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Recommendation? 
Accept with minor revision (please list in comments) 
 
Comments to the Author(s) 
This is a great contribution, and I would probably publish as is.  I'll offer three substantive 
comments, though. 
 
(1) My main reservation is that I felt that this was basically two papers: one on data validation 
and another about COVID.  Personally, I was very excited about validation of the BBVA data (I 
am tired of COVID), and I was disappointed that it felt like it got short shrift by relegation to 
Section 2 of the Appendix.  The abstract promised "extensive validations exercises," and I was 
hoping for more.  Hopefully, the lessons of covid will grow less relevant, and the BBVA (and 
other transaction) data will grow more prevalent! 
 
(2) Section 2.3 was my favorite part of the paper, and it did feel like there were a few 
opportunities for improvements, here. 
 
 - Rich people spend more online (Fig. 7a) -- I would love to know if they were buying more 
expensive stuff online, or shielding themselves from exposure for necessary transactions.  
(Several very old friends in Spain were doing this, but I don't know if it was as common as in the 
US.)  Even if local supermarkets etc. were handling grocery delivery, and not big online firms,, 
presumably you can still use whether or not the card was present at the sale (that is usually in the 
credit card data). 
 - Fig 7b: There is a lot that could be said about distances traveled for essential transactions, aka 
food deserts and amenities, and the authors should probably look up that literature some.   
 - Distances traveled.  This is where I hoped this paper was going, and it could be sharpened a bit.  
I was not convinced by the use of share-weighted formula (authors' line 315), in defining the 
distances traveled.  In short, I would have summed the total activity (# of transactions) weighted 
PERHAPS but not necessarily by distance.  If I am constructing total amount of mobility, distance 
is not based on shares, it is based on the number of transactions.  (Caveat: of course, people string 
together routines, but let's not get carried away...)  Just for illustration, if I am very stubborn and I 
insist on an espresso out, every morning, I am much more exposed than by buying a big TV to 
get me through the pandemic.  Not only does this allow large purchase to dominate unnaturally 
(the location of big purchases matters more), but I think it misses the point of exposure, which is 
basically one per interaction.  You may disagree, but then please state why. 
 - The analysis of public and private transportation was particularly interesting, but I did not find 
it intuitive, mainly because the costs are different.  I have no idea what 1000 EUR of car travel vs 
bus travel buys (line 368).  You quote car as "gasoline" (not parking, and the vehicles are outside 
the data), so is each trip... cheaper? 
   - Can you see substitution from public to private transport, perhaps more extreme in rich areas?  
If you have individual cardholders, you could do this at a very granular level! 
   - I would add another column to Tables 4 and 5 with both public transport and car spending. 
 
(3) Appendix Fig 2b: Yes, the correlations are very high, but the slope is NOT x = y.  BBVA share 
is depressed at low INE share, suggesting that poorer populations do less of their spending 
through BBVA.  Is that just because housing and fixed costs via bank transfers are a larger share?  
Or is it because they use cash more and/or have less access to financial services like BBVA?  
What does this slope imply for your estimates?  Can you estimate if this difference is all "taken 
up" in the rents and durables? (cf app. lines 22-29). 
 
The balance of my comments are quibbles and typos, which hopefully nevertheless improve the 
polish. 
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Typos, quibbles, etc. 
(All line numbers are the authors' rather than RSOS's) 
 
30: citation weirdness on Katherine Abraham (K, other authors missing etc.) 
43: "data consists OF the universe" 
63 and 268: I found it a little impolitic to use the word "suffer" for larger expenditure drops by the 
wealthy, during a pandemic. 
75-93: a bunch of \citep{} vs \cite{} weirdness going on.  If you're using the authors names in a 
sentence, it shouldn't be in parentheses. 
87: "Consistent with this, we find local disease incidence to be a driver of expenditure *growth*, 
..."  -->> is the sign flipped?  i.e., disease incidence *depresses* expenditures rather enhancing it. 
137: your call, but I think the word "data" is plural: "data end, ..." 
fig. 1: vertical lines could be annotated much more clearly in-plot. 
fig. 3 and 212: correlation coefficient 0.865 -- what is it, without groceries & the most-extreme 
outliers? 
295: Missing space before "(See..." 
457, 460: "secciones censales" fix the flat quote marks 
478: "uniformly distributed across the specific health district"  Uniform with respect to what?  
Land area?  People?  (I hope!) 
 
Table A1: I understand that this is population 18+, but in panel B, could make it age 18-25 -- 
would be more clear than < 25. 
 
 
 

Review form: Reviewer 2 
 
Is the manuscript scientifically sound in its present form? 
No 
 
Are the interpretations and conclusions justified by the results? 
Yes 
 
Is the language acceptable? 
Yes 
 
Do you have any ethical concerns with this paper? 
No 
 
Have you any concerns about statistical analyses in this paper? 
No 
 
Recommendation? 
Major revision is needed (please make suggestions in comments) 
 
Comments to the Author(s) 
There is a lot of rich information in this paper. Thank you. As I understand it, there are two 
intended contributions in this paper:  
 
1. Show the advantages of transaction-level data over survey data for economic measurements, 
including national accounting. 
 
2. Provide some empirical evidence on the effects of COVID and the lockdowns. 
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To summarize, I do not see the COVID part of the paper as a contribution other than to a COVID-
specific issue. As for the methodological part, I can see how that can turn into a valuable 
contribution for the scientific community, including the supplementary material in this paper, 
provided the underlying data (not the micro data, but the province-level or group level, 
aggregated data) is released in a clean, transparent way. 
 
Some more detailed comments: 
 
Regarding (1), I find the context of COVID insufficient. During COVID, a lot of transactions were 
moved online, minimizing the common challenges of capturing a representative sample of 
economic activity with just one bank’s information. I agree that (1) would be an important 
contribution, not only to Economics, but to the whole scientific community. But I would not mix 
it with anything regarding COVID and I’d expand the scope to the years before the pandemic, to 
show that these results hold more generally also when people pay in cash more often. Including 
the material in the Supplementary Appendix and some of the "Validation" parts in the main text.  
 
In this case, the data release in its current form is not sufficient. Transparency in measurement is 
a sufficient contribution, but it has to come with transparency. I apologize in advance if this is on 
my end, but the data in the link (https://www.bbvaresearch.com/en/special-section/charts) 
contains only a subset of the data used in the paper. In addition, I found no way to download the 
data behind the graphs. Data should be provided in (csv, excel, txt…) tables to help future 
research. IF this is indeed a problem on my end, that I did not find a way but it is there, please 
consider making the actual data easier to find/download. 
 
While I understand the limitations of disclosing the underlying data, I did not see any microdata 
involved in the main results paper in a way that privacy would be compromised. If there is to be 
a paper about the measurement advantages of banking data, aggregated and anonymized data 
that meets usual requirements to protect privacy, fully available and not only "upon request”, 
should be released in a clean replication package.  
 
To point (2), the evidence presented in this paper contains some interesting and novel facts 
regarding behaviour of individuals around the lockdowns and pandemic, the dynamics and 
heterogeneity of consumption during the lockdowns, and on mobility. The different pieces of 
evidence, however, are relatively unstructured. I would rather focus on the methodological 
contribution and send the COVID part to a COVID-specific empirical or policy issue, such as 
https://cepr.org/content/covid-economics-vetted-and-real-time-papers-0.  
 
I understand this might be too big of a change, but I recommend "major revision" in the hope that 
the methodological part can turn into a clean, transparent, tool for consumption measurement 
that would indeed be of great value to the scientific community. 
 
 

Review form: Reviewer 3 
 
Is the manuscript scientifically sound in its present form? 
Yes 
 
Are the interpretations and conclusions justified by the results? 
Yes 
 
Is the language acceptable? 
Yes 
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Do you have any ethical concerns with this paper? 
No 

Have you any concerns about statistical analyses in this paper? 
No 

Recommendation? 
Accept with minor revision (please list in comments) 

Comments to the Author(s) 
Please find them in my report (see Appendix A). 

Review form: Reviewer 4 

Is the manuscript scientifically sound in its present form? 
Yes 

Are the interpretations and conclusions justified by the results? 
Yes 

Is the language acceptable? 
Yes 

Do you have any ethical concerns with this paper? 
No 

Have you any concerns about statistical analyses in this paper? 
Yes 

Recommendation? 
Accept with minor revision (please list in comments) 

Comments to the Author(s) 
Attached file contains report (see Appendix B). 

Decision letter (RSOS-210218.R0) 

We hope you are keeping well at this difficult and unusual time. We continue to value your 
support of the journal in these challenging circumstances. If Royal Society Open Science can assist 
you at all, please don't hesitate to let us know at the email address below. 

Dear Professor Carvalho 

On behalf of the Editors, we are pleased to inform you that your Manuscript RSOS-210218 
"Tracking the COVID-19 Crisis with High Resolution Transaction Data" has been accepted for 
publication in Royal Society Open Science subject to minor revision in accordance with the 
referees' reports. Please find the referees' comments along with any feedback from the Editors 
below my signature. 
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We invite you to respond to the comments and revise your manuscript. Below the referees’ and 
Editors’ comments (where applicable) we provide additional requirements. Final acceptance of 
your manuscript is dependent on these requirements being met. We provide guidance below to 
help you prepare your revision. 
  
Please submit your revised manuscript and required files (see below) no later than 7 days from 
today's (ie 09-Jun-2021) date. Note: the ScholarOne system will ‘lock’ if submission of the revision 
is attempted 7 or more days after the deadline. If you do not think you will be able to meet this 
deadline please contact the editorial office immediately. 
  
