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I. Adjusted Net Saving, An Introduction 
 

A. Background and Motivation 

 

Adjusted Net Saving (ANS) provides national-level decision makers with a clear, relatively simple 

indicator of how sustainable their country’s investment policies are.  While standard measures of 

“savings” and “investment” reflect changes in the value of a certain, limited set of assets, a more 

inclusive and realistic definition of what constitutes an asset can lead to a correspondingly more realistic 

picture of how a nation invests.  

In standard national accounting, only the formation of fixed, produced capital is counted as an 

investment in the future and thus as an increase in the value of the assets available to society.  Likewise, 

standard calculation of net saving rates includes only depreciation in the value of human-made capital 

as a decrease in the value of a nation’s assets.  The ANS framework takes the broader view that natural 

and human capital are assets upon which the productivity and therefore the well-being of a nation rest.  

Since depletion of a non-renewable resource (or over-exploitation of a renewable one) decreases the 

value of that resource stock as an asset, such activity represents a disinvestment in future productivity 

and well-being.  In the same way, the creation of an educated populace and a skilled workforce—a 

nation’s human capital—increase the value of that resource and might better be seen as an investment.  

In many cases, a nation which appears to be a net investor is, when natural and human capital are 

considered assets, actually decreasing the value of its collective assets with each year.  ANS, in such 

cases, becomes negative.  Since all assets are finite in nature, this situation cannot persist; it is, in some 

sense, unsustainable.  

ANS represents a first-approximation numeric indicator of the degree to which a nation satisfies the 

Hartwick-Solow rule, often called “weak sustainability” (Barbier et al., 1994).  “Weak” sustainability 

assumes that any type of capital is perfectly substitutable for natural capital as an input to production.  

From the standpoint of ANS, for example, a nation which reinvested all of its profits from the 

exploitation of non-renewable natural resources in the formation of human capital through its 

educational system would have imposed no net opportunity cost on the country’s future citizens.  

Whether this is precisely true is a hotly-debated issue, and this study makes no attempt to settle the 

issue.  Rather, ANS seeks to offer policymakers who have committed their countries to a “sustainable” 

pathway a badly-needed, first-approximation indicator to track their progress in this endeavor.   

Making disinvestments in natural capital and investments in human capital commensurable with 

standard measures of savings is difficult, because it requires placing a clear dollar figure on both types of 

change in asset value.  In this calculation, for example, the value of natural resource depletion was 

calculated according to the “Net Price” method, which values depreciation of the resource asset as the 

volume of extraction times the net price (market price minus marginal extraction cost).  This could only 

be considered an exact measure of the loss in asset value if international markets for all such resources 

were perfectly competitive (Bartelmus et al., 1993).  Because they are not, a more exact calculation 
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would have employed the “User Cost” method, which values resource depletion at the net present value 

of the foregone stream of future income from extraction (El Serafy, 1989).  Since future resource prices, 

economic reserves, and reserve bases are highly uncertain, however, a precise calculation by the User 

Cost method would be so difficult as to jeopardize the entire analysis.  Herein, an approximation to the 

Net Price method was used, substituting available data on average extraction cost for nearly impossible-

to-obtain data on marginal costs.  The salient issue is not whether natural resource depreciation is being 

valued with the utmost accuracy, but rather whether savings rates adjusted to include natural resource 

depreciation valued by the modified Net Price method are a more accurate description of savings than 

measures which altogether exclude natural resources.  In this study the view is taken that where 

approximate measures of natural capital depreciation are available, they can be used to give a more 

accurate picture of saving activity. 

Detailed discussions of the economic theory underlying and motivating ANS as an indicator of 

sustainability can be found in Hamilton (1994 and 1995). 

  

B. Calculating adjusted net saving 

 

ANS is calculated as: 

ANS = GNS – CFC + EDU – NRD – GHG – POL 

where  ANS = Adjusted Net Saving; 

 GNS = Gross National Saving, calculated as the difference between Gross National Income 

(GNI) and public and private consumption, a standard item in the system of national 

accounts; 

 CFC = Consumption of fixed capital, the replacement value of capital used up in the process 

of production, also a standard item in the system of national accounts; 

 EDU = Current public expenditure on education. Standard savings measures only count as an 

investment that portion of total expenditure on education (usually less than ten 

percent) which goes toward fixed capital such as school buildings; the rest is 

considered consumption. It is clear that within the ANS framework which considers 

human capital to be a valuable asset, expenditures on its formation cannot be labeled 

as simple consumption. As a lower-bound first approximation, the calculation thus 

included current operating expenditures in education, including wages and salaries 

and excluding capital investments in buildings and equipment (see World Bank, 1996); 

 NRD = Natural resource depletion, calculated as the sum of net forest depletion, the 

depletion of fossil energy resources, and metals and minerals depletion. Net forest 

depletion is unit resource rents times the excess of roundwood harvest over natural 
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growth. Energy depletion is the ratio of the value of the stock of energy resources to 

the remaining reserve lifetime. It covers coal, crude oil, and natural gas. Mineral 

depletion is the ratio of the value of the stock of mineral resources to the remaining 

reserve lifetime. It covers tin, gold, lead, zinc, iron, copper, nickel, silver, bauxite, and 

phosphate rock; 

 GHG = Damages due to carbon dioxide emissions from fossil fuel use and the manufacture of 

cement, estimated to be US$ 30 per ton of CO2 (the unit damage in year 2014 U.S. 

dollars for CO2 emitted in the year 2015) times the number of tons of CO2 emitted. 

This calculation effectively expands the notion of a national “asset” yet further; 

 POL = Damages due to exposure of a country's population to air pollution, including ambient 

concentrations of particulates measuring less than 2.5 microns in diameter (PM2.5), 

indoor concentrations of air pollution in households cooking with solid fuels, and 

ambient ozone pollution. Damages are calculated as forgone labor output due to 

premature death from pollution exposure;  

ANS is reported in units of current US dollars as well as a percent of GNI.  ANS is calculated on an annual 

basis, beginning in 1970, with estimates for more than 155 countries.  

The following sections of this document lay out the methodological details for estimating each 

component of ANS.  Table 1 presents the organization of this document by section and ANS component.  

As noted in the table, data for each ANS component can be found in the World Bank’s World 

Development Indicators database.  
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Table 1: Organization of this document by components of adjusted net saving (ANS), and relevant 

World Bank indicators 

Section Component of adjusted net saving Related World Bank indicators (with indicator codes) 

I Adjusted net saving • Adjusted net savings, including particulate emission damage 
(current US$), NY.ADJ.SVNG.CD 

• Adjusted net savings, including particulate emission damage 
(% of GNI), NY.ADJ.SVNG.GN.ZS 

• Adjusted net savings, excluding particulate emission damage 
(current US$), NY.ADJ.SVNX.CD 

• Adjusted net savings, excluding particulate emission damage 
(% of GNI), NY.ADJ.SVNX.GN.ZS 

• Adjusted net national income (current US$), 
NY.ADJ.NNTY.CD 

II Gross national saving • Gross savings (current US$), NY.GNS.ICTR.CD 

• Gross savings (% of GNI), NY.GNS.ICTR.GN.ZS 

III Consumption of fixed capital • Consumption of fixed capital (current US$), NY.ADJ.DKAP.CD 

• Consumption of fixed capital (% of GNI), NY.ADJ.DKAP.GN.ZS 

IV Education expenditure • Education expenditure (current US$), NY.ADJ.AEDU.CD 

• Education expenditure (% of GNI), NY.ADJ.AEDU.GN.ZS 

V Non-renewable resources: fossil 
energy and minerals 

• Energy depletion (current US$), NY.ADJ.DNGY.CD 

• Energy depletion (% of GNI), NY.ADJ.DNGY.GN.ZS 

• Mineral depletion (current US$), NY.ADJ.DMIN.CD 

• Mineral depletion (% of GNI), NY.ADJ.DMIN.GN.ZS 

• Oil rents (% of GDP), NY.GDP.PETR.RT.ZS 

• Natural gas rents (% of GDP), NY.GDP.NGAS.RT.ZS 

• Coal rents (% of GDP), NY.GDP.COAL.RT.ZS 

• Mineral rents (% of GDP), NY.GDP.MINR.RT.ZS 

VI Net forest depletion • Net forest depletion (current US$), NY.ADJ.DFOR.CD 

• Net forest depletion (% of GNI), NY.ADJ.DFOR.GN.ZS 

• Forest rents (% of GDP), NY.GDP.FRST.RT.ZS 

VII Carbon dioxide damage • Carbon dioxide damage (current US$), NY.ADJ.DCO2.CD 

• Carbon dioxide damage (% of GNI), NY.ADJ.DCO2.GN.ZS 

• CO2 emissions (kt), EN.ATM.CO2E.KT  

VIII Air pollution damage • Particulate emission damage (current US$), 
NY.ADJ.DPEM.CD 

• Particulate emission damage (% of GNI), 
NY.ADJ.DPEM.GN.ZS 

• PM2.5 air pollution, mean annual exposure (micrograms per 
cubic meter), EN.ATM.PM25.MC.M3 

• PM2.5 air pollution, population exposed to levels exceeding 
WHO guideline value (% of total), EN.ATM.PM25.MC.ZS 

• Access to non-solid fuel (% of population), EG.NSF.ACCS.ZS 
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II. Gross National Savings 

 

Gross national savings (GNS) are the starting point for the calculation of adjusted net savings (ANS).  The 

traditional measure of savings and a standard reporting item in the System of National Accounts (SNA), 

GNS is a measure of the change in national wealth.  As mentioned, however, it is an incomplete measure 

of real wealth because it excludes the value of many important assets such as subsoil assets, forests, and 

human capital which form the productive base of an economy and which are vital to providing the goods 

and services on which social welfare relies (Hamilton and Clemens, 1999).  The subsequent adjustments 

made to GNS in the calculation of genuine savings, or ANS, reflect a movement toward capturing 

changes in real wealth so as to inform policymakers whether they are saving enough for the future and 

investing in the assets needed to sustain development in the long run.      

GNS is calculated as gross national income less total consumption, plus net transfers.  Data are obtained 

directly from the World Bank’s World Development Indicators (WDI) database, as shown in Table 2.  No 

gap-filling is done using the WDI data to estimate GNS for additional countries and years.  If a country 

does not report GNS, then ANS may not be calculated. 

Table 2: Data source for gross national savings 

Variable Notes and sources 

Gross national savings  World Bank, Gross savings (current US$), NY.GNS.ICTR.CD, World Development 
Indicators (WDI) database (link) 

 

http://data.worldbank.org/indicator/NY.GNS.ICTR.CD
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III. Consumption of Fixed Capital 
 

A standard item in the SNA, consumption of fixed capital (CFC) is the “decline…in the current value of 

the stock of fixed assets owned and used by a producer as a result of physical deterioration, normal 

obsolescence or normal accidental damage” (EC et al: 123).  Fixed assets are limited to manufactured 

capital used in the production process and exclude natural assets such as land.  The value of a fixed 

asset is the present value of the expected benefits derived from the asset over its service life; the 

decline in this value is measured as the difference in the prevailing market value of the asset when it 

was first acquired and at the time of production during the accounting period.  The depreciation of an 

asset’s value may be due to: (1) normal wear and tear; (2) reduced demand for the asset and, hence, a 

decline in the asset’s rental price; or (3) damage from fires, storms, accidents and other incidents that 

“occur with predictable regularity” (Ibid).  Damages from major disasters, such as typhoons or 

earthquakes, are not included in the measure of CFC.  

Table 3: Data sources for the consumption of fixed capital (CFC) 

Variable Data sources 

CFC • UN Statistics Division (UNSD), National Accounts, Official Country Data, Table 1.3: 
Relations among product, income, savings, and net lending aggregates 
o Gross Domestic Product (link) 
o Less: Consumption of fixed capital (link)  

• UNSD, National Accounts, Official Country Data, Table 2.3: Output, gross value added, 
and fixed assets by industries at current prices (ISIC Rev. 3), Total Economy 
o Equals: Value Added, Gross, at basic prices (link) 
o Subsidies on products (link) 
o Other subsidies on production (link) 
o Taxes as products (link) 
o Other taxes on production (link) 
o Less: Consumption of fixed capital (link) 

• UNSD, National Accounts, Official Country Data, Table 2.6: Output, gross value added, 
and fixed assets by industries at current prices (ISIC Rev. 4), Total Economy 
o Equals: Value Added, Gross, at basic prices (link) 
o Subsidies on products (link) 
o Other subsidies on production (link) 
o Taxes as products (link) 
o Other taxes on production (link) 
o Less: Consumption of fixed capital (link) 

• UNSD, National Accounts, Official Country Data, Table 4.1: Total Economy (S.1) 
o I. Production account – Uses Gross Domestic Product (link) 
o II. Production account – Uses Less: Consumption of fixed capital (link) 

• Organisation for Economic Co-operation and Development (OECD), National Accounts, 
National Accounts at a Glance, Part VIII: Capital, Consumption of fixed capital, 
percentage of GDP (link)  

CFC (gap-filled) • Feenstra, Inklaar, and Timmer (2015), Penn World Table 9.0 (link) 

• UNSD, National Accounts Main Aggregates Database, Data Selection, Basic Data 
Selection, Value Added by Economic Activity, Percentage Distribution (Shares), All 
Countries, All Years (link) 

 

http://data.un.org/Data.aspx?d=SNA&f=group_code%3a103%3bitem_code%3a1
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a103%3bitem_code%3a9
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a203%3bsub_item_code%3a12%3bitem_code%3a3
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a203%3bsub_item_code%3a12%3bitem_code%3a9
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a203%3bsub_item_code%3a12%3bitem_code%3a10
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a203%3bsub_item_code%3a12%3bitem_code%3a6
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a203%3bsub_item_code%3a12%3bitem_code%3a7
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a203%3bsub_item_code%3a12%3bitem_code%3a13
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a206%3bsub_item_code%3a24%3bitem_code%3a3
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a206%3bsub_item_code%3a24%3bitem_code%3a9
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a206%3bsub_item_code%3a24%3bitem_code%3a10
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a206%3bsub_item_code%3a24%3bitem_code%3a6
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a206%3bsub_item_code%3a24%3bitem_code%3a7
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a206%3bsub_item_code%3a24%3bitem_code%3a13
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a401%3bitem_code%3a5
http://data.un.org/Data.aspx?d=SNA&f=group_code%3a401%3bitem_code%3a6
https://stats.oecd.org/Index.aspx?DataSetCode=NAAG
http://www.rug.nl/ggdc/docs/pwt90.xlsx
http://unstats.un.org/unsd/snaama/selbasicFast.asp
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Table 3 lists the data sources for CFC.  Where possible, data on CFC and GDP are obtained directly from: 

(1) the United Nations (UN) database of official country data for national accounts, and (2) the 

Organisation for Economic Co-operation and Development (OECD) national accounts database.1 The 

latter is used for OECD member countries, while the former is used for non-member countries.  Using 

the UN- and OECD-reported national accounts data, CFC is estimated as a percent of GDP, thus avoiding 

issues with changes in currency or exchange rates with the US dollar or inconsistencies in currency units 

between reporting series.  In the UN national accounts, data reported for CFC and GDP in Tables 4.1 and 

1.3 are taken first; where overlap exists between values reported for a country in 4.1 and 1.3, the ratios 

of CFC/GDP in the two tables are averaged.  Data from Tables 2.3 and 2.6 are then used to fill missing 

values from Tables 4.1 and 1.3.  Note that in calculating CFC/GDP from Tables 2.3 and 2.6, GDP is 

constructed as Gross Value Added less subsidies on products less other subsidies on production plus 

taxes on products plus other taxes on production.  Also, data reported in the UN official statistics for 

fiscal years not beginning on January 1 and ending on December 31 are adjusted to the calendar year by 

averaging data from the reported year with that of previous or subsequent year according to the 

number of days for each reporting period within the calendar year. 

