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Abstract

Purpose — The paper reviews recent developments in utilising computable general equilibrium
(CGE) models to analyse forestry policies. The paper highlights the application of CGE modelling to
deforestation and forestry issues.

Design/methodology/approach — The analysis is carried out by comparing different CGE models
available in the literature, which have analysed the economic consequences of deforestation and
changes in forestry policies.

Findings — The use of CGE models in analysing forestry issues is still in its early stages. There is
room for innovation and improvement in the various models used.

Practical implications — The paper emphasises the relevance of general equilibrium analysis in the
evaluation of both micro- and macro-economic policies on forestry. It encourages researchers to use
general equilibrium analysis in their study of environmental problems.

Originality/value — The paper highlights the contribution and possible benefits of utilising CGE
models in analysing environmental problems such as deforestation, especially in the context of
environment-economics trade-off.

Keywords Economic policy, Forestry, Modelling
Paper type General review

1. Introduction

Studies on deforestation have been conducted using partial equilibrium methods but
the increasing trade-off between economic and environmental goals considers these
methods to be inadequate. On the contrary, general equilibrium models are capable of
evaluating economy-wide issues. The increasing application of general equilibrium
models to problems in resource and environmental economics implies that computable
general equilibrium (CGE) models can be useful in analysing deforestation issues.
In fact, there are a number of CGE models constructed to analyse deforestation,
stumpage tax and timber supply issues. The main objective of the paper is to examine
the appropriateness of employing general equilibrium analysis in assessing
deforestation in general. The remainder of the paper is organised as follows: Section
2 outlines the characteristics of CGE models and their relevance to the formulation of
environment-related policies. Section 3 gives a brief discussion of the data
requirements. Section 4 summarises CGE models constructed with special reference
to the forestry sector and evaluates their importance in the formulation of sound
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forestry policies. Section 5 summarises the weaknesses of existing models and outlines
a program for further research.

2. A case for CGE modelling

Economy-wide CGE models allow endogenous interaction of all sectors in the economy.
These models are generally based on a set of input demand and output supply
equations. There are equations representing the behaviour of economic agents such as
consumers, investors, government and the foreign market. Most modellers rely on a
specific year’s (benchmark) equilibrium data set to specify the numerical relationships
in the model. The basic difference between partial and general equilibrium analysis is
in the treatment of prices. In the former, all prices other than the price of the good being
studied are assumed to remain fixed whereas in the latter, all prices are variable and all
markets clear. Hence, secondary effects are ignored in partial equilibrium models.

There are advantages in resorting to CGE models in examining environment-related
problems (Alfsen, 1991; Boyd and Newman, 1991; Clarete and Roumasset, 1986;
Decaluwe and Martens, 1988; Semboja, 1994; Uri and Boyd, 1993). Firstly, general
equilibrium models represent a useful tool and framework for multi-sectoral policy
formulation. For example, in Johansen-type CGE models, there are conditions to be
satisfied (e.g. price homogeneity and real homogeneity tests). All economic agents
maximise their behaviour, subject to the relevant constraints, allowing for all markets
to clear, and transactions are conducted at equilibrium prices. The quantity supplied
must exactly match the quantity demanded for every factor of production and for all
goods and services consumed. Hence, all interactions among markets are taken into
account and, consequently, all interrelationships between sectors are explicitly
considered. Secondly, the CGE modelling approach performs the analysis at a
disaggregated level. It can identify sector specific effects of the policy in question. The
level of disaggregation can vary depending on the issues being studied. Lastly, many
environmental problems and their solutions represent long-term phenomena. For
example, forestry rotation periods cover 30-80 years.

CGE models can be solved for short- and long-run outcomes. Dynamic or
intertemporal models have been developed to accommodate long-run effects as well as
for forecasting. Another advantage of using CGE models in analysing environmental
problems such as deforestation is their ability to rank welfare effects of different policy
instruments (Conrad and Schroder, 1993). The unreliability of forestry data may cast
some doubts on the quantitative results of CGE models but not on the qualitative
results. CGE models are based on microeconomic theory, which tends to be more
transparent than many macroeconomic models. In addition, the maximising behaviour
of economic agents determines which variables, either endogenous or exogenous, are to
be modelled.

