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Commodity prices boom during the first decade of 21st century impact on Natural

Resource Dependent Economies by a significant consumption and GDP growth.
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• However, present terms of trade reversion 
cast several doubts on the sustainability of 
their prosperity. 

• Domestic Savings, human capital formation, 
productivity and management of natural 
resource abundance during the boom are key 
variables to sustain future economic growth in 
case of terms of trade reversion.



• Growth Accounting and Balance Sheet 
Vulnerability analysis does not usually include 
Natural Capital contribution to growth. 

• The economic literature in terms of Dutch 
Disease and Resource Curse was not based on 
common metrics. 

• Moreover, Standard Growth Accounting does 
not include Natural Capital as Input.



OBJETIVES
• Discuss a new Asset Frontier based on Conditions 

under which Human and Non-Economic Natural 
Capital could be included in the SNA

• Common and Consistent Metrics of Different Types 
of Capital as Wealth, Input and Income Side 
(KLEMS+N approach)

• Testing the Methodology for Oil and Gas Dependent 
Economies



• SNA strict based on ownership rights principle: 
economic assets: “those used in economic activity from which the owners 

can perceive profits by holding or using them in any economic activity”. 

• Symmetry Analogy as Hulten, Corrado and Sichel
did with intangibles: investment: all expenses in 
postponed consumption

• New Scope: Intangibles+ non SNA assets as  
+Durables + Enviromental and Non Enviromental
Capital (vrg: TRR)+Human Capital





Sequence of Estimation of National Wealth

INTERNATIONAL

INVESTMENT 

POSITION  ***

FARMING LAND (MV)

SUBSOIL ASSETS (NPV)

HUMAN 

CAPITAL+OTHER 

INTANGIBLES

NET PRODUCED CAPITAL STOCK

Machinery and Equipment RC

Transport Vechicles RC

ICT RC

Residential Buildings RC

Non Residential Buildings RC

Infraestructure RC

Other agricultural construction RC

Capital Livestock MV

Agricultural cultivated assets MV

Inventories MV

RC: equivalent replacement cost

MV: Market Value

NPV: net present Value
*** IIP bonds, stocks and other securities at market value

WEALTH PRODUCED 

CAPITAL STOCK

MV

NON-FINANCIAL 

ASSETS

TANGIBLE  

NET PRODUCED 

CAPITAL STOCK

TANGIBLE  

WEALTH 

PRODUCED 

CAPITAL STOCK

MV

NATIONAL 

WEALTH
URBAN LAND



Consistent Metrics of Capital by Type and Concept: KLEMS+N approach

Table1: Capital Stocks by concept, type and methods

variables Produced Capital Human Capital Natural 

Capital

Land Subsoil Assets

TOTAL KP KH KN Kland Ksubsoil

WEALTH Net Produced Capital at 

equivalent replacement costs 

adjusted by Urban Land

Lifetime per capita Income of 

Population at workage by 

Jorgenson-Fraumeni 

Approach

Natural 

Capital at 

market 

prices

Land at market prices 

by area

Subsoil Assets by Net 

Present Value of Future 

total rents

(1) 𝑊 =

𝐾𝑃 + 𝐾𝐻 +

𝐾𝑁 + 𝐼𝐼𝑃

(2)KPW = KPotherNonICT
net +

KPICT
net + KPB

net ∗
Pm

Pc

(4) 

(5)

𝐾𝑁𝑊

= 𝐾𝐿𝑎𝑛𝑑
𝑊

+ 𝐾𝑠𝑢𝑏𝑠𝑜𝑖𝑙
𝑊

(6)

𝐾𝐿𝑎𝑛𝑑
𝑊

=෍
𝑖
𝑝𝑖
𝑙𝑎𝑛𝑑 ∗ ℎ𝑎𝑖

(7)

𝐾𝑠𝑢𝑏𝑠𝑜𝑖𝑙
𝑊

= ෍

𝑛=𝑡

𝑡+𝑇−1

෍

𝑖

𝑟𝑗
𝑆𝑞𝑗

1 + 𝜌𝑗
𝑆 𝑛−𝑡

SERVICES Produced Capital value at user 

cost by type

Labor Composition Change

Natural 

Capital 

Services 

Inputs

Land Areas value by 

unit rents

Material Extracted value 

by unit rents

(8) 