The UN-reported data require a few other adjustments to produce a single continuous series for CFC.  

Sometimes, a single country in the UN’s database will have data from multiple reporting series for the 

system of national accounts (e.g., 100, 200, or 300).  Official country data from the UN database are 

combined by starting with the newest reporting series.  If older series overlap with the newest series, 

these older values are adjusted to account for the difference between the two series.  For example, 

Figure 1 shows how data from an older SNA reporting series for Bhutan are adjusted downward to be 

consistent with the newer series.  The old and new series for Bhutan overlap in 1999. 

Figure 1: CFC data reported for Bhutan in the UN national accounts, multiple SNA series (% of GDP) 

 

                                                      
1 UN Statistics Division, National Accounts Official Country Data, Tables 1.3 and 4.1, http://data.un.org/. 
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If multiple series exist for a country in the UN-reported data but do not overlap, only data from the 

older series that are continuous with the new series are used.  To be continuous, the old series must end 

and the new series must begin in subsequent years (e.g., 1993 and 1994).  The final value for CFC/GDP in 

the old series must also be within 1 percentage point of the starting value for the new series.  For 

example, Figure 2 illustrates data from three SNA reporting series for Armenia.  Although none of the 

series overlap, all three are retained because they are clearly continuous. 

Figure 2: CFC reported for Armenia in the UN national accounts, multiple SNA series (% of GDP) 

 

After the country-reported national accounts data from the UN are adjusted, they are combined with 

the OECD national accounts data.  However, even though CFC is a standard item in the national 

accounts, country-reported data for CFC are only available for a minority of countries (77 in 2013),2 and 

coverage is poor in the most recent years.  In order to build the estimates of ANS, CFC must be 

estimated for additional countries and years using alternative data sources and methods. 

First, where no UN/OECD data on CFC are available for a country, estimates of CFC from the Penn World 

Table (PWT) are used (Feenstra, Inklaar, and Timmer, 2015).  We derive CFC/GDP ratio from the PWT 

estimates of produced capital stocks, GDP, and capital depreciation rates as: 

𝐶𝐹𝐶𝑡

𝐺𝐷𝑃𝑡
=

(𝐶𝐾𝑡−1∗𝛿𝑡)

𝐶𝐺𝐷𝑃𝑂𝑡
    

where 𝐶𝐾𝑡−1 is produced capital in the previous year (year t – 1); 𝛿𝑡  is the average rate of depreciation 

for the produced capital stock in the current year; and 𝐶𝐺𝐷𝑃𝑂𝑡  is GDP in the current year.  Estimates of 

CK and CGDPO in the PWT 9.0 are reported at current PPPs (in mil. 2011US$).3  Estimates of CFC derived 

from the PWT cover an additional 30 countries in 2013. 

                                                      
2 Count of country observations is as of August 2016, using data published for the 2016 release of the World Bank’s 
World Development Indicators. 
3 See the PWT 9.0 database (link).  

http://www.rug.nl/research/ggdc/data/pwt/v90/pwt90.xlsx
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Second, where UN/OECD data on CFC/GDP are reported for a country for only some years, and PWT-

derived estimates of CFC/GDP also exist for that country, then estimates of CFC/GDP for missing years in 

the country-reported series are extrapolated by mimicking year-on-year changes in the PWT-derived 

estimates of CFC/GDP.  Internal gaps in the base series of country-reported CFC/GDP are also 

interpolated using PWT-derived CFC/GDP.  To ensure continuity, PWT-derived estimates of CFC/GDP in 

gap years are rescaled to fit the UN/OECD reported data at the beginning and end of the gap such that: 

𝐶𝑡𝑖
= 𝐶𝑝,𝑡𝑖

− [(𝐶𝑝,𝑡0
−  𝐶𝑟,𝑡0

) (
𝑡𝑛 − 𝑡𝑖  

𝑡𝑛 − 𝑡0
) + (𝐶𝑝,𝑡𝑛

−  𝐶𝑟,𝑡𝑛
) (1 −

𝑡𝑛 − 𝑡𝑖  

𝑡𝑛 − 𝑡0
)]  

where C is the ratio of CFC/GDP; t0 is the year at the beginning of the gap; ti is the year of the 

observation being filled; tn is the year at the end of the gap; subscript p denotes PWT estimates; and 

subscript r denotes reported data from the UN or OECD.  Figure 3 below shows how trends in the PWT-

derived estimates of CFC/GDP are used to fill missing values in the country data for Cote d’Ivoire. 

Figure 3: Interpolated estimates of CFC in the country-reported data for Cote d’Ivoire (% of GDP) 

 

Third, where UN/OECD data are missing entirely—and the PWT-derived estimates of CFC/GDP are either 

unavailable or unrealistic—then a regression-based estimate of CFC/GDP is applied.  In this way, 

CFC/GDP is estimated indirectly by assuming that CFC/GDP is proportional to GDP per capita and is 

influenced by the structure of the economy, along with unexplained regional characteristics:   

𝐶𝐹𝐶/𝐺𝐷𝑃𝑖,𝑡 = 𝛽0 + 𝛽𝑛 ln(𝐺𝐷𝑃/𝑝𝑜𝑝𝑖,𝑡) ∙ 𝑛𝑡 + 𝛽1𝐶𝑛𝑠𝑖,𝑡 + 𝛽2𝑀𝑓𝑔𝑖,𝑡 + 𝛽3𝑇𝑟𝑛𝑖,𝑡 + 𝛽4𝑆𝑟𝑣𝑖,𝑡

+ 𝛽𝑟𝑟𝑖 + 𝜖𝑖,𝑡 

where CFC/GDPi,t is the ratio of CFC to GDP for country i in year t; ß0 is the average ratio of CFC to GDP 

for countries in year 1970; GDP/popi,t is GDP per capita; n is a binary dummy variable representing a 

five-year time period, beginning with 1970-1974; and ßn is the percentage-point change in the ratio of 

CFC to GDP associated with a one percent change in GDP per capita during each time period n.  

Additional controls include ri, which is a binary dummy variable, equal to 1 if country i is in region r and 
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zero otherwise; Cns, Mfg, Trn, and Srv, which represent the sectoral shares of construction, 

manufacturing, transportation, and services, respectively, in Gross Value Added (GVA) for country i in 

year t; and the coefficients ß1, ß2, ß3, and ß4 represent the percentage-point changes in CFC/GDP 

correlated with percentage-point changes in the share of each respective sector in GVA.  Finally, εi,t is an 

error term.  The regression-based estimates follow from the intuition that rates of CFC tend to increase 

with income due to structural changes in capital investment (Caselli and Wilson, 2004).  For example, 

higher-income countries tend to invest more in assets such as computer hardware and software systems 

that depreciate more quickly than basic infrastructure or machinery due to the pace of technological 

progress.  Varying patterns of capital investment are also believed to be reflective of different economic 

structures, thus the inclusion of Cns, Mfg, Trn, and Srv.4 

Fourth, quality control is performed.  Outliers in the extrapolated series are truncated at the 99th 

percentile of CFC/GDP in the UN/OECD data.  Negative values of CFC/GDP that result in a few cases 

where CFC/GDP in the UN/OECD series is very low (1-5%) and missing values are extrapolated forward 

or backward across many years are replaced using the regression-estimated or PWT-derived CFC/GDP.  

If the regression-estimated CFC/GDP is closer to the mean of country-reported CFC/GDP for existing 

years of country-reported data, then the regression-estimated CFC/GDP is used.  If PWT-derived 

CFC/GDP is closer, then PWT-derived CFC/GDP is used.  If either regression- or PWT-derived estimates of 

CFC/GDP are missing, and this rule cannot be applied, then the negative value is replaced with smallest 

positive value in the UN/OECD data for a particular country.  Note that quality control is only done for 

extrapolated or regressed estimates of CFC/GDP – country-reported data are left as is. 

Table 4 shows the resulting number of countries/observations for which various gap-filling measures are 

applied to estimate CFC in the years 1990-2014. 

  

Table 4: Count of country observations for CFC by year, using various data sources and methods 

Source of CFC estimate 1990 1995 2000 2005 2010 2013 2014 

OECD-reported country data 26 32 35 36 35 35 32 

UN-reported country data 48 55 62 66 61 42 14 

PWT-derived estimates 24 29 28 28 29 29 28 

Extrapolated from country data, following PWT trends 31 30 26 23 27 41 67 

Interpolated from country data, following PWT trends 1 1 1 1 0 0 0 

Regression-based 54 47 45 44 48 51 57 

Total 184 194 197 198 200 198 198 

 

  

                                                      
4 Agriculture is excluded to avoid problems with multicollinearity in the regression model.  Multicollinearity is 
tested by comparing the variance inflation factors (VIF) for the variables in the model.  None of the variables have 
a VIF larger than the commonly used threshold of 10.   
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IV. Education Expenditure 
 

Current expenditure is defined by the United Nations Educational, Scientific, and Cultural Organization 

(UNESCO) as “expenditure on goods and services consumed within the current year and which may 

need to be renewed for subsequent year(s).”5  Current public expenditure on education includes 

spending on: staff salaries, pensions and benefits; contracted or purchased services; other resources 

including books and teaching materials; welfare services; and other current expenditure, such as 

subsides to students and households, furniture and minor equipment, minor repairs, fuel, 

telecommunications, travel, insurance and rents.  Spending on education from private sources (e.g., by 

households) is excluded. 

Within the framework of adjusted net savings, current public expenditures on education serve as a 

proxy measure of the accumulation of human capital—the knowledge, experience and skills embodied 

in a nation’s populace.  The standard national accounts only treat the portion of educational 

expenditure which is devoted to fixed capital, such as school buildings, as investment; current 

expenditures are treated strictly as consumption—in other words, a disinvestment in the future.  From 

the perspective of wealth accounting, however, this is clearly incorrect.  If a country’s human capital is 

to be regarded as a valuable asset, expenditures on its formation must be seen as an investment 

(Hamilton 1994).  Thus, expenditures on education should enter into the adjusted net savings equation 

as a positive adjustment. 

As noted in Table 5, data on current public expenditures on education are provided directly to the World 

Bank by request from UNESCO.  UNESCO no longer publishes data for this indicator in its online 

database.  Data provided by UNESCO beginning in 1990 are augmented with historical data for earlier 

years gathered by World Bank staff.  Education expenditure (EDE) is first calculated as a percentage of 

Gross National Income (GNI).  Missing data in the series for EDE/GNI are interpolated linearly, with the 

assumption that public spending on education as a percent of GNI rarely undergoes sudden changes.  

Once the gap-filled EDE/GNI series is completed, EDE in current US dollars is calculated simply by 

multiplying by GNI. 

Table 5: Data sources for current public expenditure on education 

Variable Data sources 

Current public 
expenditure on 
education 

• Data provided by request from UNESCO Institute for Statistics  

 

 

                                                      
5 UNESCO Institute for Statistics, Glossary, http://glossary.uis.unesco.org/glossary/en/home. 
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V. Depletion of Energy Resources and Minerals 
 

Fossil energy resources and metals and minerals are non-renewable resources.  As described in World 

Bank (2011), the value of a nation’s stock of a non-renewable resource is measured as the present value 

of the stream of expected rents that may be extracted from the resource until it is exhausted.  Rents are 

revenues less production costs, where the revenues are determined by the quantity of the resource 

extracted and the prevailing price of the resource on the international commodity markets.  Annual 

depletion of the resource is the present value of the average annual rents that would be received over 

the lifetime of the resource given current rates of extraction, prices, and proven reserves.  The ANS 

measure of fossil energy resource depletion covers oil, natural gas, and coal.  The measure of metals and 

minerals depletion covers bauxite, copper, gold, iron ore, lead, nickel, phosphate, tin, silver, and zinc.  

Calculating the annual depletion of a non-renewable resource begins with a valuation of the resource 

stock, as in the following expression: 

𝑉𝑡 = ∑ 𝜋𝑖𝑞𝑖(1 + 𝑟)−(𝑖−𝑡)

𝑡+𝑇−1

𝑖=𝑡

 

where 𝜋𝑖𝑞𝑖 is the rent from the resource in year i, given by multiplying unit rents 𝜋𝑖 by the quantity of 

production 𝑞𝑖.  Unit rents are equal to revenues less production costs including a ‘normal’ rate of return 

on fixed capital and the consumption of fixed capital.  The discount rate is r, set at 4 percent; and the 

time to exhaustion of the resource is T. 

Annual depletion is given simply by dividing the present value of the resource stock by time to exhaustion: 

𝐷𝑡 =
𝑉𝑡

𝑇
 

Since actual future rents are unknown, these are implicitly predicted by assuming zero growth in rents 

over the resource lifetime.  Time to depletion is calculated as the ratio of proven reserves in the current 

year t to annual production in t.   Thus, T is the length of time that current reserves would last if 

production were to continue at the current rate.  Ideally, a mine-specific time schedule for extraction of 

reserves would be needed to determine the long-term horizon over which the resource would be 

extracted, but this kind of industry information is not readily available on a global scale. 

