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1 Introduction

The China - Measures Related to the Ezxportation of Various Raw Materials (China - Raw
Materials) dispute recently arbitrated by the WTO, opposed China as defendant to the
US, the EU and Mexico — hereafter the claimants — on a new but raising issue: export
restrictions.

This dispute, involving major trade countries, was over four types of export restrictions
— export duties, export quota, export licensing and minimum export prices — on various
raw materials of which China is a major producer.?

The dispute occurred while China started becoming an undisputed dominant country
in world trade dynamics and while higher tensions in natural resources trade grew. The
expansion of China’s export has become a central concern both in politics and in eco-
nomics. The economic literature pointed out the consequences of the changes in China’s
export and import composition (Amiti and Freund, 2010; Rodrik, 2006; Roberts and Rush,
2012), the role of the Chinese government in promoting its industries (Rodrik, 2010), its
increasing role in world trade more and more mediatized by trade disputes and resorts
to the WTO dispute settlement body (Bown and McCulloch, 2009; Bown, 2009). The
importance of resource abundance on Chinese economic growth has also been recently ex-
plored (see Fan et al., 2012). In this context the China — Raw Materials involving export
restrictions exemplifies increasing dominant position of China, current pressures in strate-
gic raw materials markets, as well as increasing “stock of measures restricting the export
of raw materials” (Fliess and Mard, 2012). Tensions in natural resources trade stemmed
from an increase in demand facing a limited supply — raising environmental and regulation
questions as well as shortage issues — but also from the strategic nature of some specific

resources regarding high technology production (WTO, 2010; Collier and Venables, 2010;

Ruta and Venables, 2012; Massari and Ruberti, 2013) - raising competition issues. Kim

!This case went before the China — Rare Farth dispute in which the EU, US and Japan claimed about
Chinese export restrictions on rare earths, tungsten and molybdenum, and on which the Dispute Settlement
Body has, on 26 March 2014, released its report in favor of claimants. Focusing on equally sensitive
materials — strategic inputs for high-tech industries — for which China has a quasi-monopoly position, this
more recent dispute is really close to the one this paper deals with both regarding the claimants arguments
(unfair advantage to Chinese companies) and the defender argument (the conservation of exhaustible
natural resources). The dispute is still underway since China has, on 25 April 2014, notified the Dispute
Settlement Body of its decision to appeal.

2Twenty-four raw materials under the category of Bauxite, Coke, Fluorspar, Magnesium, Manganese,
Silicone Carbide, Silicone Metal, Yellow Phosphorus, and Zinc were considered.



(2010) showed that the number of countries applying export restrictions has increased
since 2000. Most restrictions apply to raw materials and basic agricultural products. The
motives of this trade policy are various and include the protection of the environment
(pollution from the mining industry and energy consumption), the conservation of natural
resources for future use, the protection of downstream processing industries, the objectives
of fiscal receipts and the control of inflationary pressures.? As a result, export restrictions
are a fairly common trade policy in natural resources sectors, while tariff protection is less
developed than in other sectors as shown by Latina et al. (2011). Korinek and Kim (2011),
studying the presence and impacts of export restrictions on raw materials, question the
idea that export restrictions are the most effective tool to achieve environmental goals
showing that, in many cases, these restrictions do not lead to a consistent reduction in
production. Raw materials as well as rare earths will continue to feed trade disputes given
the characteristic of exhaustibility of these resources and their key contribution in high
technology production.*

In the China - Raw Materials the claimants considered that China’s export restrictions
on raw materials create shortages in foreign markets, which pushes up prices, while this
scarcity is not present in the Chinese market. A higher foreign markets price gives a cost
advantage to the Chinese industries using these raw materials. The claimants challenged
the export restrictions under Article XI of the GATT 1994 prohibiting quantitative restric-
tions.? China defended the export limitations using in particular Article XX of the GATT
1994 highlighting out possible exceptions to the prohibition of quantitative restrictions, for
environmental reasons such as the conservation of exhaustible natural resources (Article
XX(g)) and the protection of human health (Article XX(b)). These types of exceptions
are not without limits, however. For example, if discrimination is proved, resorting to
exceptions of Article XX is not sustainable.

The Panel ruled that China’s export restrictions were inconsistent with Article XI of

the GATT 1994. It then found that the general exceptions in Article XX of the GATT

3 According to Chen and Feng (2001), the trade policy in China is mainly driven by industrial policy
objectives favoring high-tech industries.

4Raw materials are involved in numerous high-technology components of production. For instance,
silicon, used for the production of solar panels, is a main raw material in the photovoltaic industry.

5The Chinese export restrictions were also challenged pursuant to Articles VIII and X of the GATT
1994.



1994 could not be used to justify the constraining measures because the Chinese export
restrictions were deemed discriminatory. Restrictions on export allowed by the Article
XX(g) must be doubled by corresponding restrictions on domestic consumption to be
accepted and not recognized as discrimination. To this respect, the Panel stated that the
lack of symmetry in policy with respect to markets leads to discrimination. Finally the
Panel considered that China has failed to establish the link between export restrictions
and health and environmental protection under Article XX(b).

In essence, the dispute raises important issues: the use of export restrictions as a
strategic trade policy, the possibility to use environmental concerns in order to justify
restrictions of the export of exhaustible natural resources, and the way the WTO standard
of non discrimination applies to this kind of quantitative restriction. Studying the China -
Raw Materials dispute with the help of economics allows identifying the conditions under
which these issues prevail.®

In this perspective, this paper offers a theoretical analysis of the China - Raw Materials
dispute along with an estimation of the import demand elasticity of the claimants as well
as China. Focusing on the export quota instrument,” we model a monopoly extracting
a non-renewable resource and selling it on both the domestic and foreign markets using
Fischer and Laxminarayan (2004)’s framework. This theoretical analysis allows discussion
of the economic rationales of the arguments of the parties in the dispute. The effects of
export restrictions on prices and natural resources extraction are investigated with the
aim of characterizing the context in which the parties’ arguments are corroborated. The
theoretical analysis provides a context for discussing discrimination from a different point
of view to the Panel one. In the dispute, discrimination was recognized based on the asym-
metric treatment of domestic and foreign raw materials markets by China’s trade policy.
In the theoretical analysis, we deal with discrimination focusing on price distortion relative
to the benchmark of the social planner. Interestingly, one of the results of the model is to
show that differential treatment of domestic and foreign markets implied by export restric-

tions increases monopoly price discrimination only under certain circumstances. In other

5The dispute is analysed from a legal point of view in Gu (2012); Karapinar (2012); Liu and Maughan
(2012).

"For simplicity, we do not distinguish the various forms of export restrictions at stake in the China -
Raw Materials dispute, considering the export quota only.



words, the legal definition of discrimination does not necessarily square with economic
efficiency when (1) there is domestic market power by the resource extracting entity, and
(2) markets are segmented.

We show that the effect of export restrictions on price distortion depends on com-
parison of the price elasticities of domestic and foreign demand. Because of the crucial
importance of demand elasticities, the empirical part of the paper provides estimates of
the import demand elasticity of the claimants, — the US, the EU27 and Mexico—, as well
as of China, for each product concerned in the case defined at the 6 digit International
Trade Classification level. The estimates are based on the methodology in Hauk (2008)
using Arellano and Bond (1991) and Arellano and Bover (1995) panel data techniques
to account for endogeneity problems. Among other results, estimation unveils two main
different cases regarding discrimination and quota distortion evidence. In the first, China
is a major exporter and does not discriminate according to demand elasticity and there is
no evidence of a quota effect on prices. In the second, China is a weak exporter although a
major producer and in this case, the estimates support the existence of a quota distortion
in a monopoly pricing behaviour.

The paper is organized as following. The theoretical model is developed in Section
2. Section 3 develops the empirical investigation and Section 4 provides a concluding

discussion of the case.

2 Monopoly, resources extraction, and export quota

Fischer and Laxminarayan (2004) examine the case where a monopolist exploits an ex-
haustible resource and sells it on two different markets.® The model retains the features
of Stiglitz (1976) model with iso-elastic demand and zero extraction costs. Under these
assumptions and in presence of two markets where arbitrage is not possible, the authors
compare the results found in the cases of the monopolist maximizing its profit, and the
social planner maximizing total welfare. They find that the monopolist exploits the differ-

ence in demand characteristics and sells at two different prices whereas the social planner

8The monopoly setting in the China — Raw Materials case is questionable. However, China is among
the top 5 for 12 products under conflict, and is the first exporter for 8 of them (See Table B4 in Annex
B). Its monopoly power, while incomplete, is really what is at stake.



fixes the same price on both markets in order to signal equivalent scarcity cost. In terms of

quantities, they show that the monopolist extracts more rapidly than the social planner.

