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The framework  
Towards a more comprehensive picture 
of growth performance

Which countries are becoming more efficient in transforming production inputs into output?  
What is the role of their natural capital and their efforts to reduce pollution?  
The OECD’s new indicator of environmentally adjusted multifactor productivity growth  
incorporates environmental services into productivity measurement. 
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Interpretation and limitations of 
multifactor productivity
• MFP indicators provide an aggregated picture of 

the economy. As any other macro-economic measure, 
country-level MFP aggregates across potentially 
important differences at the sectorial or micro-economic 
levels. 

• MFP indicators are retrospective, based on historic 
data measuring the past performance of economies. Any 
inference about future growth prospects should be made 
keeping in mind that the economic context of countries 
may change in the future. 

2 . GreeninG productivity measurement

To better understand the drivers of economic 
growth, economists rely on measuring multifactor 
productivity. This indicator has been used by 
governments and research institutions for more than 
50 years. Multifactor productivity (MFP) measures 
the residual output growth that cannot be explained 
by changes in inputs such as labour and capital.  
By comparing changes in the contribution of labour 
and capital with changes in GDP, we can understand 
how technological improvements or efficiency gains 
help a country generate more income.  
Rising productivity is considered a key source 
of economic growth and higher material living 
standards. This is why internationally comparable 
indicators of productivity are central to the 
assessment of a country’s economic performance.

However, traditional multifactor productivity  
does not provide the full picture.  
Typically, MFP only accounts for labour and produced 
capital as inputs and GDP as an output, and fails 
to fully capture the use of natural resources and 

the efforts to reduce pollution emissions. While the 
revenue from extracting natural resources is reflected 
in the GDP, the use of natural resources as an input is 
not taken into account. On the other hand, while the 
costs of reducing pollution are reflected in increased 
labour and produced capital inputs, no account is 
made of these efforts on the output side. In fact, if 
productivity measurement is not adjusted:

 • productivity growth can be overestimated  
in countries where output growth relies on 
depletion of natural capital or on heavily 
polluting technologies;

 • productivity growth can be underestimated 
in countries that invest in more efficient use 
of (domestic) natural resources or in pollution 
abatement. 

Omitting pollution emissions and the use of natural 
resources when measuring economic growth can 
thus give a misleading idea of growth prospects and 
potentially lead to inappropriate policy decisions.

• MFP indicators are sensitive to the business cycle. 
MFP growth can plunge disproportionately in times of 
economic recession. Analysing the trend of MFP growth 
over longer time periods or expressing the MFP as a 
share of GDP helps to mitigate such effects. 

• MFP indicators measure the increase, not the 
level, of productivity. Growth accounting allows 
measuring only changes in productivity over time 
(“growth”) and it does not allow measuring productivity 
in levels. Consequently, when interpreting these 
indicators they should not be confused with the 
contribution to the level of GDP. 



This extended growth accounting framework allows 
two other related indicators to be put forward: 

 • The growth in contribution of natural capital: 
how much does current income growth depend 
on natural resource use? 

 • The growth adjustment for pollution 
abatement: to what extent economic growth has 
been achieved at the expense of environmental 
quality? 

Together with the EAMFP indicator, these indicators 
provide insights about the sources of growth and its 
long-run prospects. 
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Interpretation and limitations of 
environmentally adjusted 
multifactor productivity
• Growth accounting requires the changes in the use 

of inputs (including natural capital) and changes in 
the production of outputs (including emissions) to be 
evaluated in monetary terms. As we are in the realm of 
production, valuation is done from the producer’s 
perspective. this means that these changes are 
evaluated using market prices or the private opportunity 
costs based on such prices.

• as such, this framework makes no account of non-
market environmental damages and other social costs of 
pollution. The EAMFP is therefore not a measure of 
social welfare. its objective is to improve the traditional 
productivity measurement, that is, to better assess the 
efficiency of using inputs to generate income. 

• The EAMFP indicator presented here remains a 
work-in-progress. the coverage of environmental 
services remains partial, currently limited to air emissions 
and subsoil assets. pending better data availability, future 
work will seek to expand the range of environmental 
services included. the measurement framework will also be 
gradually expanded to cover more countries. 

