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Natural Resource Accounting for
Thailand’s Forests: A Theoretical
Framework   

Alexandra Lai

I . INTRODUCTION

Thailand is endowed with abundant natural resources and a varied topography
and climate. These natural assets have been exploited in Thailand to further
economic development, as has been the case in most countries fortunate enough
to be faced with the option. In the process of economic development, Thailand
has depleted much of its natural resources, with a notable example being its
forests.

We have come to recognize that a country’s natural resource constitutes
part of its capital. The depreciation of human-made capital is reflected in
national accounts and charged against income generated by its use to get
conventional Net National Product (NNP). Depreciation is imputed to capture
the declining income-generating potential of an asset over time, and indicates
the level of investment necessary for an economy to maintain its productive
capacity. The income generated by the use of man-made capital is thus recorded
net of the investment required to maintain its future productivity. Yet, in current
national accounts, depreciation is imputed and deducted only for reproducible
man-made capital. Similarly, when natural capital is used up, the results is an
economic depreciation of the stock of natural capital. This depreciation should
also be netted out of the income generated by the use of the natural resource in

                                                

 I would like to thank Professor Flatters and the staff at TDRI for their invaluable
comments and supervision. Additionally, I would like to acknowledge the Canadian
International Development Agency (CIDA) for granting me financial support at the
Thailand Development Research Institute during which time I wrote this paper.



3

order to reflect fully the loss in future productivity that has occurred as a result
of its depletion.

Thailand’s economic success is reflected by dramatic gains in
conventional economic indicators of growth, such as the gross domestic product
(GDP), which have often been taken as indicators of an economy’s welfare.
Such indicators, however, focus exclusively on market transactions and hence
whenever the market fails to reflect the full social value (or a change in value) of
a resource, the economics indices do as well. Conventional economic indicators
do not fully account for natural resource depletion. As well , resources like
forests suffer from the fact that many of the services they provide are not valued
in the economy (and hence do not have market value), thus leading to a further
failure of national accounts to correctly reflect the national welfare of a
resource-rich country which is rapidly depleting its natural resources.

This paper uses the theoretical framework developed by Hartwick
(various years) for adjusting conventional national accounts to reflect the
depletion of one of Thailand’s most important natural resource  its forests.
The second part of the paper looks at some studies that have attempted to
calculate the adjusted NNP for other countries. The conclusion will discuss a
few practical issues related to the construction of a green national product.

Thailand’s Forest Resources

Thailand is host to a mix of forest types that can be classified into:

• Topical Evergreen Forest (EGF), the dominant type of evergreen forest in
Thailand. This type of forest accounts for 43.3 percent of total forest area
and is concentrated in regions with high rainfall (more than 2,000mm per
year). These are widely distributed throughout southern Thailand and the
mountainous areas of the north and west. Bamboo, vines and ferns provide
the undergrowth and ground cover.

• Mixed Deciduous Forest (MDF), largely found at low elevations in the
north and west, covering about 22 percent of the total forest area.
Deciduous forests are characterized by leaf-shedding during the dry season.

• Dry Deciduous Forest (DDF), occupies about 30 percent of the total forest
area. This is the main forest type in the north and northeast, and covers a
wide range of elevations.

• Pine Forest (PF), usually located in small pockets in the north and
northeast, primarily in mountainous areas. Only two pine species are native
to Thailand.
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• Mangrove Forest (MGF), a group of evergreen species generally found
along river estuaries and muddy coastlines. About 73 percent of the
mangrove forests in Thailand are found along the east and west coast of the
southern peninsular.

All forest lands and forest resources in Thailand have been state
property since 1899. Logging methods for concessions in productive forest areas
have also been legislated. Selective cutting was the standard, and legally
required, method of logging until 1985. The Fifth National Economic and Social
Development Plan (1982-86) called for a shift from selective cutting to clear
cutting in forest timber concessions, with the recommendation that replanting of
logged areas take place immediately. This shift was based on the belief that clear
cutting was more appropriate to prevaili ng socio-economic conditions, that
natural forest regeneration has generall y been inadequate, and that clear cutting
requires, and hence affects, less total forest area. Currently, commercial logging
is banned in Thailand. A ministerial decree terminated all forest logging
concessions in January 1989.

