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   Abstract.  We compare two common methodologies of measuring global 

sustainability: genuine savings (GS) and ecological footprint (EF). The GS-based 

measure differs little from net savings, and falls slowly over 1970-2003 to +8%, not 

indicating current, global unsustainability.  The EF-based measure falls steadily over 

1970-2003 to −26%, mainly because of growing population, suggesting the world is 

now badly unsustainable.  We give an adjustment to global GS for population growth; 

suggest other necessary but harder corrections; prove a new inaccuracy in GS for CO2 

emissions; suggest limitations on the sustainability meaning of any EF measure, even 

at global level; and to command respect from both economists and scientists, call for 

GS and EF results to be regarded as complements. 
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1. INTRODUCTION 
 
 Genuine Savings (GS) and Ecological Footprint (EF) are arguably the two 
dominant methodologies currently used as a basis for measuring aggregated, long 
term (multi-decade-horizon) sustainability at both the national and global level.   GS 
(formally known as ‘adjusted net savings’, though rarely called this in the literature) 
attempts to measure a country's true level of saving by taking into account 
depreciation of produced capital, depletion of minerals, energy, and forests, 
investments in human capital, and local and global air pollution damages (World 
Bank 2006).  EF analysis, on the other hand, seeks to measure the area of biologically 
productive land and sea that is used by a given population relative to how much land 
and sea is available (Global Footprint Network 2008).  They each have a respectable 
academic literature supporting the methodologies, such as Hamilton and Clemens 
(1999) for GS and Wackernagel et al. (2002) for EF, and an organisation providing 
annual measurements for over a hundred countries, namely the World Bank's 
Environmental Economics Division for GS, and the Global Footprint Network for EF. 
 
 Several alternative indicators exist.  One is Human Appropriation of Net 
Photosynthetic Product (see for example Imhoff et al. 2004), which shares many 
features with EF, but has tougher data requirements and has not been nearly so widely 
calculated.  Others are really broader measures of current wellbeing rather than of 
future sustainability, such as the Index of Sustainable Economic Welfare (ISEW) / 
Genuine Progress Indicator (GPI) (see for example Daly and Cobb 1989 and Dietz 
and Neumayer 2007).  Yet others are not indicators of global sustainability, but 
instead allow cross-country comparisons of environmental performance, such as the 
Environmental Sustainability Index (ESI) (see for example Esty et al. 2005).  In this 
paper, we will focus on GS and EF, given their prominence1 and our interest in 
measures of global sustainability. 
 
 GS and EF methodologies yield very different measures of current global 
sustainability.  For 2003, the Genuine Savings Rate (GSR), the GS measure of relative 
sustainability, was 8%, suggesting the world was then comfortably sustainable; while 
the Ecological Surplus Rate (ESR), a roughly corresponding EF measure, was −26%, 
suggesting severe unsustainability.  As later discussion of fuller definitions for GSR 
and ESR reveals, both methodologies significantly qualify these headline results, but 
nevertheless the results support profound differences in views about global 
sustainability among economists and scientists.  Mainstream (non-GS) economic 
literature is complacent about global sustainability to the point of ignoring it almost 
completely; and GS literature itself places little emphasis on global sustainability, 
perhaps because economists see countries as freer to control their own future, 
independently of any global sustainability measure, and are less willing than scientists 
to make recommendations to non-existent global environmental policymakers.  By 
contrast, EF literature focuses on global sustainability a good deal, and its gloomy 
prognosis is often echoed by scientists, though not necessarily using both 
sustainability and footprint language (Vitousek et al. 1997, Steffen et al. 2004).  This 
is troubling: if comparable, one or both of these results is wrong, or their meanings of 
"sustainable" are quite different.  In any event, it cannot help debates on emergent 

                                                 
1 Internet searches in January 2008 showed that GS and EF are much more widely cited than the other 
indicators mentioned here, and EF has a particular hold on the popular imagination. 
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global policy to be disagreeing so profoundly about both whether or not there is a 
global sustainability problem, and what a basic aggregate measure should be. 
 
 Our aim is to clarify and if possible reconcile the differences between GS and EF 
methodologies, and their specific measures like GSR or ESR, as a step towards a 
sustainability science that commands respect from both scientists and economists.  
There are four main ways to attempt this.  The first two dominate the limited literature 
that compares the two measures, but do not amount to reconciliation.  In the first way, 
GS is identified with the "weak sustainability" (WS) paradigm, in which human-made 
capital stocks, whether of machines, knowledge or institutions, are assumed to be 
indefinitely substitutable for environmental resources as inputs to production; EF is 
identified with the "strong sustainability" (SS) paradigm, in which such 
substitutability is assumed to be severely limited, and a result; and no opinion is given 
on the relative validity of these two paradigms.  For example: 

"If one subscribes to the WS view that natural capital can be substituted by produced capital, then 
we recommend estimating GS. If one subscribes to the SS view that at least a portion of natural 
capital is non-substitutable, then one has to choose from the diffuse definitions of SS..." (Dietz and 
Neumayer 2007, p624) 

In our view this is not very helpful.  Just recognising that two opposing paradigms 
like WS and SS exist does not help in choosing sensible policies based on the best 
available evidence.  The Earth does not have separate, parallel futures, one with WS 
conditions and the other with SS conditions.  To help policymaking requires a 
judgment of what is the substitutability of human-made capitals for environmental 
resources, hugely challenging though this judgment may be. 
 
