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Abstract

National-level strategies for Reducing EmissiomsrfrDeforestation and Degradation
(REDD), financed by international transfers, hawegun to emerge. A three-sector
model is developed to explore the economy-widectsfef two policies, incentive
payments and taxes, implemented by a governmetticipating in REDD. Two
sectors utilise forest as an input to productiare m which forest is substitutable for
labour and one in which forest and labour are cemphts. The government factors
in two opposing types of general equilibrium effedten determining the efficient
payment level: one that changes the relative prfderest and one that results from
the income transfer related to the payment. Uniékees, payments result in unequal
income transfers and a shift in relative pricestiWjolitical influence, the forest-
using sectors may lobby for lower payments in otdecreate a larger international

transfer. REDD may be less cost-effective thansamed at the international level.

Keywords: REDD, Political influence, General equilibriuminshte change,
sustainable forest management

JEL Classification: D50, D72, 013023, Q28, Q54, Q58



1. Introduction

Reducing emissions from deforestation and foregrattion (REDD) in tropical

countries could address up to a fifth of globalthampogenic greenhouse gas
emissions. Since Stern (2006), REDD has emerged pstentially cost-effective

strategy for reducing emissions, an argument basedomparing the marginal
abatement costs of different mitigation strategiBgspite on-going uncertainty
regarding the design of an international REDD madm under the United Nations
Framework Convention on Climate Change, nationadlestrategies and policy
frameworks are likely to play an important role (MZeKanounnikoff & Angelsen

2009). Indeed, countries are already developingtesires that include REDD. For
example, Guyana has instituted its Low Carbon Dmgyekent Strategy, and the World
Bank's Forest Carbon Partnership is involved inetlgnng similar strategies in a

number of countries.

Through such strategies, governments can take spomeibility for attracting and
harnessing finance, develop and implement REDDciaslj and set baselines for
emissions reductions. Thus, they allow for the pogy of an economy-wide
approach to REDD with a single baseline for emissiacross all relevant, forest-
using sectors. This could account for the reledsmioon embodied in biomass even
if it 'leaked' from one sector to another as a eqnence of policy implementation.
National-level strategies also imply an importamierfor central governments in the

REDD policy-making process. Policies for REDD aileelly to be concentrated in

! 'Carbon leakage' occurs when policy efforts totmremissions in one place or sector cause
emissions to shift to another place or sectorithabt subject to the policy (see Murray 2009kah
occur as production, investment or the sourcingoosumption goods is relocated as a result of tdima

policy.



forest-using sectors. Yet in many tropical coustiieese are often characterised by
weak governance and endemic rent seeking (Amadb@s; ZKoyuncu and Yilmaz
2008; Palmer 2005). Introducing international ficarfor REDD could potentially
redirect rent-seeking efforts towards its captsee(Myers 2007). Indeed, corruption
has already been reported in early REDD initiativ€é®r example, Liberian
government officials were allegedly bribed by carlvestors to secure carbon rights

to a forest concession at below-market values (feiah Times 2010).

In this paper, we develop a model of a small opganemy in order to examine the
impacts of policies implemented through a natidREIDD strategy. This serves to
address the following three questions. First, wéwa the economy-wide, general
equilibrium effects of implementing REDD? Secondywh might these affect

government policies for achieving REDD? And thindw do these effects change

with political influence from sectors affected bizBD?

Angelsen (2009) groups policies for REDD among foategories: policies that
increase and capture the rents from using foresti®imably; policies that reduce the
rent from forest-extractive industries; policiesatthdirectly regulate land-use; and
cross-sectoral policies. In this paper, we consp#icies belonging to the first two
categories, respectively, incentive payments (gmmnts of environmental services)
along with input and output taxé(et all have impacts beyond the sectors directly
affected by a given policy. By shifting labour, @éapand other inputs between sectors
— via shifts in relative prices — REDD will haveobder economic impacts. For

example, REDD may be used to encourage the groindbabors that are less directly

2 Policy options for REDD mirror those of forest senvation more generally (see, for example,
Angelsen 2008, Angelsen 2009, Angelsen 2010, D&@@9, Palmer 2011, Pfaff et al. 2013), although
incentive payments schemes have been central tdRillicy discussions in recent years.



dependent on forest as an input to production. Kewenput and output prices and

the relative profitability of all sectors may alslsange.

Recent research has begun to address the potectalomy-wide impacts of REDD
(see Lubowski & Rose 2013, for a recent review)p@rticular relevance to our paper
is work which utilises the Computable General Ehuilm approach. For example,
Ibarraran & Boyd (2010) examined the multiplier ahstributional effects of REDD
policies in Mexico. Opening the general equilibridbtack box', Ollivier (2012)
developed a growth model with land-conversion dyicanmn a two-sector economy
and assessed the long-term impacts of an interatREDD transfer. Our model of a
multi-sector economy also adopts a national REDEateqjy financed by an
international transfer. Yet our contribution exaesnhow different policies might
affect different sectors, including their use ofefst. In this respect, we follow earlier
work concerned with the impacts of different pa@gion deforestation in a general
equilibrium setting; for example, Deacon (1995), owhxamined the impact of
transportation improvements, taxes and new emplaymepportunities on
deforestation. In further contrast to Ollivier (Z)Lwe also take into account the
potential for political influence on REDD policy kiag. Specifically, we adopt the
common-agency model of Grossman & Helpman (1994)p wsed it to investigate
the impact of lobby group influence on trade palittyhas been widely applied to
examine the role of political influence in publicoligy-making, including
environmental taxes and subsidies (Fredriksson )198@vironmental protection
(Schleich 1997, Yu 2005) , and forest conserva(eerola 2004; Jussila 2003). To
our knowledge, our paper is the first to applyoitinternational-level incentives, in

particular REDD.