Nevertheless, CGE models have their limitations (Dixon and Parmenter, 1994;
Bandara, 1991). Firstly, many CGE models rely on neo-classical assumptions of perfect
competition and production functions characterised by constant returns to scale.
However, some CGE modellers (Persson, 1994; Persson and Munasinghe, 1995) have
incorporated assumptions other than the traditional assumptions of neo-classical
economics. Nonetheless, different CGE models analyse different economic problems,
hence the use of neo-classical assumptions might be applicable to some. Secondly,
traditional CGE models are real models. In other words, these models are primarily



interested in real variables in the economy and money is considered neutral. Yet there The
are CGE models (Robinson, 1991) that incorporate a monetary sector, generally called :

financial CGE models. Thirdly, static CGE models are unable to model the long-rn  2PPTOPIIAteNess
development process of economies. This requires the development of dynamic CGE of CGE
models[1]. Nevertheless, the issue of dynamics does not only confront CGE models but

macroeconomic models as well. Fourthly, the data and parameter values used are

sometimes questionable. CGE models are criticised on the grounds of data quality to 409
the extent that less developed countries (LDCs) do not generally have reliable data.
In addition, most of the parameter values (i.e. elasticities) are at best guesses and are
not based on appropriate econometric studies. At present, some of these issues are
being addressed by the development of social accounting matrices in LDCs, the basic
data needed in a CGE model. When there are no econometric estimates for parameter
values, the plausibility of these guesses can be determined through sensitivity
analysis[2]. Lastly, the fact that the estimated results from a CGE simulation are
difficult to explain to policy makers makes CGE models unattractive. These models
are viewed as black boxes which do not facilitate the explanation of what happens
inside. Dixon et al (1982) attempted to overcome this limitation by providing the
back-of-the-envelope (BOTE) technique which involves simple calculations to show
how the model results are derived.

As CGE models are increasingly being applied to environmental problems, the
failure of these models to analyse welfare effects accurately is a concern[3]. Dixon and
Parmenter (1994) argued that CGE models assume that welfare changes arise only
from a reallocation of a given quantity of scarce factors of production. These models
also normally assume that the proposed policy change has no effect on the total
employment of labour and capital. Welfare implications are measured in terms of the
variation in consumer income, which translates to the same variation in consumer’s
utility. The welfare calculations derived from CGE resuits produce small or
unconvincing numbers (Dixon and Parmenter, 1994). Nevertheless, CGE modelling has
still a lot of potential and capability for developing new methodologies to address its
limitations.

A typical CGE model in levels can be represented as:

FZ)=0 (@))

where F is a vector of m differentiable functions of the Z vector of size n. It is
assumed that the number of variables, #, is greater than the number of equations .
Behavioural equations representing the demands by industries, investors, households
and foreigners are represented in equation (1). Constraints like zero-profits and market
clearing are imposed on the equation system.

The system can be very large and can involve a wide variety of nonlinear functions.
From a computational point of view, it might be intractable. The approach pioneered
by Johansen resolves this computational difficulty. Johansen’s approach is to derive
from equation (1) a system of linear equations in which the variables are percentage
changes or changes in the components of Z. The derived system is represented as:

AZ), =0 )

where A(7) is a m X n matrix whose components are partial derivatives or elasticities
of F evaluated at Z The »n X 1 vector z is interpreted as the percentage changes or
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changes in Z. The Johansen-style computation is generated by replacing the variable
matrix A(Z) on the left-hand side of equation (2) by a fixed matrix, A(Z°), where Z° is
the vector of initial values of Z[4]. Then equation (2) is rewritten as:

Ay(ZO)Zy =+ Ax(ZO)Zx =0 3)

where z, is the 7 X 1 sub-vector of endogenous components of 2, 2, is the (# — m) X 1
sub-vector of exogenous components, and A,(Z% and A,(Z°) are appropriate
sub-matrices of A(Z°), that is AZ 0y is the m X m matrix formed by the columns of
A(Z° corresponding to the endogenous variables, and A,(Z°) is the m X (n — m)
matrix formed by the columns corresponding to the exogenous variables[5]. To solve
for z, in terms of 2y, it is assumed that the relevant inverse exists[6], giving:

Zy=—4, Z"AZ"Z, )
or
2= BEZ%s, ®)

with z in percentage changes, the typical element, B;(Z 9, of B(ZY) is the elasticity
evaluated at Z° of the ith endogenous variable with respect to the jth exogenous
variable.