 The second way of dealing with the GS-vs-EF conflict, apart from just reporting 
one paradigm as if the other didn't exist, as happens in the vast majority of papers that 
report GS or EF results, is to assume one paradigm right and the other wrong.  Most 
commonly this entails believers in the EF/SS paradigm dismissing GS/WS as 
incorrect (believers in WS tend to just ignore SS critiques): 
 "Under the assumption of ecological overshoot, weak sustainability should no longer be relied 

upon as the criterion.  The Ecological Economics paradigm argues that natural capital should be 
viewed separately in terms of strong sustainability, which suggests that either natural capital or a 
portion of it called `critical natural capital' is completely non-substitutable."  (Pillarisetti 2005, 
pp600-601) 

We dismiss this stance because we argue below that both GS and EF are 
fundamentally flawed as single measures of sustainability, and that making 
assumptions based on beliefs, advocacy or schools of thought (the language of 
ideology) is an inadequate substitute for science. 
 
 The third way is to find a new, single measure of sustainability, which could be 
either a variant of GSR or ESR, or some combination of them, or a completely new 
measure.  The fourth way is to abandon the quest for a single measure of 
sustainability and adopt a multi-criteria approach, and revive the popular but under-
researched notion in Barbier (1987) that sustainability requires both economic 
sustainability (a solidly positive GSR) and environmental sustainability (a solidly 
positive ESR) − and also social sustainability, but that is beyond our scope here − and 
the two cannot be combined into a single measure. 
 
 We try the third and fourth ways, as follows.  In Section 2 we start from the 
common notion that any sustainability measure is based on current consumption 
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divided by maximum sustainable consumption, and then show how sharply GS and 
EF methodologies diverge in their concepts of "consumption", whether current or 
maximum sustainable.  We then show empirically how close global GSR is to a much 
simpler measure, the global Net Savings Rate (NSR), and how much of the fall in 
ESR over time can be explained just by population growth.  This shows how 
fundamentally incompatible GS and EF methodologies are.  In Section 3 we consider 
the flaws of the GS and EF methodologies in estimating global sustainability, and 
consider potential improvements to GSR (mainly by greatly increasing fossil fuel and 
carbon dioxide prices, better to reflect their effect on sustainability), and limitations 
on interpreting ESR as a measure of sustainability.  Section 4 considers how best to 
use a modified GF and EF as complementary measures.  Section 5 concludes. 
 
 
2. ANALYSIS OF GS-BASED AND EF-BASED SUSTAINABILITY 

MEASURES  
 
 Both GS-based and EF-based measures of sustainability fundamentally relate how 
much a country or the world (hereafter a "society") is currently consuming at some 
point in time, to how much it could sustainably consume forever, starting at that time.  
In each case, society is sustainable if maximum sustainable consumption exceeds 
current consumption, and conversely.  So we can define basic absolute and relative 
(pure number) measures of sustainability at some point in time2 as follows: 

   absolute sustainability := maximum sustainable consumption 
   − current consumption                        [1] 
   per-person sustainability := (absolute sustainability) / population                      [2] 

   relative sustainability := 1  − [(current consumption)  
     / (maximum sustainable consumption)]   [3] 

However, GS and EF methodologies interpret this common starting point very 
differently, as shown by the units and derived definitions in Table 1.    Particularly for 
EF measures, the distinctions here among absolute, per-person and relative measures 
may at first seem pedantic, but yield interesting results.  The commentary after the 
Table explains specific terms like genuine savings, ecological footprint and 
biocapacity, and analyses the global time trends of GSR and ESR during 1970-2003. 
 
 First, GS measures consumption in the standard economic unit for income, 
namely real US dollars (of a stated year like 2000) per year, whereas EF measures 
consumption in global hectares.  Second, GS assumes that if current net production 
exceeds current consumption, then saving occurs, which when invested causes the 
manufactured capital stock, which is an input to current gross production, to grow.  
This is best seen in the simple 1950s neoclassical model of an isolated, growing 
economy, in which manufactured capital stock K(t) is the only productive input, and 
the following holds: 

                                                 
2 In economic theory, one can also analyse a society's sustainability over its future development path up 
to an infinite time horizon, as well as at a point in time, and the path/point distinction is crucial.  
However, path analysis is next to impossible operationally, so empirically it is (or at least should be) 
understood that sustainability measures always apply only to some date, be that 1970, 2003 or 
whenever, so hereafter we drop the "at some point in time" qualifier. 
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Table 1: Genuine Saving (GS) and Ecological Footprint (EF) methodologies: 
main terms used, and differences in interpreting basic sustainability measures 
 

Methodology 
Genuine Saving (GS) Ecological Footprint (EF) 

Basic measure 

Exact title Units Exact title Units 
Current 
consumption  

consumption, as  
measured by  
national economic  
accounts, adjusted  
for envtal. amenity 

total ecological  
footprint (TEF) 

Maximum 
sustainable 
consumption 

approximated by  
gross income (GI)  

total biocapacity  
(TBC) 

Absolute 
sustainability 

(total) genuine 
 savings (GS) 

(real) 
dollars per 
year 
($/yr) 

total ecological  
surplus (TES :=  
TBC − TEF) 

global 
hectares 
(gha) 

per-person 
consumption 

ecological footprint  
(EF := 
 TEF/population) 

per-person  
max. sustainable 
 consumption 

biocapacity (BC :=  
TBC/population) 

per-person 
sustainability 

[per person  
measures are rarely 
reported in GS  
literature] 

