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Abstract

This paper is a sequel to my ‘greening prosperity stripes’ article, Mihailov
(2026). It refines the calculation of these illustrative color stripes to take into
account consumption-based, or trade-embodied, carbon dioxide (CO2) emissions,
not production-based CO2 emissions as in the earlier study, thus revealing the in-
fluence of, in particular, offshoring polluting industries. Yet, the refined indicator
comes at the cost of losing nearly half of the countries in the world and most coun-
try groupings in the World Bank classification, due to unavailability of such data.
Nevertheless, it offers a more precise — and, perhaps, fairer — image, relative to the
original production-based greening prosperity stripes, of how green(ing) is the pros-
perity for most countries in the world. The novelty of this sequel paper consists in
illustrating clearly the difference between the two indicators of greening prosperity,
in pairs of comparative graphs. Because images and colors have power to impress
human minds deeper than words, the greening prosperity stripes, in addition to
raising awareness and mobilizing immediate climate policy action worldwide, can
essentially be used to track the progress of each country in comparison with other
countries toward the goal of net zero. Ideally, an annually updated public-domain
website could serve this crucial monitoring function at a global scale in a straight-

forward way with immediate online illustration and verification.

Keywords: consumption-based (or trade-embodied) greening prosperity stripes and
maps; production-based greening prosperity stripes and maps; comparative colormap
data visualization; communicating science to raise public awareness; tracking progress to

net zero

JEL codes: C82, F64, 044, Q51

*Department of Economics, University of Reading, Whiteknights, Reading RG6 6EL, United King-
dom; a.mihailov@reading.ac.uk. I am grateful to seminar participants at the University of Reading for
initial feedback. Any remaining errors or misinterpretations are my own responsibility.



Contents

1 Introduction 1
2 Methodology and Data 4
2.1 Theory . . . . . . 4
2.2 Measurement . . . . ... Lo 6
2.3 Data . . . . . . e 8
3 Visualization and Analysis 10
3.1 Country Stripe Images across Time: Production-Based vs Consumption-
Based Comparison . . . . . . . . ... 10
3.2 Country Colors on the World Map for 2020: Production- vs Consumption-
Based Comparison . . . . . . . . . ... 24
4 Concluding Remarks 33

A Appendix Al



List of Figures

10

11

12

13

Greening Prosperity Stripes from 1990 through 2020 for the US, China,
India and Germany (‘Static’ Winsorization Using the Respective 2020 Dis-

tributions): Production- vs Consumption-Based Comparison . . . . . . . 12

CO2 Emission Stripes from 1990 through 2020 for the US, China, India
and Germany: Production- vs Consumption-Based Comparison (‘Static’
Winsorization Using the Respective 2020 Distributions) . . . . . . . . .. 13

Economic Prosperity Stripes from 1990 through 2020 for the US, China, In-
dia and Germany: Production- vs Consumption-Based Comparison (‘Static’
Winsorization Using the Respective 2020 Distributions) . . . . . . . . .. 14

Greening Prosperity Stripes from 1990 through 2020 for the UK, Switzer-
land, Brazil and Mozambique: Production- vs Consumption-Based Com-

parison (‘Static’ Winsorization Using the Respective 2020 Distributions) 20
CO2 Emission Stripes from 1990 through 2020 for the UK, Switzerland,

Brazil and Mozambique: Production- vs Consumption-Based Comparison
(‘Static” Winsorization Using the Respective 2020 Distributions) . . . . . 21

Economic Prosperity Stripes from 1990 through 2020 for the UK, Switzer-
land, Brazil and Mozambique: Production- vs Consumption-Based Com-

parison (‘Static’ Winsorization Based on the Respective 2020 Distributions) 22

Japan: Summary of Stripes, Production- vs Consumption-Based Compar-

ison (‘Static’ Winsorization Using the Respective 2020 Distributions) . . 25

Australia: Summary of Stripes, Production- vs Consumption-Based Com-

parison (‘Static’ Winsorization Using the Respective 2020 Distributions) 26

Canada: Summary of Stripes, Production- vs Consumption-Based Com-

parison (‘Static’ Winsorization Using the Respective 2020 Distributions) 27

Poland: Summary of Stripes, Production- vs Consumption-Based Com-

parison (‘Static’ Winsorization Using the Respective 2020 Distributions) 28

Greening Prosperity Map of the World for 2020: Production vs Consumption-
Based Comparison (‘Static’ Winsorization Using the Respective 2020 Dis-
tributions) . . . ... 30
CO2 Emission Map of the World for 2020: Production vs Consumption-
Based Comparison (‘Static’ Winsorization Using the Respective 2020 Dis-
tributions) . . . . ... 31
Economic Prosperity Map of the World for 2020: Production vs Consumption-
Based Comparison (‘Static’ Winsorization Using the Respective 2020 Dis-
tributions) . . . ... 32



Al

A2

A3

A4

A5

A6

A7

A8

A9

A10

Greening Prosperity Stripes from 1990 through 2020 for the US, China,
India and Germany (‘Dynamic’ Winsorization Using the Respective Global
Panel Data Distributions): Production- vs Consumption-Based Comparison A7
CO2 Emission Stripes from 1990 through 2020 for the US, China, India
and Germany (‘Dynamic’ Winsorization Using the Respective Global Panel
Data Distributions): Production- vs Consumption-Based Comparison . . A8
Economic Prosperity Stripes from 1990 through 2020 for the US, China,
India and Germany (‘Dynamic’ Winsorization Using the Respective Global
Panel Data Distributions): Production- vs Consumption-Based Comparison A9
Greening Prosperity Stripes from 1990 through 2020 for the UK, Switzer-
land, Brazil and Mozambique (‘Dynamic’ Winsorization Using the Respec-
tive Global Panel Data Distributions): Production- vs Consumption-Based
Comparison . . . . . . . . . . A10
CO2 Emission Stripes from 1990 through 2020 for the UK, Switzerland,
Brazil and Mozambique (‘Dynamic’ Winsorization Using the Respective
Global Panel Data Distributions): Production- vs Consumption-Based
Comparison . . . . . . . . . . All
Economic Prosperity Stripes from 1990 through 2020 for the UK, Switzer-
land, Brazil and Mozambique (‘Dynamic’ Winsorization Using the Respec-
tive Global Panel Data Distributions): Production- vs Consumption-Based
Comparison . . . . . . . . .. Al12
Japan: Summary of Stripes, Production- vs Consumption-Based Compar-
ison (‘Dynamic’ Winsorization Using the Respective Global Panel Data
Distributions) . . . . . . . .. A13
Australia: Summary of Stripes, Production- vs Consumption-Based Com-
parison (‘Dynamic’ Winsorization Using the Respective Global Panel Data
Distributions) . . . . . . . ... Al4
Canada: Summary of Stripes, Production- vs Consumption-Based Com-
parison (‘Dynamic’ Winsorization Using the Respective Global Panel Data
Distributions) . . . . . . . .. Al15
Poland: Summary of Stripes, Production- vs Consumption-Based Com-
parison (‘Dynamic’ Winsorization Using the Respective Global Panel Data
Distributions) . . . . . . . ... A16

List of Tables

Al

World Bank Database (Online) — All Countries and Groups in the World A2



Mihailov (August 2026) 1

1 Introduction

Global warming has been unprecedented over the past few years in terms of the recorded
history of average annual or monthly temperatures across the world. There is also by now
consensus that a considerable part of it is human caused, mostly by increasing emissions
of greenhouse gases (GHG) since the time of the Industrial Revolution, and especially
during the latest few decades. An awareness in research and the wider society has been
gradually established, more and more since the 1970s (see, e.g., Keeling et al. (1976))
that it is high time for humanity to take responsibility and reverse as much as possible
the negative trends and effects of climate change.

Against such a background, the relationship between economic development or growth,
or — less so — life expectancy, and carbon dioxide (CO2) emissions, or — less so — GHG
emissions, has generated a large literature. But Mihailov (2026)! was the first study that
proposed to link real gross domestic product (GDP) per capita, as a typical measure of
economic prosperity approximating social welfare, and CO2 emissions per capita, as a
typical measure of GHG emissions approximating environmental pollution, in a ratio by
country expressed in visually comparable stripes of colors. This new indicator of macroe-
conomic and environmental trade-offs was denoted as ‘greening prosperity” and expressed
either as color stripes over time per country or region or as country colors for a given
year on the map of the world. The specific color nuances are assigned depending on the
value of the indicator and, thus, allow straightforward comparison of where a country is
and how it has been moving across time at the scale of a common ‘measuring stick’, i.e.,
the palette of 16 color nuances shown in the right-hand side of the stripe graphs (that
will be analyzed later). The aim of the original study was to define an intuitive visual
representation for a widely accepted indicator of ‘greening prosperity’ and thereby track
down, via the color stripe and map comparisons, progress toward the goal of net zero for
any country or group of countries.

This sequel paper refines the calculation of the color stripes by taking into account
consumption-based, or trade-embodied, CO2 emissions, not production-based CO2 emis-
sions as in the earlier article. In particular, the visual comparison of the two versions
of stripes picks up the effects of offshoring polluting industries, as well as a cleaner do-
mestic production structure and/or faster transitioning to renewable sources of energy.
The refined indicator has a cost though, namely that almost half of the countries in the
world and most country groupings in the World Bank classification are lost in the calcu-
lation due to missing data. The refined greening prosperity stripes also have a benefit,
namely that they paint (literally, paint!) a more precise image, relative to the original

production-based greening prosperity stripes, of how green(ing) is the prosperity for most

ndeed, the earlier discussion paper version, Mihailov (2023).



