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ABSTRACT 

 

It is recognized that understanding the flow of materials into and out of the socio-economy is 
essential for reducing the stress to the environment, improving resource productivity and 
achieving sustainable development. Efforts are being made in the developed countries to develop 
the account of material flows, and OECD is preparing guidance manual on the material flow 
accounting to help countries with little experiences.  

Objective of this project is, based on the OECD guidance, to construct pilot material flow 
account, to analyze the progress toward sustainable development using indicators derived from 
the material flow accounting in comparison with EU countries and to make recommendations for 
further development of material flow accounting and related policies in Korea. 

The compiled national economy-wide material flow account by this project reveal the trend of 
total material input and consumption during the past 15 years in Korea. Total volume of material 
input and output increased by roughly 78% (0.72 billion tons) and 82% respectively during 1991-
2005 period. Material use efficiency that means material input per GDP improved by 30% to 943 
tons per million USD, but is still low when compared with average of EU countries. Material 
consumption per capita rose to 13.2 tons/year per person, which is close to EU average level.   

Overall, findings show the trend of relative dematerialization in which the rate of economic 
growth is bigger than that of material use, and the need of introducing vigorous decoupling 
policies that can reduce the material use while maintaining economic development. 

Accomplishments in this project will contribute to the future implementation of material flow 
accounting in Korea under the OECD guidance, with identified weaknesses in the current 
statistics system, areas of concern and related recommendations.                   
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I. Introduction   

Numerous efforts have been made at the global, national and business level to incorporate the 

concept of sustainable development(SD) into their economic and environmental activities. 

Recently, tools that can measure those efforts and feedback are seen as essential in the 

development and implementation of sustainable development policies. 

The most comprehensive forms or concepts of measuring sustainability are those like the 

System of Integrated Environment and Economic Accounting(SEEA) of United Nations, Genuine 

Savings of World Bank and so-called Green GDP(environmentally adjusted GDP), all of which  

intend to catch the net progress of the economy toward sustainability. A few countries have been 

using those tools and estimated the cost of resource depletion and environmental degradation as 

roughly 1~4 percent of their Net Domestic Product. However, those efforts were lagged by the 

lack of material flow data and monetary valuation method of material flow. As a result, countries 

interested in the Green GDP are currently focusing on the establishment of material flow 

accounting(MFAcc) system and its policy applications. EU countries are among those 

forerunning in the MFAcc. 

Material flow accounting borrowed its concept and framework from the system of national 

accounts(SNA) which measures the performance of national economy by monetary terms. 

Difference is that MFAcc measures the performance by the volume of natural resources used and 
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emissions produced. This approach also stands across the efforts to measure the value of 

environmental resources, and can provide systematic data, combined with the monetarization of 

environmental resources, in producing the environmentally adjusted GDP        

Developed countries are also shifting their policy focus from pollution control to resource 

productivity for the attainment of sustainable development. Efforts for the efficient resource use 

are supported by OECD with tools like decoupling indicators of environmental pressure from 

economic growth(DEI) and MFAcc. The EU Strategy for SD emphasized the strategic objective 

to break the link between economic growth, the use of resources, and the generation of waste. 

The 6th Environment Action Programme identified sustainable use of natural resources and 

management of waste as one of its four priority areas1.  

< Figure 1. Spectrum of Sustainable development indicators > 

 
                                                           
1 Eurostat, http://eea.eionet.europa.eu/Public/irc/eionet-
circle/etc_waste/library?l=/core_indicators_wmf/fact_sheets/indicator_dmcpdf/_EN_1.0_&a=d 
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In the Republic of Korea, national sustainable development strategy and implementation plan 

were established in 2006, with 77 indicators that monitor the progress toward sustainable 

development. Indicators on material intensity(efficiency) are among those and many indicators in 

the environmental and economic sectors are related to the material flow throughout the economy.    

In February 2008, the Presidential Commission on Sustainable Development(PCSD) 

announced its pilot evaluation on the national performances(2002~2006) toward sustainable 

development using SD indicators2 . According to the evaluation, overall improvement was 

identified especially in the social and economic sectors, but economic growth was accompanied 

by the environmental degradation and increasing use of energy and resources. PCSD 

recommended developing policies that can decouple economic growth from environmental 

degradation.   

Although material consumption or resource efficiency indicator was evaluated as improving, 

there is still a fair gap between Korea and the developed countries. Specific indicators of material 

flow make inter-national comparison possible in this case and can act as targets of related policies. 

 

                                                           
2 Presidential Commission on Sustainable Development, Feb 2008, 
http://www.me.go.kr/dev/board/download.jsp?id=notice_02&idx=162370&file=bodo_080219A2.hwp (Korean) 
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<Table 1. Evaluation of progress by Sustainable development indicators> 

Sector Theme Sub-theme Evaluation Sector Theme Sub-theme Evaluation 
Equity Poverty, Labor 

Gender equality 
 

 
Atmos-
phere 

Climate change 
Air quality 

 
 

Land Agriculture, 
Forests, 
Urbanization 

 
Health 
 

Mortality, Life expectancy 
Drinking water 
Health care delivery 

 
 

Oceans/ 
Coasts 

Coastal zone 
Fisheries 

 

Education Education level  
Housing Living conditions  

Fresh 
water 

Water quantity 
Water quality 

 

Disaster/ 
Security 

Crime  

Social 

Population Population change  

Environ
mental 
 

Bio-
diversity 

Ecosystem 
 

Economic 
structure 

Economic performance 
Trade, Financial status, 
ODA 

 
 

Eco-
nomy 
 

Consumption
/Production 

Material consumption 
Energy use 
Waste management 
Transportation 

 
 
 

 

 Informa-
tion 
Society 

Access to 
information 
Information 
infrastructure 
Sciences and 
technology 

 

 

Purpose of this project is to construct a pilot national material flow account under the OECD 

MFAcc manual, and to assist the development of national MFAcc system through the 

identification of the requirement and obstacles in implementing the manual. Result of the project 

can contribute to the national policy setting toward SD by identifying the MF-derived indicators 

that can be incorporated into the national SD strategy and areas need of focus in terms of material 

flow and resource use. Specifically, this project will focus on the applicability of OECD guidance 

manual on the MFAcc to Korea, policy recommendation for introduction of the manual and 

effective utilization of derived indicators.   
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II. Overview of material flow analysis and accounting 

  Natural resources are major foundation of economic activity and human welfare. Efficient 

management and use of natural resources are key to economic growth and sustainable 

development. The use of extracted natural resources in human activities like production and 

consumption has considerable environmental, economic and social consequences3. Material flow 

analysis is a series of monitoring physical flows of materials into, through and out of an economy 

and analyzing the relationship between material flow, human activities and environmental 

impacts, based on the principle of mass balancing and methodically organized accounts in 

physical units.  

<Figure 2. Economy-wide Material balance scheme4 > 

 

  Material flow analysis and accounting can be implemented in various levels according to the 

purpose, from life cycle analysis(LCA) of a substance at micro level to physical flow analysis at 
                                                           
3 OECD, Measuring material flow and resource productivity; the OECD guide. ENV/EPOC/SE(2006)1/REV3, p 10 
4 Eurostat, Economy-wide material flow accounts and derived indicators; a methodological guide, 2001, p 28-33  
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an industry level and economy-wide material flow analysis at national level. 

<Table 2. Characteristics of MF related accounts5 > 

Economic activities Materials 
 Characteristics 

Coverage 
Level of 
detail 

Coverage 
Level of 
detail 

Compilation 
effort 

Economy-wide 
material flow 
accounts (EW-
MFAcc)  

National macro-economic level. 
 

Record all material flows at the 
system boundary. 
Report material flow data aggregated 
or by groups of materials 

All 
activities 

Low 
(macro) 

Complete: 
all materials 
crossing the 
system boundary 

Low in 
reporting. 
High in 
compilation 

low to 
medium 

Physical 
supply-use 
and input- 
output tables 
(PIOTs) 

National meso level 
 

Record some or all materials broken 
down by economic branches, including 
intermediate exchanges. 

All 
activities 

Industry 
level 
(meso) 

Usually complete, 
may be applied to 
selected materials 

Low or by 
material 
groups, but 
may cover 
all levels 

High 

NAMEA-type 
tables for 
physical flows 

National meso-level. 
 

Record selected material flows 
disaggregated by economic branches, 
at the nature-economy boundary, or 
at some intermediate stage 

All 
activities 

Industry 
level 

(meso) 
Selected materials 

Low to very 
high 

medium to 
high 

Life cycle 
inventories 
(LCI) 

Micro level. 
 