2.1 A model of natural resources extraction and export

In order to develop a theoretical analysis of China — Raw Materials dispute we introduce
in Fischer and Laxminarayan (2004)’s model a trade policy aimed at restricting the ex-
ports of an exhaustible natural resource. We then consider that the resource extracted
by the monopolist is sold on two markets: the domestic and the foreign, meaning that
the monopolist faces a segmented market prior to the quota.? The aim of the model is to
emphasize the consequences of an export restriction consisting of a quota on: the quan-
tity sold overseas; the price; the resource extraction path; and welfare. Three different
scenarios are considered: (i) [P], a social planner maximizes total welfare j = P; (ii) [M],
a monopolist maximizes its profit j = M; and (iii) [F] a monopolist maximizes its profit

while it is constrained by an export quota j = FE.

2.1.1 Assumptions for the three scenarios

The three scenarios have the following features in common. The domestic and foreign
markets are denoted respectively d and f. In these markets, the two demands have different
price elasticities g and 7. For simplicity, we suppose — following Stiglitz (1976) — that
both elasticities are constant and greater than 1 and that there are no extraction costs.

The constant discount rate is denoted r. Demand is given by:

qt)=—=""— Yj=P M E Vi=d, f (1)

where y; is the relative size of the market i.!° The inverse demand functions are then:

9This hypothesis is empirically supported mainly by differences in preferences in the foreign and do-
mestic markets which are the results of differences in the level of specialisation and technology. The
hypothesis is theoretically necessary to justify price discrimination and further results of the model rely
on this hypothesis.

10The demand price elasticities and the relative size of both markets are supposed to be fixed. However,
the values of these parameters could change in the long run following an export restriction. It is not
easy to introduce this dynamic effect in the theoretical model and this is a caveat of the model when
long term effects are considered. To justifiy the hypothesis of a constant elasticity, we can argue that the
main determinants of elasticities in this sort of products is the technological dependance of the producer
to a specific raw material to which there is no substitutes. In case the availability of substitutes and the
preferences stay rather constant, elasticities will not change a lot at least in the short-medium term after
the introduction of the quota.
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The extraction rate at time ¢ is ¢/ (¢) and is split into: qé (t) the amount of the resource

offered on the domestic market and qjc (t) the amount of the resource offered on the foreign

market:

¢ (t) = qy(t) + g} (t) V&, Vj=P M, E (3)

The resource reserve S is known with certainty at time 0. The constraint on total

extraction is such that:

/:) [qgm + qj;(t)} dt<S Vj=P M, E (4)

When an export quota is introduced in the monopolist’s decision problem (j = E), the

total resource extraction dedicated to the foreign market is limited to S lel

/t : gF(t)dt < Sy (5)

2.1.2 Three decision problems

The social planner is supposed to maximize the total surplus which is equal to the total
consumer surplus since there is no extraction cost. The social planner’s maximization

problem is thus:

maz [T e | [ph () + [pF (t)| dt
af (.07 (1) Jier {1 @)+ T oy ) P

st b @ +af ] ar<s

The monopolist aims at maximizing its profits under the resource stock constraint:

maz [ e ™ 1pt(t) qff (t) +p} () g} (1)] dt
i P a0 M

st [ [qy (t) + (t)] dt < S

" This assumption is strong. Tt allows the monopolist to choose how to allocate S over time, so that
results regarding extraction rates can be found.



The decision problem of the monopolist facing the export quota is:

max e pl (1) ¢F (t) + pF () ¢F ()| dt
a5 [ (aF ()47 (07 (1)

st [5° [qf (t) +qf (t)] dt < S [E]

and [;° q]]? (t)dt < Sy
2.2 The consequences of an export quota

While Fischer and Laxminarayan (2004) focused on decision problems [P] and [M] to study
the behaviour of a monopolist extracting an exhaustible natural resource and selling it on
two different markets, here we focus on problem [E] to study the impact of an export
quota on the monopolist’s behaviour.

Replacing the price functions by their expressions given in (2) allows the first order
conditions of the maximization of the monopolist’s profit under the total extraction and

the quota conditions to be written as:

gnmwﬂ_G§m>ﬁ_M: ©)

Y i
e—rt,nfn;l . (qi;t)yfl_Al—Az: (7)
/:; [WE@) +aP®]dt<S (M >0) ®)
| afwie<s; (32 >0) )

Both extractions conditions must hold along the resource extraction paths for both
markets.!? In the rest of the paper we consider the two constraints to be binding in order
to concentrate on the Chinese claim that natural resource scarcity matters, and on the

claimants’ concern over export restrictions.

1276 satisfy the first order conditions the two quantities extracted must be strictly positive in every
period (even if infinitesimally small).



2.2.1 The rate of growth of prices and the extraction paths

A first characteristic common to the solutions of the maximization problems [P], [M], and

[E] is that prices are rising at the interest rate, as stated in Lemma (1).

Lemma (1). Under the three decision problems [P], [M], and [E], the prices

in both markets are rising over time at the discount interest rate:

pl(t)=¢"p (0) Vi=d, f Vj=P M, E (10)

Fischer and Laxminarayan (2004) showed this result under decision problems [P] and
[M]. The proof under problem [E] is given in the annex. The extraction paths (from
Hotelling rules) for the domestic and foreign markets can be calculated as the dual result

of the price paths as follows:

g @t)=etd(0) i=d, f Vj=P, M,E (11)

Extraction paths have the same form under the three decision problems [P], [M], and
[E]. Note, however, that as relative prices differ under the three problems, the extraction

paths will diverge.

2.2.2 The impact of constraining exports on prices

Fischer and Laxminarayan (2004) show that the social planner equates the two prices in
order to reflect equivalent scarcity costs on both markets. But, since demand functions
differ in their elasticities and market size parameters, the optimal quantity chosen by the
social planner for each market will differ. Using (2) and price equality on both markets

under [P], we find a relationship between q}j (t) and ¢} (¢):

ne

P )\
o (1) = s (qduff’) (12)

Unlike the social planner, the monopolist has an incentive to discriminate conditional

on demand elasticities: i.e. to fix a higher price in the lowest demand elasticity market.



The profit-maximizing monopolist equates each market’s marginal revenue. It follows the

relation between the two prices under [M]:

M ny na—1
py (1) = ——— -pg (t 13
F =t = o (13)

If the domestic demand price elasticity 7, is higher than the foreign demand price
elasticity 7, then pﬁ/l (t) is higher than p}! (t). And symmetrically, when 7y < 7y, then
P (1) < Pl (1).

The introduction of an export quota in the monopolist’s decision problem modifies
these results: an export quota can push the foreign price above the domestic price, even
if the domestic demand elasticity is smaller than the foreign demand elasticity, provided

the export quota is sufficiently restrictive.

Lemma (2). When the profit maximization is subject to an export quota

constraint, the monopolist chooses extractions ¢ (t) and qJ]ZJ (t) such that:

E Ny na—1 g rt_ Nf
pf (t) = ——- “pyg (t) + Aoe"" —=— (14)
f ng—1  na d ng—1

The proof is provided in the annex. If the export quota constraint is not binding
(A2 = 0), (14) and (13) are identical and, as a consequence, the results found by Fischer
and Laxminarayan (2004) apply: the monopolist charges a higher price in the market with
the lowest demand elasticity. When the export quota is binding (Ay > 0), two cases are
possible depending on the relative size of both demand elasticities.

First, if domestic demand elasticity is larger than foreign demand elasticity (nq > ny),
then p?/[ (t) > p (t), because )\26”% > 0. Then, when 14 > 7y, p% (t) > pA (t) holds
irrespective of the presence of an export quota.

Second, if domestic demand elasticity is smaller than foreign demand elasticity (ng <
n¢), the monopolist facing an export quota may charge a higher price in foreign market.

This outcome is addressed in two steps. First Proposition (1) shows that the effect of
an export quota is to raise the price on the foreign market and to lower the price on the
domestic market. Then, Proposition (2) establishes a condition under which the foreign

price is higher than the domestic price even if the foreign demand elasticity is greater than



domestic demand elasticity.

Proposition (1). Constraining the monopolist’s export through a quota raises

the price on the foreign market and lowers the price on the domestic market:

p}E (t) > py (t) and p¥ (t) < pi! ().

The proof is given in annex. The price effect of an export quota is independent of
the level of the relative demand elasticities and has implications for consumers’ welfare as

stated in Corollary (1).

Corollary (1). Consumers in the foreign market (resp. the domestic market)

suffer (resp. benefit) from the export quota.

This result, whose proof is given in annex, follows Proposition (1).
The possibility of a higher foreign than domestic price one as a consequence of export

restrictions (pf(t) > pE(t)) when ng < 1y, can now be stated.

Proposition (2). Under an export quota, if the export quota constraint is
sufficiently constraining, the monopolist can fix a foreign price higher than
the domestic price for the exhaustible resource even if foreign demand price
elasticity is greater than the domestic demand elasticity. This requires that

the initial extraction for export is small enough:

E o
qf (0) < py (qd (0)> (15)

The proof is given in the annex.