𝑉𝑖, 𝑡 =
𝑢𝑖,𝑡
𝐾 𝐾𝑖,𝑡

σ𝑛
𝑛 𝑢𝑖,𝑡

𝐾 𝐾𝑖,𝑡

(9) (10) 𝐾𝑁𝑆

= 𝐾𝐿𝑎𝑛𝑑
𝑆

+𝐾𝑠𝑢𝑏𝑠𝑜𝑖𝑙
𝑆

(11)

𝐾𝐿𝑎𝑛𝑑
𝑆

=෍
𝑖
𝑟𝑖
𝑙𝑎𝑛𝑑 ∗ ℎ𝑎𝑖

(12)

𝐾𝑠𝑢𝑏𝑠𝑜𝑖𝑙
𝑆 =෍

𝑗
𝑟𝑗
𝑆𝑞𝑗

INCOME 

NNY

𝑌 − 𝛿𝐾𝑃𝑊𝐾𝑃
𝑊 𝐼𝐾𝐻𝑊 −𝛿𝐾𝑁𝑊𝐾𝑁

𝑊

Genuine 

Savings Sg

𝑆 − 𝛿𝐾𝑃𝑊𝐾𝑃
𝑊 𝐼𝐾𝐻𝑊 −𝛿𝐾𝑁𝑊𝐾𝑁

𝑊
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Are Oil and Gas Rich Economies rich?
Paradox: poor-low wellbeing 
resource-exporting countries



Crude Oil average price and Natural Gas real price Index-2010 US 
dollars (1990=100)
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Share of Oil and Gas Rents in Oil and Gas dependent countries GDP

Share of Oil and Gas Rents in Oil and Gas 
dependent countries GDP



Table3: Wealth of Oil and Gas dependent countries group

Wealth Level Per Capita W/GNI GNI per Capita

US$ billions

Oil and Gas countries 93.230 57.877 17,3 3.348

OECD 556.552 583.490 16,5 35.370

Low Income 4.452 6.441 16,3 396

Middle Income 143.410 32.617 15,7 2.076

High Income 574.904 567.802 16,6 34.237

World 786.519 128.927 17,8 7.254



Table4

Oil and Gas Wealth of Oil and Gas dependent countries group 

for 2005
-u$s billons-

Oil Gas 

WORLD BANK 8.273 3.900

KLEMS+N 19.449 13.475



Wealth composition of Oil and Gas countries group 2005, World Bank and 
ARKLEMS estimation.



Wealth Change of Oil and Gas countries group 2005, World Bank and 
KLEMS+N estimation.



Components of Genuine Savings for Oil and Gas 
countries group 1990-2008 (% of Gross National 

Income). 



Ranking of Genuine Savings for Oil and Gas countries 
group 2007 (% of Gross National Income). 



Genuine Savings for Oil and Gas countries group 
1990-2008. (% of Gross National Income). 