3. Data requirements for CGE models

The basic data source of CGE models is either the social accounting matrix (SAM)
or the input-output (I-O) table or both. In addition, estimates of a number of
elasticity parameters and coefficients are needed for the construction of a database
(e.g. elasticities of substitution between domestic and foreign goods, between primary
factors, export demand elasticities and product-product transformation parameters).

3.1 Social accounting matrix (SAM)

A SAM is a square matrix with the rows and columns representing the income and
expenditure accounts of various economic agents. The payments (expenditures) are
listed in columns and the receipts in rows. As each account must balance, the
corresponding row and column totals are equal. There are six types of accounts in
the SAM: production activities, commodities, and factors (labour and capital) accounts;
the current accounts of the domestic institutions, divided into household, firms, and the
government; the capital account and the rest of the world (ROW) account. The SAM is
considered to be a consistent data set. It is a matrix presentation of the System of
National Accounts in which the linkages between the traditional I-O tables and the
institutional accounts are elaborated. It is expected that the SAM can provide a
comprehensive and detailed quantified description of the main macro-economic links
and financial interrelationships within a country. Figure 1 is an example of a SAM.

3.2 nput-output (I-O) table

An I-0 table describes the flow of goods and services between all the individual sectors
of a national economy over a stated period of time, say, a year (Leontief, 1986). The
-0 table is a subset of the SAM. It consists of activity and commodity accounts only.
1-O tables are often used in assessing the impact of a change in the final demand on all
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Figure 2.
I-O table,
domestic/non-competitive

sectors of the economy. The technique used for this purpose is attributed to Wassily
Leontief and is known as the Leontief model. The basic idea of the model is quite
simple. The quantity of the output of sector i absorbed by sector j per unit of its total
output 7 is described by the symbol a;; and is called the input coefficient of the product
of sector i into sector 7. A complete set of input coefficients of all sectors of a given
economy arranged in the form of a rectangular table corresponding to the I-O table of
the same economy is called the structural matrix of that economy. Although in
principle the intersectoral flows, as represented in an I-O table, can be thought of as
being measured in physical units, in practice most I-O tables are constructed in value
terms. The structural matrices are usually computed from I-O tables described in value
terms. In any case, the input coefficients must be interpreted as ratios of two quantities
measured in physical units (Leontief, 1986). The I-O table expressed in value terms can
be interpreted as a System of National Accounts. Figures 2 and 3 show a typical I-O
table.

4. The use of CGE models on forestry policies and deforestation

CGE models have been traditionally applied in studies concerning international trade
and taxation. During the last decade, these models have been successfully used in
studies evaluating carbon dioxide emissions and carbon taxes. The purpose of this
section is to emphasise the capability of CGE models in analysing forestry issues.
Table I gives a summary of CGE models used to analyse various issues relating to
forestry and deforestation.

A standard CGE model can shed some light on the interaction between forestry and
non-forestry sectors. For example, ORANI, a multi-sectoral model (Dixon et al., 1982)
can be used to estimate the impact of a range of economic changes on Australia’s
forestry and wood-based industries as shown by Bruce (1988). However, in models
attempting to analyse specific forestry issues such as the stumpage tax, the
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Intermediate Private Capital
Demand Consumption | Formation

(CxI) (Cx1) (Cx1)
Primary
Factors
@2x1)

Change in
Inventories

(Cx1)

Government Imports Commodity

output
(€x1) (€x1) o

Exports
(Cx1)

C =59 commodities | = 59 industries
Indirect Taxes
a1

Industry
Output
(1x1)

Figure 3.
I-O table, imports

ABSORPTION MATRIX

Intermediate Private Capital
Demand Consumption | Formation

Change in

o Government
Inventories

Exports

(CxI) Cx1D (Cx1) 0 (Cx1) 0

n=HOYE —~

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyyaaw.m:




~ 8%
228 9 55
T LW = I.M$
o e
8 © g 8
g, R
e g
o, [£a]
o, @]
= O
(ponuzuod)
ymois