Data sources and methods for the calculation of each component of depletion are detailed below for oil, 

natural gas, coal, and minerals. 
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A. Petroleum and Natural Gas 

 

As noted, the depletion of a nation’s stock of petroleum and natural gas is calculated as the present 

value of expected rents that could be obtained over the lifetime of the resource, divided by the number 

of years to the exhaustion of the reserves if production were to be maintained at a constant rate.  

Calculating depletion requires data on production, prices, production costs, and reserves.  From existing 

reserves and current rates of production, the time to exhaustion of the resource is assumed. 

 

1. Oil and natural gas production 

 

Table 6 indicates the data sources for the production of petroleum and natural gas. 

Table 6: Data sources for production of petroleum and natural gas 

Element Data sources 

Production of Oil and 

Natural Gas 

• Rystad Energy, UCUBE (Upstream Database) 

• International Energy Agency (IEA), “World Energy Statistics”, IEA World Energy 
Statistics and Balances database (link) 

• IEA, “World Conversion Factors”, IEA World Energy Statistics and Balances 
database (link) 

• BP, Statistical Review of World Energy (link) 

• US Energy Information Administration, International Energy Statistics (link) 

• UN Statistics Division, UN Monthly Bulletin of Statistics (link) 

 

The Rystad Energy UCUBE and IEA World Energy Statistics databases are subscription services.  The BP, 

US EIA, and UN databases are free and publicly available.  Data from Rystad Energy were obtained in 

May 2016.  Data from all other sources were obtained in August 2016. 

Slight differences exist between the data sources as to the scope of petroleum production.  The IEA, BP, 

and US EIA data include crude oil, shale oil, oil sands, and lease condensates.6  Rystad Energy and the UN 

MBS exclude lease condensates.  Production data from Rystad Energy, BP, UN MBS, and US EIA are in 

units of thousands of barrels of oil produced daily.  Data from the IEA are converted into units of barrels 

from tons using country-specific estimates from the IEA of the average volume to mass ratio for crude 

oil supply.  Where country-specific data are unavailable, a conversion factor of 7.33 barrels per metric 

ton is assumed.   

                                                      
6 Lease condensates are additional liquids that are recovered and separated by field facilities at oil and natural gas 
wells.  They may contain pentane and a variety of hydrocarbons, depending on their density.  Denser condensates 
may be darker in color and appear similar to light crude oil.  Lighter condensates contain more natural gas liquids, 
such as ethane, propane, and butane and may be more translucent in color.  Lease condensates (crude oil with an 
API gravity of 45° or higher) accounted for about 22 percent of oil production between January 2015 and 
November 2016 in the continental United States.US EIA, “Crude Oil and Lease Condensate Production by API 
Gravity”, https://www.eia.gov/petroleum/data.cfm#crude (accessed 7 Feb. 2017). 

http://www.iea.org/statistics/
http://www.iea.org/statistics/
http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm
http://unstats.un.org/unsd/mbs/app/DataSearchTable.aspx
https://www.eia.gov/petroleum/data.cfm#crude
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For natural gas, production is limited to the marketable production of dry natural gas.  Data on 

production from the different sources are converted into common units of terajoules (TJ, or 1012 joules), 

assuming about 5,712 TJ per million barrels of oil-equivalent (Mboe), and about 1,067 TJ per billion cubic 

feet (bcf) of natural gas. 

Data on petroleum and natural gas production are limited to production within national boundaries, 

including offshore marine boundaries; however, Rystad Energy also provides data for several joint 

development zones, which are allocated to countries on the basis of revenue-sharing formulas.  Joint 

zones include: 

• Timor Sea JPDA (Joint Petroleum Development Area): The JPDA was created by the Timor Sea Treaty 

between Timor-Leste and Australia in 2002.  By treaty, Timor-Leste receives 90 percent of revenues 

derived from JPDA; Australia receives 10 percent.  Production, revenue, and resource values from 

the JPDA are allocated thusly. 

 

• Malaysia/Thailand Joint Development Area:  The JDA was created by a memorandum of 

understanding between Malaysia and Thailand in 1979, which, as an interim measure, provided that 

the two countries would share equally in the proceeds of the area’s resources.  Both Thailand and 

Malaysia continue to make legal claims to the shared area.  Part of the JDA is also claimed by 

Vietnam (the “Tripartite Overlapping Claim Area,” or TOCA).  No formal agreement has been 

publicized for revenue-sharing from the TOCA.  Production, revenue, and resource values from the 

Malaysia-Thailand JDA are allocated 50/50. 

 

• Saudi-Kuwaiti Neutral Zone: Oil in this border area between Saudi Arabia and Kuwait is explored 

under a joint operating agreement that gives the two countries equal shares in production.  Data on 

production, revenue, and resources from Rystad are allocated thusly. 

 

• Nigeria-Sao Tome & Principe Joint Development Zone: The JDZ is an area of overlapping maritime 

boundary claims, defined by treaty in 2001.  The treaty established a 60/40 resource sharing formula 

between Nigeria and Sao Tome and Principe, respectively.  Production, revenue, and resource 

values from Rystad are allocated thusly. 

Production data from the different sources are combined by applying the following decision rules: 

• The data source that provides the best coverage over time, beginning in 1980, is given priority; 

 

• If multiple sources provide equal temporal coverage, then for countries where data are available 

from at least three different sources for any year after 1980, the series that is generally closest to the 

median estimate of production for that country is taken; 

 

• If two sources of data provide equal temporal coverage—and only two sources of data are available 

for that country—sources are assigned priority according to the following order: Rystad Energy, IEA, 
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BP, UN MBS, and US EIA.  The data from Rystad Energy are given highest priority because data on unit 

costs and revenues are also take from this source; 

 

• Data from other sources may be used to fill gaps in the base series so long as data from those sources 

are basically consistent with the base series.  “Basically consistent” is interpreted generously to mean 

that the difference in estimates between the two sources never exceeds ± 50 percent. 

 

2. Oil and natural gas unit costs, prices, and unit rents 

 

Unit rents are estimated using country-level averages of unit prices and production costs from the 

Rystad Energy UCUBE database. Using the terminology of Rystad Energy, unit prices are set equal to unit 

revenues, which are the sum of exploration expenditure, capital expenditures, exploration expenditure, 

operational expenditure, government take, and free cash flow in current US dollars per barrel (or barrel 

of oil equivalent for natural gas).  Unit costs equal the sum of capital expenditures, operational 

expenditure, and exploration expenditure.  Table 7 defines each of these price and cost components. 

Table 7: Components of unit rents for oil and natural gas, as calculated using Rystad Energy data 

Calculation of unit revenues, unit rents, and rental rates for oil and natural gas 
 

Unit revenue = exploration expenditure + capital expenditure (capex) + operating expenditure (opex) + 
government take + free cash flow 

 
Unit cost = exploration expenditure + capex + opex 

 
Unit rent = unit revenue – unit cost 

 
Rental rate = unit rent / unit revenue 

 

Unit revenue component Definition 

Exploration expenditure Costs associated with acquiring acreage, doing seismics, and drilling wildcats or 
appraisal wells to discover and delineate oil and gas fields 

Capex All development costs related to facilities and drilling of wells.  The initial capital 
expenses are related to establishing the facility and necessary infrastructure, as 
well as pre-drilling costs, often termed development capex.  Throughout the field 
life capital expenses include drilling of more development wells (well capex) and 
modifications done to the facility, processing system or e.g. subsea infrastructure. 

Opex Costs necessary to maintain the operations of a well or asset, including 
transportation costs for delivering oil and gas from the production point to the 
point of pricing; SG&A costs, which cover administrative staff costs, office leases, 
stocks and stock option plans, and professional expenses (legal, consulting, 
insurance); and lease, fixed, and variable production costs 

Government take Royalties (the sum of gross taxes); government profit oil (oil paid in kind to the 
government); income tax (all profit-based taxes, including corporate taxes); and 
other taxes (e.g., withholding and windfall taxes) 

Free cash flow Cash flow available to investors and creditors, a residual equal to subtracting 
exploration expenditure, capex, opex, and government take from total revenue 

Source: excerpted from Rystad Energy (2015), with paraphrasing and editing by authors 
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The country data from Rystad Energy on unit revenues and costs for oil and natural gas are used to 

calculate average rental rates by region.7  Regional rental rates are used due to data limitations for some 

countries, particularly in Sub-Saharan Africa, for which Rystad may only have field-level data for a small 

number of recently-developed assets.  The regional averages are weighted by production, with negative 

unit rents set to zero before averaging.  There is one exception.  Due to volatility and large negative 

rents in data for the Sub-Saharan Africa, a simple average of the rental rates for all other regions 

(excluding North America) is applied. Regional rental rates for oil and natural gas are illustrated in Figure 

4 and Figure 5 below. 

                                                      
7 The World Bank regions are: East Asia and Pacific, Europe and Central Asia, Latin America and Caribbean, Middle 
East and North Africa, North America, South Asia, and Sub-Saharan Africa. Countries of all income levels are 
included in these geographic regions.  See for a complete listing of countries by region. 
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Figure 4: Regional rental rates for oil 

 

 

 

 

Notes: EAS = East Asia and Pacific; ECS = Europe 

and Central Asia; LCN = Latin America and 

Caribbean; MEA = Middle East and North Africa; 

NAC = North America; SAS = South Asia; SSF = Sub-

Saharan Africa; all income levels included 

 

Source: World Bank estimates using Rystad Energy 

UCUBE database 
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Figure 5: Regional rental rates for natural gas 

 

 

 

 

Notes: EAS = East Asia and Pacific; ECS = Europe 

and Central Asia; LCN = Latin America and 

Caribbean; MEA = Middle East and North Africa; 

NAC = North America; SAS = South Asia; SSF = Sub-

Saharan Africa; all income levels included; SSF 

rental rates represent simple world average 

(excluding NAC) 

 

Source: World Bank estimates using Rystad Energy 

UCUBE database 
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3. Oil and natural gas reserves and time to depletion 

 

Time to depletion of oil and natural gas is equivalent to the ratio of proved reserves to production.  

Proved reserves are those quantities of oil and natural gas that geological and engineering information 

indicates with reasonable certainty can be recovered profitably in the future from known reservoirs 

under existing economic and operating conditions.  Data on proved reserves are available from BP and 

the US Energy Information Administration (Table 8). 

 

Table 8: Data sources for proved reserves of petroleum and natural gas 

Component Data sources 

Proved reserves 
of petroleum 
and natural gas 

• BP, Statistical Review of World Energy (link) 

• US Energy Information Administration, International Energy Statistics (link) 

 

The BP data on oil and gas reserves are drawn from a variety of official statistics and data provided by 

the OPEC Secretariat, Cedigaz, World Oil and the Oil & Gas Journal and an independent estimate of 

Russian oil reserves based on information in the public domain.  The US EIA data on oil and gas reserves 

for the United States are drawn from agency estimates; US EIA data for other countries is drawn 

primarily from the Oil & Gas Journal, and the estimates for Kuwait and Saudi Arabia each include one-

half of the reserves for the Neutral Zone.  Oil reserves include field condensate and natural gas liquids 

(NGLs) as well as crude oil.  They also include an estimate of Canadian oil sands 'under active 

development' as a proxy for proved reserves.   

For the sake of consistency, where BP data are used for production, BP data are also used for reserves; 

where US EIA data on production are used, the US EIA data on reserves are used.  If data from the same 

source are not available for both reserves and production, then the BP data on reserves are given 

priority.  If data on reserves are missing for a particular country, then an estimate of the average 

reserves-production (R-P) ratio for that region is applied using the BP data.  For years prior to 1980, 

reserves are backcast by regressing a time trend from the existing years of data. 

Unlike with previous versions of the World Bank wealth accounts, no cap is applied to the R-P ratio. 

B. Coal 

As with oil and natural gas, calculating the value of a nation’s coal resources requires data on 

production, prices, costs, and reserves.  Each of these elements is described below. 

1. Coal production 

 

As with oil and natural gas, data on coal production are obtained from a variety of sources 

(Table 9). 

http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm
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Table 9: Data sources for the production of coal 

Element Data sources 

Production of coal • International Energy Agency, World Energy Statistics (link) 

• US Energy Information Administration, International Energy Statistics (link) 

• UN Statistics Division, UN Monthly Bulletin of Statistics (link) 

Average net calorific 

value of coal production 

• International Energy Agency, World Energy Statistics (link) 
 

 

Among the different sources of data for coal production, the primary source is the IEA’s World Energy 

Statistics database, which provides the most detailed estimates of production by specific grade of coal. 

Coal production is standardized on the basis of heat content and is broken down into two general 

categories: hard coal and brown coal.  Hard coal is defined by the International Coal Classification of the 

Economic Commission of Europe as coal with a gross calorific value that is greater than 5,700 kcal/kg.  

Brown coal is all coal with a gross calorific value less 5,700 kcal/kg (UN 1988).  For countries with more 

detailed data from the IEA, hard coal production is further disaggregated into bituminous steam coal 

(including anthracite) and coking coal.  Steam coal is coal that is used primarily for generating 

electricity.  The coal is fired in a boiler to heat water, producing steam that drives a turbine.  Coking coal, 

or metallurgical coal, is hard coal with a low volatile matter content that is primarily used to make blast-

furnace coke and foundry coke in the manufacture of steel.  High-grade coking coal is produced by 

relatively few countries (just 5 countries accounted for 90 percent of global production in 2014, China, 

Australia, Russia, the United States, and India).  Thus, for countries with only data on total hard coal 

production, it is conservatively assumed that these countries only produce bituminous steam steal and 

not metallurgical coal.  The IEA data cover more than two-thirds of all countries for coal production data 

are available from any source.  The US EIA also provides disaggregated data on production of anthracite, 

bituminous, subbituminous, lignite, and metallurgical coal, but only for the most recent years.  

Subbituminous coal and lignite are taken as brown coal, and anthracite, bituminous, and metallurgical 

coal are taken as hard coal.  For earlier years, data on coal production from the US EIA are reported only 

on a more aggregated basis for hard coal and brown coal.  The more detailed breakdown in coal 

production by coal grade as a share of total coal production for the most recent years is assumed for 

these earlier years.  The UN data are used only for gap-filling purposes because they report only 

aggregate hard and brown coal production. 