Previous research on policy impacts in a generallibqum setting illustrated how

policies such as taxes shift the relative pricesplits or outputs, returning revenue
on a per-capita basis. By contrast, we show howntize payments shift the relative
price of inputs, and provide a series of (potelytiainequal) income transfers to
different sectors. Indeed, the size of the shiftafative prices helps determine the
level of income transfer. By implication, the imtational incentive made to a
government adopting a national REDD strategy mdypaaequivalent to the incentive
transferred by that government to sectors particigan REDD. Thus, in moving

away from some of the idealised conditions for @olimplementation assumed in
many economic models of REDD, we find that REDD rbayess cost-effective than

originally envisaged at the international level.

Introduced in Section 2, our model adopts the coesuand producer formulation of
Fredriksson (1997) and incorporates three sectorn$as to the framework of Jussila
(2003). Two sectors use forest as an input to malu In the first, ‘agriculture’,
forest is substitutable with labour and use offtirest produces a carbon externality.
In the second, ‘sustainable forest management’ (SHbrest is used in joint
production with labour, and there is no carbon mity. The distribution of forest
between sectors is determined in a market set#nghird sector represents the

remainder of the economy.

Inclusion of two, different forest-using sectorsables us to model the fact that
tropical forests are not always used in an extracthanner. Recent decades have

witnessed growth in the non-extractive uses ofdisevhich potentially cause little or



no deforestation. Such activities include eco-wmri sustainable forestry and
biodiversity prospecting. Earlier work by, for exale, Ferraro & Simpson (2002),
Groom & Palmer (2010), and Muller & Albers (2004pdelled these activities as
joint production. We depart from those models bysidering joint production in a
general rather than partial equilibrium setting.DREis arguably likely to be as much
about shifting forest to joint production activgias it is about using incentives to set
forest aside (e.g. see Angelsen 2010; Palmer 2@uir)model illustrates how forest
owners change activities between different prodectactivities, in response to

incentives.

An international incentive is offered to the goveent of the REDD host country as a
payment per unit of carbon externality reduced Wwetobusiness-as-usual baseline.
This could be made by a body such as the FCPF aouatry seeking to finance
REDD via bilateral arrangements in the mould ofsthmegotiated between Norway
and respectively, Brazil, Guyana, and Indonddia.order to reduce emissions, the
government implements a payment scheme. As show®edation 3, payments are
made to both forest-using sectors with the totah sequal to the international
incentive. The government then faces a choice @fi¢kiel or size of payment that it
makes to either sector. Its choice helps to detegrhoth the size and the share of the
international incentive or 'pie'. Increasing theymant to the agricultural sector
strengthens the incentive to reduce forest uskandector. This helps create a larger

pie, a larger share of which is distributed to #gricultural sector. By contrast,

3 Similar to many current REDD initiatives these dependent on public funds. While some REDD
projects are financed from the sale of Voluntaryigsions Reductions, carbon markets play a
relatively small role compared to public financingiatives. Yet the development of regional carbon
markets that accept credits from REDD, such ad&ala's cap-and-trade system, could boost the
future role of markets to finance REDD policy iatives.



reducing the payment has the opposite effect, radumoth the pie and the sector’s

share.

We introduce political influence to our model byoating the common-agency model
of Grossman & Helpman (1994), in Section 4. In pas work by, e.g. Fredriksson

(1997), Jussila (2003), 'contributions’ are paidte incumbent government, which
desires these to aid re-election. The contributiares essentially a valuation by the
government of some element of the welfare changenef specific sector over the
others in response to a change in policy. Thisatadn may be monetary or it may be
due to preferences inherent in the government rier garticular sector. For example,
due to interest group lobbying, the political malgeof the country or a perception
that protection of a particular sector offers Idagn benefits to the country. In our
model, giving contributions is conceived as havoadjtical influence, which can be

offered by either forest-using sector.

When the agricultural sector has political influeneve find that the direction of
change in incentives to either sector is indeteateinlt depends on a price effect that
represents the adverse impact payments have oprite of forest in that sector
(‘forest price effect’) and an income effect tleaids to push up the level of payments
to the agricultural sector as it obtains a greateasre of the pie created by the
incentive ('income transfer effect’). Which of thexffects dominates depends on the
dependence of the agricultural sector on the forgstt, the ease to which agents can
switch their activity between sectors, and the dtation baseline. A similar
indeterminate result is found when the SFM secésr olitical influence. Again, the

balance between the price and the income effe¢&srdmes the direction of change.



This leads to the counter-intuitive result that @mdome conditions the SFM sector
may lobby for a lower payment to its own sectooiider to create a stronger incentive
to reduce forest use in the agricultural sector laoadst the size of the international

incentive.