JIUIOU0J9 ISBIIOUL
PUB UOIJBISSI0J3p
Sunzeae ur dpy
P[NOM (SUOISSI0U0D
Su1330[ uL}-3uo]
10J SuImol[e) A1Sa10]
Ul 9181 JUNOJSIP MO[

uononpod

pue 3unsaatey 30[

0 P3303[qns 18310§ UTRI
[eordon yym AWIOU0dd
U JO 90JNOS3I JSI0]
9} uo samsesur £orjod
JIWIOU0J3 IALJRU-IS)[R

suonouny AJun
AT pue uononpoid

u00IAUIE) 10§ [POU  (766T) IAGOLM

pue Spexn pssi[elsqlT JO S109%39 ULIS)-WMNIPIN INVS 9198 01 086T-6461  SHO FHUOYT PajseN J0E)S 101398 USAS[H PHE I[EIyT,
(soxe) 98edwmys
1S9ATRY YOBD pUE SBaIR 9pISe
Io)Je 3UIpUE)S SWNJOA 19S JO JUSWYSI[RISd
Joquum) JO Jo81e) ‘9B JUNOOSIP
10S B SuUIASIOR JO  AIISSIO] Ul UOHONpal
SULI9) Ul UONBISIIOJPP  ‘S991) JO 988 WNUIUIWL
J0 uvqoxd aseaxoul 9°T) seiod BISSUOPU]
9l Y)IM [Bsp 1S9q  OUI10adS 1SaI10] SNOLTRA uonouny Amn J0J [opour ussueyof
PINOM SBAJR SPISE-19S JO S90USNbIsU0d SH’] PUB uomIuUNy JIURUADQ1IBIS
JO JuatysIqelsy dmouody INVS 9198 0T 66T uononpoxd S PASIN 103398 131y (1661) =Q
A2A1309dsa1
‘Uo1)eISaI0LR
pue spiodxs dryopoom
paseaour 10J §'T saLusnpul
pue g1 Jo swidnnu Paseq-poom pue UOISSTUWIWIO)) uonouny
juowfoduwe  £1)S310F 94 UO SeSUBYD UEBISISSY Arun 7T pue BI[RISNY JOJ [9pOW
[EUONIBN JUBOUIUSIS 9q JIWOU0J9 JO 93uLl SoLISNpuUJ 9y} WOoIf uonouny uononpoid  O1EIS J0J03S UL
UED S99 FO J091pu] & Jo Pedunt unrjoyg - sepewrered 5[qel O 18610861 HSHYD P1SeN pue pampuny suQ  (886T) onIg
S)NsaI1 A3y PasATeue sa101[0] sjewered Jesk oseg  suonouny uononpoid Soamjesy A33] (S)roymy
Aoy pue BIEp UIR]\ pue puBwSJ

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyyaaw.m:



(pomuuo))
UOZeury 9y} ut
Soxe) pue] Jo weisoxd
Pasnoo] AJ[euoL3al
e Aq pateduuey JoU SI
JUSWAO[9AD JIWOU0H
"UOZBUIY 9Y) Ul 9sn
PUE] [[BISA0 PUB J(I9