Despite its long history of forest management, Thailand has been
depleting its forest at an extremely high rate. At the beginning of the twentieth
century, over 75 percent of Thailand was covered by forest. According to RFD
statistics, natural forests covered some 27 milli on hectares, or about 53 percent
of the total land area in Thailand in 1968. The country’s natural forests were
cleared at a rapid rate throughout the 1970s and 1980s mainly due to
commercial logging and agricultural encroachment. By 1978, forest area had
fallen to 34 percent of total land area, by 1988 to 28 percent. Tropical Evergreen
Forests and Dry Diciduous Forests have suffered the heaviest losses.

Causes of deforestation include logging, encroachment for agricultural
purposes and urban development. In Thailand, the predominant pattern of
deforestation appears to have been one in which commercial logging ventures
first enter and create access into the forests. They are then quickly followed by
agricultural cultivation which prohibits regeneration of the natural forest.

II . THE THEORETICAL FRAMEWORK

The notion of GNP as a measure of  “material” well-being is deeply rooted in
the minds of generations of economists and policymakers. Here we examine the
theoretical basis for using a national product concept as an index of well -being,
and we show that in this capacity, conventional national product as it is
calculated fails to take into account natural resources and hence gives an
inaccurate measure of national welfare. We look at how a correct measure of
national product as a welfare indicator can be calculated. Studies abound that
assert the necessity of incorporating effects of natural resource depletion into
national accounting measures without laying out the theoretical basis for it. We
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assert that a “green national product” should be based on a conceptual basis that
permits a welfare-theoretic interpretation of the measure (Dasgupta et al., 1995).

National Product As A Welfare Measure

Here we present two ways of looking at the notion of national product as a
welfare measure. The first is intuitive1 and the second is based on Weitzman’s
(1976) results.

Net National Product has the property that, provided the set of
accounting prices is unaffected, an improvement in the index owing to an
alteration in economic activities reflects an increase in social well-being: small
investment projects that improve the NNP index are at once those that improve
social welfare. The emphasis on small projects is deliberate, for NNP is a linear
index.

Consider an economy consisting of two consumer goods and a single
individual. In Figure 1, X and Y denote the two goods and the curve TT′ denotes
the production possibili ty frontier (PPF). Let U(X,Y) be the individual’s welfare
function and II ′ the indifference curve which is tangential to TT′ (corresponding
to the maximum level of welfare attainable given the production possibiliti es set.
We have assumed in Figure 1 that the production possibiliti es set is concave and
U(X,Y) a concave function. The tangent at A, denoted pp′, defines optimal
prices, pX   / pY . We may then define NNP at any production point (X,Y) as pX X
+ pY Y. This is just the equation of the line with slope (pX / pY ) and the vertical
intersection is just NNP.

Assume that the economy is at point C (on the PPF). We wish to check
if a move to B (also on the PPF), which is an improvement in welfare, also
records an increase in NNP. As Figure 1 shows, it does record in increase.
Moreover, it can be confirmed that a move from C to any point of the PPF that
records an increase in NNP also reflects an improvement in welfare.

Figure 1: Welfare Interpretation of National Product

Y  p                 I

 T

                                                

1 This intuition is provided by Dasgupta et al. (1995).
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For points inside the production possibili ties set, however, optimal
prices (pX , pY) are inappropriate for the estimation of NNP. Instead, local prices
should be used. This ill ustrates the ideas. Take a consumption point (X,Y) inside
the production possibiliti es set. Then the individual’s welfare is U(X,Y). Now,
consider a small change in consumption (dX, dY). To a first approximation, the
resulting change in welfare is U dX U dYX Y. .+ , where UX  and UY  are the two

partial derivatives of U at (X,Y). The change is desirable if
U dX U dYX Y. .+ > 0 and undesirable if U dX U dYX Y. .+ < 0. Then UX  and UY

could be used as accounting prices and NNP  evaluated on the basis of current
marginal valuations is an appropriate measure of social well-being.

It is easily proved that the current value Hamiltonian of a neoclassical
optimal growth problem is an economy’s NNP. NNP is just a linearized version
of the current value Hamiltonian, the linearization amounting to representing the
current flow of well-being by the shadow price of all the determinants of current
well-being.