Please note article processing charges apply to papers accepted for publication in Royal Society 
Open Science (https://royalsocietypublishing.org/rsos/charges). Charges will also apply to 
papers transferred to the journal from other Royal Society Publishing journals, as well as papers 
submitted as part of our collaboration with the Royal Society of Chemistry 
(https://royalsocietypublishing.org/rsos/chemistry). Fee waivers are available but must be 
requested when you submit your revision (https://royalsocietypublishing.org/rsos/waivers). 
  
Thank you for submitting your manuscript to Royal Society Open Science and we look forward 
to receiving your revision. If you have any questions at all, please do not hesitate to get in touch. 
  
Kind regards, 
Royal Society Open Science Editorial Office 
Royal Society Open Science 
openscience@royalsociety.org 
  
on behalf of Marta Kwiatkowska (Subject Editor) 
openscience@royalsociety.org 
  
Associate Editor Comments to Author: 
Comments to the Author: 
Thank you for your patience while we sought reviewers of your work - unfortunately, the 
continuing disruptions wrought by COVID and the pressures on many experts to review a rising 
tide of COVID literature has slowed the journal more than we (and no doubt you) would have 
preferred. Nevertheless, I'm pleased that we've received a number of reports and all are broadly 
positively inclined towards your work. However, a number of comments have been raised by 
each reviewer and we'd like you to carefully address these - especially those of reviewer 2. Given 
the volume of commentary, if you need a slight extension on your revision deadline, please 
contact the editorial office for advice/assistance. Good luck and we'll look forward to reading 
your revision in the near future. 
  
Reviewer comments to Author: 
Reviewer: 1 
 
Comments to the Author(s) 
This is a great contribution, and I would probably publish as is.  I'll offer three substantive 
comments, though. 
 
(1) My main reservation is that I felt that this was basically two papers: one on data validation 
and another about COVID.  Personally, I was very excited about validation of the BBVA data (I 
am tired of COVID), and I was disappointed that it felt like it got short shrift by relegation to 
Section 2 of the Appendix.  The abstract promised "extensive validations exercises," and I was 
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hoping for more.  Hopefully, the lessons of covid will grow less relevant, and the BBVA (and 
other transaction) data will grow more prevalent! 
 
(2) Section 2.3 was my favorite part of the paper, and it did feel like there were a few 
opportunities for improvements, here. 
 
- Rich people spend more online (Fig. 7a) -- I would love to know if they were buying more 
expensive stuff online, or shielding themselves from exposure for necessary transactions. 
 (Several very old friends in Spain were doing this, but I don't know if it was as common as in the 
US.)  Even if local supermarkets etc. were handling grocery delivery, and not big online firms,, 
presumably you can still use whether or not the card was present at the sale (that is usually in the 
credit card data). 
- Fig 7b: There is a lot that could be said about distances traveled for essential transactions, aka 
food deserts and amenities, and the authors should probably look up that literature some.   
- Distances traveled.  This is where I hoped this paper was going, and it could be sharpened a bit. 
 I was not convinced by the use of share-weighted formula (authors' line 315), in defining the 
distances traveled.  In short, I would have summed the total activity (# of transactions) weighted 
PERHAPS but not necessarily by distance.  If I am constructing total amount of mobility, distance 
is not based on shares, it is based on the number of transactions.  (Caveat: of course, people string 
together routines, but let's not get carried away...)  Just for illustration, if I am very stubborn and I 
insist on an espresso out, every morning, I am much more exposed than by buying a big TV to 
get me through the pandemic.  Not only does this allow large purchase to dominate unnaturally 
(the location of big purchases matters more), but I think it misses the point of exposure, which is 
basically one per interaction.  You may disagree, but then please state why. 
- The analysis of public and private transportation was particularly interesting, but I did not find 
it intuitive, mainly because the costs are different.  I have no idea what 1000 EUR of car travel vs 
bus travel buys (line 368).  You quote car as "gasoline" (not parking, and the vehicles are outside 
the data), so is each trip... cheaper? 
  - Can you see substitution from public to private transport, perhaps more extreme in rich areas? 
 If you have individual cardholders, you could do this at a very granular level! 
  - I would add another column to Tables 4 and 5 with both public transport and car spending. 
 
(3) Appendix Fig 2b: Yes, the correlations are very high, but the slope is NOT x = y.  BBVA share 
is depressed at low INE share, suggesting that poorer populations do less of their spending 
through BBVA.  Is that just because housing and fixed costs via bank transfers are a larger share? 
 Or is it because they use cash more and/or have less access to financial services like BBVA? 
 What does this slope imply for your estimates?  Can you estimate if this difference is all "taken 
up" in the rents and durables? (cf app. lines 22-29). 
 
The balance of my comments are quibbles and typos, which hopefully nevertheless improve the 
polish. 
 
Typos, quibbles, etc. 
(All line numbers are the authors' rather than RSOS's) 
 
30: citation weirdness on Katherine Abraham (K, other authors missing etc.) 
43: "data consists OF the universe" 
63 and 268: I found it a little impolitic to use the word "suffer" for larger expenditure drops by the 
wealthy, during a pandemic. 
75-93: a bunch of \citep{} vs \cite{} weirdness going on.  If you're using the authors names in a 
sentence, it shouldn't be in parentheses. 
87: "Consistent with this, we find local disease incidence to be a driver of expenditure *growth*, 
..."  -->> is the sign flipped?  i.e., disease incidence *depresses* expenditures rather enhancing it. 
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137: your call, but I think the word "data" is plural: "data end, ..." 
fig. 1: vertical lines could be annotated much more clearly in-plot. 
fig. 3 and 212: correlation coefficient 0.865 -- what is it, without groceries & the most-extreme 
outliers? 
295: Missing space before "(See..." 
457, 460: "secciones censales" fix the flat quote marks 
478: "uniformly distributed across the specific health district"  Uniform with respect to what? 
 Land area?  People?  (I hope!) 
 
Table A1: I understand that this is population 18+, but in panel B, could make it age 18-25 -- 
would be more clear than < 25. 
 
Reviewer: 2 
 
Comments to the Author(s) 
There is a lot of rich information in this paper. Thank you. As I understand it, there are two 
intended contributions in this paper: 
 
1. Show the advantages of transaction-level data over survey data for economic measurements, 
including national accounting. 
 
2. Provide some empirical evidence on the effects of COVID and the lockdowns. 
 
To summarize, I do not see the COVID part of the paper as a contribution other than to a COVID-
specific issue. As for the methodological part, I can see how that can turn into a valuable 
contribution for the scientific community, including the supplementary material in this paper, 
provided the underlying data (not the micro data, but the province-level or group level, 
aggregated data) is released in a clean, transparent way. 
 
Some more detailed comments: 
 
Regarding (1), I find the context of COVID insufficient. During COVID, a lot of transactions were 
moved online, minimizing the common challenges of capturing a representative sample of 
economic activity with just one bank’s information. I agree that (1) would be an important 
contribution, not only to Economics, but to the whole scientific community. But I would not mix 
it with anything regarding COVID and I’d expand the scope to the years before the pandemic, to 
show that these results hold more generally also when people pay in cash more often. Including 
the material in the Supplementary Appendix and some of the "Validation" parts in the main text. 
 
In this case, the data release in its current form is not sufficient. Transparency in measurement is 
a sufficient contribution, but it has to come with transparency. I apologize in advance if this is on 
my end, but the data in the link (https://www.bbvaresearch.com/en/special-section/charts) 
contains only a subset of the data used in the paper. In addition, I found no way to download the 
data behind the graphs. Data should be provided in (csv, excel, txt…) tables to help future 
research. IF this is indeed a problem on my end, that I did not find a way but it is there, please 
consider making the actual data easier to find/download. 
 
While I understand the limitations of disclosing the underlying data, I did not see any microdata 
involved in the main results paper in a way that privacy would be compromised. If there is to be 
a paper about the measurement advantages of banking data, aggregated and anonymized data 
that meets usual requirements to protect privacy, fully available and not only "upon request”, 
should be released in a clean replication package. 
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To point (2), the evidence presented in this paper contains some interesting and novel facts 
regarding behaviour of individuals around the lockdowns and pandemic, the dynamics and 
heterogeneity of consumption during the lockdowns, and on mobility. The different pieces of 
evidence, however, are relatively unstructured. I would rather focus on the methodological 
contribution and send the COVID part to a COVID-specific empirical or policy issue, such as 
https://cepr.org/content/covid-economics-vetted-and-real-time-papers-0. 
 
I understand this might be too big of a change, but I recommend "major revision" in the hope that 
the methodological part can turn into a clean, transparent, tool for consumption measurement 
that would indeed be of great value to the scientific community. 
 
Reviewer: 3 
 
Comments to the Author(s) 
Please find them in my report. (RSOS-210218_Review.pdf)  
 
Reviewer: 4 
 
Comments to the Author(s) 
attached file contains report (report_rsos2021.pdf)  
  
===PREPARING YOUR MANUSCRIPT=== 
  
Your revised paper should include the changes requested by the referees and Editors of your 
manuscript. You should provide two versions of this manuscript and both versions must be 
provided in an editable format: 
one version identifying all the changes that have been made (for instance, in coloured highlight, 
in bold text, or tracked changes); 
a 'clean' version of the new manuscript that incorporates the changes made, but does not 
highlight them. This version will be used for typesetting.  
Please ensure that any equations included in the paper are editable text and not embedded 
images. 
  