uLI0jal
XB) PUB[ PUB S9ATJUSOUL
XE€) JO uonesienbs

S9ONPAI SPAIIUSOUI  ‘UOLBN[BASD AOULLIMND uonourny Aun
[eosy Jo uonesienby SB [ONS S30.IMO0Sal SH) PAISSU 2ANIPPY
"S9Sem J1SeuWop 18910 uo SaIjod uonouny uononpoid
S90NpaI PUB SN pue| JIUIOUOI90I0BW Se[3no(-qqo) pue [1Zze1g JI0J [spowr
SOSEIDULUOHENTBAXNT 30 SPFY 9q8 0T VS 0861  SHO FoHU0YT PASON OIE)S 103098 UBASLY  (G66T) HOGOIM
pauysp SIe SjySL
£y19doxd usym psonpalx
ST UOI)E)SaI0fap JO
9)BI Y], "UOLBISIIOJID
ur Jnsazx syonpoid Sjesrew Ssydwoout 0 pue g( ‘G0 I8 1S suonouny
[eIn)NOLISE PUB .MOge| Jo soussaid ay)  9I1e Jejeurered Aj0nsSe[d uononpold SuisesIdsp (S661)
PA[[IYSUN UO S9XB} Ul S)S910] UO Sapijod JO SeneA ‘SJUN0ddy JIU0JOUOW ‘TESUN[-30]  BOTY BISO)) JOJ [opowl  aySuISBunjy
‘59181 3S910IUI YSIH  JUSWILISAOS JO SI09TFH TeuoneyN 9[qel O] 9861  ‘TPHUOT/SH) PRISSN J1)B]S J0J09S USASS  PUR UOSSIS]
UOL}B]SI0Jp
[0npur J0u
op sypnpoid Ansnput
pUB 2IynoLIse
€)S910J UO SOXB], "109°
aysoddo ay) sey pue| Spoo3 s[qepen
uo Apisqns Arerodws) pue uononpoid
B 9[IYM UOIBISII0fP JO SI0JOBJ UO SoXE) (0 PuUe () I8 39S a1k uonouny uononpoid
S9seaUl () poLied JO pue AWOU0J9 9y}  Sivjeweted AJONSEd JoRUoY/SH) BOTY BISO)
ul pasodunl [e3ided Ul S9)BI UOLIRISaIOfep JO Son[eA ‘SJUN0IDY PAISON uonounj  JI0J [9powt (poLiad-om1)
uo xe) Areiodwia, JomO[ JO S1097H [euoneN ‘NVS 9861 AN SB3NO(I-qqo)  OIWRUAP 10109S U9AS (F66T) UOSSIsd
S)nsax A33] PasATeue saro1j0g swjpewered Iesf aseg  suonouny uononpoid Soamyes] A93] (s)roymy
£3Y] pue BIBD UWIB\ pUB puew9(
-
< Lo < 2
m =) = G
— < =

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyyaaw.m:



228 9 P
- T z
Lo =
&0
-
o
o
=
o
o)
<
UOI)B)S3I0Jop
sonpai1 0) uondo  9FUBYD [BOLSO[OUYIS)
1S9 9y} SI SouIL3a1 [eInoLSe pue
2Inua) SunemsIay SOWISaI 9INUS) PUB|
“UOI)BISII0TP ‘81500 uonepodsuen
Ul 9SBI109p ‘Xe) [eINoLISe
Ju0 1od ZT B ‘uni 3uof 9B 93UBYIXD
9} Ul ‘SOSNed SuLId} [ea1 Ul Sa3ueyd SNSULD [BIN)MOLISE uonouny uondwmnsuod [izexg
[Ba1 Ul uonen[eAap JO UOIJBISSIOfSP PUB SJUNOJIY [RUOLBN Se[3no(1-qqo) uonouny 10J [opOW [BUOLSS1 (1002)
Jus0 1d (OF ¥ uo joeduy ‘INVS 91981 O-1 9661-G66T uononpoid ) PaIseN J1JB)S 10309S U9, osueNR)
(tpog o)
US1y SI 3)BI JUNOISIP
3Y) JO JUBJSUOD UleWal  A[IOI[dXe PaIspISUOd
SoN[eA JoquIn-uou  aJe uononpoid Jsquir
pUR Joquil) J9YI19 UBY) J9YI0 Son[eA
uaym SAJN 1s9yS1y 1S910F usym suondo
93 SP[AIA 1S910] JUSWRSRURW SI0]
9[qe1odo AJ[BDISUIIO)  JUSISIIP JO UOHEN[RAD dourUL] JO ANSIUIA uonouny uondumsuod BIQUINIO)
JUS.LIND UI UOLONPII QU Ul INdJ0 ABur 9} WO SanfeA pue uoonpoxd ysnug JoJ [opour 661) 0 12
aseq pue[ Jusd 1ad (7 ¥ 18U} S9SUBYD SSUIWIRXF] Jejourered 9[qe) O 6861-8861 Se[3no-qqo) J1JEJS 103998 SUIN uosduioyJ,
1SBO)) 31} UO Uy}
JOLISIUT 9y} Ul JoyS1y
a1e 93ueyo Aorjod
JO S109J9 JIUIOU0Dd
9ATJBSSN "SwWodul
Sproy-ssnoy Jood
3} UBY) SI0UI SSUIISD
SWoOdUI SP[OYsSnoYy UOINQLISIP SWOdUL
93BIOAY SWIOOUI PUB UO PUB AWOUOID [[RISAO
JuswAo[dwo Ul SUIOSp 9y} UO ssof aedwmys $10309S A13S9.10] BIqUIN[O)) YSHLIg
JUBDYIUSIS B Ul S)NSal Ul 9SBa.10Ul UR JO $90.M0S 9y} JoJ HSHYD uonouny JoJ [epour [euoi8a1  (L661) 2 12
9SBRIOUI S99F 9fedwnig  Joedwl SY) S9JRS1ISIAU] SNOLIBA 9[qE) O] 861 uononpod S PaISeN Jnels 10J09S SuIN  Hede[eAe[y
S)MsaI1 £33] PasAJeuR SII0J sojowered Ieah oseg  suonouny uononpoid Somjes] A9y] (8)romny

