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Abstract

While the Beyond GDP agenda has been with us for some time, it

has come centre stage in the Covid crisis. The idea of building back a

greener, more inclusive, more resilient economy resonates well with mea-

surement efforts beyond GDP. But the field of potential indicators is vast

and measurement choices need some structure. We present a measure-

ment framework that distinguishes between the production sphere, the

well-being sphere and the asset sphere. GDP remains a cornerstone of

the production sphere but is not suited to capture people’s well-being, or

sustainability of produced and natural assets. As one moves beyond GDP,

however, ambitions for a single-valued aggregate have to be scaled down

in favour of pragmatic choices for indicators.

Keywords: Beyond GDP, green accounting, national accounts, well-being.

1 Introduction

Sound economic, social and environmental measurement relies on sound concep-

tual frameworks that provide relevant evidence. New social, environmental and

economic issues have surfaced over the last two decades or so. More recently,

policy makers’ desire to ’Build Back Better’ from the pandemic has put addi-

tional weight on the need for measurement approaches Beyond GDP or rather

GDP and Beyond 1.

∗This paper draws on a document provided as input to the 2020 meeting of the OECD

Council at Ministerial Level (see OECD[31])Opinions expressed are those of the author and

do not necessarily reflect the views of the OECD or its Members.
1For a general discussion about GDP, its interpretation and uses, see for instance Stiglitz

et al[44], Schreyer[39], Hoekstra[23], Heys et al[21] or Deaton and Schreyer[13].
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At the risk of over-simplification, these issues can be addressed along three

distinct but connected areas or spheres, each with its specific questions and cor-

responding measurement response (Figure (1)). They are the production (and

market) sphere, the (current) well-being sphere, and the asset (or sustainabil-

ity) sphere that provides the resources for future production and well-being.

There is significant value in measuring each of these spheres, and the interac-

tions between them. The three-tier framework is not new - its basic features

can be found in Stiglitz, Sen and Fitoussi[44], in the OECDs approach towards

measuring Green Growth and Well-Being, in a number of national statistical

publications and at least in its very basic structure, in a large body of academic

literature around the theory of environment-economic measurement2.

Figure 1: Three spheres

Source: OECD[31]

The main purpose of what follows is sketching a measurement framework

and drawing conclusions for the interpretation of well-known measures such as

GDP or productivity growth. We also put forward some measurement proposals

that are feasible and relevant. Not everything that can be captured conceptually

can be measured in practice - at reasonable cost - and not everything that can

2Basic features can be found in Weitzmans[51] welfare interpretation of Net Domestic

Product. Dasgupta [10], [11] are other examples. Fleurbaey and Blanchet[18] provide an

in-depth theoretical treatment.
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be aggregated in concept can be aggregated in practice. An example of the

former is measuring societal shadow prices for all types of relevant assets, an

example for the latter is coming up with a single measure that aggregates across

all relevant dimensions of current well-being. A pragmatic approach is needed.

The measurement agenda can be advanced and should be advanced to capture

key aspects of the economy, society and the environment.

2 Production sphere: what gets in and what

comes out of the ”factory gates”

To characterise the production sphere, we consider a single-valued (for sim-

plicity) non-negative aggregate measure of output, Q, volume GDP. And we

consider the following (primary) inputs: L, to refer to labour input, mea-

sured as a single aggregate of hours worked; SK ≡ [SK1, .., SK,m−1] to refer

to m − 1 types of capital services flows from (mostly produced) capital stocks

K ≡ [K1, ..,Km−1] within the asset boundary of the System of National Ac-

counts (see European Commission et al.[16]). These comprise produced assets

(such as machinery, equipment or intellectual property assets) and some non-

produced assets, in particular land and subsoil assets (such as minerals or petrol

in the ground). All of the above inputs are market inputs, with service flows

acquired through market transactions or through ownership over assets.