In order to standardize coal production by heat content, IEA estimates of the average net calorific value 

(NCV) of coal production are used, as obtained from the World Energy Statistics database.8  Where a 

country is missing IEA data on the average NCV of production for certain years, the earliest or latest 

value for that country is used to gap-fill missing observations.  If a country is missing IEA data on average 

                                                      
8 Note that the net calorific value (NCV) is slightly lower than the gross calorific value (GCV) for coal.  The NCV 
subtracts the energy required to vaporize the moisture content in coal from the GCV. 

http://www.iea.org/statistics/
http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm
http://unstats.un.org/unsd/mbs/app/DataSearchTable.aspx
http://www.iea.org/statistics/
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NCV of production for all years, then a regional average is applied for that specific rank of coal.  Global 

averages may be applied for regions where no countries have IEA data on average NCV of production. 

2. Coal unit prices, costs, and unit rents 

 

Data sources for unit production costs and prices for coal are shown in Table 10. 

Table 10: Data sources for coal prices and production costs 

Element Data sources 

Unit production 

cost of coal 

• Wood Mackenzie, Global Economic Model (GEM) database (link) 

• Case studies from various sources 

• World Bank, Manufactures Unit Value (MUV) Index, Global Economic Monitor 
Commodities database (link) 

Unit price of coal • World Bank, Global Economic Monitor Commodities database (link) 

• Government of Australia, Office of the Chief Economist, Department of Industry, 
Innovation and Science, “Resources and Energy Quarterly” (link) 

• IEA, Coal Information (Paris, OECD: various years)  

 

The primary source of data for calculating unit production costs for coal is the Wood Mackenzie Global 

Economic Model (GEM) database.  The GEM database is a subscription service that provides mine-level 

estimates of costs for around 1,300 mines in 14 countries: Australia, Botswana, Canada, Chile, China, 

Colombia, Indonesia, Mongolia, Mozambique, New Zealand, Russian Federation, South Africa, United 

States, Venezuela RB, and Vietnam.  Together, these countries accounted for 85 percent of the world’s 

hard coal production in 2014.  The Wood Mackenzie data primarily cover the late 2000s and early 2010s, 

although data for Australian mines stretch back to 1993.  Production costs are estimated separately for 

mines producing thermal coal and those producing metallurgical coal.  Production costs include 

operating cash costs plus capital expenses.  Costs and prices for coal are normalized on the basis of 

energy content (USD per kcal), assuming the average NCV of production for thermal coal and 

metallurgical coal as reported by the IEA.  Because the Wood Mackenzie data for thermal coal 

encompass bituminous steam coal as well as brown coal, the production cost per unit of energy (kcal) is 

assumed to be the same for both bituminous steam coal and brown coal.  Metallurgical coal mainly 

includes coking coal.  

Because costs are reported at the mine level in the Wood Mackenzie GEM database, and some mines 

produce multiple grades of coal, only those mines that produce either thermal coal or coking coal—but 

not both—are included.  Also, while Wood Mackenzie provide projections for production, costs, and 

prices for mines under development, for the calculation of rents, only mines that were producing coal in 

at least half of the years for which Wood Mackenzie has data for that country are included.  Mines must 

currently be in production for the year in which they report cost data.  These rules for inclusion in the 

sample used to calculate average production costs at the country level help ensure some consistency 

across time in the sample of mines per country and excludes assets still in the early start-up phase when 

large capital investments are needed to begin operations.  Applying these rules restricts the total 

number of reporting assets to 300, including 227 mines for thermal coal and 73 mines for metallurgical 

https://www.woodmac.com/new-products/12272568
http://databank.worldbank.org/data/reports.aspx?source=Global-Economic-Monitor-(GEM)-Commodities
http://databank.worldbank.org/data/reports.aspx?source=Global-Economic-Monitor-(GEM)-Commodities
http://www.industry.gov.au/Office-of-the-Chief-Economist/Publications/Pages/Resources-and-energy-quarterly.aspx
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coal.  The number of assets per country for which production cost data are available from Wood 

Mackenzie is shown in Table 11.  Costs are averaged at the country level by weighting costs for 

individual mines by total production. 

Table 11: Number of mines in the Wood Mackenzie GEM database used to calculate production costs 
for thermal coal and metallurgical coal by country 

Country Thermal Metallurgical 

Australia 15 9 

Botswana 1 0 

Canada 7 9 

Chile 1 0 

China 34 6 

Colombia 9 1 

Indonesia 22 0 

Mongolia 5 2 

New Zealand 1 1 

Russian Federation 27 9 

United States 30 34 

Venezuela, RB 1 0 

Vietnam 25 1 

South Africa 49 1 

Total 227 73 

Note: sample includes mines which are used to calculate production costs for at least one year per country 

Production costs for additional countries and years not covered by the Wood Mackenzie database are 

gathered from academic articles, case studies, official statistics, industry reports, and other sources.  

These additional sources are listed in Table 12 below.  These additional data sources include old studies 

from the 1980s and 1990s that had been used previously to estimate coal production costs for the 

World Bank’s adjusted net savings (ANS) indicator. 

Table 12: Additional sources of production cost estimates for coal 

Thermal coal 
Country Years Source 

Canada 1994 IEA (1995a) 

China 1987 Doyle (1987) 

Colombia 1994 IEA (1995a) 

Czech Republic 1992-1994 IEA (1995a) 

India 1988 Bhattacharya (1995) 

India 2013 Greenpeace (2014) 

Indonesia 1994 IEA (1995a) 

Mexico 1989 World Bank (1989) 

Poland 1991-1993 IEA (1995b) 
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Poland 2003 Kudelko, Kaminski, and Pekala (2007) 

Poland 2014 Bukowski et al (2014); Ernst & Young (2014); assumes brown coal is 43% of 
thermal coal production and bituminous steam coal is 57%, using European 
average cost for brown coal 

Russian Federation 1980, 1985, 1990 Tretyakova and Heinemeier (1986)  

South Africa 1994 IEA (1995a) 

United States 1994 IEA (1995a) 

Metallurgical coal 
Country Years Source 

Canada 1994 IEA (1995a) 

India 1988 Bhattacharya (1995) 

Poland 1994 IEA (1995b) 

Poland 2003 Kudelko, Kaminski, and Pekala (2007) 

South Africa 1994 IEA (1995a) 

 

Data on production costs from the Wood Mackenzie database and additional data sources do not cover 

all countries and years for which data on coal production are available, so additional gap-filling and 

extrapolating is needed to construct complete time series. 

For thermal coal, unit costs for Australian (1993-2014) and Indonesian (2000-2014) mines from the 

Wood Mackenzie database are averaged and then used as a nominal index to extrapolate cost trends for 

other countries and years. This is because the Australia and Indonesia data provide the best coverage 

and are generally consistent with trends in reference prices for thermal and metallurgical coal. For 

metallurgical coal, trends in nominal unit costs for Australian coal (1993-2014) are taken as a reference 

index for other countries.  Note that the export unit value of Australian coal is often used in the industry 

as a benchmark for prices, so this method for extrapolating trends in unit costs has some precedent.  For 

years prior to 1993, where data on unit production costs are not available from Wood Mackenzie, costs 

are extrapolated using the World Bank's Manufactures Unit Value (MUV) index. The MUV index was also 

used in previous versions of the World Bank’s ANS and wealth accounts databases to extrapolate unit 

production costs for coal; however, the MUV index does a poor job of tracking price and cost trends for 

coal in the mid-2000s and early 2010s, during which time prices and costs for coal spiked and dropped 

quite dramatically.  This is why the Australia-Indonesia index using the Wood Mackenzie data is 

preferred for years after 1993.  

For the nominal cost index, price levels in 2000 = 100. Costs in earlier or later years are extrapolated as: 

𝐶𝑖 = 𝐶𝑛 ∗ 𝐸𝑖 / 𝐸𝑛 

where Ci is the unit cost in the current year i being gap-filled (nominal terms); Cn is the cost in the base 

year n for which data are available from Wood Mackenzie or other sources; Ei is the index value in year i; 

and En is the index value in the base year.  
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Internal gaps exist for countries with new data for the 2000s and 2010s from Wood Mackenzie and old 

data from the 1980s and early 1990s.  While the new data provides a more accurate basis for estimating 

production costs in recent years, it is assumed that the old data provide a more reliable basis for 

estimating production costs for the earlier years than simply extrapolating from the new data using the 

nominal cost index described above.  For countries with both old and new cost data, cost estimates that 

are extrapolated for earlier years using the nominal index are rescaled to align with the original case 

studies.  This rescaling is done by the following method.  First, the nominal cost index is transformed 

logarithmically such that: 

𝐶𝑖𝑛𝑑𝑒𝑥 = ln 𝐶𝑛 +  ln 𝐸𝑖 −  ln 𝐸𝑛 

where Cindex is the ln of unit production costs in current year i, extrapolated according to the nominal 

cost index.  For countries with both new and old data on production costs, the gap in the log-

transformed unit production costs, ln(Ci), is then interpolated linearly such that: 

  

𝐶𝑙𝑖𝑛𝑒𝑎𝑟 =  ln 𝐶𝑛 − (𝑦𝑛 − 𝑦𝑖) (
ln 𝐶𝑛 − ln 𝐶0

𝑦𝑛 − 𝑦0
) 

 

where Clinear is the ln of unit production costs in the current year i, interpolated linearly; Cn is the unit 

production cost in year n, the earliest year of new data from the Wood Mackenzie database or other 

source; C0 is the unit production cost in year 0, the latest year of old data from the case studies used 

previously for the World Bank’s ANS indicator; yn is year n; y0 is year 0; and yi is year i.  Finally, Cindex and 

Clinear are combined: 

ln 𝐶𝑖 = 𝐶𝑖𝑛𝑑𝑒𝑥 − (𝐶𝑖𝑛𝑑𝑒𝑥 − 𝐶𝑙𝑖𝑛𝑒𝑎𝑟) (1 −
𝑦𝑖 − 𝑦0

𝑦𝑛 − 𝑦0
) 

so that Cindex and Clinear are weighted more or less depending on how close the current year (yi) is to the 

year at the beginning of the gap (y0).  This method of combining the interpolated production costs 

ensures that the interpolated costs match up smoothly with the cost study estimates. 

 

Estimates of unit prices for thermal coal are obtained from the World Bank’s Global Economic Monitor 

Commodities database.  Unit prices for thermal coal represent the average benchmark price for thermal 

coal exported from Australia, Colombia, and South Africa (FOB basis), standardized in terms of USD per 

kcal.  This benchmark price is applied to all countries; differences in the quality of coal produced by 

individual countries are accounted for by standardizing prices according to energy content.  The 

reference price per kcal is applied to both bituminous steam coal and brown coal.   

 

Unit prices for metallurgical coal are pinned to the reference price for exports of Australian coking coal 

(FOB basis).  Data on reference prices for Australian coking coal for 1970-2010 are obtained from various 

years of the IEA’s Coal Information reports.  Data for more recent years are obtained from quarterly 

reports by the Office of the Chief Economist, Department of Industry, Innovation and Science, Australian 

Government.  Prices for metallurgical coal are standardized in terms of USD per kcal by assuming the 

average NCV for exports, using the conversion factors from the IEA World Energy Statistics database.   

Trends in the reference prices for metallurgical and thermal coal are illustrated in Figure 6 below. 
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Figure 6: Reference prices for thermal and metallurgical coal used in the estimation of coal rents 

 
Note: costs are normalized on the basis of energy content; 1 Gcal = 1 billion calories = 1 million kilocalories (kcal) 

 

Country-level estimates of unit production costs and prices are then used to calculate average rental 

rates by region for thermal and metallurgical (coking) coal.  Average rental rates are weighted by 

production.  For regions lacking estimates of production costs (Middle East and North Africa), a simple 

world average of rental rates is applied.  Where unit costs exceed prices, zero rents are assumed.  The 

resulting rental rates for thermal and metallurgical coal by region are illustrated in Figure 7 and Figure 8. 
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Figure 7: Average rental rates for thermal coal by region 

 

 

 

 

Notes: EAS = East Asia and Pacific; ECS = Europe 

and Central Asia; LCN = Latin America and 

Caribbean; MEA = Middle East and North Africa; 

NAC = North America; SAS = South Asia; SSF = Sub-

Saharan Africa; all income levels included 

 

Source: World Bank estimates 
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Figure 8: Average rental rates for metallurgical coal by region 

 

 

 

 

Notes: EAS = East Asia and Pacific; ECS = Europe 

and Central Asia; LCN = Latin America and 

Caribbean; MEA = Middle East and North Africa; 

NAC = North America; SAS = South Asia; SSF = Sub-

Saharan Africa; all income levels included 

 

Source: World Bank estimates 
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3. Coal reserves and time to depletion 

 

Data on proved reserves of coal are provided from the sources listed in Table 13 below.  Time to 

depletion of coal reserves is calculated as the ratio of reserves to production. 

Table 13: Data sources for coal reserves 

Element Data sources 

Proved reserves 

of coal 

• US Energy Information Administration (US EIA), International Energy Statistics (link) 

• BGR (2015) 

 

The primary source of data on reserves is the US EIA International Energy Statistics database.  The US 

EIA currently provides estimates of “recoverable reserves” of “hard coal” and “lignite” in 2011 (as of 

September 14, 2016).  Previous estimates for 2005 and 2008 are used for gap-filling purposes if the most 

recent data are not available.  In the US EIA statistics, data on the United States are from US government 

sources; data for other countries are from the World Energy Council (WEC).  The WEC defines “proved 

recoverable reserves” as “resources remaining in known coal deposits that have been shown to be 

accessible under current local economic and technological conditions.”9  The US EIA notes that proved 

reserves as defined by the WEC are analogous to what the administration calls “measured” reserves; 

however, the US EIA data on proved reserves of coal for the United States also include “indicated” 

reserves.  The data for measured and indicated reserves for the United States “have been combined 

prior to depletion adjustments and cannot be recaptured as ‘measured alone.’”10  The US EIA’s data for 

“lignite” reserves are equal to the WEC’s data for both lignite and sub-bituminous coal; the EIA data for 

hard coal is equal to the WEC data for bituminous coal including anthracite.  The EIA data on reserves 

are thus consistent with the definitions of hard and brown coal according to the International Coal 

Classification of the Economic Commission of Europe. 