Weitzman (1976) demonstrated that “ the maximum welfare actually

attainable from time t on along a competitive trajectory, C s e dsr s t

t

* ( )( ) − −∞

∫ , is

exactly the same as that would be obtained from the hypothetical constant

consumption level C t p t d K dt*
.

( ) ( )+ .” K here is a vector of capital stocks that

can be extended to include natural resource stocks and p is the vector of prices
of the capital stocks relative to a unit of consumption good.  Mathematically,

e C t p t K t ds e C s dsr s t

t

r s t

t

− −
⋅∞ − −∞

+ =∫ ∫( ) * * ( ) *{ ( ) ( ) ( )} ( )

where 
�

( ) [ ( ( ))] ( )* * *K t F f R t R tR− − ′ = 0 . The integral on the left is the present

value, from t on, of a constant consumption stream, and the integral on the right
is just the present value of the optimal consumption path by which maximum
welfare is obtained. As
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Y t C t p t K t

r e C t p t K t ds

r e C s ds

r s t

t

r s t

t

* * *

( ) * *

( ) *

( ) ( ) ( )
�

( )

{ ( ) ( )
�

( )}

( )

= +

= +

=

− −∞

− −∞

∫
∫

where Y*(t) is just NNP at time t.

The Simple Optimal Growth Model

We turn to a benchmark economy, and the usual standard is that of a well-
behaved competitive general equilibrium, to develop principles of national
accounting with natural resource stocks. The competitive equilibrium is handy
to work with because, in such an economy relative prices reflect economic
scarcity. The appropriate model here is a dynamic one  the Solow-Cass-
Koopmans optimal growth model. We focus on the trade-off between dis-
investing in exhaustible resource stock and investing/saving by not consuming
from them. The same can be applied to renewable and environmental stocks.
Stock depletion occurs as a consequence of consuming in excess of the renewal
rate of such stocks and stocks increase when consumption is less than the natural
renewal of stock. We view this stock increase from conservation as investment,
or saving. The idea is that at each point in time, agents decide on the split of
flows into current consumption and investment/saving. We begin with a simple
optimal growth exercise without any natural resource.

We take the simplest representative agent model where there is no
population growth and technology remains constant. The optimal growth

problem is one of finding a sequence of consumption C(t) and investment 
�

( )K t
that will maximize the agent’s welfare, which is expressed as the discounted
sum of period utili ty into the indefinite future.

c t K t

t
Max e U C t dt
( ), ( )

.
( ( ))−

∞

∫ ρ

0

s.t.
�

( ) ( ( )) ( )K t F K t C t= −

where U(•) is the period utilit y function of the agent, and F(•) is the output and
K(t) the accumulation of the capital stock.

The current value Hamiltonian associated with this problem is

H t U C t t F K t C t( ) ( ( )) ( )[ ( ( )) ( )]= + −λ
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The first order condition, 
∂
∂
H

C
= 0 gives us H tC = λ( ) . Dividing the

current-value Hamiltonian by UC , we obtain

H t

U

U C t

U
K

C C

( ) ( ( )) �

= +

If we take the linear approximation U(C) = UC .C , we get the result

H t

U
C K

C

( ) .

= +

Hence, the current-value Hamiltonian, normalized by the util value of a
marginal unit of consumption defines, at each date, the NNP function, C + I.
H(t) is measured in utils and H /UC   is measured in dollars.

Extending For Natural Resources

Let S(t) be the stock of exhaustible natural resource at time t,
R(t) be the rate of depletion of the stock of resource,
f(R) be the cost of depleting the stock, and
F(K(t), R(t)) be the production function for the composite commodity.

Now, the law of motion for “capital” is

�

( ) ( ( ), ( )) ( ) ( ( ))K t F K t R t C t f R t= − − .

The current-value Hamiltonian is thus

H t U C t t F K t R t C t f R t

t R t

( ) ( ( )) ( )[ ( ( ), ( )) ( ) ( ( ))]

( )[ ( )]

= + − −
+ −

λ
ϕ

where λ(t) is the shadow price of K(t) and ϕ(t) is the shadow price of S(t).