Non-market ecosystem services. For the purpose at hand we extend the

scope of factors that explicitly enter the production sphere and specify a flow

of those ecosystem services SN ≡ [SN1, .., SNn] that also shape the production

sphere, but that are not subject to market transactions. The SEEA[46] defines

ecosystem services as ” [...]the multitude of resources and processes that are

generated by ecosystem assets: collectively, these flows to people are referred

to as ecosystem services. [...] Flows of ecosystem services may relate either

to flows of natural inputs from the environment to the economy (e.g., from

the logging of timber resources) or to flows of residuals to the environment

(e.g., emissions and waste) due to economic and other human activity. Flows

of both natural inputs and residuals can impact on ecosystem assets, including

on their structure, composition, processes, functions and biodiversity.” (SEEA

2012 [46], paragraph 2.14, p.16). Some of these ecosystem services are thus
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the subject of market transactions (e.g. flows of timber resources) and would be

captured as part of SK whereas others would not be part of the standard national

accounting system, such as emissions. Ecosystem services are rarely referred to

in the measurement of production and productivity but correspond to what is

generally meant in debates about ’the environment’. They will play a role for

our conclusions on the measurement agenda and interpretation of sources of

growth. Just like service flows from fixed assets (such as machinery) are related

to a stock of assets, ecosystem services constitute flows from ecosystem assets

such as forests, lakes or deep sea floors3.

Ecosystem assets are defined spatially4 and so are the associated ecosystem

services, comprising provisioning services, regulating and maintenance services

as well as cultural services. These go well beyond what enters directly as an

input into producing units within the boundaries of the SNA. For instance, wa-

ter filtration that helps crop yields provides direct input into the production

of Q. Other ecosystem services such as cultural services (visual amenities or

religious functions associated with nature) do not constitute input into produc-

tion unless they are an enabling factor for example for the tourism industry.

Provisioning services of timber from forests may fall under either SN or SK ,

depending whether economic ownership is exerted over the forest (in which case

it is part of the SNA asset boundary) or not. Any particular type of ecosystem

asset will provide a bundle of services to firms, households or government. But

there is no unique mapping between flows of ecosystem services and particu-

lar ecosystem assets. As can already be gathered here, ecosystem services are

complex, dynamic, spatially defined and potentially cross-border 5. We shall re-

3See SEEA 2021[47] for a full description.
4 ”Each ecosystem asset has a range of ecosystem characteristics - such as land cover,

biodiversity, soil type, altitude and slope, climate - which describe the operation and location

of the ecosystem. Some of these characteristics may be considered relatively fixed (e.g., slope

and altitude), while others may be more variable (e.g., rainfall, land cover and biodiversity).”

(SEEA 2012 [46], paragraph 2.12, p.16).
5Globalised production in international value chains, coupled with digitalisation often en-

tail cross-border flows of capital services from intangible assets such as intellectual property

products. Several of the characteristics that apply to ecosystem services SN are then equally

valid for the measurement of inputs into subsidiaries of multi-national companies: for example,

the free use of a design or patent by a subsidary has the form of a non-market transaction. In

this context, Blanchet([3]) has argued that there is effectively no analytical way of capturing

the contribution of individual factors of production from a domestic perspective and attention

should be turned to measures of income, rather than GDP.
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turn to these complexities later on and take it for the moment that production

possibilities can be represented by a technology set φt such that:

φt ≡ [(Q,L, SK , SN ) : (L, SK , SN ) can produce Q in period t] . (1)

Measured productivity is conditional. For available flows of ecosystem

services, for given wage rates w and user costs of economic assets, uK , producers

combine L and SK in a cost-minising way to produce Q. To save on notation,

we let X ≡ [L, SK1, ...SKm−1] denote the m-valued vector of combined labour L

and capital SK inputs (other than ecosystem services), along with the m-valued

vector of input prices pX ≡ [w, uK1, ..., uKm−1]. Next, consider a conditional

cost function6 γt, defined as:

γt(Q, pX , SN ) ≡ min
X

[
pX ·X | (Q,X, SN ) ∈ φt

]
= pX ·X. (2)

γt thus reflects the minimum cost of producing Q, given a vector of input

prices, and conditional on a level of entirely exogenous ecosystem services as

well as autonomous technology available in period t. Minimum costs corresond

to actual costs under the assumption of cost minisation. We use pX ·X to denote

the inner product of prices and quantities: pX ·X ≡
∑
pXiXi.

To keep things simple (but without significant consequences for the points

to follow) we assume constant returns to scale and homotheticity in ecosystem

services so that γt can be written as γt = Qtµt(pX)/ξ(SN ) where µt(pX)/ξ(SN )

are unit costs of producing Q, non-decreasing in pX and non-increasing in SN .

Thus, rising input prices increase unit costs, and more ecosystem services reduce

them. Productivity growth between two periods t = 0, 1 can now be expressed as

the change in cost for given input prices and environmental variables. A family

of (inverted) productivity indices is given by Π(Q, pX , SN ) ≡ γ0(Q,pX ,SN )
γ1(Q,pX ,SN ) . Given

the simplifying assumptions above,

6This resembles a restricted cost function, as established by Lau[29] and McFadden[30].

