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Abstract
Commitments to achieving sustainable development must be backed by measures of the progress towards sustainability. While a plethora of approaches to indicators of sustainable development has been suggested, indicators with an underlying framework and basis for aggregation offer the greatest promise for effectiveness. Theory suggests that net saving, adjusted to reflect the full range of assets underpinning development, including natural resources and human capital, is a useful indicator of both development prospects and sustainability. This paper presents measurements of net saving, in both total and per capita terms, for countries grouped by region and income class. The evidence suggests that a significant share of the poorest countries exhibit negative net savings rates. The policy implications of reversing this situation are explored briefly.

Introduction

When the Brundtland Commission offered its famous definition of sustainable development—“to meet the needs of the present without compromising the ability of future generations to meet their own needs”—it presented many challenges to policy-makers. Not least among these is the question of how we measure progress towards sustainable development. Without indicators to guide policy, commitments to achieving sustainability risk being no more than fine words on paper.

Since the time of the Brundtland Commission there has been a worldwide effort to develop indicators of sustainable development –  Box 1 highlights some of the principal approaches. A rough grouping of these approaches would include:

· Extended national accounts – the UN System of Environmental and Economic Accounts; the World Bank’s measure of adjusted net savings; the genuine progress indicator / index of sustainable economic welfare.

· Biophysical accounts – the ecological footprint.

· Unweighted indices – the living planet index; the environmental sustainability index.

· Weighted indices – environmental pressure indices by theme.

· Eco-efficiency – resource flows in total and per unit of GDP.

· Indicator sets – as published by the UN Commission for Sustainable Development and many countries.

The question of what constitutes a good indicator is by now well understood. The OECD (1994) established selection criteria for environmental indicators under three broad headings –  policy relevance, analytical soundness, and measurability – but these criteria are broadly applicable to other indicators as well:

· Policy relevance:

· Indicators should be easy to interpret.

· They should show trends over time.

· They should be responsive to changes in underlying conditions.

· A threshold or reference value should be established, against which conditions can be measured.

· Analytical soundness:

· Indicators should be well-founded in technical and scientific terms.
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Measurability:

· Indicators should be calculated from data that are readily available or available at reasonable cost.

· Data should be documented and of known quality.

· Data and indicators should be updated at regular intervals.

A particular issue with respect to sustainability indicators is that they must be capable of integrating a large variety of factors. This is because the question of sustainability is strongly linked to the extent of substitutability between the range of assets underpinning the development process. There are no sustainable diamond mines, for example, but there can be sustainable diamond mining countries – if they can transform the proceeds of diamond extraction into other productive assets.

This suggests the following as desirable criteria for choosing sustainability indicators:

· There should be an underlying framework which permits the user to understand how different indicators are interrelated.

· There should be a numeraire that permits the aggregation of disparate information.

· Aggregate indicators constructed using the numeraire should have clear interpretations with respect to sustainability.

· Conversely, the component parts of an aggregate indicator should be linked to policy levers.

These criteria clearly favor the accounting approaches to indicator construction highlighted above and, to a lesser extent, weighted indices such as the Environmental Pressure Index work in the Netherlands and the EU. A key indicator derived from monetary environmental accounting is the World Bank’s measure of adjusted net saving, described below
.

Net saving and sustainability

Much of the early effort on environmental accounting focused on the measure of a ‘green GNP,’ motivated by a concern that traditional measures of national product measured the goods but not the ‘bads’ associated with economic activity – see, for example, Ahmad and others (1989) and Lutz (1993). It can be argued that it is fundamentally important to have better measures of income, in particular to ensure that consumption of assets is not treated as income. More recent research, however, has concentrated on the linkages between wealth and sustainability rather than income measurement.

There is a basic plausibility to the notion that the sustainability of development is intrinsically linked to the evolution of national wealth. Pearce and Atkinson (1993) were the first to explore this empirically, measuring net savings rates adjusted to reflect environmental depletion and degradation for over 20 countries.

