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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
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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)1 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

1Indeed, the earlier discussion paper version, Mihailov (2023).
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– 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 yt(...). 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 yt(xt, zt), where

xt is some measure of economic prosperity and zt is some measure of the degree of

environmental pollution, with the respective partial derivatives as

∂yt(xt, zt)

∂xt

> 0 and
∂yt(xt, zt)

∂zt
< 0 (1)

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

expression, just a ratio

yt(xt, zt) =
xt

zt
(2)

where xt, some measure of prosperity in real value per capita, will tend to grow over

time, while zt, 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 zt → 1, yt → xt, 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, Mj, of the matrix,
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j = 1, 2, ..., J − 1, J , and years as columns of the matrix, Mt, t = 1, 2, ..., T − 1, T . Then

each element of the matrix, mjt, is a country-year observation, each row of the matrix,

Mj, is a country j evolving over time, and each column of the matrix, Mt, 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(mjt), and the

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

R ≡ Max(mjt)−Min(mjt), for all j = 1, ..., J and all t = 1, ..., T (3)

as we do in our subsequent visualization of the proposed colormap stripes by countries

over time to ensure direct comparability2, and then allocate to it the respective number

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

S ≡ R

N
(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(mj), and minimum,

min(mj), range rj, and stripe sj:

rj ≡ max(mj)−min(mj), for a given j and t = 1, ..., T (5)

and

sj ≡
rj
N

(6)

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).3 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 t, with respectively defined variables max(mt), min(mt),

rt, and st – but such colors are not comparable across years, as is the case under the

preferred global scale:

rt ≡ max(mt)−min(mt), for a given t and j = 1, ..., J (7)

and

2Illustrated 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 ≡
rt
N

(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.4

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 t ≡
Yt

Et

or GLt ≡
Lt

Et

(9)

where GY t is some measure of ‘greening prosperity’, defined with reference to or use

of Yt, 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., Lt), relative to Et, 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., Pt or Dt). 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,5 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:

GPBProdY t ≡
RGDPpct

GHGEProdpct
or GPBConsY t ≡

RConspct
GHGEConspct

(10)

where GPBProdY t is greening prosperity defined broadly in terms of real GDP pc,

RGDPpct, ‘discounted’ (or ‘deflated’) by (or ‘corrected’ for or ‘cleaned’ from) production-

based GHG emissions pc, GHGEProdpct; and GPBConsY t is greening prosperity de-

fined broadly in terms of real consumption pc, RConspct, ‘discounted’ by consumption-

based (or trade-embodied) GHG emissions pc, GHGEConspct;

or:

GPNProdY t ≡
RGDPpct

CO2EProdpct
or GPNConsY t ≡

RConspct
GHGEConspct

(11)

where GPNProdY t is greening prosperity defined narrowly in terms, again, of real

GDP pc, RGDPpct, 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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CO2EProdpct; and GPNConsY t is greening prosperity defined narrowly in terms, now,

of real consumption pc, RConspct, divided by consumption-based (or trade-embodied)

CO2 emissions per capita, CO2EConspct.
6

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),7 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.8 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 A1 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

6An 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.

7And 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;9 for the consumption-based GPR calculation we used the World

Bank indicator ‘Households and NPISHs10 Final consumption expenditure per capita,

PPP (constant 2021 international $), with code NE.CON.PRVT.PP.KD’.11

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.12 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.13 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.14

9https://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).

10In 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.
11https://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.
14The 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.

https://data.worldbank.org/indicator/NY.GDP.PCAP.PP.KD
https://www.ons.gov.uk/economy/grossdomesticproductgdp/compendium/unitedkingdomnationalaccountsthebluebook/2023/householdsandnonprofitinstitutionsservinghouseholdsnpish
https://www.ons.gov.uk/economy/grossdomesticproductgdp/compendium/unitedkingdomnationalaccountsthebluebook/2023/householdsandnonprofitinstitutionsservinghouseholdsnpish
https://www.ons.gov.uk/economy/grossdomesticproductgdp/compendium/unitedkingdomnationalaccountsthebluebook/2023/householdsandnonprofitinstitutionsservinghouseholdsnpish
https://data.worldbank.org/indicator/NE.CON.PCAP.PP.KD
https://datahelpdesk.worldbank.org/knowledgebase/articles/906522-data-updates-and-errata
https://datahelpdesk.worldbank.org/knowledgebase/articles/906522-data-updates-and-errata
https://ourworldindata.org/grapher/consumption-co2-per-capita##sources-and-processing
https://ourworldindata.org/grapher/consumption-co2-per-capita##sources-and-processing
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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 Ecological 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.15

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.