However, restricted cost functions were put forward to address situations where some (market)

inputs are fixed or can only be adjusted in the longer term. This does not apply in the case

of ecosystem services or free intellectual property assets.
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Π(Q, pX , SN ) ≡ γ0(Q, pX , SN )

γ1(Q, pX , SN )
=
Qµ0(pX)/ξ(SN )

Qµ1(pX)/ξ(SN )
=
µ0(pX)

µ1(pX)
. (3)

Two natural choices to evaluate the productivity index in (3) are with prices

p1X and p0X . We choose a geometric average to obtain:

Π(p1X , p
0
X) =

[
µ0(p1X)

µ1(p1X)

µ0(p0X)

µ1(p0X)

]1/2
=
µ0(p0X)

µ1(p1X)

[
µ1(p1X)

µ1(p0X)

µ0(p1X)

µ0(p0X)

]1/2
. (4)

Assume that the unit cost function µt(pX) has a translog form (introduced

by Christensen et al.[9] and generalised by Diewert[12]). Diewert[14] has shown

that this flexible functional form approximates an arbitrary cost function to the

second degree and the input price index on the right hand side of (4) can be ex-

actly represented by a Törnqvist index of the form PTX ≡
∏m
i=1(p1Xi/p

0
Xi)

0.5(v1i+v
0
i )

where vti ≡
ptXiX

t
i

ptX ·Xt for t = 0, 1 is the cost share of each market input.

Next, expand (4 ) to arrive at a standard form of productivity measurement:

Π(p1X , p
0
X) =

µ0(p0X)

µ1(p1X)
PTX(p1X , p

0
X)

=
Q0µ0(p0X)/ξ(S0

N )

Q1µ1(p1X)/ξ(S1
N )
PTX(p1X , p

0
X)
Q1/ξ(S1

N )

Q0/ξ(S0
N )

=
p0X ·X0

p1X ·X1
PTX(p1X , p

0
X)
Q1/ξ(S1

N )

Q0/ξ(S0
N )

Π(p1X , p
0
X)
ξ(S1

N )

ξ(S0
N )

=
Q1

Q0
/

[
p1X ·X1

p0X ·X0
/PTX(p1X , p

0
X)

]
. (5)

The right hand side of (5) looks remarkably standard - productivity growth

is the ratio between real output growth and ’real’ (deflated) change in input

values. But the left hand side shows the dependence of this growth account-

ing equation on the ecosystem variables via ξ(S1
N )/ξ(S0

N ). The point here

is that even with the rather strong assumption of homothecity of costs in

the environmental variables (which implies dependence of the input price in-

dex PTX(p1X , p
0
X) and the theoretical productivity variable Π(p1X , p

0
X) on input

prices only), the standard way of computing multi-factor productivity - call it

MFP ≡ Q1

Q0 /
[
p1X ·X

1

p0X ·X0 /P
T
X(p1X , p

0
X)
]

= Π(p1X , p
0
X)

ξ(S1
N )

ξ(S0
N )

- implies a conditional-

ity on environmental variables7. Thus, if the production sphere benefits from

7If conditions are relaxed, e;g. to non-homotheticity of ecosystem services in costs, the
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a rising flow of ecosystem services (
ξ(S1

N )

ξ(S0
N )
≥ 1), measured productivity growth

MFP will be overstated: MFP (p1X , p
0
X , S

1
N , S

0
N ) ≥ Π(p1X , p

0
X). Conversely, if

production becomes less intensive in its use of ecosystem services, measured

productivity growth is understated. Also, the production process might - as a

by-product - enhance ecosystem assets, for instance when agricultural activity

maintains or improves the landscape or enhances soil fertility through organic

production techniques. Then SN would take a negative sign and constitute a

(non-remunerated) output. Whether measured productivity growth is over- or

understated depends again on whether the flow of such by-products increases

or decreases.

The link with ecosystem services here has been the simplest conceivable in

the sense that their usage is free and there are no binding constraints or regula-

tions. A richer framework would introduce constraints on the use of ecosystem

services and recognise the fact that reducing the use of these services requires

resources and implies foregoing market output. Pittman[34], Färe et al[17],

Vanoli [49], Brandt et al[6], Cardenas Rodriguez et al[7] are examples of such

work. For instance, the latter value the shadow prices of air emissions across

a set of OECD countries. Such explicit adjustments or rather, decompositions

of a potential GDP or MFP into observed (good) final outputs and the outputs

devoted to abatement are possible and useful. Note, however, that by their very

nature they embrace a producer viewpoint so that ecosystem services are valued

from a private, not a social perspective.