Please ensure that you include an acknowledgements' section before your reference 
list/bibliography. This should acknowledge anyone who assisted with your work, but does not 
qualify as an author per the guidelines at https://royalsociety.org/journals/ethics-
policies/openness/. 
  
While not essential, it will speed up the preparation of your manuscript proof if you format your 
references/bibliography in Vancouver style (please see 
https://royalsociety.org/journals/authors/author-guidelines/#formatting). You should include 
DOIs for as many of the references as possible. 
  
If you have been asked to revise the written English in your submission as a condition of 
publication, you must do so, and you are expected to provide evidence that you have received 
language editing support. The journal would prefer that you use a professional language editing 
service and provide a certificate of editing, but a signed letter from a colleague who is a native 
speaker of English is acceptable. Note the journal has arranged a number of discounts for authors 
using professional language editing services 
(https://royalsociety.org/journals/authors/benefits/language-editing/). 
  
===PREPARING YOUR REVISION IN SCHOLARONE=== 
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To revise your manuscript, log into https://mc.manuscriptcentral.com/rsos and enter your 
Author Centre - this may be accessed by clicking on "Author" in the dark toolbar at the top of the 
page (just below the journal name). You will find your manuscript listed under "Manuscripts 
with Decisions". Under "Actions", click on "Create a Revision". 
  
Attach your point-by-point response to referees and Editors at Step 1 'View and respond to 
decision letter'. This document should be uploaded in an editable file type (.doc or .docx are 
preferred). This is essential. 
  
Please ensure that you include a summary of your paper at Step 2 'Type, Title, & Abstract'. This 
should be no more than 100 words to explain to a non-scientific audience the key findings of your 
research. This will be included in a weekly highlights email circulated by the Royal Society press 
office to national UK, international, and scientific news outlets to promote your work.  
  
At Step 3 'File upload' you should include the following files: 
-- Your revised manuscript in editable file format (.doc, .docx, or .tex preferred). You should 
upload two versions: 
1) One version identifying all the changes that have been made (for instance, in coloured 
highlight, in bold text, or tracked changes); 
2) A 'clean' version of the new manuscript that incorporates the changes made, but does not 
highlight them. 
-- An individual file of each figure (EPS or print-quality PDF preferred [either format should be 
produced directly from original creation package], or original software format). 
-- An editable file of each table  (.doc, .docx, .xls, .xlsx, or .csv). 
-- An editable file of all figure and table captions. 
Note: you may upload the figure, table, and caption files in a single Zip folder. 
-- Any electronic supplementary material (ESM). 
-- If you are requesting a discretionary waiver for the article processing charge, the waiver form 
must be included at this step. 
-- If you are providing image files for potential cover images, please upload these at this step, and 
inform the editorial office you have done so. You must hold the copyright to any image provided. 
-- A copy of your point-by-point response to referees and Editors. This will expedite the 
preparation of your proof. 
  
At Step 6 'Details & comments', you should review and respond to the queries on the electronic 
submission form. In particular, we would ask that you do the following: 
-- Ensure that your data access statement meets the requirements at 
https://royalsociety.org/journals/authors/author-guidelines/#data. You should ensure that 
you cite the dataset in your reference list. If you have deposited data etc in the Dryad repository, 
please only include the 'For publication' link at this stage. You should remove the 'For review' 
link.  
-- If you are requesting an article processing charge waiver, you must select the relevant waiver 
option (if requesting a discretionary waiver, the form should have been uploaded at Step 3 'File 
upload' above). 
-- If you have uploaded ESM files, please ensure you follow the guidance at 
https://royalsociety.org/journals/authors/author-guidelines/#supplementary-material to 
include a suitable title and informative caption. An example of appropriate titling and captioning 
may be found at https://figshare.com/articles/Table_S2_from_Is_there_a_trade-
off_between_peak_performance_and_performance_breadth_across_temperatures_for_aerobic_sc
ope_in_teleost_fishes_/3843624. 
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At Step 7 'Review & submit', you must view the PDF proof of the manuscript before you will be 
able to submit the revision. Note: if any parts of the electronic submission form have not been 
completed, these will be noted by red message boxes. 

Author's Response to Decision Letter for (RSOS-210218.R0) 

See Appendix C. 

Decision letter (RSOS-210218.R1) 

We hope you are keeping well at this difficult and unusual time. We continue to value your 
support of the journal in these challenging circumstances. If Royal Society Open Science can assist 
you at all, please don't hesitate to let us know at the email address below. 

Dear Professor Carvalho, 

I am pleased to inform you that your manuscript entitled "Tracking the COVID-19 Crisis with 
High Resolution Transaction Data" is now accepted for publication in Royal Society Open 
Science. 

Please ensure that you send to the editorial office an editable version of your accepted 
manuscript, and individual files for each figure and table included in your manuscript. You can 
send these in a zip folder if more convenient. Failure to provide these files may delay the 
processing of your proof. You may disregard this request if you have already provided these files 
to the editorial office. 

If you have not already done so, please remember to make any data sets or code libraries 'live' 
prior to publication, and update any links as needed when you receive a proof to check - for 
instance, from a private 'for review' URL to a publicly accessible 'for publication' URL. It is good 
practice to also add data sets, code and other digital materials to your reference list.  

COVID-19 rapid publication process: 
We are taking steps to expedite the publication of research relevant to the pandemic. If you wish, 
you can opt to have your paper published as soon as it is ready, rather than waiting for it to be 
published the scheduled Wednesday. 

This means your paper will not be included in the weekly media round-up which the Society 
sends to journalists ahead of publication. However, it will still appear in the COVID-19 
Publishing Collection which journalists will be directed to each week 
(https://royalsocietypublishing.org/topic/special-collections/novel-coronavirus-outbreak). 

If you wish to have your paper considered for immediate publication, or to discuss further, 
please notify openscience_proofs@royalsociety.org and press@royalsociety.org when you 
respond to this email. 

You can expect to receive a proof of your article in the near future. Please contact the editorial 
office (openscience@royalsociety.org) and the production office 
(openscience_proofs@royalsociety.org) to let us know if you are likely to be away from e-mail 
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contact -- if you are going to be away, please nominate a co-author (if available) to manage the 
proofing process, and ensure they are copied into your email to the journal. Due to rapid 
publication and an extremely tight schedule, if comments are not received, your paper may 
experience a delay in publication. 
 
Please see the Royal Society Publishing guidance on how you may share your accepted author 
manuscript at https://royalsociety.org/journals/ethics-policies/media-embargo/. After 
publication, some additional ways to effectively promote your article can also be found here 
https://royalsociety.org/blog/2020/07/promoting-your-latest-paper-and-tracking-your-
results/. 
 
On behalf of the Editors of Royal Society Open Science, thank you for your support of the journal 
and we look forward to your continued contributions to Royal Society Open Science. 
 
Kind regards, 
Royal Society Open Science Editorial Office 
Royal Society Open Science 
openscience@royalsociety.org 
 
on behalf of Marta Kwiatkowska (Subject Editor) 
openscience@royalsociety.org 
 
Follow Royal Society Publishing on Twitter: @RSocPublishing 
Follow Royal Society Publishing on Facebook: 
https://www.facebook.com/RoyalSocietyPublishing.FanPage/ 
Read Royal Society Publishing's blog: 
https://royalsociety.org/blog/blogsearchpage/?category=Publishing 
 
 
 



Comments on the RSOS manuscript RSOS-210218:

Tracking the COVID-19 Crisis with High-Resolution

Transaction Data

The Covid shock has hit economies in a similar way even if its severity differed substan-

tially. Spain is one of the most affected countries so this kind of study that documents

the significant changes in consumption patters is extremely valuable.

There is a lot to like about this paper. The dataset the authors used is very novel, and

probably the largest and most comprehensive one that exists in the current literature. By

showing simple statistics and regressions, the authors make striking points. I do firmly

believe that the paper would make a great contribution to the Royal Society Open Science.

I have some comments below which, I hope, would improve the paper further. I’d like

to stress that these are suggestions, rather than firm revision requests. If the authors

think the cost of taking these on board (due to, e.g. excessive data processing required) is

significant compared to their marginal contribution, a simple discussion related to these

points would suffice.

1 Comments

1. How widely is cash used in Spain? Did this change during the pandemic? A simple

statistics as to what proportion of the population has debit or credit cards would

be useful. Also, the authors can look into excess deposits and check if there was a

material change in the money stock during the pandemic.

2. During normal times, what is the share of necessary (that households cannot cut) vs

luxurious consumption (that households can cut) for high vs low income households?

3. The authors have information on whether transactions take place online or offline.

The natural follow up is to look into how people substituted offline shopping with

online. And if cheaper shops became more popular amongst lower income house-

holds?
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4. It might be an obvious question but debit cards are linked to customers’ bank ac-

counts, right? Isn’t there a way to get their income data? Excuse the question if it’s

too obvious or this cannot be done due to data sharing regulations.

5. Do the authors have information as to how big the households are? I.e. who is the

main bread maker of the family or if the account is joint?

6. How easy for Spanish households to get a credit card? I.e. Do they have the incen-

tive to use their debit cards more because credit cards are hard to get or are there

any incentives (bonus points, cash backs) that make credit card usage more attrac-

tive? This is a minor point but credit cards are a way of pushing back household

consumption, at least for a month. During the Covid crisis, some households might

want to do that more than others especially if they received a big income shock.

2 Minor comments

• Pg 1, footnote 2: After the URL, either ‘but’ or ‘which’ is redundant.

• Pg 2, Literature: no need to put all the papers in parentheses.
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Referee’s report on: Tracking the Covid- 19 crisis with high resolution transaction
data; Carvalho et al.

