%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

Kinked Terms of Trade in GE Modelling

Chris Lightfoot

The University of Melbourne

A Contributed Paper at the 39th Annual »Confexfené%é of the
Australian Agricultural Economics Society
Perth WA, 14-16 February 1995




Kinked Terms of Trade in GE Modelling

by: Chris Lightfoot’

A stundard assumption used in C.(1. k. modelling is that the price of two
goods can be represented by a single ratio. This simplifying assumpiion is
often untrue and using it may produce a misieading result. Many countries
benefit from preferential access to protected markets for a specified quantity
of particular goods, they therefore face two (or more) prices for those goods,
By modifyving the terms of trade line 1o reflect these differentiated prices if is
possible to show that the welfare maximising mix of production differs from
that caleulated using the standard, undifferentiated, approach to C.G.E.
maodelling

1. Introduction

The standard approach to general equitibrium modelling is to represent the
terms of trade between two goods as a single ratio. This approach is appropriate
when the exporter receives an undifferentiated price for the goods sold However, it

produces an incorrect result when the prices received are differentiated.

By representing the terms of trade as a single ratio the modeller is, implicitly,

a. aming that the quantity of goods sold-is too small to influence the price and that
there are no barriers to trade. Although the first assumption is usually reasonable the
second is often incorrect. Many countries erect barriers to trade and it is common for
them to exempt some imports from “preferred” countries. These exempt imports earn
the exporter a premium above the open market price but are usually subject to some
form of quantitative restriction. In effect the exporter is a price taker in two (or more)

separate markets one of which also imposes a limit on how much can be sold.

If differentiated prices are combined with quota restrictions the terms of trade
can no longer be represented by a single ratio. The correct representation requires

two (or more) price ratios one (or more) of which is bounded by an exogenous
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quantitative restriction, hence the term used in the title of this paper, kirked terms of

trade in G.E. modelling.

Incorporating the effects of price differentiation and quantitative restrictions
into computable general equilibrium models enables the welfare maximising mix of
production to be estimated properly. A methad for doing this is outlined in this
paper
2. Terms of Trade with Open Market Prices

When the exporter is small, in relation to total world trade, and does not have
preferential access to a protected market, the general equilibrium mix of output can be
represented as the point at which an unbounded terms of trade line is tangential to the

production possibility frontier. In Figure 1 the general equilibrium is shown as point

A where the mix of production is g, and Og,.

Figure 1: Terms of Trade with Open Market Prices
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Where
ToT =  Terms of trade (undifferentiated prices)
Qe = Quantity of good one
Oa: = Quantity of gocis two

The terms of trade line, 707, is described in equation 1. The open market
prices are treated as exogenous and unaffected by the quantity sold hence, Pg; equals

x, the open market price for G/ and Pg; equals y, the open market price for G2,
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ToT =1 %,m where. Pu=x, Pu=) and 0 <00y <o (1)
3. Terms of Trade at Preference Prices

There are two differences between a producer’s terms of trade with an open
market and the terms of trade the producer faces in a protected market. The prices
received for sales to a protected market are higher than those to the open market, and
the amount thaf can be sold to the protected market is usually limited by some form of
quantitative restriction  In most cases thie exporter is a price taker in the protected
market so the quantity exported has no effect on the price received. The terms of
trade can therefi: ¢ be represented by a straight line which is bounded, at the upper
lumat, by the size of the quantitative restriction imposed by the importer. This

sttuation is shown in Figure 2.

The difference between Figure 1 and Figure 2 is the way in which the terms of
trade line is shown In Figure 1 it is tangent to the production possibility frontier
whereas in Figure 2 it intersects the production possibility frontier. This reflects the
fact that there is no market constraint on the amount that can be sold to the open
market whereas the amount that can be sold under the preferential access

arrangements 1s limited by quota.

Figure 2: Terms of Trade at Preference Prices
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The terms of trade line 707, is described in equation 2. As with the open
market situation, the price paid for the preference good is exogenous and is not
affected by the quantity sold and hence 707, can be drawn as straight line. However,
unlike the open market situation, the amount that can be exported cannot exceed a
specified quota so To7 is bounded, at the upper limit, by the size of the quota, Z.
Hence 707, is shown as intersecting, rather than being tangent to, the production

possibility frontier

707 w1

o

where Przz  Pu=y, 0 <0 sZ and 0 <Q,, <00 (2)

The price of the preference good, Py, is the duty paid price, z, in protected
market.  The price of the other goods, Py, is the open market price, , and is
assumed 1o be exogenous and the quantity of other goods that can be sold, Qggy, is

assumed 1o be unconstrained.

4, Kinked Terms of Trade

If the open market price and the price paid for the preference good are
combined in the one graph the terms of trade must be drawn as a kinked line as shown
in Iigure 3. The ToT,, spline represents the ratio between the open market prices of
both the preference good and the other goods. The 707, spline represents the ratio
between the protected market price of the preference good and the open market price
for the other goods. The 707, spline is unbounded whereas the 707, spline is |

bounded at it upper limit by the size of the import quota.
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Figure 3: Kinked Terms of Trade with Open Market Exports
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The equilibrium mix of output is represented by point A at which the terms of
trade line is tangential to the production possibility frontier. In the situation depicted,
the exporter would increase production until aggregate marginal costs equalled the
open market price for the preference good. The total quantity of preference good
produced would equal (Jp; of which (J5;, would be exported to the preference

market and the balance, Qpgw - Opgq Would be exported to the open market,

5. Terms of Trade with Pooled Prices

It a model is to be estimated using a single price ratio it is first necessary to
calculate a weighted average price for each set of goods, in the following this is
described as a pooled price. Typically, an equation similar to the one defined in
equation 3 would be used to calculate a weighted average price of all sales.