Proposition (1) shows that, as asserted by the claimants in the context of China -
Raw Materials, an export quota could lead to an implicit cost advantage for the Chinese
producers because it induces an increase in the foreign price whereas it decreases the
domestic price. Proposition (2) strengthens this result considering the absolute levels of
prices. In a situation where the foreign demand elasticity is higher than the domestic
demand elasticity, the monopolist without export restriction would choose a foreign price

lower than the domestic price. Imposing an export quota can push the foreign price above

10



the domestic price if the quota is sufficiently restrictive. This situation appears if condition
(15) is satisfied, implying that qf (0) the initial resource extraction for export is sufficiently

small.

2.2.3 The impact of constraining exports on the monopolist equilibrium dis-

tortion

We can compare the prices fixed by the social planer and the monopolist with and without
export quota. Fischer and Laxminarayan (2004) show that the monopolist’s equilibrium
must be at a higher price than is optimal in the market with the lowest demand elasticity,
and at a lower price than the optimal in the market with the highest demand elasticity.
Two situations can therefore be considered. The first is pﬁ\/[ (t) > pf' (t) > pi! (t)), which
arises when 1)y < 14; the second one is p3! () > pP'(t) > p?/[ (t), which arises when 7y > ng.
Propositions (1) and (2) taken together show that the effect of the export quota is to raise
the price on the foreign market and to lower the price on the domestic market, and that
the price on the foreign market might be higher than the price on the domestic market
even if ¢ > 1y (when condition (15) is satisfied). These results have implications for price

distortion in the monopolist’s equilibrium as shown in Proposition (3) and Corollary (2).

Proposition (3). When domestic demand elasticity is greater than foreign
demand elasticity, the export quota increases the inefficiency of the monopoly.
When, foreign demand elasticity is greater than domestic demand elasticity,
imposing an export quota increases the inefficiency of the monopoly if p? (t) is
sufficiently larger than p?/[ (t) and p5 (t) sufficiently smaller than pi!(¢), satis-

fying the following conditions:

-1
PP > (1) B ey

nf na—1 (16)
—1
AORS GRS

The proof is given in the annex. Four cases are considered in relation to Proposition
(3). In the first situation the monopolist without export quota fixes a higher price on the
foreign market because 1y < n4. In this case (depicted in figure 1.a), the quota increases

the inefficiency of the monopolist’s equilibrium because of the increase in pﬁ\/[ (t) and the

11



decrease in pif (t) it implies: p¥ () < pd(t) < p” () < p?/[ (t) < pf(t).

Na> 1Ny nr>MNa Nr>Na nr>Mna
Conditions (15) and (16) not satisfied Condition (15) satisfied Conditions (15) and (16) satisfied

M P

pMa Pt P Py Pt P P Pt pYy A A A

1 ] 1 1 1 1 ] ] 1 1
< e - S — >
{ ................ 4 ................

(a) (b) (c)

The second situation, corresponding to 7y > 14, includes three sub-cases, since, as
shown in the proof of proposition (3), conditions (16) imply that condition (15) is satisfied,
but the converse is not true. In the first sub-case corresponding to figure (1.b) conditions
(15) and (16) are not satisfied. In that case the increase in the foreign price and the
decrease in the domestic price implied by the export quota are not big enough to result
in pdE (t) < pf (t). The effect of the export quota, therefore, is to move the two prices
closer to the price chosen by the regulator: p?/[(t) < p?(t) < pP(t) < pk(t) < p¥(t)
and, as a result, to reduce price discrimination. In the second sub-case corresponding
to figure (1.c) condition (15) is satisfied whereas conditions (16) are not. In this case
the effect of the quota is to push the foreign price above the domestic price. However,
pﬁ/f (t) < pf(t) and p? (t) < pA(t) so that the monopolist’s equilibrium price distortion is
reduced as a consequence of the export quota. In the last sub-case corresponding to figure
(1.d), condition (15) and conditions (16) are satisfied. The foreign price is higher than the
domestic price and the increase in the former and the decrease in the latter are sufficiently
large to amplify the monopolist’s equilibrium price distortion: pdE (t) < p?/[ (t) < pP(t) <
P (1) < pE(2).

Finally, we can note with Corollary (2) that when the monopolist’s equilibrium price

distortion is reduced, the monopolist does not set prices equal to those of the social planner.

Corollary (2). When imposing a quota reduces the monopolist’s equilibrium

price distortion, optimality is not restored.

The proof is given in the annex. Proposition (3) is especially important in the context
of the China - Raw Materials dispute since it deals with discrimination. Discrimination

was recognized in this dispute through the simple asymmetric treatment by China’s trade

12



policy of the domestic and the foreign markets. When the consequences of this differ-
ential treatment are fully appreciated based on examination of the price distortion (and,
therefore, welfare), Proposition (3) shows that the differential treatment of domestic and
foreign demand using an export quota should not be seen automatically as augmenting

price distortion in the context of a monopoly and, on the contrary, might reduce it.3

2.2.4 The impact of export quota on the resource total initial extraction

Should the export quota, in any cases, be considered a resource conserving policy? To
answer this question, we first characterize the initial extractions ¢%(0) and q]‘?(O). Then,
we compare the total extraction in the initial period under [M] and under [E] in order
to appreciate the consequences of the export quota on the conservation of the natural
resource.

Integrating over time qg(t) given in the extractions paths (11) for ¢ = d, f and j =

P, M, E gives:

> 40 »_ .
g/ (t)dt = —= Vi=d,f Vi=P M E (17)
t=0 T

The constraint on total extraction (4) under each decision problem can thus be written

as:

<S Vi=P, M, E
Nd ™mr

The initial extraction in d in terms of that in f, when the constraint is binding, can

thus be expressed as:

q4(0) = r1aS — quﬁé (0) Vj=P ME (18)

The total initial extraction Q% = qfl(O) + q; (0) is therefore:

%:TﬁdS"i‘( _;77?)(1;(0) Vj=P M E (19)

13This is not to say that a quota could be the best policy for specific values of prices and elasticities.
Other policies to prevent the discriminatory behavior of the monopoly, such as an increase in competition,
could tackle as well the inefficiency. But those policies are not in the scope of this paper.

13



The introduction of [ ¢ (t)dt and [~ oqf t) dt calculated in (16) under [E] in the

first order conditions (8) and (9) (with A; and A2 > 0) solve the optimal initial extractions:

= Sy < q7(0) =rng - Sy (20)

44 (0) = r1a(S — Sy) (21)

The total initial extractions under [E] and [M] can be compared in order to capture
the implications of the export quota on both the initial total extraction and the rate of
depletion of the resource. The results depend on the relative size of the two demand

elasticities as presented in proposition (4) and Corollary (3).

Proposition (4): Imposing an export quota increases (decreases) the initial
total extraction if the domestic demand elasticity is larger (smaller) than the

foreign demand elasticity.

When 74 > 7y the net effect on the total initial supply, of imposing a quota, is positive.
This result is similar to the result in Fischer and Laxminarayan (2004) who compare the
total initial extractions under [P] and [M]: the increase in the supply on the market with
more elastic demand overcomes the decrease in the supply on the market with less elastic
demand. This effect is reinforced when the monopolist is constrained by an export quota.

The difference in the total initial extraction QOE — Qé” is negative when 1y > ng4. The
net effect of imposing an export quota on the total initial supply is negative. The fact
that the contraction of supply (and the rise in the price) appears on the market with
more elastic demand and that the rise in supply appears on the market with less elastic
demand, implies that the net effect is reduction in the total initial supply. These results

have consequences for the rates of resource extraction as shown with Corollary (3).

Corollary (3). Imposing an export quota implies that the monopolist extracts
more (less) rapidly if domestic demand elasticity is bigger (smaller) than foreign

demand elasticity.

The proof of Corollary (3) uses the result of proposition (4), showing that imposing

an export quota increases the initial extraction when 1y > 1y and decreases it otherwise,
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and the result of Lemma (1), showing that resource extractions under [M] and [E] grow
over time at the interest rate. Note that since the first order conditions (6)-(9) must hold
along the extraction path, if domestic demand elasticity is bigger than foreign demand
elasticity, the monopolist under an export quota constraint initially extracts more than
it would were there no export quota, but cannot do this indefinitely. The total stock
constraint implies that at some point the extraction path under [E] crosses the extraction
path under [M].

Proposition (4) and Corollary (3) propose important results to interpret the China
- Raw Materials dispute. First, China’s defence under Article XX of the GATT 1994
of imposing export restrictions as a resource conservation policy is acceptable only when
domestic demand elasticity is smaller than foreign demand elasticity.'* Second, in this
case, asking for a restriction on the domestic consumption of the resource, as the Panel
did, is useless. However, it should be required when domestic demand elasticity is bigger
than foreign demand elasticity.