Our first order conditions are 
∂
∂
H

C
= 0 and 

∂
∂
H

R
= 0, which are just

λ( )t U C=

and ϕ λ ϕ
( ) ( )[ ( ( ))]

( )
( ( ))t t F f R t

t

U
F f R tR

C
R= − ′ ⇒ = − ′

Using the approximation U(C) ≈ UC .C we obtain
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NNP t
H t

U
C t K F f R R t

C
R( )

( )
( )

�

[ ( )] ( )≡ = + − − ′

FR -f′(R) is just Hotelling rent. Hence, [ ( )] ( )F f R R tR − ′  is total

Hotelli ng rent. So, to allow for the depreciation of natural resource stocks, we
simply subtract from conventional NP the total Hotell ing rent. We call this the
economic depreciation of the natural resource stock. This economic depreciation
is the loss in value of a stock of natural resource from optimal use.

Following Hartwick’s rule of investing resource rents,

[ ]
�

( ) ( ) ( )K t F f R R tR= − ′  enables the economy to follow a constant

consumption path. Hence, by investing in reproducible capital the amount of
economic depreciation (total Hotell ing rent), we can prevent the economy from
grinding to a halt as the resource stock is run down. This result depends
crucially on the substitutabilit y between reproducible capital and the natural
resource, as well as no depreciation of reproducible capital.

National Accounting and Deforestation

We now turn our attention to how one might adjust NNP for deforestation,
taking into account the change in land use and the non-marketed services that
forests provide. A change in land use is essentially the consequence of one
activity outbidding the current activity for the use of land. Hence, clearing
would necessitate stock (or capital good) revaluation in the national accounts. In
a world of perfect competition where property rights are well -established, land
value typically increases as a result of the conversion of forest land to other
uses, for example, agricultural, urban. The market value of land is just the
present value of the benefits (rent) stream from the use of the land.

Two factors complicate these calculations. First, changing uses can
degrade the quali ty of the land. Second, in an environment of weak property
rights, the true scarcity price of the land may be undervalued. Since much of the
services provided by forests are non-marketed and hence not valued (or at best,
undervalued), the price of an area of forested land is “artificiall y” low. Hence,
ill -defined property rights can accelerate deforestation beyond what is optimal
by making it easy for an alternative land use to out-bid forest use of the land.
We present Hartwick’s (1992) treatment of deforestation in a national
accounting framework.

Let L t( )  be the total land area available at time t in the economy, for
which there are only two uses, forest and agriculture. And let L(t) be the area of
land in agriculture. Then L t L t S( ) ( )− =  is the area of  forest land. At each
date, R(t) hectares of forest land is cleared to make way for agriculture. The cost
of clearing R hectares is f(R). A composite commodity “wheat” is produced
using reproducible capital and agricultural land as inputs. The associated
production function is F(K,L). The stock of capital evolves according to
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�

( ) ( ( ), ( )) ( ) ( )K t F K t L t C t f R= − − . In addition to timber, forests provide direct

services G L L( )−  and indirect services g L L( )− , which yield utili ty directly

to the agent. For the sake of classification, let’s take direct services to be those
that are marketed and indirect as non-marketed services.  X(R) is the services
provided by the timber from the cleared forest land.

The optimal growth problem’s Hamiltonian is given by

c t K t

t
Max e U C G L L g L L X R dt
( ), ( )

.
( , ( ), ( ), ( ))−∞

− −∫ ρ

0

    s.t.
�

( ) ( ( )) ( ) ( ( ))
�

( ) ( )
�

( ) ( )

K t F K t C t f R t

L t R t

S t R t

= − −

=

= −

The associated current-value Hamiltonian is

H t U C G L L g L L X R

t F K L C f R t R t R

( ) ( , ( ), ( ), ( ))

( )[ ( , ) ( )] ( ) ( )

= − −
+ − − + −λ ϕ φ

First order conditions are

HC  = 0  => U tC = λ( )

HR  = 0  =>
U X R

U
f R

t t

t
X

C

′
− ′ = − −( )

( )
( ) ( )

( )

ϕ φ
λ

Using a linear approximation of U(•) and dividing the current-value by
UC  gives the result

