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. INTRODUCTION

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

We have come to recognizethat a auntry’s natural resource mnstitutes
part of its capital. The depredation of human-made caital is refleced in
national acounts and charged against income generated by its use to get
conventional Net National Product (NNP). Depredation is imputed to capture
the dedining income-generating potential of an asset over time, and indicates
the level of investment necessary for an ecnomy to maintain its productive
cgpadty. The income generated by the use of man-made caital is thus recorded
net of the investment required to maintain its future productivity. Yet, in current
national acounts, depredation is imputed and deducted only for reproducible
man-made caital. Similarly, when natural capital is used up, the results is an
ecnomic depredation of the stock of natural cepital. This depredation should
also be netted out of the income generated by the use of the natural resourcein

I would like to thank Profesor Flatters and the staff at TDRI for their invaluable
comments and supervision. Additionally, 1 would like to adknowledge the Canadian
International Development Agency (CIDA) for granting me financial suppat at the
Thail and Development Reseach Institute during which time | wrote this paper.

2



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

Thailand’'s emnomic success is refleded by dramatic gains in
conventional economic indicators of growth, such as the grossdomestic product
(GDP), which have often been taken as indicaors of an ecmnomy’s welfare.
Such indicators, however, focus exclusively on market transadions and hence
whenever the market fail s to reflect the full social value (or a change in value) of
aresource, the eonomics indices do as well. Conventional economic indicaors
do not fully acount for natural resource depletion. As well, resources like
forests suffer from the fact that many of the services they provide ae not valued
in the emnomy (and hence do not have market value), thus leading to a further
failure of national acomunts to corredly refled the national welfare of a
resource-rich country which is rapidly depleting its natural resources.

This paper uses the theoreticd framework developed by Hartwick
(various yeas) for adjusting conventional national acmunts to refled the
depletion of one of Thailand’s most important natural resource O its forests.
The second part of the paper looks at some studies that have atempted to
cdculate the ajusted NNP for other countries. The cnclusion will discuss a
few pradicd issues related to the construction of agreen national product.

Thailand’s Forest Resources
Thailand is host to a mix of forest types that can be dassified into:

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

 Mixed Dedduoiws Forest (MDF), largely found at low €levations in the
north and west, covering about 22 percent of the total forest area
Dedduous forests are charaderized by |eaf-shedding during the dry season.

* Dry Dedduots 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.

e Pine Forest (PF), usualy locaed in small pockets in the north and
northeast, primarily in mountainous areas. Only two pine spedes are native
to Thailand.



* Mangove Forest (MGF), a group of evergreen spedes generally found
along river estuaries and muddy coastlines. About 73 percent of the
mangrove forests in Thailand are found along the eat 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 dso been legidated. Seledive cutting was the standard, and legally
required, method o logging urtil 1985 The Fifth National Economic and Social
Development Plan (198286) cdled for a shift from seledive cutting to clea
cutting in forest timber concesgons, with the recommendation that replanting of
logged areas take placeimmediately. This shift was based on the belief that clea
cutting was more gpropriate to prevailing socio-economic oonditions, that
natural forest regeneration has generally been inadequate, and that clea cutting
requires, and hence dfeds, lesstotal forest area Currently, commercia logging
is banned in Thalland. A ministerial deaee terminated al forest logging
concessonsin 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 hedares, or about 53 percent
of the total land areain Thailand in 1968 The cuntry’s natural forests were
cleaed at a rapid rate throughout the 197G and 19B0s mainly due to
commercial logging and agricultural encroachment. By 1978 forest area had
fallen to 34 percent of total land areg by 1988to 28 percent. Tropicd 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 appeas to have been one in which commercial logging ventures
first enter and creae accssinto 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 deely rooted in
the minds of generations of economists and pdicymakers. Here we examine the
theoreticd basis for using a national product concept as an index of well-being,
and we show that in this capadty, conventional national product as it is
cdculated fails to take into acmunt natural resources and hence gives an
inaccurate measure of national welfare. We look at how a @rred measure of
national product as a welfare indicator can be cdculated. Studies abound that
assrt the necessity of incorporating effeds of natural resource depletion into
national acmunting measures without laying out the theoreticd 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 M easure

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

Net National Product has the property that, provided the set of
acounting prices is unaffeded, an improvement in the index owing to an
alteration in ecnomic adivities refleds an increase in social well-being: small
investment projeds that improve the NNP index are & once those that improve
social welfare. The emphasis on small projeds is deliberate, for NNP is alinea
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 posshility frontier (PPF). Let U(X,Y) be the individual’s welfare
function and 1l ' the indifference arve which is tangential to TT’ (corresponding
to the maximum level of welfare dtainable given the production posshiliti es st.
We have asumed in Figure 1 that the production posshiliti es set is concave and
U(X,Y) a mncave function. The tangent at A, denoted pp/, defines optimal
prices, px / py . We may then define NNP at any production paint (X,Y) as px X
+ pyY. Thisisjust the guation d the line with dope (px/ py ) and the verticad
intersedion isjust NNP.