We turn now to an attempt to bring this model to the data in order to cast new light

on the empirical evidence.

3 Empirical analysis

Any empirical attempt to grasp the effect of the Chinese export restrictions on prices by
identifying two periods, before and after implementation of the export quota, is extremely
challenging. Indeed, the dispute addresses four types of policy implying 40 measures. Also,
for the most part, the measures are decided annually and renewed over time, while the
trade policy duration is unclear. However, given the theoretical understanding of the China
- Raw Materials dispute developed in Section 2, we have some directions for assessing
China’s trade policy with regard to China’s motives and the claimants’ charges. The
model states that foreign and domestic demand elasticities, 7¢ and 7y, are of the utmost
importance as are the differences in foreign and domestic prices. The claimants feared

an increase in the price of strategic imported raw materials above the Chinese domestic

We do not differentiate here between the Article XX(g) and the Article XX(b) of the GATT 1994, and
we consider that export restrictions are acceptable only when they lead to less natural resources extraction.
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> However, the model shows

price, which would create unfair competitive advantage.!
that differences in price have to be judged considering differences in demand elasticities.
The WTO Panel found evidence of discrimination since the export restrictions were not
accompanied by restrictions on domestic demand, but the model specifies that parallel
restrictions are required only if domestic demand elasticity is larger than foreign demand
elasticity. The model shows also that the Chinese argument of resource conservation is
admissible in a certain configuration of demand elasticities (i.e. when domestic demand is
less elastic than foreign demand). Estimating demand elasticities, therefore, should shed
light on the dispute from an empirical point of view. To carry out this empirical work, in a

first step, we describe the quantity and prices of the trade flows concerned in the dispute,

and in a second step, estimate claimants’ and China’s import demand elasticities.

3.1 Quantity and price: An appraisal
3.1.1 Quantities at stake

The China - Raw materials dispute covers a small (24) number of products that we refer to
as “products under conflict” (hereafter PUC'). The 24 raw materials products are defined
at the finest level of aggregation (8 digits) of the Harmonized System (HS) classification.
The most detailed level of aggregation available in the trade database that we use — BACI-
CEPII from UN trade database — is 6 digits. This a lower level than is used by the WTO,
but, for most products, provides a sufficient level of aggregation because the products are
mostly homogeneous and aggregation levels 6 and 8 generally overlap.'® Our final group
of raw material numbers 21 products because three HS6 products (Coke, 270400; Zinc,
790112; Manganese, 811100) are split across several HS8 under-classes.'”

To isolate some specific characteristics of the PUC products with regard to trade policy,
we consider a larger group of products including PUC. Specifically, we retain all products

at the 6-digit level (HS6) included in the six HS2-classes of products that includes the
PUC products. We refer to this group of products as HS2_PUC.'® The HS2_.PUC group

'5Recall that the claimants are countries that are opposed to China (EU27, US and Mexico).

16This is the highest disaggregated level of import elasticity estimates computed so far, see e.g. Kee
et al. (2008).

17Coke, 270400 = 27040019 + 27040019 + 27040030 4 27040090; Zinc, 790112 = 79011210 + 79011230 +
79011290; Manganese, 811100 = 81110011 + 81110090.

8The full name of each of HS2_PUC product is provided in Appendix Table B.1.
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includes 388 products defined at the HS6 level, including the 21 PUC products.

Table 1: Country Share in percentage of HS2_PUC World Import — Average over 1995-2009

HS2 Name Claimants  China USA France Germany
25 SALT and SULPHUR 49 4 10 4 6
26 ORES, SLAG AND ASH 37 17 5 3 7
27 MINERAL FUELS and OILS 49 3 17 4 5
28 INORGANIC CHEMICALS 50 4 14 6 6
79 ZINC 58 6 17 5 9
81 OTHER BASE METALS 58 3 16 5 9

Source: BACI-CEPII, 1995-2009.

Table 1 presents the total share of world imports of the claimants, of China and of
the individual main claimants for the different HS2_PUC groups. It shows that world
imports are dominated by the group of claimant countries of which the US is the larger
contributor, while China is a large importer of “Ores, Slag and Ash”. Although China is
considered the main producer of PUC products, it also imports all of them.'®

The short names of the PUC products and their percentages in total world imports are
provided in Table 2.2° It unveils that the claimants are the main world importers of PUC
products. It is also remarkable that China is still a major world importer at this finer
product level. This import activity allows us to estimate an import elasticity for China
that can be used to proxy for Chinese domestic demand elasticity. We thus suppose that
Chinese import demand preferences are similar to Chinese domestic demand preferences
for the same product.?!

Of course, these raw materials products represent a very small share of the total
imports of both the claimants and China.?? However, as highlighted in the introduction,
their contribution in production is very important.

China can be considered a monopolist if it has the highest share of world export. This
applies to some of the PUC products. Most often, there is a large number of exporters of

each PUC product, but restricting this to the leading 20 exporters accounts for more than

9Tn the growing South-South trade, China is a large importer of raw materials because of its special-
ization pattern and fast growth. See Hanson (2012) and Roberts and Rush (2012).

20Full names are provided in the Appendix.

21This is a strong hypothesis caused by a lack of data on domestic demand and domestic prices. It relies
on the hypothesis of homogeneity of imported and domestic goods at the 6-digits level of disagregation
which is nevertheless more acceptable for raw materials than for manufactured goods.

228ee Appendix Table B.2 and B.3.
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Table 2: Country Share in percentage of HS6-PUC World Import — Average over 1995-2009

HS6 Name Claimants China USA France Germany
250830  Fireclay 62.9 1.2 5.4 1.5 1.9
252921  Fluorspar< 97%* 41.1 0.7 9.9 1.0 4.4
252922  Fluorspar> 97%* 64.6 0.1 28.7 0.5 14.4
260200 Manganese ore 28.0 24.1 4.6 8.0 0.5
260600  Aluminium 62.5 4.5 23.7 4.8 6.5
260800  Zinc ores 53.4 6.6 1.9 5.5 4.5
262019 Slag with zinc 72.9 0.9 7.1 8.4 4.5
262040 Slag with aluminium 75.3 6.7 10.5 2.5 24.5
270400 Coke 56.7 0.1 10.1 4.8 15.9
280469  Silicon 55.8 1.3 15.0 2.3 14.0
280470  Phosphorus 41.8 0.1 4.6 1.8 13.0
281700 Zinc oxide & peroxide 63.5 3.7 15.5 5.1 6.0
284920  Carbides of Silicon 61.3 0.6 18.7 5.0 11.8
790111  Unwrought zinc> 99%* 59.4 4.0 22.6 2.1 7.3
790112  Unwrought zinc< 99%?* 62.6 1.9 20.6 6.9 6.5
790120 Unwrought Zinc alloys 46.0 13.2 1.7 6.0 11.0
790200 Zinc waste 45.3 21.8 5.7 3.1 6.1
810411 Magnesium> 99%* 54.0 0.0 14.6 4.0 8.4
810419 Magnesium< 99%? 74.0 0.3 27.6 2.3 12.6
810420 Magnesium Waste 58.5 1.3 25.1 1.0 7.1
811100 Manganese dust & powder 51.5 0.3 9.7 4.9 12.5

Source: BACI-CEPII, 1995-2009.
# Means % of purity.

90% of world export. Appendix Table B.4 presents the share of the five biggest exporters
of PUC products in 1995-2009. China is among the top 5 for 12 of the 21 PUC products,

and is the main world exporter for 8 PUC products (see Table 3).

3.1.2 Unit Value as Price

Before embarking on the econometric part, we analyse prices proxied by unit values.?

The analysis is centred on imports from the claimants. Table 4 gives an average unit value
for all import flows of each product, as well as the annual average growth rate of unit
value. Table 4 Column (1) displays the arithmetic average export unit value of the five
first exporters (4 if China is among the first 5); Column (2) gives the same statistic for

Chinese export only.?* This enables comparison of Chinese prices with the average prices

23Unit values are common proxy for prices despite numerous flaws that have been shown since the paper
of Kravis and Lipsey (1971) and more recently highlighted by Silver (2007). Nevertheless, caveats of using
unit value are lighter when products are supposed to be homogenous and free from frequent change in
quality, which is what we can suppose regarding raw materials.

24The 5 largest exporters of PUC products account for nearly 70% of PUC trade in 1995-2009. Appendix
Table B.4 presents the names and shares of the first five exporters per HS6 product.
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Table 3: PUC Products for which China is the First World Exporter and Corresponding
Share of World Export in percentages — 1995-2009

HS6 Name Share
252921  Fluorspar< 97% 26
252922  Fluorspar> 97% 52
270400 Coke 36
280469  Silicon 29
280470  Phosphorus 29
284920 Carbides of Silicon 45
810411 Magnesium> 99% 24

811100 Manganese dust & powder 51

of other large exporters of the same product over the period. Chinese export prices are
below the mean of the four (or 5) first exporters for 14 HS6 products and above the mean
for the remaining 7. This means that, for two thirds of PUC, Chinese exporters have a
competitive advantage relative to the main exporters.

