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1. Introduction

Voluntary export restraints (VERs) are among the most popular trade policy instrument employed by the trading nations in the last fifty years.  Ethier (1995) reports that over 10% of current world trade is regulated by VERs.  More than one third of Japan’s manufacturing exports other industrial countries is governed by VERs.  A VERs is a trade restriction administered by the exporting country rather than the importing countries.  VERs tend to be sector-specific, bilateral, voluntary, quantitative, temporary and discriminatory.

Given the popularity of VERs, it is somewhat surprising that very little systematic treatment has been given on the subject in standard trade policy treatises in Cordon (1974) and Helpman and Krugman (1989), although a much earlier treatise by Harberler (1931) contains some very insightful discussions.  Standard textbooks such as that of Ethier (1995) and of Caves, et al (1999) do contain specific sections on VERs.  Unfortunately, many of the issues surrounding quotas are left out.  Received opinion, as expounded in Bhgawati (1965), holds that export quotas are equivalent to a tariff if the market for quotas and other markets are perfectly competitive.  However, as early authors such as Shibata (1968) and Bhagawati (1968), and more recently, Krishna (1990), Cunha and Santos (1996) and Spencer (1997) argue, that this imposes too strong assumptions on the model.  First, the market for quotas may not be perfectly competitive.  There are strategic reasons for quota purchase in the first place and non-complete use of them at a later stage.  Krishna (1990), Krishna and Tan (1992, 1993, 1996 and 1997) study quota price for textiles and clothing export from Hong Kong.  They present empirical evidence that  quota market is not perfectly competitive.   Trella and Whalley (1996), Spencer (1997), Berry, et al (1999) and Ohashi (2002) provide further analysis to support this view.  

Secondly, even if export quotas are allocated competitively, there is still the issue of quota utilisation.  This aspect of VERs has not received much attention in the literature.  Faini, et al (1992) and Gao (1992, 1995) present comprehensive evidence and show that quotas under VERs for textile and clothing have a wide range of utilisation rates.  

The problem of quota utilisation has both theoretical and practical implications, given the extent by which international trade is regulated.  It is related to a number of issues in international trade policy.  One concerns the “upgrading effect” of Falvey (1979) and  Gao (1992).  Another issue relates to quota price determination as Krishna and Tan (1997) have argued.  A third issue relates to estimating the cost of VERs and quota premium.  Static analysis would imply that under VERs, quota rents are transferred entirely from importers to exporters.  Since not all quotas are filled in practice, the extent of rent transfer appears to have been exaggerated in standard analysis, as for instance in Feenstra (1992).  Lastly, quota utilisation rate also has implications for estimating the tariff equivalence of a VERs, an issue that was not addressed in Hamilton (1986) and Berry, et al (1999).   

In this paper, we extend the model of Anderson (1987) and Eldor and Marcus (1988) to incorporate the problem of quota use as an option exercise problem.  Our contributions are two-fold.    First, we fill in a theoretical gap in trade policy research by providing a framework for analysing quota utilisation rate.  Second, we provide comprehensive evidence on both over utilisation and under utilisation from multiple exporters to multiple markets in the 1980s.  Thus, we raise the issue of quota utilisation to the fore in quantitative trade policy research.     

The rest of this paper is organised as follows. In section two, we review the literature on the valuation and utilisation of export quota under VERs.  Section three applies the contingent claims framework to value export quota under VERs.  In section four we present a model of quota utilisation as an option exercise problem.  An analytic formula for the probability of quota use is derived and the first two moments of its distribution are provided.  Section five provides empirical evidence from textile and clothing exports from South East Asian countries to the EU markets during the 1980s.  Concluding remarks are contained in section six.

2. VERs as American put option

There are several value elements to an export quota under VERs.  First, a quota has scarcity value.  Since trade is restricted, a binding quota has scarcity value.  As the supply of quota is fixed, its value is determined by market demand alone.  Second, a quota is also an asset.  For it to be held voluntarily, its value should rise at the rate of interest.  These first two elements have been considered in static analysis, as for instance in Cordon (1974) and Hamilton (1986).  Using data on quota price in Hong Kong, Hamilton (1986) was able to estimate the tariff equivalence of VERs in textile and clothing from Hong Kong to the US and EU markets to be at 27% and 14%, respectively.         