Recent theoretical work has derived the precise linkage between saving effort and development prospects –  Hamilton and Clemens (1999) establish this for economies on an optimal growth path, while Dasgupta and Mäler (2000) show how a suitable definition of shadow prices for assets permits the extension of the theory to non-optimal economies. There are two basic results linking levels of saving (defined as the change in real wealth, excluding capital gains) and development prospects.

First, if adjusted net savings are positive at a point in time, then the present value of social welfare along the development path is increasing. This implies, of course, that a development path where net saving is everywhere positive is also one where the present value of social welfare is always increasing. To answer the question of whether prospects for social welfare are improving, therefore, it is sufficient to measure net saving.

Second, if adjusted net saving is negative at a point in time, then not only is the present value of social welfare declining, but the level of social welfare over some interval in the future along the development path must actually be lower than current social welfare. This is equivalent to saying that the economy is on an unsustainable path. Negative net saving is therefore an indicator of unsustainability.

The critical factor in turning theory into practice with regard to these extensions to national accounts is that a sufficiently broad range of assets must be included in the saving measure. This implies that simply ‘greening’ the accounts to include natural resource depletion and pollution damages, for instance, is not sufficient: at a minimum some accounting of human capital is required, and ideally accounting for social capital and technological change should be included as well.

Empirical work on the measurement of net saving has been published by the World Bank since 1999 in the World Development Indicators
. Table 1 presents the summary estimates of net saving for 1999.

Table 1  Adjusted net savings, 1999, % of GDP

	
	Gross 
domestic
savings
	Consump-
tion of fixed
capital
	Energy
depletion
	Mineral
depletion
	Net 
forest
depletion
	Carbon
dioxide
damage
	Education 
expenditure
	Adjusted net
savings

	
	
	
	
	
	
	
	
	

	Low income
	20.3
	8.3
	3.8
	0.3
	1.5
	1.4
	2.9
	7.8

	Middle income
	26.1
	9.6
	4.2
	0.3
	0.1
	1.1
	3.5
	14.3

	Low & middle income
	25.2
	9.4
	4.1
	0.3
	0.4
	1.2
	3.4
	13.3

	High income
	22.7
	13.1
	0.5
	0.0
	0.0
	0.3
	4.8
	13.5

	
	
	
	
	
	
	
	
	

	East Asia & Pacific
	36.1
	9.0
	1.3
	0.2
	0.4
	1.7
	1.7
	25.2

	Europe & Central Asia
	24.6
	9.1
	6.0
	0.0
	0.0
	1.7
	4.1
	11.9

	Latin America & Carib.
	19.2
	10.0
	2.8
	0.4
	0.0
	0.4
	4.1
	9.6

	Middle East & N. Africa
	24.2
	9.3
	19.7
	0.1
	0.0
	1.1
	4.7
	-1.3

	South Asia
	18.3
	8.8
	1.0
	0.2
	1.8
	1.3
	3.1
	8.3

	Sub-Saharan Africa
	15.3
	9.3
	4.2
	0.6
	1.1
	0.9
	4.7
	3.9


Source: World Development Indicators 2001

The accounting underlying this table is as follows:

	Adjusted net saving
	=
	Gross domestic saving

	
	-
	Consumption of fixed capital

	
	-
	Energy depletion

	
	-
	Mineral depletion

	
	-
	Net forest depletion

	
	-
	CO2 damage

	
	+
	Education expenditure


Depletion is measured as total resource rent, the difference between world prices and the economic cost of production – this likely over-estimates depletion, particularly for countries with high reserves to production ratios. Energy depletion includes crude oil, natural gas and coal, while mineral depletion includes bauxite, copper, iron, lead, nickel, phosphate, tin, zinc, gold, and silver. Net forest depletion represents the excess of harvest over natural growth. Damages
 from CO2, a global pollutant, are deducted on the assumption that countries have the right not to be polluted by their neighbors. Important resources not included owing to data availability include fisheries, subsoil water, agricultural soils and diamonds. Data availability also precludes measures of urban air pollution damages.