[dollars  
per year  
per person 
($/yr.psn)] 

ecological surplus3  
(ES := BC − EF)  

global 
hectares 
per 
person 
(gha/psn) 

Relative 
sustainability 

genuine savings rate 
(GSR) := GS / GI 

% of gross  
income 
(GI) 

ecological surplus  
rate (ESR) := ES/BC  
= 1 − EF/BC 

% of bio- 
capacity 

 
 

 dK/dt  = F(K(t)) − δK(t) − C(t)   [4] 

 growth of manufactured = gross − capital − consumption 
 capital (= net saving, NS) production depreciation 
 
 The recent and much more detailed economic models used by the GS method (like 
Hamilton and Clemens 1999 and Pezzey 2004) include many more inputs, including 
renewable and non-renewable natural resource inputs, and environmental inputs 
(positive ones from ecosystem services and negative ones from pollution).  "Net 
saving" (NS) is then replaced by "genuine saving" (GS), derived from NS in the 
empirical literature (World Bank 2006, p37) by adding education spending (seen as 
investment in human capital), and subtracting the value of natural resource depletion 
and pollution accumulation: 

 GS   :=  NS    + current operating expenditures on education 
    −  value of energy, metals, minerals and net forest depletion 
   −  value of damages from CO2

 and PM10    [5] 

As shown in Table 1, GS is then divided by gross income (GI),4 essentially the same 
concept as gross production in [4], to derive the genuine saving rate (GSR), the 

                                                 
3 Also called ecological reserve.  Monfreda et al. (2004, p240) call it the ecological remainder, or (with 
some potential for confusion) an ecological deficit if it is negative. 
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relative measure of sustainability in the GS methodology, where NSR is defined as 
NS/GI:5 

GSR := NSR + (education spending − resource depletion − pollution damage) / GI [6] 
 
 We discuss in Section 3 the many flaws in [5]/[6] − mainly the unavoidable use of 
GNNP to approximate maximum sustainable consumption, the unnecessary leaving 
out of population growth, the inaccurate accounting for flow pollutants like PM10, 
and most importantly, the incorrect valuation of non-renewables depletion and CO2 
damage − and how they might be corrected.  However, our main emphasis here is on 
how little measured GS departs from NS empirically.  A cross-country regression of 
GSR against NSR and END (the value of energy depletion divided by GI) for 129 
countries showed that the last two variables explain about 93% of the cross-country 
variation in GSR.  For many oil-exporting states, END is a vital explanatory variable 
for GSR, and indeed a dominant policy conclusion of much GS literature is the need 
for such states to invest rather than consume their oil revenues, in order to make their 
economy sustainable (see for example Hamilton et al. 2006).  One can also clearly see 
the influence of the global oil price in Figure 1, where the path of GSR over 1970-
2003 drops sharply during 1973-75 and 1978-80 in response to the first and second oil 
crises, and rises sharply during 1985-86 in response to the oil price collapse then.  
However, given the global focus of our paper, none of the terms added to NSR in [6] 
make much difference.  This can be seen visually from the path of NSR in Figure 1, 
and numerically from the average value of GSR−NSR there, which is only 1.1%; so 
globally, GSR is little different from the net saving rate. 
 

Figure 1. Global GSR, NSR and END, 1970-2003
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Source: World Bank (2008) 

 
 This emphasis on saving is in stark contrast to EF methodology, which contains 
no mechanism whereby lowering current "consumption" might raise the future 
                                                                                                                                            
4 The actual terminology in World Bank (2006) is net national saving (NNS) and gross national income 
(GNI), but since we present results for the global economy, we drop the "national" here. 
5 In an ideal theoretical economy, a generalised form of GSR can be shown to equal the growth rate of 
a "green" variant of net income (Asheim and Weitzman 2001, Proposition 3). 
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capacity for maximum sustainable consumption.  Consumption in the EF method is 
measured not economically but physically, in global hectares (gha), where a global 
hectare represents a hectare of land with world average bioproductivity, and 
ecological footprint itself is defined as: 
 "The Ecological Footprint measures how much of the regenerative capacity of the biosphere is 

used by human activities. It does so by calculating the amount of biologically productive land 
and water area required to support a given population at its current level of consumption and 
resource efficiency.  A country's Footprint [TEF in our notation] is the total area required to 
produce the food, fibre and timber that it consumes, absorb the waste it generates, and provide 
area for its infrastructure. Ecological Footprint accounting looks only at present or historical 
consumption.  Future reductions in resource use (by any means, both efficiency improvements 
and reduced consumption) will shrink the per capita Footprint [EF in our notation], while 
rising consumption and more extensive land use will expand it. In contrast to the Footprint, 
which addresses demand on ecosystems, biocapacity [TBC in gha, or BC in gha/person] 
describes the supply side—the productive capacity of the biosphere and its ability to provide a 
flux of biological resources and services useful to humanity."  (Moran et al. 2008, pp471-2, 
with added comments, using terms defined in Table 1). 