2 Greening Prosperity Stripes 2: Consumption-Based Refinement

— even if not all — countries in the world. The novelty of this sequel paper consists in
illustrating clearly the difference between the two indicators of greening prosperity, in
pairs of comparative graphs. Because images and colors have power to impress human
minds deeper than words, the greening prosperity stripes help raising awareness and mo-
bilizing immediate climate policy action worldwide. Moreover, and as suggested, the
stripes and maps in their refinement here using consumption-based or trade-embodied
CO2 emissions per capita can essentially be employed intuitively and compellingly to
measure progress by country or region toward the goal of net zero. Ideally, an annu-
ally updated public-domain website that allows easy visual comparisons across countries
could serve this crucial monitoring function at a global scale in a straightforward way

with immediate online illustration and verification.

In this section, we briefly mention a selection of background literature that relates
most closely to our two studies, the original and the sequel. For more details and addi-

tional citations, we would refer to Mihailov (2026).

As discussed in the latter article, the scientific literature on the so-called ‘green-
house effect’ is about two centuries old. Dobes et al. (2014) trace down its origins to
Fourier (1827/2013) and Tyndall (1861). In economics, Arrhenius (1896) was the first to
raise the issue about the effect of anthropogenic carbon emissions on the global climate.
Dobes et al. (2014) survey the subsequent literature in economics decomposing it into
three strands: (i) on trends in climate change, the oldest chronologically — e.g., Keeling
et al. (1976) measured the concentration of atmospheric CO2 at Mauna Loa Observatory,
Hawaii, to document the effects of the combustion of coal, petroleum, and natural gas
on the distribution of CO2 in the atmosphere, and found that the annual average CO2
concentration rose by 3.4% between 1959 and 1971; (ii) on mitigation of climate change,
where the field of environmental economics gained more prominence after the first oil
price shock in the early 1970s, e.g., d’Arge et al. (1982), Edmonds and Reilly (1983a),
Edmonds and Reilly (1983b); and (iii) on adaptation to climate change, where the policy
concerns regarding urgent global action became increasingly more acute since the late
1980s and the early 1990s, e.g., with the development of the dynamic integrated climate
economy (DICE) models and the regional integrated climate economy (RICE) models of
Nordhaus (1993) and Nordhaus and Yang (1996), as well as, more recently, Stern (2008)

and many studies that followed.

The earliest formalized awareness of the concern about limited and exhaustible natural
resources appears to have been proposed by Hotelling (1931). A second wave in this
literature spurred in the 1970s and a third wave followed in the 1990s, notably with
Grossman and Krueger (1991, 1993, 1995), defining the environmental Kuznets curve
(EKC), first in their 1991 NBER working paper, by analogy with the work of Kuznets

(1955) relating economic growth to income inequality (see also Acemoglu and Robinson
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(2002) on the political economy of the original Kuznets curve). According to the EKC
hypothesis, as also claimed in the survey by Dinda (2004), p. 431 (abstract), there exists
“an inverted-U-shaped relationship between different pollutants and per capita income,
i.e., environmental pressure increases up to a certain level as income goes up; after that,
it decreases.” Dinda (2004) provides an overview of the EKC literature, its history,
insights, policy as well as its conceptual and methodological critiques, and summarizes
this literature (up to 2004) in the sense that “evidence for the existence of EKC is

inconclusive.” (p. 450).

Only very few papers in the very recent literature have attempted to take account
of the differences in the production-based vs consumption-based measurement of CO2
emissions, e.g., Ritchie (2019). Her analysis does not extend, however, to formulating
indicators or stripes capturing the trade-offs and tensions between economic well-being
and CO2 emissions. Some other papers (co-)authored by the same researcher along
similar lines are also worth mentioning, e.g., Ritchie (2021) and Ritchie et al. (2023).
Again, there is no much overlap with our work and the objectives and visualizations in

our approach remain novel and insightful, as we shall illustrate and discuss further down.

Similarly to the resource and environmental economics literature just outlined, the
measurement and theory of macroeconomic indicators and price and quantity indexes is
now more than a century old too: see, e.g., Mitchell (1913), Fisher (1921), Kuznets (1934),
Leontief (1936), Burns and Mitchell (1946), Koopmans (1947), Kaldor (1961). But, to
keep focus, we would not engage here in providing an overview of the rich and well-
known history of these contributions. We would rather pass next directly to describing
the methodological design and construction of our novel visual indicator that captures
economic prosperity relative to CO2 emissions for any country or region with available

data as gradually ‘greening’ (or ‘browning’) over time.

The paper is hereafter structured as follows. Section 2 provides the theoretical ba-
sis that defines our new color indicator of macroeconomic and environmental trade-
offs, distinguishing between two possible methodological approaches in constructing it:
the production-based approach, as in the original study of Mihailov (2026), vs the
consumption-based, or trade-embodied approach, which is the refinement proposed in
the present sequel paper. Section 3 provides our visualizations and their analysis, em-
phasizing the usefulness of the color stripes in depicting clearly progress and tensions
along the road to net zero for any country or region and in arriving at some conclu-
sions to guide policies. The final section concludes, and a supplementary online appendix

provides further details and illustrations.
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2 Methodology and Data

This section draws heavily on a similar section in Mihailov (2026). However, it differs
in that the refinement of the greening prosperity ratio (GPR) and its numerator and
denominator is explicitly added and discussed. We have preserved the logic of exposition
and the main theoretical arguments, but have enriched them with providing a parallel
of the differences in the original production-based approach of defining the GPR vs its
consumption-based or trade-embodied refinement here in this sequel paper. This is an
improvement that most would agree arises because of a fairer attribution of who emits

CO2 in production for consumption elsewhere.

2.1 Theory

This subsection is almost identical with the corresponding one in Mihailov (2026), but
for the sake of completeness, we repeat it with minor edits, as necessary to incorporate
the refinement of the approach undertaken in this sequel paper.

Mathematically, we aim at an indicator that is some function of variables changing
over time y(...). The arguments of the function may potentially be several, and the
functional forms may potentially be several too. The simplest and most obvious approach
we pursue hereafter is to impose a general function of two arguments y;(x, z;), where
x; is some measure of economic prosperity and z; is some measure of the degree of

environmental pollution, with the respective partial derivatives as

Oy (4, 2) > 0 and Oy (4, 21)
al't 8zt

The specific functional form that satisfies the above conditions can be, in its simplest

<0 (1)

expression, just a ratio

el z) = 2)
where x;, some measure of prosperity in real value per capita, will tend to grow over
time, while z;, some measure of environmental pollution in real value per capita, will
tend to decrease over time, ultimately reaching a minimum of a unit, the latter defined
as virtually zero pollution. So, as z; — 1, y; — x4, with the limit defining completely
green — i.e., unpolluted, clean or ‘undiscounted’ (by detrimental emissions) — prosperity
in real value per capita.
To translate the above prosperity indicator discounted by the degree of harmful
emissions into a colormap stripes image, one needs to define a function capturing the
global minimum and the global maximum in a dataset, represented as a matrix M, ide-

ally a balanced panel of countries (and country groups) as rows, M;, of the matrix,
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1=12, .. J—1,J, and years as columns of the matrix, My, t =1,2,...,7 — 1,T. Then
each element of the matrix, m;;, is a country-year observation, each row of the matrix,
M;, is a country j evolving over time, and each column of the matrix, Mg, is a cross sec-
tion in year t. Now there are two straightforward ways to define the stripes, depending
on their desired number n =1,2,...., N — 1, N in a colormap image.

One can determine the range, R, between the global maximum, Max(m;;), and the

global minimum, Min(mj;), in the dataset matrix M as

R = Max(mj;) — Min(mj), forall j=1,..,Jandalt=1,.,T (3)

as we do in our subsequent visualization of the proposed colormap stripes by countries
over time to ensure direct comparability?, and then allocate to it the respective number

of desired colors (and nuances) as stripe S (we chose N = 16):

R
S=E45 (4)

Alternatively, one can wish instead to focus on a particular country stripes s as they

are evolving over time, and the respective definitions then involve the particular coun-
try vector only in defining the country (or local) maximum, max(m;), and minimum,

min(m;), range r;, and stripe s;:

r; = max(m;) — min(m;), for a given jand t =1,...,T (5)
and
rs

The above is a time-series stripe representation or visualization, i.e., for a country
j over time — but such colors, while more in number for a typical country than under
the global scale just introduced, are not comparable across countries, so we do not use it
in this paper as well as in Mihailov (2026).> Another perspective can present the cross-
section stripe visualization in a plot of sequences of stripes or on the world map, i.e.,
for all countries in a given year ¢, with respectively defined variables max(m;), min(m,),
r¢, and s; — but such colors are not comparable across years, as is the case under the

preferred global scale:

r = max(my;) — min(my), for a given t and j =1,...,.J (7)

and

Mlustrated further down in the present paper as well as in Mihailov (2026).
3We, however, do illustrate this visualization too in Mihailov (2023).
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St = 3 (8)

