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Introduction

Chapters three, four and five have introduced itheition of green national accounting
that has now become well established. The basiaciptes of this tradition are
commonly understood by most practitioners to inechecounting for the consumption
and accumulation of produced, human and naturalatagssuming the different capital
stocks are infinitely substitutable (weak sustailitglh One particular indicator that
shares this basis and has been the subject ofdevable attention and data gathering
over the last decade is genuine savings (here@®gr In this chapter, we introduce and

critically appraise GS.
The basic meaning of genuine savings

GS sets out to measure whether we are dis-savimag, is, whether we allow
appreciation of total capital to exceed investmientll forms of capital. The term
‘genuine’ was coined by Hamilton (1994) to refldoe fact that GS includes all forms
of capital, not just produced capitalln common with the wider green national
accounting literature, GS traces its roots backh®work of neoclassical economists
Robert Solow (1974) and John Hartwick (1977), whayenconcerned with modelling a
development path in which social welfare or weliAigedoes not decline in an economy
exploiting a non-renewable resource. The problerone of maximising the present
value of social welfare over all time, given a rargf simplifying assumptions that will
be critically discussed below. Solving this maxiatisn problem yields green net
national product or gNNP, which is equal to socgegonsumption plus the sum of net
changes in all the capital stocks valued at tHeadsw prices. These shadow prices are
the prices that would exist in an inter-temporaitfjcient economy without externalities

(this is one such assumption).

gNNP = consumption + net investment in produced itebp- net
depreciation of natural capital + investment in lanncapital

Subtracting consumption leaves us with net changedl the capital stocks valued at

their shadow prices, which is GS. Without pursuinfprmal derivation (see Hamilton
and Clemens, 1999);
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GS = net investment in produced capital — net deatien of natural capital +

investment in human capital

In what equates to a modification to the so-caltéattwick rulé', the aim of the
sustainability planner is to keep GS above or etpuakro. This is a necessary (but not
sufficient) condition for ensuring sustainabilityder the weak sustainability paradigm.
If GS is persistently below zero, then the econ@nyot sustainable, since future utility
must be below current utility at some point (Haonland Clemens, 1999). Keeping GS
greater than or equal to zero is necessary butsafficient to ensure sustainability.
Asheim (1994) and Pezzey and Withagen (1995) shdhegd if the economy has had
persistently negative GS in the past, then pos@®& at some later point in time is
insufficient to guarantee sustainability. But thustainability planner does not have the
luxury of hindsight. This means that GS is at lzeehe-sided indicator. We will reprise
this issue below.

Though the difference between gNNP and GS is a dine, it turns out that
subtracting consumption from gNNP to arrive at &&n important conceptual step. As
Atkinson et al. (1997) argued, the direct implications of gNNP $woistainability are
limited. Consider Repettet al.’s (1989) pioneering estimates of gNNP for Indoaes
They estimated gross product grew at 7.1% per anfpuan) between 1971 and 1984,
but gNNP only grew at 4.1% p.a. over the same gef@ne could usefully conclude
that ‘genuine’ growth (minus depreciation of natuemd produced capital) was
someway short of that apparently indicated by gpresluct. Since one of the principal
objectives of green national accounting has beenadb as a counterweight to
conventional gross product, this is a useful reantt the direction of the adjustment is
intuitive. There is also a theoretical meaning MNg, because it measures extended
‘Hicksian’ national income: in other words, the nmaywm amount of produced output
that can be consumed at some point in time whilentaiaing constant wealth.
However, it is difficult to interpret the still pihise growth rate of 4.1% p.a.. Arguably,
what one should be interested in are changes ah wealth less consumption: that is,
GS. As was mentioned already, maintaining non-megaBS is a direct one-sided

indicator of (weak) sustainability.



Empirical estimates of genuine savings

Pearce and Atkinson (1993) produced initial GSeaties for 18 countries. Since then,

the GS mantle has very much been assumed by thé&d\Bank (see, for example,

World Bank 2003), which now regularly publishescanparatively comprehensive GS

measurement exercise for over 150 courlfrids simplified form, the World Bank

operationalises GS, which it now calls ‘Net Adjus&avings’ — as follows:

GS = investment in man-made capital — net fordigrmrowing + net
official transfers — depreciation of man-made alpit net

depreciation of natural capital + current educaggpenditures

Investment in produced capital, net foreign borrayand net official transfers
are obtained from the national accounts. Althougipredciation of produced

capital is not, estimates can be derived from datproduced capital formation.
The World Bank uses estimates from the United MatiBtatistics Division.