To summarise, there is no suggestion here that price and productivity mea-

sures should systematically be adjusted for the entire set of ecosystem services.

Indeed, the difficulties of measuring and valuing ecosystem services will settle

the question. But explicit recognition of selected ecosystem services is possible

and useful and can be pursued at reasonable statistical cost. And if no such

adjustment is undertaken, it is important to remember that our standard pro-

ductivity measurement tools will inevitably pick up such effects, and, in light of

their rising importance, pull our MFP metrics further away from a traditional

’engineering’ technology interpretation.

input price index the shift in unit costs would directly depend on SN , reinforcing the point

made here.
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Non-market production of households. We have so far glossed over an

important element in production, non-market activities carried out by house-

holds. With the exception of owner-occupied housing (where the System of

National Accounts foresees an imputation for the value of housing services that

house owners provide to themselves), other non-market services produced by

households are not included in GDP. This includes, for instance, teaching ser-

vices provided by parents to their children, nursing services provided to infirm

relatives or friends, cooking or gardening on ones’ own premises all of which are

acts of production and yet outside GDP by convention.

There is a long tradition of estimating the value of the non-market produc-

tion of households, starting in the 1930s (Reid[36]). A basic requirement is the

availability of time use surveys, not necessary a matter of course. Valuation of

hours of labour input at home entails other complications, with the replacement

cost and the opportunity cost approaches as standard methods (for a recent ap-

plication to OECD countries see for instance Van de Ven et al[50]). However,

Schreyer and Diewert [40] have shown that the choice for valuing different types

of household production depends on the socio-economic characteristics of the

household - for example whether or not it is constrained in its supply of labour

on the market. Thus, the valuation of unpaid household work is not a settled

matter, and numbers are large. Regular evaluations in a standardised account-

ing framework without, however, an inclusion in GDP would seem the right way

forward to recognise this important aspect of the production sphere. Indeed,

as these activities clearly affect people’s well-being outcome (health, education,

social connections etc.) they also connect naturally to the well-being sphere.

Conclusion 1. GDP, production and productivity remain useful mea-

sures for governments’ fiscal and monetary policies and macro-economic

monitoring. But they need careful interpretation as ecosystem services

increasingly interact with the production sphere and many of our stan-

dard measures are conditioned on these services. GDP is also oblivious

to most production activity by private households outside the market-

place, it takes no account of how incomes are distributed and it is some-

times driven by income from intangible assets such as intellectual property

that are moved between jurisdictions to minimise corporate tax burdens

(Deaton and Schreyer[13]).

8



Accounting system. (1) and (2) constitute a simplified accounting system,

with the production side reflected in (1) and the income side captured by (2).

The national accounting system is complete by adding in the expenditure side

where the current value of GDP (Y t ≡ P tQQ
t with P tQ as the GDP deflator)

equals private and government aggregate volume consumption Ct (with a cor-

responding deflator P tC) and a vector of volume investments It ≡ [It1, ...I
t
m−1]

. We ignore exports and imports and taxes for simplicity of exposition. Gross

investment in market assets It corresponds to the change in the capital stock

∆K = Kt−Kt−1 plus depreciation (or depletion) D(Kt−1), all valued at prices

ptI ≡ [ptI,1, ...p
t
I,m−1].

We pause here to underline that while measures of depreciation or consump-

tion of fixed capital (the loss of value of produced assets as they are employed

in production) are generally available, this is much less the case for depletion

(or discoveries) of non-produced assets even if these are inside the SNA asset

boundary, in particular sub-soil assets. A first and important task is measure-

ment of such depletion and discoveries and the SEEA[46], [47] provides all the

necessary guidance. Ecosystem services reduce or enhance ecosystem assets and

so bear a resemblance to the notions of depreciation, depletion or discoveries.

However, as pointed out above, they are complex to gauge and typically there

are no meaningful market valuations to go by. We therefore just depict the

stock-flow relationship in physical units and formulate it as a general, possibly

non-linear, many-to-many mapping f t(·) that also allows for other factors Ω to

affect ecosystem assets.

Y t ≡ P tQQt = P tCC
t + ptI · It = ptX ·Xt = wtLt + utK · StK

where ptI ·∆K = ptI · It − ptI ·D(Kt−1), and (6)

∆N = f t(StN , N
t−1,Ωt).