KLEMS+N Growth Accounting for Oil and Gas 
richer countries

•
𝑑 𝑙𝑛𝑀𝐹𝑃

𝑑𝑡
=

𝑑 𝑙𝑛𝑌

𝑑𝑡
− σ𝑖=1

𝑁 𝑢𝑖𝐾𝑖

𝐶′

𝑑 𝑙𝑛𝐾𝑖

𝑑𝑡
+

𝑤𝐿

𝐶′

𝑑 𝑙𝑛𝐿

𝑑𝑡

•
𝑑 𝑙𝑛𝐺𝑀𝐹𝑃

𝑑𝑡
=

𝑑 𝑙𝑛𝑌

𝑑𝑡
− σ𝑖=1

𝑁 𝑢𝑖𝐾𝑖

𝐶

𝑑 𝑙𝑛𝐾𝑖

𝑑𝑡
+ σ𝑖=1

𝑀
𝑢𝑁𝑗𝐾𝑁𝑗

𝑆

𝐶

𝑑 𝑙𝑛𝐾𝑁𝑗
𝑆

𝑑𝑡
+

𝑤𝐿

𝐶

𝑑 𝑙𝑛𝐿

𝑑𝑡

•
𝑑𝑙𝑛𝐺𝑀𝐹𝑃

𝑑𝑡
=

𝑑𝑙𝑛𝑀𝐹𝑃

𝑑𝑡
+

𝑢𝑁𝐾𝑁
𝑆

𝐶

𝑑𝑙𝑛𝑍

𝑑𝑡
−

𝑑𝑙𝑛𝐾𝑁
𝑆

𝑑𝑡
exog. u

•
𝑑𝑙𝑛𝐺𝑀𝐹𝑃

𝑑𝑡
=

𝑑𝑙𝑛𝑀𝐹𝑃

𝑑𝑡
+

𝑢𝑁𝐾𝑁
𝑆

𝑝𝑦𝑌

𝑑𝑙𝑛𝐾

𝑑𝑡
−

𝑑𝑙𝑛𝐾𝑁
𝑆

𝑑𝑡
endog. u



•
𝑑 𝑙𝑛𝐺𝑀𝐹𝑃

𝑑𝑡
=

𝑑 𝑙𝑛𝑀𝐹𝑃

𝑑𝑡
+

𝑢𝑁𝑄𝑁

𝑝𝑌𝑌

𝑑𝑙𝑛𝐾𝑛𝑜𝑛𝐼𝐶𝑇

𝑑𝑡
−

𝑑 𝑙𝑛𝑄𝑁

𝑑𝑡

• I. 𝑑𝑙𝑛𝐾𝑛𝑜𝑛𝐼𝐶𝑇 <
𝑑 𝑙𝑛𝑄𝑁

𝑑𝑡
→

𝑑 𝑙𝑛𝐺𝑀𝐹𝑃

𝑑𝑡
<

𝑑 𝑙𝑛𝑀𝐹𝑃

𝑑𝑡
. If natural resource 

service growth rate is higher than the volume change of KnonICT, 
traditional MFP was positive biased. Actually, GMFP is less dynamic.

• 𝐼𝐼. 𝑑𝑙𝑛𝐾𝑛𝑜𝑛𝐼𝐶𝑇 >
𝑑 𝑙𝑛𝑄𝑁

𝑑𝑡
→

𝑑 𝑙𝑛𝐺𝑀𝐹𝑃

𝑑𝑡
>

𝑑 𝑙𝑛𝑀𝐹𝑃

𝑑𝑡
. The natural 

resource service growth rate is lower than the volume change of K 
non ICT, MFP is negatively biased. So effective GMFP growth is 
higher.

• 𝐼𝐼𝐼. 𝑑𝑙𝑛𝐾𝑛𝑜𝑛𝐼𝐶𝑇 ≅
𝑑 𝑙𝑛𝑄𝑁

𝑑𝑡
→

𝑑 𝑙𝑛𝐺𝑀𝐹𝑃

𝑑𝑡
≈

𝑑 𝑙𝑛𝑀𝐹𝑃

𝑑𝑡
. If both included 

and non-included inputs grow at the same rate, there could be no 
bias in measured MFP.



Oil and Gas Growth profile 1990-2012
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Growth Profile for Oil and Gas richer countries 1990-
2012, traditional and ARKLEMS+N methodology

0,79 0,79 

0,12 0,12 

0,47 0,47 

1,67 

1,15 

0,10 
0,17 

0,54 
0,78 

 -

 0,50

 1,00

 1,50

 2,00

 2,50

 3,00

 3,50

 4,00

Traditional Adjusted

TFP

Gas

Oil

Non ICT Capital

ICT Capital

Labour Composition

Hours Worked

Source: Centre of Studies 
of Productivity 
ARKLEMS+LAND –
NATURAL CAPITAL 
DATABASE



Difference between MFP and GMFP growth 1990-2012 
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GFMP and MFP annual growth in oil and gas 
dependent country (+China and USA) 1990-2012 











• The methodology proposed is attainable to 
apply. This allows to consistent inclusion 
Welfare and Sustainability issues in the core 
of SNA as Stiglitz, Sen Fittousi concerns about 
overconsumption, welfare and development 
sustainability.