The German BGR provides estimates of reserves of “hard coal” and “lignite” coal for 2014 (as of 

September 14, 2016).  In the BGR estimates, reserves are defined as “proven volumes of energy 

resources economically exploitable at today’s prices and using today’s technology” (BGR 2015: 160).11  

The BGR definitions of hard coal and lignite differ from those used by the US EIA, WEC, IEA, and the 

International Coal Classification of the Economic Commission of Europe.  Lignite is defined as "raw coal 

with an energy content (ash free) < 16,500 kj/kg,” or about 3,900 kcal/kg.  Hard coal is any coal with a 

                                                      
9 World Energy Council, “Energy Resources: Coal”, https://www.worldenergy.org/data/resources/resource/coal/. 
10 US EIA, “International Statistics – Notes”, http://www.eia.gov/cfapps/ipdbproject/docs/IPMNotes.html#c6. 
11 Note that while the WEC and BGR definitions of reserves are broadly consistent, the two institutions classify 
total resources differently.  The WEC notes, “BGR’s category ‘resources’ (using its own definition, which differs 
from WEC usage) amounts to around 82.9 billion tonnes of hard coal and 36.5 billion tonnes of lignite [for 
Germany]. These levels convey an indication of the enormous size of the additional amounts of coal ‘in place’, over 
and above the in situ tonnages hosting the recoverable reserves” (WEC 2013).  Because we are interested only in 
proven (or recoverable) reserves, the differences between how WEC and BGR categorize other resources (e.g., 2P 
and 3P) is not really relevant to us. 

http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm
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heating value above 3,900 kcal/kg.  Because of this definitional discrepancy, the BGR data on reserves 

are only used for gap-filling purposes for countries without US EIA and WEC data.  Also, in using the BGR 

data to calculate the time to exhaustion of coal reserves, estimates are only made for countries for 

which the BGR has data on both reserves and production. 

For countries without data on reserves, time to depletion is calculated using a simple average of the 

ratio of reserves to production for other countries in the region.  An unweighted average is used 

because weighting would imply that the countries missing data are similar the world's major producers 

(e.g., R/P ratios for all East Asian countries are basically equivalent to those in China because China is the 

dominant producer in the region and accounts for about 55% of world coal production).  Because there 

is no basis to judge the R/P ratios for missing countries, a simple unweighted average is better.  

Although this results in higher average R/P ratios, this suggests that countries with missing data are 

likely not extracting coal at the scale or rate of the major producers, which is logical.   

The time to depletion that is calculated for the year in which data are available for both reserves and 

production (2011 for most countries) is assumed for all years.  Also, as with other natural assets, the 

time to depletion for coal reserves is no longer capped at 25 years. 

C. Metals and minerals 

 

Ten different metals and minerals are valued in the wealth accounts: bauxite, copper, gold, iron ore, 

lead, nickel, phosphate rock, silver, tin, and zinc.  Many of the same data sources and estimation 

methods are used for all of the metals and minerals in the wealth accounts.  Because of this, the 

following section describes the data sources and methods for metals and minerals as a group. 

1. Production of metals and minerals 

   

Data sources for the production of metals and minerals are listed in Table 14 below.  Table 15 provides 

specific product definitions for each metal and mineral commodity. 

For all metals and minerals, production data mostly come from the US Geological Survey’s (USGS’s) 

Minerals Yearbook and Mineral Commodity Summaries.  Where data are missing in the USGS sources, 

data from the British Geological Survey (BGS) World Mineral Statistics archive may be used.  In such 

cases, the following rules for gap-filling are applied. If USGS data are entirely missing for a country, the 

BGS data are used.  If USGS data are available for some years but are missing for others, the BGS data 

may be used to fill missing values only if there is general consistency between the USGS and BGS data.  

This means that the average difference between USGS and BGS statistics is within ±25 percent for years 

where there is overlap between the two sources.   
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Table 14: Data sources for metals and minerals production 

Element Data sources 

Production of 

metals and 

minerals 

• US Geological Survey (USGS), Minerals Yearbook, Vol. I: Metals and Minerals, various 
years (link) 

• USGS, Mineral Commodity Summaries, various years (link) 

• British Geological Survey (BGS), World Mineral Statistics (link) 
 

Table 15: Definitions for production of metals and minerals 

Mineral Definition for production statistics 

Bauxite Bauxite is “a naturally occurring, heterogeneous material composed primarily of one or more 

aluminum hydroxide minerals, plus various mixtures of silica, iron oxide, titania, 

aluminosilicate, and other impurities in minor or trace amounts” (1). BGS production 

statistics for bauxite may also include refractory bauxite for 1994 onwards. USGS statistics for 

Guinea, Guyana, and Jamaica are for the dry bauxite equivalent of crude ores.  

Copper USGS and BGS production statistics are for copper metal content, including the metal content 

from ores, concentrates, leaching, and electrowon copper. 

Gold USGS and BGS production statistics are for gold metal content. Data for some countries may 

include estimates of undocumented artisanal mining. 

Iron ore Iron ore production is reported by gross weight in both the USGS and BGS production 

statistics, where gross weight is the total for all iron products used in steelmaking. Data for 

some countries may include production of alternative iron sources such as nickeliferous iron 

ore, titaniferous magnetite beach sands, and manganiferous iron ore, and by-product ores.  

Lead USGS and BGS production statistics are for lead in concentrate, reported in terms of metal 

content. Data may include estimates of metal content of ores and of by-products from 

fluorspar and gold mining operations. 

Nickel USGS and BGS production statistics for nickel are reported for metal content. USGS statistics 

may include laterite ore, sulfate, sulfide concentrate, and ferronickel. BGS statistics may also 

the metal content of sulfates and concentrates. 

Phosphate rock USGS and BGS production data for phosphate rock may include apatite. Data are reported by 

gross weight. BGS data may also include lime phosphates and phosphate dust. Although BGS 

reports data for guano as part of phosphate production, these numbers are excluded. 

Silver USGS and BGS production statistics are for silver metal content. Data for some countries may 

include estimates of undocumented artisanal mining. 

Tin USGS and BGS production statistics are for tin metal content. USGS data may include content 

of tin-tungsten concentrate and estimates of artisanal production. 

Zinc USGS and BGS production statistics are for metal content and may include ores as well as zinc 

content in both lead and zinc concentrates 

Sources: (1) USGS, Mineral Commodity Summaries; (2) BGS World Mineral Statistics data archive 

  

http://minerals.usgs.gov/minerals/pubs/commodity/myb/
http://minerals.usgs.gov/minerals/pubs/mcs/
http://www.bgs.ac.uk/mineralsuk/statistics/wms.cfc?method=searchWMS
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2. Mineral prices, costs, and unit rents 

 

Production costs for each mineral commodity are estimated on the basis of industry data, including case 

studies from major producing countries.  Country-specific data on production costs are not readily 

available for all resources and all years, so proxies are used for countries believed to have similar costs.  

Trends in costs over time are extrapolated by assuming that baseline production costs remain constant, 

adjusting for inflation according to the rate of change Manufactures Unit Value (MUV) index.12  Details 

of the unit production cost estimates for each metal and mineral are described in Table 16 below. 

Table 16: Unit production cost estimates for metals and minerals 

Minerals Source and definition of production cost estimates 

Bauxite Unit costs in 1989 for Australia, Brazil, France, Greece, Guinea, India, and Jamaica are from 
Bleiwas (1996). Costs for these countries are calculated as labor + supplies + energy + 
overhead – byproduct credit + recovery of capital + 15% discounted cash flow rate of return 
(DCFROR) and expressed in USD per metric ton at market exchange rates. For all other 
countries, costs are assumed to be the average of the 7 countries for which data are 
provided by Bleiwas (1996).  

Copper Unit costs for 1988 are provided for Australia, Canada, Chile, India, Mexico, Namibia, Papua 
New Guinea, Indonesia, Peru, Philippines, South Africa, Spain, United States, Yugoslavia, 
Zaire, Zambia, and others by Bleiwas (1996). Costs equal mine cost + mill cost + 
smelter/refinery cost – byproduct credit and are expressed in USD per pound at market 
exchange rates. 

Gold Unit costs for 1992 are provided for Australia, Brazil, Canada, Chile, Indonesia, New Zealand, 
Papua New Guinea, South Africa, and the United States by Bleiwas (1996). Costs include 
operating and recovery costs plus 15% DCFROR. Exceptions are: only operating costs for New 
Zealand; 0% DCFROR for Australia, Indonesia, and Papua New Guinea.  Data for a “World 
Average” are also provided by the same source. Additionally, average unit costs for market 
economies are estimated by World Bank (1994). Unit costs for countries for which specific 
cost data are not available are assumed to be equal to the world average or the average for 
the market economies. Costs are expressed in USD per troy ounce at market exchange rates.   

Iron ore Average unit costs for 1995 are available for the following countries/regions: Australia, Brazil, 
Canada, India, Mexico, United States, Africa, Europe, and South America.  Data are from US 
Bureau of Mines (1987).  

Lead Unit costs for the following countries/regions were provided by Bleiwas (1996) for 1990: 
Brazil, Mexico, Morocco, Namibia, and South Africa. Average unit costs equal mine + mill + 
smelting/refining + transportation – byproduct + recovery of capital + 15% DCFROR and are 
expressed in USD per pound at market exchange rates. Unit costs for 1988-1991 are provided 
in World Bank (1994) for Australia, Canada, Ireland, Mexico, Peru, and United States. Data 
are also available for the world average. Costs are expressed in USD per pound at market 
exchange rates. 

                                                      
12 The MUV is a composite index that tracks inflation in the price of manufactured goods imported by developing 
countries.  This index is a weighted average of export prices of manufactured goods produced by 15 major 
economies.  Weights are determined by the relative share of each country’s goods in the group’s exports to low 
and middle income countries.  The countries and relative weights (in parentheses) are: Brazil (2.95%), Canada 
(0.93%), China (11.79%), France (5.87%), Germany (13.29%), India (1.77%), Italy (6.07%), Japan (16.70%), Mexico 
(0.93%), South Africa (0.75%), South Korea (10.95%), Spain (2.30%), Thailand (2.51%), United Kingdom (3.50%), and 
the United States (19.68%).  World Bank, “Manufactures Unit Value Index (MUV),” http://bit.ly/2lDrlux. 
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Nickel Unit costs are provided by World Bank (1994) for the following countries/regions in 1990 and 
1992: Australia, Botswana, Brazil, Canada, Colombia, Dominican Republic, Finland, Greece, 
Indonesia, Japan, New Caledonia, United States, Zimbabwe, and World. Costs are direct cash 
costs and include costs incurred in mining, milling, ore freight, on-site administrative 
expenses, smelting, refining, intermediate and final freight, marketing and byproduct credit, 
and depreciation. Costs are expressed in USD per metric ton at market exchange rates. Costs 
for all countries for which specific cost data are not available are equal to the world average 

Phosphate rock Unit costs are provided by US Bureau of Mines (1987) for 1985 for the following 
countries/regions: United States, North Africa (Morocco), Tunisia, Algeria, Israel, Egypt, 
Jordan, Syria, Iraq, Christmas Island, Nauru, Australia, Brazil, Peru, Venezuela, and West 
Africa (Senegal and Togo). Costs include mining, milling, transportation to plant or port, 
recovery of capital, and 15% DCFROR. Costs are expressed in USD per metric ton at market 
exchange rates. Unit costs for all other countries are equal to the average of the costs for 
countries in US Bureau of Mines (1987), weighted by production. 

Silver Unit costs are provided by Bleiwas (1996) for 1985 for the following countries: United States, 
Mexico, Peru, Canada, and “Others” (average of Finland, Italy, Morocco, Spain, and Sweden).  
Costs include mining, milling, smelting, refining, transportation, byproduct credit, capital 
recovery, and 15% DCFROR. Costs are expressed in USD per troy ounce. Unit costs for all 
countries for which specific data are not available are assumed to be equal to the costs for 
Others. 

Tin Unit costs are provided by Bleiwas (1996) for 1985 for the following countries and regions: 
Australia, Bolivia, Brazil, Indonesia, Malaysia, South Africa, Thailand, United Kingdom, “Other 
African Countries” (Namibia, Nigeria, Zaire, Zimbabwe), “Others” (Argentina, Peru, Japan, 
Burma), and “World.”  Costs include mining, milling, smelting, refining, transportation, 
byproduct credit, capital recovery, and 15% DCFROR. Costs are expressed in USD per pound 
at market exchange rates. Unit costs for countries for which specific data are not available 
are either assumed to be equal to Others or World. 

Zinc Unit Costs are provided by Bleiwas (1996) for 1990 for the following countries and regions: 
Asia, Australia, Canada, Europe, Mexico, Peru, United States, and “Other.” Costs include 
mining, milling, smelting, refining, transportation, byproduct credit, capital recovery, and 
15% DCFROR. Unit Costs are provided by World Bank (1994) for 1988-1991 for the following 
countries and regions: Thailand, Brazil, Mexico, Canada, Australia, Peru, Spain, and “World.” 
Costs are expressed in USD per pound at market exchange rates. 

 

Mineral commodity price data for the calculation of unit rents are obtained from the World Bank Global 

Economic Monitor (GEM) Commodities database (“The Pink Sheet”).13  Details and exceptions are 

recorded in Table 17 below. 

Table 17: Data sources and definitions of unit prices for minerals 

Minerals Source and definition of unit prices 

Bauxite A single, world unit price is used to value country specific production of bauxite. Data are 

obtained from the USGS Mineral Commodity Summaries.14 The USGS reports the average 

value of U.S. imports of bauxite (f.a.s.) in dollars per ton, which is taken as the world average 
proxy price. 

Copper The reference price from the World Bank GEM Commodities database is used. The reference 
price is the settlement price for copper (LME), grade A, minimum 99.9935% purity, cathodes 

                                                      
13 World Bank, Commodity Price Data, http://data.worldbank.org/data-catalog/commodity-price-data. 
14  http://minerals.usgs.gov/minerals/pubs/mcs/ 

http://minerals.usgs.gov/minerals/pubs/mcs/
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and wire bar shapes. Data are from Platts Metals Week, the Engineering and Mining Journal, 
Thomson Reuters Datastream, and the World Bank.  