Net depreciation of natural capital can be divid¢c basic level into resource
extraction on the one hand and environmental pohubn the other. The Bank
estimates resource extraction for a range of fdasils (oil, natural gas, hard
coal and brown coal), minerals (bauxite, coppeon,irlead, nickel, zinc,

phosphate, tin, gold and silver), and one renewalgsource (forests).

Depreciation of these resources is computed asptbduct of price minus

average costs of extraction multiplied by the voduoh extraction:

(P-AC)*R (2)

where P is the resource pricédC is average cost anR is the volume of
extraction (in the case of a renewable resouRcegpresents harvest beyond
natural regeneration). Environmental pollution gceptualised as the use of
sink capacity in order for it to be equivalent tapital depreciation. Until
recently, environmental pollution was taken to be ¢stimated damage cost of
carbon dioxide emissions where each ton of carlmoitted is valued at US$20
per metric tonne of carbon (from Fankhauser, 1993h its most recent

estimation (2003), it added the damage costs dicpéates in the air.



= Investment in human capital is calculated as natatibnal expenditures. This
includes both capital expenditures as well as atirexpenditures that are
counted as consumption rather than investment @ tthditional national
accounts. This is certainly rather crude, but ifficult to see how investment
in human capital could be estimated otherwise damany countries over such a
long time horizon. Dasgupta (2001a, p.C9f.) argihed it is an overestimate
since human capital is lost when people die. But @lathe human capital stock
might be passed on when people die or, to be @eldave the workforce. In

any case, such a correction would be difficult ndertake.

Figure 1 shows estimated GS for the major worldoregand global GS between 1976
and 2000. Global GS and GS in the OECD countriest Bsia and South Asia have
always been positive. In practicality then, thesgions and the world as a whole have
passed the one-sided GS test: they have appararithyeen unsustainable over the past
25 years or so. Latin America and the Caribbeanneayhtive GS for a time during the
early 1980s, but the worst savers have been Suér&alifrica, North Africa and the
Middle East. In Sub-Saharan Africa, GS has beerathagsince the early 1980s. In
North Africa and the Middle East, they have alwhgen negative.

<FIGURE 1 ABOUT HERE>

One conclusion we can draw from this data is thatregions with the greatest natural
resource extraction are also the poorest performetsrms of GS (Neumayer, 2003).
This is also true at the national level of analyBigure 2 plots time-averaged national
GS rates against an indicator of resource abundaheeshare of fuel and mineral
exports in total exports. With the exception of &g and Guinea, for whom GS was
just above zero for the period 1970-2001, everyntguwith an average share of fuel
and mineral exports in total exports of over 60% hagative GS. In contrast, most
resource-poor countries, especially the clusteroohtries with an average share of fuel
and mineral exports in total exports of under 20f4g positive GS. In Sub-Saharan
Africa, it must also be said that net produced tehjmvestment is often negative too. In
other words, the total ‘man-made’ wealth of thesantries is also decreasing, and the
World Bank’s estimates of net natural capital detgon simply worsen the situation.

This is the case in Guinea-Bissau, for example. Jimprising element of the World



Bank’s results is that some heavy resource extrm@ppear more unsustainable than
intuition would suggest (Neumayer, 1999, 2003).db@urabia is the clearest example
of this. It is hugely unsustainable according te #World Bank, but still has vast

reserves of oil and natural gas. It turns out t@tulating natural capital depreciation

according to a different method produces a moregibée outcome (see below).

<FIGURE 2 ABOUT HERE>

The positive contribution of genuine savings

As we have pointed out, one of the strongest aspddES, at least from the perspective
of influencing policy, is the fact that it acts asounterweight to traditional systems of
national accounting. Although GNP and GDP do nat(amdeed were never intended
to) measure welfare, in practice they tend to bestaoed in exactly that way and thus
GS is a related but much more holistic indicatar Example, in 2001 global gross
savings amounted to +23.9% of global gross incontereas global genuine savings
were only +12.9% of global gross income. In the digdEast and North Africa, gross
savings were +26.9% of gross income, whereas gersamings were —5.9% of gross
income (World Bank, 2003), indicating unsustain&piFurthermore, although we have
reservations about the very low GS estimates itaiceresource-rich countries, the
basic empirical outcome is a valid one for policgrtain resource-rich countries need to
invest more of the proceeds of natural capital itte formation of other forms of
capital than they currently do.

