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ABSTRACT. This paper examines factors that affect the trade of recyclable waste in both
exporting and importing countries. To this end, we employ two important elements: first,
we adopt a gravity model in our empirical methodology; second, we select five waste
and scrap commodities and undertake estimations using commodity-level trade data.
We demonstrate that, the higher the wage/per capita GDP/population of an import-
ing country, the more recyclable wastes it imports. This result suggests that the demand
for final goods and, accordingly, the demand for materials including recycled material,
have strong effects on the import volume of recyclable waste. Moreover, this implies that
the imports of a developing country from developed countries increase with expanding
industrial activity and economic growth. We find no evidence for a pollution haven for
wastes and recycling.

1. Introduction
Many countries have substantially increased their output of industrial
and municipal waste in recent decades, and further increases are pro-
jected. Mazzanti and Zoboli (2009) have documented the rising trend in
EU countries. Hotta et al. (2008) have estimated that industrial waste will
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triple over year 2000 levels for countries in the Association of South East
Asian Nations (ASEAN) by 2050. The Organization for Economic Coop-
eration and Development (OECD) estimates that, in 2050, the world will
generate approximately 27 billion tons of waste, more than double the
12.7 billion tons generated in 2000 (OECD, 2008). In addition to the current
and projected increases in waste generation, transboundary movements
of recyclable waste have increased as the world globalizes through trade
liberalization.1

In general, trade in recyclable waste creates economic gains. For exam-
ple, if demand for materials increases as developing countries grow eco-
nomically, liberalized trade in recyclable waste enables industries in these
countries to procure materials more easily. This allows industries other
than recycling to expand, and per capita income and GDP will increase
as a result.

On the other hand, trade in recyclable waste can generate negative
externality costs for waste-importing countries. In particular, in contrast
to developed countries, recycling processes in developing countries often
make intensive use of unskilled labor. Additionally, populations in devel-
oping countries may not be aware of the toxicity of waste materials. In
these cases, recycling/dismantling activities can cause serious environ-
mental damage and/or health problems. In addition, trade in recyclable
waste sometimes leads to more dumping into landfills of waste-importing
countries, including illegal dumping.2

Consequently, increased trade of recyclable waste, particularly the trans-
boundary movements from developed to developing countries, has stim-
ulated controversy about trade regulations. The Basel Convention aims to
restrict transboundary movements of hazardous waste, particularly waste
destined for developing countries, and arguments for more restrictive bans
on trade in hazardous waste have become heated.3

Some developing countries, such as China, have experienced rapid eco-
nomic growth, and the proportion of skilled labor in the total labor force
has been increasing. Moreover, the industrial sector has expanded in these
countries, accompanied by a demand for materials, including recycled
material. Therefore, great gains from trade in waste are likely among these
countries. However, other developing countries have stagnant economies
and abundant unskilled labor. Since only the unskilled labor intensive

1 See among others, Van Beukering et al. (2001) and Kellenberg (2010). The Euro-
pean Environment Agency (EEA) has also published articles on this point.
For example, see ‘Not in my back yard – international shipments of waste
and the environment’ (2009, http://www.eea.europa.eu/articles/international-
shipments-of-waste-and-the-environment). See also special issue on waste by
D’Amato et al. (2012).

2 See the website of the Basel Convention (http://www.basel.int/). See also Ray
(2008) for a discussion. Copeland (1991) provides a theoretical examination of
trade in waste and illegal dumping.

3 In practice, governments and international environmental organizations often
wish to restrict trade in recyclable waste (e.g., Electrical and Electric Waste,
Restriction of Hazardous Substances Directive).
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Table 1a. Values of trade in waste, parings and scrap of polymers of ethylene,
391510 (in US$1,000)

����������
Exporters

Importers Developed countries Developing countries

Developed countries 489,074 1,063,103
Developing countries 17,782 719,737

Note: The sum of amounts from 2000 through 2004.
Source: UN Comtrade.

