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Abstract

Under a partial equilibrium framework, it has been shown that eco-labeling decreases the use of forestland. However, by considering the feedback effects of other related markets on the forestry sector, Sedjo and Swallow (2000) graphically show that eco-labeling could theoretically lead to an increase in the use of forestland.  The purpose of this paper is to generalize their results with an algebraic extension. This algebraic extension may be interesting because it derives a critical value of the cross price elasticity and other related variables above which eco-labeling increases the use of forest land. 
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INTRODUCTION

Proponents of sustainable forest management argue that eco-labeling decreases the use of forestland. However, this notion is based partial equilibrium results. Swallow and Sedjo show how demand for forestland could actually increase as a result of feedback effects of other related markets. Their analysis is purely theoretical, focusing specifically on a graphical general equilibrium analysis.

We will extend Sedjo’s and Swallow’s analysis by proposing an algebraic model that generalizes their results. In our algebraic extension we will take a more concrete look at how the different variables in the wood market and the market of other goods produced on forestland interact. Consequently, we will clarify their implications and show under what parameter values eco labeling increases the use of forestland. 

Firstly, we will summarize Swallow’s and Sedjo’s graphical analysis. We will clarify their assumptions and take a closer look at how they graphically show the partial and general equilibrium results of eco-labeling in the forestry sector. Secondly, we will extent their analysis with an algebraic model. We will define the equations and algebraically derive the partial and general equilibrium quantities. Then we will identify cross elasticity and substitute price as critical values above which eco-labeling can lead to a more intense use of forestland. Let us begin our analysis by summarizing Sedjo’s and Swallow’s analysis.
SWALLOW’S AND SEDJO’S ANALYSIS
Assumptions

Let us first clarify the assumptions. The authors use a simplified model of a competitive economy with two products, wood and “all other goods,” produced through a single input, land. They assume a case where eco-labeling arises by a mandatory system so that all producers must meet certification requirements for access to the consumer market.
 In the subsequent part of the summary I will explain how the authors use three graphs to analyze market feedback effects in the wood market.

Graph I
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The first graph shows that there are consumers who prefer certified wood and consumers who do not. The former will be denoted as WCD (Pw, Py, C) and the latter as WNCD (PW, PY). Where Pw is the price of wood, Py is the price of all other substitutes and only eco-consumers are affected by the certification program C. The supply curve is affected by the price of wood, the rental price of land, r, and the certification program and can thus be expressed as W (Pw, r, C). The certification-induced shift in supply assumes that some portion of suppliers could already meet certification standards.
Prior to certification, aggregate demand WD is given by 

WD (PW, P0Y, 0) = WNCD (PW, P0Y) + WCD (PW, P0Y, 0)                                          (1)

And supply WS is given by

WS (Pw, r, 0)                                                                                                         (2)

After certification, supply costs increase and demand by eco-consumers increases, while the non-eco-consumers have no change in demand for wood under partial equilibrium. Thus, the demand of eco-consumers becomes WC, sub D (PW, PY, C) (with non-zero C) and aggregate demand shifts to 

WD (PW, PY, C) = WNCD (PW, P0Y) + WCD (PW, PY, C)                                            (3) 

Supply shifts to

WS (Pw, r, 0)                                                                                                         (4)

As shown in Graph I, the partial equilibrium effects result in a decrease in the quantity consumed by non-eco-consumers, while the quantity consumed by eco-consumers may either decrease or increase (increase is shown). However, this graph only shows the partial equilibrium effect not taking into consideration other markets. To assess general equilibrium effects, the authors look more closely at the effect of a price increase in the wood sector on that of all other goods as is shown in Graph II.  

Graph II
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Here demand for all other goods by eco-consumers is denoted as YCD (PY, PW, C) and the demand for all other goods by non-eco-consumers as YNCD (PY, PW).

Prior to certification, aggregate demand YD is given by 

YD (P0W, PY, 0) = YNCD (P0W, PY) + YCD (P0W, PY, 0)                                             (5)

Then, mandatory certification causes an increase in Pw to Pw1.