The colormap stripe definitions suggested here above can each be winsorized in sev-
eral ways, and we exploit one such winsorization, at 5% and 95%, in two versions: (i)
a ‘static’ winsorization, as in Mihailov (2026) for the last year with relatively complete
data for most countries in our panel, 2020, illustrated in all figures to follow in the main
text; and (ii) a ‘dynamic’ winsorization, illustrated in the appendix and not appearing
in Mihailov (2026), where the 5 and 95 percentiles are preserved but instead of using
the respective 2020 distribution for the involved variables (that is, the GPR, its numer-
ator and its denominator), we use the respective global panel data distribution for the
same variables. Winsorization is undertaken essentially to allow sharper comparison by
enhancing visibility in the sense of ‘forcing’ the display of more colors (compared to the
same approach without winsorization) within the chosen palette, as will also be discussed

and illustrated in the figures coming later on.*

2.2 Measurement

We now define our indicator of ‘greening prosperity’ more precisely, that is, with view
to the available — and comparable across countries — data. In this respect, and differ-
ently from the original article, Mihailov (2026), we hereafter distinguish two possible
methods of computing the greening prosperity ratio as well as, and depending on, the
measurement of its numerator and denominator: a consumption-based refinement over
the initial production-based calculation. One possible, still general, definition consistent
with equation (2) could be
Gy = % or G = % 9)
where Gy, is some measure of ‘greening prosperity’, defined with reference to or use
of Yy, which is some measure of well-being or welfare per capita (could even be, more
generally, some measure of quality of life or general health or longevity, such as life ex-
pectancy at birth, possibly denoted with a different letter, e.g., L;), relative to E;, which

is some measure of harmful emissions in the environment per capita (could even be, more

4The dynamic winsorization moves the 5 and 95 percentiles capturing the top and bottom colors in
the right-hand side palette scale when adding new years and new data to the panel data set, and in this
way always splits the 16 color nuances across a range of varying magnitude, consistent with the theory
of measurement we propose. In effect, it preserves the allocation of all 16 color nuances within this same
spectrum no matter how big the gap between the 5 and 95 percentiles is, in each vintage of extended
data samples. The static winsorization, taking the 5 and 95 percentiles of the 2020 distribution of each
of the measured variables as a benchmark or anchor, by contrast, avoids this ‘drift’, and results in color
stripes that deviate further and further when new data are arriving with reference to the anchor, or
benchmark, 2020 distribution for each measured variable.
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generally, some measure of environmental pollution or degradation, denoted by a differ-
ent letter, e.g., P, or D;). For both the numerator and the denominator in the above
ratio there seem to be several obvious candidates. For the numerator, one could use real
GDP per capita (pc) or real gross national income (GNI) pc or real consumption pc (all
measured so as to be comparable internationally) or life expectancy at birth (compara-
ble internationally). For the denominator, one could use a general measure of harmful
emissions, such as caused by GHG, which are several,® or the largest share of these GHG,
which belongs convincingly (as the numbers just mentioned in the footnote indicate) to
CO2 emissions. However, CO2 emissions (as well as GHG emissions, more generally)
could be measured either based on the location/country where the production of certain
goods and services occurs and so CO2 is emitted, or based on the location/country where
the consumption of the same goods and services ultimately takes place. Exactly along
such a dimension is our refinement of the original greening prosperity stripes proposed
here, in this sequel paper, accounting for the consumption-based measure of CO2 emis-
sions, which appears to reflect a fairer attribution, via the location of final consumption,
of the ‘guilt’ of originating CO2 emissions, even if via production of goods and services
elsewhere in the world. Accordingly, accommodating this difference we introduce now,

the still general definition in equation (9) may specialize as:

RGD Ppc, RConspc,
GPBPrody; = GPBC =
rotye GHGFE Prodpc, o onsy GHGEConspc;

(10)

where GPBPrody, is greening prosperity defined broadly in terms of real GDP pc,
RGD Ppcy, ‘discounted’ (or ‘deflated’) by (or ‘corrected’ for or ‘cleaned’ from) production-
based GHG emissions pc, GHGE Prodpc;; and GPBConsy; is greening prosperity de-
fined broadly in terms of real consumption pc, RConspc,, ‘discounted’ by consumption-
based (or trade-embodied) GHG emissions pc, GHGEConspcy;

or.

RGD Ppc, RConspc,
GPN Prody; = GPNC =
rotve CO2E Prodpc; o onsye GHGEConspc

(11)

where GPN Prody; is greening prosperity defined narrowly in terms, again, of real

GDP pc, RGDPpc;, but now divided by production-based CO2 emissions per capita,

5The Kyoto Protocol to curb GHG emissions, signed by 39 developed economies in 1997, covered
carbon dioxide, accounting for 82% of total anthropogenic GHG emissions from developed countries in
1995, according to UNEP (1999 /revised 2002), methane (with 12%), nitrous oxide (with 4%), hydro-
fluorocarbons, perfluorocarbons and sulphur hexafluoride, as cited in, e.g., Bengochea-Morancho et al.
(2001), p. 165, and updated online at UNEP (1999/revised 2002): https://www.unep.org/resources
/report/climate-change-information-kit.


https://www.unep.org/resources/report/climate-change-information-kit.
https://www.unep.org/resources/report/climate-change-information-kit.
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CO2E Prodpc;; and GPNConsyy is greening prosperity defined narrowly in terms, now,
of real consumption pc, RConspc, divided by consumption-based (or trade-embodied)
CO2 emissions per capita, CO2EConspc,.’

To keep simplicity and in continuity of our choice made in the original article, Mihailov
(2026), we employ in this sequel study hereafter the — ‘measurement’ or ‘empirical’ —
definition in equation (11). Differently from Mihailov (2026), we now add the refinement
of the consumption-based or trade-embodied attribution of CO2 emissions per capita,
which results in the refined version of our three types of color stripes per country in
the present sequel. Further down we also show together in parallel for comparative
purposes the images resulting from either methodological variation. As is well-known in
the literature, data for CO2 emissions are more widely available for all countries in the
world than the corresponding, and more encompassing in terms of harmful gases, GHG
emissions. We, nevertheless, keep in mind any alternative definitions in the equations
above for future exploration.

As noted in Mihailov (2026),” one advantage of our choice to define greening prosperity
as in equation (11) is that it is thereby measured in a way allowing for an intuitive inter-
pretation, namely, real GDP pc or real consumption pc (in constant PPP international
USD), respectively under the production- or consumption-based approach, ‘discounted’
by the degree of CO2 emissions (in metric tons), production-measured or consumption-
measured, respectively.® To define the goal of ‘net zero’, the metric tons in the typical
measure of CO2 emissions per capita could be expressed as kilograms — or even grams —
and the minimum defined at unity, as already suggested: the net zero greening prosperity
ratio, then, has a denominator of 1 and, thus, does not discount anymore the value of

‘pure’ or ‘green’ economic prosperity per capita.

2.3 Data

Table Al in the appendix presents the World Bank list of all 217 countries in the world,
plus 49 country groupings or regions (with their number of ordering, name and country
or group code), which we could potentially use hereafter in a comprehensive compara-
tive visualization. The World Bank provides highly comparable time series of real GDP

pc and real consumption pc in international constant US dollars for the majority of

6 An alternative definition of welfare or life quality and the related greening prosperity indicator may
use the same two versions of the denominator, as in equations (10) and (11) and with the production-side
vs the consumption-side alternative measurement of detrimental emissions, but with a different measure
in the numerator, e.g., life expectancy at birth, as was mentioned: see Mihailov (2023) for more details
and some illustrations of such an indicator.

TAnd the earlier versions of the same article as a detailed discussion paper, Mihailov (2023) and a
dense policy column, Mihailov (2024).

8In the environmental literature, such a definition is usually interpreted as the carbon intensity of
output of a country.
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countries in the world and applying the methodology of purchasing-power parity (PPP)
exchange-rate conversion at annual frequency since 1990. To ensure better precision and
comparability, we employ exactly this PPP-USD World Bank time series. In particu-
lar, and as in Mihailov (2026), for the production-based GPR calculation we used the
World Bank indicator ‘GDP per capita, PPP (constant 2017 international $)’, with code
NY.GDP.PCAP.PP.KD:;? for the consumption-based GPR calculation we used the World
Bank indicator ‘Households and NPISHs!® Final consumption expenditure per capita,
PPP (constant 2021 international $), with code NE.CON.PRVT.PP.KD’.!!

For the production-based CO2 emissions, as in Mihailov (2026), we used again, for
continuity and comparability, the World Bank indicator ’CO2 emissions (metric tons per
capita)’ with code EN.ATM.CO2E.PC.!? Our data on consumption-based CO2 emissions
per capita are downloaded from the website of Our World in Data, in particular in
relation to their Global Carbon Project.'® Consumption-based emissions are calculated
as ‘domestic’ or ‘territorial’ emissions that have been adjusted for trade. The adjustment
takes production-based emissions as a starting point, then subtracts from them emissions
embedded (or embodied) in exports, and adds emissions embedded (or embodied) in
imports.

In effect, consumption-based emissions attribute the emissions generated in the pro-
duction of goods and services according to the location or country of their final consump-
tion, rather than where they were produced. If a country’s consumption-based emissions
are higher than its production emissions it is a net importer of carbon dioxide. If its
consumption-based emissions are lower, then it is a net exporter. Consumption-based
emissions are not available for all countries because not all countries have sufficient, high-
quality trade data. But those without complete data are a small fraction (3%) of the
global total.!*

‘https://data.worldbank.org/indicator/NY.GDP.PCAP.PP.KD. While the World Bank has very
recently switched from 2017 PPP-USD to 2021 PPP-USD in this same measurement, we kept the 2017
PPP-USD measurement of the production-based GPR calculation, that is, for its numerator of real GDP
pc, to ensure that the production-based approach remains the same as in Mihailov (2026).