In Section 5, we consider input and output taxegrabination of taxes and incentive
payments, in addition to relaxing the assumptiopafect labour markets. Taxes are
shown to influence factor and output prices as asliproducers and consumers. In
contrast to the payment scheme, the internatior@@ntive is added to tax revenue
and redistributed on a per-capita basis. This eseatseparation between the size of
the pie and the share. Similar effects are takemancount by the government when
neither sector has political influence. But whea Hyricultural sector has influence
input tax rates are reduced. Tax rates rise wherS#M sector has influence. Our
results are robust to relaxing the assumption ofept labour markets. Section 6

discusses the results before concluding.

2. Modédl set-up

Production

The majority of countries likely to be recipientd &EDD finance can be
characterised as small, open economies. Thus, \wgsmir model in this way. There
are three producing sectors, two of which utilism@st inputf, in production. The

first of these sectors, ‘agricultureY, has two inputsf and labour], substitutable

using a constant-returns-to-scale technology. ilizimg land under forest cover, the

sector produces a negative carbon externality fianest clearance. It thus represents



a forest-extractive industry, which varies fromgaao place, for example, soya or

cattle ranching in Brazil, and palm oil in Indoreei

In the second forest-using sectg},('sustainable forest management' (SFM), forest is
an input, again in combination with labour. FollogiFerraro & Simpson (2002), this
sector is characterised by joint production, i.abour and forest are strict
complements. Joint production can occur in nonaetive forest-using sectors such
as ecotourism, biodiversity prospecting, and norbér forest product extraction.
Relatively undisturbed forest ecosystems are engpl@g inputs, which are combined
with labour to produce an output, e.g. tourist egimns, chemical compounds, or
fruits. Thus, use of the forest in this sector doe$s produce a negative carbon

externality, i.e. production occurs without forekgarance.

The third sector is termed industry),( which acts as a numéraire representing all
other production in the economy. It uses a singtgdfr, labour, using constant returns

to scale technology and has an input-output caefficof one.

Goods produced by the three sectorsxgrex, andx,,. Pricesp,.. g, are determined

on the world market, and are thus exogenously gwiin p_normalised to one. The
economy is populated by individuals, each of whom has a single unit ofolat)
with N normalised to one. Individuals have a number s @ this model. First, they
can sell their labour endowment to one of the tlseaors (‘workers'). Second, they
can receive profits from one of the three sectosefators’). Third, they can consume

goods from all three sectors (‘consumers’). Indiaigl are characterised according to

* We note that these land uses may have differatammental implications, although they are
analogous for the purposes of our model.



the sector in which their profits are generatethesiindustry,a, agriculture,f or

SFM, y.

Workers can sell their labour endowment to any @edhn assumed competitive
labour market equilibrium implies wages are equatea@ll sectors, normalised to
one® We discuss the implication of relaxing the assuompbf competitive labour
markets in Section 5. In their role as operatandjviduals in the agricultural and
SFM sectors switch sectors based on relative grofiach operator is assumed to
have a different relative profit level at which yhewitch between these two sectors.
Thus, switching between sectors occurs as prdiiteither sector rise or fall. It is
assumed that operators are unable to switch betindastry and the two forest-using
sectors. Similar to Ollivier (2012), we assume thetriers exist such that operators in
the latter are fundamentally different from thoseindustry. Barriers could be, for
example, economic, social, geographical or instihal. This assumption allows us to
focus on the effects of REDD in two specific walysst, on the potential of REDD to
incentivise the agricultural sector to become lem®st intensive and second, in

providing incentives to operators to switch frore tgricultural to the SFM sector.

All sectors maximise profits, giving the restricteabfit function =;(p;.Z) wherez is
the price of the forest inpuf, for § andy. These two sectors derive optimal outpgt

as the level of output that solves:

dr;

p,=— forief.,y
dv

® It is assumed that there is a large enough sugfpbour forx, to be produced in all cases.



ko

o is the partial differential of the cost function(f..l;,Z). Given optimal

where

output, the sectors then calculate their leveboé$t demandf; and labour demanid

as the solutions to:

min ¢;(f1;,2)

Next, z is determined in a forest market determined byfttiewing operation and

timeline:

1. Both sectors observe output prices in their respesectors.

2. Sectors calculate their level of output, forest &fmbur demand for each level of
z,

3. A third party then calculates the forest input pidased on the requirement that:

B+ F=f

wheref," is the total amount of forest in the economy. Td¢ds be interpreted as the

total, state-owned area of forest where produdsdegally sanctioned, i.e. excluding

protected areas, and where production might betabdé. The third party in step 3 is

analogous to the concept of a Walrasian auctiotiedracts as an independent party

working to clear the market.

The determination of clears all markets and defines optimal outpit realised
forest input demands.*, labour input demands;, and forest input prices. These in
turn determine profit levels in each sector anddis¢ribution of operators between

sectors.

Our simplifying assumption of perfect forest masket justified on the basis of our

focus on the general equilibrium effects of REDDiveh by changes in relative



prices. The forest market also allows for the dwitg of forest use between sectors.
This enables us to determine the incentives teas® the use of forest in a more non-

extractive rather than extractive way.

Consumption
Consumers consume all three goods and their utidityan additive function of
consumption of the googs,, xg,x,:

U =x;+xp+x,

for i = a, ,¥, wherex., is consumption of the numéraire a&g , x}", is consumption

of each production good.
Consumers are subject to a budget constraint andssumed to use all inconig, to

purchase the two goods.
Y, = x} +pj.xp +p.x (1)
wherep; is the world market price fogz andp, is the world market price for,

normalised by the numeraire price.