YD (PW1, PY, C) = YNCD (PW1, PY) + YCD (PW1, PY, C)                                            (6)

Non-eco-consumers will substitute toward other goods. Eco-consumers will have an incentive to reallocate expenditures toward wood and away from other goods as their utility for wood consumption rises. However, as Pw increases they have an incentive to substitute back toward all other goods. The net effect could either be positive or negative. In this example we will assume that it is positive and demand for Y will increases, creating upward pressure on the price of Y, Py.

The upward pressure in PY will necessarily generate an upward pressure on the derived demand for land in the production of those goods, Y. One possible outcome of this process is illustrated in Graph III.

Graph III
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In Graph III we segregate the demand for land Lw (r, Pw, C) for wood production and the demand for land in the production of all other goods LY(r, PY) so without certification aggregate demand for forest land is 

L(r, P0w, P0Y, 0) = Lw (r, P0w, 0) + LY(r, P0Y)                                                     (7)

The supply of land L(r) is upward sloping as there is still some idle land that can be utilized for production.

There are two subsequent effects that mandatory labeling will have on the demand for forest land.  Initially, we ignore the certification-induced increase in wood price, Pw.  As certification lowers the marginal product of land the demand for land in wood production Lw (r, P0w, 0) declines to Lw (r, P0w, C).
 However, certification will also lead to an increase in Pw to Pw1 and an increase of PY to PY1. This will ultimately lead to an aggregate demand of forest land of

L(r, Pw1, PY1, 0) = Lw (r, Pw1, C) + LY(r, PY1)                                                    (8)

As Graph III shows, the joint effects of the increase in wood price and the price of other goods will offset the downward pressure of the lower marginal product of land. Hence, the net effect is an increase in demand for forest land. Since there is a theoretical possibility of this outcome, proponents of eco-labeling should know about possible feedback effects if they do not want it to backfire (Sedjo and Swallow). Hence, we will examine these feedback effects more closely in our extension. 

EXTENSION

The purpose of this extension is to propose a simplified model of these potential feedback effects in the wood market. For this purpose, we introduce an algebraic model that can help to estimate whether the general equilibrium quantity of forestland demanded is greater than the partial equilibrium quantity demanded. We will consider a wood market W and a market of other goods produced on woodland O. 

Equations

To begin with our analysis we will identify the equations of the demand and supply curves in the wood market and the market of other goods produced on forest land. In this setting the wood market denoted as W will have the following demand and supply equations:

Supply: Qsw = Pw                                                                                                (9)                                                                                                   

Demand: Qdw = a1 – b1Pw + c1Po                                                                     (10)                                                                          

The market of other goods denoted as O will have the following demand and supply functions:

Supply: Qso = Po                                                                                               (11)                                                                                                            

Demand: Qdo = a2 – b2Po + c2Pw                                                                      (12)                                                                              

Here Qw is a summation of the quantity of wood and Pw is and aggregate measure of the price of wood. Similarly, Qo is the summation of the quantity of other goods and Po is the aggregate price of other goods. We have simplified the supply in equations (9) and (11) because leaving out the slope and intercept does not significantly change the end result. 

Partial Equilibrium

Since feedback effects do not matter in the partial equilibrium, we can simply equate the quantity demanded and the quantity supplied. We will derive the partial equilibrium in the wood market as follows:

Qsw = Qdw                                                                                                         (13)                                                                                                         

We will substitute equation (9) and (10) into equation (13)                                  

Pw = a1 – b1Pw + c1Po                                                                                      (14)

Pw = Qw = (a1 + c1Po) / (1 + b1)                                                                        (15)

Similarly, for the market of other goods

Po = (a2 + c2Pw) / (1 + b2)                                                                                 (16)

We have arrive at the partial equilibrium results in equation (15) and (16) by isolating Pw and Po.