Describe the life cycle of products and 
their associated process system 

Activities 
related to 
the flows 
monitored 

Industry 
or plant 
level 
(meso-
micro) 

Environ-mentally 
relevant material 
flows related to a 
product 

High High 

Economy-wide material flow accounting(EW-MFAcc) uses top-down approach and starts its 

work by catching the flows into and out from the boundary of the socio-economy at the national 

level. This approach is relatively easy with simple table because work can be done using gross 

data which are recorded on the national statistics on the domestic extraction and export-import. 

The simplest way is to compile the accounts by treating the national socio-economic system as a 

black box and to classify the gross estimates of the black box into sector, activities and materials 

as relevant statistics and data are available.  

                                                           
5 OECD, ENV/EPOC/SE(2006)1/REV2, p38 
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However, this approach may not show detailed data and information on the socio-economic 

activities and several coefficients of sectors and materials are needed that can be applied to the 

national gross volume to estimate specific flow of input and output. Accuracy of the accounting is 

to be verified with the data earn by industry levels.   

Bottom-up approach may produce MFAcc by compiling flow tables at the level of industry or 

individual material of concern. These results can be used in developing policies targeting specific 

sector or materials, and also be merged into national scale accounting. This approach can secure 

detailed data and accuracy but need huge amount of resources, time and methodologies that can 

coordinate the MFAcc implemented at the industry level. It is not easy to persuade industries to 

participate in the MFAcc and to share information on their activities. As a results, MFAcc at 

industry level is implemented at voluntarily participating industries or at a few industries of 

concern on the environmental impacts by the intervention of related policies (Figure 3).    

For example, cement production industry in Korea can be an interesting area for industry or 

company-level material flow accounting and analysis. The industry of a few companies has wide 

range of input from natural resources like limestone ore to wastes as ashes/flags and combustible 

wastes(refuse plastic fuels, tires) in the manufacturing process. These characteristics pose various 

environmental impacts including the deforestation for the extraction of limestone, air pollution 

from waste incineration, import of ashes from Japanese coal power-plants.  
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<Figure 3. Example of material flow analysis at industry/company level> 

 

Flows of individual or group of materials like timber in the Figure can be analyzed for critical 

environmental impacts such as intensification of land use, soil erosion, forest degradation and 

carbon sink depletion.  

<Figure 4. Schematic representation of material flow, envt’l impacts and policy uses> 
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OECD is developing the standardized MFAcc guideline that they believe can be used by its 

member countries as a bridging tool to the green GDP. Following the adoption by the OECD 

Environmental ministers and the OECD council in April 2004 of a recommendation on Material 

flows and Resource productivity, OECD working group on Environmental Information and 

Outlooks(WGEIO) is drafting guidance manuals on the framework of the MFAcc and their 

applications at the national level. This project focuses on the economy-wide flows of materials in 

Korea, following the intention of OECD work. 

Studies have been made to explore the possibility of introducing the SEEA and the Green GDP 

by the Korea Environment Institute(KEI) under the auspices of the Ministry of Environment. 

Unfortunately, results of the studies revealed the limits in coordinating and steering various 

policies toward sustainable development partly because ministries were interested rather in 

showing efficiencies and performances in their fields and indicators were not well-organized for 

the holistic approach toward sustainable development. Efforts for the SEEA were also lagged by 

the lack of supporting systems and data.  
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III. Feasibility of applying the OECD guidance manual to Korea  

OECD guidance documents on measuring material flows and resource productivity are 

currently being prepared by the Working Group on Environmental Information Outlook(WEGIO) 

in cooperation with related agencies such as the Statistical Office of the European Communities 

(Eurostat) and UN statistics division.  

The guidance has 3 main volumes and 2 complementary documents. 

- Volume I :  The OECD Guide 

- Volume II :  The accounting framework 

- Volume III :  Implementing National material flow accounts 

- Measuring material flows and resource productivity – Inventory of country activities 

- Measuring material flows and resource productivity – Summary report  

Volume I describes the overall framework for material flow analysis and the usefulness of 

material flow and resource productivity indicators in measuring progress, while Volume II 

focuses on the framework for national material flow accounting itself. Volume I & II are almost 

finalized and draft were released for review.  

Volume III provides practical guidance to countries in constructing implementing national 

material flow account and is under preparation by the WGEIO and Eurostat. Volume III focuses 

on the establishment of simple economy-wide material accounts, base on the Eurostat’s 

Handbook on EW-MFA for most of its contents.  
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<Table 3. Classification of Material input/output6 > 

material input material output 

Domestic extraction (used) 

Fossil fuels 

Minerals 

Biomass 

 

 

 

Imports 

Raw materials 

Semi-manufactured products 

Finished products 

Other products 

Packaging material imported with products 

Waste imported for final treatment and disposal 

Memorandum items for balancing  

(oxygen for combustion, etc.) 

 

 

Unused domestic extraction 

Unused extraction from mining and quarrying 

Unused biomass from harvest 

Soil excavation and dredging 

 

Indirect flows associated to imports 

Raw material equivalents of imported products 

Unused extraction associated to imported products 

Emissions and wastes 

Emissions to air 

Waste landfilled 

Emissions to water 

Dissipative use of products and dissipative losses 

Dissipative use of products 

Dissipative losses 

Exports 

Raw materials 

Semi-manufactured products 

Finished products 

Other products 

Packaging material exported with products 

Waste exported for final treatment and disposal 

Memorandum items for balancing** 

Water vapour from combustion 

Water evaporation from products 

Respiration of humans & livestock (CO2, water vapor) 

Disposal of unused domestic extraction 

Unused extraction from mining and quarrying 

Unused extraction from biomass harvest (discarding 

of by-catch, harvesting losses and wastes) 

Soil excavation and dredging 

Indirect flows associated to exports 

Raw material equivalents of exported products 

Unused extraction associated to exported products 

 

This project was performed using Eurostat’s handbook because draft document of Volume III 

had not been released yet and framework of material flow accounting outlined in the Volume II 

                                                           
6 Eurostat, Economy-wide material flow accounts and derived indicators; a methodological guide, 2001, p 28-33  
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followed the Eurostat’s Handbook on EW-MFA. Table 3 shows detailed classification of material 

input and output.    

  To produce the MFA table, more than 20 statistics dataset on natural resources, products and 

residuals categories were needed. Data were collected from national and international statistics 

sources and from existing related studies. A few missing data in recent years were estimated as 

having the same values as those of the previous year or minimal increases(1~2%) from previous 

year. Some methodologies or data such as the unit conversion of sand/gravels and timbers were 

borrowed from previous studies by Korea Environment Institute(KEI) 

Industry or material-level MFAcc was difficult to be implemented because there were not 

sufficient and organized data available or accessible at those levels. Confronted with difficulties 

at industry level, pilot MFAcc table was constructed from simplified one at the national level. 

National level account was compiled with the socio-economy as a black-box where only 

incoming and outgoing flows throughout the boundary of the economy were identified. Breaking-

down the flow by the economic activities and sectors was almost impossible in this project and 

may be possible when the statistics system on the material flow is well organized.     
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IV. Pilot Material Flow Accounting at the national level  

National MFAcc table was compiled as simple physical supply-use table(PSUT) of the 

economy-wide MFA as of 2005. Ecosystem input and unused material flow were omitted from 

the table due to technical reasons and lack of data. Although this simple PSUT itself may not 

provide much implication for specific policy directions, it can provide information on trends and 

comparison with other countries. They were complemented with time-series input-output table for 

more analysis.  

Methodologies and data sources  

Data were collected and compiled, following the structure of material flow suggested by the 

Eurostat’s handbook on EW-MFA(data sources are attached as Appendix). Time-span of data 

ranges from 1991 to 2006 as available to render the inter-temporal comparisons. For a few data 

value that are not available for some years, they are treated as the same as previous year.         

Data on material flows are mainly composed of inputs and outputs. Material inputs come from 

domestic extraction of fossil fuels, minerals and biomass, and imports. These inputs are 

consumed for life-support or for production in the socio-economy, and discharged from the socio-

economy in the forms of waste/emissions or exports. These flows can be caught by several 

statistics.         

Most statistics keep material input data in weight(tones) except some materials like oil(barrel), 
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sand/ gravel and timber(m3). Crude oil is wholly imported and data are provided in tones in the 

trade statistics system. For sand and gravel, conversion is needed for different kind of sands and 

gravels extracted. This study borrowed existing converted data where internationally accepted 

factors of 1.442~2.082 tones per m3 for sands and 1.522 ~2.022 tones per m3 for gravels were 

applied7.  