10Tn the System of National Accounts, non-profit institutions serving households (NPISH) are defined
as institutions that provide goods and services either free or below market prices, mainly derive their
income from grants and donations and are not controlled by the government. These typically include
charitable and religious organizations, trade unions, political parties, universities and further education
establishments: see, e.g., https://www.ons.gov.uk/economy/grossdomesticproductgdp/compendiu
m/unitedkingdomnationalaccountsthebluebook/2023/householdsandnonprofitinstitutionsserv
inghouseholdsnpish.

Uhttps://data.worldbank.org/indicator/NE.CON.PCAP.PP.KD.

12This indicator has been discontinued and updated as from 16 December 2024 and does not appear
anymore online, see: https://datahelpdesk.worldbank.org/knowledgebase/articles/906522-dat
a-updates—and-errata.

13https ://ourworldindata.org/grapher/consumption-co2-per-capita#sources-and-process
ing.

4The data we use from the Global Carbon Project measures carbon dioxide emissions from fossil fuels
and industry and does not include emissions from land use change, deforestation, soils, or vegetation.
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https://www.ons.gov.uk/economy/grossdomesticproductgdp/compendium/unitedkingdomnationalaccountsthebluebook/2023/householdsandnonprofitinstitutionsservinghouseholdsnpish
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3 Visualization and Analysis

3.1 Country Stripe Images across Time: Production-Based vs

Consumption-Based Comparison

To illustrate the differences in the production-based vs consumption-based (or trade-
embodied) methodological approaches, we proceed in this section with a direct com-
parison of the colormap stripe images generated by each of them for the recent time
period of 1990-2020. The stripes start in 1990 due to lack of earlier highly compara-
ble data across countries, even at the World Bank from where we source most annual
data. It stops at 2020, for two reasons: (i) to allow comparability with the corresponding
colormap production-based visualizations in my FEcological Economics article, Mihailov
(2026); and (ii) to avoid missing data for many countries in 2021, 2022 or 2023, the latest
years with data availability for some countries. The comparisons of the stripes by method,
production- vs consumption-based, are structured to begin with the novel indicator of
focus in the present paper, namely, the greening prosperity ratio, depicted as stripes of
evolving colors over the years of the sample from dark brown (bottom end of the palette
used to locate each country on the common scale in the right-hand side) to dark green
(top end of the same scaling color palette). We then also show and discuss, in turn, the
denominator of the greening prosperity ratio, namely CO2 emissions per capita accord-
ing to both the production- and consumption-based approaches, on a reversed colormap
going now from dark green (minimal carbon emissions pc) to dark brown (maximal emis-
sions pc), and the numerator, a measure of economic prosperity according to both the
production- and consumption-based methods on a dark blue (low/‘cold/poor-economy’
values) to dark red (high/‘heated/rich-economy’ values) for the same years. The decom-
position of the greening prosperity ratio into its denominator and numerator is insightful
in understanding its dynamics depicted by the color stripe images and in assessing which
its dominant driver is.'?

The figures that follow in the present subsection illustrate the colormap stripes for
four ‘major’ economies and four ‘other’ economies from 1990 through 2020 in two parallel
rows of four panels each, obtained by both methodological approaches we proposed in
section 2.1 for their definition and visualization, namely the production-based computa-
tion (top row of four subplots) vs the alternative or complementary consumption-based
computation (bottom row of four respective subplots). The two rows of image panels

in each of the figures shows a palette of the same 16 color nuance patterns, defined by

CO2 emissions per capita are calculated by dividing emissions by population at the indicated data source.
Emissions from international aviation and shipping are not included in the data for any individual country
or region. They are only counted in the global total.

15The replication archive, with the data and MATLAB and STATA codes, is publicly available on my
GitHub webpage: https://github.com/AlexnaderMihailov.


https://github.com/AlexnaderMihailov
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the winsorized minimum at 5% and maximum at 95% in the cross section for 2020 for
each respective compared variable, i.e., the 2020 distribution for each of the GPR and
its numerator and denominator is taken as a benchmark (or anchor) in the comparisons
along the y-axis. The variation across time is depicted along the x-axis for all these six
variables and, potentially, for for all individual countries in the World Bank database
(listed in Table A1 in the appendix). We denote the described winsorization approach
as ‘static’, as it uses only the respective 2020 distributions to ‘anchor’ the respective
color palettes by variable (numerator, denominator and ratio). Winsorization based on
the respective distributions for 2020 is chosen for all figures in the main text because
2020 was the same last year in the sample for the production-based approach in the ear-
lier article, Mihailov (2026), and also because data for later years are available for some
countries but are largely incomplete. In the supplementary appendix, an alternative ‘dy-
namic’ winsorization is also illustrated, as a complementary variant of the visualization
or as a robustness check: in it, winsorization for each of our six variables depicted as
country color stripe or world map images (production-based vs consumption based ratio,
denominator and numerator) is based instead on the bottom 5% and the top 95% of the
respective global panel data distributions (for these six variables), as they evolve over
time and with addition of new data/years.

As mentioned in Mihailov (2026), the purpose of providing the winsorized rather
than raw version of the various color stripes by country or world maps expressing in color
each of the six indicators we propose, visualize and study is to enhance the visibility of,
and hence facilitate, the comparisons across countries or country groups/regions. The
effect of the winsorization, by packing together the outliers below and above the chosen
thresholds, is to define the bottom color and the top color in each ‘measuring stick’ or
palette on the y-axis scale, shown with value ticks in the right-hand side of each subplot
image, and thereby to ‘force’” more colors within the palette to appear for each country
stripes or for each continent on the world maps relative to the reduced number of colors
without winsorization.

Figure 1 compares the production-based (top row of four subplots) vs the consumption-
based approach (bottom row of four respective subplots) of constructing the greening
prosperity stripes over the period 1990-2020 for four economies that are among the largest
in the world, the United States (US), China, India and Germany. We would point to

several insights from this comparison.
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First, the refinement in the present paper, seen in the bottom row of subplots, to
use consumption-based measures of economic prosperity (real consumption per capita in
the numerator) and CO2 emissions per capita attributed to the final consumer, and not
production-based ones as in Mihailov (2026), seen in the top row of subplots, illustrates
the problem of missing data (see the blank/white years for China) when the former
approach is pursued rather than the latter. For continuity and comparability with my
published article, I selected in this sequel paper the same countries as examples to discuss
when visualizing the various stripes. In the case of Figure 1, however, I had to recur to
a first adaptation: data for the European Union (EU) as a whole were missing for the
entire period of 1990-2020, so I opted to depict instead the greening prosperity stripes
for Germany, its biggest EU economy, in the present study.

Second, the consumption-based measures in the second row of subplots make the US
and India to look better, that is, enjoying a higher degree of greening (not yet, indeed,
green nuances but lighter brown) prosperity compared to the production-based measures.
To put it differently, when accounting for trade and final consumption in contributing to
global CO2 emissions and not for production only that emits CO2 on their territory, the
US and India come out as lighter brown, and improving over the years. For China, the
same deepest dark brown color and the same conclusion of a lowest degree of greening
prosperity, as captured by the bottom color nuance in the palette on the right-hand side,
is invariant to the choice of methodology. For Germany, one observes a reversal of the
finding just noted with regard to the US and India: Germany appears in darker brown
nuances, even if improving over time, in the consumption-based vs production-based
calculation of its greening prosperity stripes.

Third, all these 4 largest economies in the world are too far yet from even approaching
the colors of greening prosperity in the top half of the ‘measuring stick’, i.e., the color
palette in the right-hand side. That is, the trade-off, or balance, between high standard
of living per capita (as numerator of the ratio) and CO2 emissions per capita (as denom-
inator) is twisted in all of these countries in favor of more production and consumption
even at the cost of not sufficiently reducing CO2 emissions. The decomposition of the
greening prosperity ratio by denominator and numerator in the following two figures will
confirm our conclusions here and make them sharper.

Figure 2 provides the same visualization in terms of stripes and comparative perspec-
tive across the 4 major economies, but now zooming on the denominator of the GPR.
The top row shows production-based CO2 emissions per capita while the bottom row
parallels the images with consumption-based CO2 emissions per capita.

One can easily detect a sharp contrast or divide in this figure: the US and Germany
emit CO2 per capita at much higher levels than China and India, and therefore are

assigned brown color nuances. For the US, the production-based measure stays on the
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darkest brown color throughout the whole period, a persistent high level of CO2 emissions
per capita at the winsorized world maximum for the 2020 distribution. Changing to the
consumption-based analogous measure mitigates the above extreme results somewhat, as
the brown shades become gradually lighter after 2009, but never reach the green top half

of the spectrum of colors in the palette.

For Germany, the consumption-based CO2 emissions get lower over time faster, thereby
reaching the light green nuances near the middle of the measuring stick in the right-hand
side. This essentially reflects slow transitioning to renewable energy sources on the pro-
duction side of the economy. On the other hand, China and particularly India, come out
as quite green in terms of CO2 emissions per capita, especially taking into account their

consumption-based (or trade-embodied) measure.