H t

U
C

U

U

dG

d L L
L L

U

U

dg

d L L
L L

U

U X R R
K

U

U
X R f R R

C

G

C

g

C

X

C

X

C

( )

( )
( )

( )
( )

( )

�

( ) ' ( )

= +
−

− +
−

− +
′

+

− ′ −










or

NNP t C P L L P L L P R K P f R R

C P L L P L L K f R R

adj D I X X

D I

( ) ( ) ( )
�

[ ( )]

( ) ( )
�

( )

= + − + − + + − − ′

= + − + − + + ′



11

where P
U

U

dG

d L LD
G

C

≡
−( )

is the price of direct forest services,

P
U

U

dg

d L LI
g

C

≡
−( )

 the price of indirect forest services and P
U

U
X RX

X

C

≡ ′( )

the price of services provided by the timber from clearing forest land. The term
f′(R)R represents the appreciation in land value from the conversion of forest
land into more productive agriculture land.

ϕ(T) and φ(t) are the shadow prices of agricultural land and forest land
respectively. To see that they are just the present value of the stream of benefits
from a marginal unit of  land (in its particular use), we look at the remaining
first order conditions

− = − ==> = − −∞

∫H t e U v F v dvL
v t

C Lt
ϕ ρϕ ϕ ρ
.

( )( ) [ ( ) . ( )]

− = − ==> = ⋅ + ⋅










− −∞

∫H t e U v
dG v

dS v
U v

dg v

dS v
dvS

v t

t G G

�

( ) ( )
( )

( )
( )

( )

( )
( )φ ρφ φ ρ

When adjusting historical NNP to take into account deforestation, we
note that conventional NNP in Thailand is designed to include the value of new
agricultural land converted from forest land as capital formation. It is measured
in a term called “ land improvement” which shows up as a real capital gain in
NNP. Hence the adjustment we need to make, in addition to accounting for the
non-marketed forest services, is a deduction for the value of land taken out of
forests, -φ(t)R(t).

Extending for Land Degradation

Suppose agriculture results in land degradation, say soil quality
degradation. The effect can be modelled in the following way. We include an
index of soil quali ty,

	

( ) ( ) ( ( )) ( ( ), ( ) ( ))A t bA t Y t F K t A t L t= + −β δ

where b is the natural rate of recovery of the soil , Y(t) is the amount of fertili zer
used, which costs h(Y), and β(Y) is soil improvement due to the use of fertili zer.
Agricultural activity causes degradation by a factor of δ.

The current-value Hamiltonian for this problem is

H t U C G L L g L L X R t F K AL C f R b Y

t R t R t bA Y F K AL

( ) ( , ( ), ( ), ( )) ( )[ ( , ) ( ) ( )]

( ) ( ) ( )[ ( ) ( , )]

= − − + − − −
+ − + + −

λ
ϕ φ η β δ
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First order conditions imply U t
U X R

U
f R

t t

tC
X

C

=
′

− ′ = −
−

λ
ϕ φ

λ
( ) ,

( )
( )

( ) ( )

( )

and ′
′

=h Y

b Y

t

t

( )

( )

( )

( )

η
λ

We end up with an adjusted NNP of

NNP
H t

U
C P L L P L L P R K

U X R

U
f R R

h Y

Y
A

adj
C

D I X
X

C

≡ = + − + − + + −
′

− ′










+ ′
′

( )
( ) ( )


 ( )
( )

( )

( )




β

The last term in the expression  is the extra term we have to adjust for

here. Since soil degradation takes place, 



A < 0 . 
′
′

h Y

Y

( )

( )β
 is the marginal “wheat”

cost per unit improvement in soil quali ty. Multiplied by



A , it is the economic
depreciation borne by society as a result of the decline in soil quality. Note that
it is not deforestation itself that causes soil degradation, it just puts it into a use
that causes the degradation.

It is, however, not diff icult to incorporate some of the off -site costs of
soil and hydrological disturbances due to deforestation. Again, A is our index of
land quali ty. A degradation in land quality can be expanded to include
hydrological functions of the land as well as the nutrient levels in the soil .
Hence, degraded land not only has lower levels of soil nutrients, it is also more
susceptible to flooding and soil particle losses. In addition to the effect A has on
production, a decline in A also imposes monetary costs on society, z A(




) , in the
form of homes destroyed by floods and damage to dams and reservoirs due to
sedimentation. These are costs outside the productivity effects on agricultural
land. Hence, our capital stock evolves according to




( , ) ( ) (



)K F K AL C f R Y z A= − − − −

where Y is the amount of money spent improving land quality, for example,
practicing conservation measures like flood prevention and building terraces.