This paper uses individual transaction data from a large Spanish bank to track
consumption expenditure through the pandemic, compare the results with traditional
survey-type data used by the national statistical agency, look at the effects of lockdown
policies, measure mobility and estimate the relationship with external transportation
expenditure, and consider differences in behaviour across income groups. The data are
exceptionally interesting, the analysis is full of insights and the paper is well written.
It is a first-rate piece of work, already well known in this literature, and I certainly
recommend publication.

General comment.

1. There is just one general concern that I want to raise, not requiring a modifica-
tion to the analysis, but rather I would suggest that the authors explain the issue more
fully, so that the reader not familiar with the causal inference literature in statistics,
or with the problem of endogeneity in economics, will not be misled by some of the
results.

I refer primarily to the part of section 2.1 entitled ‘Effects of Lockdown and its
Easing’. This section uses the language of causation (‘effects’), whereas in some other
parts of this paper the authors discuss correlation and association. It is of course natural
to wish to draw causal inferences about the effects of the lockdown. However, differences
in the timing of the easing of restrictions across provinces are presumably not entirely
exogenous–as is noted here (as selection into treatment). This nonetheless makes things
more complicated than a simple natural experiment with exogenous variation.

Credible attempts are made to deal with this problem, but the simple inclusion
of the daily case incidence in Table 1 still leaves us in the realm of conditional ex-
pectation rather than causal inference. The difference-in-difference results are a way
of attempting estimation of the treatment effect, but the conditions, assumptions and
validity checks (although these are further discussed in Section 4) may deserve a more
thorough explanation.

It seems unlikely that other standard solutions, for example observation of condi-
tions for a regression discontinuity design, could be put into practice here. Instead, my
suggestion to the authors is that they simply describe the issues surrounding estimation
of treatent effects more explicitly (ie not assume that the reader is familiar with the
econometrics/statistics of causal inference) and acknowledge any limitations which it
may imply. In some cases, any bias that is created maybe in the opposite direction to
the effect of interest, so that it may even be possible to argue that the observed effect is
an underestimate. But in any event, I think that the reader’s attention might be drawn
more directly to the difficulties involved in causal statistical inference on observational
data.

I emphasize that this is an expositional point only.
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Minor comments (page references are to the journal’s pdf, +2 relative to authors’
page numbering)

Page 7, Table 1: Please clarify the precise definitions of the dummy variables used:
e.g. the matrix of province dummies has one column for each province, and within each
column the variable is 1 up until the date of lockdown easing, 0 on the date of easing
and thereafter. Relatedly, page 8, lines 188 and following: in columns 5 and 6 of the
table, day fixed effects are added, which changes the omitted category (line 191). The
signs as well as magnitudes of coefficients change in Table 1. Interpretation depends on
the definitions of dummies; providing an example computation would make this much
clearer.

Page 13 line 297: ‘during weekends *that* during working days...’ → ‘during
weekends *than* during working days... ’

Page 16: The location of the methods section here, after the discussion section
(which seems to play the role of conclusion to the paper), seems a little odd. Would
it not be sensible to place methods first, wrap the main paper up with the overall
discussion and conclusions, and then move to the appendices?

Page 19, discussion of the Poisson regression model. This discussion seems to
pertain to the absolute number of new cases, whereas the model earlier in the text used
cases per thousand. With the absolute number of new cases, there will of course be
more in more highly populated areas, and yet the population of the region does not
seem to be used as an explanatory variable (page 19, equation following line 524). If
this is the case the omitted population variable would just project onto transportation
spending, leading to a biased estimate. Is this just an incomplete description? Please
clarify.
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R e s p o n s e  t o  R e f e r e e s  a n d  E d i t o r s

R S O S  R e s u b m i s s i o n ,  I D  # R S O S - 2 10 2 18

“Tracking the COVI D-19 Crisis with High-Resolut ion Transact ion Data”

A s s o c i a t e  E d i t o r  C o m m e n t s

Thank you for your pat ience while we sought  reviewers of  your work - unfortunately, the

cont inuing disrupt ions wrought  by COVI D and the pressures on many experts to review a

rising t ide of  COVI D literature has slowed the journal more than we (and no doubt  you)

would have preferred. Nevertheless, I 'm pleased that  we've received a number of  reports

and all are broadly posit ively inclined towards your work. However, a number of

comments have been raised by each reviewer and we'd like you to carefully address

these - especially those of  reviewer 2. Given the volume of  commentary, if  you need a

slight  extension on your revision deadline, please contact  the editorial of f ice for

advice/ assistance. Good luck and we'll look forward to reading your revision in the near

future.

We thank the Associate Editor for the opportunity to revise our paper and the four 

reviewers for their extensive comments and suggest ions. We were glad to hear that  all 

referees were posit ively inclined towards our paper. 

Below, we provide a point-by-point  answer to all quest ions and comments raised by the 

reviewers. As a whole, the comments have led to a number of  changes and valuable 

addit ions to the paper though none of  our main qualitat ive or quant itat ive results have 

changed as a result  of  this revision. While we refer you to the detailed answers below for 

the specif ics, taken together the changes to the paper can be summarized as: 

- Addit ional results and analysis following on Comment 2 by Reviewer 1 and 

Comments 2 and 3 by Reviewer 4. These addit ional results can be found in the Main 

Paper (Table 4 and 5) and in Supplementary Appendix to the paper. 

- Clarif icat ion of  certain points in the analysis, clearer discussions of  limitat ions of  

our analysis and/ or typographical errors. following on Comments 2, 3 and 4 by 

Reviewer 1,  Main Comment 1 and various Minor Comments by Reviewer 3 and 

various Minor Comments by Reviewer 4. These addit ional clarif icat ions, discussions 

and correct ions can be found throughout  the Main Paper and the Supplementary 

Appendix or, when they did not  lead to a change in the paper - and only to a 

clarif icat ion of fered to the reviewer - in the answers to reviewers below. 

Addit ionally, there were a few queries by the reviewers which we were unable to address 

fully as they would, in the main, require access to BBVA account-level data that , at  this 

point , we do not  have available for this project . These pertain to a sub-comment in 

Comment 2 by Reviewer (1) (implying resolving the data at  the individual level, which we 
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are unable to have access to for this paper); parts of  Comment 1, 3, 4, and 5 of  Reviewer 

4 (implying access to account  level deposits and savings informat ion; price data, income 

data or household composit ion informat ion; none of  which we have access to for the 

purposes of  this project). I n each of  these cases we have nevertheless engaged with the 

reviewers’ valuable comments and provide part ial answers and just if icat ions as for why 

we cannot  fully sat isfy their requests.  

 

Finally, regarding Reviewer #2  comments, there are two main points in the report . First , 

the reviewer considers the validat ion part  of  the paper as more important  than the 

COVI D-19 f indings and suggests it  to take center stage, by addit ionally expanding the 

scope of  the paper to the years before the pandemic so as to avoid COVI D-19 

idiosyncrasies . Second, the reviewer considers that  disclosing reasonably aggregated 

data (to preserve anonymity and avoid disclosing private informat ion) is necessary for 

t ransparency in measurement.  

 

Let  us state f rom the outset  that  we are in full agreement with the Reviewer. First , we 

consider that  the scope for bank t ransact ion data in supplement ing  - and even 

subst itut ing - slower moving nat ional accounts indicators to be tantalizing. And we agree 

that , going forward, ambit ious research ef forts in validat ing and carefully delineat ing 

both its promise and biases will be a high-priority act ivity with payof fs well beyond 

COVI D-19. I ndeed, we are current ly engaging with BBVA Research to pursue this 

ambit ion, though the challenges are many. Second, we f irmly believe in the tenets of  

t ransparency and reproducibility and fully agree with the referee that  unfet tered access 

to data is needed to facilitate further research, both on COVI D-19’s socio-economic 

impact  and further af ield.   

 

Start ing with this last  point , it  is worth stat ing that  originally BBVA had agreed to submit  

under the condit ion that  data would not  be publicly shared; rather that  requests were 

directed to BBVA Research, which rout inely collaborates with researchers worldwide, and 

part icularly during the pandemic. Following Reviewer 2’s valuable prompt - and af ter 

consultat ion with the RSOS Senior Publishing Editor - we have gone back to the various 

bank stakeholders and spent  considerable t ime navigat ing legal, privacy and proprietary 

commercial informat ion issues.  

 

We are happy to report  that , following ef forts by the authors, BBVA now agrees to 

release a subset  of  the data under the condit ion that  (i) this relates specif ically to COVI D-

19 socio-economic impact  (as this was the original remit  of  this part icular project) and (ii) 

that  both internat ional data (due to legal jurisdict ion reasons) and the most  

disaggregated series we use in the paper - very narrowly def ined categories of  card 

expenditure and zip-code level expenditures - are not  publicly disclosed as the legal team 

of  the bank considers that  the number of  bank customers in such narrow daily cells may 

somet imes be small enough to disclose individual level behavior. Thus, we are happy to 

report  that  following Reviewer 2’s comment we now: 

- Make available a replicat ion package of  codes and data which allows researchers 

to replicate key COVI D-19 results in the paper (Figure 1, Figure 2, Figure 4 and 

Table 1) and to conduct  their own nat ional, subnat ional or expenditure-
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composit ion analysis in this context . Requests for all other data (aggregate 

historical for Spain, cross-country data, detailed category of  expenditure or zip 

code level) should be directed to BBVA Research. Again, we reinforce that  BBVA 

Research remains available to answer individual researchers’ queries related to the 

remaining data used in our paper. Our data availability statement has been 

updated to ref lect  these changes. 