Assume that the eonomy is at point C (on the PPF). We wish to check
if a move to B (also on the PFF), which is an improvement in welfare, also
records an increasse 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 PA- that
records an increase in NNP also reflects an improvement in welfare.

Figure 1: Welfare Interpretation of National Product
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For points inside the production posshilities st, however, optimal
prices (px, Py) are inappropriate for the estimation of NNP. Instead, locd prices
should be used. Thisill ustrates the ideas. Take a ©nsumption point (X,Y) inside
the production posshiliti es st. Then the individua’s welfare is U(X,Y). Now,
consider a small change in consumption (dX, dY). To afirst approximation, the
resulting change in welfareis U, .dX +U,.dY, where Uy and Uy are the two

partial  derivatives of U a (X)Y). The dange is desrable if
U,.dX+U,.dY >0 and undesirable if U, .dX +U,.dY <0. Then Uy and Uy

could be used as acaounting prices and NNP [0 evaluated on the basis of current
marginal valuationsis an appropriate measure of social well-being.

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

Weitzman (1976 demonstrated that “the maximum welfare adually

—r(s—

attainable from time t on along a mmpetitive trajecory, Itw C'(9e ' ds, is

exadly the same as that would be obtained from the hypotheticd constant

consumption level C" (t) + p(t)d K/dt " K hereisavedor of capital stocks that

can be extended to include natural resource stocks and p is the vedor of prices
of the caital stocksrelative to a unit of consumption gpod Mathematicdly,

[[e0C M+ pOK () ds= [ e7C (9as

where K™ (t)—[F, — f '(R"(t))]R" (t) =0. The integral on the left is the present
value, fromt on, of a wnstant consumption stream, and the integral on the right
is just the present value of the optimal consumption path by which maximum
welfareisobtained. As



Y'(t) = C'(t) + p()K' (1)
=1 [N M)+ pOK (1)) ds

=r J’tme"‘s“)C*(s)ds
where Y'(t) isjust NNP at timet.

The Simple Optimal Growth M odel

We turn to a benchmark emnomy, and the usual standard is that of a well-
behaved competitive general equilibrium, to develop pinciples of national
acounting with natural resource stocks. The mmpetitive equilibrium is handy
to work with becaise, in such an ecnomy relative prices refled ecmnomic
scacity. The gpropriate model here is a dynamic one 0 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 gplied to renewable and environmental stocks.
Stock depletion occurs as a mnsegquence of consuming in excess of the renewal
rate of such stocks and stocksincrease when consumption is lessthan the natural
renewal of stock. We view this stock increase from conservation as investment,
or saving. The ideais that at each point in time, agents dedde on the split of
flows into current consumption and investment/saving. We begin with a smple
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.

Max }e“"U (C(t))dt

c(t).K(1)0
st. K(t) = F(K(t)) - C(t)

where U(¢) is the period utility function of the agent, and F(¢) is the output and
K(t) the acamulation of the capital stock.
The aurrent value Hamilt onian associated with this problemis

H(t) =U(C(1) + A(MIF (K (1) - C(t)]



The first order condition, % =0 gives us H. = A(t) . Dividing the

current-value Hamiltonian by Uc, we obtain

HOY _UCO), ¢
UC UC

If we take the linea approximation U(C) = Uc.C , we get the result

HEO

C

=C+K

Hence, the current-value Hamiltonian, normalized by the util value of a
marginal unit of consumption defines, at eat date, the NNP function, C + I.
H(t) ismeasured in wilsand H /U is measured in ddllars.

Extending For Natural Resources

Let S(t) be the stock of exhaustible natural resource d timet,
R(t) be the rate of depletion of the stock of resource,
f(R) be the st of depleting the stock, and
F(K(t), R(t)) be the production function for the compasite cmmmodity.

Now, the law of motion for “cepital” is

K(t) = F(K(t), R(t) - C(t) - f (R(Y)).