A3y pue BiEp UIR)

pue pueuRJ

|

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyyaaw.m:



MEQ
16,5

416

Figure 4.

Example of the
interrelationship between
sectors

implementation of a standard CGE model requires additional variables. For instance,
Alavalapati et al. (1997) set the stumpage fees as exogenous variables in the model to
investigate the impact of an increase in stumpage fees on the overall economy of
British Columbia and on the income distribution of two income classes.

Figure 4 shows the possible interaction between forestry and non-forestry sectors in
terms of primary factor demands and primary inputs to production. For example, the
forestry and agricultural sectors can compete for land as a primary factor to
production, as well as mining and the real estate sectors, Whist the wood
manufacturing and paper and paper products use forestry products to produce their
outputs. The interrelationships of the economic sectors are disclosed fully within a
CGE framework depending on the level of disaggregation.

Deforestation is the process of felling trees, which results in the reduction of forest
areas. The process of deforestation in each country can vary. Figure 5 is a
representation of changing land use. There have been disagreements as to the primary
cause of deforestation, that is, either logging or agriculture. The nature of land use

Wood manufacturing Food Crops and

V\ / Agricultural Products

Forestry products: logs,
roundwood, sawdust,
woodchip, etc.

Paper and Paper "

Products <—p | Mining and quarrying

\ Real Estate and

Figure 5.
Overview of national
land-use categories
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and land conversion in a specific country will determine the sectors and primary The
factqrs incl}lded Withi.n.a CGE model. The succgeeding di_scusgion highlight.s this point. appropriateness

Firstly, in the Brazilian Amazon cattle ranching was identified as the primary cause
of deforestation followed by small-scale farming and then logging. In order to of CGE
incorporate this within a CGE model, Wiebelt (1995) included “livestock” as one of the
producing sectors. The model is a static CGE model with regional dimensions.

Regional disaggregation can yield significant results when the forest area in question 417
is quite huge like that in British Columbia and in Brazil.

Secondly, in Costa Rica squatting has a significant contribution to deforestation,
hence Persson (1994) and Persson and Munasinghe (1995) allowed for a “squatting”
sector. The former developed a dynamic (two-period) model with endogenous savings
and investment while the latter devised a static CGE model of an open economy. The
assumptions of the models are similar. The models differed from the standard CGE
model with the inclusion of undefined property rights and the markets for logs and
cleared land. It is assumed that squatting was responsible for deforestation to a larger
extent compared to logging. It is also assumed that land available for deforestation is
unlimited and that the squatting and logging sectors are interdependent on each other.
Replanting, as an investment was unattractive since the yield is far into the future.
Both studies emphasised property regimes and made use of higher discount rates to
reflect insecure property rights.

Lastly, Cattaneo (2001) extended the model by Persson and Munasinghe (1995) to
mclude a feedback mechanism into the deforestation process i.e. land degradation. The
study focused on the role of land as a factor of production and considered only land
clearing for agricultural purposes as deforestation. In other words, logging by
maintaining some forest cover does not contribute to deforestation. This constraint is
brought about by the satellite data used in the study.

When it is recognised that logging is the major cause of deforestation, the modelling
becomes even more difficult. The modeller’s task is to include the concept of
sustainable forestry management and forestry rotation periods in a CGE model
(Dee, 1991; Thiele and Wiebelt, 1994; Thompson et al., 1997). Wiebelt (1995) managed
to avoid (or exclude) the introduction of forestry variables such as the rotation period
and harvest level due to the fact that logging in the Brazilian Amazon has generally
been a by-product of clearing for agricultural practices, hence the forestry rotation
period is irrelevant. Similarly, Persson and Munasinghe (1995) used instead an
exogenous parameter, H(d), to represent the opportunity value of the forests, which
was set 28 per cent higher than the value derived from deforestation. The authors
assumed that the forestry sector exhibits a log-linear production function with
decreasing returns to scale.