Gold The reference price from the World Bank GEM Commodities database is used. The reference 
price is the average of daily rates for gold (UK), 99.5% fine, London afternoon fixing. Data are 
from Metals Week; Platts Metals Week; International Monetary Fund, International Financial 
Statistics; Shearson Lehman Brothers, Metal Market Weekly Review; Kitco.com; London 
Bullion Market; Thomson Reuters Datastream; and the World Bank. 

Iron ore The reference price from the World Bank GEM Commodities database is used. The reference 
price is the spot price for iron ore in US dollar/dry ton and contract in US cents/dmtu. For 
years 2008 (December) to present, spot, (any origin) fines, 62% Fe, c.f.r. China; during 2006 
to 2008 (November) spot, 63.5%Fe. Earlier data refer to annual contract prices (Brazil for 
Europe,) VALE Carajas mines sinter feed, f.o.b. Ponta da Madeira during years 1987-2009; 
Itabira mines f.o.b. Tubarão for years 1960-86.  Unit dmtu denotes dry metric ton unit, i.e. 
1% Fe-unit. Data are from VALE; CVRD; UNCTAD; and the World Bank. 

Lead The reference price from the World Bank GEM Commodities database is used. The reference 
price is the settlement price for lead (LME), refined, 99.97% purity. Data are from Platts 
Metals Week, Engineering and Mining Journal; Thomson Reuters Datastream; and the World 
Bank. 

Nickel The reference price from the World Bank GEM Commodities database is used. The reference 
price is the settlement price for nickel (LME), cathodes, minimum 99.8% purity. Prior to 2005, 
the cash price was used. Data are from Platts Metals Week, Thomson Reuters Datastream; 
and the World Bank. 

Phosphate rock The reference price from the World Bank GEM Commodities database is used. The reference 
price is the contract price for phosphate rock (Morocco), 70% BPL, contract, f.a.s. 
Casablanca. Data are from Fertilizer Week; Fertilizer International; and the World Bank. 

Silver The reference price from the World Bank GEM Commodities database is used. The reference 
price is the London afternoon fixing price for silver (UK), 99.9% refined. For 1970 - 1976, the 
Handy & Harman price was used. Data are from Platts Metals Week; Metals Week; Metals 
Statistics; American Metal Market, Australian Mineral Economics Pty. Ltd.,The Silver 
Institute, Silver World Supply & Demand,  London Bullion Market; Thomson Reuters 
Datastream; and the World Bank. 

Tin The reference price from the World Bank GEM Commodities database is used. The reference 
price is the settlement price for tin (LME), refined, 99.85% purity. Data are from Platts Metals 
Week, Engineering and Mining Journal; Thomson Reuters Datastream; and the World Bank. 

Zinc The reference price from the World Bank GEM Commodities database is used. Beginning in 
1990, the reference price is the settlement price for zinc (LME), high grade, minimum 99.95% 
purity. Previously, cash prices for special high grade zinc, minimum 99.995%, were used. Data 
are from Platts Metals Week, Engineering and Mining Journal; Thomson Reuters Datastream; 
and the World Bank. 

 

Due to the assumption of constant production costs, adjusting for inflation, the application of regional 

or world averages in cases where individual country data are missing, and fluctuations in the markets, 

there are some cases in calculating unit rents, 𝜋𝑖, where unit costs exceed prices.  In these cases, the 

unit rental rate (the ratio of price to cost) is assumed to be zero.   Negative unit rentals are not allowed. 
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3. Mineral reserves and time to depletion 

 

Years to exhaustion of the resource, T, are calculated given rates of current production and proven 

reserves.  Data on reserves for all metals and minerals are from the USGS Minerals Yearbooks and 

Mineral Commodity Summaries, various years.  USGS calculates reserves as that part of the reserve base 

which could be economically extracted or produced at the time of determination.  The reserve base is 

defined as the in-place demonstrated (measured plus indicated) resource from which reserves are 

estimated.  Reserves (and mine production) data for selected countries (the largest producers) were 

available from 1994 onwards.  Data for 1970 to 1993 are deduced from averages over the years for 

which data are available. For resources in countries for which production data are available but 

information on reserves is absent, regional or world averages for T are used. 
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VI.  Net Forest Depletion 
 

The renewable character of forest resources makes them fundamentally different from non-renewable 

resources.  Because forests can regrow, the extraction of wood is not necessarily a disinvestment in the 

future and need not be counted against ANS.  What is a disinvestment is unsustainable extraction of 

wood beyond natural rates of forest growth and resource replacement.  The correction to saving rates 

was thus not simply the value of depletion of wood extraction, but rather the value of that portion of 

wood extraction which exceeded natural increment in the country for a particular year.  In a country 

where increment exceeded wood extraction, no adjustment to ANS is made. 

Net forest depletion should not be confused with the monetary value of deforestation.  The production 

of timber, including roundwood and fuelwood, is different from deforestation, which represents a 

permanent change in land use.   

The measure of net forest depletion for the purposes of ANS is limited to timber values.  Other valuable 

goods and services are not counted, including the supply of non-timber forest products such as 

medicinal plants and vital ecological services such as the prevention of soil erosion and silting in 

waterways, the harboring of biological diversity, and the provision of recreational opportunities    

Net forest depletion is calculated as:  

𝐷 = (𝑄 − 𝑁) ∙ 𝜋 

where D is depletion; Q is the volume of roundwood harvested, measured in cubic meters; N is the 

annual volume of natural growth in production-oriented forest; (Q – N) represents overharvest, or the 

volume of roundwood harvest beyond sustainable levels; and 𝜋 is the unit rent per cubic meter.  Data 

sources and methods for the calculation of each of these components are discussed below. 

A. Timber production 
 

Data on annual roundwood production are obtained from the FAOSTAT database maintained by the 

Food and Agricultural Organization of the UN (FAO) (Table 18).  As defined by FAO, roundwood 

production “comprises all wood obtained from removals, i.e., the quantities removed from forests and 

trees outside the forest, including wood recovered from natural, felling, and logging losses…” (FAO 

2014: xx).15  Total roundwood production, Q, is equal to the sum of the production of industrial 

roundwood, qindustry, and woodfuel, qfuel:  

𝑄 = 𝑞industry + 𝑞fuel 

Industrial roundwood is “wood in the rough” and comprises “all roundwood used for any purpose other 

than energy,” including pulpwood, sawn logs, veneer logs, and other types of roundwood such as fence 

                                                      
15 FAO, FAO Yearbook of Forest Products 2012, http://www.fao.org/forestry/statistics/80570/en/. 
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posts and telephone poles.16  Industrial roundwood includes both coniferous and nonconiferous stocks 

of roundwood.  Woodfuel is “all roundwood that is used as fuel for purposes such as cooking, heating, 

or power production, and it includes wood that is used to make charcoal.”17  Roundwood production is 

measured in terms of volume (cubic meters). 

Table 18: Data sources for timber production 

Element Data sources and notes 

Roundwood 

production 

• Data from UN Food and Agricultural Organization (FAO), FAOSTAT database (link) 

• Roundwood production is the sum of coniferous industrial roundwood (FAO item code 
1866), nonconiferous industrial roundwood (item 1867), and woodfuel (item 1864) 

 

For a number of countries missing data from FAO, timber production is assumed to be zero for all years.  

These countries include small island economies, city states, and others for which commercial timber 

production is deemed to be negligible: 

Table 19: Economies with missing data that are assumed to have zero timber production for all years 
(1970-2014) 

Country/Economy 

Antigua and Barbuda 

Bermuda 

Cabo Verde 

Greenland 

Grenada 

Hong Kong SAR, China 

Isle of Man 

Monaco 

St. Kitts and Nevis 

Macao SAR, China 

Marshall Islands 

Palau 

Puerto Rico 

San Marino 

Syrian Arab Republic 

Tuvalu 

West Bank and Gaza 

 

                                                      
16 FAO, “2012 Global Forest Products Facts and Figures,” December 2013, 
http://www.fao.org/forestry/statistics/80938/en/. 
17 FAO, “2012 Global Forest Products Facts and Figures,” December 2013, 
http://www.fao.org/forestry/statistics/80938/en/. 

http://faostat3.fao.org/home/E
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For other countries, the FAO may have data on production for some years, but not others.  In this case, 

if there is zero production value for the earliest year of data for that country, then production is 

assumed to also be zero in all earlier years for which data are missing.  Countries and years for which 

zero production values are gap-filled in this way include: 

Table 20: Additional economies for which zero timber production is assumed for some years 

Country Years filled 
with zero 
values 

Andorra 1995-2008 

Faeroe Islands 1995-2008 

Iceland 1995-1997 

Malta 1995-1997 

Tajikistan 1995-1997 

 

Coverage for Europe and Central Asian countries prior to 2000 in the FAO database is spotty.  There are 

a number of countries that are only missing data on timber production for 1995-1997.  In addition to 

those countries with missing timber production values already listed in Table 19 and Table 20 above, 

European and Central Asian countries with missing data for 1995-1997 include Armenia, Azerbaijan, 

Georgia, Kyrgyz Republic, Turkmenistan, and Uzbekistan.  For these countries, missing timber production 

data for 1995-1997 are gap-filled by assuming values for 1998.  Values in 1998 for overharvest and unit 

rents are also assumed for 1995-1997. 

Finally, for years prior to 2000, the FAO reported data on timber production in Belgium and Luxembourg 

together as for “Belgium-Luxembourg.”  Production and trade values for Belgium and Luxembourg in the 

years prior to 2000 are allocated to the two countries according to their respective shares in total timber 

production for Belgium and Luxembourg in 2000. 

B. Timber prices and unit rents 
 

Unit resource rents, π, are calculated as the average export unit value for roundwood, E, weighted by 

production volume, multiplied by a rental adjustment factor, a: 

𝜋 = 𝐸 ∙ 𝑎 

The export unit value is the total value of exports divided by total volume of exports, and is calculated 

using data from FAOSTAT (Table 21).  Estimates of E are constructed using regional averages, which 

helps correct for the observed volatility in prices at the country level. In calculating E, outliers are 

excluded such that if E for country i exceeds the sum of the third quartile plus 1.5 times the interquartile 

range (i.e., third quartile minus first quartile), it is replaced with the world median value.18  

                                                      
18 This method to exclude and replace outliers is consistent with the method for calculating crop export unit values 
in the World Bank’s Changing Wealth of Nations (2011). 
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Table 21: Data sources for estimating timber prices and unit rents 

Element Data sources and notes 

Roundwood 
export volume 

• Data from UN Food and Agricultural Organization (FAO), FAOSTAT database (link) 
 

Roundwood 
export value 

• Data from UN Food and Agricultural Organization (FAO), FAOSTAT database (link) 

Rental 
adjustment factor 

• Estimates by Applied Geosolutions (2016) 

 

The rental adjustment factor, a, is equal to the ratio of unit rents to the export unit value.  The 

adjustment factor takes into account the average difference between domestic stumpage prices for 

timber and export log values for countries in that region, given production costs (Applied Geosolutions 

2016).  Adjustment ratios are estimated using data on domestic timber prices for the countries and 

regions indicated in Table 22 below.  Production costs are taken as the sum of harvesting, skidding and 

loading, and transportation costs.  Because data on timber production costs in countries around the 

world are not readily available, costs are estimated indirectly by calculating costs for typical harvesting 

operations in the United States and then adjusting for differences in labor costs and the overall 

productivity in the economy that are thought to influence domestic production costs.  Also, because 

data on log prices are not available for any countries in the Middle East and North Africa region, the 

rental adjustment factor for this regional is estimated as the simple average of the adjustment factors 

for all other regions.  The rental adjustment factor is assumed to be constant over time.  Country-

specific rental adjustment factors are applied where available.  For all other countries, regional averages 

are assumed.  Average export unit values, rental adjustment ratios, and unit rents for timber by region 

are presented in Table 22.  Average values shown in the table are weighted by production. 

Table 22: Average export unit values and unit rents for timber by region in 2014 

Region/country name 

A = Export 
unit value 
(US$/m3) 

B = Unit 
rent 
(US$/m3) 

Rental 
adjustment 
factor (B/A) 

Sub-Saharan Africa 161 66 0.41 

Ghana 154 63 0.41 

Other 162 66 0.41 

East Asia and Pacific 242 55 0.23 

Australia 204 56 0.27 

China 251 42 0.17 

Indonesia 288 40 0.14 

Malaysia 352 406 1.15 

New Zealand 80 31 0.39 

Other 216 56 0.26 

Eastern Europe and Central Asia 95 24 0.26 

Russian Federation 99 25 0.26 

Other 90 24 0.26 

http://faostat3.fao.org/home/E
http://faostat3.fao.org/home/E
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Western Europe 112 19 0.17 

Finland 107 16 0.15 

Germany 112 21 0.19 

Other 113 19 0.17 

Latin America and Caribbean 215 50 0.23 

Argentina 183 35 0.19 

Brazil 230 54 0.23 

Chile 161 28 0.18 

Costa Rica 236 162 0.68 

Guyana 257 248 0.96 

Other 213 51 0.24 

Middle East and North Africa 230 51 0.22 

North America 137 16 0.12 

Canada 136 9 0.06 

United States 137 19 0.14 

South Asia 146 15 0.10 

India 149 15 0.10 

Other 133 13 0.10 
Note: Countries listed in table are those for which rental adjustment factors are calculated from the ratio of domestic stumpage 

prices to export unit values by Applied Geosolutions (2016). The rental adjustment factor for the Middle East and North Africa is 

a simple average of all other regions’ factors. Source: Rental adjustment factors estimated by Applied Geosolutions (2016); 

export unit values estimated using data from FAO, FAOSTAT database 

A. Harvest in excess of natural growth 

 

Table 23 below lists the data sources for estimating the excess of roundwood harvest (Q) over natural 

growth (N). 