Beyond this, we can praise the significant reseaffdrt that the GS agenda has
generated on two fronts. The first concerns thergimg data set that is being amassed.
The World Bank has compiled an impressive databasesource extraction and this is
subject to regular updates (see Kueital., 1998 and World Bank, 1997). In most cases,
the data are taken from external sources, but fioet énvolved in this is not to be
underestimated and in any case they still haveetodmverted into a form apt to adjust
gross savings. Progress is also being made orstimagion of environmental pollution
damage. Until recently, this component of GS wadined to carbon dioxide emissions,
but the Bank has begun to include particulate eonisstoo. These are quantified based
on its own estimates of marginal willingness-to-pay avoid mortality caused by

airborne particulates (equivalent to the shadowceprof the stock of particulate



emissions: Pandest al., 2003). Hopefully we will see more pollutantslired in the
near future. For example, tropospheric ozone gohuvould be a valuable addition, as
would organic pollution of waterways.

The second impressive outcome of the GS researfohnt & the theoretical
development of the topic, which has not only foret knowledge about GS, but also
weak sustainability in general. Of course, it miglgem rather odd to praise the
development of a research area, something thdtas &l an inherent property of all
research. But research on GS has meaningfully agdathe state-of-the-art since its
initial development in the early 1990s. We are nwostter placed to understand, for
example, the implications of different methods éaidculating natural resource rents,
and our understanding of the significance of pgitagestimates of GS versus aggregate
GS is also improving. Both of these issues areudsed below. We have also chosen
not to mention the theoretical development of tlaethlick rule, and the implications of
the optimal growth model. Important contributioneclude Asheim, Buchholz and
Withagen (2003). Taking on board these improvemé&sads to a more sophisticated

indicator than that initially advanced.

Criticisms of genuine savings

GS has come in for a series of criticisms sincani¢gption, much as its competitors
have too. These have been discussed in the pdsebmayer (1999, 2003). We will
now outline a series of the most significant pratde We do not, however, discuss the
general advantages and disadvantages of greemalagiccounting and other indicators
of weak sustainability in comparison with indicatasf strong sustainability (which
assumes at least some natural capital is non-tuthstie). The interested reader is
directed to other chapters in this volume <PHIL:[ADROSS-REFERENCES HERE>.
It is nevertheless important to remember that thexitmof GS as a policy-guiding

indicator depends to a great extent on the wideadigms to which it belongs.

GSisbased on a model of an inter-temporally efficient economy

We have already explained that, because GS isrd pwasure of total wealth in the

economy, it can only be a one-sided indicator stanability. The problem is then that

an economy with positive GS is not necessarilyanable. This is compounded by the



violation of a basic assumption behind the mod&b8f the economy develops along an
optimal path over all time. In this inter-tempoyakfficient economy, there is “a
complete set of property rights (that is, no exdéties) with competitive households
and firms and a full set of forward markets wheeefgctly rational agents have perfect
information and households take full account of thelfare of their actual or
prospective descendants” (Neumayer, 1999, p15MeMd these conditions will hold
in reality. Markets fail, especially markets fortunal assets, which often do not exist.
Hence it is entirely possible that positive GS ssaxiated with, among other things,
non-optimal natural resource prices, such thatettessets are in fact being extracted
unsustainably. This is of course hardly a revefatior environmental and resource
economists, whose discipline is founded in larget man the notion that natural
resources are under-priced in the economy (seextomple, Pearce and Turner, 1989).
In the present context at least, knowing that tbenemy is inter-temporally
inefficient might suggest a preference for thogkaators of (strong) sustainability that
set some exogenously defined environmental standerd then measure the cost of
attaining that standard. Indeed, Roefie Huetingp \ploneered this so-called ‘hybrid’
approach, explicitly recognises that his researgenda is a response to the
insurmountable problems facing the practitionecamstructing a theoretically sound
indicator (Hueting, 1992). Three of the most impatt hybrid indicators are
Sustainability Gaps (Ekins and Simon, 1999, 20@Hg, Greened National Statistical
and Modelling Procedures (GREENSTAMP: e.g. O'Conaod Ryan, 1999) and
Sustainable National Income according to Huetingll{SHueting, 1992). Hybrid
approaches are generally regarded as indicatosgrarig sustainability, insofar as the
standards set are relatively stringent (see Neuma@®3), but in principle this need

not be the case.