If BC exceeds EF then many would consider a society to be sustainable, and vice 
versa, though careful EF literature cautions against such a simplistic interpretation.  
Indeed, there is nothing in EF methodology about BC−EF being saving that increases 
some capital stock, and hence productive capacity, if positive; and dividing BC−EF 
by BC to reach ESR does not make this measure directly comparable to GSR, which 
is a dynamic measure.  Indeed, we see below that TBC has increased slightly in recent 
years, despite BC−EF becoming steadily more negative.6 
 
 This absence of a role for saving is not accidental.  EF methodology holds that 
environmental resources ("natural capital") are the only input to production that really 
matters in the long term, because it ultimately cannot be substituted for by 
manufactured capital (the "strong sustainability", SS, viewpoint).  So in this view, 
saving and thereby accumulating manufactured capital does not help sustainability; 
and "natural capital" cannot be accumulated by saving like manufactured capital.  All 
of economic output (GI or GDP) is seen by the EF method as a form of 
"consumption", though EF (measured in gha per person, recall) is far from 
proportional to GDP per person (hereafter GDPP, or "the standard of living"). 
 
 EF certainly rises with GDPP across countries (a quadratic regression of EF 
against GDPP for 140 countries in 2003 explains 74% of the variation in EF), but the 
global EF/GDPP ratio has fallen steadily (by 34% over 1970-2003) as the world 
economy slowly in "eco-efficiency" (see also Bagliani et al. 2006).  Almost exactly 
counterbalancing this is the increase in GDPP (by 61% over 1970-2003), resulting in 
                                                 
6 The comparison in ES of a country's EF with its own biocapacity BC, as found in Monfreda et al. 
(2004, p240), is not always chosen in the EF literature.  Moran et al. (2008) − another paper with 
Mathis Wackernagel, a founding father of the EF method, as its second author − divided all countries' 
EFs by global biocapacity, and so essentially reported rescaled EF figures.  This has radically different 
results for countries with BC that differs substantially from global average BC, such as densely 
populated, hence low-BC countries like the Netherlands, and sparsely populated, hence high-BC 
countries such as Finland.  This suggests that EFs or rescaled EFs are not seriously intended as 
measures of a country's own sustainability, but more of its contribution to global unsustainability.  No 
writers we have seen propose that, from a purely self-interested perspective, spare biocapacity will 
make it easier for Finland to deal with a global ecological crisis than the Netherlands; and several have 
pointed out that country-level EF measures have a substantial anti-trade bias (van den Bergh and 
Verbruggen 1999, Costanza 2000), which makes it hard to take them literally, except for an extreme 
doomsday scenario where the global trade system collapses. 
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a global ecological footprint (per person) that has hardly changed (only 6% up) over a 
third of a century, as shown by graph EF in Figure 2.  The rise in global total 
ecological footprint (graph TEF in Figure 2) is therefore associated almost entirely 
with population growth (graph POP).  Total biocapacity TBC, which as noted rises 
slightly, probably because of forest conversion to more bioproductive (for humans) 
pasture and cropland, is shown there on the same scale as TEF, so that the TBC−TEF 
gap (the total ecological surplus), which moved into deficit in 1986, is more obvious. 
 

 

Figure  2.  Global EF, POP, TEF and TBC, 1970-2003
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Source: World Bank (2008), Global Footprint Network (2008).  GSR is excluding particulate emissions. 

 
 The final values in Figure 2 of TEF = 1.81 and TBC = 1.44 correspond to the 
headline figure already quoted of ESR = 1 − 1.81/1.44 = −26% in 2003.  The central 
issue here is what to make of the gap between the economic and ecological measures 
of global sustainability reflected in Figures 1 and 2.  During 1970-2003, ESR fell 
dramatically from about 27% to −26%, driven mainly by the 71% rise in population 
shown on Figure 2; while GSR fell only a sixth as far, from about 18% to 9%, 
reflecting mainly a similar fall (from 15% to 8%) in the net savings rate.  So what 
single measure of global sustainability is most meaningful − GSR, ESR, a 
modification of one, or combination of the two?  Or should there be separate criteria 
for economic sustainability and ecological sustainability, each necessary but not 
sufficient for overall sustainability?  Because we see obvious flaws in both GSR and 
ESR, we consider first in Section 3 whether the first approach might work, before 
consider multi-criteria approaches in Section 4. 
 
 
3. CAN GSR OR ESR BE IMPROVED AND/OR COMBINED TO FORM A 

BETTER SINGLE INDICATOR OF SUSTAINABILITY?  
 
3.1 Omission of population growth from GSR 

 The potential importance of population growth for global sustainability is obvious 
from our EF analysis in Figures 1 and 2, but the GS formula [5] makes no allowance 
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for population growth.  An allowance is possible if population growth is exogenous 
and exponential, using the method used for calculating "greened" wealth per person in 
Chapter 5 and Appendix 4 of World Bank (2006), which is effectively an ad hoc 
extension of result (52) in Pezzey (2004) which remains to be fully analysed.  Applied 
to GS, this method requires one first to add back pollution damages, since these are 
not "diluted" by population growth.  Then one deducts the rate of population growth 
times the value of the economy's "tangible wealth", that is, its stocks of human-made 
capital and environmental resources, which are diluted by population growth, because 
they have to be shared among more people.  Next, one does not deduct population 
growth times "intangible wealth" (human capital and institutions), because like 
pollution, this is not diluted by population growth.  Chapter 7 of the World Bank 
(2006) deducts tangible wealth from "total wealth", defined as the discounted value of 
future consumption, to estimate that intangible wealth comprises about 60% of poor 
countries' and 80% of rich countries' total wealth, so this non-deduction is significant 
(http://go.worldbank.org/RRCQLBZMX0).  Finally, one divides by GI to yield the 
population-adjusted measure of GSR. 
 