 

On Reviewer 2’s f irst  point , and notwithstanding our general agreement with the referee’s 

point  (as detailed above), we have opted to keep the main part  of  the paper focused on 

COVI D-19’s socio-economic impact . This is because of  two main reasons. First ly, we 

believe that  the cont inued prevalence of  COVI D-19 worldwide renders the COVI D-19 

analysis we conduct  - on one of  the most  af fected countries worldwide, Spain - st ill 

relevant  to an interdisciplinary audience; and indeed a major reshuf f ling/ refocus of  the 

paper would conf lict  with the recommendat ions of  the three remaining reviewers, whose 

reports recommend publicat ion in the current  format. Secondly, we are at  this point  

unable to pursue the Reviewers’ suggest ion to further ‘expand the scope to the years 

before the pandemic’ for our validat ion analysis and, in part icular, this would conf lict  with 

the goal of  sharing data openly and enabling researchers to replicate at  least  some of  the 

analysis. This is because, as detailed in our answer to the Reviewers, for the purposes of  

this current  submission (i) the Bank only agrees to publicly release data related to the 

COVI D-19 period and (ii) we ourselves do not  have access to detailed data (category or 

zip-level) pre-2019 that  would enable this expanded validat ion.  

 

Again, we stress that  we fully agree with the reviewer that  such an extended and more 

ambit ious focus on bank t ransact ion data outside of  the COVI D-19 context  (and not  only 

card t ransact ions in this context ) is likely an important  contribut ion to the scient if ic 

community. I ndeed we are current ly pursuing this possibility with BBVA Research. 

However, the scope of  that  analysis, its t imeline and the legal/ anonymity/ commercial 

issues to be resolved go well beyond what  can be achieved in this current  submission. 

Finally, our comments above notwithstanding, we note that  we are unaware of  another 

paper that  conducts as much validat ion on bank card data as we already do here and 

indeed the paper is increasingly being cited on that  account  by researchers and policy-

makers alike. Thus, we have opted to keep the bulk of  our validat ion analysis in the 

paper’s Supplementary I nformat ion which we see as an integral part  of  the paper and 

would remain available on the journal’s website to all researchers.  

  

Overall, thank you again for the opportunity to revise the paper for the RSOS. We hope 

you will be pleased with the revision. 
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R e v i e w e r  # 1 
This is a great  contribut ion, and I  would probably publish as is. I  of fer three substant ive 

comments, though. 

(1) My main reservat ion is that  I  felt  that  this was basically two papers: one on data 

validat ion and another about  COVI D.  Personally, I  was very excited about  validat ion of  

the BBVA data (I  am t ired of  COVI D), and I  was disappointed that  it  felt  like it  got  short  

shrif t  by relegat ion to Sect ion 2 of  the Appendix.  The abstract  promised "extensive 

validat ions exercises," and I  was hoping for more.  Hopefully, the lessons of  covid will 

grow less relevant , and the BBVA (and other t ransact ion) data will grow more prevalent ! 

 

We agree with this sent iment  and are current ly involved in a second project  where the 

goal is to build nat ional accounts f rom the ground up using BBVA transact ion data.  I n 

this second project , we have account-level data so we can be much more careful about  

certain issues that  this paper is unable to address, such as comput ing consumpt ion series 

with a properly def ined sampling f rame and non-card spending.  This is why we preferred 

to do basic ` sanity-check’ type exercises for this paper and leave a more extensive 

explorat ion for another project .  At  the same t ime, given that  COVI D-19 is a historically 

important  shock and Spain had one of  the world’s most  dramat ic init ial lockdowns, we 

view the applicat ion as also worthy of  an independent  paper. Finally, we see the 

Supplementary Appendix as an integral part  of  the paper and the validat ion exercises we 

conduct  there will be available on the J ournal’s webpage. 
 

(2) Sect ion 2.3 was my favorite part  of  the paper, and it  did feel like there were a few 

opportunit ies for improvements, here. 

 

- Rich people spend more online (Fig. 7a) -- I  would love to know if  they were buying more 

expensive stuf f  online, or shielding themselves f rom exposure for necessary t ransact ions.  

(Several very old f riends in Spain were doing this, but  I  don't  know if  it  was as common as 

in the US.)  Even if  local supermarkets etc. were handling grocery delivery, and not  big 

online f irms, presumably you can st ill use whether or not  the card was present  at  the sale 

(that  is usually in the credit  card data). 

 

Thanks so much for this comment, as it  made us think on this issue, and induced us to add 

a new subsect ion to the SI . One illustrat ive exercise we have done is to focus on one of  

the key consumpt ion categories during the lockdown: food consumpt ion, which in our 

data corresponds to categories 3-6 f rom Table 2 in the Supplemental Appendix.  We have 

tabulated the total number of  t ransact ions for online food t ransact ions during April 2019 

and during April 2020 by zipcode.  The f igure below plots income per capita against  food 

t ransact ions per capita by zipcode (the number of  t ransact ions is based on an index value 

BBVA provided to us and is not  the actual count ; instead the relat ive values have 

meaning so that  a zipcode with 2.0 has twice as many food t ransact ions per capita as one 

with 1.0).  The gradient  of  the regression line in 2020 is much higher than in 2019, which 

suggests that  higher-income neighborhoods were shif t ing more of  the food purchasing 

online.  Thus the overall online act ivity of  higher-income groups appears related to the 

purchasing of  necessit ies.  
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We have added the above explanat ions in the SI  and commented it  in a footnote in the 

main text . 

 

- Fig 7b: There is a lot  that  could be said about  distances t raveled for essent ial 

t ransact ions, aka food deserts and amenit ies, and the authors should probably look up 

that  literature some. 

 

Our basic goal in sect ion 2.3 was to show that  card spending can be used as a real-t ime 

mobility proxy, and so complements the bet ter-known mobility measures based on 

smartphone usage.  The existence of  this data permits a much deeper explorat ion of  

mobility pat terns in cit ies, and indeed as you ment ion there is growing work in urban 

economics and other f ields studying these issues.  We do not  view this paper as making a 

contribut ion in this space, beyond validat ing data at  relat ively high f requency. 

Nevertheless, we agree with your comment, and we should have cited more carefully the 

relevant  literature. Apologies for this oversight . We now include in the 

reference/ bibliography, two papers on the literature on this issue which may serve as a 

gateway to RSOS’s interdisciplinary audience. One of  them measures, like us, how 

mobility af fects Covid spread (building f rom mobility rather than card data). The other 

(very relevant  and related to your point) on distance t ravelled for dif ferent  types of  

consumpt ion. Rather than at tempt ing an exhaust ive list , we include these references as 

up-to-date papers which themselves can direct  the reader to other papers in the 

Economics’ literature. Thank you again for this suggest ion. 

 

- Distances t raveled.  This is where I  hoped this paper was going, and it  could be 

sharpened a bit .  I  was not  convinced by the use of  share-weighted formula (authors' line 

315), in def ining the distances t raveled.  I n short , I  would have summed the total act ivity 

(#  of  t ransact ions) weighted PERHAPS but  not  necessarily by distance.  I f  I  am 

construct ing total amount of  mobility, distance is not  based on shares, it  is based on the 

number of  t ransact ions.  (Caveat : of  course, people st ring together rout ines, but  let 's not  

get  carried away...)  J ust  for illust rat ion, if  I  am very stubborn and I  insist  on an espresso 

out , every morning, I  am much more exposed than by buying a big TV to get  me through 

the pandemic.  Not  only does this allow large purchases to dominate unnaturally (the 

locat ion of  big purchases matters more), but  I  think it  misses the point  of  exposure, which 

is basically one per interact ion.  You may disagree, but  then please state why. 

 

Thank you for bringing up this valid concern.  I n response, we have explored the raw 

number of  t ransact ions as an alternat ive way to characterize the relat ionship between 

mobility and income. One issue is that  higher-income groups on average have higher 

consumpt ion, which t ranslates into more t ransact ions.  This is one of  the reasons we 



6/ 16 

conducted the original analysis in shares since this measures relat ive spending in 

dif ferent  locat ions.  I nstead, when we work with raw t ransact ions we compare total 

amounts in April 2019 and in April 2020 to help isolate the ef fect  of  the pandemic f rom 

that  of  being higher-income. 

 

 
 

The part icular exercise we conduct  is to tabulate the set  of  “of f line t ransact ions”  (i.e. 

those in which the card swiped a point-of -sale located in a physical shop) by postal code 

of  cardholder residence.  We further divide these into t ransact ions that  take place in the 

same postal code as the resident  lives, and into those that  take place in outside zip codes.  

The f igures above plot  these tabulat ions, where both t ransact ions and income are in per-

capita terms.  (The number of  t ransact ions is based on an index value BBVA provided to 

us and is not  the actual count ; instead, the relat ive values have meaning so that  a zipcode 

with 2.0 has twice as many food t ransact ions per capita as one with 1.0). 

 

For total t ransact ions inside the home postal code, one observes almost  no dif ference 

between April 2019 and April 2020.  This suggests that  the f requency of  local shop visits 

did not  change markedly during the pandemic relat ive to normal t imes (although the 

composit ion of  spending presumably does).  I n contrast , there is a large dif ference in 

t ransact ions outside the home postal code.  The income/ t ransact ion volume gradient  is 

much less steep during the pandemic than in 2019.  I n combinat ion with the other 

evidence in the paper, one interpretat ion is that  residents of  higher-income postal codes 

were more likely to stop commut ing during the lockdown.  This would eliminate the 

outside t ransact ions that  happen during the workweek at  a faster rate for higher-income 

people.  Since outside t ransact ions are presumably riskier in terms of  disease than inside 

t ransact ions, this evidence also suggests that  higher-income residents were able to more 

ef fect ively shield.  