However, as Anderson (1987), Eldor and Marcus (1988) argue, a VER is also an option that gives the quota holder the right but not the obligation to sell prefixed amount of a particular or a bundle of goods to a foreign market within a certain period.  Depending on specific allocation systems, an export quota may contain further option elements.  For instance, the grant of next year’s quota may depend on the current period’s quota utilisation rate.  Anderson (1987), Eldor and Marcus (1988) present various quota valuation formulae.  The general formulation of Anderson (1987) does not admit of closed-form solution.  Eldor and Marcus (1988) do contain closed form solution for European type options that are exercisable only at the end of the period, typically, a year.  Although Eldor and Marcus (1988) argue that for a long-lived quota of one year’s duration, one may use the European value as a first approximation, it is analytically appropriate to model such as quota as isomorphic to a finite American put option. This is the approach that we adopt in this paper.  Specifically, we treat VERs as an American put option pricing and exercise problem.   

In his study of cheese import to the US market, Anderson (1987) observed that not all quotas were fulfilled.  Subsequently, Gao (1995) provides comprehensive evidence on both under utilisation and over utilisation for textile and clothing from five exporters (countries) to five EU markets in 1981-1986.   Krishna and Tan (1992) also report quota under utilisation for textile export from Hong Kong.  Gunha and Santos (1996) reveals that in 1989, only 6 out of 24 quotas for Hong Kong exports had utilisation rates above 60%. 

Given the imposition of a VERs in the first place, the existence of non-used quotas presents a puzzle.  Several theories have been developed in the literature.  One strand of the literature focuses on the change in market structure following the imposition of a quota.  Bhgawati (1965), Murray, et al. (1983), Krishna (1990), Cunhas and Santos (1996) advance this line of argument.  In particular, Murray et al (1983) observes that an export monopolist under VERs may an incentive to short-ship, i.e. to export less than quota limit. Another literature focuses on imperfections in the market for quotas.  Krishna and Tan (1992) also argue that imperfection in quota market may be responsible for quota under-utilisation.  They provide some tentative evidence for Hong Kong in 1981-1988.  

In this paper, we advance another theory to rationalise quota under-utilisation.  Our theory extends the real options approach and employs the analogy between a quota and an option.  Because an export quota is isomorphic to a put option, whether to exercise an option or not is entirely at the discretion of its holder.  For instance, if export market is volatile, it may not be in the exporter’s interest to ship abroad.  As for American put option, there exists a critical foreign price below which quota is used.  This argument not only explains quota use but also explains why a quota that may not be used in the future has positive value at the present.  This is because an export quota embodies the privilege to export during the entire period for which the quota is valid.  We believe that the option interpretation of VERs quota is consistent with observed evidence.  This line of argument also throws new lights on the empirical issue quota premium estimation.  This framework is important both for export strategy and for transfer if no explicit market exist. 

3. Pricing export quota under VERs

Following Anderson (1987), Eldor and Markus (1988), we summarise the evaluation framework for export quotas.  Under the VERs, while the amount of export is restrained by quota, restrictions are not imposed on export price, nor is there any restriction on the timing of export.  Thus, the timing option is valuable to the exporters who holds export licences.  Quota utilisation then becomes equivalent to the exercise of an American option during the period in which the quota is valid.  

To simplify analysis, let export price in terms of local currency follows a geometric Brownian process:
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Where ( is the share for export and (1-() for domestic market.

Total profit may be expressed as follows:
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The payoff structure from sales abroad is:
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Following the standard methodology of Merton (1973), as adapted to real options framework by Constantinides (1978), it may be shown that quota value satisfies the following differential equation:
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When foreign price is zero, export does not take place and an export quota is worth nothing.  At any time of the year in which the quota is valid, its value is equal to or greater than zero.  At the end of the year, quota value is equal to the difference between domestic and foreign prices.  Finally, at the critical export price the elasticity of quota value is one.

Solving the above system, we obtain the value of an export quota under VERs for the special case of perpetual put option:
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Invoking the boundary conditions, it is easy to establish that 
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The above treatment abstracts from the complications contained in quotas allocation schemes.  Actual quota usually contains specific restrictions imposed by the quota allocation authorities and the MFA framework.  These restrictions are of several types.  First, quota may sometimes be transferred between product categories.  This sometimes gives rise to the upgrading effect, i.e. it allows an exporter a choice of export compositions within the same category.  Falvey (1979) and Gao (1995) provide theoretical and empirical analysis of this possibility.  Second, there is the so-called “carry-forward clause” under MFA-- a maximum percentage of this year’s quota is allowed to be carried over to the next year.  The implications for quota value and quota utilisation rate are not clear in this case.   Thirdly, there is the so-called “use-it-or-leave-it” clause.  Authorities from exporting countries may dictate that if an exporter does not export a minimum amount of this year’s quota, it will automatically lose next year’s export quota.  This means that that it may be rational to export even at a loss this year in order to keep next year’s quota alive if no quota transfer among exporters is allowed.  As Eldor and Marcus (1988: 262) points out, the greater willingness to export induced by this clause might shift domestic supply curve downward and raise equilibrium domestic price of the exportable.  This suggests that such arrangement may affect domestic equilibrium price of the exportable.  Anderson (1987) points out that this clause may result in exporting at a loss in one year.  Eldor and Marcus (1988) formalise this clause as equivalent to a compound option and apply the framework of Geske (1977) to value this clause.    