 However, no population adjustment was done for GS in Chapter 3 and Appendix 3 
of World Bank (2006).  This omission is acknowledged (p61), but the problem in that 
is increasingly acknowledged in the GS literature (see Atkinson and Hamilton 2007, 
p58), and we see no need for omitting population growth, at least at the global level.  
Using World Bank tangible wealth data available online (just for manufactured capital 
and those resources listed in [5]), we compute the following estimate of population 
adjusted-GSR: 

 for 2000, population growth reduces global GSR from 10.0% to 6.1%.   [7] 

Since this is a significant drop, we recommend that, where possible, this adjustment 
should be carried out for future GSR results, at both country and global levels. 
 
3.2 Underpricing of non-renewable resources in GSR 

 It is widely, though not universally, acknowledged in the theoretical GS literature 
that GSR can give a false positive result.  As first noticed by Asheim (1994, p262, 
italics in original), 
 "...it is conceivable that [positive GSR] is achieved because the competitive prices of [non-

renewable] natural capital are low.  This, in turn, can be caused by the economy not being 
managed in a sustainable manner." 

This is true even when the economy is managed in a conventional, "dynamically 
optimal" manner (a manner which cares nothing intrinsically about sustainability, 
even though optimal development with non-renewable resources may be sustained 
while technical progress is fast enough in relation to resource scarcity).  Pezzey and 
Toman (2002, p194) showed in a numerical, though uncalibrated, example that it 
could result in maximum sustainable consumption being far below current 
consumption at times when GSR is still positive on a development path headed 
towards unsustainability.  However, not nearly as much attention is given to the false 
positive result by the empirical GSR literature, with is inevitable focus on the final 
numbers presented.  A major way in which global economic unsustainability might 
come about and not be detected by GSR is therefore through a peaking and then 
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decline of oil consumption,7 with current oil prices still being too low to signal 
unsustainability with anything approaching accuracy.  Unfortunately, estimating this 
inaccuracy empirically requires a calibrated model of the global economy that 
includes predictions of the ultimate substitutability of manufactured capital for fossil 
fuels, which currently remains for further work [which with luck will be completed 
before June 2008].  For the moment, only the qualitative remark can be made that 
rescaling of fossil energy prices for sustainability could drive global GSR 
considerably below the 6% reached in [7].8 
 
3.3 Underpricing of CO2 emissions in GSR 

 Pricing greenhouse gas (GHG) - in practice just CO2 emissions in empirical GS 
and EF applications, given data limitations - is one of the most complex issue in this 
paper, both theoretically and empirically, perhaps matched only by the difficulty of 
modelling and measuring intangible capital.  The complexity in economic theory from 
springs from the global atmosphere's capacity to absorb CO2 being not just non-
renewable (on a century-long timescale), but also a global environmental good.  The 
latter explains the minuscule success so far of the UNFCC or any other process in 
actually including (internalising) the cost of climate damage as an extra charge (via a 
tax or tradable permit system) on CO2 emissions.  The World Bank calculations do 
include an emissions price of US$20 (in 1995 prices) per tonne of carbon, but there 
are two reasons to think this figure, which made emissions worth just 0.4% of world 
GI in 2000, is much too low, and an added flaw in the GS methodology for 
cumulative pollutants that seems to have been overlooked till now. 
 
 The first reason is that it makes no allowance for the need to use a sustainability-
based discount rate that is potentially much lower than the optimality-based discount 
rate, effectively used by GS methodology to convert climate change damages 50 or 
100 years from now to current dollars which are comparable with the costs of abating 
emissions now (Stern 2006, Section 2A).  This sounds different to, but is actually the 
same as, our argument above that energy depletion would be undervalued by GS 
methodology if the world is already unsustainable.  In both cases, optimal prices or 
interest rates give a falsely low evaluation of future costs, whether of resource scarcity 
or of climate damage. 
 
 The second reason is that scientific opinion on the probability of severe global 
warming has greatly hardened since 1995 (IPCC 2007); and the fact that the 
probability does not approach zero fast enough as the amount of future warming (in 
degrees Celsius) rises justifies a much higher price on CO2 emissions now.  This 
results in CO2 pricing being seen more as insurance against very bad, if unlikely 
outcomes from climate damage, rather than as an estimate of mean, mode or median 
damages (Weitzman 2008). 
 
 The overlooked flaw in GS methodology is that it is internally inconsistent if CO2 
emissions are assumed proportional to energy consumption.  This is quite an accurate 
                                                 
7 This possibility is no longer seen as fanciful (Witze 2007), and it is undesirable in terms of CO2 
emissions, since the market effect of scarcer oil is to drive electricity generation towards coal-burning, 
the proximate cause of a globally worsening carbon intensity (Raupach et al. 2007). 
8 A different, more short-term point is that the volatility in the energy depletion graph in Figure 1 
should somehow be smoothed, so that major shifts in GSR are not caused just by temporary changes in 
oil market structure. 
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assumption, as data from WRI (2005) readily show that the global mean tonnes of C 
emitted per ton of oil-equivalent primary energy consumed fell by only 0.27%/yr during 
1971-2002.  So making this assumption theoretically, and also (as GSR theory does) that 
the damage cost of emissions is internalised by an appropriate price, then emissions 
disappear from, and a multiple of the CO2 stock is added the GS formula!  The intuition 
for the first part of this somewhat surprising result, proved in Appendix 1, is that there 
are then two terms in the (optimally managed) emissions flow: an indirect deduction 
from the value deducted for resource depletion, and a direct deduction for emissions 
damage, and because of the proportionality assumption the two terms cancel exactly.    
None of this addresses the real-world problem of measuring GS on a privately optimal 
but socially non-optimal path with no (adequate) emissions tax in place, as with current 
GHG emissions;9 but our result only adds to the other problems of measuring 
environmental damage already identified in this section. 
 