Table 1b. Waste, parings and scrap of polymers of vinyl chloride, 391530 (in
US$1,000)

����������
Exporters

Importers Developed countries Developing countries

Developed countries 167,725 128,341
Developing countries 54,073 157,130

Note: The sum of amounts from 2000 through 2004.
Source: UN Comtrade.

Table 1c. Waste, parings and scrap of polymers of other plastics, 391590 (in
US$1,000)

����������
Exporters

Importers Developed countries Developing countries

Developed countries 1,032,845 1,454,344
Developing countries 923,184 1,723,796

Note: The sum of amounts from 2000 through 2004.
Source: UN Comtrade.

recycling process is located in these countries because of the vertical dis-
integration of production processes, the negative externalities are likely
to be great. Moreover, wastes can migrate into these early-stage devel-
oping countries just to be disposed of in landfills. Thus, whether gains
from importing recyclable waste dominate externality losses depends on
the economic conditions in each developing country.4

4 Numerous studies have analyzed the recycling policy in a closed economy the-
oretically (Dinan, 1993; Highfill and McAsey, 1997; Conrad, 1999; Huhtala, 1999;
Eichner and Pethig, 2001, 2003; Eichner, 2005). However, to our knowledge, there
have been few attempts to investigate the trade liberalization of recyclable waste.
Although Grace et al. (1978) and Huhtala and Samakovlis (2002) refer to pol-
icy aspects of trade in recyclable waste, few analyses consider the differences in
developing countries.
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Table 1d. Ferrous Waste and scrap, remelting scrap ingots of iron or steel, 720449
(in US$1,000)

����������
Exporters

Importers Developed countries Developing countries

Developed countries 10,484,139 11,857,670
Developing countries 451,123 1,584,722

Note: The sum of amounts from 2000 through 2004.
Source: UN Comtrade.

Table 1e. Copper waste and scrap, 740400 (in US$1,000)
����������
Exporters

Importers Developed countries Developing countries

Developed countries 7,370,480 5,620,183
Developing countries 1,627,702 2,226,196

Note: The sum of amounts from 2000 through 2004.
Source: UN Comtrade.

When trade in recyclable waste is disaggregated and categorized, four
patterns emerge: (a) a large quantity of waste is exported from developed
countries to other developed countries, (b) from developed to develop-
ing countries, (c) from developing to developing countries, and (d) from
developing to developed countries. See table 1a–e for details about five
categories of waste and scrap. It is clear that the fourth pattern involves
relatively small quantities of recyclable waste and, accordingly, the trade
between developed and developing countries is unbalanced. In this paper,
bearing in mind the importance of trade from developed to developing
countries, we examine the factors affecting the trade volume of recyclable
waste for both exporting and importing countries.

To achieve that goal, this study employs three important elements.
First, we adopt a gravity model in our empirical methodology. As has
been widely acknowledged, gravity models have succeeded empirically
in explaining trade flows. Several empirical studies have addressed the
recycling problem in open economies (Van Beukering et al., 2001; Van
Beukering, 2002; Berglund and Söderholm, 2003a, 2003b). However, these
studies seek primarily to explain recovery and utilization rates; they do not
examine the relationship between wages and commodity-level trade flows
of scrap using gravity models.

Second, we select five waste and scrap commodities and undertake esti-
mations using commodity-level trade data. Baggs (2009) employs a gravity
model to analyze trade in hazardous waste and concludes that imports
of hazardous waste rise with per capita gross domestic product (GDP).
However, she considers only data reported under the Basel Convention on
the Control of Transboundary Movements of Hazardous Wastes and their Dis-
posal. Reported trade in hazardous waste could be understated because
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wastes such as printed circuit boards are often traded as ‘metal scrap’
(Kellenberg, 2010; Shinkuma and Managi, 2011). Therefore, it is essential
to identify trade classified as waste and scrap. In this respect, our study is
closely related to Kellenberg (2012), which investigated the effect of envi-
ronmental regulations on transboundary movement of waste and scrap.
He uses bilateral trade data in 2004, and aggregates the amounts of wastes
traded internationally across 62 six-digit Harmonized System (HS) cate-
gories. By contrast, we focus on economic variables, such as wages and
GDP. Moreover, the sample period of our data is 17 years (1995–2011), and
we conduct estimations for five waste and scrap commodities separately.