Equation (6) constitutes the link between the production sphere and the

asset sphere, further explored in Section 4. Equation (6) also constitutes a

link to the well-being sphere in Section 3 because it gives immediate rise to

net national income (NI), the flow of income adjusted for depreciation (and

net income transfers from abroad - ignored here for simplicity). Relevance for

economic well-being arises because, in a very simple setting, NI captures aspects

of both current and future consumption in particular when expressed in real
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terms after deflation with a consumption price index:

NIt ≡ Y t − ptI ·D(Kt−1) = P tCC
t + ptI ·∆K

NIt/P tC = Ct +
ptI
P tC
·∆K. (7)

We also see that when capital is exactly kept intact (∆K = 0), the maximum

possible consumption equals real net income which corresponds to the basic no-

tion of Hicksian Income (Hicks [22] 8.). Weitzman[51] demonstrated how in a

simple closed econonomy without technical progress real net income is propor-

tional to the present discounted value of consumption that the economy is able

to produce, thus also giving NIt/P tC meaning as a dynamic measure of economic

well-being - a proposal discussed in many places, starting with Usher[48]. Sefton

and Weale[41] demonstrated that real savings (which equals real net investment

in a closed economy), expressed in consumption equivalents, is the proper in-

dicator of changes to inter-temporal well-being. All that said, the assumptions

needed to confidently interpret real net income as a true measure of economic

well-being are strong, and include reliance on intertemporal general equilibria,

leaving aside aspects of substitutability between consumption and investment

and the evolution of future productivity trends. Also, aggregate measures of in-

come are oblivious to its distribution among individuals and households which

will form a central theme as we turn to the well-being sphere in the next section.

With a more pragmatic, and less ambitious interpretation as maximum ag-

gregate current consumption possibilities once allowance is made for replacement

investment and depletion - but ignoring other non-market assets and therefore

questions of sustainability - real net income remains a very useful concept, es-

pecially if:

• the set of SNA capital measures K is as complete as possible and includes

in particular non-produced, non-financial assets such as subsoil assets and

land. One notes that while the quantity of land is more or less fixed, its

quality is not. Land degradation and land improvements are thus part of

depreciation and capital formation, respectively;

8”However, if we do decide to include saving in our Welfare index, the appropriate concept

of individual income can be nothing else but what the individual thinks he can consume

without making himself worse off” (p. 123)
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• deflation of NI is achieved with a consumption price index;

• national rather than domestic income forms the basis to correct for (actual

and imputed) international transfers of income.

Conclusion 2. Real net national income is a measure that constitutes a

first step towards capturing average current economic well-being. While

available for most countries, its empirical basis needs improving through

updated measures of depreciation, and full consideration of depletion,

discoveries and quality change of those non-produced assets that are al-

ready part of the national accounts asset boundary, in particular subsoil

assets and land.

3 Well-being sphere: what shapes people’s lives?

The notion of well-being has gained increasing traction over the last twenty years

as an agenda for research, measurement and policy. Particluar early impetus

had come through the Human Development Index (UNDP[43]) and through the

recommendations of the Stiglitz-Sen-Fitoussi Commission (Stiglitz et al [44])

but the body of related research is large (see Jorgenson[27] for an overview and

Landefeld et al[28] for forthcoming work in the United States Bureau of Eco-

nomic Analysis). The OECD’s[32] empirical work with its How’s Life indicator

dashboard has also been on the forefront. It defines current well-being in terms

of Material Living Conditions and Quality of Life, captured through eleven di-

mensions that shape peoples lives. These dimensions are income and wealth,

jobs and earnings, housing, health, work-life balance, skills, social connections,

civic engagement and governance, environmental quality, personal security and

subjective well-being. A key feature of well-being measures is also that they go

beyond averages and consider the distribution of outcomes across individuals

and households. Inequalities are central to measuring well-being, both of the

material and of the quality of life sort. We thus see that the aggregate income

and (economic) wealth dimensions that link back to the production sphere are

but a small part of the determinants of current well-being.