With regard to domestically-extracted timber, conversion factors are needed to weigh the 

volume of timber in tones. According to the Eurostat8, 0.75 tones per cubic meter(m3) for 

coniferous woods and 0.85 tones per m3 for non-coniferous wood were applied to volume(m3) 

data of timber products in EU countries. Whereas, the Korean forestry agency provides volume-

based data on timber production and estimates the factor as 0.706 tones per m3 for timber(no 

separate values are provided for coniferous and non-coniferous timber). In this study, conversion 

factors of Eurostat were applied to the domestically extracted timber but not applied. data on 

imported wood-products that are recorded in tones. 

Data on imports and exports are relatively well managed in the Korea Trade Statistics System 

operated by the Korea International Trade Association. Those data are recorded in tones 

according to the Harmonized System code(HS) which is used by the Eurostat’s Handbook for the 

classification of imported/exported materials. Data on packaging materials imported or exported 
                                                           
7 Ministry of Environment of Korea, Study on the establishment and application of SEEA(2007, Korean) 
8 Eurostat, Material use in European Union 1980~2000; Indicators and analysis(2002), p58  
http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-AO-02-005/EN/KS-AO-02-005-EN.PDF 
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with materials are not currently available in a separate account of trade statistics system, but 

deemed to be included in the overall weight of imported and exported products.  

Wastes imported or exported for final treatment or disposal also are not classified in a separate 

account at the HS code. Volume of wastes imported and exported under the control of the Basel 

convention is not large but included in the product data. However, trade of some wastes need to 

be classified in a separate account for clear record. Like other developed countries, Korea exports 

large amount of used electronic products to developing countries, and fair amount of them are 

supposed to be treated for the recovery of precious metals. Korea also imports large volume of 

ashes and slags which are residues of coal-power plant and other plant to input them into the 

cement production as raw materials. These imports seem to be classified in the secondary raw 

materials(HS 26 rest).          

Statistics on emissions and wastes are not well established. Emission data of traditional air 

pollutants like SOx, NOx are provided by the national air pollutants emission inventory9. 

Concerning the greenhouse gases(GHGs) emissions, Ministry of Commerce, Industry and 

Energy(MOCIE) implemented economy-wide survey for GHGs inventory in 2007 for the first 

time. Complete data are not well established as of now, therefore estimated emission data by the 

MOCIE were used in this study.        

                                                           
9 National Institute of Environmental Research, Rep of Korea, http://airemiss.nier.go.kr (Korean) 
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There is no statistics or data directly available for some classified material flows such as 

unused domestic extractions, their disposals and indirect flows associated to imports and exports. 

Some countries like the United Kingdom are developing methodologies to measure these un-

used(hidden) and indirect flows by applying developed coefficients. For example, amount of 

residues from harvesting barley in the UK can be estimated by multiplying the production volume 

by the coefficient of 0.4610. These coefficients vary in materials and activities, and different 

studies produce different coefficients. Naturally, it is not plausible to apply those in Korea 

without verification, therefore these data are omitted from the accounting.  

Material input into the socio-economy 

Material inputs into economy increased by 78% in 15 years to 719 million tones and imported 

inputs outweighed domestic extraction due to steep increase in the import of raw materials(fossil 

fuels and minerals). Sand/gravels are materials extracted the largest domestically(63%), while 

fossil fuels is about 55% of total imports. The composition of material flow shows the 

characteristics of the Korean economy. The economy depends heavily on the export-oriented 

industries which import most of raw materials for production, and construction sector that 

produces about 9% of GDP.  

Air and water flows, matching the fossil fuels combustion, respiration and agricultural needs, 

                                                           
10 Office for national statistics of UK, UK material flow review, 2005, p32 
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are treated as balancing items and not included in the input flow. Detailed methodologies are not 

provided in the guidance, inputs were roughly measured in the following section.        

<Table 4. Material input into socio-economy, 1,000 ton> 

Year 1991 1996 2001 2005 

Domestic Extraction 254,171 364,385 336,591 320,608

 - Fossil fuels 15,058 4,951 3,817 2,832

 - Metal ores 653 638 198 372

 - Minerals 206,884 330,712 303,817 292,070

 - Biomass 31,576 28,083 28,759 25,333

Imports 210,847 303,844 362,574 398,541

- Raw materials 147,999 224,311 284,597 301,920

- Semi-manufactured products 36,680 53,735 50,263 58,551

- Finished products 4,271 6,794 6,947 11,489

- Other products 21,896 19,003 20,767 26,582

- Packaging materials Na Na Na Na 

- Waste imported Na Na Na Na 

Total inputs 465,017 668,229 699,166 719,149

<Figure 5. Trend in input and domestic extraction> 
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Material output from the socio-economy 

Material output from the economy also increased about 82.5% from 1991 to 2005, which is 

corresponding to the increase in input. Material inputs are converted to disposable and durable 

products in the socio-economy, and discharged to the environment in the forms of products, 

wastes and emissions sooner(exports, disposables) or later(durables). Therefore, total input and 

output do not coincide every year, and those differences between input and output can be deemed 

as net addition to stock of durables in the socio-economy.  

<Table 5. Material output from the socio-economy, thousand ton> 

 1991 1996 2001 2005

Air emission 299,172 466,928 512,383 563,669

Water emission 2,693 5,792 8,532 11,164

Waste 37,365 25,493 19,139 12,153

Dissipative loss 1,793 2,031 3,616 3,841

Exports 47,063 76,734 107,094 117,473

Total output 388,086 576,978 650,764 708,301

In 2005, total output closed to total input. Domestic processed output(DPO) which are 

emissions, wastes and dissipative uses that flow to the environment, led this trend due to 

increasing greenhouse gases(GHGs) emissions. When GHGs emissions taken apart, overall trend 

in emissions and wastes is decreasing with huge reduction in the wastes landfilled. This can be 

attributed to the recycling and incineration-oriented policies. Emissions to water can be identified 

to be curbed with more rigorous policy intervention. 
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<Figure 6. Trend in the emissions and wastes stream> 
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Overall, flows throughout the Korean socio-economy are increasing over time, except for the 

period of 1997~1998 when the economy was hit by economic crisis, as seen in Figure 7.   

<Figure 7. Trend of material inputs and outputs> 
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Supply-Use table of material flow 

Based on the material input and output data, the simplest supply-use table of material flow was 

compiled for the year 2005 with the socio-economy treated as black-box, as the first edition of 

OECD guidance Volume III11 will also treat the economic system as black box. In this simple 

table, products are not taken into account, because products are transformed from raw materials 

and then consumed or accumulated into the stock inside the socio-economy system treated as 

black-box. In the natural resources(N account in Table), fossil fuels and minerals are the amount 

domestically extracted and imported. Concerning non-cultivated biomass and water, there is no 

information found on the guidance.  

The ecosystem input section is a memorandum item for balancing. These balancing items are 

used to balance the flow between input and output and are not included in calculating the DMI. 

  Oxygen demand or input for combustion of fossil fuels and respiration can be calculated using 

the principal of chemical reaction for carbon dioxide12. For combustion, fossil fuels contain 

carbon, hydrogen and water. Carbon and hydrogen combines with oxygen to form CO2 and water 

vapor during the combustion process as below;  

    12 gram of C + 32 grams of O2 -> 44 grams of CO2

    2 grams of H2 + 16 grams of O -> 18 grams of H2O 
                                                           
11 Volume III is expected to be released late 2008 and the Volume II does not provide detailed information how to 
construct the table. 
12 Jack J Kraushaar & Robert A. Ristinen, Energy and problems of a technological society, Second edition, P 9 “12 
grams of carbon combine with 32 gram of oxygen to form a mole of carbon dioxide(44 gram)”. 
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Oxygen demand for H2O(219.9 million tons) was calculated using the data on the type of fossil 

fuels consumed in 200513 and the percentage of H and water content in each fossil fuel14. Oxygen 

demand for CO2 can be calculated in the same way if the proportion of carbon content in the fuel. 

However, it was too complex to apply this in this study due to accessibility to data on the 

proportions of carbon content in every kind of fuels. Instead, oxygen input for CO2 formation was 

indirectly calculated by multiplying the total weight of CO2 emissions by 0.73 which is known to 

be the proportion of oxygen in the CO2
15.  

Amounts of oxygen demand(12.4 million tons) and CO2 emission(14.3 million tons) by 

respiration can be estimated using coefficients for oxygen(0.26 ton/year per person) and CO2(0.30 

ton/year per person)16. These estimates were not included in the table because CO2 emissions 

usually focus on those from the industries. 

The equation between the fossil fuels/oxygen and GHGs and water vapor over combustion was 

established with rough estimation. 