Education expenditures are treated as an addition to saving effort in Table 1 (rather than as consumption in standard national accounting). However, owing to the wide variability in the effectiveness of government education expenditures, these figures cannot be construed as the value of investments in human capital. The accounting for human capital is also incomplete because depreciation of human capital is not estimated.

Looking at income groupings, the broad picture that appears in Table 1 is one of moderately high net savings rates in middle and high income countries, and significantly lower rates in low income countries. This is partly explained by lower gross savings in low income countries. However, net saving is also depressed in low income countries owing to relatively high CO2 damages (as a percent of GDP), high levels of net forest depletion, and relatively low education expenditures.

Turning to regional groupings, the polar cases are East Asia and Pacific, with robust levels of net saving (but recall that urban air pollution damage is excluded) at 25% of GDP, and Sub-Saharan Africa, where the net saving rate is about 4%. Given the caveats about the treatment of education expenditures above, it is likely that net savings in Sub-Saharan Africa are negative in aggregate. Of the developing regions, Eastern Europe and Central Asia have relatively high net savings rates, while these rates are more modest in South Asia and Latin America and the Caribbean. Negative net saving is recorded for the Middle East and North Africa, owing to the heavy dependence on oil exports in the region, but there is a likely upward bias in the depletion estimates for the oil economies.

Figure 1 scatters net savings rates against income levels (on a logarithmic scale) in order to display an important relationship at the country level. As expected, there is a general upward trend in this figure, with higher income countries achieving higher levels of net saving. Perhaps the most important observation is that nearly half the poorest countries, those below a GDP per capita of $1000, have negative net savings.

Measuring net saving tells us whether total wealth is rising or falling in a country. However, population growth rates are significant in most developing countries, which suggests that development prospects are better measured by the change in wealth per capita. Box 2 presents research results on such a calculation for 90 countries in 1999. As expected, factoring population growth into the savings equation results in many more countries facing an unsustainable future, as evidenced by declines in wealth per capita.

Figure 1 Adjusted net savings rates vs. GDP per capita, 1999
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Source: derived from World Development Indicators 2001
Policy implications of adjusted net savings

As theory suggests, net savings figures can indicate whether, in aggregate, development prospects are rising and whether an economy is on a sustainable path. The empirical results suggest that in many countries an important policy goal must be to increase net savings. The policy levers to achieve this can be applied at the level of the different assets that constitute total national wealth. This story of the development process as management of a portfolio of assets was featured in previous work by the World Bank (World Bank 1997).

The range of policy levers available to boost savings can be inferred from the components of saving appearing in Table 1. The questions that policy makers should pose include the following:

· To what extent do monetary and fiscal policies boost gross saving rates? Government dissaving, in particular, can be an important part of this question.

· Do natural resource policies encourage over-exploitation? If resource royalties are not captured, or if tenure is insecure (or non-existent, as in an open-access fishery), then resource exploiters have a strong incentive to boost extraction rates above efficient levels.

Box 2  Estimating changes in wealth per capita

In countries where there is significant population growth, the sustainability question revolves not around the evolution of total wealth, but rather around changes in wealth per capita. If population growth rates are taken as exogenous, a simple formula makes this clear:
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The formula says that the change in wealth per capita is just equal to total wealth per capita (K is wealth, P population) times the difference between the percentage increase in total wealth and the percentage increase in population. This is the correct measure of net saving in an economy with a growing population, and the prospects for sustainability and the present value of social welfare per capita depend upon the sign of this measure.

Hamilton (2002) provides estimates for roughly 90 countries of both an extended measure of net saving (
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) and of total wealth K in order to measure the change in wealth per capita. One of the key results of this analysis is shown in the figure below, which scatters the change in wealth per capita as a percent of total wealth per capita against population growth rates.

Percentage change in wealth per capita vs. population growth rate, 1999

Source: Hamilton (2002)
These estimates suggest that over 30 countries are experiencing declining wealth per capita; the great majority of these have population growth rates greater than 1.5% per year. For comparison, the projected population growth rate in Sub-Saharan Africa to 2015 is 2.3%.