Table 23: Data sources for estimating the lifetime of timber resources 

Element Data sources and notes 

Total forest area • FAO, Global Forest Resources Assessment (link) 

Production 
forest area 

• FAO, Global Forest Resources Assessment (link) 

Multiple use 
forest area 

• FAO, Global Forest Resources Assessment (link) 

Net annual 
increment 

• FAO, Global Forest Resources Assessment (link) 

• Estimates by World Bank forestry experts 

Growing stock of 
timber 

• FAO, Global Forest Resources Assessment (link) 

 

http://www.fao.org/forest-resources-assessment/explore-data/en/
http://www.fao.org/forest-resources-assessment/explore-data/en/
http://www.fao.org/forest-resources-assessment/explore-data/en/
http://www.fao.org/forest-resources-assessment/explore-data/en/
http://www.fao.org/forest-resources-assessment/explore-data/en/
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Natural growth N is calculated using data from the FAO’s Global Forest Resources Assessment (FRA) for 

201519 and is given by 𝑁 = 𝐴 ∙ 𝐼, where A is the area of productive forest and I is the average net annual 

increment.  Productive forest area is defined in the FRA as “forest area designated primarily for 

production of wood, fibre, bio-energy and/or non-wood forest products” (FAO 2012: 11).  To this is 

added the area of forest for “multiple use,” which the FRA defines as “forest area designated primarily 

for more than one purpose and where none of these alone is considered as the predominant designated 

function” (FAO 2012: 11).  The FRA 2015 provides data on productive forest area for 1990, 2000, 2005, 

2010, and 2015.  Productive area is interpolated linearly for in-between years.  Estimates of productive 

area prior to 1990 are obtained by multiplying total forest area by a factor of 0.8, as recommended by 

World Bank forestry expert David Cassells, to allow for the fact that roughly a fifth of any given country’s 

forest area is not accessible for extraction (due to steep slopes, rivers, lack of nearby infrastructure, 

etc.).  Total forest area includes the area of all “[l]and spanning more than 0.5 hectares with trees higher 

than 5 meters and a canopy cover of more than 10 percent, or trees able to reach these thresholds in 

situ” and excludes “land that is predominantly under agricultural or urban land use” (FAO 2012: 3).20  

Data on net annual increment I are also obtained from the FAO’s FRA 2015.  Net annual increment is 

defined in the FRA as "average annual volume of gross increment over the given reference period less 

that of natural losses on all trees, measured to minimum diameters as defined for 'growing stock'" (FAO 

2012: 9).  Where estimates of net annual increment are not available from the FRA, previous estimates 

of annual increment by World Bank forestry experts are used instead.21  As with the data on total forest 

                                                      
19 Data from the FRA 2015 may be obtained from FAO, “Global Forest Resources Assessment”, 
http://www.fao.org/forest-resources-assessment/en/. 
20 Note that estimates for forest area prior to 1990 should be treated with caution.  For a considerable number of 
countries, old FAO estimates for forest area in 1970 and 1980 (which are pulled in from previous years’ ANS data) 
are much lower or much higher than the FAO’s FRA estimates for years after 1990.  These old data for 1970, 1980, 
and 1990 were obtained from previous work done in the World Bank. This work obtained the area figures for most 
tropical countries from K. D. Singh of the United Nations Food & Agriculture Organization, for most temperate 
countries from FAO (1994), and for Former Soviet Union countries from Sten Nilsson of the International Institute 
for Applied Systems Analysis in Vienna.  Some additional data were collected from WRI (1995).  The lack of 
comparability between the old forest area data and the FRA estimates is demonstrated, for example, by the figures 
for South Africa, where total forest area for 1980 is shown as 4.15 million hectares (ha) in the old data and is 
shown as 9.24 million ha in the FRA numbers.  It is also 9.24 million ha in the FRA for all years after 1990, so it 
seems unlikely that forest area doubled in ten years between 1980 and 1990.  Because of the dramatic increase 
between 1980 and 1990, the interpolated estimates for forest area prior to 1980 plummet to zero.  This raises the 
question of where the methodology for estimating total forest area was the same for years prior to 1990 as it was 
for the FRA.  To correct for this, in cases where countries’ total forest area is less than zero in 1970 or where total 
forest area in 1980 is less than 50% or more than 200% what it is in 1990, the old FAO data for 1970 and 1980 is 
disregarded, and values for total forest area are interpolated by applying a linear trend using the data for all years 
after 1990.  This correction applied to the following countries: Alteria, Angola, Aruba, The Bahamas, Cape Verde, 
Comoros, Drijbouti, El Salvador, Eritrea, Faeroe Islands, The Gambia, Greenland, Grenada, Guam, Haiti, Kazakhstan, 
Kenya, Kiribati, Lesotho, Libya, Malta, Marshall Islands, Fed. Sts. Micronesia. Mozambique, Northern Mariana 
Islands, Oman, Seychelles, Singapore, South Africa, St. Lucia, Swaziland, Togo, Turkey, United Arab Emirates, 
Vanautu, Virgin Islands (U.S.), Rep. Yemen, and Zimbabwe. 
21 Previous estimates by the World Bank are for commercial annual increment, which is the "average standing 
volume of commercial-quality wood mass grown per hectare per year." The FAO measure of net annual increment 
does not make a distinction for commercial-quality growth. 
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area and area of production forest, the FRA data on net annual increment are in five-year intervals.  

Estimates for in-between years are interpolated linearly.  For countries where FRA estimates of net 

annual increment are available, data for earlier years (before 1990) are extrapolated by assuming the 

country value for average annual increment in 1990.  Net annual increment for any additional countries 

not covered in the FRA or the World Bank estimates is assumed to be equal to the regional average for 

countries with data. 

The growing stock of timber in forests designated for marketable production is estimated by assuming 

that the growing stock of timber per hectare of production-designated forests is equal to the average 

growing stock per hectare of total forest area.  Data on the growing stock of timber are obtained from 

the FAO’s FRA 2015.  To estimate the growing stock of timber in production-designated forests for years 

prior to 1990, the average stock per hectare of forest in 1990 is assumed.  If Q > N, then current rates of 

timber extraction are unsustainable, and Q – N gives the volume of timber harvest unsustainably. 
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VII. Damages from Carbon Dioxide (CO2) Emissions  
 

In theory, damages from pollution should enter into national accounts in a number of ways.  Damages 

caused to buildings from acid rain, for example, would be reflected in the depreciation of fixed assets.  

Crop failures due to increasingly severe and frequent droughts linked to climate change would be 

captured in losses to the agricultural sector.  Reduced productivity of factory workers suffering from 

respiratory illnesses associated with local air pollution would lead to lower output in the industrial 

sector.  In reality, the collection of national statistics is rarely detailed enough to fully account for some 

damages such as the deterioration of building materials; other damages, such as pain and suffering from 

pollution-related illnesses, which are not explicitly priced in markets, are not captured at all (Hamilton 

and Clemens 1999; World Bank 2006).   

Toward a more explicit accounting of pollution, ANS contemplates the effects of both global and local 

pollution.  This section deals with the accounting of global pollution, including damages from emissions 

of carbon dioxide (CO2) that contribute to global warming and climate change.  The following section 

(Section VIII) discusses the accounting of local air pollution and other environmental health risks, such as 

unsafe water and sanitation.  

The accounting of damages from GHG emissions in ANS follows the polluter pays principle.  Under this 

principle, global damages from GHG emissions are charged to the emitting countries.  The polluter pays 

principle is a cornerstone of international environmental law and flows from the assumption that 

countries suffering from the effects of climate change have a property right to a clean and healthy 

environment (Hamilton and Clemens 1999).  Each country’s emissions are thus treated as a notional 

deduction from savings.22  

A. CO2 emissions from fossil fuel use and industrial processes 

Damages are calculated for CO2 emissions from fossil fuel use and industrial processes.  As shown in 

Table 24, data are obtained from several different sources.  These include the Carbon Dioxide 

Information Analysis Center of the Oak Ridge National Laboratory, United States (CDIAC); 23 the 

European Commission Joint Research Centre and PBL Netherlands Environmental Assessment Agency 

(EC JRC-PBL); the International Energy Agency (IEA) of the Organization for Economic Cooperation and 

Development (OECD); and the Energy Information Administration, United States (US EIA).  Statistical 

definitions of CO2 emissions for each of these data sources are provided in table [  ].  The IEA database 

requires a subscription; the others are freely accessible.  Among the data sources, the CDIAC and EC JRC-

PBL emissions data are given priority.  Unlike the CDIAC and EC JRC-PBL data, the IEA and US EIA data do 

not include emissions from non-energy/feedstock uses of fossil fuels or from industrial chemical 

                                                      
22 The allocation of GHG damages in ANS raises some important questions of equity, which are dealt with more 
explicitly in World Bank (2011). 
23 The CDIAC data are reported in the World Bank’s World Development Indicators (WDI) database.  Emissions 
reported in the WDI database and for ANS may vary from what countries report in their communications to the UN 
Framework Convention on Climate Change. 
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processes such as calcination, where CO2 is released as calcium carbonate is transformed into lime 

during the process of manufacturing clinker for cement.  The IEA and US EIA data are therefore used 

only if data from the other sources are entirely missing. 

Table 24: Data sources for CO2 emissions 

Variable Data sources 

Annual CO2 emissions • World Bank, “CO2 emissions (kt)” (EN.ATM.CO2E.KT), WDI database (link) using 
data from the Carbon Dioxide Information Analysis Center (CDIAC) of the Oak Ridge 
National Laboratory, United States Department of Energy. 

• European Commission Joint Research Centre and PBL Netherlands Environmental 
Assessment Agency (EC JRC-PBL), “CO2 time series 1990-2015 per region/country,” 
Emissions Database for Global Atmospheric Research (EDGAR) version 4.3.2 (link).  

• International Energy Agency (IEA), "IPCC Fuel Combustion Emissions (2006 
Guidelines)", IEA CO2 Emissions from Fuel Combustion Statistics database (link). 

• United States Energy Information Administration (US EIA), International Energy 
Statistics database (link). 

 

Data source Scope of CO2 emissions included 

CDIAC Emissions include CO2 from the burning of fossil fuels and the manufacture of cement.  
Estimates of emissions from fossil fuel combustion are derived from energy use data from the 
UN Statistics Division.  Data on CO2 emitted during the manufacture of cement are derived from 
data by the US Department of Interior’s Geological Survey (USGS) (CDIAC, “Global Regional, and 
National Fossil-Fuel CO2 Emissions,” link). 
  

EC JRC-PBL Emissions of CO2 reported in the EDGAR v4.3.2 database include the following categories. 
Numbers in square brackets represent the source category codes from the Revised 1996 IPCC 
Guidelines for National Greenhouse Gas Inventories: (1) fuel combustion [1A + international 
marine and aviation bunkers]; (2) fugitive emissions from fuels [1B]; (3) cement production and 
other carbonate uses [2A]; (4) non-energy/feedstock uses of fuels [2B + 2C + 2D + 2G + 3 + 4D4]; 
and (5) other sources, including waste incineration, underground coal fires, and gas fires [6C + 
7A] (see Olivier et al 2016). 
 

IEA Emissions of CO2 from fossil fuel combustion are calculated using the IEA’s energy use data and 
the default methods and emissions factors from the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories (2006 GLs).  Emissions include “CO2 emissions from fuel combustion 
in IPCC Source/Sink Category 1 A Fuel Combustion Activities and those which may be excluded 
from the Sectoral Approach and reallocated to IPCC Source/Sink Category 2 Industrial Processes 
and Product Use (IPPU)” (IEA 2016b: 27). 
 

US EIA Emissions of CO2 are from the consumption of energy, including petroleum, natural gas, and 
coal, and also from natural gas flaring. Emissions estimates are derived from the US EIA energy 
use statistics and emissions coefficients (US EIA, “International Energy Statistics -- Table Notes,” 
link). 
 

 

Because the emissions data reported by some of the sources are lagged behind the WDI database, 

emissions for the latest years may be predicted based on observed trends in the emissions intensity of 

http://data.worldbank.org/indicator/EN.ATM.CO2E.KT
http://edgar.jrc.ec.europa.eu/overview.php?v=CO2ts1990-2015
http://www.iea.org/statistics/topics/co2emissions/
http://www.eia.gov/beta/international/data/browser/
http://cdiac.ornl.gov/trends/emis/overview_2013.html
http://www.eia.gov/beta/international/data/browser/views/partials/table_notes.html
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economic activity (tons of CO2 emitted per unit of GDP).  First, the annual rate of change in emissions 

intensity (I) is estimated for the five previous years of data:  

ln 𝐼𝑖,𝑡 = ln 𝐼𝑖,0 + 𝛽𝑡 + 휀𝑖,𝑡 

where ß is the percent change in I per year, and ε is the error term.  The above model is tested by 

predicting emissions intensity in latest year of reported emissions data and multiplying it by GDP, and 

results are compared.  For countries whose actual and predicted emissions are within the 90th percentile 

of prediction errors, the model is then applied to estimate emissions for the following two years.  For 

countries where the difference between actual and predicted emissions is greater, then the actual 

emissions intensity for the latest year of reported emissions data is assumed for the following years, and 

emissions are obtained by multiplying this value by GDP.  Finally, there are some countries for which 

GDP are not available for the latest two years, and thus emissions cannot be predicted on the basis of 

emissions intensity.  For these countries, emissions are assumed to follow a linear trend from the four 

previous years. 

Note that the Intergovernmental Panel on Climate Change (IPCC) estimates that CO2 emissions from 

fossil fuel and industrial processes represented only about 65 percent of total global emissions of 

greenhouse gases (GHGs) in 2010 (about 31.9 billion tons out of 49.0 billion tons CO2 equivalent, or 

CO2eq) (Edenhofer et al 2014).  The agricultural sector is the largest contributor of non-CO2 emissions, 

accounting for about 10-12 percent of anthropogenic GHG emissions (or about 5.2-5.8 billion tons 

CO2eq).  Much of the remaining GHG emissions are in the form of CO2 emitted from forestry and other 

land use (FOLU)—about 11 percent of the total, or 5.4 billion tons CO2eq.  While CO2 emissions from 

fossil fuels account for about 82 percent of total GHG emissions for the Annex I Parties to the Kyoto 

Protocol, the share is lower for many non-Annex I developing countries (IEA 2016).  

B. Social cost of carbon 
 

Damages from GHG pollution are then calculated by multiplying emissions by a cost per ton of CO2 

equivalent (tCO2e).  Current World Bank guidance recommends a social cost of carbon of US$ 30 per ton 

CO2eq emitted in 2015 (year 2014 prices) for the economic analysis of benefits from projects that 

reduce GHG emissions (World Bank 2014).  This value is within the range of previous estimates of the 

social cost of carbon (SCC) and of the costs of GHG abatement needed to limit warming to globally 

agreed upon target of 2°C above pre-industrial temperatures.  The SCC is the present value of the 

expected future damages to the world economy caused by an additional ton of carbon emitted into the 

atmosphere.  A review by the Intergovernmental Panel on Climate Change of SCC estimates found that 

most estimates were within the range of US$ 0 to US$ 60 per ton CO2eq (Edenhofer et al 2014), 

although the lower and upper bounds of this range depend upon the assumed discount rate, and 

additional uncertainties exist that are not captured in the models of the global climate and economy, 

such as future adaptive capacity or the risk of catastrophic outcomes, which may influence the true cost.  