C, H, H2O contents in fossil fuels(N1) + oxygen input(E2) = GHGs(W1) + gases residuals(W4)     

With regard to the water flow, the table has 3 main accounts; N7(water), E1(water absorbed by 

cultivated plants and animals) and W11(sewage, residual water). Definitions of those accounts are 

                                                           
13 International Energy Agency, http://www.iea.org/Textbase/stats/index.asp 
14 Office for national statistics of UK, UK material flow review, 2005, p20 
15 Eurostat, Economy-wide material flow accounts and derived indicators; a methodological guide, 2001, p 22  
16 Office for national statistics of UK, UK material flow review, 2005, p21 
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not clear in the manual and most data are not available. As a result, these accounts are omitted, 

but equation of water flow can be established as below.   

water input(26.2 billion ton in 2003, household/industry/agriculture) =  

       water absorption by human, product stock, plants and animals + sewage, residual water            

E3( in the ecosystem input) account was also omitted due to data availability. Data on W2,W3, 

W7 and W11 in the Residuals accounts as well as Unused materials accounts were also not 

available in the level of this project. 

The Use and Supply table are mirror accounts where 1.2 billion tons of materials(excluding 

water) are supplied by the natural environment, the socio-economy used them and consequently 

supplied 862 millions to the environment. The difference(341 million tons) can be theoretically 

thought of net addition to stock in the socio-economy in the forms of buildings and durables if all 

input and output are properly reflected.    

However, these estimates are not elaborate because current table does not take into account the 

imported products/exports, has missing values and uncertainty in methodologies like coefficients. 

This table roughly shows flow of major materials, their proportions and percentage of flows that 

added to stocks, all of which vary as how to construct the table. 

Figure 8 shows rough graphic flow of materials including the balancing items.   
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<Table 6. Use and Supply tables dealing with the socio-economic system as a black-box> 

 Use 
Socio-

economic 

System

Natural  

environment

Total use 

by material

  (1,000 tons) H NE H+NE 

N1 - Fossil fuels 221,104 221,104 
N2 - Ferrous metal ores 43,672 43,672 
N3 - Non-ferrous metal ores 4,033 4,033 
N4 - Industrial minerals 15,999 15,999 
N5 - Construction minerals 287,840 287,840 
N6 - Non-cultivated biomass na   na
N7 – Water na na

Natural  

Resources 

N - All natural resources 572,649 572,649 
E1 - Water absorbed by cultivated plants and animals na   na
E2 - Oxygen for combustion and respiration 628,890   628,890 
E3 - CO2 and nutrients for cultivated plants na   na

Ecosystem 

inputs 
E - All ecosystem inputs 628,890   628,890 
W1 - GHGs, acidifying substances etc 563,669 563,669
W2 - Heavy metals to air na na
W3 - Other toxic substances to air(POPs, PCBs, etc.) na na
W4 - Other gaseous residuals (vapour,oxygen, etc.) 274,604 274,604 
W5 - Nutrients to water 11,164 11,164 
W6 - Heavy metals to water 1 1 
W7 - Other water-polluting residuals (oil spills etc.) na na
W8 - Hazardous waste 561 561 
W9 - Construction and demolition waste 1,201 1,201 
W10 - Other non-hazardous waste 10,952 10,952 
W11 - Manure, sewage, residual water na na

Residuals 

W - All residuals 858,736 858,736 

TOTAL MATERIAL USE BY ACTIVITY 1,201,539 862,152  2,066,186 

(all materials = N+E+W)       

U1 - Wild biota Na Na 
U2 - Mining overburden Na Na 
U3 - Soil removal Na Na 

Unused  

materials 
U - All unused Na Na  
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 Supply 
Socio-

economic 

System

Natural  

environment

Total use 

by material

  (1,000 tons) H NE H+NE 

N1 - Fossil fuels 0 221,104 221,104
N2 - Ferrous metal ores 0 43,672 43,672
N3 - Non-ferrous metal ores 0 4,033 4,033
N4 - Industrial minerals 0 15,999 15,999
N5 - Construction minerals 0 287,840 287,840
N6 - Non-cultivated biomass 0 na na
N7 – Water 0 0 0

Natural  

Resources 

N - All natural resources 0 572,649 572,649
E1 - Water absorbed by cultivated plants and animals 0 na na
E2 - Oxygen for combustion and respiration 0 628,890 628,890
E3 - CO2 and nutrients for cultivated plants 0 na na

Ecosystem 

inputs 
E - All ecosystem inputs 0 628,890 628,890
W1 - GHGs, acidifying substances etc 563,669 0 563,669
W2 - Heavy metals to air na 0 na
W3 - Other toxic substances to air(POPs, PCBs, etc.) na 0 na
W4 - Other gaseous residuals (vapour,oxygen, etc.) 274,604 0 274,604
W5 - Nutrients to water 11,164 0 11,164
W6 - Heavy metals to water 1 0 1
W7 - Other water-polluting residuals (oil spills etc.) na 0 na
W8 - Hazardous waste 561 0 561
W9 - Construction and demolition waste 1,201 0 1,201
W10 - Other non-hazardous waste 10,952 0 10,952
W11 - Manure, sewage, residual water na 0 na

Residuals 

W - All residuals 858,736 0 858,736
TOTAL MATERIAL SUPPLY BY ACTIVITY 862,152 1,204,033 2,066,186

Balance(material accumulation by activity) 341,881 -341,881 0

U1 - Wild biota Na Na 
U2 - Mining overburden Na Na 
U3 - Soil removal Na Na 

Unused  

materials 

U - All unused Na Na 

 



<Figure 8. Flow of materials through socio-economy, 2005> 



To raise the effectiveness of this table, elaborate analysis should be done by breaking down the 

black-box into sectors/materials, activities and environmental impacts, which is such technically 

difficult works that OECD does not include them in the first edition of Volume III. Accordingly, 

analysis in this project stops here and focuses more on the indicators derived from these works 

that are also main topic of OECD guidance. 

Analysis at the industry level 

  Some industries could be roughly identified for their activities in the material flow and impacts 

to the environment. For example, cement manufacturing industry plays certain role in 

transforming natural resource into the stock in the socio-economy and returning wastes to the 

environment. The industry extracted 65 million tons of limestone ores as a raw material for 

cement production and used 2.9 million tons of combustible wastes and slag/ashes as fuels and 

additives to produce 54 million tons of cement in 2004. This process brought such issues as 

deforestation(decrease in the stock of natural resource and biodiversity), air pollution17 and 

import of wastes, while increasing the stock in the economy.           

MFAcc can provide a chance of glancing at the overall flow of materials and finding flow of 

concern in the context of holistic perspective. Stand-alone and in-depth accounting and analysis 

on the flow of concern can be performed based on the findings.    

                                                           
17 Cement kilns have the largest share in the waste incineration 



Barriers to material flow accounting 

  Several barriers identified during the compiling process of the material flow account in Korea 

are as follows. 

Firstly, not all data were available in tabling domestic extraction and different units were used 

for some materials. For example, timbers and sand/gravels need to be converted to unit of ton 

from m3 which vary across the characteristics of materials and countries they are extracted.    

Data on import and export are rather easy to be earned and processed using Harmonized system 

codes(HS) for commodity classification. However, flows of wastes are hard to be caught with HS 

code system or in practice.  

Secondly, flows of unused or indirect materials are not systematically identified or kept for 

record under the current statistics system. There is no data about excavated but unused soils in 

construction, the felling of timber in non-cultivated forests or volume of packaging associated 

with imported materials. These may be indirectly and even vaguely estimated using some factors 

or statistics system should be established for precise accounting. Those flows are not calculated in 

this work. 

The OECD material flow accounting framework does not classify the biomass from animals 

assuming that animals are fed with biomass from grassland or residues from harvests. Therefore, 

if data on biomass from grassland are not available, material flow on the biomass from animals 
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are not to be caught as is current status in Korea, although its proportion is not significant in the 

total input.    

Thirdly, elaborate environmental data system are still to be developed. Greenhouse gases 

emission inventory were supposed to be established by the end of 2007 and need time to produce 

credible data. Data on emissions to water mainly focus on the point sources like industrial 

emissions and biological oxygen demand(BOD), but currently do not cover area sources and 

nitrogen(TN)-phosphorus(TP) loads. Dissipative uses and losses like leakages and erosions are 

not easy to be tracked; tracking system is needed for more accurate catch of those dissipations.  