From equation (1) an indirect utility functioli, can be derived:

V=Y, +u(ds(pg)) — pids (0) + u(d,(;)) - 24, ()

wheredg(pj ) and d,(p;) are the realisations of the demand function forsemers
(who are assumed to have identical preferencesyoatd market pricesp;,py;

ui[d[pf‘]) Is the resulting utility from that demand. Thetl&sur terms on the right-

hand side of equation (2) thus represent consunrpius from consumption of the



production goods. Given exogenously-determinedepriche values for consumer

surplus are fixed and utility is hence a directdtion of incomé®

Income

Income is generated from two sources, labour incameé profits. The income of
individuals in each sector is thus:

Y =i+m, (3)
for i =a,f.y, wherei is the share of population who operate in thatoseand

represents labour incone.

Social welfare W, is given by the aggregate indirect utility of thepulation, which

follows from equations (2) and (3) as:

W=1+mg+m, + u(dg(ps)) - pids(ez) + v (4, (5)) - vy, (v;)
We assume that each unit of forest input usediicwture, fz, creates one unit of the
carbon externality, ang* = f; is the level of forest-based carbon externalityhie

baseline, i.e. before the implementation of any REpolicy. It is therefore the

business-as-usual scenario of carbon emissionsajedeoy deforestation.

3. Introducing REDD

A REDD strategy is implemented by the governmenhefeconomy (‘the
government’). It is offered an international incesty, for reduction in the generation
of the forest-related carbon externality belowlaseline levelF*, with x = 0 and

payments of zero for:

® This follows similar assumptions made by Frediiks&1997).
"m, is a constant that is not impacted by any of trenges in our model. It is therefore excluded.



fi = F*.
Payment Scheme
The payment scheme consists of a financial trartefeoth the agricultural and SFM
sectors with the total equal to the payment recklwe the government. The scheme
gives a paymenf, to each forest sector given by:
pi=o(F —f) i€By
with y = X;=g, ¢; ande; > 0. It is assumed that payments accrue to operaidfei

agricultural sectof.

The payment scheme splits the entire ‘pie’ from ititernational incentive between
the two sectors. Since the size of the pie is dég@inon the activity of the
agricultural sector it serves to increase the poicérest in this sector. The scheme
consists of two parts. First, an income transfengonent equal to the payment level
multiplied by baseline forest usg; and second, an increase in the price of utilising
the forest input faced by the agricultural sectiothe SFM sector, the scheme equates
to an income transfer equal to the payment togbetor multiplied by the reduction in
the carbon externality. Thus, the scheme has tieetedf driving a wedge in forest
input prices between the two sectors. The paynwdmne changes the relative prices
of the forest input and redistributes the revemuproportion to the change in relative

prices.

With the payment scheme, the profit function foe @gricultural sector is amended

to:

g = g[pp.Z + @gl + ppF*

8 Should payments be given to consumers after the production decision is made there vélhio
effect on quantities of forest input.



The profit function for the SFM sector becomes:
m, =1, [Py, 2] + @, (F* — fg)
Overall social welfare is:
W=1+mp+my+u(dg(p)) s (03) + u(d,(p))) ~ p)d, ;)
The government’s maximisation problem is thus:

max W =1+ T?-'é [Pg;fr ':'P,E] + ??:;, [p}rrfr fp},,f;] +C5
P3Py

Subject to:
Yizp, @ =7
where the constant level of consumer surplus rejat the two production goods is
given by’
cs =u(dg (pg)) — pids (23) + u(d,(p) ) Py, (p;)
We solve the maximisation problem using the Lagi@mgmethod with the
government maximising:
W =1+ mp[pg.Z @0p. f5] + (0.2 0, ff] + CSHA(@p + @, — 1)

This gives the first-order conditions of:

aw aﬂg+F$+an}, Bﬁ‘_hl
. —@

aw

— =(F—f3)+1

a ¥

aw

7 ety X

These conditions are rearranged to give the follguwgayments, made to each forest-

using sector:

° In subsequent discussions of the model we drofr@®the welfare equation as it is a constant and
hence, is not affected by policy choices.



dm fa
@p=x— fg+af*+ 1 a)
Ehp'g
ﬂﬂg fb
@, = o +af*+ (3)
Bqas
A=—(F = )

with the following constraints:

O=¢p o =x
The bracketed term in equation (4) along with eigmat{5) represent the general
equilibrium effects of the payment scheme. In e amount transferred to the
agricultural sector is equal to the internatioraympent minus the general equilibrium
effects of implementing the scheme. These effeuthide the impact on profits of
changing the level of forest input in agriculture both the agricultural and SFM

sectors, and a final term representing an incoarester effect.

The payment scheme consists of a fixed level obrime transfer dependent on the
baseline forest level, and an increase in the fqnése faced by the agricultural sector
levied at the rate of payment to that sector. Regsrare redistributed according to
the size of payments made to the agricultural akd/ Sectors. The general
equilibrium effects can be differentiated as foltowFirst, the ‘forest price effect’
allow us to focus on the impacts that result frév@ payment scheme adjusting the

relative price of forest between the sectors:

dng , 2wy
Bfé Bfé



The ‘income transfer effect’ provides a degreenacbme transfer along with changing

the relative forest price:

i

a@

E.hp'g
Factoring in the general equilibrium effects resgltfrom the payment scheme
implies a different level of incentive to producéhsn that envisaged by the country

or international body providing the incentive, ibmsed on standard opportunity cost

calculations.