Pp= Q)”G ' Qm )“ (Ifnf * Q“, M
(QJ’G * Qm)

Where:
Pp = Pooled price of preference good (weighted average price)
Ppg =  Preference price
Py = Open market price
Qw = Quantity sold to open market
Ope=  Quantity sold to protected market
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Figure 4 shows a general equilibrium with pooled prices where, at point 4, the

production mix comprises (Jpq; of the preference good and Qpg of the other goods.

Figure 4: Terms of Trade with Pooled Prices
2

PG

Ed
3,
Al

e N X

Upe;

Qo - 0G

The terms of trade ratio is defined in equation 4.

To T,.’" i%) Where: Pof"y: 0 "Qm*Qm"w (4)
6. Kinked versus Pooled Terms of Trade

By overlaying a pooled price terms of trade line, 707}, on the kinked terms of
trade line(s), ToT,. ToT,, it can be shown that the kinked terms of trade approach

results in a better welfare outcome than the pooled price approach.

Figure §: Pooled Price - Differentiated Terms of trade
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This conclusion can be fairly easily proved if the domestic consumption of the

preference good is assumed to be zero? . It then becomes possible to treat the OG axis
as a locus of indifference curves and thereby interpret the intersection of terms of
trade lines with the axis as relative measures of national welfared. The further the
intersection is from the origin the greater the welfare achieved. Given that the pooled

price terms of trade line must intersect the (7 axis inside the kinked terms of trade

spline the diagram shows that a modelling approach which differentiates prices gives

a better welfare outcome. ;

Proving that To7, must intersect the ()7 axis inside the To7}, intersection is
also fairly straight forward. In equation 4 the pooled price is shown to be the

weighted average of the preference sales and sales to the open market.

For a preference premium to exist, the preference price must be greater than
the open market price. Therefore the pooled price must be less than the preference

price and greater than the open market price.

PosPys P, )

Consequently the preference good/other good price ratio must be greater than
the pooled price/other good price ratio. Hence To7, must intersect the O( axis inside

the point at which To7 intersects the axis.
P P/
Pt&') Z })m (6)

At first glance it may not be obvious that the To7, intersection with the 0G

axis can be taken to represent gross domestic product. This relationship can be fairly

easily proven if the following assumptions are made. a) there is zero domestic

2 This ussumption is not as heroic as might appear at first glimpse. Tn smatl open cconomies whieh
specialise in producing one or two goods it is common for domestic consumption of these goods to be
# small proportion of totul produetion.

3

By assuming that national welfare equates with GDP, the infersection can also be interpreted as the
relative size of GDP resulling from either pooled or differentiated price policies. :
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consumption of the preference good, b) all income is consumed and, c) there is no
borrowing from overseas. These assumptions enable the consumption of other goods

to be equated with gross domestic product.

Y =alPOU+(B-a)Z +800 7
where:
PG o= Total quantity of preference good produced

Z = Preference good quota

G = Total quantity of other goods produced
Y = Gross Domestic Product

a = Open market price for preference good
h = Preference price for preference good

¢ = Price of other goods

I (X7 is substituted for national icome, ¥, the equation becomes:

0G = 2wG-7+L 24800 (8)
£ € £

The relationships are more clearly shown if the formula is reduced to its
component parts as follows:
0G,=%PG-2) ®)
Where: ()(;, equals the imports of ()7 which are financed by the sale of those
preference goods that are sold to the open market.

0G.=Lz (10)

E

Where: (O(;, equals the imports of O which are financed by the sale of those

preference goods sold under the quota, and

0G=20G (1)

Where: G, equals the domestic production of OG
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The ranges corresponding to these value are shown on Figure 6. Where Oa

equals O, ab equals OG, and be equals OG,

Figure 6: National lncome defined in Other Goads
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7. Summary

If price differentiation is incorporated into general equilibrium models the
predicted equilibrium mix of production will be markedly different from that
predicted if the model is based on undifferentiated prices. Similarly, the predicted
national income and consequent national welfare outcome will also be greater than

that predicted using pooled prices.

The approach is useful where the exported goods are sold to two (or more)
separate and price differentiated markets. It has fairly wide application since there
are numerous examples of price differentiation in international trade. For example,
under the Lomé agreement, the ACP4 group of couniries receive preferential access
to the EC® market for certain goods. The ACP exporters receive a premium price for
the EC exports but are limited in the amount they can export to the EC by quota

restrictions.

African, Caribbean and Pacific countries that are signatories to the Lomsé profecol.
Europeun Community
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When modelling policy option for small open economies economists should

take explicit account of the pricing system facing these economies. This may require

the use of kinked terms of trade in the formulation f the model.
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