 

We have added the above explanat ion as a subsect ion to the SI , and a footnote 

summarizing it  in the main text . 

 

- The analysis of  public and private t ransportat ion was part icularly interest ing, but  I  did 

not  f ind it  intuit ive, mainly because the costs are dif ferent .  I  have no idea what  1000 EUR 

of  car t ravel vs bus t ravel buys (line 368).  You quote car as "gasoline" (not  parking, and 

the vehicles are outside the data), so is each t rip... cheaper? 

 

Yes, this is certainly a limitat ion of  our analysis.  We have added the following footnote to 

acknowledge it : “We do not  observe whether a unit  of  urban t ransport  spending 

generates more or less movement through space than a unit  of  gasoline spending, which 

would also be an important  input  into a model of  disease risk and spending.”   Also, there 

was an error in the original text .  The spending measures are all in index terms, as BBVA 
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did not  provide the raw EUR amounts.  So we now refer to generic “units”  of  spending 

rather than EUR values. 

 
  - Ca n you se e  sub st itu t ion from  p ub lic to  p riva te  t ra nsp ort , p e rha p s m ore  e xt re m e  in  rich 
a re a s?  I f you ha ve  ind ivid ua l ca rd ho ld e rs, you could  d o  this a t  a  ve ry g ra nula r le ve l! 
 
Thank you for this interest ing suggest ion.  We agree the exercise would be more 

convincing at  an individual level; unfortunately, we do not  have individual-level 

informat ion available in the card dataset  f rom which this paper builds. 

 
  - I  would  a d d  a no the r co lum n to  Ta b le s 4  a nd  5 with  b o th p ub lic  t ra nsp ort  a nd  ca r 
sp e nd ing . 

 
Thank you for this suggest ion, which we have implemented. 

 
(3) Ap p e nd ix Fig  2b : Ye s, the  co rre la t ions a re  ve ry hig h, b ut  the  slop e  is  NOT x = y.  BBVA 
sha re  is  d e p re sse d  a t  low I NE sha re , sug g e st ing  tha t  p oore r p op ula t ions d o  le ss o f the ir 
sp e nd ing  throug h BBVA.  I s  tha t  just  b e ca use  housing  a nd  fixe d  costs via  b a nk t ra nsfe rs 
a re  a  la rg e r sha re ?  Or is  it  b e ca use  the y use  ca sh m ore  a nd / o r ha ve  le ss a cce ss to  
fina ncia l se rvice s like  BBVA?  Wha t  d oe s this slop e  im p ly fo r your e st im a te s?  Ca n you 
e st im a te  if this  d iffe re nce  is  a ll "ta ke n up " in  the  re nts a nd  d ura b le s? (cf a p p . line s 22-29). 
 
Thank you for point ing this out .  I n fact , any of  these explanat ions might  be driving this 

result .  We acknowledge this in a new footnote in the supplementary material. 
 
(4 ) Typ og ra p hic e rro rs, e tc. 
 
Thank you for your detailed reading.  We have corrected the mistakes you pointed out  

(and apologize if  any remain!) 

  



8/ 16 

R e v i e w e r  # 2  
“Comments to the Author(s) 

There is a lot  of  rich informat ion in this paper. Thank you. As I  understand it , there are 

two intended contribut ions in this paper: 

 

1. Show the advantages of  t ransact ion-level data over survey data for economic 

measurements, including nat ional account ing. 

 

2. Provide some empirical evidence on the ef fects of  COVI D and the lockdowns. 

 

To summarize, I  do not  see the COVI D part  of  the paper as a contribut ion other than to a 

COVI D-specif ic issue. As for the methodological part , I  can see how that  can turn into a 

valuable contribut ion for the scient if ic community, including the supplementary material 

in this paper, provided the underlying data (not  the micro data, but  the province-level or 

group level, aggregated data) is released in a clean, t ransparent  way. 

 

Some more detailed comments: 

 

Regarding (1), I  f ind the context  of  COVI D insuf f icient . During COVI D, a lot  of  

t ransact ions were moved online, minimizing the common challenges of  capturing a 

representat ive sample of  economic act ivity with just  one bank’s informat ion. I  agree that  

(1) would be an important  contribut ion, not  only to Economics, but  to the whole scient if ic 

community. But  I  would not  mix it  with anything regarding COVI D and I ’d expand the 

scope to the years before the pandemic, to show that  these results hold more generally 

also when people pay in cash more of ten. I ncluding the material in the Supplementary 

Appendix and some of  the "Validat ion" parts in the main text . 

 

I n this case, the data release in its current  form is not  suf f icient . Transparency in 

measurement is a suf f icient  cont ribut ion, but  it  has to come with t ransparency. I  

apologize in advance if  this is on my end, but  the data in the link 

(ht tps:/ / www.bbvaresearch.com/ en/ special-sect ion/ charts) contains only a subset  of  the 

data used in the paper. I n addit ion, I  found no way to download the data behind the 

graphs. Data should be provided in (csv, excel, txt…) tables to help future research. I F this 

is indeed a problem on my end, that  I  did not  f ind a way but  it  is there, please consider 

making the actual data easier to f ind/ download. 

 

While I  understand the limitat ions of  disclosing the underlying data, I  did not  see any 

microdata involved in the main results paper in a way that  privacy would be 

compromised. I f  there is to be a paper about  the measurement advantages of  banking 

data, aggregated and anonymized data that  meets usual requirements to protect  

privacy, fully available and not  only "upon request ” , should be released in a clean 

replicat ion package. 

 

To point  (2), the evidence presented in this paper contains some interest ing and novel 

facts regarding behaviour of  individuals around the lockdowns and pandemic, the 

dynamics and heterogeneity of  consumpt ion during the lockdowns, and on mobility. The 

dif ferent  pieces of  evidence, however, are relat ively unstructured. I  would rather focus on 

the methodological contribut ion and send the COVI D part  to a COVI D-specif ic empirical 

or policy issue, such as ht tps:/ / cepr.org/ content / covid-economics-vet ted-and-real-t ime-

papers-0. 

 

https://www.bbvaresearch.com/en/special-section/charts
https://cepr.org/content/covid-economics-vetted-and-real-time-papers-0
https://cepr.org/content/covid-economics-vetted-and-real-time-papers-0
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I  und e rsta nd  this m ig ht  b e  too  b ig  o f a  cha ng e , b ut  I  re com m e nd  "m a jo r re vision" in the  
hop e  tha t  the  m e thod o log ica l p a rt  ca n turn into  a  cle a n, t ra nsp a re nt , too l fo r 
consum p t ion m e a sure m e nt  tha t  would  ind e e d  b e  o f g re a t  va lue  to  the  scie nt ific 
com m unity.” 
 
Thank you very much for your insight ful and in-depth comment. We fully agree with you 

that  there are dist inct  contribut ions in this paper - the COVI D f indings and the more 

general validat ion of  the card t ransact ion data. Further, we fully agree that  the promise 

of  detailed bank t ransact ion data goes well beyond this part icular COVI D applicat ion and 

that , therefore, the validat ion exercises may become increasingly valuable going 

forward, as other similar datasets are made available to researchers and COVI D 

(hopefully!) recedes f rom our collect ive memory. Finally, we agree with you that  the data 

we present  should be made available to researchers as fully as possible.  

 

Our agreement notwithstanding, we have opted to keep the main part  of  the paper 

devoted to the COVI D shock and its consequences. This is due to the following reasons. 

First , we believe the f indings regarding the real-t ime magnitude of  expenditure 

adjustment  st ill merit  presence in peer-reviewed interdisciplinary out lets (such as the 

RSOS, which has cont inued to publish COVI D-19 pieces throughout  the pandemic), in 

part icular because the f indings surrounding the heterogeneous impact  of  lockdown 

policies based on types of  consumpt ion, place of  residence or across the income 

dist ribut ion are (unfortunately) st ill of  societal importance when thinking through and 

designing opt imal NPI s.  

 

Second, we not  only fully agree with the reviewer that  the validat ion of  t ransact ion data 

as consumpt ion indicators is important  beyond COVI D, but  we also believe this is 

important  enough to merit  an ent irely new paper focused solely on that . This is because a 

systemat ic validat ion of  bank t ransact ion data will need to go well beyond the issues 

surrounding card t ransact ion data that  we deploy here. Without  at tempt ing to provide an 

exhaust ive list  such ‘validat ion’ paper would need to go more deeply into cash-card 

dynamics as the referee states; but  also understanding and correct ing for long-run t rends 

in online payments; understanding the contribut ion and dynamics of  bank (non-card) 

t ransfers and recurrent  credit  payments associated with durables’ consumpt ion; 

dist inguishing between individual and household level consumpt ion; or understanding 

how sample at t rit ion af fects the dynamics and volat ility of  the result ing t ime series. 

Further, to be clear, for the purposes of  this project  we were not  granted access to 

historical granular data, that  would allow us to expand further the scope of  the validat ion 

exercise to the years prior to the pandemic (e.g. narrowly def ined category or 

geographically resolved data is not  available for this project  for the period pre-2019), let  

alone the necessarily more detail account  level data and individual covariates.  