Exogenous shocks to the GS model

Quite apart from the unrealistic assumption ofriet@poral efficiency, the GS model is
vulnerable to shocks from outside the system. Tiffeulty with exogenous shocks is
that the prices existing at the outset will no lenge optimal and will not adequately
reflect economic scarcities (Neumayer, 1999). LogKorward from the base year into
the future, there is once again no guarantee Gftvisg the correct signals vis-a-vis

sustainability. What should therefore happen aftexh a shock is that prices should be



re-estimated. Understandably, Hamilton (1995) tsjélais approach as impracticable,

and instead proposes that the assumption of effipecing is simply dropped. The

paradox one ends up in, however, is that the whwéhod of accounting remains on

some level dependent on efficient pricing. Thredi@aar types of exogenous shock

are:

Exogenous technological progress;

. Terms-of-trade effects;

. A non-constant discount rate.

. The GS model assumes stationary technology. Thes dot mean that there is

no technological progress at all. In fact, as lasgprogress is embodied in one
or other form of capital (in other words is endoges to the GS model) its
effect is accounted for in GS estimates. Instetds that fraction of future
technological progress that is exogenous that regjuhe re-estimation of GS.
Equally, exogenous technological progress will dmdyof interest provided it is
non-constant: otherwise it is simply the level blity (gQNNP) that is altered and
not the rate of change with time (GS). Presumirgprielogical change does
alter the rate of change of utility with time, G8ncstill be negative even with
expanded welfare possibilities, which means thatesp is losing its capacity to
attain that higher level of well being. Alternatiyeif exogenous technological
progress is contributing less over time to welfaglative to the base year, then
even zero GS is insufficient for ensuring sustairtgband positive GS is
necessary (Neumayer, 1999). In principle, it issgae to treat technological
change as an externality and quantify it, but itveyy difficult even to
approximate unanticipated future change. The aujeists can be very large or
rather small (Pemberton and Ulph, 1998).

. The effects of changes in future terms-of-tradecdmé@ously quite different for

importing and exporting countries, and are inteitif resource rents rise, then
the resource exporting country will be better afidathe resource importing
country worse off than initially predicted. Hendeis theoretically possible at
least that the exporting country is not unsustdaatven though its GS rate is

negative. Exactly the opposite is true if resouszgs unexpectedly fall, due, for



instance, to breakthroughs in the developmentsflstitute so-called backstop
technology (for example, solar energy in the cdselp

3. Where the discount rate is non-constant, the mgamirGS estimates becomes
similarly ambiguous. In particular, Asheim, Buchhand Withagen (2003)
show that negative GS at any moment in time needmply an economy is

unsustainable.

The assumption of constant population

The basic model of GS, and our discussion thushtas,focussed on total wealth, and
population has been assumed constant. DasguptdR@®ints out that this is a
reasonable assumption over the very long run, bert the shorter run and especially in
the developing world it is less tenable. Thus aib@nhas recently been cast on the
guestion of measuring GS on a per capita basis.ré@&son for this is rather obvious:
one can envisage a situation in which GS is pasitout if population is growing at an
even faster rate, then per capita wealth will dbtuse decreasing. On the face of it, the
adjustment to GS that is required is conceptudlgightforward (Hamilton 2003, p.
426):

dw
d(W)_ g dPW
_(_j:i___ )
dt\ P P d P

whereW is total wealth andP is populationdW/dt is GS. Thus the per capita measure
of GS is equal to the net change in total wealthgagita minus the product of total
wealth per capita and the population growth rate.