Finally, most data are not classified according to economic activities which is needed for 

detailed material flow accounting and seems not be possible in the near future. It will take years 

to dig into the minute classification, as OECD also plans to proceed from simple level that treats 

the economy as black-box to more classified one on its national implementation guideline 
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V. Comparison of efficiency in the resource use by MF-derived indicators      

Material flow indicators 

Material flow indicators can be used in monitoring the material bases and productivity of 

national economies and industries, the management of selected resources and materials as well as 

the environmental impacts of material resource use18. Material flow indicators can be classified 

as follows;  

<Table 7. Material flow indicators> 

Category Indicators Methodology 
Domestic extraction 
used (DEU) 

Flows of used materials that originate from the 
environment  

Domestic material 
input(DMI) 

Direct input of materials for use into economy, 
DEU + imports  Input 

Total material 
requirement (TMR) 

DMI + unused and indirect flows of materials 

Domestic material 
consumption(DMC) 

Total amount of materials directly used in an 
economy, DMI – exports 

Consumption Total material 
consumption(TMC) 

Total material use associated with domestic 
production & consumption, TMR – exports and 
their indirect flows 

Net additions to 
stock(NAS) 

Net expansion of the stock of materials 
DMI –exports –domestic processed output Balance Physical trade 

balance(PTB) 
Physical trade surplus or deficit of an economy, 
imports – exports 

Domestic processed 
output(DPO) 

Total weight of materials which flow back to 
the environment after use, emissions & waste + 
dissipative flows Output 

Total domestic 
output(TDO)  

Total quantity of material output to the 
environment, DPO + unused domestic 
extraction. 

Efficiency Above indicators per 
GDP or capita 

Material productivity or intensity of economy 
or economic sector 

  

 Among these, indicators like DMI, DMC and DPO can be used to monitor the flow trend of 

materials into and from the economy of a country or an economic sector, to regulate the resource 

                                                           
18 OECD, Measuring Material flows and Resource Productivity – the OECD Guide, ENV/EPOC/SE(2006)1/REV3 
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productivity and to measure the effectiveness of environmental policies at various levels. For 

example, Italy set specific target of reducing 25% of total material requestment(TMR) by 2010 

and 75% by 2030, Japan set target of improving 40% in DMI/GDP during 2000~2010. Many 

other countries is implementing general target of improving resource productivity or decoupling 

environmental degradation from economic growth.  

For Korea, domestic material consumption(DMC) shows increasing trends, but efficiency is 

also rising in terms of DMI/GDP and DMC/GDP. DMC/GDP decreased by around 30% over 15 

years: 1,347 tons/million USD(1991) -> 943 tons/million USD(2005) 

<Figure 9. Trends in consumption and efficiency> 
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Furthermore, efficiency indicators enable comparison of resource efficiency between countries. 

EU provides data on 5 indicators of its 14 countries through Eurostat; domestic extraction, 
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imports, exports, DMI and DMC19. Comparisons were made on DMI/GDP, DMC/GDP and DMC 

per capita between EU countries and Korea20.      

EU countries have wide spectrum in their DMI and DMC; Greece and Finland show quite large 

material input per GDP while such countries as UK, Italy, France and Germany show significant 

low volume of material input. Average material input and consumption per GDP are quite low 

due to effect of these big economy countries and show decreasing trends. 

According to EU21, decoupling or absolute dematerialization is defined as accomplishing 

economic growth while reducing the material input and output, while relative dematerialization as 

having bigger economic growth rate than those of input and output. Germany, The Netherlands, 

France, Sweden and the UK were recognized as having accomplished absolute dematerialization 

during 1980-2000, and other countries but for Greece accomplished relative dematerialization.  

Analysis shows relative dematerialization in Korea over the 15 years(1991-2005) . DMI and 

DMC per GDP have been improved by 20 ~ 25% to 1,203 and 1,026 ton/million USD 

respectively in 2005 from 1,486 and 1,335 ton/million USD in 1991. However, those figures are 

still 40~50% larger than those of the EU average(725 and 675 ton/million USD respectively) with 

only a few countries higher than Korea.    

                                                           
19 Eurostat database,  
http://epp.eurostat.ec.europa.eu/portal/page?_pageid=1073,46870091&_dad=portal&_schema=PORTAL&p_product
_code=ENV_AC_MFA 
20 Constant GDP with 2000 base was used to enable comparison. Data source : WRI, http://eartrends.wri.org.  
21 Eurostat, Material use in European Union 1980~2000; Indicators and analysis(2002), p40 
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<Figure 10. Comparison of DMI/GDP> 
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<Figure 11. Comparison of DMC/GDP> 
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  On the contrary, domestic material consumption per capita of Korea(13.2 ton/person) is lower 

than that of EU average(15 ton/person) but shows rising trend.  

<Figure 12. Comparison of DMC per capita> 
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Environmental Kuznets Curve  

EU used Environmental Kutnetz Curve as a framework for analyzing the linkage between 

economy in monetary terms and its associated physical terms22. Relationship between DMC per 

capita representing environmental pressure and GDP in EURO at constant 1995 prices per capita 

representing income level was investigated with regression. The results are not similar across 

countries; Denmark and The Netherlands and UK showed inverted U-shape correlation between 

                                                           
22 Eurostat, Material Use in the European Union, 1980-2000; Indicators and analysis, 2002, p41  
“The EKC hypothesis states that environmental pressures increase in early stages of development but then fall as 
income rises, producing an inverted U-shaped curve” 
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material consumption per capita and income per capita, but other countries did not.         

< Figure 13. Analysis on the Environmental Kuznets Curve> 
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  Korea also does not show the inverted U-shape correlation between the income increase(GDP 

per capita) and environmental pressure(material consumption per capita).   

  These comparisons show the need for guiding and sector policies oriented to absolute 

dematerialization that can reduce the environmental pressure under the paradigm of sustainable 

development. 
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VI. Effectiveness of MF-derived indicators in measuring the Sustainable Development 

Pressure-State-Response(PSR) is an useful framework in analyzing a country’s performance 

toward sustainable development. Traditionally, economic and environmental policies(responses) 

played in different areas, with economic policies focusing on the growth which elevated pressure 

to the environment. Environmental policies responded to the state mainly by setting the quality 

standard in the environmental media like air and water, but their performances were confined to 

the measures of controlling emissions. These approaches had shortcomings; 1) the expansion of 

the socio-economy brought the proliferation of pollution and global environmental degradation 

like global warming regardless of the success in the traditional policies 2) low effectiveness of 

stand-alone environmental policies in responding to the environmental degradation.   

< Figure 14. Pressure – State – Response framework23> 

 
                                                           
23 OECD, OECD Core Set of Indicators for Environmental Performance Reviews, 1993, 
http://www.virtualcentre.org/en/dec/toolbox/Refer/gd93179.pdf 
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As a result, with awareness on the limited volume of natural capacity, recent environmental 

policies are trying to march into the realm of the economic pressure area with hybrid policies like 

integrated product policies(IPP) that deal with resource productivity to reduce the absolute 

volume of pressure from socio-economic growth to the environment(decoupling). In the area of 

pressure, the measures of environmental policies are likely to be quantitative, and material flow 

accounting is useful tool to explore the socio-economic system with regard to input from and 

output into the environment. Naturally, recent indicators on sustainable development like the 

OECD environmental indicators deal with all aspects of the PSR framework.   

- Pressure(depend on the size and efficiency of the economy) – MF indicator(comprehensive), 

major indicators on the use of energy and natural resources   

- State(depend on the capacity of the nature and the human receptor) – environmental quality 

- Response(depend on the pressure and the natural capacity) – Environmental Performance 

Index    

Material flow indicators, showing quantitative information about the socio-economic activities, 

focus more on the pressure area and can be used in forecasting environmental state and evaluating 

the overall progress toward Sustainable Development. For example, trend in fossil fuel input may 

be compared with the trend of urban air quality as well as global warming. Considerable work 

can be further done in finding effective relationship between quantitative indicators of MFAcc 

and qualitative indicators(environmental quality).  
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In this study, two indicators were chosen for evaluating the effectiveness of MF-derived 

indicators and were compared with the MF data of EU and Korea; Ecological footprint from 

pressure side and Environmental Performance Index from state side.   

Ecological footprint 

Ecological footprint measures the amount of nature’s resources an individual consumes in a 

year across the countries and estimates the areas of land and water in terms of global hectare to 

support the consumption 24 . Therefore, this concept is similar to the domestic material 

consumption(DMC) indicator of MFAcc and will show the likely result. Ecological footprint of 

nations 2005 was used To verify this assumption,  

< Figure 15. Ecological footprint of Nations> 
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24 Redefining progress, Footprint of nations 2005, http://www.ecologicalfootprint.org/FAQ.html#how 
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Ecological footprint was released by the redefining progress in 2004(2000 data) and 2005(2001 

data). In 2005 update, significant modification was done to reflect the capacity of carbon 

sequestration in the energy area with fairly heavy weight. As a result, energy footprint decided the 

total footprint in 2005 update.     