3.4 Limitations in EF methodology 

[Referees: this subsection is less rigorous, because the claims that the ef literature 
makes of relevance to sustainability policy have yet to be thoroughly studied.] 

 Though our focus has been on global measures, the limitations of EF methodology 
are usefully highlighted in Table 2 by the GSR and ESR results for three very 
different countries: the USA, South Korea and Congo (Democratic Republic).  
 
Table 2: GSR and ESR data for three different countries 
 
Country GDPP in 

2004, 
'000$/ 
yr.psn 

GSR in 2000, 
% (not popn.-
adjusted) 

Growth rate 
of GDPP,  
1993-2003, 
%/yr 

ESR in 
2003, 
 % 

1 − [EF(country) 
        /BC(global)] 
in 2003, % 

USA 36.4     8.2   2.1 −102 −438 
Korea, S 18.9   23.6   4.5 −644 −127 
Congo, Dem 
Rep 

  0.6 −14.6 −4.1      61      68 

Source: World Bank (2006), World Resources Institute (2005), Global Footprint Network (2008) 
These results provide anecdotal support for the following remarks about ESR.10 

(a) A healthy ESR number is no indicator of sustainable overall welfare: the large 
positive number for Congo has done nothing to prevent it imploding economically.  
Accumulating capital (or not destroying it as in Congo) is basic to providing for the 
future.  People's lower impatience and hence higher saving rate in countries like 
Korea, China and India being a key explanation for decades of higher economic 
growth there than in OECD countries; and people's failure to save enough out of oil 
revenues is a key reason for doubting the sustainability of current income levels in 
countries like Russia, Saudi Arabia and Venezuela.  So omitting saving and non-
renewable resource depletion altogether, as EF does, leaves out a big part of an 
overall assessment of sustainability. 

(b) ESR results are highly dubious for measuring a country's own sustainability, 
because of their large bias against trade.  S. Korea has an ESR more than 6 times as 
bad as the USA primarily because of its much smaller BC (because S. Korea is so 
                                                 
9  The method in Cairns (2002) or Arrow et al. (2003) might be tried, but that remains for further work. 
10 More statistical analysis here is planned for coming weeks. 
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densely populated), not because of any difference in sustainability, except in the event 
of world trade collapsing completely.  More meaningful are the figures in the last 
column, which is ESR with a country's BC replaced by global BC, but the move to 
this measure, essentially just a rescaling of EF, shows the severe limitations of EF as a 
measure of a country's sustainability. 

(c) GSR has some potential for making testable predictions about a country's GDPP 
growth rate; in fact with very limited success (World Bank 2006, Chapter 6), but this 
is still better than EF, which as far as we can see makes no predictions that are readily 
testable, for example at a given date after they are made. 
 
 It is thus abundantly clear that EF is only a very partial measure of overall 
sustainability, even at the global level, and other important aspects of sustainability 
need other, complementary measures.  This need is widely accepted in the EF (though 
not so often GS) literature, for example: 

"Ecological Footprint...other ecological assessments, ...[and] measures of social well-being or 
institutional capacity...are all important parameters for building a sustainable world, each of which 
need to be illuminated separately since there is no magic formula that defines ‘optimal tradeoffs’ 
among them. For sustainability, we need to achieve both ecological health as well as social well-
being, and achieving one at the expense of the other is inherently unsustainable."  (Monfreda et al. 
2004, p244) 

For this reason, unlike with GS, we do not try to suggest improvements in EF 
methodology, although various have been suggested (for example by Lenzen and 
Murray 2001); and also, to answer the question in this section's title, we see no point 
in trying to combine GS and EF measures.  Instead we turn to how EF and GS 
methodologies should be seen as complementary evaluations of global sustainability. 
 