 

I n short , we agree with the referee that  the possibility of  using bank t ransact ion data to 

form nat ional-accounts like objects (at  the micro and at  the macro) is tantalizing. I ndeed, 

we are current ly pursuing this research agenda together with BBVA Research and 

navigat ing the myriad of  legal and commercial restrict ions this implies, both inside the 

bank and outside. But  precisely because of  this, we also now know that  this entails an 

ent irely new project  whose ambit ion - and t imeline to complet ion - goes well beyond the 

validat ion exercises we conduct  here (in the context  of  COVI D-19 and only through the 

lens of  card t ransact ion data). On this point , it  should also be noted that , our comments 

above notwithstanding, we are unaware of  another paper that  conducts as much 

validat ion on bank card data as we already do here and indeed the paper is increasingly 

being cited on that  account  by researchers and policy-makers alike. 
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Thirdly, and relatedly, repurposing the paper as a validat ion exercise unfortunately 

conf licts with your suggest ion of  making the maximum data available to researchers, 

which we also agree with wholeheartedly. I n part icular, following your report , we have 

gone back to the dif ferent  data stakeholders inside BBVA to understand what  data, if  

any, could be made public and fully available as part  of  a replicat ion package. Af ter 

substant ial and lengthy discussions, and balancing a variety of  legal, commercial and 

privacy concerns against  the public and policy interest  in accessing real-t ime t ransact ion 

data during t imes of  pandemics, BBVA has kindly agreed to release data concerning the 

Spain-wide, province-level and consumpt ion-basket  composit ion t ime series in order to 

allow for further research, in the context  of  COVI D-19. On the other hand, at  this t ime, 

BBVA rules out  making fully available more granular data on highly disaggregated 

consumpt ion categories, zip-code level data, internat ional data or historical data outside 

of  COVI D-19 (thus precluding an extensive methodological paper outside COVI D t imes). 

We stress that  BBVA - and in part icular BBVA Research - remains available to collaborate 

with researchers and answer individual requests regarding these more sensit ive datasets 

and has a history of  doing so throughout  the pandemic.        

  

Overall, in response to your comments, together with BBVA, we have reached a 

compromise solut ion. First , following your valuable prompt, BBVA now makes available 

(through the replicat ion package deposited online) the nat ional-, province- and broad 

category- level data, that  both allows researchers to fully replicate key COVI D-19 results 

in the paper (Figure 1, Figure 2, Figure 4 and Table 1) and to conduct  their own nat ional, 

subnat ional or composit ional analysis in this context . Requests for all other data 

(historical for Spain, cross-country, detailed category of  expenditure or zip code level) 

should be directed to BBVA Research. Again, we reinforce that  BBVA Research remains 

available to answer individual researchers’ queries related to the remaining data used in 

our paper. Our data availability statement has been updated to ref lect  these changes and 

we again thank you for your prompt on this. Second, the considerat ions above and the 

fact  that  the Bank is current ly only available to release data enabling analysis on the 

impact  of  the COVI D pandemic, led us to cont inue to devote the main part  of  the paper 

to the COVI D shock. Nevertheless, our Supplementary I nformat ion Appendix is an 

integral part  of  the paper and remains available on the journal’s website to all 

researchers. 
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R e v i e w e r  # 3  
“This paper uses individual t ransact ion data f rom a large Spanish bank to t rack 

consumpt ion expenditure through the pandemic, compare the results with t radit ional 

survey-type data used by the nat ional stat ist ical agency, look at  the ef fects of  lockdown 

policies, measure mobility and est imate the relat ionship with external t ransportat ion 

expenditure, and consider dif ferences in behaviour across income groups. The data are 

except ionally interest ing, the analysis is full of  insights and the paper is well writ ten. I t  is 

a f irst -rate piece of  work, already well known in this literature, and I  certainly recommend 

publicat ion.”  

 

Thank you for the kind words on our paper and for your comments and overall 

recommendat ion.  

 

General comment. 

 

1. There is just  one general concern that  I  want  to raise, not  requiring a modif icat ion to 

the analysis, but  rather I  would suggest  that  the authors explain the issue more fully, so 

that  the reader not  familiar with the causal inference literature in stat ist ics, 

or with the problem of  endogeneity in economics, will not  be misled by some of  the 

Results. I  refer primarily to the part  of  sect ion 2.1 ent it led ‘Ef fects of  Lockdown and its 

Easing’. This sect ion uses the language of  causat ion (‘ef fects’), whereas in some other 

parts of  this paper the authors discuss correlat ion and associat ion. I t  is of  course natural 

to wish to draw causal inferences about  the ef fects of  the lockdown. However, dif ferences 

in the t iming of  the easing of  rest rict ions across provinces are presumably not  ent irely 

exogenous–as is noted here (as select ion into t reatment). This nonetheless makes things 

more complicated than a simple natural experiment with exogenous variat ion. Credible 

at tempts are made to deal with this problem, but  the simple inclusion of  the daily case 

incidence in Table 1 st ill leaves us in the realm of  condit ional expectat ion rather than 

causal inference. The dif ference-in-dif ference results are a way of  at tempt ing est imat ion 

of  the t reatment ef fect , but  the condit ions, assumpt ions and validity checks (although 

these are further discussed in Sect ion 4) may deserve a more thorough explanat ion. 

I t  seems unlikely that  other standard solut ions, for example observat ion of  condi- 

t ions for a regression discont inuity design, could be put  into pract ice here. I nstead, my 

suggest ion to the authors is that  they simply describe the issues surrounding est imat ion 

of  t reatment ef fects more explicit ly (ie not  assume that  the reader is familiar with the 

econometrics/ stat ist ics of  causal inference) and acknowledge any limitat ions which it  

may imply. I n some cases, any bias that  is created maybe in the opposite direct ion to the 

ef fect  of  interest , so that  it  may even be possible to argue that  the observed ef fect  is an 

underest imate. But  in any event , I  think that  the reader’s at tent ion might  be drawn more 

direct ly to the dif f icult ies involved in causal stat ist ical inference on observat ional data. I  

emphasize that  this is an exposit ional point  only.”  

 

Thank you for this comment. We agree with the referee that  lockdown policies and the 

t iming of  province-specif ic lockdown easing phases should not  be considered “as good as 

random” even when controlling for t ime and province f ixed ef fects and condit ional on 

local disease prevalence. 

Following the suggest ion of  the referee we now devote a lengthy “word of  caut ion”  

paragraph at  the end of  this sect ion, explaining to a wide audience what  “as good as 

random” causal ident if icat ion would require and how the likely presence of  t ime-varying 

province-specif ic unobservables may bias our est imates with respect  to the t rue causal 

ef fect  of  lockdown and lockdown easing policies.  
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“Minor com m e nts (p a g e  re fe re nce s a re  to  the  journa l’s p d f, +2 re la t ive  to  a u thors’ 
p a g e  num b e ring )” 
 
“Pa g e  7, Ta b le  1: Ple a se  cla rify the  p re cise  d e finit ions o f the  d um m y va ria b le s use d : 
e .g . the  m a trix o f p rovince  d um m ie s ha s one  co lum n fo r e a ch p rovince , a nd  within e a ch 
co lum n the  va ria b le  is  1 up  unt il the  d a te  o f lockd own e a sing , 0  on the  d a te  o f e a sing  a nd  
the re a fte r. Re la te d ly, p a g e  8, line s 188 a nd  fo llowing : in co lum ns 5 a nd  6 o f the  ta b le , d a y 
fixe d  e ffe cts a re  a d d e d , which cha ng e s the  om it te d  ca te g ory (line  191). The  sig ns a s we ll 
a s m a g nitud e s o f coe fficie nts cha ng e  in Ta b le  1. I nte rp re ta t ion d e p e nd s on the  d e finit ions 
o f d um m ie s; p rovid ing  a n e xa m p le  com p uta t ion would  m a ke  this m uch cle a re r.” 
 
Thank you for this comment, our apologies if  it  was not  clear. Following the referee’s 

suggest ion we have now added a detailed explanat ion of  how the province-day dummy 

variables are coded, addit ionally dist inguishing the cases when there is no cross-province 

variat ion (such as the enactment of  a nat ion-wide lockdown) vs the ones where the 

dif ferent ial t iming of  lockdown easing phases int roduces cross-province variat ion. This is 

included in the main text , before we discuss any of  the results in Table 1. Second, also 

following your advice, when we turn to the specif icat ion including day and province f ixed 

ef fects, we now warn the reader that  this is a dif ferent  specif icat ion (relying on 

dif ferences in t imings relat ive to the last  common baseline) and how the interpretat ion 

and signs of  the relevant  coef f icients change as a result  of  this. 

 

 

Page 13 line 297: ‘during weekends *that* during working  d a ys...’ → ‘during  w eekends 

*tha n* d uring  working  d a ys… 
 
Thank you very much for spot t ing this typo. We have now corrected it  

 
“Pa g e  16: The  loca t ion o f the  m e thod s se ct ion he re , a fte r the  d iscussion se ct ion 
(which se e m s to  p la y the  ro le  o f conclusion to  the  p a p e r), se e m s a  lit t le  od d . Would  
it  no t  b e  se nsib le  to  p la ce  m e thod s first , wra p  the  m a in p a p e r up  with the  ove ra ll 
d iscussion a nd  conclusions, a nd  the n m ove  to  the  a p p e nd ice s?” 
 
We certainly agree with the referee that  this would be an alternat ive and sensible 

locat ion for methods, part icularly for Economists. Nevertheless we note that  this layout  is 

a standard choice in interdisciplinary journals (like the RSOS but  also other well known 

interdisciplinary out lets. e.g. PNAS, Nature Communicat ions, etc) and in order to cater to 

the expectat ions of  this more general audience we have decided to keep it  af ter the 

discussion sect ion. 