Figure 3 preserves the contarst we just discussed but now in terms of economic pros-
perity measures. The US has been increasing its levels of real GDP pc and has, therefore,
been moving from lighter red to darker red stripes over the 1990-2020 period in the top
row of subplots, while it has preserved the maximal darkest red color status throughout in
the real consumption per capita ranking in the bottom row of subplots. Germany shares
similar trends and stripe patterns, but less extreme than those for the US. China and
India remain in the darker blue stripe nuances on both rows, but have started a catch-up
process in both real GDP pc (i.e., on the production side) and real consumption pc (i.e.,
on the consumption side), and the consumption gap to the most advanced economies is

somewhat melting faster than the production gap.

A final insight comes from comparing the numerator and denominator of the green-
ing prosperity ratio for all these four major economies. It explains in colors the driving
force behind the divide we uncovered, between the US and Germany, on one side, and
China and India, on the other in terms of denominator and numerator of the GPR. The
dominant brownish colors in the greening prosperity stripes for the US and Germany
(that is, relatively low GPR, as the scale shows) are driven by the relatively high (dom-
inantly brownish on the respective relative scale) levels of CO2 emissions per capita in
both the production- and consumption-based approaches (the denominator), which out-
weighs the upward forces or contributions coming from their relatively high (reddish,
on the respective color palette scale) economic prosperity (the numerator), again, mea-
sured either way, production-based vs consumption-based. By contrast, for China and
India we would conclude the opposite regarding their dominant brownish GPR: the main
driver behind is now the still very low level (dark blue nuances) of both production- and
consumption-based economic prosperity measures (the numerator), that cannot get high
enough (reaching the red nuances in the top half of the color palette) over the years so
as to increase their GPR (i.e., make it lighter brown to light green), no matter that the

levels of CO2 emissions according to both production- vs consumption-based measures
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(the denominator) are low enough (i.e., green to dark green in the bottom half of the
respective color palette). Our interpretations here illustrate the value of this visualization
approach in the analysis at a general/macro level of what drives the greening prosperity
ratio to a larger extent, its numerator or its denominator, and how this can inform poli-
cies in order to advance along the path toward net zero in the future, which may imply
different trade-offs or re-balancing of growth and emissions for different countries.

To expand a bit on our visualizations and analysis of the production- vs consumption-
based approach to defining the greening prosperity stripes and their ingredient variables
(numerator and denominator), which are in principle computed and plotted given avail-
able data for all 217 countries in the world and 49 country World Bank groups,'¢ we
present the same images and interpretations as for the four major economies above but
now for four ‘other’ economies, partly linking to the country cases I focused on in Mihailov
(2026) and partly representing diversity across the globe in terms of continents and stages
of economic development. These are the United Kingdom (UK) and Switzerland, both
advanced economies out of the Kuropean Union that have been good examples of green-
ing from their respective stripe images generated by the production-based calculations
in my published article, as well as Brazil, a key emerging market economy (EME) in the
BRICS bloc of countries (together with China and India earlier here, and Russia to be
mentioned further down) and Mozambique, an illustrative case from the less developed

EMES.

Figure 4 compares the greening prosperity stripes for these four countries along both
approaches of their computation, the production-based (top row) vs the consumption-
based (bottom row). What strikes directly by the colors for Switzerland, and much less
so for the UK, is that the favorable picture painted by the production-based approach
to defining the greening prosperity stripes is reversed completely. Part of this for both
countries could be due to the offshoring of heavy-emitting industries: while offshoring
helps improve the greening image of a given country along the production-based approach,
such as in the cases of the UK and Switzerland (and I did comment in a bit more detail
on both in Mihailov (2026)), this same country may not look green and emerge as rather
brown, when the emissions of CO2 by other countries which export their goods and
services for consumption are properly counted in the consumption-based refinement of
the greening prosperity indicator (proposed in the present paper), as the color stripes
for Switzerland now illustrate vividly. Of course, the differences in the consumption-
vs production-based approach of calculating the GPR does not arise from offshoring
only. Another part of the explanation is the production structure of a given economy,

where polluting industries are absent or minimal, as is the case for Switzerland. By

16See Table Al and the link to my Github webpage with the data and code referred to in an earlier
footnote.
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contrast, the conclusion regarding Brazil is the opposite: its GPR looks dominantly
(light) brown according to the production-based approach of counting CO2 emissions but
dominantly (light) green according to the consumption-based or trade-embodied approach
promoted in this sequel refinement study. Part of the explanation here again is the
production structure, which relies on industries that emit more CO2, and another part
is the slow transitioning of the production side of the economy to renewable energy
sources as well as to lack of or insufficient offshoring. As for Mozambique, the trends
in its greening prosperity stripes from 1990 through 2020 are not optimistic, and this is
confirmed (with certain variation) by both approaches. What drives these conclusions:
is it the denominator of the greening prosperity ratio, as was in the case of the US and

Germany, or is it rather the numerator, as it appeared for China and India earlier?

Looking first at the denominator of the GPR as its key determinant, CO2 emissions
per capita along both approaches, in Figure 5 one can confirm the conclusions regarding
the role of offshoring in the UK and the existing production structure and the transitioning
to renewables in Switzerland from the preceding Figure 4. Again, the case of Switzerland
is the most striking and sharp in terms of contrast across the two approaches. When
production-based CO2 emissions per capita serve as denominator in the GPR definition,
Switzerland is greening, that is, emitting less and less CO2 all over the sample and reaches
close to the darkest green of the bottom of the comparative measuring stick performed
by the right-hand side color palette scale. However, turning to consumption-based (i.e.,
trade-embodied) CO2 emissions per capita, Switzerland is persistently (lighter) brown
throughout, reaching a peak in 2012 and 2014, 2015 and 2026 (the darkest brown stripe
on its graph) and somewhat improving (returning to lighter brown nuances) thereafter.
Like the UK, Brazil looks somewhat greener under the consumption-based approach to
attributing CO2 emissions per capita, while Mozambique is equally characterized by a
single darkest green wide stripe throughout the whole 1990-2020 period, irrespective of

the approach to calculation.

Now looking at the numerator of the GPR for these four other countries, illustrating
here in an expanded country comparison the usefulness of our visualization approach
embodied in the greening prosperity stripes, especially in their consumption-based re-
finement in the present sequel paper over the production-based alternative of my original
study, Figure 6 similarly splits the compared countries sharply into two groups: Switzer-
land and the UK, among the richest countries, especially so in terms of real consumption
per capita (bottom row) rather than real GDP per capita (top row), come out darkest red
in all or most years (except the UK being lighter red according to its production-based
stripes). By contrast, Mozambique, which illustrates the case of one among the poorest
countries in the world, remains at the bottom darkest blue in terms of real output per

capita as well as real consumption per capita, no matter the chosen alternative indicator
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in the numerator of its GPR. Brazil appears closer to Mozambique in color nuances, of
the light blue range, and it catches up faster with more advanced economies in terms
of real consumption per capita (lighter blue shades in the bottom row) and not that
much real output (darker blue shades in the top row). All in all, thus, the brown stripes
(relatively lower values) of the Swiss consumption-based GPR are driven by its brown
stripes (relatively high values) of trade-embodied CO2 emissions (in the denominator of
the GPR) rather than its darkest red (highest values) of real consumption (in the nu-
merator). Similar, but less sharp conclusions are valid for the UK, whereas the GPR for
Brazil and Mozambique seem to be driven by their relatively low real output and real
consumption (blue to darkest blue), given that the values of CO2 emissions remain low
(dominantly darkest green).

We now would like to complement the visualizations and analysis thus far from a
different, single-country perspective that summarizes all six types of stripes: generated
via the production-based approach (in the left-hand side column of three subplots) as well
as the consumption-based approach (in the right-hand side column of three subplots).
We also reverse the order of arranging these summary stripes per country, by putting the
final product of interest, our greening prosperity stripes, at the bottom row, while their
respective numerator is on the top row and their respective denominator in the middle
row. This kind of an alternative visualization is illustrated in the next four figures for
four country cases that represent important economies in different world regions or with
various economic development history. Japan and Canada are among the Group of 7
(GT7) countries with the most influential economies in the world, as are the US, Germany
and the UK in our earlier visualizations and analysis. Australia is another large and
important economy in the South-East part of the globe. And Poland is among the most
dynamic and largest economies in Eastern Europe that have successfully transitioned
from a previously communist organization of society back to market incentives.

Figure 7 illustrates the case of Japan in terms of its production- vs consumption-based
greening prosperity stripes and their main drivers in the numerator and denominator.
What is worth noting in the analysis of this summary stripes for Japan is its similar-
ity to the UK earlier in that the consumption-based greening prosperity stripes look
browner than the production-based ones. However, any effect of significant offshoring
is not confirmed when comparing the respective denominators, with the production-
based CO2 emissions being systematically higher (browner) than the consumption-based
CO2 emissions. On the other hand, the consumption-based CO2 emission stripes and
economic prosperity stripes present Japan in a definitely more favorable light than the
production-based ones. The outcome of the brown GPRs along both measurement ap-
proaches appears here mostly driven by the relatively high CO2 emissions per capita but

the somewhat insufficient levels of prosperity per capita seemingly contribute as well.
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Looking next at the summary stripes graph for Australia, one can generally uncover
similar as well as different conclusions in Figure 8. First, differently from the case of
Switzerland and similarly to those of the UK and Japan, the consumption-based greening
prosperity stripes for Australia show some faster but insufficient improvement, remaining
in the dark brown nuances of the palette, compared to the production-based ones. In
terms of output-generated CO2 emissions Australia is persistently ranking among the
highest emitters per capita in the world and — similarly to the US — cannot leave the
darkest brown wide stripe stretching over the whole 1990-2020 period. On a consumption-
based or trade-embodied measurement, CO2 emissions per capita are somewhat lower,
but still hesitating with ups and downs through lighter or darker brown stripes over the
sample period. In terms of real consumption per capita, Australia has reached the very
top in the world of the darkest red, while in terms of real output per capita this is not
yet the case. All in all, the poor performing greening prosperity stripes tend to be driven
here by the bad record of CO2 emissions per capita (in their denominator), along both

methods of calculation.