Note that our analysis assumes constant domestic price.  In reality, a quota holder may face a changing domestic price as well as a fluctuating foreign price.  If this is the case, a VERs quota should be modelled as an American put option with random exercise price.          

4. Quota utilisation as an option exercise problem

Eldor and Marcus (1988) show that under certain states of nature, like a financial option, an export quota may bot be exercised.  They present three cases to demonstrate this point.  Although their analysis is couched for import license, their results may be reinterpreted for export quotas under VERs.   See Eldor and Marcus (1988: 257-259) for detailed analysis. 

In continuous time, an unresolved problem in the previous sections is the amount of quota to be used at the critical foreign price.  If exporters are price takers in export markets, all export quotas will be used at the instant when foreign price reaches this critical level.  However if the demand elasticity if the foreign market is less than 0 (or infinite), then the amount of quota to be used is subject to the exporter’s discretion. 

To analyse quota utilisation rate, it is crucial to obtain the number of times the foreign price reaches the critical level in a year. This is related to the first passage time problem of Sarkar (2000, 2001), Shackleton and Wojakowski (2002) and Rhys, et al (2002).  In the present context, given quota expiring date and critical foreign price, one may readily derive the first passage time distribution.  

Following Rhys, et al (2002), denote the first passage time of R to 
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when 
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The expectation and variance rate of this first passage time are:
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Three cases must be distinguished, however, according as to whether 
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 is positive, negative or zero.  First, consider the positive case.  Here, the state variable R will reach the boundary 
[image: image12.wmf]*

R

with probability one and with finite expected waiting time.  Next, in the zero case, R will also reach the boundary with probability one but the expected waiting time is infinite.  Lastly, when 
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 is negative, E(T) and Var(T) do not exist, and it is possible that R will never reach the critical boundary.  Indeed the probability, p, that it does in fact reach it is:


[image: image14.wmf]1

2

0

*

2

-

÷

÷

ø

ö

ç

ç

è

æ

=

s

m

R

R

p







(7)

Of course, similar results may be obtained for the case when the initial value of R is greater than the critical boundary 
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, when the first passage time has finite expectation if 
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Now with the analytic results at hand, we may present some interesting comparative static results.  The sensitivity of these results to changes in the model parameters and the critical quota utilisation boundary may be obtained by differentiation.  

First and foremost, consider the impact of uncertainty on the probability of reaching the boundary.  Second, consider the impact of growth rate on the probability of quota exercise.  Third, the impact of interest rate on the expected timing of quota exercise.        These results would provide testable propositions on quota utilisation.      

5. Asian textile and clothing exports to the EU: 1981-1986  

In a comprehensive study of textile and clothing export from several East Asian countries to individual EU markets, Gao (1995) observes wide spread quota under-utilisation as well as quota over utilisation for the period of 1981-1986.   

In attempting to uncover the factors affecting quota utilisation, different analytical frameworks are put forward.  Following the industrial organisation literature, Campos and Santos (1996) argue that strategic considerations may lead a monopolist to pre-emptively buy a divisible quota and then rationally not use all the quotas.  They demonstrate that for indivisible quota, the monopolist always outbids importers in quota auction even under use-it-or-lose-it clause.
 As a result, domestic market becomes completely monopolised.  For perfectly divisible quota, they show that the monopolist does not outbid importers in the auction stage for any amount of quota whenever it is optimal to import the total amount of the quota licence in the second stage.  For imperfectly divisible quota, the monopolist partially or totally outbids importers even under use-it-or-lose-it clause. Campos and Santos also note that regardless of the use-it-or-lose-it clause, sleeping quotas are always possible depending on the relative costs of importing versus domestic production.  

The option pricing approach would suggest that quota utilisation rate may fluctuate, just as observed in the market for convertible bonds and warrants.  The reason is that the exercise of these options would change the total number of ordinary shares outstanding.  Constantinides and Rosenthal (1984) demonstrate this possibility in the context of certain warrants. Anderson (1987) has emphasised the linkages between the quota market and the market for the underlying exportable.  This suggests that quota utilisation may have substantial effects on product market equilibrium.  Thus, market conditions aside, exporters’ dynamic decision can give rise to quota under utilisation.   