 

“Pa g e  19, d iscussion of the  Po isson re g re ssion m od e l. This d iscussion se e m s to  
p e rta in  to  the  a b so lute  num b e r o f ne w ca se s, whe re a s the  m od e l e a rlie r in the  te xt  use d  
ca se s p e r thousa nd . With the  a b so lute  num b e r o f ne w ca se s, the re  will o f course  b e  m ore  
in m ore  hig hly p op ula te d  a re a s, a nd  ye t  the  p op ula t ion o f the  re g ion d oe s no t  se e m  to  b e  
use d  a s a n e xp la na to ry va ria b le  (p a g e  19, e q ua t ion fo llowing  line  524). I f this  is  the  ca se  
the  om it te d  p op ula t ion va ria b le  would  just  p ro je ct  onto  t ra nsp orta t ion sp e nd ing , le a d ing  
to  a  b ia se d  e st im a te . I s  this  just  a n incom p le te  d e scrip t ion? Ple a se  cla rify.” 
 

We agree that  controlling for populat ion is important  for the reasons you ment ion.  The 

Poisson regression model has a panel st ructure, so we can (and do) include postcode 

f ixed ef fects as controls.  This accounts for t ime-invariant  postcode characterist ics such 
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as populat ion, but  also factors like the quality of  the housing stock and the distance to 

the center of  Madrid.  One might  argue that  populat ion is t ime-varying, but  over the daily 

f requency we are considering in this exercise it  can reasonably be t reated as f ixed. 
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R e v i e w e r  # 4  
The Covid shock has hit  economies in a similar way even if  its severity dif fered 

substant ially. Spain is one of  the most  af fected countries so this kind of  study that  

documents the signif icant  changes in consumpt ion pat terns is ext remely valuable.  

 

There is a lot  to like about  this paper. The dataset  the authors used is very novel, and 

probably the largest  and most  comprehensive one that  exists in the current  literature. By 

showing simple stat ist ics and regressions, the authors make striking points. I  do f irmly 

believe that  the paper would make a great  contribut ion to the Royal Society Open 

Science.  

 

I  have some comments below which, I  hope, would improve the paper further. I ’d like to 

st ress that  these are suggest ions, rather than f irm revision requests. I f  the authors think 

the cost  of  taking these on board (due to, e.g. excessive data processing required) is 

signif icant  compared to their marginal cont ribut ion, a simple discussion related to these 

points would suf f ice.  

 

Thank you for your kind words., and for your comments and recommendat ions, which we 

have t ried to implement to the best  of  our abilit ies. 

1. How widely is cash used in Spain? Did this change during the pandemic? A simple 

stat ist ics as to what  proport ion of  the populat ion has debit  or credit  cards would be 

useful. Also, the authors can look into excess deposits and check if  there was a material 

change in the money stock during the pandemic.  

 

We do not  have any direct  way to measure the share of  the adult  populat ion owning debit  

or credit  cards, but  in all certainty must  be very large. Debit  cards are a standard issue 

with any bank account . I n an independent ly obtained study f rom a f intech research 

company, The Verisk Fianancial Report  on Spain 

(ht tps:/ / www.veriskf inancialresearch.com) states that :  

“Payment cards are relat ively well embedded among Spanish consumers, 

with 88% of  adults holding a debit  card and 55% a credit  card. However, 

Spanish issuers have long tended not  to make a clear dist inct ion between 

the two, viewing cards as payment instruments or cash subst itutes.”  

Regarding cash usage, in our ongoing research aiming to generate Nat ional Accounts 

f rom transact ion data, we have observed that  cash extract ions account  for around 40% 

of p a ym e nts (thus, ca sh b e ing  a round  ⅔ of d ire ct  ca rd  p a ym e nts) a nd  tha t  this  num b e r 
has a markedly downward t rend that  increased during the pandemic, albeit  it  has since 

gone back to near-normal levels. This is inline with the above cited Verisk Financial Report  

which suggests that  cash amounts to 67% of  direct  card payments. 

Note that  with the data we were given access to for the current  RSOS paper, we did not  

observe all individual cash-withdrawals as many of  these are done physically, at  the bank 

branch and are not  ref lected in card data, but  rather, in account-level data.  This is why 

the current  RSOS submission does not  go into further detail; in general cash-card 

breakdown and both high- and low-f requency changes in this, is a complex issue and we 

https://www.veriskfinancialresearch.com/
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prefer to explore it  in-depth in future research. 

 

2. During normal t imes, what  is the share of  necessary (that  households cannot  cut) vs 

luxurious consumpt ion (that  households can cut) for high vs low-income households?  

 

I t  is dif f icult  to def ine what  is “necessary” , and probably there is quite a bit  of  

heterogeneity on that  even controlling for income. We show in Table 3 that  items like 

“Taxi” , “Hairdressers” , “Restaurants”  or “Travel Agency”  which are likely to be cataloged 

as “ luxuries” , are correlated with the average income of  the zip code. Beyond this, it  is 

dif f icult  to say more at  this stage. I n our current  research, we are able to match 

consumpt ion pat terns to income at  an individual level, and we plan to follow up in the 

direct ion that  you suggest . However, this lies beyond the scope of  the current  RSOS 

paper.  

 

One thing that  we have done related to this general issue is that  - mot ivated by your 

comment and the comment of  another referee - we have looked at  the change in online 

consumpt ion of  one (clear) necessity: food.  We have added a subsect ion to the SI  (and a 

footnote in the main text) showing that  online purchases of  food were more responsive to 

income during covid than in normal t imes, which is also consistent  with dif ferent ial 

change in mobility pat terns across the income dist ribut ion that  we document in the paper. 

3. The authors have informat ion on whether t ransact ions take place online or of f line. The 

natural follow-up is to look into how people subst ituted of f line shopping with online. And 

if  cheaper shops became more popular amongst  lower-income households?  

Our data do not  include prices. Thus, we are unable to see whether people are 

subst itut ing in the direct ion of  cheaper brands. We agree, though, that  this would be a 

fascinat ing issue to explore, but  probably it  would need to access supermarket  level scan 

data or similar, which direct ly includes prices. 

 

I n what  respects online/ of f line. I n the f irst  versions of  the paper, we did take a more 

careful look at  its evolut ion. The following graphs are the t ime series of  YoY growth rates 

separately for online and of f line. They indeed show that  the decline of  online purchases 

was smaller during the lockdown (and consequent ly its share grew).  Nevertheless, the 

beginning of  the easing process implied a return of  the share to essent ially its pre-Covid 

level.  

 

Moreover, in our current  research using much more encompassing data, we can observe 

that  this increase and decrease in share during the lockdown is only a blip in the more 

secular t rend which indeed indicates a long-run growth of  online and a decrease in cash 

t ransact ions. We have thus opted to leave the discussion on these issues to further 

research. 

 

Addit ionally, and as noted above, we have added a subsect ion to the SI  looking at  the 
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changes of  online purchases of  food by dif ferent  income groups. During the conf inement 

the rich increased their expenditure in online food purchases much more than the poor. 

 

4. I t  might  be an obvious quest ion but  debit  cards are linked to customers’ bank 

accounts, right? I sn’t  there a way to get  their income data? Excuse the quest ion if  it ’s too 

obvious or this cannot  be done due to data sharing regulat ions.  

 

You are completely right . I t  is possible to do so, and we are current ly working in this 

research direct ion. There we aim to link debit  and credit  card expenditure with the 

individual account  data. The process for doing so, however, is complex and goes beyond 

the reach of  the current  RSOS paper. We f ind that  card expenditure plus geographical 

informat ion is interest ing enough to deserve a paper of  its own, part icularly in the context  

of  the pandemic. I n any case, to be clear, we could not  agree more with your comment 

and intend to pursue it  further in future research. 

5. Do the authors have informat ion as to how big the households are? I .e. who is the main 

bread maker of  the family or if  the account  is joint?  

 

Unfortunately, it  is impossible to link households in this data. Even with account  data, this 

is far f rom obvious. The bank does not  have explicit  informat ion on household linkages or 

household size. Any informat ion has to be derived by looking at  joint  addresses, but  that  

of  course excludes the count ing of  household members without  bank accounts.  We are 

t rying to f ind solut ions to this hard problem for our next  project , but  it  is impossible to 

implement anything like that  in this current  paper. 

6. How easy for Spanish households to get  a credit  card? I .e. Do they have the incent ive 

to use their debit  cards more because credit  cards are hard to get  or are there any 

incent ives (bonus points, cash backs) that  make credit  card usage more at t ract ive? This is 

a minor point  but  credit  cards are a way of  pushing back household consumpt ion, at  least  

for a month. During the Covid crisis, some households might  want  to do that  more than 

others especially if  they received a big income shock.  

 

Thanks, this is a very valid point . Debit  cards are a standard-issue if  you have an account , 

so we do not  expect  this to be a serious problem. Addit ionally, to be clear, note that  the 

card data on this paper covers both debit  and credit  cards as stated in Sect ion 4, so even 

if  there was a subst itut ion f rom debit  to credit  cards during the covid crisis, our data 

should capture the full amount of  card expenditure. Unfortunately, we were not  given 

separate ident if iers/ f lags that  allow us to dist inguish whether, at  purchase, a given card 

is credit  or debit . Thus, while this breakdown would be very interest ing to analyze, for the 

purposes of  this paper, such analysis is not  possible. 

 

2 Minor comments: Thanks a lot  for this! We have corrected the typos that  you pointed 

out . 
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