__T `eR\YS cUbfYSUc Q^T XQfU QSSUcc d_ QTUaeQdU ebRQ^

Y^VbQcdbeSdebU) ceSX Qc gQdUb Q^T U^UbWi ce``\YUc) cQ^YdQdY_^) UTeSQdY_^) Q^T WbUU^

c`QSU _b `Qb[c+m

')/-,+/)% FQ^i dXQ^[c+ ?_^U+

6+ EY^U 117 ?U\UdU ndXUo Y^ nd_ QTTbUcc R_dX dXU aeUcdY_^co+

')/-,+/)% ?_^U+

.-+ EY^Uc .4.*.407 MXYc cU^dU^SU Yc d__ \_^W+ I\UQcU S_^cYTUb c`\YddY^W Yd Y^d_ dg_

cU^dU^SUc+

')/-,+/)% ?_^U+

I\UQcU cUU dXU ]QY^ dUhd _^ EY^Uc .4/*.41+ Y+U+) <c dXU ]_cd `_`e\_ec S_e^dbi) >XY^Q

XQc .2- \QbWU SYdYUc) Q^T dXUbU QbU QR_ed .-5 ]Y\\Y_^ ebRQ^ `_`e\QdY_^ \YfY^W Y^

WbUU^Y^W =N<c+ MXYc QSS_e^dc V_b 23+/% _V dXU d_dQ\ `_`e\QdY_^ Y^ WbUU^Y^W =N<c
Q]_^W dXU 51. \QbWU SYdYUc 'AYW+ 1S(+

..+ EY^U .507 <TT nRUV_bU /--.o QVdUb ncX_e\T RU WbUU^Ubo+

')/-,+/)% ?_^U+ LUU dXU dUhd _^ EY^U .51+

./+ EY^Uc .51*.527 I\UQcU Uh`\QY^ dXU bUQc_^ V_b SQ\Se\QdY^W dXU QfUbQWU @ODSYdi Y^ /-.5

Y^cdUQT _V dXQd Y^,RUV_bU /--.+ =USQecU QSS_bTY^W d_ `bUfY_ec cU^dU^SUc) dXU `_Y^d

XUbU Yc d_ `b_fU \QbWU SYdYUc Y^ XYWX*Y^S_]U S_e^dbYUc QbU nWbUU^Ubo RUV_bU /--. 'dXU

nY^YdYQ\o cdQWU(+

')/-,+/)% FQi dXQ^[c V_b dXU S_]]U^d+ <SS_bTY^W\i) gU QTTUT Le``\U]U^dQbi

AYW+ 2Q d_ `bUcU^d dXU QfUbQWU WbUU^^Ucc _V SYdYUc Y^ dXU Y^YdYQ\ cdQWU Y^ /--.+ G_dQR\i)

cY^SU dXU @OD TQdQ Y^ /-.5 gUbU ecUT d_ cdeTi WbUU^^Ucc dbU^Tc) gU [U`d dXU

WbUU^^Ucc VYWebU Y^ /-.5 'Le``\U]U^dQbi AYW+ 2R( V_b S_]`QbYc_^+ AebdXUb) gU

S_]`QbUT dXU WbUU^^Ucc _V SYdYUc Q^T UfQ\eQdUT dXU `_`e\QdY_^ \YfUT Y^ \QbWU SYdYUc

Y^ dXU \QdUcd cdQWU Y^ /-.5 'Le``\U]U^dQbi AYW+ 2S Q^T 2T(+

D^ dXU bUfYcUT ]Q^ecSbY`d) `\UQcU cUU dXU dUhd _^ EY^Uc .5.*.52) Y+U+)

D^ S_^dbQcd) Y^ dXU XYWX*Y^S_]U S_e^dbYUc) dXUbU gUbU aeYdU `_ccYR\i Q\bUQTi ]Q^i

`Qb[c Q^T WbUU^ c`QSUc Y^ dXU SYdYUc1)/3)/4 RUV_bU /--. 'Le``\U]U^dQbi AYW+ 2Q(+ @fU^

dX_eWX dXU ebRQ^ WbUU^^Ucc _V e``Ub*]YTT\U*Y^S_]U S_e^dbYUc Y^SbUQcUT

cYW^YVYSQ^d\i Y^ bUSU^d TUSQTUc) SYdYUc Y^ dXU XYWX*Y^S_]U S_e^dbYUc Y^ /-.5 gUbU cdY\\

lWbUU^Ubm S_]`QbUT d_ dX_cU Y^ TUfU\_`Y^W S_e^dbYUc+

.0+ EY^Uc .6.*.6/ Q^T .61*.627 MXUcU dg_ cU^dU^SUc QbU e^S\UQb Q^T S_^VecY^W+ I\UQcU