Domestic material consumption is calculated by subtracting export from input(domestic 

extraction + import) with each materials having equal weight and no first-hand considerations on 

carbon. Therefore, direct comparison between these two indicators seems inappropriate. However, 

some correlation may be found with further investigation.   

< Figure 16. Comparison of Ecological footprint and DMC per capita> 
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Environmental Performance Index(EPI) 

Environmental performance index(EPI) was developed by the Yale and Columbia university to 

measure the performance of environmental policies. EPI focuses on two objective of reducing 

stresses on human health and promoting ecosystem vitality and sound natural resource 

management25. Progress of countries in the relevant policies are indirectly measured through 25 

indicators in 10 policy categories, focusing on the environmental health(a few indicators on the 

state) and ecosystem vitality(indicators more on the pressure) with equal weight26. Countries are 

scored with 0~100 scale at the policy categories level and ranked by the sum of weighted score.  

Countries with vast environmental volume and adequate environmental policies are ranked 

higher. In the 2008 EPI, Switzerland took the highest ranking with score of 95.5 out of 100, 

followed by Sweden, Norway and Finland. However, countries with limited environmental 

volume like the Netherlands, Denmark, Belgium and Korea were ranked fairly low. 

It is not probable to compare the EPI and MF indicators because EPI evaluate progress with 

indicators on environmental quality(state) while the MF indicators deal with the quantitative 

pressures on the environment and relevant policies. Nevertheless, two approach shares the need 

of quantitative and data-driven approach in environmental decision-making, and environmental 

challenge arising from resource consumption and pollution from economic activities.         

                                                           
25 Yale & Columbia Univ. 2008 Environmental Performance Index; Summary for policymakers. P2 
26 http://epi.yale.edu/IndicatorsMethodology 
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Comparison between indicators 

Most indicators developed for gauging progress toward sustainable development serve for 

specific areas targeted and may reveal different result according to methodologies used. For 

example, Finland is ranked among the highest group in the ecological footprint and EPI. However, 

Finland has the highest volume of domestic material consumption per capita among EU countries.  

It is natural to devise indicators and policies with more weight on specific area or value sought 

like the EPI, considering that there are priority issues in the sustainable development like global 

warming and each country has different condition in the development.    

Material flow account, with un-weighted aggregation of materials, can have its role in 

providing raw data for various indicators as well as itself being used as basic indicator.    

      < Figure 17. DMC per capita in EU countries as of 1999> 
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VII. Recommendations for Sustainable Development policies 

As stated in the introduction, 77 sustainable indicators established by the PCSD include most 

aspect of governmental policies toward sustainable development with targets of those indicators 

set based on those of OECD. Nevertheless, it is not likely that those indicators imply how 

effectively progresses should be made, seeing that qualitative evaluations may not be properly 

feed-backed to the related policies.   

Korea has fairly small volume of natural environment and thus may have its ecosystem 

collapsed by the overflow of materials and wastes if the current pace of material consumption 

continues to increase even with decreasing rate.   

Figure 18 shows future trends in the material input and GHGs emissions extrapolated using 

regressions based on the data of past 15 years. Material input and GHGs emission were regressed 

with GDP, GDP per capita with purchasing power, population and proportion of service and 

industry sector in the GDP. Regression result 1 produces increasing pattern with economic growth 

that is not accompanied by structural change of the economy. Regression result 2 reveals turning 

point toward decoupling or absolute dematerialization from economic growth but with structural 

change of the economy(enlarged service sector). Future trends may fluctuate between the 2 

regressed lines, implicating relative dematerialization.  

Factors on the current status need to be introduced to this analysis for finding sustainable 
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development path. Resource efficiencies(DMI/GDP, DMC/GDP) are lower than those of most EU 

countries, which means larger volume of input for the same amount of GDP. In this context, 

decoupling should be sought to lower the material input to the EU level and MF indicators can act 

as a measure of performances at national level and as a guide for sectors or industries .     

< Figure 18. Expected trends in material input and GHGs emission> 
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Countries are trying to develop and apply material flow indicators relevant to their 

circumstances as seen in Figure 19. Policies on resource efficiency can contribute not only to the 

reduction of resource use but also to the reduction of greenhouse gases, and the impacts of those 

policies are stronger because they address the source of problems directly.   
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<Figure 18. Use of MF information and links to policy goals27> 

 

Recommendations based on observations and pilot material flow accounting are as follows;  

First, Korea need to develop elaborate framework and methodologies for constructing material 

flow accounting at national level that can be broke-down to the industry level with minor 

modification. This framework may inevitably include the account of natural stock and 

environmental expenditures as well as material flow, because comprehensive framework can help 

inquiring into the sustainability of an economy. Characteristics include;    

- The MFAcc framework based on the OECD guidance also for cross-national application 

                                                           
27 OECD, Measuring Material Flows and Resource Productivity; INVENTORY OF COUNTRY ACTIVITIES, 
ENV/EPOC/SE(2007)2, p17 
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- Modular approach that can easily integrate material flow of individual materials into the 

national framework  

- Structural design that can mirror the system of national accounts(SNA) for future integration 

and estimation of Green GDP 

  Second, official economy-wide material flow accounting should be officially compiled based 

on available data set and key figures like DMI and DMC need to be published for policy 

application and public awareness as is done by EU. This process will help identify areas of 

improvement in terms of data quality and management system including; 

- major areas for data quality improvement; GHGs emissions, water pollution, dissipative use 

and losses 

- unused and indirect flows having significant impacts on the natural environment  

- cross-national flow of used products and wastes  

- establishment of inter-ministrial cooperation system for Material flow accounting 

- capacity building of human resources 

  Third, areas of urgent action for decoupling or dematerialization need to be identified with 

their sectoral target properly addressed in linkage with national target of sustainable development. 

Industrial policies tends to be not well harnessed toward sustainability in most countries, because 

national visions for sustainability are presented with quality and growth-oriented formats and 
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therefore can not direct policies or overcome factional stakes. National vision for sustainable 

development could be better incorporated into sub-policy targets by developing       

- targets for resource productivity : gradual improvement in DMI/GDP (1,203 ton/million 

USD) to EU average level(725 ton/million USD) depends on the efficiency improvement in the 

energy sector  

- targets for sustainable consumption : Domestic material consumption per capita etc 

- quantitative indicators in the area of concern 

- evaluation and feedback system using quantitative goals for the sustainable development 

indicators 

Fourth, material flow analyses at the industry level need to be promoted for facilitated 

compliance of national targets by the industries through capacity-building. The government 

should promote resource productivity(eco-efficiency) at the industry level by supporting such 

schemes as;  

- clearinghouse of material flow information 

- certification of eco-efficient products 

- design of economic and geographical structure that can streamline the flow of material input 

and output at macro and micro level(eco-industrial park, etc). 

Finally, public awareness is an important tool in progressing toward sustainable development. 
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Material flow indicators like DMC per capita can be an easier format for the awareness-raising of 

the public on the resource use. Therefore, developing public awareness tools for SD using 

material flow indicators is also encouraged.   
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Appendices  

 
Appendix 1. National Sustainable Development Indicators and pilot evaluation28  
 
Sector Theme Sub-theme Indicators Trend 

1-1. Poverty 1. Percent of population living below the poverty line 
2. Gini Index of Income Inequality 
3. Unemployment rate (%) 

 
 
 

1-2. Labor 4. Average working hours 
5. Wage ratio of regular to non-regular work (%) 

 
 

1. Equity 

1-3. Gender equality 6. Ratio of female to male wages (%) 
7. Percent of women’s economic participation 

 
 

2-1. Nutritional status 8. Nutritional Status of Children (% of required level) - 
2-2. Mortality rate 9. Mortality rate under five years old (%)  
2-3. Life expectancy 10. Average life expectancy  
2-4. Drinking water 11. Supply rate of water service in farming & fishing villages  

2. Health 
 

2-5. Health care 
delivery 

12. % of population covered by health care insurance 
13. National health & welfare expenditure 
14. Percent of children vaccinated against infectious diseases 

 
 
 

3. Education 3-1. Education level 15. Net percent of children graduating from middle school 
16. Number of students per class in elementary schools 
17. Education expenditure(cost of public/private education) 

 
 
 

4. Housing 4-1 Living conditions 18. Floor area per person 
19. Number of houses per 1000 population 
20. Price ratio of house to annual income 