To better capture the role of environmental services for economic growth, the OECD productivity 
measurement framework is extended to account not only for inputs such as labour and produced 
capital but also for natural capital. It is also extended to measure not only the production of GDP 
(desirable output) but also pollution (undesirable by-product).
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The growth of environmentally adjusted multifactor 
productivity (EAMFP) is an indicator of economy-
wide productivity growth.

It measures a country’s ability to generate income 
from a given set of inputs, while accounting for the 
consumption of natural resources and production 
of undesirable environmental by-products. It 
corresponds to the share of pollution-adjusted 
output growth that is not explained by changes in 
the use of inputs (residual growth). page 6-7
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4 . GreeninG productivity measurement

Results at a glance 
Adjusting GDP for pollution abatement

The first step is to compute a 
measure of output growth that 
takes into account not only 
GDP growth but also changes in 
pollution emissions. 

2
Figure 1. Pollution-adjusted GDP growth vs. GDP growth
OECD and G20 countries, circa 1991-2013, annual average

Pollution-adjusted GDP growth 
accounts for both the economic (GDP) 
and environmental (pollution) aspects 
of growth performance. 

Figure 1 shows countries where 
economic growth occurred at 
the expense of environmental 
quality, and must thus be adjusted 
downwards. It also shows countries 
that managed to reduce the emissions 
intensity of their economic growth 
and hence should have their income 
growth adjusted upwards. 

Correctly reflecting such abatement 
efforts is important because 
they require directing scarce 
resources towards improvements in 
environmental quality rather than to 
producing marketed goods.

Read more on GDP adjustment for 
pollution abatement on    . 
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The sources of growth vary 
significantly across countries.  
For example: 

 • Declining labour utilisation 
can drive growth down, such 
as in Japan and Latvia. 

 • Rising investment in produced 
capital explains much of the 
growth in Turkey, China and 
India. 

 • Natural capital extraction 
contributes a great deal to 
the growth performance of 
countries such as Russia, Saudi 
Arabia, Chile and Israel. 

 • Finally, productivity 
improvements explain the 
bulk of growth in Germany 
and Finland. 

In a resource-constrained 
world, improving productivity 
(EAMFP) is the only way to 
sustain growth prospects  
in the long run. 
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Results at a glance 
The sources of economic growth

Growth accounting allows 
the sources of growth to be 
identified, among labour, 
produced capital, natural capital 
and the share of growth that is 
not explained by these factors: 
environmentally adjusted 
multifactor productivity. 
The sum of these four elements 
gives the pollution-adjusted 
GDP growth. 

3
Figure 2. Contribution of inputs and productivity 
gains to pollution-adjusted GDP growth
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Figure 3. Contribution of productivity to growth  
circa 1991-2013, annual average

6 . GreeninG productivity measurement

Detailed results 
Productivity growth4

As shown by the bars in Figure 3, countries such 
as Estonia and Ireland have achieved the highest 
pace of productivity growth. Many factors can 
potentially explain such gains in productivity, 
including economic restructuring and adoption of 
cleaner technologies, which has been the case in 
many countries towards the top of the chart. 

On the other hand, growth for countries at the 
bottom of the chart, such as Turkey and Greece, 
came much less from technical improvements; 
rather many of these countries increased their 
utilisation of produced capital and their labour 
force to generate growth. 

To help put productivity growth in perspective, 
the colours in this graph show EAMFP as a share 
of country's growth: the darker (or lighter) the bar, 
the greater (or smaller) the role of productivity for 
output growth.

This helps to compare countries with different 
living standards or in different phases of the 
business cycle. For example, in countries such 
as Iceland, Germany, Finland or Japan the bulk 
of growth (more than 80%) has been achieved 
essentially via productivity gains. 

All OECD and G20 countries have seen 
their environmentally adjusted multifactor 
productivity increase over the last two 
decades, for different reasons. 
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Positive EAMFP growth means 
that an economy performs better 
in utilising inputs to produce goods 
or to abate pollution; it does not 
necessarily mean that environmental 
quality improved.  