The aurrent-value Hamiltonian isthus
H(t) = U (C(1)) + A([F (K (1), R(t)) - C(t) - f (R(t))]
+o()[-R(1)]
where A(t) is the shadow price of K(t) and ¢(t) is the shadow price of (t).

Our first order conditions are M =0 and sl =0, which arejust
oc oR

At) =U,
and $(0) = AOF - RN 0 2D = F - (R

C

Using the goproximation U(C) = U .C we obtain



NNP(t) = ?

C

=C(t)+K -[Fs — f(RIR()

Fr -f(R) is just Hotelling rent. Hence, [F; — f'(R)R(t) is total
Hotelling rent. So, to allow for the depredation of natural resource stocks, we
simply subtrad from conventional NP the total Hotelling rent. We cal this the
eoconomic depredation of the natural resource stock. This economic depredation
isthelossin value of astock of natural resource from optimal use.

Following  Hartwick's rule of investing resource  rents,

K(t)=[FR—f'(R)]R(t) enables the emnomy to follow a wnstant

consumption path. Hence, by investing in reproducible caital the amount of
eoonomic depredation (total Hotelling rent), we an prevent the eonomy from
grinding to a halt as the resource stock is run down. This result depends
crucialy on the substitutability between reproducible caital and the natural
resource, as well as no depredation of reproducible caital.

National Accounting and Deforestation

We now turn our attention to how one might adjust NNP for deforestation,
taking into acaunt the change in land use and the norn-marketed services that
forests provide. A change in land use is esentialy the consequence of one
adivity outbidding the airrent adivity for the use of land. Hence cleaing
would necessitate stock (or capital good) revaluation in the national acounts. In
aworld of perfed competition where property rights are well-established, land
value typicdly increases as a result of the mnversion of forest land to ather
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 cdculations. First, changing uses can
degrade the quality of the land. Seaond, 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 areaof forested land is “artificialy” low. Hence,
ill -defined property rights can accéerate 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 treament of deforestation in a national
acounting framework.

Let L(t) bethe total land area aailable & timet in the eonomy, for
which there ae only two uses, forest and agriculture. And let L(t) be the aeaof
land in agriculture. Then L(t) - L(t) =S is the aeaof forest land. At ead

date, R(t) hedares of forest land is cleaed to make way for agriculture. The st
of cleaing R hedares is f(R). A composite cmmmodity “whed” is produced
using reproducible caital and agricultural land as inputs. The aciated
production function is F(K,L). The stock of capital evolves acwrding 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 indiredt services g(L — L), which yield utility diredly
to the ayent. For the sake of clasdfication, let’'s take dired services to be those
that are marketed and indired as non-marketed services. X(R) is the services

provided by the timber from the deared forest land.
The optimal growth problem’s Hamiltonian is given by

Max I: e U (C,G(L - L),g(L - L), X(R))dt
c(t),K(t)
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))
+AM[F(K,L)-C- f(R]+¢(t)R- @t)R

First order conditions are

He=0=>  Uc=A(t)

Hg =0 => M_f'(R):_¢(t)_¢(t)
Uc At)

Using a linea approximation of U(*) and dviding the arrent-value by
Uc givesthe result

HO) _ ., Vs do
U, U d(L-L)

dg

9 I =
+Id([— 5 (C-L)

(L-1)

+— X 4K
U.X'(RR
"X R TRIR
or
NNP, (1) =C+P, (L-L) + P, (L-L)+P, R+K-[P, - f'(RIR
=C+P,(L-L)+ P (L-L)+K+f'(RR
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_Ys dG
S U.d(L-L)

_ Y dg ; o ; Uy o
P, = ——=—— thepriceof indired forest servicesand P, = — X'(R)
U;, d(L-1L) Uc

the price of services provided by the timber from cleaing forest land. The term
f(RR represents the gpredation in land value from the cnversion of forest
land into more productive agriculture land.

¢(T) and @(t) are the shadow prices of agricultural land and forest land
respedively. To seethat they are just the present value of the stream of benefits
from a margina unit of land (in its particular use), we look at the remaining
first order conditions

where P, is the price of dired forest services,

“H =@ -pp ==> ¢()= [(e™UW). F (V)] dv

When adjusting Hstoricd NNP to take into acount 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 aterm cdled “land improvement” which shows up as a red capital gain in
NNP. Hence the ajustment we need to make, in addition to acmunting for the
non-marketed forest services, is a deduction for the value of land taken out of
forests, -@t)R(t).