 
 
 

5. Disaster/ 
Security 

5-1. Crime 21. Number of recorded crimes per 1000 Population 
22. Human life and economic loss caused by disaster 

 
 

Social 

6. Population 6-1. Population 
change 

23. Population growth rate 
24. Population density (number of people/km2) 
25. Percent of aged population 

- 
- 
- 

1-1. Climate change 26. Emissions of green house gases 
27. Emission of green house gases per person 
28. Emission of green house gases per GDP 

 
 
 

1-2. Ozone layer 29. Consumption of ozone depleting substances  

1. 
Atmosphere 

1-3. Air quality 30. Air pollution in metropolitan cities (ppm)  
2-1. Agriculture 31. Percent of farmland area 

32. Production ratio of Environmental-friendly 
33. Self-sufficiency rate of food 
34. Use of fertilizers (nitrogen, phosphor)(kg/ha) 
35. Use of agricultural pesticides (kg/ha) 

 
 
 
 
 

2-2. Forests 36. Forest area as a percent of land area (%) 
37. Park area per person within a city 
38. Wood harvesting intensity (compared to forest reserve) 

 
 

- 

2. Land 

2-3. Urbanization 
 

39. Urbanization rate 
40. Concentration of population in Seoul Metropolitan Areas 

- 
 

Environ
mental 
 

3. 
Oceans/ 
Coasts 

3-1. Coastal zone 41. Algae concentration in coastal waters 
42. Amount of ocean dumping 
43. Size and rate of increase and decrease of foreshore area 

 
 
 

                                                           
28 The Korean national strategy for sustainable development; A background report, Dec 2006. p 65-66 
http://www.pcsd.go.kr/sd/nssd/backgroundReport_Dec2006.pdf 
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3.2. Fisheries 44. Amount of marine resources (10,000 tons) 
45. Amount of fishery farming (10,000 tons) 

 
 

4-1. Water quantity 46. Annual withdrawal of ground and surface water 
47. Amount of water consumption per person per day 

 
 

4. Fresh water 
 

4-2. Water quality 48. Concentration of BOD, COD, SS, pH  
49. Sewage distribution rate (%) 

 
 

 5. 
Biodiversity 

5-1. Ecosystem 50. Protected area as a % of total area 
51. Number of national species 
52. Number of species in danger of extinction 

 
 
 

1-1. Economic 
performance 

53. GDP per capita 
54. GDP 
55. Economic (real GDP) growth rate 
56. Investment share in GDP (%) 
57. Consumer price indexes 

 
 

- 
 

- 
1-2. Trade 58. Balance of trade in goods and services - 
1-3. Financial status 59. Ratio of taxation per capita 

60. Debt to GDP ratio 
- 

 

1. Economic 
structure 
 

1-4. ODA 61. ODA to GNI ratio  
2-1. Material 
consumption 

62. Intensity of material use (per GDP 1000$)  

2-2. Energy use 63. Annual energy consumption per capita 
64. Total energy supply (per energy sector) 
64. Share of consumption of renewable energy sources 
66. Energy unit (MJ/HS$) 

 
- 

 
 

2-3. Waste 
management 

67. Generation of industrial and municipal solid waste 
69. Generation of hazardous waste 
69. Generation of radioactive waste 
70. Waste recycling and reusing 

 
 
 
 

2. 
Consumption/ 
Production 
 

2-4. Transportation 71. Transportation shares per transport mode 
72. Total length of roads and cycling paths 
73. Number of car accidents (per 1 M people and 1 M cars) 

 
 
 

3-1. Access to 
information 

74. Number of high-speed internet subscribers 
75. Ratio of households with PCs 

 
 

3-2. Information 
infrastructure 

76. Number of on-line civil application services  
 

Eco-
nomy 
 

3. Information 
Society 
 

3-3. Sciences & tech 77. Expenditure on R&D as a percent of GDP  

- evaluation on trend waived because more consensus are needed for the targets.  
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Appendix 2. Regression results 
 
a. data 
Year T Input Dextract Import GDP GDP_agri GDP_Ind GDP_Serv GDPC_PPP Pop EW GHGs 

1991 461143.7 258149.3 202994 310196 0.079 0.426 0.494 8983 43292 339230.4 295344 

1992 508722.6 281161.7 227561 328423 0.077 0.413 0.51 9642 43725 362583.1 323783 

1993 535288.3 296369.8 238918 348567 0.069 0.416 0.514 10375 44162 391400.8 358083 

1994 567741 309062.2 258679 378323 0.067 0.416 0.517 11396 44592 424768.9 389242 

1995 586673.4 303357.6 283316 413011 0.063 0.419 0.518 12514 45007 455654.3 423115 

1996 672606.3 368762 303844 441916 0.06 0.413 0.528 13515 45405 498213.5 463326 

1997 685850.7 355319.6 330531 462469 0.054 0.411 0.534 14246 45788 529371.8 492345 

1998 594937.2 300280.4 294657 430770 0.051 0.407 0.542 13320 46149 458596.9 426557 

1999 642080.3 314417.6 327663 471634 0.052 0.402 0.545 14690 46481 493114.3 463097 

2000 660233.4 304618.4 355615 511658 0.049 0.407 0.544 16149 46779 522615.7 492756 

2001 702991.7 340417.3 362574 531288 0.045 0.392 0.563 17047 47040 540054.1 508941 

2002 729346.9 356775.1 372572 568320 0.041 0.384 0.575 18452 47265 562187.2 529919 

2003 750225.9 369803.4 380423 585922 0.038 0.39 0.572 19316 47463 572874 541521 

2004 738122.4 337687.3 400435 613634 0.038 0.407 0.556 20660 47645 582154.4 551973 

2005 722985.1 324444.1 398541 637945 0.033 0.403 0.563 22029 47817 586986.8 560252.6 

 
 
b. methodology 
 
- Among indicators, domestic material input(DMI) for the input part and greenhouse 
gases(GHGs) emission for output part were selected as key indicators that can measure the 
success to SD. These 2 indicators were regressed to extrapolate future trend in the absence of 
policy intervention or management. GDP(constant USD/2000), purchasing power GDP per capita 
and population were chosen as primary variables that were seemed to influence the trends. 
Percentagess of GDP from agriculture, industry and services were added as secondary variables 
because structure of economy change with economic development. Therefore growing share of 
service sector in GDP is expected to reduce the material inputs and outputs. 
 
- Domestic Material Input (input)   

Regression with GDP, GEP_Serv, GDP_Ind, GDPC_ppp, and population seems to fit better.   
DMI = -2165116 + 5.170264*GDP + 6403458*GDP_Serv + 5960705*GDP_Ind + (-

105.5425*GDPC_ppp) + (-85.71302*pop)     
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        ghgs          15    454683.6    83535.46     295344   560252.6
          ew          15    487987.1    80277.59   339230.4   586986.8
         pop          15    45907.33    1483.623      43292      47817
    gdpc_ppp          15    14822.27    4037.215       8983      22029
                                                                      
       gdppc          15    10114.93      1905.2       7169      13210
    gdp_serv          15    .5383333    .0245696       .494       .575
     gdp_ind          15    .4070667    .0114609       .384       .426
    gdp_agri          15       .0544    .0144014       .033       .079
         gdp          15    468938.4      104123     310196     637945
                                                                      
      export          15    88966.35    20475.34    47062.8   117472.6
      import          15    316411.7    62765.77   210846.8   400435.1
        dext          15    317371.6    32881.42   254170.7   365987.3
       input          15    633783.3    89348.09   465017.5   746409.8
        year          15        1998    4.472136       1991       2005
                                                                      
    Variable         Obs        Mean    Std. Dev.       Min        Max

 

 

                                                                              
       _cons      1212467   737793.4     1.64   0.131    -431439.2     2856373
         pop    -39.99498   22.92843    -1.74   0.112     -91.0827    11.09275
    gdpc_ppp    -93.86474   22.64859    -4.14   0.002    -144.3289   -43.40054
    gdp_serv     701347.6   771022.9     0.91   0.384     -1016599     2419294
         gdp     4.843085    1.05458     4.59   0.001     2.493335    7.192836
                                                                              
       input        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    1.1176e+11    14  7.9831e+09           Root MSE      =   19658
                                                       Adj R-squared =  0.9516
    Residual    3.8643e+09    10   386429414           R-squared     =  0.9654
       Model    1.0790e+11     4  2.6975e+10           Prob > F      =  0.0000
                                                       F(  4,    10) =   69.81
      Source         SS       df       MS              Number of obs =      15

. reg  input gdp gdp_serv gdpc_ppp pop

 