Figure 9 reveals in colors the same main trends and conclusions for Canada as for
Australia. Indeed the similarity between the summary stripes graphs of these two coun-
tries is so striking that the analysis just made for Australia is not worth repeating for

Canada here.

Finally, Figure 10 looks at the summary stripes of Poland, a country in Eastern Eu-
rope of a relatively big size for the region, whose economy has recently been booming
but which has emerged from a communist past (between 1945 and 1989), just before
the stripe sample period we focus on (indeed the data are missing in the case of Poland
for real consumption per capita before 1995, consequently for the consumption-based
GPR, and this is captured in the respective subplots). What is worth noting is, first,
that the three consumption-based color stripe indicators paint a more favorable image
for Poland than the respective production-based ones. Second, when comparing produc-
tion vs consumption-based CO2 emissions per capita, the country sharply changes colors
throughout the full sample period (now there are available data) from (light) brown nu-
ances to (light) green nuances, that is, in the opposite way compared to Switzerland
discussed earlier. This is indicative of a polluting production structure and/or insuffi-
cient offshoring and/or slow transitioning to renewable energy sources, as in the cases
of Germany, the UK and Japan. Third, in terms of real consumption per capita the
catching-up process following post-communist transition has been faster, reaching the
light red stripe nuances, than in terms of real output production. The dominantly brown
prosperity stripes (in the bottom of the measurement color scale) according to both cal-
culation methods, however, appear driven by a mixture of insufficiently high (close to the

median in the color palette) economic prosperity per capita (the numerator of the GPR)
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and relatively high (again, close to the median, as the colors in the palette mark) CO2

emissions per capita.

3.2 Country Colors on the World Map for 2020: Production-

vs Consumption-Based Comparison

This subsection presents an alternative and complementary visualization and comparison
to that of the preceding subsection: instead of looking at each country across time in
terms of a sequence of color stripes, we now turn to a representation of each country’s
color on the world map in a single recent year, 2020, as assigned by the production- vs
consumption-based approaches of defining the greening prosperity ratio and its numerator
and denominator. The color palette range that spans the map is exactly the same as
defined in the preceding section for each of the three variables of interest and according
to each of the two approaches considered.

Commencing the analysis of insights gained from the colors on the world map with the
indicator at the center of attention in this paper, the greening prosperity ratio, Figure 11
provides a comparison of the results obtained by the production-based approach (top
panel) vs the consumption-based (or trade-embodied) approach (bottom panel). Several
conclusions are in order.

First, switching from the production-based to the consumption-based calculation of
the GPR leads to a loss of countries/data, and this loss is not to be underestimated.
It accounts to nearly half of all countries in the world, appearing blank/white on the
world map in the bottom/consumption-based panel. The missing data, mostly due to
the denominator of the greening prosperity (as we shall see next, comparing figures 12
and 13) cover almost all of the continent of Africa. Some countries in South America and
Asia also appear blank/white on the map, due to missing consumption-based data.

Second, the consumption-based variant of the GPR reveals — once again as in some of
the stripe images by country over 1990-2020 — the effect of offshoring polluting industries
from advanced economies into developing economies eager to catch up industrially. The
green-nuanced North-West part of Europe according to the production-based calculation
disappears into the (lighter) shades of brown when the consumption-based approach is
applied instead. On the other hand, some less-advanced economies in Europe such as
Romania, Albania and Portugal move into (lighter) shades of green when the trade-

embodied computation of greening prosperity is similarly used.
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Third, the latter trend of greening when the production-based approach is replaced by
the consumption-based one, that is, the opposite of the offshoring effect, is even stronger
for the North-East half of South America and the small southern countries North-West
of Panama in North America. The same trend is typical for the South-West half of
the South American continent as well, but the opposite of the offshoring effect is less
convincing and remains in the light brown nuances of the color palette instead of going

into the light green ones.

Notice the difference in the measurement scale of the greening prosperity ratio under
the two approaches, production- vs consumption-based. This is, of course, due to the
different variables used as its numerator and denominator under these two compared
approaches, as clarified in the theoretical subsection 2.1. Nevertheless, the two world
maps in Figure 11 allow a fair comparison of the differently designed approaches of
calculation of the GPR and its color visualization. Depending on the aim of analysis,
each can be preferred over the other. Yet, if what ultimately matters more are the
consumption-based measures, then preference should be given to the consumption-based
coloring, not the production-based one. Finally, nothing prevents both approaches to
track and illustrate in a convincing, visually comparative way the trajectory of each
country in the world toward the goal of net zero emissions (captured with approximation
in the color palette proposed on the figures by its top darkest green nuance). But, again,
if the consumption-based (or trade-embodied) approach is deemed fairer, as it does not
hide the ‘green-washing’ accounting of offshoring polluting sectors, for example, priority
should be accorded to that particular, refined approach. This conclusion is indeed the

key message that transpires throughout the present paper.

As we argued already, decomposing the greening prosperity ratio into its numerator
and denominator is helpful in figuring out which of them drives it in a prevailing or
dominant way for a given country (or country group/region). Figure 12 presents the same
comparison between the production- vs consumption-based calculations underpinning the
whole of this paper but now with a zoom on the denominator of the GPR, namely carbon
dioxide emissions per capita. The consumption-based approach in the bottom world map
counts in, perhaps in a fairer way, the consumption of imported goods and services by the
same given country, whose production has increased CO2 emissions in a foreign country,
as well as counting out the CO2 emissions caused in the production of exported goods
and services, whose consumption has occurred abroad. Several thoughts, again, are in

order.

First, as already mentioned, most of the continent of Africa is lost in this analysis
here due to absence of data: see the blank/white territories in the bottom world map.
A few countries in central Asia do not measure consumption-based CO2 emissions per

capita either.
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Figure 11: Country color comparison on the world map in 2020 — greening prosperity
colors: production- vs consumption-based

GPR in Color Ranges across the Globe in 2020, discounted PPP-USD of 2017 (winsorized scale at 5% top and 5% bottom)
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Figure 12: Country color comparison on the world map in 2020 — CO2 emissions pc:
production- vs consumption-based

CO2 Emissions per Capita in Color Ranges across the Globe in 2020, metric tons (winsorized scale at 5% top and 5% bottom)
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Figure 13: Country color comparisons on the map of the world in 2020 — GDP pc in USD
of 2017 at PPP (top panel) vs real consumption pc in USD of 2020(?: CHECK) at PPP

(bottom panel)
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Second, the world as a whole looks greener when CO2 emissions are attributed to
the country where the final consumption of an exported good or service happens, that
is, in the bottom map by the trade-embodied approach. By the same logic, the top
production-based CO2 emissions world map misrepresents the ‘fair’ picture in the sense
that consumers in foreign countries are responsible for the CO2 emissions and, hence,
pollution caused in the producer country.

Third, from the several largest emitters of CO2 according to the production-based
approach (top map), only Saudi Arabia does not change its darkest brown color under
the consumption-based approach (bottom map). The US, Canada, Australia, the other
smaller countries at the bottom of the Arab peninsula as well as Russia and China do
mitigate their darkest or darker brown (top map) into respective lighter shades of brown
when consumption and trade are taken into account (bottom map).

Finally, now looking at the numerator of the GPR and comparing the production-
based (top map) with the consumption-based (bottom map) approach of calculation,
Figure 13 presents a more optimistic image of the world; namely, when we measure
economic prosperity with taking into account real consumption levels per capita achieved
via trade, the world looks somewhat more advanced and kind of more homogeneous
compared to real output levels (more red nuances in the bottom map relative to the top
map).

In addition to viewing the global picture and providing some trends and clues to
its interpretation, the decomposition of the GPR into its numerator and denominator
on the world map also helps at a country level, to figure out which of these drive it
mostly or dominantly. If one takes as visual example here Russia, it is clear that its
darker brown GPR under the production approach is caused more by its high level of
CO2 emissions per capita (darker brown near the very top of the palette) rather than
its economic underdevelopment (light blue at the margin within the bottom half of the
palette); while the consumption approach somehow mitigates this logic: Russia is at
almost equal distance from the median dividing the color nuances (light red / marginally
in the top half of the scale) in real consumption per capita compared to consumption-
based CO2 emissions (light green / marginally in the bottom half of the scale). But
this analysis by country is better depicted in the time-varying color decomposition in the
stripes of the preceding subsection, so for such a purpose the earlier visualization should

be preferred.

4 Concluding Remarks

This paper was a sequel to my ‘greening prosperity stripes’ article, Mihailov (2026). Its

purpose was to refine the calculation of these illustrative color stripes by taking into
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account consumption-based, or trade-embodied, carbon dioxide (CO2) emissions, rather
than production-based CO2 emissions as in the earlier study. The comparative visual-
ization approach we proposed in the present paper helped reveal, through the difference
between the two methods of calculation of the greening prosperity ratio, the influence of
higher or lower degree of offshoring any polluting industries and/or of faster or slower
transitioning to renewable energy sources in the production structure of the economies
considered in our illustrations. A complete archive of all such similar stripe images for
all countries of the world and some country groupings where data are available can be
accessed at my Github webpage, together with the code and data, as was mentioned

earlier.