Distribution of well-being. To capture current well-being more formally,

define a utility function for a household (or type of household) h such that

11



Uh = Uh(Ch, SNh, Zh) 9 where Ch is household’s h current consumption of mar-

ket products, SNh ≡ [SNh,1, ...SNh,n] is its consumption of non-market ecosys-

tem services and Zh ≡ [Zh,1, ...Zh,l] depicts the vector of other Quality of Life

outcomes. Household h’s minimum expenditure conditional on SNh and Zh and

a vector of consumer prices pC ≡ [pC,1, ...pC,c]is then given by:

Eh(Uh, pC , SNh, Zh) ≡ min
Ch

[pC · Ch | Uh(Ch, SNh, Zh) ≥ Uh] = pC · Ch. (8)

An important step in the task of measuring economic well-being is breaking

down income, expenditure and consumption aggregates (6 and 7) by category

of household, thus relaxing the assumption of a representative consumer. While

there is a long tradition of measuring income and consumption by individual

or by household through surveys (and tax records), these statistics are not nor-

mally sufficient to achieve a breakdown that is consistent with the national

accounts and a series of adjustments are required (Jorgenson and Schreyer[26]).

Recent research has already come forward with interesting results, including

Zwijnenburg et al[54], Piketty et al[33], U.S. Bureau of Economic Analysis[2]

and several national statistical offices). Figure 2 shows an example.

Measured living standards are conditional. There is no space here

to discuss the many important practical questions that need to be resolved to

achieve national accounts consistency and we refer to the above publications.

But there is a conceptual point to be made here, namely that measures of the

distribution of income or consumption, even when fully consistent with national

accounts concepts remain approximations to living standards, including mate-

rial living standards, because they are conditional on ’environmental variables’

SNh, Zh. This is readily seen by comparing consumption expenditures of two

(groups of) households h and h′ (for example the first and fifth quintile in the

income distribution or households in two regions), using (8):

pC · Ch
pC · Ch′

=
Eh(Uh, pC , SNh, Zh)

Eh′(Uh′ , pC , SNh′ , Zh′)
(9)

As can be seen from (9), consumption expenditures of the two households

reflect both the levels of utility Uh, Uh′ - which is what we would like to capture

9It is assumed that Uh is continuous and increasing in the components of Ch, SNh and

Zh, and is concave in the components of Ch
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Figure 2: Disposable income fifth over first quintile: survey-based and national

accounts-based

Note: The graph shows disposable income per consumption unit for the fifth quintile relative to the adjusted

disposable income for the first quintile.

Source: Zwijnenburg et al[55].

- and the household specific environmental variables. We have assumed here for

simplicity that all consumers h and h′ face the same prices pC but household

specific prices could be accommodated10.

A true comparison of living standards based on consumption expenditure,

call it QUhh′ , needs to be contingent on reference variables SN , Z that are identi-

cal for the households under comparison. Thus, Eh(Uh(Ch, SNh, Zh), pC , SN , Z)

is the amount which, if made available to the consumer when facing prices pC

and the reference quantities SN , Z, would make the consumer just as well off as

at Uh(Ch, SNh, Zh). This is of course nothing but Samuelson’s[37] and Samuel-

son and Swamy’s[38]) Money Metric Utility, extended to include environmental

10This is in particular needed for international comparisons because price levels differ be-

tween countries. Rao[35] provides an overview of comparisons of economic well-being in con-

junction with purchasing power parities
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variables as in Willig[52], Blundell et al[4] or Fleurbaey and Gaullier[19]. A

living standard comparison QUhh′ between two households is then given by

QUhh′ ≡ Eh(Uh, pC , SN , Z)

Eh′(Uh′ , pC , SN , Z)

=
Eh(Uh, pC , SNh, Zh)

Eh′(Uh′ , pC , SNh′ , Zh′)

[
Eh(Uh, pC , SN , Z)

Eh(Uh, pC , SNh, Zh)

Eh′(Uh′ , pC , SNh′ , Zh′)

Eh′(Uh′ , pC , SN , Z)

]
=

pC · Ch
pC · Ch′

β (10)

with β ≡
[
Eh(Uh, pC , SN , Z)

Eh(Uh, pC , SNh, Zh)

Eh′(Uh′ , pC , SNh′ , Zh′)

Eh′(Uh′ , pC , SN , Z)

]
.

For well-being comparisons, consumption expenditure (or income) compar-

isons between two households thus need to be adjusted by a factor β which

corrects for the differences of each household’s situation compared to reference

conditions SN and Z. More precisely β is an index of the expenditure that

household h would have to be compensated for, given its distance to references

conditions compared to the compensation of household h′. Each ratio in β

constitutes an index of money metric utility or willingness to pay, reflective of

household specific preferences and the household-specific situation with regard

to the reference variables. We note that for β to equal unity so that the simple

ratio of consumption expenditures is an accurate measure of relative well-being

of the two households, preferences need to be identical and homothetic in the

level of utility and the ’environmental’ variables and each household needs to

enjoy (or be subjected to) the same level of environmental variables.

