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Overview

 Economic wealth
 Physical, human and natural capital
 Ecological capital

 Adjusted (green) NDP, economic wealth and 
sustainability
 Accounting for human and natural capital
 Accounting for ecological capital
 Measuring ANDP

 Accounting for ecological capital losses
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Economic Wealth

Physical capital
Dwellings, factories, 
structures, equipment, 
inventories, consumer 
durables, etc.

Human capital
The skills, 
education and 
health embodied in 
the workforce

Natural capital
Land, forests, fossil 
fuels, minerals, 
fisheries

Re-invest 
revenues 
earned from 
natural 
resource 
exploitation

Declines 
with current 
production 
and use

Build up 
other 
economic 
assets



Ecological capital
 Depletable asset (conversion/degradation) with renewable services (benefits)
 Most ecosystems and their services are not marketed.
 Capitalized value of ecosystems not reflected in market prices
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Economic Wealth

Physical capital
Dwellings, factories, 
structures, equipment, 
inventories, consumer 
durables, etc.

Human capital
The skills, education 
and health 
embodied in the 
workforce

Natural capital
Land, forests, fossil 
fuels, minerals, 
fisheries

Ecological  capital
Ecosystems providing 
goods and services

Difficult to 
value
Irreversible 
conversion
Prone to 
collapse



Economic System

Human
Well-being

Production of 
Goods and 
Services

Economic Wealth

Physical 
capital

Human 
capital

Natural 
capital

Direct

Indirect

Physical, human and natural capital either directly support current and future well-being or do so indirectly through 
contributing to current and future production of goods and services in an economy.  Thus, these three assets 
comprise the economic wealth of a country
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How ecosystems generate economic benefits
Ecosystem

Functions

Structure

Biogeochemical cycling
Flow of energy
Biological productivity
Niche, refuge, habitat

Biotic (living) 
components of animal 
and plant communities
Abiotic (non-living) 
components of the 
physical environment

Ecological
Production

Ecosystem Services

Goods
Resource harvests, 
water, genetic 
material

Services
Recreation, tourism, 
water purification, 
erosion control, 
flood protection, 
habitat provision

Cultural Benefits
Religious, heritage, 
bequest values

Economic System

Human Well-
being

Production of Goods 
and Services

Benefits
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Including ecosystem services in NDP

 NDP is the market value of all final goods and services 
(GDP) less any (net) depreciation in capital.

 If any goods and services produced from the current 
stock of ecosystems are marketed or are intermediate 
inputs into marketed production, then NDP will most 
likely already reflect their current contribution. 
 Ecosystem services, such as waste management, habitat 

support, storm protection, flood mitigation, groundwater recharge, 
often serve as intermediate inputs in marketed economic 
production activities or protect marketed assets (e.g. property).

 Some goods obtained from ecosystems, such as harvested raw 
materials, water supplies, food, fiber and fuel, are marketed or 
are processed by industries into marketed products.

 To add these ecosystem service values to NDP would 
result in double counting.
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Presenter Notes
Presentation Notes
For example, if a coastal marsh or mangrove serves as a nursery or breeding habitat for an off-shore commercial fishery, then this habitat will have an influence on current harvested and marketed output of the fishery.  However, the harvested fish will already be included in conventional NDP of an economy, as it is a marketed product.  Similarly, if the wetlands also protect coastal property from storm damages, the value of the latter assets already accounts for the storm protection value of the wetlands. In addition, if the wetlands themselves are a source of currently harvested food, fiber and raw materials, which are in turn sold commercially, then the NDP will already included these marketed products.  In contrast, if any harvested wetland products are not marketed but support the subsistence needs of harvesting households, then the value of these ecological goods will not appear in conventionally measured NDP.  Because they are consumed and not marketed, these products are essentially direct benefits to households.  Finally, coastal wetlands may generate many other non-marketed ecosystem services that also directly influence welfare, such as filtering water pollution that affects human health, enhancing enjoyment of coastal areas and recreation and providing cultural benefits.  Again, these current values of the wetlands are unlikely to appear in conventional NDP.



Ecosystem conversion and NDP
 NDP must also account for any capital revaluation in the 

economy that occurs when ecosystems are converted to 
other land uses.
 The depreciation of a natural asset – ecosystems – is partly 

compensated for the appreciation of another asset – more land 
for economic production and development.

 NDP must account for the loss in the capitalized value of 
ecosystems net of the gain in the capitalized value from the 
additional developed land created through such conversion.

 In this case, the capitalized value of converted 
ecosystems must reflect the present value of all 
foregone future benefits of these ecosystems, whether 
they influence welfare directly or indirectly through 
production of marketed final goods and services.
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Presenter Notes
Presentation Notes
The major reason for this loss is land conversion, such as the transformation of forests and wetlands to crop and grazing land, expansion of aquaculture and agriculture in coastal areas, and the demand for land for urbanand commercial development.