Table 4 Columns (3) to (6) display weighted indexes. In order to proxy what the
Chinese really obtain from their export, we compute a weighted unit value index where
export weights are the share of each destination (import country) in Chinese total HS6
export. To assess what the Chinese pay for their import, we compute a weighted unit
value where import weights are the shares of each country of origin in China’s total HS6
imports. The weighted Chinese export unit value per product is used as a proxy for foreign
price pr. Foreigners are the claimants and py gives an index of what the claimants as a
whole paid for imports from China. The weighted Chinese import unit value per product
is used to proxy for the Chinese domestic price, pg. We suppose that China imports similar
products from abroad to those it produces at home. This is reasonable if we accept the
hypothesis of homogenous products at the 6-digit level of aggregation. It is also coherent
with our estimate of Chinese demand elasticity based on import demand elasticity, as
described below.?

Comparisons of py and pg show that most of the time foreign/export price is lower
than domestic/import price — 13 products over 21. Nearly two thirds of products are such

that China experiences unfavourable terms of trade. It imports at a higher price than it

Z5We suppose that the internal transport cost is uniform over the Chinese territory and does not create
large discrepancies between different locations of Chinese production sites.
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exports for 13 products. There are 8 products for which the contrary is happening.

The annual average growth rates displayed in Table 4 are nearly always positive. There
are a few products where prices decreased. Among the 21 products, 10 show a higher
increases for import prices than export prices. This suggests support for Proposition (1)
for half (11) PUC products: Chinese domestic prices decrease whereas the prices paid by
foreigners increase.?%

The first row in Table 4 gives the results for the PUC aggregate: (i) China’s PUC
export price is lower than the average price for the other main exporters, thus China has
a competitive advantage (this is also true if we drop product 280470 which behaves as
an outlier); (ii) China imports at a higher price than it exports, and we can deduce that
China’s PUC domestic price is higher than the export price; (iii) the annual average growth

rates of Chinese domestic and export price are positive and equivalent. To interpret these

observations on prices with respect to trade policy, we need to estimate demand elasticities.

3.2 Import demand elasticities
3.2.1 Estimation Methodology

We extend Hauk (2008)’s methodology for estimating import demand elasticities. This
method accounts for endogeneity problems by using Arellano and Bond’s difference Gen-
eral Method of Moments (GMM) panel data techniques. Here, we use an augmented
GMM system based on Arellano and Bover (1995) and Blundell and Bond (1998) where
the addition of lagged variables instruments allows more efficient estimates.

For the import demand of claimants (as an aggregate) and China, estimation of demand

price elasticity is based on the following equation:

log gijt = @i+ ain1og giji—1 + a;2logpijt + Al X, i1+ €ijit (22)

where g; j; is the quantity of good ¢ imported from country j at time ¢, p; ;; is the price
of the imported good %, a;; is the import price elasticity for the good 4, and ¢; j; is an

error term. A vector of the covariates is also included which takes account of the average

Z6However, it is likely that other demand and supply shocks caused the changes in prices during the
period. It is not possible here to isolate trade policy shocks.
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Table 4: Mean and Annual Average Growth of unit value per product — 1995-2009

PUC-HS6* EXPORT UV CHINESE WEIGHTED UV®
First FIVE* CHINA EXPORT IMPORT
Df AGR 95-09 Dd AGR 95-09

(1) (2) 3) (4) (5) (6)
PUC 4.50 3.31 1.61 0.07 8.03 0.07
250830 0.77 0.81 0.33 0.22 0.50 0.04
252921 0.77 0.33 0.16 0.08 0.46 0.02¢
252922 0.16 11.37 0.79 0.07 2.82 0.15°
260200 0.43 1.84 0.51 0.12 0.23 0.34
260600 0.93 0.18 0.15 0.12 0.52 0.07
260800° 4.34 3.38 4.62 0.23 4.11 -0.32
262019° 3.92 2.90 2.89 0.06¢ 6.52 0.20
262040 2.58 1.76 0.48 -0.09 0.69 0.18
270400 0.30 0.47 0.31 0.12 0.58 -0.02
280469 5.68 2.10 1.24 0.05 22.20 0.20
280470 34.22 11.92 2.93 0.08 96.64 0.13
281700 2.25 1.63 1.42 0.08 1.23 0.04
284920 8.95 2.72 0.82 0.01 3.58 0.05
790111° 2.40 2.19 1.54 0.04 1.30 0.03
790112° 1.64 3.39 1.91 0.10 1.25 0.05
790120° 3.73 7.56 3.15 0.03 1.27 0.06
790200° 1.34 2.95 1.89 0.12¢ 1.24 0.06
810411 5.32 3.54 2.56 -0.01 5.49 0.00
810419 8.23 3.66 2.52 0.01 7.75 0.01°¢
810420 3.91 2.27 1.93 0.02 1.41 0.01¢
811100 2.69 2.52 1.73 0.04 8.93 0.09

Source: BACI-CEPII, 1995-2009. Unit value in thousand dollars per ton.

# Average of the first five exporters or first four if China is one of them.

P Import Weights are shares of each country of origin in Chinese total HS6 import. Ex-
port weights are share of each importers in Chinese total HS6 export.

¢ Average annual growth rate over 1997-2009 4 1997-2006, no export from 2007 up to
2009. € Very few flows from China over the total period.

fBold HS6 numbers are products for which China is first exporter.
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price of imported goods from other countries in the same sector-HS6 product and the
real GDP of the importing country. The average price, P; _;; is controlling for potential
substitution effects between origins of import. The GDP of the importing country — here
claimants or China — allows to control for demand size and demand shocks. To account
for possible rigidities in response to market changes, a lagged value of the quantity of the
good imported is added.

Estimation of elasticity is affected by an endogenous bias because quantity and price
are both causing one another. Also, by introducing the lagged value of the imported
quantity, we introduce a dynamic effect — here a persistence effect — but we also introduce
an element of correlation with the error term. All this renders the OLS estimator biased
and inconsistent. We use system GMM estimators proposed by Blundell and Bond (1998)
to deal with the panel structure as well as the endogeneity bias.

First, we estimate Equation (22) on the 388 HS2-PUC products and then on the 21
PUC products only. This provides an aggregate estimate of elasticity to be compared
with the first row of Table 4. Then we replicate Equation (22) for each of the 21 PUC
and discuss the results for the 21 demand elasticity estimates with respect to the prices
proxies in Table 4. These regressions are processed using the panel structure of the data in
which the cross-section dimension is the origin of the import, i.e. the different exporting

countries.

3.2.2 Results

We start by considering PUC products as an aggregate item that we want to compare
with a larger aggregate of raw materials based on HS2_ PUC. We turn next to the estimate

per PUC product.

Aggregate Estimates: Table 5 gives the results of the estimation of Equation (22)
on all HS2-PUC and on only PUC products. Elasticities are given by the coefficient of
unit value. Columns (1) and (3) provide the estimates of the elasticity when import is an
aggregated flow of the 388 HS2-PUC products per country of origin and per year; columns
(2) and (4) give the estimates of the elasticity when import is an aggregated flow of the
21 PUC products.
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All price elasticity estimates are negative and significant. On average a 10% rise in
price leads to a 7 to 11% decrease in import quantity depending on the country and the
group of products.

Comparison of HS2 and HS6 estimates for Claimants tells us whether “to be a product
under conflict” has an impact on price elasticity. The results show a clear larger sensitivity
for PUC products compared to the whole group of HS2 products. This result is not
observed for China. Chinese import price elasticity is not significantly different between
PUC products and HS2-PUC products.

Comparison of Claimants and China brings another interesting result: while Chinese
elasticity is larger than Claimants elasticity for HS2 group, the reverse is observed for PUC
products. Furthermore, Chinese imports of PUC products are less sensitive to a change
in price than are Claimants’ imports. Considering Proposition (4) China’s defence of
export restrictions as a resource conservation policy is acceptable only if domestic demand
elasticity is smaller than foreign demand elasticity, which turns out to be the case based

on the empirical evidence when PUC are considered in aggregate.