Extending for Land Degradation

Suppcse ariculture results in land degradation, say soil quality
degradation. The dfed can be modelled in the following way. We include an
index of soil quality,

A(t) = bA(t) + B(Y(1)) - IF (K(t), A L(1))

where b is the natural rate of recovery of the sail, Y(t) is the anount of fertili zer
used, which costs h(Y), and 8(Y) is il improvement due to the use of fertili zer.
Agricultural adivity causes degradation by afactor of .

The aurrent-value Hamiltonian for thisproblemis

H(t) =U(C,G(L - L),g(L - L), X(R)) + A()[F(K, AL) -C - f (R) —b(Y)]
+@(t)R-@(t)R+n(t)[bA+ B(Y) - OF (K, AL)]
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First order conditions imply U. =A(t) , YUx XU(R) f'(R) :—M
Uc A(t)
PG
b'(Y)  A(t)
We end up with an adjusted NNP of
NNP, = HO ~ ¢y P, (L-L)+P (E—L)+PXR+K—%JM—V(R)SQ
Uc 0 Ue O
MU
B'(Y)

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

h'(Y)

here. Since soil degradation takes place A<0. ) is the marginal “wheat”

]

cost per unit improvement in soil quality. Multiplied by A, it is the e@nomic
depredation borne by society as a result of the dedine in soil quality. Note that
it is not deforestation itself that causes il degradation, it just puts it into a use
that causes the degradation.

It is, however, not difficult to incorporate some of the off-site asts of
soil and hydrologicd disturbances due to deforestation. Again, A is our index of
land quality. A degradation in land quality can be epanded to include
hydrologicd 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 floodng and soil particle losses. In addition to the dfea A has on

production, a dedine 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 ae wsts outside the productivity effeds on agricultural
land. Hence, our capital stock evolves acordingto

K=F(K,AL)-C-f(R) -Y-2zA)

where Y is the amount of money spent improving land quality, for example,
pradicing conservation measures like flood prevention and buil ding terraces.
The aurrent value Hamilt onian to this problem is the foll owing

H(t) =U(C,G(S),9(9), X(R))+)\[F(K,AL)—C—f(R)—Y—z(bA+ﬁ(Y)
-OF (K, AL))|+¢R—¢R +nbA+ B(Y) - F (K, AL)]
The foc’'s associated with C and R remain the same & before and the

foc asciated with Yis
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A [+ Z(MBM]=nBY),  or %zﬁlv)”"’*)

Adjusted NNP isthus

NNP, (1) =C+Py(L-L)+ PR (L-L)+K+f'(R) R+%+z’(A)§A

A dedine in land quality, whether in terms of nutrient loss or loss of
hydrologicd functions, results in economic depredation due to two effeds.

First, adired effect on future production, the marginal cost of which is

1
B'(Y)
And seand, an indired effed imposed by a reduction in current reproducible
cgoital acawmulation K by the amount z(A) (the margina cost of this is
Z'(A)), which in turn affeds future production. This emnomic depredation is
given by theterm E’ﬁ+ z’(A)EA.

Risk-Adjusted NNP

In this edion, we consider an additional role for biodiversity as the “glue” that
holds together the global emsystem. This is related to the idea of preserving
biodiversity as an insurance aainst changing dobal conditions and passhble
emlogicd collapse. Suppcse biodiversity has a role in suppating the
functioning of the world as we know it, then forests, obviously, form part of our
global life-suppart system. Hence, as we dea forests (in particular, tropicd rain
forests that are said to house ahigher degree of biodiversity than any other
easystem we know), we ae inducing biodiversity lossand increasing the risk
of an eologicd collapse & some future date. We extend our model to reflea
this.

Say werun arisk of mgjor elogicd caastrophe that is diredly related
to biodiversity loss (deforestation). So as we deplete our stock of biodiversity
(which we proxy with forest areg), the probability of emlogicd collapse & date
T increases with cumulative deforestation.

Let the states of the world be represented by ®and®, where @

represents ealogica collapse. The probability of a switch from @ to ® in the
interval (t,ty) is

“ ¢ (2)dz
Iz(n) '
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where z(t) = I:R(s)ds (cumulative deforestation). Hence, the larger
Z(t), the larger is the probability of an emlogical coll apse.

Production function is given by Q(K(t),L(t),®) and the st of

transforming R area of forest into agricultural land is g(R). We simplify the
problem by not considering other forest services.
State equations are given by:

K(t) = Q(K(t), L(t),®)- C(t) - g(R(t))
S(t) =-R(t)
L(t) = R(t)

with initial stocks being § and K,

Given the switch to @ at time T, K(T) and T) remains and the
optimal certainty path of consumption thereon is C'(t).