The midrange SCC recommended by the World Bank is roughly in line with the value estimated by the 

interagency working group in the United States tasked with establishing an SCC for federal rulemaking 

(IAG 2010, 2015).  Separately, analyses of marginal abatement costs, or the price of carbon needed to 
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put the world on a pathway to achieve the 2°C target, have placed the cost per ton CO2eq in the range of 

US$ 15 to US$ 200 (Edenhofer et al 2014). Many midrange estimates of marginal abatement costs are in 

the range of US$ 30 to US$ 70 per ton CO2eq (World Bank 2014), including the value recommended by 

the World Bank.  

The SCC and marginal abatement costs vary with atmospheric concentrations of GHG and time.  As 

concentrations rise, natural, social, and economic systems are subject to greater pressure, so the SCC 

rises.  Similarly, delayed action to reduce GHG emissions increases the marginal costs of investments 

needed to achieve agreed-upon targets.  The cost per ton CO2eq recommended by the World Bank is 

assumed to increase geometrically at an average rate of 2.7 percent to 3.6 percent per year in real terms 

between 2015 and 2040, from US$ 30 to US$ 65, and at a slightly lower rate thereafter.  For the 

purposes of ANS, historic rates of increase in the SCC are assumed to be on the order of 3.0 percent per 

year.  At this rate, the cost per ton CO2eq emitted in 1990 is about US$ 14 (year 2014 prices).  The cost in 

real 2014 US dollars is then deflated to current US dollars at market rates using the US GDP deflator.  

The same cost of carbon is assumed for all countries. 
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VIII. Local air pollution damages 
 

Valuing damages to public health from local air pollution is the second adjustment made to ANS to 

account for the detrimental effects of pollution.  Monetary losses associated with premature mortality 

due to air pollution exposure are valued under a forgone labor output approach.  The approach is like 

that described in Narain and Sall (2016) and implemented in World Bank-IHME (2016).  Under this 

accounting approach, the financial cost of air pollution is equated with to the labor income that people 

would have earned over their remaining working life, discounted to the present year, had they not died 

prematurely from an illness caused by exposure to air pollution.  Losses are estimated per five-year age 

group for premature mortality suffered among individuals up to the age of 79.  The financial cost of each 

premature death suffered by an individual in each age group is calculated as:  

𝑃𝑉(𝐼) =  ∑ 𝐼(1 + 𝑔)𝑖/

𝑇

𝑖=0

(1 + 𝑟)𝑖 

where I is average per capita labor income in the present year; T is the expected number of working 

years for the average person in a particular age group (conditional on survival probabilities and labor 

force participation rates); g is the annual rate of income growth, assumed to be 2.5 percent for all 

countries and years; and r is the discount rate, assumed to be 4 percent for all countries and years.  

Total damages per age group are then given by multiplying PV(I) by the number of early deaths 

attributed to air pollution among people in that age group. 

Data and methods for the components of the calculation of forgone labor output are described below.  

These include: (a) premature deaths; (b) average labor income; and (c) working life expectancy. 

A. Premature deaths attributed to air pollution exposure 

 

Estimates of the number of premature deaths per age group due to exposure to air pollution are drawn 

from the Global Burden of Disease Study 2015 (GBD 2015), an international scientific effort led by the 

Institute for Health Metrics and Evaluation at the University of Washington, Seattle (IHME) (Table 25).  

The disease burden attributable to air pollution includes illnesses caused by exposure to ambient 

concentrations of very fine particulate matter (PM2.5), ambient ozone, and indoor concentrations of 

PM2.5 in households cooking with solid fuels (see Forouzanfar et al 2016).    

The disease burden attributable to air pollution is estimated by first measuring the severity of air 

pollution and the extent to which people are exposed to it.  Estimates of the severity of ambient air 

pollution combine data from satellite observations of aerosols in the atmosphere, atmospheric 

chemistry transport models, and ground-level monitoring of particles.  Average exposure to pollution is 

then calculated using gridded population data, covering both urban and rural areas (van Donkelaar et al 

2016; Forouzanfar et al 2016; Shaddick et al 2016). is then calculated using gridded population data.  

Pollution concentrations population and is aggregated at the national level. (see Brauer et al. 2016; 

Cohen et al. n.d.). Exposure to household air pollution is estimated from a combination of data on the 
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proportion of households using solid fuels, estimates of indoor pollution concentrations associated with 

fuel use, and the ratio of personal to area exposure (Forouzanfar et al 2016).  The GBD then evaluates 

how personal exposure to ambient and household air pollution raises people’s relative risk of 

contracting illnesses such as ischemic heart disease, stroke, chronic obstructive pulmonary disease, lung 

cancer, acute lower respiratory infections, and pneumonia. 

Table 25: Data sources for premature deaths due to air pollution exposure 

Variable Data sources 

Annual premature 
mortality attributed to 
air pollution 

• Institute for Health Metrics and Evaluation, University of Washington, Seattle 
(IHME), “GBD Results Tool” (link). 

 

Data on premature deaths are broken down by 5-year age group for ages 5-79.  For estimating losses 

among children under 5, data on health impacts are aggregated for infants under 1 and children ages 1-

4.  The GBD 2015 also provides data for health impacts among the 80-and-over population; however, 

these impacts are not counted in the valuation of forgone labor output for ANS because maximum 

working age is assumed to be 79, as discussed further below.24 

B. Labor income 
 

Average labor income per worker (I) is derived from the labor share of GDP for each country as: 

𝐼 = (𝐺𝐷𝑃 ∙ 𝑠)/𝑤 

where s is the labor share, 𝐺𝐷𝑃 ∙ 𝑠 is total labor income in the economy, and w is the total number of 

employed workers.  Estimates of the labor share (s) and number of workers (w) include employees as 

well as the self-employed.  Ideally, labor income would be differentiated by age groups, level of 

education, skills, experience, and other characteristics that affect their average earning potential. 

However, a lack of detailed wage data in many countries does not allow for this level of disaggregation 

as part of a global database. 

Data on s are drawn from sources indicated in Table 26, including the Penn World Table, The Conference 

Board, ILO, Lenzen et al (2013), OECD, and UN.  Estimates of s drawn from the Penn World Table, The 

Conference Board, and ILO are comprised of employee compensation as well as an adjustment for the 

labor income of the self-employed.25  The national accounts data from the OECD and UN are limited to 

employee compensation, as are the estimates of the labor share derived from the Eora Multi-Regional 

Input-Output table by Lenzen et al (2013).  Thus, the data on s from the Penn World Table, The 

Conference Board, and ILO are given priority and applied wherever possible.  For consistency, only one 

                                                      
24 Deaths among the 80-and-over population, which are not valued for the purposes of ANS, accounted for about 
26 percent of total premature mortality due to air pollution in 2015 (Forouzanfar et al 2016). 
25 The labor share (s) is calculated as a fraction of GDP at market prices (GDP). The Penn World Table and Lenzen et 
al (2013) provide data on the labor share as a fraction of valued added at basic prices (GVA).  For these two data 
sources, the labor share as a fraction of GDP at market prices is obtained by multiplying s by GVA / GDP. 

http://ghdx.healthdata.org/gbd-results-tool
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data source may be used per country.  If data from these three sources are entirely lacking, then the 

OECD, UN, and Lenzen et al (2013) data may be used, with an additional adjustment for labor earnings 

among the self-employed.  This adjustment is made using the Penn World Table estimates of employee 

compensation and labor earnings by the self-employed.  From the Penn World Table data, the average 

share of labor earnings by the self-employed as a fraction of GDP is calculated by year for each income 

group g.  This average fraction (𝑠𝑠𝑒𝑙𝑓,𝑔) is then added to employee compensation as a fraction of GDP 

(𝑠𝑒𝑚𝑝,𝑐) using the data on employee compensation and GDP from OECD, UN, and Lenzen et al (2013) for 

each country c in income group g to obtain an approximation of the total labor share for that country, 

such that 𝑠𝑡𝑜𝑡,𝑐 = 𝑠𝑒𝑚𝑝,𝑐 + 𝑠𝑠𝑒𝑙𝑓,𝑔.  Finally, for any countries still missing data on s, the income group 

average of the total labor share (𝑠𝑡𝑜𝑡,𝑔) is assumed.    

Estimates of the total employed workforce (w) are by the ILO, as shown in Table 26.  Per ILO’s statistics, 

“The employed comprise all persons of working age who, during a specified brief period, were in one of 

the following categories: a) paid employment (whether at work or with a job but not at work); or b) self-

employment (whether at work or with an enterprise but not at work).”26  

Due to year-on-year volatility in GDP and wages, average labor income per worker is taken as a lagged 5-

year moving average. 

Table 26: Data sources for labor income per worker 

Variable Data sources 

Labor share of GDP • Feenstra, Inklaar, and Timmer (2015), Penn World Table 9.0 (link). 

• ILO (2014) 

• The Conference Board. 2016. The Conference Board Total Economy Database™ 
(Original version), November 2016 (link). 

Employee 
compensation 

• OECD, OECDStat database, National Accounts, Annual National Accounts, Main 
Aggregates, “D1 – Compensation of employees” (link). 

• UN Statistics Division, National Accounts Official Country Data, Table 4.1 Total 
Economy (S.1), II.1.1 Generation of income account – Uses Compensation of 
Employees (link). 

GDP at market prices • OECD, OECDStat database, National Accounts, Annual National Accounts, Main 
Aggregates, “B1_GI - Gross domestic product (income approach)” (link). 

• UN Statistics Division, National Accounts Official Country Data, Table 4.1 Total 
Economy (S.1), II.1.1 Generation of income account – Resources GROSS DOMESTIC 
PRODUCT (link). 

• UN Statistics Division, National Accounts Main Aggregates Database, Basic Data 
Selection, “GDP, at current prices – National currency” (link). 

Value added at basic 
prices 

• UN Statistics Division, National Accounts Main Aggregates Database, Basic Data 
Selection, “Value Added by Economic Activity, at current prices – National currency” 
(link). 

Employed workers • ILO, ILOSTAT database, Employment by sex and age (EMP_2EMP_SEX_AGE_NB) under 
“Annual indicators” and “ILO estimates and projections” (link). Under “Classifications 
(optional)” drop-down, select “Youth and adults” (5-year age bands not available) 

                                                      
26 ILO, “Employment by sex and age – ILO modeled estimates” (EMP_2EMP_SEX_AGE_NB), ILOSTAT database, 
http://www.ilo.org/ilostat. See ILO (1993). 

http://www.rug.nl/ggdc/docs/pwt90.xlsx
https://goo.gl/nnl9iO
http://stats.oecd.org/Index.aspx
http://data.un.org/Explorer.aspx
http://stats.oecd.org/Index.aspx
http://data.un.org/Explorer.aspx
https://unstats.un.org/unsd/snaama/selbasicFast.asp
https://unstats.un.org/unsd/snaama/selbasicFast.asp
http://tinyurl.com/glt7pdc
http://www.ilo.org/ilostat


 
52 

January 30, 2018 

 

C. Working life expectancy 

 

Working life expectancy, T, is calculated by weighting life expectancy to maximum working age by the 

probability that an individual will survive and be active in the labor force. It is expressed as:  

𝑇𝑗 =  ∑ 𝑠𝑗,𝑡

79

𝑡=𝑗

∙ ℓ𝑡 

where 𝑠𝑗,𝑡 is the probability that a person of age j will survive to the end of age t, and ℓ is the 

labor force participation rate.27  ILO estimates of ℓ are available by five-year age group for ages 

15–64 and for the open-ended 65 and up age group.28  The probability of being economically 

active in any given year is assumed to be independent of whether an individual was active in 

previous years, so individuals may move in and out of the workforce freely.  Although the ILO 

estimates of workforce activity do not set a maximum working age for the 65 and up group, it is 

assumed that no person above the age of 79 works.  The average ℓ for the 65 and up group is 

applied to the 65–69, 70–74, and 75–79 groups.  As for the younger age groups, working life is 

assumed to begin at age 15, and so the present value of future lifetime earnings among 

children must be discounted further into the future. Of course, not everyone will enter the 

workforce upon turning 15, and not everyone will work until the age of 79. Adjusting T for ℓ is 

one way of capturing when people tend to enter and retire from the workforce in different 

countries. Because of the likelihood of gender bias in the labor force statistics from which ℓ is 

derived, the average ℓ for males is applied to both males and females in calculating T.  

Survival probabilities, s, are calculated from mean death rates, d, so that s = 1 – d.  The GBD 2015 

provides estimates of mean death rates by age group for ages <1 year, 1–4 years, 5–9 years, 10–14 

years, and so on up to the open-ended 80 and up age group.  See Table 27 for data sources. 

 

                                                      
27 This assumes that life expectancy increases monotonically with age, which is not the case for countries 
with high rates of infant mortality and where life expectancy at birth is lower than it is for children who 
survive to age 1. 
28 The ILO’s definition of the labor force encompasses anyone who is actively working or seeking work. 
This includes the unemployed as well as the employed. The self-employed, underemployed, and those 
working informally (such as family workers) are counted as employed. In practice, however, definitions 
of employment vary among countries, and countries with high levels of informality in the labor market 

may underreport the size of the economically active populationsee ILO (2015). 
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Table 27: Data sources for working life expectancy 

Variable Data sources 

Percent of population 
in labor force 

• ILO, ILOSTAT database, Labour force participation rate by sex and age 
(EAP_2WAP_SEX_AGE_RT) under “Annual indicators” and “ILO estimates and 
projections” (link). 

Life expectancy • IHME, Global Burden of Disease Study, GBD Results Tool (link). 

Mean death rate • IHME, Global Burden of Disease Study, GBD Results Tool (link). 

Population by age 
group 

• UNDESA, Population Division, World Population Prospects 2015, obtained from World 

Bank, Key Nutrition and Population Statistics (link). 

 

  

http://tinyurl.com/glt7pdc
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://databank.worldbank.org/data/Male-and-female-population-by-age-group/id/4a7ff9ca
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