For example, production of goods per unit of total 
inputs may increase faster than per unit of pollution 
(the case of relative decoupling), yet the total amount 
of pollution might still grow.

NOTE
Example. In Denmark,  
1 point of  (adjusted) 
GDP growth (67%) 
 comes from improved 
productivity. 

zoom from figure 2
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Figure 4. Pollution-adjusted GDP and environmentally-adjusted multifactor productivity

In many OECD countries, growth has been generated 
almost exclusively through productivity gains, while 
BRIICS countries have drawn to a much greater extent 
on increased utilisation of inputs (including labour, 
produced capital and natural capital) to generate 
growth. The case of China is illustrated in Figure 4.

The orange gap between the two lines represents the 
contribution of inputs to output growth. The larger 
the gap, the greater the contributions of labour, 
produced capital and natural capital to output 
growth. The smaller the gap, the more output 
growth depends on productivity gains. 

China’s output growth since the mid-1990s has 
been, to a large extent, due to growth in the use of 
factor inputs: more labour, more produced capital 
and natural capital. While in the early 1990s 
environmentally-adjusted multifactor productivity 
growth in China was very high, after 1995 it 
approached levels similar to those observed in OECD 
countries.
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Detailed results 
The contribution of natural capital5

In countries such as Russia, Saudi Arabia, 
Chile and Israel, extraction of domestic natural 
resources has contributed to a significant share 
of income growth. This raises concerns over 
a possible dependence of some countries on 
natural resource extraction and their ability to 
sustain past growth rates in the long run. 

Meanwhile, in Norway and the United Kingdom, 
declining natural resource extraction is 
compensated through increases in the use of  
other inputs (such as labour and produced 
capital) or via productivity improvements. 

What share of a country’s growth 
performance is attributable to domestic 
natural resource use? 

Figure 5. Contribution of domestic natural capital  
to growth, circa 1991-2013, annual average 

In the current edition, natural 
capital is limited to 14 types of 
subsoil assets such as fossil fuels 
(hard coal, soft coal, gas, oil) and 
minerals (bauxite, copper, gold, iron 
ore, lead, nickel, phosphate, silver, 

tin and zinc). Ultimately, the objective is to expand the 
coverage and also account for other types of natural 
capital such as land, soils, freshwater, native forests or 
wild fisheries. 

The indicator only measures the increase, not 
the level, of the contribution of natural capital. 
Hence, a zero contribution of natural capital does not 
mean that a country did not extract any domestic 
resources in a given year; it means that its economy 
has continued to rely on this input in the same way as 
during the previous year. 

Note that growth accounting measures only 
the direct contributions of individual inputs to 
output growth (from an accounting perspective). 
Indirect contributions, such as any labour and capital 
investment associated with rising resource extraction 
are not included.

NOTE
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Figure 6. Contribution of domestic natural capital  
to growth, 2000-2012 

The OECD Environmental Performance Review of Chile 2016 highlighted that 
the extraction of subsoil assets contributed nearly 0.2 percentage points to Chile’s 
GDP growth over 2000-2012. This is the second highest value in the OECD. Chile relies 
mainly on extraction of copper (58%), iron (35%) and gold (8%) to generate income 
from its natural capital. 

The strong reliance on natural resources, along with urbanisation and rising living 
standards, has increased environmental pressures, including air pollution, loss of native 
forests and sensitive habitats, soil erosion, and soil and water contamination. The 
country has achieved economic growth at the expense of environmental quality. 
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The OECD Economic Survey of Chile 2015 
recommended that Chile further reduce its 
dependence on natural resources, increasing its 
knowledge-based contribution to global value 
chains and boosting productivity growth.

Copper mine of Lo Aguirre, Chile,  photo H. Parrague CC

Chile’s natural-resource-intensive economy
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Detailed results 
Adjusting GDP for pollution abatement6

In most OECD countries, emissions have decreased 
over the last two decades and their GDP growth 
rates should be thus adjusted upwards to correctly 
reflect their growth performance. On the contrary, 
in many non-OECD countries the adjustment is 
large and negative, suggesting that in the past 
20 years economic growth has been achieved at 
the expense of environmental quality and that 
emissions have increased.