The current value Hamiltonian to this problem is the following

[
]

H t U C G S g S X R F K AL C f R Y z bA Y

F K AL R R bA Y F K AL

( ) ( , ( ), ( ), ( )) ( , ) ( ) ( ( )

( , )) [ ( ) ( , )]

= + − − − − +

− + − + + −

λ β

δ ϕ φ η β δ

The foc’s associated with C and R remain the same as before and the
foc associated with Y is
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[ ]λ β ηβ η
λ β

1
1

+ ′ ′ = =
′

+ ′z A Y Y
Y

z A( ) ( ) ( ),
( )

( )or

Adjusted NNP is thus

NNP t C P L L P L L K f R R
Y

z A Aadj D I( ) ( ) ( )
�

( )
( )

(
�

)
�

= + − + − + + ′ +
′

+ ′










1

β

A decline in land quali ty, whether in terms of nutrient loss or loss of
hydrological functions, results in economic depreciation due to two effects.

First, a direct effect on future production, the marginal cost of which is 
1

′β ( )Y
.

And second, an indirect effect imposed by a reduction in current reproducible
capital accumulation 

�

K  by the amount z A(
�

) (the marginal cost of this is

′z A(
�

) ), which in turn affects future production. This economic depreciation is

given by the term 
1

′
+ ′









β ( )

(
�

)
�

Y
z A A .

Risk-Adjusted NNP

In this section, we consider an additional role for biodiversity as the “glue” that
holds together the global ecosystem. This is related to the idea of preserving
biodiversity as an insurance against changing global conditions and possible
ecological collapse. Suppose biodiversity has a role in supporting the
functioning of the world as we know it, then forests, obviously, form part of our
global li fe-support system. Hence, as we clear forests (in particular, tropical rain
forests that are said to house a higher degree of biodiversity than any other
ecosystem we know), we are inducing biodiversity loss and increasing the risk
of an ecological collapse at some future date. We extend our model to reflect
this.

Say we run a risk of major ecological catastrophe that is directly related
to biodiversity loss (deforestation). So as we deplete our stock of biodiversity
(which we proxy with forest area), the probabili ty of ecological collapse at date
T increases with cumulative deforestation.

Let the states of the world be represented by Φ Φand , where Φ
represents ecological collapse. The probabilit y of a switch from Φ Φto  in the

interval (t1,t2) is

 f z dz
z t

z t
( )

( )

( )

1

2∫ ,
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where z t R s ds( ) ( )=
∞

∫0
 (cumulative deforestation). Hence, the larger

z(t), the larger is the probabilit y of an ecological collapse.
Production function is given by  Q K t L t( ( ), ( ), )Φ   and the cost of

transforming R area of forest into agricultural land is g(R). We simpli fy the
problem by not considering other forest services.

State equations are given by:
�

�

�

K( ) = ( ( ),  ( ),  ) -  ( ) -  g( ( ))

S( ) = - ( )

L( ) =  ( )

t Q K t L t C t R t

t R t

t R t

Φ

with initial stocks being S0 and K0

Given the switch to Φ  at time T, K(T) and S(T) remains and the

optimal certainty path of consumption thereon is C*(t).
We define discounted utili ty from the time of ecological collapse on as

W K T S T e U C t dtt

T
( ( ), ( )) ( ( ))*= −∞

∫ ρ

So, our maximand for the optimal growth problem becomes

{ }
{ }

E U C t e dt W K T S T

f z U C t e dt W K T S T e dz

T t

z

z T T t t

( ( )) ( ( ), ( ))

( ) ( ( )) ( ( ), ( ))
( )

( )

0

0 0

∫

∫ ∫

−

− −

+

= +

ρ

ρ ρ

{ }= +− −∞
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∫   is the probabili ty that collapse occurs after

date t.
The current value Hamiltonian associated with this problem is
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So, prior to an ecological collapse, NNP is just the NNP we have
already encountered, but adjusted for the probabilit y that collapse has not
occurred.