Thompson ef al (1997) constructed a model that requires specific forestry data
generated by a timber supply model appended to the CGE model. The timber supply
model projects the forest inventory, timber harvest and the outcomes of management
practices on inventory and timber yield. Generally, environment-related data, in
general and forestry data, in particular, are not readily available especially in LDCs
where most of the world’s deforestation is occurring. Hence, the forestry sub-model
developed by Dee (1991), which was based on the Faustmann formulation requiring
eight forestry-specific parameters, offered an attractive alternative to elaborate
forestry models.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyyaaw.m:



MEQ
16,5

418

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyyaaw.m:

Thiele and Wiebelt (1994) adopted the Dee model and appended it to their model,
which closely followed that of Dervis ef al (1982), to evaluate the problem of
deforestation in Cameroon. Dee (1991) built on ORANI to assess the problem
of deforestation in Indonesia. She intended at first to develop a fully dynamic general
equilibrium model with steady-state treatment of the forestry sector. However, the
model that was implemented was the static version[7]. The steady-state treatment of
forestry was embodied in the forestry sub-model, which was attached to the CGE
model. The forestry sub-model included forestry parameters, which differentiated the
forestry sector from the non-forestry sector. It incorporated growth functions for forest
areas, rotation periods and other forestry specific variables such as minimum harvest
age, discount rate in forestry, stumpage tax and set-aside forest areas.

Unfortunately, the models fall short of capturing the dynamic and long-term nature
of forest resources. Xie ef al. (1996) pointed this out as well as the fact that the models
are calibrated using one-year data set. The authors also criticised the treatment of land
as a factor of production in these models. The model by Cattaneo (2001) is a step closer
to refining the treatment of land as a primary factor within the CGE framework. The
study differentiated between land conversion (ie. forested land to arable land and
unemployed arable land to pasture) and land transformation (e.g. arable land to
pasture). The introduction of different land types is referred to as the bio-physical
component of the modelling framework. The author claims that this framework is a
first step in linking bio-physical changes to the economic incentive for agents to modify
existing land-use patterns.

5. Conclusion

The models reviewed in this paper demonstrate that CGE modelling is increasingly
being applied to issues concerning the forestry sector. Most of the CGE models
included in this study are static models. The incorporation of dynamic equations in
capital formation will improve the usefulness of these models.

The assumption of steady-state in forestry growth and the use of the steady-state
equations in the modelling of the forestry sector (Dee, 1991; Thiele and Wiebelt, 1994)
are somehow unrealistic especially in relation to forests in developing countries, which
are not always in steady-state. One justification is that over time the constant
application of sustainable management in forestry and increased intensity of
reforestation activities will steer forest growth towards a steady-state level of
production.

One alternative to the steady-state treatment of forestry in CGE models is the
inclusion of a reforestation variable. This would greatly improve the valuation of
environmental concerns in CGE models. This can be achieved by the development of a
SAM or at least an I-O table with a reforestation sector.

In sum, the use of CGE models in analysing forestry issues is still in its early stages.
There is room for innovation and improvement in the various models used. At present,
the cost of forest conservation within a CGE model is measured in terms of the
reduction in GDP. Nevertheless, the significance of forestry policies and its effects on
the rest of the economy are highlighted in results generated by environmental CGE
models.



Notes The
1. The main difference between static and dynamic models is in the treatment of investment. appropriateness

2. Sensitivity analysis answers the question as to how the optimal choice variables change as of CGE
the value of a parameter changes (Varian, 1992, p. 491).

3. For example, Alavalapati ef al. (1997) used real income as an indicator of welfare instead of
real consumption.
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4. The set of initial values for prices, quantities, etc. is known from the I-O data.
5. We assumed that A(Z) = A(Z,,Z,). Similarly, F(2) = F(Z,,Z,).
6. If this is not true, then the Johansen method will fail (Dixon et al., 1982, p. 235). If the inverse

of the matrix is singular, then it is likely that the classification of exogenous and endogenous
variables is illegitimate.

7. All the dynamic equations are turned off hence, converting the model into a static CGE
model. The steady-state treatment of the forestry sector is maintained.
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