The following assumptions are made regarding thecton of the partial derivatives:

ﬂﬂr

d a5

E E
=0, =<0, <

afy afy d@g

0

It is assumed that an increase in the forest-idputandf;, in the agriculture sector,
ceteris paribus, will increase profits. The increase fij allows greater production
thus increasing profit levels with the proviso tha increase i;ﬁ; will also raisez. It

is assumed that the first of these effects alwaysidates but at a decreasing rate:

8w
£ <o
2

An increase iry-”;, reduces profits in the SFM sector as it bothriestthe amount of
forest input available in that sector, reducingdoarction, and drives up the forest input
price, Z. With joint production technology, the scale oistleffect is independent of

the level off;:




An increase in the payment level to the agriculteegtor reduces the level of forest
input demand in that sector since it increasesabivararginal costs, reducing the

level of optimal outputy;, as well as increasing the relative price of forgainst
labour. The latter encourages substitution betwberfactors for any given level of
output. This effect is constant with respect toghgment level:

*f;

—=0
depg”

Regarding the payment to the SFM sector (equabd)y &n interior solution to the
model can be found. The first term is positive #mel second and third are negative,
which along with the assumption of a payment witlower-bound value of zetd

gives an optimum solution if:

o o fa
B ¥ g
= +—-=] (6
af[;: afg& E‘f,s ( j
Ehp'g

Equation (6) is more likely to hold the greater thependence of the agricultural

sector on the level of forest input, since thisl witrease a_:é . It also raises the
5

absolute level of;—;i thus reducing the term on the right-hand side afaéqn (6).

The condition is also more likely to hold the sreathe impact of a rise ¢f; on the

SFM sector. It depends on the scale of the impadhe forest input price and the
impact of this change on the SFM sector’s use mdsio Since forest and labour are
complementary inputs it can be assumed that outpuhis sector is relatively

inelastic to forest input price changes, making impact of a change in price

relatively small.

191t is not feasible for there to be a negative aitpayments to either sector as that would invalve
transfer of income related to the baseline of fouss. It is, however, feasible for a payments sehe

to accompany other policies that change the regiices thus allowing income transfers. We examine
the combination of a payment scheme with taxesutién 5.



If condition (3) holds, payments to the agricultusactor, and thus incentives to
reduce forest use, will be greater when: the depecel of the agricultural sector on
forest is smaller; the responsiveness of the SFdbseo increases in forest use in
agriculture is greater (either through restrictians forest input to that sector, or
through an increase in its price); forest use imcagjure is greater; and, the impact of

the payment on reducing deforestation is smaller.

4. Interest group influence

Either of the forest-using sectors, agricultureSéiM, can exert some influence on
government decision making above and beyond itsl lefoverall social welfare. In
investigating how this influences payment levels, fallow Fredriksson, (1997), who
in turn builds on the characterisation of a menatian problem by Bernhein &
Whinston (1986) and the solution to the politicquigibrium identified by Grossman

& Helpman (1994).

We first assume that a lobby group can offer aageramount of influence on
government decision-making. What is often termeadtitbutions' in the literature we
characterise more generally as ‘political influén@&e government welfare function,
G, now becomes:

G=W+ uCyp,
whereW is overall social welfareC; is the level of influence offered andis the
relative weight put on influence and overall sosialfare by the government. The
term i denotes the degree of lobby group influence oreguowent decision-making.

It can represent the extent to which governmentsendacisions for the good of their

entire population versus the extent to which deosiare made to benefit a certain



subset of the population, i.e. those with politicdluence. Ifx = 0, then the model is
solved in the same way as in Sectiof’ & assumed to be a continuous, differentiable
function on the policy vectore populated by the relevant policy variables

@p,@,,T Or t.

The model takes the following steps:
- One of the production good sectors has access tb cam influence
government decision making.
- This influence is valued by the government alonthwwerall social welfare.
- The sector with this access offers the governmemhemu of levels of
influence based on each level of the policy veetor
- The government then chooses its desired realisatfom and receives the

identified level of influence.

Following Fredriksson (1997), we identitfC,};cg.,. [e]) as a Subgame Perfect Nash

Equilibrium if and only if'*

(1) {Ci}icp, is feasible

(i) [e] maximisesuW + C; on E

(iii) There exists &~ € E that maximisesW’ + C; on E such thaf;(e ™) = 0
fori e,y

The model is then solved for the case when eitleetos attempts to influence

government policy makintf Following Grossman & Helpman (1994) and

' We drop Fredriksson'’s third condition as we ordyé one lobby group offering contributions to the
government at any one time.



Fredriksson (1997), influence is locally truthfiiherefore, any change in welfare is
reflected in a change in influence. The conditian §olving the government’'s

maximisation problem is derived as:

VW +uVW, =0

whereW,; is the welfare of the sector exerting influence tbe government. This

condition implies that instead of the governmenpasing the policy instrument up to
the point where the marginal benefit to societyaso, it imposes the policy up to the
point where a weighted sum of change in social avelfand the influential sector's

change in welfare is zero.