Is it possible to measure expressions such as Eh(Uh, pC , SN , Z)? The answer

is yes, although modelling is required and in general, the number of environmen-

tal variables that can be controlled for is limited. Examples include Fleurbaey

and Gaulier[19], Jones and Klenow[24] or Boarini et al[5]. The latter estimate

measures of equivalent income for health (life expectancy) and jobs for a group

of countries (see Figure(3)), allowing for heterogenous preferences. In this case,

the value of market consumption (or income) in a particular country is reduced

by a monetary value that corresponds to the distance of a country’s life ex-

pectancy from the world leader (Japan) times the (country-specific, revealed)

willingness to pay for an extra year of life expectancy on average. Similarly,

an equivalent income measure is constructed for the value of full employment
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(above and beyond the remuneration for work which is already captured by

market income/consumption).

Figure 3: Multi-dimensional living standards for bottom quintile of households

Average annual percentage change 2008-2013

Note: The graph shows the contributions of average household disposable income, unemployment and longevity to

living standards and an adjustment for aversion to inequality. Elements are weighted with their shadow prices,

i.e., the willingness to pay to avoid unemployment (capturing the value of jobs above and beyond the income

generated by them) and the willingness-to-pay to reduce mortality risk to the best performining country.

Source: Boarini et al[5].
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Conclusion 3. Constructing national accounts compatible measures of

the distribution of consumption, income (and possibly wealth) by house-

hold is a key task ahead and a necessary input for a social welfare measure.

Akin to GDP and productivity, such a welfare measure remains, however,

conditional on the distribution of the outcome of other well-being dimen-

sions across households. Integration of several - but likely not all - such

dimensions into a broader, single measure of income or consumption is

possible and worth pursuing when the theoretical basis for such a com-

posite measure is solid. Other than that, the conditionality of income and

consumption comparisons on environmental variables needs to be kept in

mind and it is often helpful to show these in separate dashboards.

4 Asset sphere: the resources for future well-

being

The notion of economic, environmental or social sustainability requires invoking

assets in a broad sense. While there are many specific definitions of sustain-

ability, they all take an inter-temporal view and preserving wealth is a natural

way of thinking about this. The 1987 Brundtland Report’s definition of sus-

tainable development as ” [...] development that meets the needs of the present

without compromising the ability of future generations to meet their own needs”

(United Nations[45]). The OECDs work on well-being (OECD[32]) understands

sustainability as acting in a way that assets are preserved for future generations’

well-being. The World Banks Changing Wealth of Nations (World Bank[53]) is

a concrete effort towards valuing the level and development of countries assets.

And the 2015 UN Sustainable Development Goals and some of the associated

indicators can also be understood as an effort to measure humanity’s capacity

to preserve economic, natural and social assets for future generations alongside

measures of current well-being and its distribution.

Accounting prices - theoretically strong but very hard to imple-

ment. Indeed, the change in the value of comprehensive wealth is one way of

defining and conceptualising sustainability, and a body of theoretical papers has

explored this idea (for an overview see Dasgupta[10]). At the heart of the mat-

ter is an extension to all types of assets - market and non -market - of the ideas
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around real savings or net investment as a measure of changes in intertemporal

economic well-being (see Section 2). An inter-temporal social welfare function

that augments the environment-economy accounting system as presented in (6)

is formulated as the discounted value of future utilities of each of the h = 1, ...H

households:

V 0 =

∞∑
t=0

W (U1(Ct1, S
t
N1), ...UH(CtH , S

t
NH))(1 + r)−t (11)

Taking account of the stock-flow relationships portrayed in (6), Dasgupta[10]

and Arrow et al[1] introduce the notion of resource allocation mechanisms, i.e.,

future paths of the economic-environmental system, and demonstrate that it is

possible, by recoursive reasoning, to map particular resource allocation mecha-

nism onto today’s capital stocks so that V 0 = V 0(C0
1 , ..., C

0
H ,K

0, N0, α) where

α is a particular resource allocation mechanism11. No optimal behaviour is re-

quired to introduce this concept. ’Accounting prices’ (i.e., marginal social valua-

tions) of capital stocks are introduced, defined as pAKi ≡ ∂V 0(C0
1 ,...,C

0
H ,K

0,N0,α)
∂Ki

,

pANi ≡ ∂V 0(C0
1 ,...,C

0
H ,K

0,N0,α)
∂Ni

. The changes in stocks today (presented here in

continuous time for simplicity), each valued at accounting prices, then gauge

the change in intertemporal social welfare, depending on whether dV 0 Q 0

(Dasgupta[10]):

dV 0 =

m−1∑
i=1

pAKidK
0 +

n∑
i=1

pANidN
0. (12)

Tracking changes in the asset base with accounting prices would thus seem

to be the most important effort to pursue. But it also turns out to be the

most challenging venture, in concept and in practice. There are at least two

difficulties here12.