The refined indicator, however, comes at the cost of losing nearly half of the countries
in the world and most country groupings in the World Bank classification, due to un-
availability of such consumption-based CO2 emissions data. Nevertheless, it offers a more
precise — and, we would admit, fairer — image, relative to the original production-based
greening prosperity stripes, of how green(ing) is the prosperity for most countries in the

world.

The main contribution of this sequel paper was to illustrate clearly the difference
between the two indicators of greening prosperity, in pairs of comparative graphs. Because
images and colors ‘speak stronger’ than words, the greening prosperity stripes can raise
awareness and mobilize immediate climate policy action across the world. Beyond that,
and as a consequence of it, the greening prosperity stripes can be used to track progress
toward net zero over the next decades. To enable such a crucial monitoring function
at a global scale in a straightforward way and with immediate online illustration and
verification, we would propose to showcase the greening prosperity stripes, as well as
their numerator and denominator, on an annually updated public-domain website that
allows easy visual comparisons across countries. The obvious advantages of the stripes
visualizations to perform such a socially-valuable and policy-informing function consist
mainly in their simplicity of design, intuitive power and effectiveness of visual impact, as

discussed earlier.

Nevertheless, there are, of course, some limitations of our greening prosperity indica-
tor. Possible avenues for for further exploration, refinements and improvement remain,
at least along the following desirable extensions: (i) prosperity may be measured along
several dimensions and a composite index could be constructed out of such multiple
ingredients to serve as numerator; (ii) the same applies to the denominator, namely, en-
vironmental pollution that captures the degree of ‘greening’ or ‘browning’ of the global
and national economies beyond, simply, CO2 emissions but including other GHG emis-
sions; (iii) the analysis could be extended to tracking greening prosperity requirements

and scenarios for the future; (iv) the proposed comparable colormap stripes across coun-
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tries sometimes do not capture adequately progress made within the bottom or top stripes
of the worldwide scale, due to the winsorization enabling the appearance of a larger num-
ber of stripes (as was discussed); (v) finally, the measures of economic prosperity we
used could be complemented by incorporating some index of ‘decent living standards’, as

suggested in the related literaure.
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This appendix contains supplementary material and begins with Table A1, describing
the World Bank database, which we used, listing all countries and country groupings
according to its various classifications and their unique three-letter codes. Figures Al
through A10, then, provide analogous comparative colormap stripe visualizations as in
the main text but now employing an alternative, ‘dynamic’ winsorization at 5% (the
bottom color in each palette) and 95% (the top color in each palette), which takes the
global panel data minimum and maximum for the respective distributions of the variables
rather than the local minimum and maximum for the benchmark year, 2020, in the ‘static’
winsorization at 5% and 95% in the main text. The dynamic winsorization illustrated

further below can also be viewed as a sort of robustness check.



= (abnd 3ToU UO PaNULUO)) )
m 8¢ SVS RISY 0S5 €0¢ 6  ISI puepol - GTT ¢¢ HIA RUIAOSOZIOY pUR RIUSO G
= 19T VAXY epuemy  F0g| €6 OUI berr 11| 1% SHA oy, ‘seureyeqg g
m.m 99T SNy uonyelops Ueissny  €0¢ ¢6 NI "doy oruresy ‘weay €11 0¢ dHd urelyeq  €¢
kS 991 NOY rluRWIOY  ¢0¢ 16 Tdl puepEIl  ¢I1I1 6T 4Dd eLesmyg  gg
mm 791 IVO ®IRD 10T 1¢ XNI pogIsse 10N 11T 8T ddDd ysoperdueg 1¢
m €91 dAd RISOUATO YPUSL] (0T 06 dNI 'pul - 01T LT vdd osgq vupymyg  0¢
.LW L& LSd puopIaIp onyderdowop-1sod 661 68 NINI UBIN JO O[T 601 91 NH4d uteg 61
g 9¢ SSd Soels [[eWS pue[st ogled 86T 0¢ XdI Auo yar 801 FICES ] wmispg 8T
M ¢9T HdSd BZRY) pue qued SO L61 88 NdI Blsouopuy 20T ¥1 1d4d punng AT
3 191 AMd Aengered  961| 61 ddl pPwq Var  901| €1 dzZV uellequozy 91
& 091 I4d [esniod 61 8T vdI [®30% VAl <Ot ¢l LAV rLOSLY QT
8 65T MYd ‘doy sepdood ‘wp( w10y FET| LT Ll 303 QU1 ¥ VAl ¥0T| TIT SNV elensLY 1
w 8GT Tdd 00Ty o3 €61 91 ddl Auo qyudr €01 0T DIV epnqreq pue endnuy g1
n Ge Md puopialp ogderdowop-o1d 761 28 NNH AreSunyg g0l 6 NSV ROWRG URILISUWY Z1
.,.mu LST 10d puelod 161 98 ILH OreH 101 8 WUV Blouy 1T
g, 95T ONJ eoumy) moN endeq 06T 98 AMH ergeor) (0T L Duv eUUABIY (T
8 (DdIH)
R 96T M1d nered 681 ST DdH seIyumoo 1ood pajgopul A[IARdY 66 9 YV SOjRIUY quely pajuf) 6
amb ST THJ sowtddiyd 88T 78 AONH SBIMPUOH 86 € d4uv PIIOM qe1y 8
3 €61 gdd g L8T| €8 OMH rUIY) YVS Suoy uoy L6 ¢ ANV v1I0pUY L
mm ¢ST NVd rUIRUR] - 9QT ¥1 DIH owoour YT 96 v da1v rlIRqY 9
16T MVd ueised  G8T| @8 AND vuRAND GG € 0DV gosuy g
7¢ SSO So9els [[ewis Y} PRI 18 INND wenn 6 Z MAV [eIJUD)) pUR UINGSOA\ BOLITY i
0ST NINO urw() €81 08 IN.LD BIRTOYRILY) €6 ¢ DAV ue)SIURY3yY €
e a0 squew (IDHO 28T 6. TIO pUR[UIY) 26 1 dAV WIDYINOG PUR WI)SR] BOLIFY C
6VI TZN pueresz moN - I8T 8L dYD BprRUL.LY 16 1 MAV vquy !
PY°pPoD dnoan / LxpunoH mn_d; PY2pPoD dnoxn / Lruno) sqy| [9YgapoD dnorn / Aruno) sqvy
M PIIOA\ 3 Ul sdnois) pue solpunoy) [[y — (euIu()) aseqeje( yueq PIOA\ TV 9[qRL



A3

Mihailov (August 2026)

(abvd gz9U UO PaNULIUOY))

L8T YAS onqudey qery uends  gzz| €11 HIT UOISTOROIT  8ET ¥ AdD OPIA Oqe]) i

981 DAS SOMOYIADS  LTT ¢ DIl omoour Mo LET €7 INOD solomoyy Ly
UOT)RIISSR[D

8T NXS (rred IN(T) WIIRRIN WIS 9TT ¥Z DAT NN :s91junod padooadp jsedo]  9¢T ¢v 10D RIQUIOTO7) 9¥
V81 ZMS unemsy  Geo €¢ ND'1 weoqqlies) 7y voLomwy une - Ge1 7 D0D "doyg ‘o3uo) i
€8T AMS wpasg  $gg| ¢IT VO eONT IS FET| 0F AOD ‘doy ‘wd( ‘08uoy T
81 NAS BIWGAOIS  €6¢| TIT A4l eAqUT €1 6€ YIND uoo.Lure) €y
I8T 3MAS onqudey yeaols  ggg| 01T UdT RLOAIT  ¢E1 8¢  AID OIOALP 9100) (47
08T dNS oweurng - 1¢¢| 60T N1 uoueqo  TET L& NHO BUIYD v
6.1 d.LS adpuli pue sweT, 0vg  0gg| SOT OV'T ddd oeT  0¢l 9¢ "THO oD oy

(owoour Y3y Surpnyo

v LSS sojels [leUS - 616 ¢ DV -X9) uedqqure)) 73 wOLOWY UMeT  6ZT ¢e¢ IHD SpUR[S] [PUurRyD 6€

0V dSS BOLY teleneg-qng - 8¢ | L0T LMM jremnsy 8¢l e HHD pPUB[IOZ}IMG 8¢
8LT dSS uepng qimog - L1g| 90T YOM ‘doy ee10y LTI v ddD soned ouy pue odomy [enjuey  Lg

(euoour Y31y

66 VSS Supnpxe) eIy uereqes-qng  91g| 0T VNM SIAON pue spIM 1S 9¢1 €€ NVD BpRURD 9¢
LLT dYS BlQIS  GTg| POT HIM equuyy - gel ¢E dAvVD onqndey wedLyy [eIiue) 53
9LT NOS el[ewWog  y1¢| €0T WHM rlpoqueyy ¢l 1€ VMg ruRMSIO  PE
GLT "INS oulrey ueg  €1g| 20T ZOM oqudey z43143 €T 0€ NI uenyg  €g
VLT ANIS IOpeAleS [4 ¢l¢| 10T NUM eAUSY ¢TI 6¢ NU4d UIR[eSSILIR(] UL g€
€LT HIS QUO9T BLIBIS  TTg| 00T ZV uesydezesy  I¢l 8¢ ddd sopreqreg 1€
oLl d1S SpUuB[s] uowoog  01¢ 66 NdrI weder (g1 L¢ vdd [tzerg  0€
ILT dDS orodeduly 607 86 HOrl uepIof 61T 9¢ 1049 RIAIO  6C
0LT NHS [e80U9S 0% L6 INVCL worewref - QI G NING epnuLog 8¢
69T NAS wepng - L0¢ 96 VII ATerr  LTT ve 771d ozZIPd  LC
89T NIVS vlqRLy pnes 906 96 YUSI PRI 9T1 €¢ d'Td SRR 9¢
PY°poD dnoan / Lxjpuno)H m&dﬂi PY2pPoD dnoin / LArjuno) sqy| 9 apoD dnorn / Arjuno) sqy