                                                                              
       _cons     -2165116    2059233    -1.05   0.320     -6823424     2493192
         pop    -85.71302   33.63837    -2.55   0.031    -161.8083    -9.61774
    gdpc_ppp    -105.5425   21.73255    -4.86   0.001    -154.7049   -56.38005
     gdp_ind      5960705    3434437     1.74   0.117     -1808532    1.37e+07
    gdp_serv      6403458    3359912     1.91   0.089     -1197192    1.40e+07
         gdp     5.170264   .9804991     5.27   0.001     2.952221    7.388307
                                                                              
       input        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    1.1176e+11    14  7.9831e+09           Root MSE      =   17936
                                                       Adj R-squared =  0.9597
    Residual    2.8953e+09     9   321697398           R-squared     =  0.9741
       Model    1.0887e+11     5  2.1774e+10           Prob > F      =  0.0000
                                                       F(  5,     9) =   67.68
      Source         SS       df       MS              Number of obs =      15

. reg  input gdp gdp_serv  gdp_ind gdpc_ppp pop

 
 
 
- Greenhouse gases emissions(output) 

 GHGs = -2772957 + 3.561987*GDP + 4330063*GDP_Serv + 5014054*GDP_Ind +         
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 (-72.18833*GDPC_ppp) + (-72.18833*pop) 

                                                                              
       _cons     -2772957    1302645    -2.13   0.062     -5719745    173831.4
         pop    -38.00675   21.27922    -1.79   0.108    -86.14369    10.13018
    gdpc_ppp    -72.18833   13.74774    -5.25   0.001    -103.2879   -41.08878
     gdp_ind      5014054    2172583     2.31   0.046     99330.94     9928778
    gdp_serv      4330063    2125439     2.04   0.072    -478014.2     9138140
         gdp     3.561987   .6202516     5.74   0.000      2.15888    4.965093
                                                                              
        ghgs        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    9.7694e+10    14  6.9782e+09           Root MSE      =   11346
                                                       Adj R-squared =  0.9816
    Residual    1.1586e+09     9   128732715           R-squared     =  0.9881
       Model    9.6536e+10     5  1.9307e+10           Prob > F      =  0.0000
                                                       F(  5,     9) =  149.98
      Source         SS       df       MS              Number of obs =      15

. reg  ghgs gdp gdp_serv  gdp_ind gdpc_ppp pop

                                                                              
       _cons     165104.4   492243.7     0.34   0.744    -918316.8     1248525
         pop    -7.033741   13.19444    -0.53   0.605     -36.0745    22.00702
    gdpc_ppp    -60.80728   15.37948    -3.95   0.002    -94.65729   -26.95727
         gdp     3.228103   .7177308     4.50   0.001     1.648388    4.807817
                                                                              
        ghgs        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    9.7694e+10    14  6.9782e+09           Root MSE      =   13436
                                                       Adj R-squared =  0.9741
    Residual    1.9857e+09    11   180518534           R-squared     =  0.9797
       Model    9.5709e+10     3  3.1903e+10           Prob > F      =  0.0000
                                                       F(  3,    11) =  176.73
      Source         SS       df       MS              Number of obs =      15

. reg  ghgs gdp gdpc_ppp pop

 
 

 Extrapolating the future. 

  Two regressions were used to extrapolate the future trend in the DMI and GHGs. The first one 
was regressed only with GDP, GDPC_ppp and Population and the second one was regressed with 
GDP, GDPC_ppp, population and GDP_Serv and GDP_Ind.  

Future variable data were estimated considering past trend, government targets etc. 

- GDP growth : 4%/year ~2010, 3%/year ~2015 (Current administration target : >5%/y) 

- GDP per capita(PPP) : 5%/y ~2010, 4%/y ~2015 

- Population growth: World population prospect, UN 

- Percentages of Agriculture and Industry in GDP : 0.5% decrease/y each  

 Two regression model show different trend with above assumed variable data; The first one 
shows increasing trend while the second one turn to decrease around 2011. These may be used as 
worst and hopeful prospects in the absence of relevant policy intervention.        
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Environmental Kuznetz Curve 

                                                                              
       _cons     5.969968   1.052443     5.67   0.000     3.696303    8.243633
       gdppc       .00058   .0001024     5.67   0.000     .0003588    .0008011
                                                                              
       DMCpc        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    24.0160647    14  1.71543319           Root MSE      =  .72974
                                                       Adj R-squared =  0.6896
    Residual     6.9227135    13  .532516423           R-squared     =  0.7117
       Model    17.0933512     1  17.0933512           Prob > F      =  0.0001
                                                       F(  1,    13) =   32.10
      Source         SS       df       MS              Number of obs =      15

. reg DMCpc gdppc
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Appendix 3. Data sources  

 

  Data sources 

 

 

Domestic 

extraction 

Fossil fuels 

 

Minerals 

 

 

 

Biomass 

 

 

 

 

 

Yearbook of energy statistics 2007(Korea Energy 

Economics Institute)  

Statistics of Mineral supply 2006(Korea Institute of 

Geoscience and Mineral Resources) 

Salt statistics(Korea Salt Manufacture Association) 

 

Agricultural and Forestry Statistics Yearbook 2006 

(http://english.mifaff.go.kr/index.jsp) 

Fishery production statistics 2006 

(http://www.momaf.go.kr/english/fish/stat/F_stat_list.a

sp?sort=2) 

Korea Statistical Information Service(www.kosis.kr) 

Imports 

Exports 

 

Raw materials 

Semi-manufactured products 

Finished products 

Other products 

 

Korea Trade Statistics Service System(Korea Inter-

national Trade Association) 

http://stat.kita.net/top/state/n_submain_stat.jsp?menuI

d=01&subUrl=n_default-

test.jsp?lang_gbn=kor^statid=kts&top_menu_id=db11

&lang_gbn=kor

Emissions 

and 

wastes 

Emissions to air 

Waste landfilled 

Emissions to water 

Dissipative use of products 

Dissipative losses 

 

Environmental statistics Yearbook 2006, Ministry of 

Environment 

 

Agricultural and Forestry Statistics Yearbook 2006 
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Appendix 4. Ecological footprint 2005. 

 

Cropland 

Footprint 

Pasture 

Footprint 

Forests 

Footprint 

Fisheries 

Footprint 

Built Space 

Footprint 

Energy 

Footprint 

Total 

Footprint 

Biological 

Capacity 

Ecological 

Balance 

World 0.52 0.47 0.46 1.05 0.05 19.36 21.91 15.71 -6.20 

North America 1.72 1.01 2.69 1.59 0.15 88.83 95.99 53.16 -42.83 

Canada 1.90 1.06 2.74 1.31 0.12 75.91 83.03 85.95 2.92 

US 1.53 0.96 2.65 1.86 0.18 101.76 108.95 20.37 -88.58 

Western Europe 0.98 0.53 1.78 2.87 0.11 54.45 60.70 16.84 -43.86 

Austria 0.82 0.60 1.92 1.04 0.06 46.69 51.13 9.94 -41.19 

Belgium  0.85 0.44 0.00 2.02 0.13 65.43 68.87 7.19 -61.69 

Denmark 1.26 0.45 3.28 1.69 0.11 55.04 61.84 16.28 -45.56 

Finland 1.03 0.10 5.69 1.98 0.25 35.44 44.48 32.16 -12.33 

France 1.13 0.63 1.10 2.51 0.10 60.36 65.82 11.29 -54.54 

Germany 0.73 0.22 0.87 1.22 0.14 49.04 52.21 8.44 -43.77 

Greece 1.16 1.16 0.51 2.43 0.07 62.53 67.85 11.79 -56.06 

Ireland 1.21 0.62 1.19 1.64 0.07 60.69 65.42 27.02 -38.40 

Italy 0.86 0.49 0.69 1.75 0.03 37.68 41.51 8.05 -33.46 

Netherlands 0.93 0.51 0.98 1.39 0.09 65.19 69.09 7.96 -61.13 

Norway 0.76 0.16 2.40 5.91 0.09 83.81 93.13 48.89 -44.24 

Portugal 0.93 0.66 1.02 10.03 0.09 36.47 49.20 16.33 -32.88 

Spain 1.10 0.69 0.84 4.58 0.05 43.42 50.68 10.44 -40.24 

Sweden 1.20 0.34 5.34 2.51 0.24 57.13 66.76 26.38 -40.38 

United Kingdom 0.71 0.81 0.81 2.33 0.09 57.81 62.56 10.45 -52.11 

Korea Republic 0.50 0.16 0.46 3.61 0.07 34.89 39.69 9.04 -30.65 
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