• Although ’only’ present changes in assets need to be observed, their valu-

ation with accounting prices requires projections of the future evolution of

11Note that we have ignored quality of life variables Z here, for simplicity. With some

stretch of imagination, each quality of life dimension (such as health, personal safety, etc.)

could be conceived as either an additional type of capital (such as human capital or social

capital) or as a service associated with such capital and integrated into the theoretical concept.
12See Fleurbaey and Blanchet[18] for a broader discussion of measurement and theoretical

questions.
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the socio-economic-environmental system, because the resource allocation

mechanism α has to be described and evaluated. Conceputally, account-

ing prices reflect all the negative externalities associated with economic

activities, missing markets, and increase when stocks of capital approach

tipping points. Here we are in a different world from that normally inhab-

ited by statistical offices - a world of scenario-building, horizon scanning

and comprehensive modelling and forecasting. Ressource requirements

apart, this raises some important institutional issues.

• An indicator of sustainability needs to be based on comprehensive wealth,

encompassing a broad set of assets, from produced machinery to human

capital, social capital and natural assets. But what is the exact scope

and how should it be measured? There are many borderline cases, and

measurement issues abound, including:

– Whether or not health ought to be recognised as a separate asset,

and in addition to human capital is a matter of debate and makes a

tremendous difference to results[1].

– Human capital measurement methods are well established, in par-

ticular those in the tradition of Jorgenson and Fraumeni [25] but

one notes that they imply projections of future income. Another

asset considered significant for the functioning of societies is social

capital, i.e., the social norms, shared values and institutional ar-

rangements that foster co-operation among population groups and

the trust people have in others. For instance, OECD[32]’s headline

indicators on the level and evolution of social capital are based on

surveys on the level of trust between individuals and in institutions.

It would appear very difficult to develop accounting prices for social

capital.

– Another key question is capturing and valuing ecosystem assets.

Their deterioration or improvement represents a big part of what con-

stitutes today’s environmental concerns and it has been pointed out

earlier that ecosystem assets are complex, dynamic, they do not ob-

serve national boundaries and there is no simple mapping to ecosys-

tem service flows. Modelling accounting prices that attach to the

change in ecosystem assets would appear to be a tall order.
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Figure 4: Evolution of different types of capital in OECD countries

Note: The snapshot depicts data for 2019, or the latest available year, for each indicator. The colour of the circle

indicates the direction of change, relative to 2010, or the closest available year: consistent improvement is shown

in blue, consistent deterioration in orange, no clear trend in grey, and insufficient time series to determine trends

in white. For each indicator, the OECD country with the lowest (on the left) and highest (on the right) well-being

level are labelled, along with the OECD average (in black, and unless all 37 members are included detailing the

number of countries in the average).

Source: OECD[32].
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Pragmatism is the word. Should we thus refrain from measuring and

valuing assets and how they evolve over time? Definitely not. We do need rel-

evant measures but pragmatism should reign and our ambitions to develop a

robust single indicator of sustainability, or even non-sustainability need to be

kept in check. The work by the World Bank[53] - motivated by the idea that

we need to look at a broad set of assets to get a sense of where sustainability is

heading - is a good example of a pragmatic approach. The Dasgupta Review [11]

is a showcase for the many empirical and theoretical aspects that measurement

of biodiversity and ecosystem services from biodiversity entail, even in physical

terms. The OECD’s How’s Life? series (OECD[32]) organises and presents

available cross-country evidence on assets, to paint a picture where things are

heading with produced, human, social and natural capital - see Figure 4. No

claim is made on comprehensiveness nor is there aggregation across assets.

Conclusion 4. The comprehensive social valuation of economic, envi-

ronmental and social assets is an excellent reference framework to reason

about sustainability. But its empirical implementation with an ambi-

tion of providing a comprehensive, single indicator of sustainability raises

more questions than it may answer. A pragmatic approach is called for:

starting with a fuller implementation of SNA assets, improved physical

measures of natural assets, spatially-differentiated valuations of ecosys-

tem services are good places to start. The latest version of the SEEA[46]

provides excellent guidance here. The measurement of human capital is

also well-established and worth pursuing periodically.
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