(abnd snowa.d woif panuiguoy))



Greening Prosperity Stripes 2: Consumption-Based Refinement

A4

(abnd 30U U0 PaNUUOY) )

102 VDN epues)  Qpg| 8¢l AMIN BITUOPIORIN J}ION Q4T 8¢ ADH ‘doy qery ‘9dA3y 39

00¢ VZL RIURBZUR], LVG 0¢ DIN omooul S[PPIN  LGT LS9 NOH Iopenoy 29

66T ANL nreang,  9yg| Lcl THIN Spuels[ [[eysie]N 991 0T SOH RISY [erjue)) 2y adomyy 99
(euoour ysiy Sur

86T HNIL ofmymy,  Gyg| 921 XHAIN OOIXO]N  GGT 6 VOH -pnpxoe) sy [enus) 2y adomy q9

L6T NNL RISTUNT,  ¥¥¢ 6¢ VHIN BOLIIY YHON 2y Is®H O[PPUN P41 8 SVd ogbred 7y RISY ISt 79

96T OLL oSeqoJ, pue peprull, €%g| S¢T AAIN SOAIPTRIN  €CG1 L 9vVd puoptaIp orydersowop-ATres €9
(serrpunoo qydI (ewoour Y3y

Ly SSL %3 Vvdl) ®olyy uereqes-qusg  gkg| Yol DAN TeoseSepe]yN Gl 9 dVH Supnpxoe) dywed 79 RISY ISeH c9

9% VSL (@udrI z» vaAi) ©sy ymos  1¥¢| €¢1 VAN BAOPIOIN  TGT 9¢ VZd BLIOSY 19
G6T NOL ®SUOY,  0FG| ol ODIN O0OBUOIN (ST g6 WOa orqndey wesruImIo(] 09

(soLryumon Qg dr 2 VAI)

GF NINL ®My YMoN 2y Ised 9[PPUN  6€¢| T¢I HVIN 09200 6¥1 ¥4 MNAd A retue (g 66

761 STL osor-IowL], 8E€Z| O0¢l AVIN (1red youoi) unaey 1S 81 €6 VINA eorutoJ 3G
(soryumon (YT % VAT)

Py V1L Uesqquies o) zy eollowly unyeT Lgg| 61T DVIN RUND “YVS OvORIN LT ¢S Ira mnoqrlg LG
€6T ML uejstuowWAINg,  9€¢| 81T VAT 'lAYeT O] 16 NHA Auwretion) 9¢
T6T IL ueystyIle],  6eg| LIT XNT Smoquxn  GFT| 0§ dZD BIDOZD) GG
16T VH.L puerrey, y€g| 91T NLT elenyiyy  yyl 67 dAD snadAp ¥4
06T ODL 030, €€¢ 8¢ WIT pueptarp orydergousp-oyeT  €fT 87 INAD spue[s] uewrde,) €q

(setryumnoo qUgI
¢ DUL % VAl 'y [enuw) 3 odomy  geg| SIT OST oqjosoT ¢yl LV MDD oeoRINg 44
(seryunoo QU]

¢v VAL % VdI) °ywed 2§ ®ISY ISt 1€ L¢ AT QUIOOUL o[pprat 2y MOT Ty 97 dNd 'qny 16
68T dOL PeUD  0€C 9¢ DIN'T oWIooul S[ppIit JoMOT  OFI ¢ SSO Soje]ls [[ewls ueaqqLrer) 0¢
88T VOL Spue[s] soote) pue SYINT,  6¢¢| VIT VT equRT LIS 6€1 v 14O BOTY ®BISO) 67
PY°poD dnoan / Lxjpuno)H m&d«i PY2pPoD dnoin / LArjuno) sqy| 9 apoD dnorn / Arjuno) sqy

(abnd snowa.d woif panuiguoy))



A5

Mihailov (August 2026)

"90INO0S SUI[UO dY) UI SB duIes 9y} ST 2P0y, dnoid 10 A19unod aargoadsar oy T, 'sdnois 10 $OLITUNOD IOYJIS UT JuUNod djeredss & UL IOPIO )1 $9J0USD (IOQUINU dATIR) [9Y, SBISYM ‘jase)ep yueq

PIIOAA O3 UI JUNod 109 9} (S19SCNS 0M] 9S9) JO OB Ul JUNOD PUR UOIJRZI[BNSIA 9JRJI[IDR] 0} Pal Ul poyreu [[e) dnoid 1o AIjunod yoes Jo I9PIo oY) S9j0Uudp (Iaquinu 9Ino) sqy, 90N

8VT NYUN nmeN 08T LL DED 9999.5) 06

LvT TdN [edoN 61| 9L DND voumy) [erojenby 68

97T 4ON LemION QLT GL dND nessig-rvaulny 88

ST d'IN SPURLISUION  LLT VL dND oY, ‘erquIe) L8

LT HMZ omqequitz - 99¢ | ¥r1  DIN engeredIN  9LT €L NID BIUIILY) 98
9Tc dINZ rvlqurey7, ¢9¢| €vI VON BLIOSIN - GLT oL dId TeeIqry g8
91 AVZ BOLOY oS ¥9¢| oVl HHUN WIIN - PLT 1L VHO RURTD 78
¥1c IWHA ‘doy ‘wowmex €9z | TFT TON BIUOPS[E]) MON  €LT 0L OdD RII091) €8
€Tc XX 0A0SO3  ¢9¢| OFI INVN BIqIUIEN  CAT 69 4dD WOpSury] pou() ¢8
¢Ic INSM Boures  19¢ ¢& DVN BOLIOWY [HON LT 89 dVD uoqe) 18
67 ATM PITOM  09¢| 6€T SAIN eisdere]y (LT L9 NSA "S1S PO ‘RISOUODIN 08

IT¢ LOA nyenueA - 69¢| SET IMIN IMRTRIN 691 99 Od4d SpUe[s[ 9018q 6.
0TS INNA wreujartA - 8G¢| LET SNIN SnRLmeIN. - §91 99 vdd ooue.Iq 8L
60¢ YIA (‘S'n) spuersp WA 26| 96T TUIN RlUBRILIMBIN - L9T ¥9  Ird g LL
80 DA SpuR[S] WISIA USUIIEg 967 | SET ZOIW onbrqurezoly 991 €9 NIJ puerutq 9.

SuoTye
L0 NHA gy ‘eEnzew GGz FET ININ SpUe[S[ RURLIRJN WIOULION  G9T €1 SDJA -NIIS PYOdJJe OIJU0D pue STl Gl
90¢ LOA SoUIPRULIY) 973 pue JUeOUIA 1§ §4¢| €ET ODNIN RIOSUOIN 9T ¢l NNH uotu() weadomy VL
G0c dzZnN uesieqz)  €9¢| <¢€1 HNIN 0IZUNUOIN €9 ¢9 HIH erdonyyg €L
(owoour Y3y Surpnyo

¥0c VS S9YelS peyu)  ¢9e 1€ VNIN -X9) ©OLYY YIION 2§ 1SeH O[PPIN 29T 19 ISH BIHOISYH ¢l
€0z AdN Aendnin) 16| TETUININ TewrueAN 19T 09 dSd uredg 1L
87 DN ewoout oipprwt ddpn - gz | 06T ITN BICIN - 09T 6¢ TdHH BOIILIG] 0

¢0c 93N outery)  6v¢| 6¢I I'IIN eI 64T 1T NINA Bo.Le oIy 69
PY°poD dnoan / Lxjpuno)H m&dﬂi PY2pPoD dnoin / LArjuno) sqy| 9 apoD dnorn / Arjuno) sqy

(abnd snowa.d woif panuiguoy))



A6 Greening Prosperity Stripes 2: Consumption-Based Refinement

Figures Al, A2 and A3 are the ‘dynamic’ winsorization version of figures 1, 2 and
3 in the main text, presenting the largest world economies of the US, China, India and
Germany.

Figures A4, A5 and A6 are, similarly, the ‘dynamic’ winsorization version of figures 4,
5 and 6 in the main text, presenting four other example economies of at different stages of
economic development and in different locations on the globe, namely the UK, Switzer-
land, Brazil and Mozambique.

Figures A7, A8, A9 and A10 are, in turn, the ‘dynamic’ winsorization version of figures
Figures 7, 8, 9 and 10 in the main text, presenting a single-country summary-stripes
perspective in a graph with six panels for each of four additional important economies,
those of Japan, Australia, Canada and Poland.

As one can see by inspecting and comparing the stripes in the respective pairs of
graphs with static winsorization (in the main text) vs dynamic winsorization (following
in this appendix), there are no essential differences in the ranking, that is, the stripe
color sequences, assigned to the various country examples of this kind of visualization.
In a sense, this alternative winsorization provides a kind of robustness check, as was

mentioned in the main text
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