Accounting for human and natural capital
 Conventionally defined NDP is GDP adjusted for 

depreciation in the value of physical capital only 
(consumption of fixed capital).

 NDP should also be adjusted for any net gain (or loss) in 
human capital from current investments in education, 
training or health.

 NDP should also account for net changes in the value of 
natural capital arising from
 The current depletion of non-renewables (fossil fuels, minerals).
 Any net gains or losses for renewable resources, such as forests 

and fish, depending on whether depletion exceeds biological 
growth.
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Accounting for ecological capital
 NDP should be adjusted to include two contributions due 

to ecological capital:
 the value of the (unmarketed) direct benefits provided by the 

current stock of ecosystems, and
 any capital revaluation as a result of conversion of ecosystems to 

other land uses, with the "price" of changes in ecological capital 
reflecting the present value of the future direct and indirect 
benefits of ecosystems.

 If there is a risk of ecosystem collapse due to ecological 
degradation or conversion, then NDP should also be 
adjusted for the direct benefits and capital revaluation 
consequences of that risk.

 If there is any ecological restoration, NDP should also be 
adjusted for the gain in ecosystem benefits, subject to the 
risk of ecological failure.
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Presenter Notes
Presentation Notes
Direct ecosystem benefits might include the value of ecosystems in providing recreational, educational and scientific benefits, their value in terms of natural heritage or bequests to future generation or the value of ecosystems in reducing harmful pollution, assimilating waste and managing climate.  In addition, ecological capital protects or supports economic activity, property and human lives.  These indirect ecosystem benefits are broad ranging, and include raw materials, food and other harvested inputs used in production, provision of freshwater, watershed protection, coastal habitats for off-shore fisheries, flood control, storm protection, climate stabilization, and similar services.



Arrow-Dasgupta inclusive wealth framework
 See Barbier (2016) for details and proofs.
 Defining at time t a shadow price vi(t) for each asset i of 

the economy, its aggregate, or inclusive, wealth W(t) is

 Investment I(t) at time t is

 For any net increase in developed land at the expense of 
ecosystems
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( ) ( ) ( ) ( ) ( ) ( )K H Z N DW t v K t v H t v Z t v N t v D t= + + + +

Physical 
capital

Human 
capital

Natural 
resource 
stocks

Ecosystems Developed 
land

( ) K H Z N DI t v K v H v Z v N v D= + + + +    

( )N c t D= − = 

( )D Nv v c−

Presenter Notes
Presentation Notes
Z(t) is an index of natural resources that are the source of raw material, land and energy inputs to the economy, such as fossil fuels, minerals, metals, forest resources and arable land.Thus vD and vN are the capitalized values, or prices, of development and ecosystem land, respectively.



Inclusive wealth and sustainability
 Define UC as the price of consumption in “utils” (utility flow), and 

UN as the price of ecosystem goods and services that directly 
influence well-being.  Then aggregate NDP is

 Letting V(t) represent intergenerational well-being at time t

 Thus sustainability implies

 As long as NDP exceeds the value of consumption and 
ecosystem goods and services, intergenerational welfare will 
not decline. 

 Conventional NDP should be “adjusted” for all changes in 
aggregate inclusive economic wealth, W(t).
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( ) ( ) ( ) ( )C NNDP t U C t U N t I t= + +
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Presenter Notes
Presentation Notes
NDP is the sum of investment in the aggregate capital stocks of an economy plus the value of consumption and ecosystem goods and services.



Adjusted NDP and wealth accounting
 Adjusted NDP (ANDP) is

 If there is a risk of ecological collapse, then ANDP must be 
modified by:
 Changes in all the shadow prices v due to the risk of failure
 Direct benefits of current ecological capital must be weighted by the 

probability of the current stock of ecosystems surviving.
 Any capital revaluation as a result of conversion of ecosystems to 

other land uses must be adjusted for the change in the risk of collapse 
caused by such conversion.
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Value of 
changes in 
human capital

Value of net 
natural 
resource 
depletion

Direct 
benefits of 
current  
ecosystems

Capital gains 
(depreciation)
From  net 
ecological 
conversion

( )( ) ( ) ( )H K Z D N
NANDP NDP v h E v E v G Z R U N v v c= + − + − + + −  

Conventionally 
measured
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Gross Domestic Product (GDP)
•Market value of all final goods and 
services

Net Domestic Product (NDP)
•GDP less depreciation of physical capital 
(consumption of fixed capital)

Adjustments for changes in human 
capital
•Net gain or loss in human capital from 
education, health and training investments

Adjustments for changes in natural 
capital
•Net changes in renewable and non-renewable 
natural resource stocks

Adjustments for changes in ecological 
capital
•Value of the direct benefits provided by the current 
stock of ecosystems and any capital revaluation 
due to ecosystem conversion or restoration

Adjusted
NDP

Conventional 
Economic 
Indicators



Applying ANDP: Challenges

 Can use WDI to obtain a limited ANDP measure.
 Fossil fuel, minerals and timber depreciation.
 Education expenditures a proxy for human capital investment.
 No ecological capital or services.