Table 5: HS2 and HS6 PUC Import Elasticity for Claimants and China

Dep. Variable Claimants China
Imp.Quantity (log)® HS2 HS6 HS2 HS6
(1) (2) 3) (4)
L.Imp.Quantity (log) 0.210%***  0.200%** 0.096 0.208%***
(0.07) (0.06) (0.06) (0.08)
Unit value (log) -0.749%*F 131X -0.946%FF  -(0.943%H*
(0.13) (0.09) (0.12) (0.13)
Price Index (log) 0.828***  _47.880*** 0.133 -0.402
(0.22) (16.86) (0.09) (0.93)
GDP (log) 1.043%** 0.924 %% 1.146%*%*  1.450%**
(0.17) (0.13) (0.19) (0.29)
Observations 2038 1137 855 377
Groups 194 117 129 69
Instruments 77 80 7 65
Arell-Bond AR(2) p-value 0.99 0.23 0.28 0.65
Hansen Test p-value 0.26 0.84 0.99 0.64

R p < 0.01, ** p < 0.05, * p < 0.10.
Robust standard errors in parentheses.

# GMM system Estimators, Estimates include year dummies.

So, does this negative difference in elasticities taken in absolute value which happens
to be significant, nd/—\nf (0.943 — 1.131), support the presence of a quota distortion given

the conclusions from the model?
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From the first line of Table 4, we know pg — p ¢ positive. This is what we would expect
to support standard discrimination monopolist behaviour. Hence, when all PUC products
are taken together, the estimation of elasticity, given our hypothesis about the difference
in prices, illustrates the theoretical case (b) from Proposition (3) and Figure (1) of the
model. It provides no evidence of a distortionary effect of the Chinese export quota, and
suggests, on the contrary, that restricting exports has the effect of bringing prices closer
together. To obtain more precise results, we consider a more disaggregated level of PUC

products to account for their very different weight in China’s exports and imports.

Per PUC product Estimates: We estimate import elasticity for each of the 21 PUC
products following Equation (22). Table 6 gives the coefficient a; > estimated from Equa-
tion (22) for each product using the Arellano and Bover (1998) estimator (GMM system)
in columns (1) and (3) and Baltagi and Wu (1999) estimator in columns (2) and (4). The
Baltagi and Wu (1999) estimator is used also in order to have a second estimation in
case the number of observations is insufficient to provide estimates from the system GMM
that pass the Hansen test. The Baltagi and Wu (1999) estimator is a feasible generalized
least squares handling unequally spaced panel data with autoregressive disturbances. The
full regression tables with test results for Claimants and for China are given in Appendix
(Tables B.5 and B.6). All significant coefficients are, as expected, negative.?”

Chinese import elasticities are most often larger in absolute value than import elastic-
ities of Claimants: two thirds of products exhibit a higher Chinese elasticity — column 5
indicates “+” for positive difference between Chinese elasticity and foreign elasticity both
taken in absolute value. Results per HS6 show that Chinese demand is more sensitive
than non-Chinese demand in 13 cases out of the 19 we were able to estimate. These cases
correspond to products for which China’s argument of conservation of natural resources
is not receivable (Proposition 4). Table 6 shows, however, that this argument is accept-

able for 5 products (260800, 280469, 790120, 790200, and 810411).?8 The last column is

deduced from Table 4. On average over 1995-2007, Chinese prices are higher than foreign

2TThere are 10 raw materials out of 21 for which China imports are less than 1% of world import: 252921,
252922, 262019, 270400, 280470, 284920, 810411, 810419, 811100 (see Table 2). For these products the
estimates of the China import elasticity is based on smaller amount of imports than other products and
are less robust.

28China defended export restrictions with the help of the Article XX of the GATT 1994 for 10 raw
materials. Only 2 of these 10 products (790200 and 810411) are among the 5 cases found empirically.
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prices — then pd/—\pf > (0 — for 13 products.

Results in Table 6 can be interpreted with regard to the theoretical results of Propo-
sition (3) and Figure (1) of the model on the impact of export restrictions on prices.

Let us start with the indisputable case of (a) where nd/—\nf > 0. In this case the
model shows foreign prices are expected to be higher than domestic prices. The case
(a) — when columns 5 and 6 are filled (+/—) — applies only to four products of which
two can be considered equal elasticities (790111 and 790112).2° This result corresponds
to a situation where the export quota effect on prices enhances the monopolist’s price
discrimination. The case (b) supposes 174 — 1y < 0 and pg — py > 0 which is found for
two products (280469 and 810411). It also corresponds to a situation where the quota
effect on prices contradicts the monopolist’s price discrimination without being strong
enough to reverse the price ranking given by discrimination. Hence there are six products
that illustrate the standard result of a discriminatory monopoly — 260200, Manganese ore;
810420, Magnesium Waste; ; 810411, Magnesium > 99 of which three — 280469, Silicon;
790111, Unwrought zinc > 99; 790112, Unwrought zinc< 99 — could as well be considered to
display equal elasticities. The monopoly price discrimination result has finally a minority
occurrence in our estimations. For those products, the export quota’s effect on price can
only be suspected. There is no evidence of a distortionary effect of the Chinese export
quota.

Cases (c) and (d) suppose g —ny < 0, but also a negative difference between domestic
price and foreign price because of the export quota effect on prices. This is observed
for three products: 260800, Zinc ores; 790200, Zinc waste; and 790120, Unwrought Zinc
alloys. The quota created a distorsion on the market. China exports minimum amounts
of these products, but it is a major producer and a huge consumer of them.?? Cases (c)
and (d) cannot be distinguished and we cannot draw any conclusions on the effect of the
quota in terms of welfare changes relative to the social planner equilibrium.

The final empirical case is observed for the remaining products: nd/—\nf > 0 and

29Gign for difference in elasticity for product 281700 is not clearcut given the contradictory results for
the two estimations results.

39China is the major producer and world’s biggest consumer in the world of Zinc. China consumes more
Zinc than the US, Japan, India, Germany, Italy and Belgium together. Note also that the difference in
prices is negative for Unwrought zinc > 99; 790112, Unwrought zinc< 99 for which the elasticity could be
considered equal.
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pa — Py > 0. This unexpected case is found for ten products. For eight of them, China
is first world exporter. This situation of dominance is based on large disposal of resource
and a competitive export price. China is part of a small oligopoly scheme and does not
discriminate with respect to elasticity. There are three products for which we cannot draw
any conclusions.

All in all, results by HS6 allow us to conclude that the result for the whole PUC
aggregate is partly due to a composition effect. Although small the set of PUC products
displays heterogeneity regarding the impact of trade policy. The empirical results suggest
that when China is a major exporter, it does not discriminate according to demand elas-
ticity and we found no evidence of any quota distortion. On the other hand, when China
is a weak exporter and a major producer (as in the case of Zinc), our estimates support

the existence of a quota distortion in a monopoly pricing behaviour.

Table 6: Import Elasticities Estimates per HS6

CHINESE Elasticity CLAIMANTS Elasticity

HS6 Ta 7a iy Ui Na—1Nf Pd—Pf

(1) (2) (3) (4) (5) (6)
250830 -0.936%**  -1.072%** -0.650%** -0.869*** + +
252921 -1.440 -1.097*** -1.030%** -1.068*** +/= +
252922 . 2.694 -1.058%** -1.356%** . +
260200 -2.325%** 0.299 -1.121%%* -1.142%** + —
260600 -1.829*** -1.264 -0.970*** -1.094*** + +
260800 -0.906*** -0.551 -1.186%** -1.273** — —
262019  -1.494%** 17.766 -0.381%** -0.288** + +
262040 -1.281 -0.599 -0.600*** -0.810%** + +
270400 -1.694%** -1.107 -1.479%** -1.431%** + +
280469  -0.649%**  -0.738%** -0.699*** -0.713%%* -/ = +
280470 -1.539 -0.885*** -0.825%** -0.662** + +
281700  -0.824%**  _1.297%** -0.850%** -0.995%** =/+ —
284920  -0.824*** -0.582 -0.647*F** -0.499** + +
790111  -1.255%**  _1.203*** -1.200%** -1.233%** +/= —
790112  -1.271%** 0.429 -1.203%** -1.318%** +/= —
790120 -0.658%**  -0.964*** -0.935%** -0.955%*** — —
790200 -0.189 -0.178 -0.750%** -0.872%** - -
810411 . -1.135%** -1.046%** -1.370%** — +
810419 -2.460 17.372% -0.561%** -0.641%* + +
810420 -1.099 0.244 -0.079 -0.399%** + -
811100 -1.222%**  _1.905** -1.038%** -0.951%** + +

K p < 0.01, ** p < 0.05, * p<0.10.
(1) and (3) are fixed-effects estimations with autoregressive error; (2) and (4) are System
GMM estimations. Diagnostics of each regressions are provided in appendix.
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4 Conclusion