Emission reductions can occur for various reasons, 
including investment in cleaner technologies, 
switch to cleaner fuels or changes in the industrial 
structure of economies. Such adjustments 
shed light on the (green) growth performance 
of countries, including those where significant 
pollution abatement efforts might otherwise lead  
to undervalue their economic growth.

Adjusting output growth for pollution abatement 
is important because productivity growth would 
otherwise be underestimated in countries that 
direct scarce resources to abating pollution, 
rather than to production of material goods. 
Conversely, productivity growth would be 
overestimated in countries that rely on heavily 
polluting industries to generate GDP growth.

In the current edition, pollution 
abatement is limited to eight types of 
air emissions – including greenhouse 
gases (CO2, CH4, N2O) and air pollutants 
(NMVOC, SOx, NOx, CO, PM10). Ultimately, 
the objective is to expand the coverage 

and account also for other negative environmental 
by-products such as discharges to water bodies. 

We only measure the change, not the level, of 
adjustment. A zero adjustment for pollution abatement 
means that a country generated the same quantity of 
emissions as the previous year; in such cases the pollution-
adjusted economic growth would be equal to GDP growth. 

NOTE
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Figure 7. Adjustment for pollution abatement,  
circa 1991-2013, annual average zoom from figure 1
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Figure 8. Productivity and pollution abatement in Korea

Korea’s growth has increasingly been drawing on 
productivity (EAMFP) improvements, closing the 
gap between growth and productivity – a pattern 
observed in other advanced economies. However, 
Korea’s emissions have increased faster than its 
output, as shown by the negative adjustment for 
pollution abatement, except for the economic 
slowdown in 1998. In fact, Korea (together with 

Turkey and Mexico) has been one of the OECD 
countries that have relied most on pollution-
intensive activities to generate output growth.

The OECD Economic Survey of Korea 2016 
suggested that reversing environmental degradation 
in Korea that accompanied rapid industrialisation 
was key to improving the quality of life.

Korea’s reliance on pollution-intensive growth

Extra GDP growth for high abatement performers

Figure 9. Adjustment for pollution abatement as a 
share of output growth, circa 1991-2013
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The figure on the right shows countries where 
pollution abatement efforts represent the highest 
share of output growth. 

GDP growth of Germany, Japan and Italy 
should be adjusted upwards by about 30% 
for instance, to yield a measure of growth 
that correctly reflects their abatement efforts 
undertaken in the past two decades. 

The countries that rank high have either 
experienced relatively low rates of economic 
growth (and abatement thus represents a large 
share of such low economic growth) or they have 
undertaken truly important abatement efforts, or 
both. In any case, the adjustment shown here helps 
shed more light on their growth performance. Belgium

Austria

United Kingdom

France

Netherlands

Czech Republic

Hungary

Italy

Japan

Germany 32%

31%

29%

22%

21%

17%

16%

14%

14%

13%

% increase



LEARN MORE

• All data is from the EAMFP database is in open access on our website: http://oe.cd/eamfp
• OECD Green Growth Indicators: http://oe.cd/GGI
• Cárdenas Rodríguez M., Haščič i. and Souchier M. (2016), “Environmentally adjusted multifactor 

productivity: methodology and empirical results for OECD and G20 countries”, http://doi.org/bqw9
• Brandt N., P. Schreyer and V. Zipperer (2014), “Productivity Measurement with Natural Capital and 

Bad Outputs” http://doi.org/bb5z
• Brandt N., P. Schreyer and V. Zipperer (2013), “Productivity measurement with Natural Capital”,  

http://doi.org/bb5x 
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What if productivity measurement could reflect more 
accurately a country’s economic performance?

Measurements could take into account the reliance 
of our economies on natural resources. Even better, 

our efforts to mitigate environmental damage could be fully considered. 

This requires a new approach to measuring productivity. The OECD 
introduces environmentally adjusted multifactor productivity.

http://oe.cd/eamfp

The EAMFP indicator presented here remains a work in progress. The coverage of environmental services 
remains partial, currently limited to air emissions and subsoil assets. pending better data availability, future work will 
seek to expand the range of environmental services included.