(ii ) NNP (After collapse):

At collapse, F(z(t)) drops to 0 and f.R(t) rises to 1

H (t) = ρ W t( )

With this, we conclude the theoretical cases of adjustments that we may,  with
sufficient data, make to NNP to allow for economic depreciation associated with
the use of a nation’s forests.
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III . NATURAL RESOURCE ACCOUNTING CASE STUDIES

Sadoff (1993) calculates the national account adjustments for Thailand’s forests
for the period 1970-90 and uses natural resource accounting to evaluate
Thailand’s forest management system. Her adjustments follow most natural
resource accounting methodologies in imputing only the commercial losses
associated with forest depletion. In a situation of perfect property rights, this
approach correctly measures the depreciation associated with deforestation and
the changing land use. Recall that, abstracting from other forest services and
assuming markets are efficient,

NNP t C P R K P f R Radj X X( ) .
�

[ ( )]= + + − − ′

Sadoff calculates the entire land revaluation term without allowing for
the fact that the gains from new agricultural land is entered as part of
conventional national accounts. She justifies this by indicating that “ land
improvement,” while entering Thailand’s GDP as investment, fails to capture
the majority of forest land cleared. “New land,” the subcategory in Thailand’s
land improvement measure, is complied with according to the issuance of full
land titles (NS3s) in each accounting period. The highly restrictive NS3 titles are
granted for privately owned lands by the Department of Land (DOL). Currently,
only 15 percent of privately owned lands, the majority of which is urban, hold
NS3 titles. In addition, the DOL requires five years of prior ownership before
the titles are granted. Sadoff concludes that these restrictions suggest that only a
small fraction of converted forest land is ever recorded in Thailand’s GDP as
land improvement, and that which is recorded is done so at least five years after
deforestation has occurred.

Sadoff calculates the adjustment term via two different approaches
which she calls the “deprecation method” and the “user-cost method.” The
“depreciation” approach uses net price multiplied by forest area cleared to arrive
at economic depreciation. This term is just Hotell ing rent and is simply the net
price method prescribed by Hartwick’s conceptual framework.

The “user-cost” approach, derived by El Serafy (1989) separates the
use cost from Hicksian (sustainable) income. The use cost represents the portion
of current income that must be set aside for reinvestment in order to maintain an
income stream into perpetuity. Hartwick and Hageman (1993) have
demonstrated that the theoretical basis of El Serafy’s method is equivalent to
that of the net price method. They also showed, however, that due to simpli fying
assumptions required to implement the user-cost method, it yields correct
estimates only when total resource rent is constant over time.

In the case of renewable resources, El Serafy suggests that future
income streams can be maintained by replacing the resources removed in each
period.  Hence, this replacement cost can be charged against current income as a
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user cost. This is the approach adopted by Sadoff in calculating the user costs
associated with the depletion of Thailand’s forest resources.

The “depreciation” approach made use of stumpage value, calculated
from world export log prices by subtracting the costs of extraction,
transportation and mill ing, for its calculation of net price. Note that this
estimation is based on average, not marginal, costs which tends to overstate the
depreciation deductions because average costs tend to be lower than marginal
costs in extractive industries.

A comparison of Sadoff ’s results show that adjustments calculated via
the “depreciation” approach consistently exceeds the figures obtained from the
user-cost approach.

Our study differs from Sadoff ’s in that we attempt to value some of the
important forest functions that are unvalued or undervalued by markets. We do
not impute only the commercial losses associated with forest depletion but also
the losses of non-marketed forest service. Hence, we impute the value of forest
land by estimating the present value of the stream of rents from the forest land.

In a WRI study of Indonesia, Repetto et al. (1989) used average net
price to calculate depreciation allowances for timber as well as non-renewable
resources (petroleum and soil ) for the period 1971-84. They found that the
aggregate resource depreciation was equivalent to about a quarter of GDP.  They
also calculated a partial measure of net investment by subtracting the resource
consumption allowance from gross capital formation.2 They found that net
investment was negative in two years, but aggregated over the entire period it
was positive. This is an encouraging result, but one cannot be sure that
Indonesia’s total capital stock increased without making the necessary
deductions for the depreciation of reproducible human-made capital.