Still another mechanism may be suggested.  Under information asymmetry and strategic interactions, Banerjee (1992) and Grenadier (1996) show that there may be clustering of decisions when certain agents ignore their own private information.  
The following tables, taken from Gao (1995) provide evidence on quota utilisation rates for three export categories from several East Asian countries to the EU markets.  
Table 1. Quota Utilisation Rates: MFA Category 5


1981
1982
1983
1984
1985
1986

China







GERMANY  
 1.59
1.17
1.25 
1.37 
1.17 
2.66

    FRANCE 
 1.17 
1.37 
1.22 
0.78 
1.14 
1.88 

    ITALY 
 1.07 
0.76 
0.39 
0.38 
0.42 
0.93 

  BENELUX 
 1.04 
0.68 
0.68 
0.70 
0.54 
1.92 

            UK 
 1.22 
1.81 
1.85 
2.05 
1.59 
2.88 

South Korea







GERMANY  
1.59 
1.29 
1.55 
1.38 
1.87 
2.71

    FRANCE 
 1.12 
1.09 
1.15 
1.19 
1.62 
2.58 

    ITALY 
 0.95 
1.10 
0.75 
0.63 
1.01 
1.06 

  BENELUX 
 1.17 
0.90 
1.10 
0.74 
0.89 
2.11 

               UK 
 1.63 
1.59 
1.16 
1.23 
1.18 
2.21 

Taiwan







GERMANY 
 1.71
1.32 
1.85 
1.63 
1.87 
2.67 

    FRANCE 
 2.19 
0.30 
0.39 
0.18 
0.32 
0.94 

    ITALY 
 0.63 
0.11 
0.03 
0.20 
0.13 
0.92 

BENELUX 
 1.05
0.69 
1.12 
1.16
1.07 
1.77 

               UK
 1.50 
1.43 
1.53 
1.30 
1.44 
2.01 

Hong Kong







GERMANY 
1.13 
1.22 
1.72 
1.49 
2.19 
2.55 

    FRANCE 
 0.95 
1.06 
1.73 
1.80 
1.82 
2.39 

    ITALY 
0.82 
0.41 
0.78 
0.60 
0.93 
1.78 

  BENELUX 
0.94 
1.24 
1.61 
1.34 
1.70 
2.41 

           UK 
1.21 
1.15 
1.41 
1.33 
1.21 
1.91 

Macao







GERMANY 
0.97 
0.93 
1.22 
1.07 
1.84 
2.45 

FRANCE 
1.01 
0.75 
0.73 
1.12 
1.30 
1.91 

ITALY 
0.86 
0.54 
1.27 
0.62 
0.64 
1.41 

BENELUX 
0.87 
0.92 
1.12
1.23 
1.24 
2.46 

          UK 
1.02 
0.80 
1.14 
1.16 
0.79 
1.63 

Table 2. Quota Utilisation Rates: MFA Category 7


1981
1982
1983
1984
1985
1986

China







GERMANY
1.51 
0.77 
0.68 
1.00 
0.77 
1.25 

    FRANCE 
 0.54
0.48 
0.72 
0.32 
1.06 
1.18 

    ITALY 
0.85 
0.57 
0.59 
0.53 
0.52 
0.87 

 BENELUX 
 0.13
0.53 
0.48 
0.78 
0.44 
0.87 

             UK 
1.16 
1.10 
0.55 
0.45 
0.55 
0.73 

South Korea







GERMANY 
 0.81 
0.78 
0.89 
0.73 
0.78 
1.11 

 FRANCE 
1.03 
0.71 
0.69 
0.55 
0.76 
0.92 

    ITALY 
0.79 
0.50 
0.02 
0.32 
0.23 
0.87 

  BENELUX 
 0.93 
0.81 
0.70 
0.61 
0.81 
1.13 

            UK 
0.63 
0.72 
0.57 
0.81 
0.83 
0.92 

Taiwan







GERMANY 
1.41 
1.24 
0.74 
0.54 
1.07 
1.10

    FRANCE 
 0.20
0.09 
0.19 
0.26 
0.16 
0.42

    ITALY 
0.24 
0.07 
0.00 
0.14 
0.53 
0.50

  BENELUX 
 0.78
0.62 
0.57 
0.74 
0.55 
1.00

          UK
0.82 
0.89 
1.02 
0.83 
1.08 
1.01

Hong Kong







GERMANY
0.90 
0.79 
0.82 
0.78 
0.81 
1.17

    FRANCE
0.87 
0.98 
0.81 
0.77 
0.95 
1.15

    ITALY 
0.31
0.21 
0.12 
0.14 
0.22 
0.22

  BENELUX 
0.87 
0.69 
0.72 
0.80 
0.92 
1.27

             UK 
0.93
0.92 
0.95 
0.96 
1.00 
1.25

Macao







GERMANY 
0.94 
0.87 
0.98 
1.07
0.85 
0.98

    FRANCE 
0.83
0.88 
0.70 
0.71 
0.96 
0.90

    ITALY 
0.80 
2.25 
1.67 
1.76 
1.48 
1.81

  BENELUX 
0.81 
1.03 
0.50 
0.62 
1.07 
0.99

        UK
0.80 
0.82 
0.88
0.82 
0.75 
1.17

Table 3. Quota Utilisation Rates: MFA Category 8


1981
1982
1983
1984