Trade partner discrimination was identified by the WTO Panel dealing with the China —
Raw Material dispute since the export restrictions were not “applied jointly with” a re-
striction on the domestic production or consumption of the natural resources at stake. Dis-
crimination was acknowledged in this dispute on the basis that China’s trade policy gives
asymmetric treatment of the domestic and foreign markets. The theoretical and empirical
economic analysis developed in this paper deals with price discrimination, considering a
monopoly extracting an exhaustible natural resource and selling it at two different prices
— on the domestic and foreign markets. The model throws light on the consequences of
an export quota on prices, resources extraction and welfare in this context. Propositions
1 and 2 of the model confirm the expected result according to which the export quota
increases foreign prices relative to domestic prices and may lead to a permanent superi-
ority of the foreign price. In light of these results China’s trade policy can be considered
strategic, as claimed by the US and the EU. Propositions 3 and 4 indicate less intuitive
results. Interesting for the discussion on discrimination, when the foreign demand elas-
ticity is higher than the domestic demand elasticity, Proposition 3 shows that an export
quota can, under certain conditions, reduce the monopolist’s equilibrium price distortion
pushing the two prices closer together around the optimal price. This perspective, centred
on economic efficacy, can be used as an argument to defend the Chinese trade policy.
Regarding resource extraction, the model challenges the idea that an export quota always
favours conservation of natural resource. Here, again, the relative sizes of the demand elas-
ticities are decisive. An export quota favours resource preservation in the monopolist’s
equilibrium only if domestic demand elasticity is smaller than foreign demand elasticity.
If not, Proposition (3) and Corollary (4) show that the monopolist initially extracts more
— and more rapidly, when constrained by an export quota. The situation where the export
quota is a conservation measure because domestic demand elasticity is smaller than foreign
demand elasticity, can be proposed to defend the Chinese trade policy. This is revealed
empirically by the aggregate estimation on PUC products. This clearly advocates for the
export quota to be considered conservation measure based on the theoretical results of

the model. But this result must be nuanced by the heterogeneity in relative elasticities
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when products are considered one at a time, and only one third of them falls within the
scheme of the aggregate elasticity. Concerning the distorting effect of the export quota,
we find differences by product, but it is possible to identify two opposite cases. In the first,
China is a major exporter but not clearly a monopoly producer and does not discriminate
demand according to elasticity. In this case no evidence of any export quota distortion
on prices can be found. In the second situation, China is a weak exporter but a major
producer — a quasi-monopoly. In this case the empirical results show the existence of price
distortion, showing a price discrimination and export quota distortion. However, we were
not able to draw clear conclusions on the effect of the quota in terms of welfare changes
relative to the social planner equilibrium. Overall, this paper proposed a theoretical and
empirical exercise to feed the thinking of future and increasing cases of export restrictions
such as the current “rare earth” dispute. Although based on strict hypotheses, it provides

tools to nuance and assess the competition and welfare issues.
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A Proofs of Lemmas, propositions and corrolaries

A.1 Proof of Lemma (1)

Fischer and Laxminarayan (2004) show that under decision problems [P] and [M] prices
in both markets are rising over time at the interest rate. From conditions (6) and (7) we

can show that this result holds under decision problem [E]. Using the inverse demand

functions (2), the first order condition (6) in t = 0 can be written as p§ (0) = A\ n:il’ S0

that:

q— 1
M= L2 pE ()
Nd

With this value of A1, condition (6) can be written as (10): p% (t) = e"'p% (0). The
domestic price is thus rising at the interest rate.
The introduction of A; in condition (7) calculated using the inverse demand function

(2) in t = 0 shows that A2 takes the following value:

nf—1 g na—1 g
N =2 B 0) = 2B (0
o 7 (0) " a (0)

With these values for A\; and A2, condition (7) can be written as (10): QUJJ'ZJ (t) = e”p]]? (0).

The foreign price is thus rising at the rate of interest.

A.2 Proof of Lemma (2)

The condition (7) can be written as:

-1
ot nfnf .p]f? (t) = A\ + Ao

Condition (6) is satisfied at any time (and especially at the initial period ¢ = 0)

implying (see demonstration of lemma 1) that A\; = p¥ (0) - "‘i);l. From Lemma (1) we

know that the prices pdE (t) rise at the interest rate over time. We can therefore write the

equation above as:

—1
E (t) _ ny . d . E (t) + )\QGrt Ny
=1 1a np—1
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A.3 Proof of the proposition (1)
Suppose that p?(t) < p?/[(t), implying that q?(t) > qj\/[(t). From Lemma (2) and (13) the

inequality in price can be written as:

B ng o nNa—1 it Nf ny oma—1 oy
pg (t)  —— - + Age” - < : “pg (1)
ng—1 na ng—1"ng—=1 na

So that:

nf nf ng — 1 M E
o€’ < : : t)—pi(t
2 mr—1 -y —1 T [pd() pd()}

Since Age’ - % > 0, we should have p}(t) — pf(t) > 0, so that ¢} (t) < ¢ ().
Since qj‘/[ (t) and ¢} (t) satisfy the stock constraint, qJ}ZJ (t) and ¢ (t) would violate it if
q?(t) > qj\/[(t) and ¢} (t) < ¢¥ (t) were satisfied.

Suppose now that p¥ (t) > pi (), implying that ¢% (t) < ¢}*(¢). From Lemma (2) and

(13) this inequality can be written as:

E ng—1 nq N ng—1  nq M
pf(t) =—— ——— — X" > : -py (1)
f ng o ma—1 na— 1 g ma—1 "7

So that:

. d ny—1 d
et M < W2 TRy M (1)

na—1 ny o ma—1
Since Age™ - % > 0, we should have p?(t) - py(t) > 0, so that qf(t) < q}\/[(t).
Since ¢ (t) and qjc\/f (t) satisfy the stock constraint, qJ]ZJ (t) and ¢¥(¢) would not bind it if
q¥ () < ¢ (t) and q]]ZJ(t) < q}\/l(t) were satisfied.

Thus, the monopolist’s equilibrium under the export quota must be such that p? (t) >

p%(t) and pg(t) < pfiv[(t)

A.4 Proof of the Corollary (1)

Proposition (1) states that the effect of an export quota is to raise the price with fewer
resource supplied on the foreign market and to decrease the price with more resource
supplied on the domestic market. The consumers on the foreign market (on the domestic

market) suffer (benefit) from this trade policy as a consequence.
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A.5 Proof of the proposition (2)

The first order conditions of [EF] indicate with (14) that: p? (t) = 77;’%1 : "ff?—;l pE ) +

)\gert%. Two cases must be distinguished, depending on the relative size of the price

demand elasticities.

In the first case we have ng > 1y > 1, so that # : Wn—;l > 1. In this case (14)

indicates, since )\ge”% > 0, that pf (t) > p¥ (t).

In the second case we have 7y > ng > 1, so that % . "‘jy;l < 1. In this case (14)

does not necessarily indicate that p? (t) > p¥ (t), since pF (¢) % : "%;1 pE (). In

order to get pJ]ZJ (t) > pF (t), we must have p¥ (t) [% . ”%—;1 -1+ )\26”% > 0. With

Ao = 77{7—;1 -p? (0) — "‘j};lpg (0) and the demands (1) expressed in ¢t = 0, this condition can
n

f
o
be written as (15): qj? (0) < puy (%Tff)) d

A.6 Proof of Proposition (3)

We show first that the export quota deteriorates the inefficiency of the monopolist when
the domestic demand elasticity is greater than the foreign demand elasticity. We then
show that this result holds when foreign demand elasticity is greater than the domestic
demand elasticity only if conditions (16) are verified.

When 7 > n¢, (13) shows that the monopolist fixes discriminating prices such that
p?/[ (t) > pY(t). In that case (represented in figure 1.a), we know that py (t) is larger than
and that pg/f (t) is smaller than the optimal prices p” () that a social planner would choose
in the same situation. From Proposition (1), we know that the effect of a quota on the
monopolist’s equilibrium is to raise the price on the foreign market and to lower the price
on the domestic market. As a consequence, the export quota exacerbates the inefficiency
of the monopolist’s equilibrium when 1, > ny.

When n¢ > 74, (13) shows that the monopolist fixes discriminating prices such that
pM(t) > pj‘/ (t). In that case, we know furthermore that p}(t) is larger than and p?/[ (t)
is smaller than the optimal prices p” () that a social planner would choose in the same
situation. From Proposition (1), we know that the effect of a quota on the monopolist’s
equilibrium is to raise the price on the foreign market and to lower the price on the

domestic market. As a consequence, the export quota exacerbates the inefficiency of the
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monopolist’s equilibrium only if the increase in the foreign price and the decrease in the
domestic price it generates are sufficiently important to reach the following configuration:
pE(t) < py(t) < pP(t) < pM(t) < p?(t). In order to have p?(t) > pM(t) and p5(t) <

p?/[ (t), (13) indicates that the two conditions (16) must be satisfied:

-1
PO > o)) 2

nf nNa—1
-1
PE(E) < pl (1) - ity - et

We can further show that when conditions (16) are satisfied, condition (15) of Propo-
sition (2) is satisfied too, but that the converse is not true. For that, note that introducing
(13) in conditions (16) permits to write: p?(t) > pM(t) and pZ(t) < p?/‘[(t). when 1y > 14,
we have py(t) < pi(t) and therefore p?(t) > pZ(t) so that (15) is verified. However (15)

can be satisfied with p?(t) and pZ (t) such that conditions (16) are not met.