Third, we distinguish recyclable waste from recycled materials. Waste
collectors (hereafter collectors) collect discarded goods, produce recyclable
waste from discarded goods and sell the goods to recyclers. Recyclers buy
recyclable waste from collectors, and produce recycled materials from recy-
clable waste.5 Collectors can supply recyclable waste to the markets of
other countries, and recyclers can buy recyclable waste produced in other
countries. This paper focuses on recyclable waste which corresponds to
waste and scrap in the classification of the HS code.

Our empirical results show that the greater the market scale of an import-
ing country, the more recyclable waste it imports. In this paper, the market
scale is measured in terms of GDP or population size. Moreover, countries
with higher wages import more recyclable waste. These results suggest
that the demand for final goods and/or the size of the industrial sector in
importing countries strongly affect trade flows of recyclable waste, because
higher demand for final goods and greater industrial scale will likely boost
the demand for recyclable waste. These results also have implications for
the extents of the gains and environmental costs generated by exporting
waste from developed to developing countries. For example, when trade
in recyclable waste is restricted, it is likely that declines in imports by more
advanced developing countries exceed those by less advanced developing
countries. Thus, trade restrictions impair production efficiency by making
it harder for more advanced developing countries to procure materials at
low prices.

The rest of this paper is structured as follows: section 2 describes the
theoretical background. Section 3 investigates trade volumes. Section 4
presents the empirical analysis. Section 5 concludes the study.

2. Theoretical specification
This section describes our model’s theoretical specifications. There are N
countries (1, · · · , i, · · · N ) that export recyclable waste, and M countries
(1, · · · , j, · · · M) that import recyclable waste. As noted in the introduction,
because of our focus on trade in recyclable waste, we distinguish recyclable
waste from recycled materials.

5 In reality, recyclable waste and recycled material are sometimes not clearly
defined. The distinction is sometimes ambiguous, and there are many steps in
the recycling process from discarded goods to recycled materials/goods. In some
cases, recyclable waste means compressed waste or packaged discarded goods.
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2.1. Supply of recyclable waste
First, we describe the supply of recyclable waste in exporting countries.
Consumers discard good X after consuming it. Once collected, some of the
discarded good X enters landfills, and the rest is recycled.

The market for recyclable waste is assumed to be perfectly competitive.
The marginal cost of collecting discarded goods and producing recyclable
waste is determined by the recovery rate and the quantity of the final
good consumed. We describe the supply of recyclable waste produced by
collectors in country i as6

Bsi = qβ
b,i · Rei · xi , 0 < β < 1, (1)

where qb,i , Rei and xi denote the producer’s price of recyclable waste col-
lected in country i , the recovery rate of country i , and the consumption of
X in country i , respectively.7 The producer’s price is the per-unit revenue
received by waste collectors. We assume that the quantity of recovered
material is less than that of material discarded by consumers.8 When the
marginal cost of collecting an additional unit of waste rises, β > 0.9 More-
over, in general, a higher per capita GDP implies a higher recovery rate
because consumers’ environmental consciousness increases with per capita
GDP. Figures 1a and 1b provide the evidence for this relationship. They
show that, for a given population, higher per capita GDP implies greater
total consumption. Thus, higher per capita GDP leads to greater supply
of recyclable waste. Although an increase in consumers’ environmental
consciousness may decrease the generation of waste through changes in
consumption behavior, we do not observe such a clear relationship at this
point (see figure 2).

Collectors of recyclable waste need not differentiate the quality of waste
shipped to one country or another. Thus, the producer’s price of recyclable
waste produced in country i and exported to country j is the same as that
exported to country k.