S_^cYTUb bUg_bTY^W dXU] d_ bUQT7 lAebdXUb]_bU) QSS_bTY^W d_ dXU WbYTTUT

`_`e\QdY_^ TQdQ Y^ /-.2) _^\i ./% _V dXU \QbWU SYdYUc& d_dQ\ `_`e\QdY_^ \YfUT Y^ SYdYUc



Y^ J1+m l=i S_^dbQcd) Q``b_hY]QdU\i 36% _V dXU \QbWU SYdYUc& d_dQ\ `_`e\QdY_^ \YfUT

Y^ SYdYUc _V J. Q^T J/+ 'Le``\U]U^dQbi AYW+ 2S(+m

')/-,+/)% FQ^i dXQ^[c+ ?_^U+

.1+ EY^Uc /6/*/607 I\UQcU SXUS[ WbQ]]Qb+

')/-,+/)% FQ^i dXQ^[c+ PU bUfYcUT dXU cU^dU^SU+

I\UQcU cUU dXU dUhd _^ EY^Uc /6/*/61) Y+U+) MXU bUQc_^ V_b ecY^W 2- []/ Qc dXU

dXbUcX_\T gQc dXQd gXU^ UhS\eTY^W ./ \QbWU SYdYUc gYdX =N< Uh`Q^cY_^c _V ]_bU

dXQ^ /2- []/) gU V_e^T dXQd dXU fQ\eU _V dXU QfUbQWU ebRQ^ Uh`Q^cY_^ _V dXU

bU]QY^Y^W 5/6 \QbWU SYdYUc) QTTY^W . cdQ^TQbT TUfYQdY_^ d_ dX_cU Uh`Q^cY_^c) gQc

S\_cU d_ 2- []/+

.2+ EY^U /627 KUfYcU nNbRQ^ =N<o d_ bUQT n=N<o+

')/-,+/)% ?_^U+

PU Q\c_ bUfYcUT dXU dUhd _^ EY^Uc /62*0--) Y+U+) D^ QTTYdY_^) dXUbU gUbU dXbUU \UfU\c

_V =N< 'AYW+ .Q(+ MXU =N< _V dXU VYbcd \UfU\ gQc RUdgUU^ .-- Q^T 25- []/) dXU

cUS_^T \UfU\ gQc RUdgUU^ 25- Q^T /--- []/) Q^T dXU dXYbT \UfU\ gQc \QbWUb dXQ^

/--- []/+ A_b =N<c Y^ /-.5) ]_bU dXQ^ .6 \QbWU SYdYUc XQT QbUQc _fUb /--- []/+

@hS\eTY^W dX_cU .6 SYdYUc) gU V_e^T dXQd dXU fQ\eU _V dXU QfUbQWU =N< _V dXU

bU]QY^Y^W 5// \QbWU SYdYUc) QTTY^W . cdQ^TQbT TUfYQdY_^ d_ dX_cU QbUQc) gQc S\_cU d_
25- []/+ MXYc Yc gXi gU TYfYTUT dXU 51. \QbWU SYdYUc Y^d_ dXbUU TYVVUbU^d cYjUc 'Y+U+)

dXU `_Y^d cYjUc Y^ AYW+ .(+

.3+ EY^U /637 LX_e\T bUQT ndXYc Yc dXU bUQc_^ gXi+++o+

')/-,+/)% MXQ^[ i_e+ ?_^U+

.4+ EY^U 0-67 D T_^&d dXY^[ Yd Yc ^USUccQbi d_ ]U^dY_^ dXU Y]QWU cYjU '/1-- Ri /1--

`YhU\c(+ =USQecU Q\\ dXU dY\Uc gUbU UfU^deQ\\i ]_cQYS[UT) dXU cYjU _V dXU Y]QWUc Yc

^_d fUbi bU\UfQ^d Y^V_b]QdY_^ d_ dXU Q^Q\icYc+

')/-,+/)% MXQ^[ i_e+ PU XQfU TU\UdUT dXU bU\QdUT dUhd+

.5+ I\UQcU S_^cYTUb ecY^W n_fUbo _b n]_bU dXQ^o Y^cdUQT _V nUhSUUTY^Wo Y^ ]_cd SQcUc)

U+W+) Y^ nUhS\eTY^W .6 \QbWU SYdYUc UhSUUTY^W /--- []/o 'EY^U /61(+

')/-,+/)% A_\\_gY^W i_eb ceWWUcdY_^) gU ecUT n_fUbo Y^cdUQT nUhSUUTY^Wo V_b ]_cd

SQcUc+ I\UQcU cUU dXU dUhd _^ EY^Uc .-) 51) .-/) ..3) /64) 15- Q^T 152+
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