In the study on Costa Rica, Repetto et al. (1991) calculated a more
complete measure of net investment by deducting both capital and resource
consumption allowances. In addition to allowances for timber and soils, they
included an allowance for fisheries resources. They excluded petroleum because
Costa Rica is not a producer. They found that net investment rose rapidly during
the 1970s but stagnated during the 1980s, when a high rate of deforestation
increased the resource consumption allowance. However, net investment was
positive for every year of the period considered.

Two studies by the United Nations and World Bank were conducted in
Papua New Guinea. The main purposes of these studies were to apply the
proposed changes in the UN System of National Accounts, to developing
countries and to test the feasibili ty of attempting integrated accounting. As a
consequence, no effort was made to collect data firsthand. Rather, the data were
obtained from existing institutions. In Papua New Guinea, Bartelmus et al.
(1993) estimated depreciation allowances for mineral resources over the period

                                                

2 Data on capital consumption allowance were apparently not available.
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1956-90. They did not include forest and other renewable resources due to data
limitations. They found that the net human-made capital accumulation during
those years exceeded the depletion of mineral resources. It is hard to conclude
that Papua New Guinea is thus depleting its natural resources in a sustainable
manner since the depreciation of other resources needs to be included. In
Mexico, van Tongeren et al. (1993) estimated depreciation allowances for the
use of oil , forest and environmental resources (air, water and land) in the year
1989. They found that net investment was positive in the only year analyzed
after accounting for both human-made capital and natural capital depreciation.

Note that all of the above studies impute only the commercial costs of
resource depletion.

Many other studies attempt to value forests inclusive of the non-
marketed services they provide. These studies are not done on a national
accounting framework and are basically natural resource valuation exercises.
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IV.  CONCLUSION

We have used the optimal growth model to study the characteristics of a “green”
national accounting framework. The advantage of a theoretical framework is in
providing insights into the nature of the shadow prices we need and how we
should treat different types of natural assets. Here are some of the practical
issues associated with the construction of the “green” national accounts
advocated by this approach.

A subject that has been debated in the literature on natural resource
accounting is the treatment of defensive expenditures. In our model with
environmental degradation, current defensive expenditures against damages to
the flow of environmental amenities (the variable z A(

�

) in the model) shows up
in NNP as a decline in reproducible capital accumulation. Consider, for
example, the labour that is spent on cleaning up environmental pollution. Such
defensive expenditures, however, should  not be deducted from national
accounts since, if the economy is in full employment, the hiring of labour in the
clean-up industry will be offset by a reduction in production somewhere else in
the economy. If the economy is not in full employment, the shadow price of
labour, and hence the wage bill , will be zero in any case. Notice that the
adjustment term is ′z A A(

�

)
�

which reflects the impact of the reduced capital
accumulation on future production. Expenditures which are aimed at enhancing
environmental capital (the variable Y in the same model) find expression in the
value that is imputed to changes in the environmental resource stock.

Next, consider the interaction between the economy of interest and the
rest of the world. Suppose the economy is subject to transboundary pollution,
and can import or export pollution. We need to turn to the fundamental question
of whose welfare should be considered.

Suppose the objective is to create an index measuring the impact on
global well -being from the activities in one country. Then we should deduct the
environmental damage the economy’s projects give rise to abroad. If all
countries based their accounts on this criterion, all accounts would be consistent
and thus could be summed to give global welfare.

Perhaps the approach more appealing to an individual country’s policy-
makers would be to consider all changes that affect the country but limit the
adjustments to NNP to those consequences that apply to the citizens in the home
country, effectively, the costs they bear from the use of natural capital. In this
case, we would want to include in our welfare measure only the part of
transboundary environmental damages, either generated domestically or in other
countries,  that directly affect the economy. Again, so long as all countries apply
the same rule, we have a consistent system that can be summed to obtain global
welfare.

Finall y, our adjusted NNP allows for the economic depreciation of
natural resource stocks, which is net price times the change in stock. We are
interested in the value of the change in stock, and not the change in the value of
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the stock. That is, we do not consider anticipated capital gains or losses
associated with price changes.
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