We define discounted utili ty from the time of ecologicd coll apse on as

W(K(T),S(T)) = [, €U (C" (t)at
So, our maximand for the optimal growth problem becomes
E{ JU(ceat +wK(), S(T))}

= LZ((;) f (Z){IOIJ (C(t)e " dt +W(K(T), S(T))e ™ ] &
"J e R(T){fc:U (Clt))e "ot +W(K(t),sa))e“"}dT

= f: f’f (z(v))R(V)U (C(t))e dvdt
+ I: W(K(T)S(T))e™ f (z(T))R(T)dT
= J’: F(z(t))U (C(t))e*dt +I: PW(K(T),S(T)) f (z(t))Re " dt
where F(z(t)) = ff (z(v))R(v)dv is the probability that collapse occurs after

datet.
The aurrent value Hamiltonian associated with this problemis
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H(t) = U (C(U) F (1)) + PW(K (1), S(t) f (D) R(t)
+A[QUK (), L(1),®) - C(t) - g(RW)] + $R() - AOR(L)

First-order conditions are

Ho =00 F(2U. =4

Hge =00 pW (2) +Agr = (¢ - @)
So we have
_9(t) -t f(z W

A0 RTERPu,

=gg+ f(Z)Rp W where FR isthe hazad rate.
F(z) * RU, F

(i) NNP (Before collapse):

H :U(C)+ ﬂm+K_[gR+X]R(t)
F(thUe Uc U F
where X = pﬂﬂi
U. FR

or TJL;) = F(z(t)) [C+K—gRR]

So, prior to an ewmlogicd collapse, NNP is just the NNP we have
already encountered, but adjusted for the probability that collapse has not

occurred.

(ii) NNP (After collapse):
At collapse, F(z(t)) dropsto 0 and f.R(t) risesto 1

H®=p W(t)

With this, we cnclude the theoreticd cases of adjustments that we may, with
sufficient data, make to NNP to allow for economic depredation associated with

the use of anation's forests.
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Il . NATURAL RESOURCE ACCOUNTING CASE STUDIES

Sadoff (1993 cdculates the national acemunt adjustments for Thailand’s forests
for the period 1970-90 and uses natural resource acounting to evaluate
Thailand's forest management system. Her adjustments follow most natural
resource acounting methoddogies in imputing only the cmmercia losses
asciated with forest depletion. In a situation of perfed property rights, this
approach corredly measures the depredation associated with deforestation and
the dhanging land use. Recdl that, abstrading from other forest services and
assuming markets are dficient,

NNP,4 (t) = C+ P, .R+K [P, - f'(R] R

Sadoff cdculates the entire land revaluation term without all owing for
the fact that the gains from new agricultural land is entered as part of
conventional national acounts. She justifies this by indicaing that “land
improvement,” while entering Thailand’'s GDP as investment, fails to cgpture
the majority of forest land cleaed. “New land,” the subcategory in Thailand’s
land improvement measure, is complied with acording to the issuance of full
land titles (NS3s) in each acaunting 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 yeas of prior ownership before
the titles are granted. Sadoff concludes that these restrictions suggest that only a
small fradion 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 yeas after
deforestation has occurred.

Sadoff cdculates the aljustment term via two dfferent approaches
which she cdls the “deprecdion method’ and the “user-cost method.” The
“depredation” approach uses net price multiplied by forest area deaed to arrive
at economic depredation. This term is just Hotelling rent and is smply the net
price method prescribed by Hartwick’s conceptual framework.

The “user-cost” approadh, derived by El Serafy (1989 separates the
use st from Hicksian (sustainable) income. The use st 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 theoreticd basis of El Serafy’s method is equivalent to
that of the net price method. They also showed, however, that due to simplifying
assumptions required to implement the user-cost method, it yields corred
estimates only when total resourcerent is constant over time.

In the cae of renewable resources, El Serafy suggests that future
income streams can be maintained by repladng the resources removed in each
period. Hence, this replacement cost can be dharged against current income & a
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user cost. This is the gproach adopted by Sadoff in cdculating the user costs
associated with the depletion of Thailand’ s forest resources.

The “depredation” approach made use of stumpage value, cdculated
from world export log prices by subtrading the msts of extradion,
transportation and milling, for its cdculation of net price Note that this
estimation is based on average, not marginal, costs which tends to overstate the
depredation deductions becaise average wsts tend to be lower than marginal
costsin extradive industries.