Agricultural sector influence
Influence may originate from economic power, thgamisation of industry groups, or
the ability to offer payments or campaign contribas directly. When the agricultural
sector exerts influence the government choosesvel & policy instrument that
solves:

VW +uViW, =0
with the agricultural sector’s welfare becoming:

W =F tmg+ gpF”

Totally differentiatingi’; gives:

dW dw
wp _omp

2\When both sectors offer contributions the modmidifies to the case where only social welfare is
considered since the two sectors are valued equally



Thus the government solves the following first-er@enditions in choosing the

payment level:

@p to, — x=0

Rearranging yields the following:

o dmr af pF*+fg
Wp=x— af;(l+pj+aé+ﬁa$+ afé'g (7)

E'q:v'g
Fiba Fiba af uF*+f5
__"F ¥ g

=L@ 4+m+ 2+ —£ (8

o, aﬁ;[ 1) or; T hag I:fs (8)

Pa

By comparing (4) and (7) and (5) and (8) it carsben that the government factors in
slightly amended indirect effects of the paymenhbesce when determining the
payment level. The impact on profits in agricultiggiven greater weight (as= 0)

while there are two new terms: one relates to havehrthe size of the agriculture

. . . . . ¢
sector changes in relation to an increase in fon@sit demanda—ﬁ; and one relates to
B

the income component of the payment schefjié, The first is positive since we

7%

A,

= 0, and that individuals switch

. am
have previously assumed thg’tf’?} 0 and o
B 8

between sectors according to relative profits.

The increased weight on profits will tend to reddice payment to the agricultural
sector as will the inclusion of influence on swita By contrast, inclusion of the

income component of the payment scheme will tenth¢cease the payment to the



agricultural sector. This reveals a potential ditegmn On the one hand, the agricultural
sector prefers a smaller payment in order to rediieeise in the price of the forest

input, with its impact on both profits and the sigethe sector. On the other, this
sector would gain from a larger payment as it tesul a higher income transfer.

Thus, the forest price and income transfer effadestified in the case where there is
no political influence, change. Whether the leviebayment to the agricultural sector
(and thus incentives to reduce the externality fforast use) rises or falls depends on

whether or not the forest price effect dominatesititome transfer effect.

If the forest price effect is greater, paymentsatgriculture fall, which reduces

incentives to reduce forest input in that sectaistmcreasingf;. This rise inf; will

. . o .
in turn mcreasea?@. These two effects will offset part of the falltilee payment made
B

to the agricultural sector. But if the income trf@neffect dominates, payments to the

agricultural sector rise. This increases incentieeseduce forest input, although it is

partially offset by the changes%@? and fi
B

Changes in the direction (and scale) of the paymerdagriculture when there is
political influence thus depend on the size of fitvest price effect, the size of the
income transfer effect, the offsetting changesht® reactiveness of profit levels to
changes in the forest input, and the change innit@me transfer effect. To see this,
we examine the difference between the level of maynmade to the SFM sector,

with and without political influence, when thereagricultural sector influence:

. o a F* dm, Om, F fr
GO T afEJr.a;iJraf' +(afi_afi)+ w5 | ©
8 [ J— 8 8 i S——l

E.hp'g Ehp'g Ehp'g



where tildas refer to terms under agricultural setifluence and upper-bars refer to
terms under no influence. The first bracketed temthe right-hand side of (9) shows
the forest price and income transfer effects witile latter two terms show the
changes in the reactiveness of profit levels tongka in the forest input, and the

change in the income transfer effect.

The direction of change in the level of paymentgitber sector — and thus the level
of the international incentive passed through —edép on the balance between the
forest price and income transfer effects. If themfer are greater, the impacts of
reducing payments to agriculture on profit leveld gector size outweigh the reduced
income transfer that this entails. If, on the othand, the latter effect is greater than
the former, payments to agriculture and thus ineestto reduce forest input demand

will rise.

Welfare will increase in the agricultural sectoy @efinition), while it must fall in the
SFM sector as the new solution is different from slocially-optimal level derived in
Section 3. The size of the decline will dependtmdirection and scale of the change
in payment levels as well as the price and incoffexts. A higher payment level for
agriculture generates positive income benefitsdism brings negative price effects,

and vice versa.

SFM sector influence
The same trade-off can also be seen when we exahgnmnese when the SFM sector
has influence. Following the same methodology derbethe following solution is

found:



a1 a
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o=y | 2", 3T, fﬁ:_#(*”*—_fﬂ) (10)
g (1+w) afy %% o
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Similar to when agriculture has influence, the gaweent factors in the amended
indirect effects of the payment scheme; comparg &d (11) to (4) and (5). The
government has a reduced influence from the impiaatchange in agricultural forest
input demand on agricultural profits. It also tak&® account the impact of a change
in forest input demand in the agricultural sectortbe size of the SFM sector. The

income transfer component is modified, with the eyovnent now concerned about

the level of the income transfer to the SFM sexpresented b§i—f_-;'£.
ET Py
Pg

To determine whether these differences imply agigir falling payment level to the
SFM sector, we derive the differences betweendtel lof payment made when there

is SFM influence and that when there is no inflenc

. u  Omp oy [1+;¢](F*—?§)j+(%_ﬁ)

fP}, - ‘p}’ - _(l'l'ﬂl] af.;: ﬂf[; ais' af; afg&e
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where three dots refer to terms under SFM influeacé over-bars again refer to

fr

i 0 as a consequence of our earlier assumption that
B

terms without influence

2 0.