 
4. GSR AND ESR AS COMPLEMENTARY INDICATORS 
 
 Our explicit comparison of GS and EF approaches to measuring sustainability 
does not point to abandoning either of them.  Instead, we have suggested potential 
improvements to make GS-based measurement more credible, and strict limitations 
on interpreting EF-based measures.  Both approaches still yield very imperfect 
measures of sustainability, but to reject either would be to throw the baby out with the 
bathwater. Much as a financial analyst uses many indicators of a firm’s future 
profitability, or a marriage consultant uses many indicators of the health of a 
marriage, there is both scope and need to use more than one indicator of future global 
sustainability. While our suggested, and not yet operational, changes to GS 
methodology would more credibly consider the potential trade-offs between 
maintaining human-made capital and environmental resources, EF data yield 
important information on humankind’s current, aggregate impact on environmental 
resources, independently of the hugely difficult challenge of measuring those long-
term trade-offs accurately.  In reaching this conclusion we have avoided the Weak 
(unlimited human-natural substitutability) versus Strong Sustainability (severely 
limited substitutability) paradigms, given our general scepticism of making 
ideological (belief- rather than evidence-based) and often parallel assumptions about 
the futures of duplicate Earths.  Other indicators can add important evaluations of 
economic, social and environmental sustainability, such as the Human Development 
Index (as used in Moran et al. 2008), and the Human Appropriation of Net 
Photosynthetic Product (Imhoff et al. 2004). 
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 By coming at the issue of sustainability from different angles, GS and EF 
methodologies complement one another, and wider interdisciplinary recognition of 
the benefits of both methodologies would improve general understanding of 
sustainability, and help identify specific risks to the world’s ability to maintain human 
welfare for many decades into the future.  If our suggested improvements to the GS 
methodology could be put into practice, much of the gap between global GSR and 
ESR can be closed.  But both measures are needed, in order to identify the main 
threats to global sustainability: falling savings rates, excessive rates of non-renewable 
resource depletion, and humanity’s rising overall physical impact on the living 
environment, notably from rapid population growth and the threat of severe, future 
climate damage.  Only GS has the ability to capture most of these threats; and as such, 
a modified GS that adjusts for the effects of population growth and more adequately 
reflects environmental impacts appears to be a better ‘headline indicator’ than EF.  
But we suggest that ideally, no one number for global sustainability should ever be 
quoted alone. 
 
 
5. CONCLUSIONS 
 
 Our comparison of the dominant ecological footprint (EF) and genuine savings 
(GS) as methodologies for measuring global sustainability during 1970-2003, 
apparently the first such comparison, has highlighted the very different policy 
implications of the two measures.  EF analysis points to the well-known risks to 
sustainability from the steadily rising total human impact on the environment, but we 
have noted that EF points to population growth rather than rising living standards as 
the main driver of this.  Global GS analysis paints a much less gloomy picture of 
global sustainability, and suggests that despite the effort put into adding "green" 
terms, conventional net savings rates form about 99% of any global sustainability 
problem, the core of which is a worrying long-term slide in global savings rates. 
 
 If forced to choose a single, global sustainability number, our choice would be the 
genuine savings rate (GSR), but only with substantial modifications, some of which 
are very difficult and not yet operational, as follows.  A deduction should be made for 
population growth (we estimate about 4 percentage points in 2000); energy depletion 
should be valued much more highly to reflect the need to use sustainability rather than 
optimality discount rates; and CO2 emissions should be valued much more highly to 
reflect the non-trivial probability of catastrophic climate change damage.  However, 
even if GSR figures could thus be made more credible, they will still rest on highly 
contentious valuations, in particular of future climate change, and of the future itself.  
We therefore see a need to consider sustainability as a multi-faceted concept, with 
various threats that should be considered in evaluating global (or national) 
sustainability.  Where possible, the choice of a single number should be avoided, for 
fear that the world may then overlook individual, specific threats to global 
sustainability. As highlighted by EF analysis, these include, with little foreseeable end 
in sight, humanity’s increasing load on the global environment, especially from CO2 
emissions, a load which has increased broadly in line with a rapidly growing 
population.  By recognising multiple threats to sustainability, and the need to measure 
these individually, significant progress can be made, and economists and scientists 
can both come to recognise that a good sustainability tool kit requires more than one 
tool. 



APPENDIX 1. How stock pollution would be valued on a socially PV-optimal path

Consider the following (closed, i.e. global) economy with manufactured capital and a
non-renewable resource, using standard notation apart from resource extraction costs N, and
environmental damage caused solely by the pollutant stock Z (which accumulates from
emissions E) on utility U and on output F. The economy’s socially PV-optimal path is
assumed to:

Max ∫0
∞U(C,Z)e−ρtdt UC > 0, UZ < 0, ρ > 0 constant

C,R

s.t. K = F(K,R,Z) − C − N(R); FZ < 0, all other derivatives > 0;

S = − R, and the usual initial conditions and non-negativity constraints

Z = E(R) − ωZ; ω > 0 is rate of stock assimilation.

To find this path, form the current-value Hamiltonian (λZ will be < 0):

= U(C,Z) + λK[F(K,R,Z) − C − N(R)] − λSR + λZ[E(R)−ωZ]

The FOCs w.r.t. C and R yield:

∂ /∂C = UC − λK = 0 ⇒ λK = UC [A.1]

∂ /∂R = λK(FR−NR) − λS + λZER = 0. [A.2]

Defining b := −λZ/UC (> 0) and dividing by λK = UC [A.3]

⇒ λS/UC = FR − NR − bER [A.4]

net marg. gross − marg. − marginal
value of marg. extracn. pollution
resource product cost cost (of depletion)

The FOCs for the state variables are:

∂ /∂K = ρλK − λK = λKFK ⇒ ρ − UC/UC = FK, the Ramsey rule [A.5]

∂ /∂S = ρλS − λS = 0 ⇒ λS/λS = ρ [A.6]

∂ /∂Z = ρλZ − λZ = − (−UZ) − λK(−FZ) + (−λZ)ω
⇒ − λZ/UC = − (−UZ/UC) − (−FZ) + (−λZ/UC)(ρ+ω)

⇒ (−λZ/UC) = [−λZ/UC + (−UZ/UC−FZ)] / (ρ+ω) [A.7]

The formulae for green net national product and genuine saving are then:

GNNP Y ≈ C − (−UZ/UC)Z + GS, where [A.8]

GS := K + (λS/UC)S + (λZ/UC)Z, which from [A.3]/[A.4]

= K − (FR−NR−bER)R − b(E−ωZ) [A.9]

But what if emissions E (e.g. CO2) are just proportional to resource (e.g. fossil carbon)
depletion, i.e.