 Although WA and IWR measures include additional 
natural and ecological capital, difficult to use for ANDP.
 Any ecosystem service values include marketed and non-

marketed contributions.
 Not easy to estimate capital revaluation from conversion of 

ecosystems to other land uses.
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Presenter Notes
Presentation Notes
WA include both cropland and pastureland as well as forests for timber and ecosystem services as two categories comprising “renewable natural capital”.  A country could be converting deforesting due to cropland explansion and still have its renewable natural capital increase.



Applying ANDP: Advantages

 Even a limited ANDP measure using WDI can provide 
extremely useful insights.
 Especially important for countries that are highly dependent on 

mineral and energy wealth.
 Can identify how well countries are creating wealth net of natural 

capital depreciation (Barbier 2019).
  Rather than adjust NDP for all types of natural and 

ecological capital, it might be more useful to use the 
ADNP method to account for ecological capital losses.
 Mangrove loss in Thailand 1970-2009 (Barbier 2016).
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GDP per capita vs ANDP per capita, high-income OECD, 1995-2019
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Adjusted net domestic product (ANDP) is equal to GDP plus education expenditure and minus consumption of fixed capital and natural resource 
depletion (constant 2015 US$). Natural resource depletion is the sum of net forest depletion, energy depletion, and mineral depletion.  Source: WDI



Accounting for ecological capital losses
 It may be useful to estimate the overall economic losses 

due to ecosystem conversion that are not estimated by 
conventional income accounting. 

 This can be done be estimating a key component of ANDP:

 The sum of these two components represent the net gain or 
loss in ecological capital values, and when compared to the 
value of ecosystem assets if no conversion occurred, one 
can obtain the overall loss or gain in the value of ecological 
capital.
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Direct 
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Accounting for Mangrove Capital, Thailand, 1970-2009
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Total value of remaining
mangroves

Net change in land value
from mangrove
conversion
Net change in mangrove
values

Value of mangroves with
no deforestation

Loss of value due to
mangrove deforestation

Value of mangroves with no deforestation assumes that mangrove area remains unchanged since 1970.  The total value of 
mangroves in 1970 was $25.2 million (constant 2000 US$) and the population of Thailand was 36.9 million.  The decline in 
per capita values over 1970-2009 is therefore due to population growth. Based on the annual losses from deforestation, the 
total per capita losses in Thailand from mangrove deforestation from 1970 to 2009 amount to $39.79 per person (constant 
2000 US$). Based on the 2009 population of 68.7 million, the total cumulative losses from mangrove deforestation from 1970 
to 2009 are over $2.73 billion (constant 2000 US$). Source: Barbier (2016), ARRE

Rapid deforestation 
caused rapid loss in per 
capita values per year 

Only 1/3 of 1970 area 
remains

Presenter Notes
Presentation Notes
During the 1970s and 1980s, when mangrove deforestation was rapid, Thailand lost $1.69 and $0.76 respectively in mangrove net values per person per year.  Thus, the effect of rapid deforestation in these two decades meant that Thailand experienced declines in value due to mangrove deforestation of $2.30 and $1.25 per person per year.  In contrast, in the 1990s and 2000s, the loss of value due to mangrove deforestation was much less, but because there were fewer mangroves left, their values were much smaller too.   By 2009, around one-third of the 1970 mangrove area was deforested and Thailand's population had grown rapidly.  As a result, the total value from the subsistence and carbon benefits of the remaining mangroves has halved, from $0.57 to $0.28 per person per year.  This means that, even though mangrove loss slowed in the 1990s and 2000s, the net values of mangroves were very modest, only $0.11 and $0.25 respectively. 



Final remarks

 Green (adjusted) NDP is an important indicator of how 
“sustainable” is our current production of marketed 
goods and services.

 Even a limited ANDP measure using WDI data for 
(marketed) natural capital is a useful indicator.

 Extending ANDP to account for (unmarketed) ecological 
capital is difficult.

 ANDP approach still useful for estimating the overall 
economic losses due to ecosystem conversion that are 
not estimated by conventional income accounting. 
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