12 Greening Prosperity Stripes 2: Consumption-Based Refinement

F
ig
u
re

1:
G
re
en
in
g
p
ro
sp
er
it
y
st
ri
p
es
,
19
90
-2
02
0
–
1:

or
ig
in
al

(t
op

ro
w
)
in

‘d
is
co
u
n
te
d
’
P
P
P
-U

S
D

of
20
17

v
s
2:

re
fi
n
ed

(b
ot
to
m

ro
w
)

in
‘d
is
co
u
n
te
d
’
P
P
P
-U

S
D

of
20
21
;
W
or
ld

B
an

k
an

n
u
al

d
at
a,

st
at
ic
w
in
so
ri
za
ti
on

at
5%

an
d
95
%

u
si
n
g
th
e
re
sp
ec
ti
ve

20
20

d
is
tr
ib
u
ti
on

s
as

b
en
ch
m
ar
k
s



Mihailov (August 2026) 13

F
ig
u
re

2:
P
ro
d
u
ct
io
n
-b
as
ed

C
O
2
em

is
si
on

s
p
c
(t
op

ro
w
)
v
s
co
n
su
m
p
ti
on

-b
as
ed

C
O
2
em

is
si
on

s
p
c
(b
ot
to
m

ro
w
)
in

m
et
ri
c
to
n
s;
19
90
-

20
20
,
W
or
ld

B
an

k
an

n
u
al

d
at
a,

st
at
ic

w
in
so
ri
za
ti
on

at
5%

an
d
95
%

u
si
n
g
th
e
re
sp
ec
ti
ve

20
20

d
is
tr
ib
u
ti
on

s
as

b
en
ch
m
ar
k
s



14 Greening Prosperity Stripes 2: Consumption-Based Refinement

F
ig
u
re

3:
R
ea
l
G
D
P

p
c
at

P
P
P

in
in
te
rn
at
io
n
al

U
S
D

of
20
17

(t
op

ro
w
)
v
s
re
al

co
n
su
m
p
ti
on

p
c
at

P
P
P

in
in
te
rn
at
io
n
al

U
S
D

of
20
21

(b
ot
to
m

ro
w
);

19
90
-2
02
0,

W
or
ld

B
an

k
an

n
u
al

d
at
a,

st
at
ic

w
in
so
ri
za
ti
on

at
5%

an
d
95
%

of
th
e
re
sp
ec
ti
ve

20
20

d
is
tr
ib
u
ti
on

s
as

b
en
ch
m
ar
k
s



Mihailov (August 2026) 15

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,16 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 European 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 A1 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

(G7) 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
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Figure 12: Country color comparison on the world map in 2020 – CO2 emissions pc:
production- vs consumption-based
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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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terrestre et des espaces planétaires, Cambridge University Press, 95–126, Cambridge

Library Collection - Mathematics.

Grossman, Gene M. and Alan B. Krueger (1991): “Environmental Impacts of

a North American Free Trade Agreement,” Working Paper 3914, National Bureau of

Economic Research.

——— (1993): “Environmental Impacts of a North American Free Trade Agreement,”

in The Mexico-U.S. Free Trade Agreement, ed. by Peter M. Garber, MIT Press.

——— (1995): “Economic Growth and the Environment,” Quarterly Journal of Eco-

nomics, 110 (2), 353–377.

Hotelling, Harold (1931): “The Economics of Exhaustible Resources,” Journal of

Political Economy, 39 (2), 137–175.

Kaldor, Nicholas (1961): “Capital Accumulation and Economic Growth,” in The

Theory of Economic Growth, ed. by D.C. Hague, New York: St. Martin’s Press, 177–

222.

Keeling, Charles D., Robert B. Bacastow, Arnold E. Bainbridge, Carl A.

Ekdahl Jr., Peter R. Guenther, Lee S. Waterman, and John F. S. Chin

(1976): “Atmospheric Carbon Dioxide Variations at Mauna Loa Observatory, Hawaii,”

Tellus, 28 (6), 538–551.