875



In (11) as in (7) there is both a forest price @ffgnade up of changes in the profit
level of the agricultural sector, and the degreswatching between the sectors), and
an income transfer effect related to the incomastexr component of the payment
schemé? The direction of change in the payment level w&ikin depend on which

effect dominates.

The influence from the SFM sector reduces the inamoe of the impact of changes
in forest on SFM profits. This pushes up the lefgdayment to agriculture in order to
create a greater pie from the international REDEemive. The inclusion of the

sector-switching effect works in the same directidfet, the extra focus on the

_ (1+w)(F*-73)
income transfer component to the SFM secﬁﬁ%} pushes up the payment
dog

to SFM. This reduces the payment to agriculture awerall incentives to reduce
forest input in that sector; which effect dominatel help determine the direction of

change in the payment to either sector.

Our result leads to the unexpected conclusion tivater certain conditions, the SFM
sector may lobby for smaller payments to itselorder to increase the size of the
overall pie even though this implies that they obta smaller share of the pie. The
trade-off faced by the SFM sector is whether toitssafluence to increase or reduce
the size of its own payment. An increase reducesrtentive to lower the amount of
forest in agricultural production and thus the safethe overall pie. A decrease

strengthens the incentive in the agricultural setdaeduce forest use thus increasing

o . ar . . .
131n a similar vein as above —changes;t% and in the tax revenue effect are taken into agicdpain
Ig

they will offset some of the change in the levepajment.



the size of the overall pie. The decision is themrefwhether to lobby for a greater

share of a smaller pie, or a smaller share ofgelgpie.

4. Taxes and thelabour market

Input and output taxes

We examine two further policy instruments that aegoment could implement as
part of a national REDD strategy: input and outjaxies. Both are lump sum, levied
on, respectively, forest use and the produced gotlte agricultural sector. Revenues
from these taxes are recycled to the whole pomatin a per-capita basis. Input
taxes operate in a similar fashion to the paymeheme in that they drive a wedge

between forest input prices in the agricultural &k sectors.

Applying input taxes shows that similar general ilgium impacts are taken into
account by the government when determining how nafiche international incentive

is passed through to operatdtsSince the government factors the income transfer
component of the payment scheme into its decisithies,payment scheme and the
input tax are equivalent when there is no politicdluence. This is due to our
assumptions of homogenous consumers and a govetrrihamonly optimises over

aggregate social welfare.

The output tax shows similar characteristics asother two instruments. It increases
with the international incentive, scaled by the awoipof output upon the forest input.

The impact on profits in the two sectors is takao account, along with a final term

4 This finding supports the discussion of the payimienheme as ‘input tax’ plus income transfers.
Formal derivations of all results presented in Hastion are available from the authors on request.



representing the impact on revenues from the output The output tax shows a
conceptual similarity to both the input tax and pgayments scheme. How much of
the international incentive reaches operators adepends on the size of the general

equilibrium effects.

When we consider political influence on taxes we cear directions of change. The
ambiguity found with a payment scheme is absernthasincome transfer effect is
removed. Since taxes only work on forest prices, ititer-linked income transfer

component observed when payments are made is gerlpnesent.

Similar results are found when we extend the moalé@hcorporate a combination of
taxes and payments. With input taxes, the tax lewpbsed is merely subtracted from
the international incentive with the same suitgeheral equilibrium effects factored

into decision making as under the case where amdyas the instruments is utilised.
. , , 8v5
With output taxes, the tax level is factored irtte payment level, scaled ba%ri the
[

impact of a change in forest level on output. Itfastored in alongside the same

general equilibrium effects as in the case withbattax.

Regarding political influence, the ambiguities emswhen payments alone are
utilised become less pronounced. Inclusion of eithg makes it more likely that

payments to the agricultural sector, and thus itieesito conserve forest, are reduced
when that sector has influence. Payments to thewdyral sector are increased when

the SFM sector has influence.

Labour market constraints



The presence of perfect labour markets in our madel strong assumption that is
unlikely to hold in many of the jurisdictions in wh REDD is and might potentially
be implemented. When there is no political influgneelaxing this assumption has

two main effects.

First, if we examine the extreme case where lalboarkets are perfectly rigid,
workers are now confined to their individual labooarkets. Any changes in demand
for labour are realised in terms of changes in wages rather than in movements of
labour between sectors. Wages are differentiatedngnsectors. When there is no
political influence, wage effects are included gside other general equilibrium
effects. The changes in wage rates in both forgsigusectors are factored in,
weighted by the size of the workforce in each sedi¢hether the inclusion of these
wage rates increases or lowers incentive levelgmt#pon the relative balance of the
change in wage rates in the two sectors. If theewaffect is stronger in the

agricultural sector than in the SFM sector taxgatdl fall, and vice versa.

The second effect emanates from any changes isctide of derivatives now that the
labour input to each of the sectors is fixed. Gitka fixed nature of the labour
supply, the change in profit levels, and forestfuse a change in output levels, may
change. Forest use may be more ‘sticky’ as opeyai@ unable to hire more labour to
substitute for forest. In this case, all the polingtruments will tend to be set at a
lower level, implying that less of the internatibnacentive is passed on to the

agricultural sector.