Hamilton (2003) makes preliminary empirical estiesabf GS per capita for 110
developed and developing countries. But first hedoots a sensitivity analysis of the
results of GS per capita according to differentydaon growth rates for the USA in
1997. He concludes that GS per capita is resportsivigopulation growth, and an
increase irp from 0.8% p.a. to 1.0% p.aeteris paribus, is sufficient to push GS per
capita below zero. On a country-by-country bagis, pattern of per capita estimates
reflect the World Bank’s aggregate estimates: ihis resource-rich countries of Sub-

Saharan Africa, the Middle East and Northern Aftitat tend to have the most negative

10



GS per capita. Clearly, having negative GS on agecautomatically translates into
negative GS per capita (unless population growtmeagative). But crucially some
countries with positive GS on aggregate have negdaBS per capita: for example,
Jordan and Niger, for whom of course populationwgno rates are high. This
emphasises the value in computing GS per capitayaide GS on aggregate.

Yet the problem of accounting for population growtiay not be as simple.
Dasgupta (2001b) and Arrogt al. (2003) derive a fundamentally different formudat f
GS per capita, based on the inclusion of the stdghopulation in the social welfare
(utility) function as a capital asset. As Ashein®@2) puts it, following this reasoning
makes instantaneous well being (which is what pastimates of GS measure)
dependent on population size. This is the positibttotal utilitarianism’. A simplified

version of Arrowet al.’s (2003) GS per capita is therefore:

GS = net investment in capital (various formgopulation growth

population size

One might immediately object to the idea that gdarfuture population should be given
greater welfare weight because of just that. Arepal. (2003) argue that this weighting
is in keeping with the simple principle of treatingeople equally (discounting
notwithstanding), and Dasgupta (2001b) also shotked the alternative position of
‘average utilitarianism’ has its own implicatiofgt may not be ethically defensitildt

is in any case not necessarily true that a langerdé population receives more weight,
ceteris paribus, because population growth is valued in the G&tfan at its shadow
price, and this could be negative. The only restmcon the shadow price of population
growth according to their derivation is that it magt equal zero.

If the above formula is applied, then an importgoestion is what rate of
population growth to choose. A common assumptionmadels with a growing
population is that population growth is constanattis, population grows exponentially.
In this case, the GS formula simply collapses togagpita GS as in Hamilton (2003).
But this is also an untenable assumption, becawgrilgtion growth is slowing
worldwide. A more reasonable growth function to utgis logistic growth, where
population initially grows exponentially, but lateonverges to a constant level. In this
case, if one decides to retain population in theasevelfare function, then the modified

Arrow et al. method is the correct one. This is an emergirsgarch agenda, and

11



important contributions are expected to follow e next few years. In the meantime,
we conclude the relatively straightforward adjustinenade in equation (2) is

worthwhile.
Calculating natural capital depreciation

The World Bank’s method for calculating resourcetsebased on price minus average
cost is problematic. This much was suggested bgntpirical results, some of which
appeared superficially odd. As we have mentionetly&es seem to be remarkably low
in certain resource-rich countries. Neumayer (2D@®gparticular asked if GS in North
Africa and the Middle East truly was as low as —38Rfgross income at the end of the
1970s, and if GS in Saudi Arabia, a nation witrereses of oil and natural gas that are
still enormous even now, was plausibly lower tha0% of gross income over most of
the Bank’s 25 year measurement period? If thesdtsesere true, then the regions and
countries in question would consume the better glattheir total capital stock within a
matter of decades, leading to economic collapsediess to say, we see no signs of
this happening.

In an inter-temporally efficient economy, calcutafithe depreciation of natural
capital is theoretically straightforward, being afjto the so-called total Hotelling rent
(Hotelling, 1931; Hartwick, 1990; Hamilton, 199496; Neumayer, 1999, 2003):

(P-MC)*R 3)

whereMC is marginal cost. But data on marginal costs @y difficult to obtain in
reality, so the Bank falls back on average costs aguation (1). In fact, the Bank’s
method is just one of several. Of these, El Sefa®381 1989, 1991) estimated natural

capital depreciation according to the followingnfaia:

* * 1
(P-AQ)*R {(1“)”1} (4)

wherer is the discount rate amdis the number of remaining years of the resout@eks
n tends to be set equal to the static reservesouption ratio, which is the number of

years the reserve stock would last if productiomeweaintained equivalent to the base
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year. Comparing (1) and (4), we can clearly seeifHaoth r andn are large, then the
‘El Serafy’ method will produce a smaller estimafanatural capital depreciation, and it
follows that GS rates will be more positiveeferis paribus. The ‘El Serafy’ method in
effect partitions the rents from resource extractinto the ‘user cost’ of resource
extraction — that is, the share of resource resdhmt should properly be considered as
capital depreciation — and ‘sustainable incomea(idicksian sense), which is a level of
consumption that can be sustained indefinitely

The rather important difference between the ‘Ela8émethod and the Bank’s
method is that the former does not depend on tleingstion of inter-temporal
efficiency and hence optimal prices. Since theredsreason to presume resource
pricing is efficient (see above), it is more defblesto employ a method that does not
depend on 1t. Furthermore, the Bank’s method is in any cadgeat an approximation
of the theoretically correct method, because itsstuies average costs for marginal
costs. To the extent that marginal costs are isanggit becomes increasingly costly to
extract successive units of a resource), then gpdication of average costs should
overestimate the depreciation of natural capitale TElI Serafy’ method, on the other
hand, uses average costs without apology, becadees not depend on marginal costs.

In response to questioning the realism of GS eséisnbor certain regions and
nations, Neumayer (2000a) re-estimated GS usingdh8erafy’ method. Applying a
discount rater( of 4% p.a., the regions of Sub-Saharan AfricartiNéfrica and the
Middle East no longer had negative GS, and mosviohahl countries also passed from
negative GS into positive GS, particularly thosé¢hwarge remaining reserves relative
to production. Other countries that continued toord negative GS had negative
savings irrespective of natural capital deprecmgtahile only a handful of countries
could still be said to be weakly unsustainable duétself to unsustainable natural
resource extraction. Auty and Mikesell (1998) pdad similar results in the case of
Indonesia.

All this seems to suggest that the ‘El Serafy’ roeltlis superior to the Bank’s
method, but this may not be true in all cases. me#hod is very sensitive both tand
n, and there are problems associated with arrivinigogh values (Auty and Mikesell,
1998). What is the correct discount rate is alwaypen question, and taking a high
value of, say, 10% p.a. leads ‘El Serafy’ GS edtamdo deviate even more from the
Bank’s estimates (Neumayer, 2000a). It is equatiglear what valuea should take,

since it requires predictions into the future asdthus troubled by uncertainty. We
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explained above that is generally estimated as the static reservesddugtion ratio,
but reserves data are much less reliable in getigaal production data. Broadly, rif
andn areboth small, then the Bank’s and the ‘El Serafy’ metlvotiverge somewhat,
and the adjustment may not be meaningful. This baltrue ofr if it is of the order of
4% p.a. or lower, and of if it is around 20 years or lower. Scanning datanf the US
Bureau of Mines (various years) tends to revedlrnhi@s between 20 and 30 in the case
of many resources for many countries, so the Bamieéghod will not normally be far
off the mark. Vis-a-vis Saudi Arabia and other doies with very large remaining
reserves relative to production, the results geadray applying the Bank’s method are
nonsensical, but otherwise the Bank’s method dirbstusefully regarded as imposing

a conservative sustainability standard.

Accounting for environmental pollution

The World Bank estimates the depreciation of natoepital due to environmental
pollution as the total damage cost of national carttioxide emissions. Fine particulate
emissions were added in 2003, though the retrospeestimates of GS from 1970 to
the present day that we use do not include thekis i quite clearly a restrictive
approach, and the Bank knowingly omits many otlgpes of pollutant (including air
pollutants such as sulphur dioxide and oxides tifogen, water pollutants such as
faecal coliforms and ground contaminants such avyhenetals). The upshot of this
may well be, among other things, that developedt@s are not as sustainable as one
might presume. Hamilton and Atkinson’s (1996) ressluggest this is the case: they
estimated the damage cost of air pollution in thetb be between 3% and 5% of GDP
during the 1980s, enough to push the UK’s GS belerw for most of the early 1980s.
The Bank sees its hands tied in this respect: thienply are not enough data
available to estimate a comprehensive set of daroaggs. It would be fair to say that,
in general, of all the components of GS the dantagés of environmental pollution are
the most incomplete and ‘approximate’. There isneseme debate as to how the value
of environmental pollution should be calculated tive first place. Hamilton and
Atkinson (1996) and the World Bank apply the dameg& approach, where emissions
of the relevant pollutant (net of natural dissipajiare multiplied by their shadow price.
Other studies have focussed on so-called mainteneosts, which reflect the cost of