Koopmans, Tjalling C. (1947): “Measurement Without Theory,” The Review of

Economics and Statistics, 29 (3), 161–172.

Kuznets, Simon (1934): “National Income, 1929-1932,” in National Income, 1929-1932,

National Bureau of Economic Research, 1–12.

——— (1955): “Economic Growth and Income Inequality,” American Economic Review,

45 (1), i–xiv.

Leontief, Wassily W. (1936): “Quantitative Input and Output Relations in the Eco-

nomic Systems of the United States,” The Review of Economics and Statistics, 18 (3),

105–125.

Mihailov, Alexander (2023): “Greening Prosperity Stripes across the Globe,” Eco-

nomics Discussion Papers 2023-17, Department of Economics, University of Reading.

——— (2024): “How Do Greening Prosperity Stripes Help Measure Progress towards

Net Zero?” Economics Observatory.



Mihailov (August 2026) 37

——— (2026): “Greening prosperity stripes across the globe,” Ecological Economics, 241,

108818.

Mitchell, Wesley C. (1913): Business Cycles, Berkeley: University of California

Press.

Nordhaus, William D. (1993): “Optimal Greenhouse-Gas Reductions and Tax Policy

in the ”DICE” Model,” The American Economic Review, 83 (2), 313–317.

Nordhaus, William D. and Zili Yang (1996): “A Regional Dynamic General-

Equilibrium Model of Alternative Climate-Change Strategies,” The American Eco-

nomic Review, 86 (4), 741–765.

Ritchie, Hannah (2019): “How Do CO2 Emissions Compare When We Adjust for

Trade?” Our World in Data, https://archive.ourworldindata.org/20260807-0

75129/consumption-based-co2.html.

——— (2021): “Many Countries Have Decoupled Economic Growth from CO2 Emissions,

Even If We Take Offshored Production into Account,” Our World in Data, https:

//ourworldindata.org/co2-gdp-decoupling.

Ritchie, Hannah, Pablo Rosado, and Max Roser (2023): “Per Capita, National,

Historical: How Do Countries Compare on CO2 Metrics?” Our World in Data, https:

//archive.ourworldindata.org/20260807-075129/co2-emissions-metrics.htm

l.

Stern, Nicholas (2008): “The Economics of Climate Change,” The American Eco-

nomic Review, 98 (2), 1–37.

Tyndall, John (1861): “The Bakerian Lecture: On the Absorption and Radiation of

Heat by Gases and Vapours, and on the Physical Connexion of Radiation, Absorption,

and Conduction,” Philosophical Transactions of the Royal Society of London Series I,

151, 1–36.

UNEP (1999/revised 2002): Climate Change Information Kit, United Nations Environ-

ment Programme, Geneva, Switzerland, https://www.unep.org/resources/repor

t/climate-change-information-kit.

https://archive.ourworldindata.org/20260807-075129/consumption-based-co2.html
https://archive.ourworldindata.org/20260807-075129/consumption-based-co2.html
https://ourworldindata.org/co2-gdp-decoupling
https://ourworldindata.org/co2-gdp-decoupling
https://archive.ourworldindata.org/20260807-075129/co2-emissions-metrics.html
https://archive.ourworldindata.org/20260807-075129/co2-emissions-metrics.html
https://archive.ourworldindata.org/20260807-075129/co2-emissions-metrics.html
https://www.unep.org/resources/report/climate-change-information-kit
https://www.unep.org/resources/report/climate-change-information-kit




Mihailov (August 2026) A1

A Appendix

to “Greening Prosperity Stripes 2:

Consumption-Based Refinement”

(for online publication)

Alexander Mihailov

August 2026

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 A1

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.
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A6 Greening Prosperity Stripes 2: Consumption-Based Refinement

Figures A1, 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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A8 Greening Prosperity Stripes 2: Consumption-Based Refinement
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A10 Greening Prosperity Stripes 2: Consumption-Based Refinement
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A12 Greening Prosperity Stripes 2: Consumption-Based Refinement
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A14 Greening Prosperity Stripes 2: Consumption-Based Refinement
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A16 Greening Prosperity Stripes 2: Consumption-Based Refinement
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