· Do pollution policies encourage emissions beyond socially optimal levels? Well-crafted pollution policies will push emissions to the level where marginal damages and marginal abatement costs are equalized. Many of the newly industrialized countries exhibit pollution levels significantly above this level.

· Are sufficient resources committed to education expenditures? Are these expenditures effective?

As noted above, the assets accounted in Table 1 are limited by data availability. Additional policy questions surround investments in other assets, such as health capital (are all children immunized, for example) and knowledge and technology (are appropriate levels of R&D being funded).

Achieving higher net saving levels is clearly important. This mobilizes resources for development. But a critical issue concerns the effectiveness of the investments that are made out of savings. If governments, in particular, are investing in ‘white elephant’ projects with low rates of social returns, then each dollar of saving is not producing one dollar of productive assets – overall wealth is growing more slowly than its potential.

The fundamental policy message that derives from the savings analysis is therefore: boost net savings through a combination of macro and sectoral policies, and boost the effectiveness of public investments, particularly in critical assets like human capital.

Broad conclusions on sustainability indicators

Box 1 highlighted a broad range of indicator efforts that aim, more or less directly, at assessing progress towards sustainability. It was argued above that without an integrating framework and a numeraire that permits weighting and aggregating across disparate elements of the economy and the environment, the ability of many of these indicators to measure progress towards sustainability is limited. However, selected biophysical indicators may be an essential complement to the monetary accounting-based indicators.

The argument for complementary indicator sets revolves around the limits to substitutability between produced and natural assets. If certain natural assets provide critical services and have no practical substitutes (the ozone layer is a good example), this may restrict the usefulness of monetary accounting in the limit. In particular, if the nature of some environmental problems is that catastrophic changes in the state of the system can occur with little warning that a limit is being approached, then the usual rising marginal damage curves that underlie monetary accounts may not be measurable.

Pearce and others (1996) argue that the net saving indicator is most useful for that part of nature which is deemed to be exploitable. Biophysical indicators on the extent of preservation of critical natural assets can complement the saving indicator. Unsustainability is signaled when either the savings rate turns negative or loss of critical natural assets occurs.

There are good reasons beyond the measurement of sustainability for extending national accounting systems. This argument is made forcefully by Nordhaus and Kokkelenberg (1999) in Nature’s Numbers, the report to the US National Research Council on environmental accounting. But for many developing countries the combination of low saving effort, high resource depletion, high population growth, and ineffective public investments, particularly in education, means that the sustainability question is vital.
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Box 1. Indicators of Sustainable Development





Measuring sustainability is fundamental to achieving sustainability. Selected examples of indicators of sustainable development include:





UN System of Environmental and Economic Accounts. A framework for environmental accounting.





Genuine Saving – World Bank. Change in total wealth, accounting for resource depletion and environmental damage.





Genuine Progress Indicator – Redefining Progress, and Index of Sustainable Economic Welfare – UK and other countries. An adjusted GDP figure, reflecting welfare losses from environmental and social factors.





Ecological Footprint – Redefining Progress, WWF and others. A measure of the productive land and sea area required to produce renewable resources and sequester carbon emissions.





Living Planet Index – WWF. An assessment of the populations of animal species in forests, fresh water and marine environments.


 


Environmental Sustainability Index – World Economic Forum. An aggregate index spanning 22 major factors that contribute to environmental sustainability.





Environmental Pressure Indices – Netherlands, EU. A set of aggregate indices for specific environmental pressures such as acidification or emissions of greenhouse gases.





Resource Flows – World Resources Institute. Total material flows underpinning economic processes.





UN Commission for Sustainable Development – Prototype SD indicator sets for individual countries.








� Environment Department, The World Bank. The opinions expressed are those of the author and not necessarily those of the World Bank.


� Wackernagel et al. 2001 look at net saving and the ecological footprint as complementary approaches to measuring sustainability.


� Adjusted net saving was referred to as ‘genuine’ saving in early editions of the World Development Indicators, as well as in Hamilton and Clemens (1999).


� Fankhauser’s (1995) estimate of $20 per tonne of carbon emitted is used.
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