returning the environment to some previous statedan marginal abatement costs
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(e.g. Prince and Gordon, 1994). In an optimal eoonothe two methods should
amount to the same, but we know this is not thes aasd it is hence likely that
maintenance costs, based on marginal pollutioneafet costs, will understate the
costs of pollution (Prince and Gordon estimatedst of airand water pollution in the
USA in the early 1980s to be only 1% of GDP: tlesconsiderably lower than the
Hamilton and Atkinson estimate). But damage costsnat beyond censure themselves.
Most are estimated in a partial equilibrium contastpart of a cost-benefit analysis
(CBA), but what is required for estimates to be patible with systems of national
accounting is a general equilibrium estimate. Margearch and practice is required
here too, but for the moment we can conclude th&t €stimates, particularly in
developed countries, may be too higkeris paribus.

In the context of costing environmental pollutitimere is also the controversial
issue of transboundary and global pollution and Itaw integrated into green national
accounting. This particularly affects carbon di@xieémissions. Either one simply
estimates the damage cost of pollution wherevecdurs, and hence certain countries
will pay the welfare price for others’ emissions, tbe damage cost of pollution is
attributed to the emitting country. The latter ibasic application of the “polluter pays
principle” that now wields considerable influenceinternational environmental policy-
making. On the other hand, the damage cost of e@nisds not strictly speaking
equivalent to the environmental capital stock tatermines the impact of climate
change on a country’s economy. Instead, it is thleaj concentration of carbon dioxide
in the atmosphere, a function of global emissioviich does so (Ferreira and Vincent,
2003). Clearly this decision will exert a considdesinfluence on GS rates.

In fact, it has a corollary in the case of accaumtfor resource extraction,
insofar as some have argued that the resourcestddph developing countries of the
South for the purpose of consumption or capitalaudation in developed countries of
the North should properly be debited from the matloaccounts of the developed
country. Again this adjustment significantly chasgee distribution of GS rates, being
more positive for resource exporters and more negdbr importers (Proopst al.,
1999). In this latter case, however, there is nal smgument for adjustment. The
purpose of estimating GS is to find out the maglétwf a nation’s natural capital
depreciation as a share of total national capiahétion. Negative GS ratesspecially
if caused by excessive exports to developed camii the North, should indicate that

developing countries of the South need to investenod the proceeds of natural capital
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into the formation of other forms of capital tharey currently do. And the results
should also affect policy-making in the North. Deyeed countries should assist
developing countries experiencing negative GS radtesattempting to become
sustainable.

There is no real case for following the same lagicespect of environmental
pollution, however. Strictly from the perspectivé whom the natural capital (sink
resource) belongs to, deductions should be made fine recipient country’s GS. But
this is hardly the policy signal one wants to giwethis context. Instead, it seems
difficult in principle to reject the notion that éhpolluter should “pay”, which is in
accordance with the way the Bank values pollutidso from a practical perspective, it
is easier and safer to calculate damage cost @és8rbased on national emissions rather

than ambient emissions concentrations.

Conclusions on the policy usefulness of genuine savings

Whether one believes in the policy-guiding value@$ depends at the outset on
whether one subscribes to the weak sustainabgitggggm. Admittedly there have been
moves towards dealing with the non-substitutabitifynatural capital within the GS
framework. Atkinsonet al. (2003) propose that, as the asset base of sotoeaha
resource is depleted up to its critical level, s$tedow price of the asset should
approach infinity. In practical terms, the magnéudf the term for natural capital
depreciation becomes very large indeed. But thexatpresent limits to this approach.
The loss of critical natural capital still needski® measured through marginal WTP,
and this is difficult enough for incremental as opgd to very large losses of welfare. In
essence, we are not currently equipped to measeredlfare value of losses of critical
natural capital. In that case, if one is concerméith strong sustainability, then GS
results are largely uninteresting.