A comparison of Sadoff’s results show that adjustments cdculated via
the “depredation” approach consistently exceals the figures obtained from the
user-cost approach.

Our study differs from Sadoff’sin that we atempt to value some of the
important forest functions that are unvalued or undervalued by markets. We do
not impute only the mmmercial losses asociated 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 cdculate depredation allowances for timber as well as non-renewable
resources (petroleum and soil) for the period 1971-84. They found that the
aggregate resource depredation was equivalent to about a quarter of GDP. They
also cdculated a partial measure of net investment by subtrading the resource
consumption allowance from gross capital formation.? They found that net
investment was negative in two yeas, but aggregated over the eitire period it
was positive. This is an encouraging result, but one cannot be sure that
Indonesia’'s total cagpital stock incressed without making the necessary
deductions for the depredation of reproducible human-made capital.

In the study on Costa Rica Repetto et al. (1991) cdculated a more
complete measure of net investment by deducting both capital and resource
consumption allowances. In addition to alowances for timber and soils, they
included an all owance for fisheries resources. They excluded petroleum because
Costa Ricais not a producer. They found that net investment rose rapidly during
the 197G but stagnated during the 198G, when a high rate of deforestation
incressed the resource @nsumption allowance. However, net investment was
pasitive for every yea 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 feasibility of attempting integrated acmunting. As a
conseguence, no effort was made to colled data firsthand. Rather, the data were
ohtained from existing institutions. In Papua New Guinea Bartelmus et al.
(1993) estimated depredation all owances for mineral resources over the period

2 Dataon capital consumption allowance were gparently not avail able.
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1956:90. They did not include forest and ather renewable resources due to data
limitations. They found that the net human-made caital acaumulation during
those yeas exceealed the depletion of mineral resources. It is hard to conclude
that Papua New Guineais thus depleting its natural resources in a sustainable
manner since the depredation of other resources neals to be included. In
Mexico, van Tongeren et al. (1993) estimated depredation allowances for the
use of ail, forest and environmental resources (air, water and land) in the yea
1989 They found that net investment was positive in the only yea analyzed
after acoounting for both human-made caital and natural capital depredation.

Note that all of the @ove 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 nationa
acounting framework and are basicdly natural resource valuation exercises.
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V. CONCLUSION

We have used the optimal growth model to study the dharaderistics of a “green”
national acmunting framework. The alvantage of a theoreticd framework isin
providing insights into the nature of the shadow prices we nead and how we
should trea different types of natural assets. Here ae some of the pradica
issues associated with the anstruction of the “green” national acounts
advocated by this approach.

A subjed that has been debated in the literature on natural resource
acounting is the tredment 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 dedine in reproducible caital acaimulation. Consider, for
example, the labour that is gent on cleaning up environmental padlution. Such
defensive expenditures, however, should not be deducted from national
acounts snce, if the eonomy isin full employment, the hiring of labour in the
clean-up industry will be offset by a reduction in production somewhere dse in
the eonomy. If the eonomy is not in full employment, the shadow price of
labour, and hence the wage bill, will be zeo in any case. Notice that the
adjustment term is z'(A) Awhich refleds the impad of the reduced capital
acamulation on future production. Expenditures which are amed at enhancing
environmental capital (the variable Y in the same model) find expression in the
value that isimputed to changes in the environmental resource stock.

Next, consider the interadion between the eonomy of interest and the
rest of the world. Suppose the e@nomy is subjed to transboundary pallution,
and can import or export pollution. We need to turn to the fundamental question
of whose welfare should be mnsidered.

Suppacse the objedive is to crede an index measuring the impad on
global well-being from the adivities in one cuntry. Then we should deduct the
environmental damage the eonomy’s projeds give rise to abroad. If all
courtries based their acaunts on this criterion, al acounts would be cnsistent
and thus could be summed to give global welfare.

Perhaps the goproach more gpeding to an individual country’s policy-
makers would be to consider all changes that affea the country but limit the
adjustments to NNP to those mnsequences that apply to the dtizens in the home
courtry, effedively, the msts they bea 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
courtries, that diredly affed the eonomy. Again, so long as all countries apply
the same rule, we have a onsistent system that can be summed to oltain gobal
welfare.

Finaly, our adjusted NNP allows for the emnomic depredation of
natural resource stocks, which is net price times the change in stock. We ae
interested in the value of the dhange 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
asociated with price danges.
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