1985
1986

China







GERMANY
1.32 
1.41
1.52 
1.40
0.90 
0.97

  FRANCE 
1.52 
1.93 
1.46 
0.92
1.07 
1.79

 ITALY 
1.30 
0.79 
1.61 
0.62 
1.76 
1.43

 BENELUX 
 1.45 
1.35 
1.72 
0.79 
0.72 
0.55

         UK 
1.17 
1.41 
1.15 
1.26 
1.49 
2.05

South Korea







GERMANY
0.99 
0.98 
1.25 
1.22 
0.89 
1.35

  FRANCE 
1.08 
0.93 
1.45 
1.25 
1.03 
1.28

  ITALY
0.66 
0.22 
0.32 
0.71 
0.99 
1.41

  BENELUX 
 0.92 
1.13 
1.35 
1.17 
0.94 
1.21

            UK 
1.04 
1.15 
1.22 
1.11 
1.11 
1.22

Taiwan







GERMANY
1.51 
1.56 
1.38 
1.43 
1.24 
1.37

 FRANCE
0.96 
1.11 
0.96 
1.13 
1.04 
0.96

 ITALY
0.80 
1.14 
0.95 
1.21 
0.95 
1.20

 BENELUX 
0.78 
1.79 
1.05 
0.88 
0.95 
1.03

         UK
0.99 
0.87 
0.96 
0.86 
1.13 
1.00

Hong Kong







GERMANY
0.92 
0.85 
0.80 
0.71 
0.77 
0.99

 FRANCE 
 0.91 
0.74 
0.77 
0.80 
1.03 
1.02

 ITALY 
0.61 
0.78 
0.73 
0.89 
0.89 
0.84

 BENELUX 
0.89 
0.99
0.92 
0.84 
0.79 
1.10

         UK 
0.77 
1.00 
0.83 
1.36 
0.84 
1.51

Macao







ERMANY 
0.73 
0.97 
1.04 
0.84 
0.84 
1.19

 FRANCE 
0.62 
0.14 
0.07 
0.22 
0.09 
0.18

 ITALY 
0.73 
0.46 
0.27 
0.27 
0.60 
0.71

 BENELUX
0.85 
0.68 
0.85 
0.85 
0.70 
0.78

        UK 
1.00 
 1.12 
1.15 
1.18 
0.74 
1.23

We have argued that even under perfect competition, quota may not be fully used under uncertainty.   This is because like a financial option, an export quota does not have to be exercise, other things being equal, as foreign market price fluctuates, exporter may find it not worthwhile to export, thus resulting in sleeping quota, or quota under utilisation.   On the other hand, our framework by no means explains all aspects of quota utilisation such as over utilisation.  As we have indicated, the additional clauses stipulated in the VERs have significant impact on quota utilisation as well.  However, this is a topic for future research.   

6. Conclusions 

Quota utilisation under VERs is formulated as an option exercise problem.  Other factors may affect quota utilisation rates.  They range from market structure, quota allocation schemes, and so on.  In this paper, we have followed the real options literature and emphasised the role of uncertainty in determining quota utilisation.  However, a systematic resolution of the quota utilisation puzzle inevitably requires us to combine several approaches from finance, trade and industrial organisation literature.

We have not investigated the interactions between the quota market and the underlying good markets. Eldor and Marcus (1988) suggest that there may be significant linkages between factors determining quota values and the equilibrium price level of the importable and/or exportable. This is different from certain financial options the exercise of which does not affect the underlying stock price.  The issue of quota transfer among export markets also merits further studies.

We have studied whether or not to exercise an export quota.  In reality, an exporter also has to decide how much is to be shipped to the export market.  Although we have modelled the if decision as a first passage time problem, the actual exports involves how much to export.  
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