Within the confines of the weak sustainability mhga, we have praised GS as
a meaningful counterweight to gross product in theasurement of social welfare
(understanding of course that gross product wagmmtended to be a measure of
social welfare), and as an indicator with a dirgicone-sided) sustainability criterion.
On the other hand, the thrust of our discussiotihas GS is a very rough measure of
sustainability. The assumption of an inter-temggrafficient economy is undoubtedly

problematic, and thus even non-negative GS ratesotaeally rule out unsustainable
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development. In much the same way, the validitpaht estimates of GS depends on
the absence of external shocks to the systemeiétare any, then all prices, and in turn
GS, would have to be re-estimated. These are fuedtihproblems for GS and we

recommend all GS estimates be accordingly integdretith a great deal of caution. If

one seriously objects to the optimality assumptitben so-called hybrid indicators that
abandon the search for optimality and instead meake economic cost of some given
standard may be judged superior. We would not gtaschowever. Although there is

insufficient scope here, it should be noted tha pinoblems apparent in the hybrid
approach are no less grave (see Neumayer, 1990b2P003).

The measurement of natural capital depreciatianaher problem for GS. We
have shown that GS estimates are sensitive to #tbau of calculating rents from
resource extraction. The World Bank’s estimatesthi®ir own admission, are at the
high end, and probably overestimate the unsustgityatf certain resource-dependent
regions and countries. Even patchier is the esiimaif the value of environmental
pollution damage. At present, the World Bank judtiese to be so few data that it can
only estimate the values of carbon dioxide andi@ddte pollution damage. Even in
these cases, the estimates of marginal pollutigtscre very rough. In fact, this patchy
data coverage is also an issue for extractive reseu It is striking that the least
sustainable regions and countries according toWheld Bank are those heavily
dependent on fossil fuels and minerals.

To summarise, the most useful policy suggestioanerge from GS studies is
that certain resource-dependent countries need/ast more of the proceeds of natural
capital into the formation of other forms of capttaan they currently do. On the other
hand, the debate over calculating resource renensnthat countries with still large
remaining reserves of fossil fuels — mainly Sauchlda and some other Gulf States —
are almost certainly more sustainable than the 8VBenk suggests. Other countries,
however, that are heavily dependent on resourcesaloided in the analysis such as
fish or soil (via agriculture) may well be less taiisable. One can, for example, ask if
Sub-Saharan Africa would be even less weakly sumitde after calculating the
depletion of soils? In any case, the fact thatritan results become reversed for some
countries if another, and not inferior, method dafculating natural capital depreciation
is used, sheds great doubt on the validity andlviiy and therefore on the policy

usefulness of the measure.
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For developed countries, GS produces the result éwerywhere weak
unsustainability is avoided. This may or may notthes. These countries are not
especially resource-dependent, and do tend to tirsigsificantly in capital formation,
but including a more comprehensive range of enwremtal pollutants would
undoubtedly drive GS downwards. The really intengspolicy outcome that currently
evades is hence that some developed countries fmegimsustainable on the grounds of
excess pollution.

At the present time then, GS provides some integsif generic policy
guidance to sustainability planners. Given improgederage and estimation of natural
resource depletion in the future, we may obtainemateresting and accurate results.
Given the restrictive assumptions of the methodyewer, and the fact that few if any
environmental data can ever be considered trulyrate, it would be a mistake to
interpret GS rates too literally.
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Figure 1. Resource abundance and genuine saving®etl970 and 2001.
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" Dasgupta (2001a, 2001b) and Neumayer (1999, 20G8p the view that genuiirvestment would be a
better term to use than genuine savings, becausaénoeconomics savings tends to be defined aatpriv
savings. As GS applies it, savings means the sypnividte plus public savings (the latter being taxe
minus public expenditures), hence genuine saviggals genuine investment.

" Hartwick (1977) showed that a resource-dependmmi@my could maintain its consumption level over
time if it invested all the rents from resourceragtion in produced capital.

" This is presumably at least in part due to Kirkileon’s affiliation with the World Bank’s
Environment Department.

Y In a simple timeless economy with two populatidegping population out of the social welfare
function allows a result where the government iistes less to each member of the larger population
(p99-100).

¥ See Neumayer (2000a) for a formal derivation.

V' The Bank is in any case inconsistent in its assiom@f optimal prices, since it presumably rejects
optimality when deciding to ignore terms-of-tradfeets.
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