General Equilibrium         

The general equilibrium analysis assumes that events in one sector can have a significant impact on other sectors, leading to the following set of equations:

Pw = [a1 + c1 (a2 + c2Pw) / (1 + b2)] / (1 + b1)                                                    (17)

Pw = Qw = [a1 (1 + b1) + a2 c1] / [(1 + b1) (1 + b2) – c2 c1]                                  (18)

To find the general equilibrium in the wood market we will substitute the partial equilibrium result for the market of other goods (16) into the partial equilibrium result for the wood market (15), which is shown in equation (17). Then we simplify equation (17) by isolating Pw, which results in equation (18).

Conditions

Before we can find an inequality that will tell us whether or not the general equilibrium quantity is greater than the partial equilibrium we need to clarify the conditions. We know that QG > 0 (19) and a, b, c > 0  (20). So we can infer that (1 + b1) (1 + b2) –  c2 c1 > 0  (21),  (1 + b1) > 0  (22) and that E (cross price elasticity) > 0. (23)

Cross Price Elasticity

In Sedjo and Swallow’s graphical analysis the cross price elasticity is particularly important since it determines how the demand curve will respond to the certification induced price changes. Although, in their examination cross price elasticity merely remains an implicit assumption. Here we will take a closer look at cross elasticity. In the context of the functions defined earlier, cross elasticity will be denoted as

E = c1 (Po / QG)                                                                                                  (24)

QG = (Po c1) / E                                                                                                  (25)

Where E is cross elasticity and QG is the general equilibrium quantity in equation (18). As shown in (25), we will solve this equation for the general equilibrium quantity. In our algebraic model, we will mark out how cross elasticity can tell us whether there will be an increase in the use of forest land. So we will test the assumption that the general equilibrium quantity is larger as follows: 

QG – QP > 0                                                                                                        (26)

We substitute equation (25) and equation (15) into inequality (26) and after simplification we get the following inequality:

(Po c1 + Po c1 b1 – E a1– E c1 Po) / [(1+ b1) E] > 0                                            (27)

E < [Po c1 (1 + b1) / (a1 + Po c1)                                                                         (28)

Condition (23) allows us to simplify inequality (27) further until we have isolated E in inequality (28). Inequality (28) shows a critical value of cross elasticity above which the assumption QG > QP is justified. Similarly, we ca derive a critical value for the price of other goods.

Price of Other Goods

The initial price of other goods (Po) is one of Sedjo’s and Swallow’s implicit variables. However, when we examine it more closely, we discover that it may tell us whether or not there will be an increase in the use of forestland as a result of eco-labeling. Hence, we will derive Po as a critical value. Again we substitute the partial equilibrium quantity of the wood market (15) and the general equilibrium quantity (18) into the inequality (26). Due to the conditions we have established earlier, we can simplify this expression as follows: 

a2 (1 + b1) > - a2 c1 + Po [(1 + b1) (1 + b2) – c2 c1]                                              (29)

Po < [a2 (1 + b1) + a2 c2] / [(1 + b1) (1 + b2) – c2 c1]                                            (30)

Because of condition (20) we know that c1 > 0 so we can derive inequality (29). As a result of condition (21) we can further simplify inequality (29) until we arrive at inequality (30). Inequality (30) shows a critical value of Po above which the general equilibrium quantity of forestland demanded will be higher than the partial equilibrium quantity. 

CONCLUSION

In our algebraic extension of Sedjo’s and Swallow’s paper we have taken a more concrete look at how the different variables in the wood market and the market of other goods produced on forestland interact. Hence, we have clarified their implications and have gained some new insights. The resulting inequalities (28) and (31) clearly show under what parameter values (such as cross price elasticity and price of other related goods) eco labeling increases the use of forestland.  We believe that this algebraic extension may provide a framework for future empirical research in this important area. 
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� Sedjo and Sallow use mandatory system because under a voluntary system the side effects are likely going to be similar.


� Figure 3a assumes that the first few units of land may already qualify for an eco-label.