E = πR, π > 0 constant, ⇒ ER = π and ERR = πR = E ? [A.10]

This is a very good retrospective, empirical assumption for global CO2, because world carbon
intensity of energy use (tons of C emitted per ton of oil-equivalent primary energy consumed)
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fell only by a mean 0.27%/yr during 1971-2002 (8% in total) (WRI 2005). However, the E/R
ratio is another matter for an open economy, since a country’s emissions E bear no necessary
relation to its domestic carbon-energy resource depletion R, thanks to exports or imports.
And prospectively, a carbon tax on R will shift the economy to less carbon-intensive energy
sources, thus lowering π. But for global CO2, [A.10] is a good approximation, and it means
the −(−bER)R and −bE terms in [A.9] cancel, leaving

GS = K − (FR−NR)R + bωZ. [A.11]

So emissions E of a harmful pollutant stock Z then disappear from Genuine Savings, leaving
just a positive term comprising the pollutant stock Z multiplied by its marginal damage b and
assimilation rate ω, which may well rise over time as b and Z rise!

Result [A.11] seems paradoxical at first, but consider the corresponding privately PV-
optimal plus emissions tax path:

Max ∫0
∞U(C,Z

−
)e−ρtdt

C,R

s.t. K = F(K,R,Z
−
) − C − N(R) − τEE(R) + J (J is a lump-sum refund)

S = − R

and c.v. Hamiltonian
~

= U(C,Z
−
) + λK[F(K,R,Z

−
) − C − N(R) − τEE(R) + J] − λSR

We assume τE(t) is chosen so this economy also follows the socially PV-optimal path,
justifying our use of the same co-state variables λK and λS.

FOCs from private agents ignoring Z-damage (as shown by Z
−

notation) are

∂
~
/∂C = UC − λK = 0 ⇒ λK = UC, same as [A.1]

∂
~
/∂R = λK(FR−NR−τEER) − λS = 0

⇒ FR = λS/UC + NR + τEER [A.12]

compare FR = λS/UC + NR + (−λZ/UC)ER, from [A.1] and [A.2]

means τE = (−λZ)/UC = b, [A.13]

The dynamic equations for the co-state variables are as before:

∂
~
/∂K = ρλK − λK = λKFK, same as [A.5];

∂
~
/∂S = ρλS − λS = 0, same as [A.6];

∂
~
/∂Z eqn. still gives (−λZ/UC) = [−λZ/UC + (−UZ/UC−FZ)] / (ρ+ω), same as [A.7].

So to achieve social PV-optimality, emissions must indeed be taxed, at a rate b that
reflects the dynamics of pollutant stock accumulation (i.e. for higher effective discount rate
ρ+ω, b starts lower and rises faster). However, in the E = πR case where emissions are
proportional to depletion, as long as they are taxed so as to achieve social optimality, GS does
not need to reflect emissions damage directly.

What does the dominant school of GS calculation, led by Kirk Hamilton of the World
Bank’s Environmental Economics group, make of this problem? The GS formula
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corresponding to [A.9] in Hamilton and Clemens (1999) (hereafter HC99) is:

G := K − (1−beF)FR(R−g) − b(e−d) + q/q′. their (2)

Ignoring terms g (resource regeneration) and q (human capital), introducing resource
extraction costs, and translating to my notation then gives

GS := K − (FR−NR−bEFFR)R − b(E−ωZ) [A.14]

This becomes [A.9] only if we assume EFFR = E/R, which in itself is less plausible.
However, for global CO2, the undiscussed, unjustified assumption at the top of their p335, that
emissions depend on output (E = E(F,a)), is inferior to assuming emissions depend on
resource depletion (E = E(R,a)); and if HC99 had used E(R,a) (as explicitly used in Hamilton
1996), [A.14] would indeed be [A.9]. A similar result holds for the verbal definition of GS
in World Bank (2006, p37), which from a reference on p16 is clearly derived from HC99.
But what HC99 actually did was to throw away the beFFRR term in their (2), by stating baldly
on p338:

"Since carbon dioxide is the only pollutant considered in what follows, beF can be
assumed to be close to zero, so the adjustment to net resource rents (1−beF) can safely
be assumed to be near 1, while dissipation, d [ωZ in [A.14]], is assumed to be small
relative to emissions, e."

If one is considering a world where b, the marginal cost of CO2 damage and abatement, is
high − the case of greatest concern, where accurate green accounting is most important −
there seems no justification for this assumption about beF.

In conclusion, the methodology in HC99 and World Bank (2006) throws away important
issues about calculating a world GSR (and hence rough measure of sustainability, using the
one-sided test in Pezzey 2004). While the damage/abatement cost used remains at modest
levels like b = $20/tC ($5.5/tCO2) as in World Bank (2006), this makes little practical
difference. But with a much higher b, the term bERR in [A.9], and the awkward question that
its cancelling out by bE to give [A.11] raises, about measuring GSR and sustainability in a
non-optimal world, cannot be ignored.
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