Under political influence the impact of the relagatof perfect labour markets differs

between instruments. For a payment scheme, thersagitching effect, (i.e% ), Is
merely replaced by the change in wage rates. Wesataly assume that the sector-
switching and wage rate effects have the same Bignwever, the scale of the effect
may be greater or smaller depending on the chaistate of the production functions
of the agricultural and SFM sectors. For taxes,sbetor-switching effect drops out
and the wage effect is included instead. The sdranges of direction in incentives to
reduce forest use in agriculture hold either undgricultural or SFM sectoral
influence. Finally, when we look at REDD strategywhich a payment scheme and
both taxes are utilized, we again see the secticiswg effect being replaced by the
commensurate wage effect. In addition, the incarawester effect is smaller since the

sector-switching effect drops out thus implying @guoity in the overall direction of

change in incentives.

6. Discussion and conclusion

In this paper, we developed a model that examinegéneral equilibrium effects of
policies implemented for REDD, and how these migldange when there is political
influence. Such effects help shape the distributibthe costs and benefits of REDD
between the two forest-using sectors, agricultund &FM, which represent an
extractive and non-extractive sector, respectivEhe effects are present regardless of
the policy considered, i.e. whether a payment rrsizgheme, both individually and
when used in combination. If they are not factoned policy making, then the
incentives to reduce extractive forest use (andasbsociated carbon externalities)

could be different from those transferred at therimational level to the government.



An efficient REDD policy chosen by a social welfanaximising government is one
which factors in general equilibrium effects. Thig find, could raise the marginal
cost of the policy. Hence, the full value of théemmational incentive may not be fully
passed through to the relevant sectors if the jgslichosen and implemented for
REDD have negative economic consequences. Highemational payments would
be required to meet an equivalent level of emissicgductions. Accounting for
general equilibrium effects therefore implies a moaway from the marginal
abatement cost concept commonly used to undersdaaddestimate the potential
policy costs of REDD. The Stern Review (2006) was first to make a case for
REDD's cost-effectiveness based on this concepteSihen, various analyses have
been published, which have come to similar conchsi(see Lubowski & Rose
2013). Our results imply that once we consider bh@ader economic impacts of

REDD, the overall costs of a given REDD policy Bkely to rise.

Policies implemented as part of a national-leveDREstrategy are likely to have
effects beyond forest-extractive sectors such adaine types of agricultural

production. They have the potential to shift opmatbetween types of forest use,
between sectors, and out of forest-using activalesgether. These shifts are likely to
induce changes in output and input prices that afégct the wider economy and
either reinforce or weaken the effectiveness of $itikategy. A major concern
regarding the effectiveness of REDD is leakage. @adel includes an element of
'positive’ leakage in the sense of incentivisingrapors to switch from extractive
forest activities to those that utilise forest innan-extractive manner. Although

different goods are produced, we assume that theydantical in terms of utility.



Hence, a switch from agriculture to SFM preservdgyuas well as providing carbon
savings. Negative carbon leakage, on the other,hdoéds not occur due to the
imposition of a national-level baseline in our modeet, it could occur, for example,
if a REDD policy encourages production to move ighkr-carbon producing sectors
or to jurisdictions and economies not participatimgREDD. The inclusion of a third
forest-using sector into our model with the productof carbon below that of the
agricultural sector but above that of the SFM sectuld capture the former effect.
Incentives that only targeted a particular agrimalk sector may encourage a shift in
production to this middle sector, which potentiaityplies fewer carbon benefits from
the REDD strategy. A national-level emissions hasekhould, however, capture

such leakage thus highlighting their importancesfiéective REDD policy.

The importance of general equilibrium effects igHar illustrated when we examine
the impacts of political influence from sectoriabby groups on the payment scheme.
Application of the common-agency model to this tgb@olicy instrument, which has
the capacity to change relative prices and enaafjuad income transfers, is shown to
have ambiguous effects irrespective of whetheratpecultural or SFM sector has
influence. In the former case, forest price effeotéating to increases in the cost of
using forest as an input, lead to the agricults@attor preferring lower payment
levels. Income transfer effects, related to incaraasfers under REDD, work in the
opposite direction. The balance between the twedypf effect will depend on the
scale of the emissions baseline used for REDD,tlhedlependence of the sector on
forest for production. This leads to the counteuitive result that under certain
conditions the agricultural sector may lobby fagkr payments if the income effect

dominates the price effect.



With an input or output tax, we see more deterneirgdtects. When the agricultural
sector has influence tax rates fall; when the Sliekta has influence they increase.
This determinacy is a result of the separation betwincentives and income
distribution that results from our assumption & fier-capita distribution of revenue.
It holds when we assume the government implementx alongside a payments
scheme. Again, there is a separation between #ie st incentives to reduce forest

input use in agriculture and the overall distribatof income.

The model developed in this paper is an attemgtdidress some of the real-world,
policy design and implementation issues that hawdased in previous research
undertaken on REDD. It is, however, only a startpgnt for understanding the
broader, economy-wide effects of implementing RE&Bhe national level, and how
political influence might change these. Our at@amis focused on two stylised forest-
using sectors, and the impacts that REDD policy haye on driving inputs and
production between them. The results are robusheorelaxation of perfect labour
markets. But the assumption of perfect forest mtarke more fundamental to our
model. This assumption is unrealistic when appti@dhe majority of settings for
REDD. A key extension to the model would be to xethis assumption, and
incorporate a more realistic framework for allongtscarce forest resources between
sectors. Future work could also allow operatoramimve, and relative prices and

wages to change.
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