A.7 Proof of corollary (2)

Imposing an export quota reduces the monopolist’s equilibrium price distortion when
ns > nq and conditions (16) not satisfied. When py(t) <pf@) < p?(t) < pM, suppose
that p5(t) = pf'(t) and pf(t) > pf’(t). This would imply that ¢%(t) = ¢/j(t) and qf(t) <
q}j(t). Since ¢?(t) and ¢4’ (t) satisfy the stock constraint, ¢¥(t) and q?(t) would not
bind it. By the same reasoning, if p]]?(t) = pf'(t) and p¥(t) < pP(t), ¢¥(t) and qf(t)
would violate the stock constraint. Thus, the monopolist’s equilibrium under an export
quota constraint must have higher prices than optimal on the foreign market and lower
prices than optimal on the domestic market. The same reasoning can be developed when

py(t) < p?(t) < p¥(t) < p}! to show that we must have p?(t) < pP'(t) and pP'(t) < pE(t).

A.8 Proof of Proposition (4)

The difference in the total initial extractions under [E] and [M] can be expressed as

following;:

QF — Q)

rnaS + (1= 2) gf(0) = rma$ — (1= ) ¢}/ (0)
- (1-2) [0 -} 0]

From proposition (1) we know that imposing a quota constraint reduces extraction for
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export and raises supply in the domestic market, compared to the situation under [M].
The initial extractions for the foreign market, therefore, are such that: qf (0) < q}w (0).

As a consequence, QOE — Qé\/f is positive when 73 > 7y and negative when n; > n,.

A.9 Proof of Corollary (3)

From proposition (4) we know that imposing an export quota increases (decreases) the
initial total extraction if the domestic demand elasticity is bigger (smaller) than the foreign
demand elasticity. From (11) we know that the rate of growth of the extraction paths
under [M] and [E] is the interest rate. As the constraint on total extraction is always
verified, imposing an export quota implies the monopolist extracts more (less) rapidly if

the domestic demand elasticity is bigger (smaller) than the foreign demand elasticity.

B Additional Tables
B.1 Data

Table B.1: Full HS2 Name

HS2 Name

25 SALT; SULPHUR,; EARTHS AND STONE; PLASTERING MATERIALS, LIME AND CEMENT

26 ORES, SLAG AND ASH

27 MINERAL FUELS, MINERAL OILS AND PRODUCTS OF THEIR DISTILLATION;
BITUMINOUS SUBSTANCES; MINERAL WAXES

28 INORGANIC CHEMICALS; ORGANIC OR INORGANIC COMPOUNDS OF PRECIOUS METALS
OF RARE-EARTH METALS

79 ZINC AND ARTICLES THEREOF

81 OTHER BASE METALS; CERMETS; ARTICLES THEREOF

B.2 Average Share of Country Import 1995-2007 by products

B.3 Share of World Export of 15 first exporters 1995-2007
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Table B.2: Product at HS2 level — Share of Country Import 1995-2007

HS2 Name EU15 UsS Japan China Germany France
25 SALT and SULPHUR 0.38 0.21 0.37 0.24 0.25 0.25
26 ORES, SLAG AND ASH 0.55 0.18 2.27 2.45 0.31 0.31
27 MINERAL FUELS and OILS  9.67 12.19 19.96 8.18 8.96 8.96
28 INORGANIC CHEMICALS 0.85 0.70 1.02 0.70 0.91 0.91
79 ZINC 0.13 0.12 0.04 0.15 0.11 0.11
81 OTHER BASE METALS 0.15 0.12 0.30 0.09 0.12 0.12

Source: BACI-CEPII, 1995-2007.

Table B.3: Product at HS6 level — Share of Country Import 1995-2007

HS6 Name EU15 US Japan China Germany France
250830  Fireclay 0.0030 0.0009 0.0008 0.0009 0.0006 0.0008
252921  Fluorspar< 97% 0.0015 0.0015 0.0068 0.0002 0.0013 0.0004
252922  Fluorspar> 97% 0.0025 0.0054 0.0076 0.0001 0.0053 0.0004
260200 Manganese 0.0062 0.0037 0.0333 0.0743 0.0009 0.0213
260600 Aluminium 0.0188 0.0321 0.0146 0.0115 0.0159 0.0194
260800 Zinc ores 0.0625 0.0060 0.0946 0.0733 0.0280 0.0516
262019  Slag with zinc 0.0046 0.0012 0.0030 0.0006 0.0015 0.0043
262040 Slag with aluminium 0.0032 0.0011 0.0013 0.0026 0.0057 0.0008
270400 Coke 0.0552 0.0364 0.0740 0.0006 0.1026 0.0478
280469  Silicon 0.0178 0.0170 0.0694 0.0046 0.0313 0.0086
280470  Phosphorus 0.0056 0.0015 0.0118 0.0002 0.0180 0.0017
281700 Zinc oxide & peroxide 0.0098 0.0084 0.0062 0.0078 0.0063 0.0077
284920 Carbides of Silicon 0.0081 0.0091 0.0174 0.0011 0.0140 0.0078

790111  Unwrought zinc> 99 0.0475 0.0749 0.0278 0.0338 0.0480 0.0224
790112  Unwrought zinc< 99 0.0236  0.0285 0.0074 0.0091 0.0200 0.0307
790120 Unwrought Zinc alloys 0.0166  0.0017 0.0032 0.0586 0.0218 0.0188

790200 Zinc waste 0.0042 0.0016 0.0005 0.0208 0.0034 0.0029
810411 Magnesium> 99 0.0076  0.0052 0.0199 0.0001 0.0085 0.0055
810419 Magnesium< 99 0.0055 0.0092 0.0060 0.0004 0.0074 0.0023
810420 Magnesium Waste 0.0008 0.0017 0.0001 0.0004 0.0010 0.0002
811100 Manganese 0.0054 0.0031 0.0206 0.0003 0.0082 0.0050

Source: BACI-CEPII, 1995-2007.
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Table B.4: Rank and Share of the first 5 exporters by product over 1995-2009
HS6 First Second Third Fourth Fifth TOTAL 1-5
250830 Ukraine 0.34 China 0.29 USA 0.15 Germany 0.05 Kazakhstan 0.03 0.86
252921 China 0.26 Mexico 0.22 Mongolia 0.19 South. African CU 0.11 Morocco 0.06 0.84
252922 China 0.52 South. African CU 0.19 Mexico 0.08 Kenya 0.06 Morocco 0.04 0.9
260200 Australia 0.23 South. African CU 0.23 Gabon 0.21 Brazil 0.09 Ghana 0.07 0.83
260600 Guinea 0.32 Australia 0.15 Brazil 0.11 China 0.09 Jamaica 0.07 0.73
260800 Australia 0.18 Peru 0.17 USA 0.12 Canada 0.10 Bolivia 0.07 0.64
262019 Germany 0.20 Canada 0.14 Belgium 0.09 USA 0.06 Italy 0.05 0.54
262040 Germany 0.12 France 0.11 Belgium 0.11 USA 0.10 Canada 0.09 0.53
270400 China 0.36 Poland 0.15 Japan 0.08 Russian fed. 0.06 USA 0.04 0.69
280469 China 0.29 Norway 0.16 Brazil 0.15 Germany 0.07 France 0.05 0.73
280470 China 0.41 Netherlands 0.18 Germany 0.14 Kazakhstan 0.10 USA 0.06 0.9
281700 Germany 0.13 Netherlands 0.13 China 0.10 Canada 0.10 Belgium 0.05 0.51
284920 China 0.29 Norway 0.15 Germany 0.13 Japan 0.06 Netherlands 0.05 0.66
790111 Canada 0.15 China 0.11 Spain 0.08 Australia 0.06 Korea. rep. 0.06 0.46
790112 Canada 0.16 Kazakhstan 0.08 Australia 0.07 Russian fed. 0.07 Finland 0.06 0.45
790120 Belgium 0.26 Australia 0.18 Germany 0.06 Hong kong 0.05 Korea. rep. 0.05 0.6
790200 Germany 0.15 France 0.14 USA 0.09 Belgium 0.08 Netherlands 0.08 0.55
810411 China 0.45 Russian fed. 0.13 Israel 0.10 Canada 0.06 USA 0.06 0.81
810419 China 0.24 Canada 0.21 Norway 0.10 Russian fed. 0.08 Israel 0.07 0.69
810420 USA 0.21 Canada 0.19 Germany 0.15 Italy 0.06 China 0.05 0.66
811100 China 0.51 South. African CU 0.17 Germany 0.07 Ukraine 0.04 Netherlands 0.03 0.83

Source: BACT-CEPII, 1995-2009.
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