2.2. Demand for recyclable waste
Recyclers in importing countries produce recycled materials from recy-
clable waste. We consider the following two-step determination for the

6 The recovery rate is the ratio of waste goods separated for recycling by consumers
to total consumption of final goods.

7 This producer’s price corresponds to FOB when wastes are exported.
8 Strictly speaking, if we consider time, the supply of recyclable waste is given at the

beginning of each period and does not depend on the consumption and recovery
rate in the present period. That is because the supply of recyclable waste in the
current period is the result of consumption and collection in the previous period.
If, however, one cycle is completed in a short time, we can consider the steady
state.

9 For a firm or a district, marginal cost may be decreasing, which implies that β

is negative. However, for a whole country, various types of resources are scarce,
including human capital, so marginal cost can be considered to be increasing.
Even if β is negative, our discussion and results can be applied if −1 < β < 0.
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(a)

Figure 1a. (a) GDP/capita and recycling rate: paper and cardboard (2005)
Notes: The sample number is 29. Due to limitation of data availability on the recycling
rate, six samples are those of 2004 and two samples are those of 2003.

(b)

Figure 1b. GDP/capita and recycling rate: glass (2005)
Notes: The sample number is 24. Due to limitation of data availability on the recycling
rate, four samples are those of 2004 and two samples are those of 2003.
Source: OECD Statistics. Environment: Waste, OECD Environmental Data Com-
pendium 2006–2008; and UN, National Accounts Main Aggregates Database.

supply of recycled materials.10 First, one unit of input (Z B, j ) for the pro-
duction of recycled material is made by mixing imported and domestic

10 The model can be extended easily to the case in which exporting countries also
produce recycled materials.
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Figure 2. Generation of municipal waste per capita and GDP (2005)
Notes: The sample number is 27. Due to limitation of data availability on the genera-
tion of waste, three samples are those of other years (2003, 2004 and 2006).
Source: OECD Statistics. Environment: Waste, OECD Environmental Data Com-
pendium 2006–2008; and UN, National Accounts Main Aggregates Database.

recyclable wastes. In terms of recyclers, the quality of recyclable waste gen-
erated in any pair of countries generally differs because of variation in the
quality of consumed goods, the manner of consumption and the means
of discarding. Thus, different countries’ recyclable wastes are imperfect
substitutes for each other.

The technology of mixing wastes to produce the input is
described by

Z B, j =
∏

i

bγ

i j · bγ

j j , i ∈ N , (N + 1)γ = 1,

where bi j denotes recyclable waste exported from country i to coun-
try j · b j j for any j indicates the domestic recyclable waste.11 Inputs are
determined such that the unit cost is minimized as follows:

Min
∑

i

pb,i j bi j + pb, j j · b j j , s.t. Z B, j = 1,

where pb,i j denotes the price of imported recyclable waste from coun-
try i to country j .12 Solving the cost-minimization problem, the demand

11 The process of collecting waste is the same as that for exporting countries.
12 This price corresponds to CIF when wastes are imported. Note that, if i = j ,

qb,i j = pb,i j .
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function is

bi j = p−1
b,i j · P̄B, j , (2)

where P̄B, j = ∏
i pγ

b,i j (i ∈ N ), which is the price index of recyclable waste.
The unit cost is given by pZ B, j = (N + 1) · P̄B. j .

The market for recycled material is perfectly competitive. Given the unit
cost of input (pZ B. j ), the producer’s price of recycled material (qr, j ) and
the wage (w j ), the profit of this sector is defined as

πr, j = qr, j Rs j − (w j lr, j (K̄r, j ) + pZ B, j ) · Rsρ
j , ρ > 1, l ′r, j < 0, (3)

where Rs j denotes the quantity of recycled material produced in country
j . Moreover, lr, j and K̄r, j denote the labor input used for the production
of recycled material and the amount of the specific factor, which is cap-
ital stock, in the production of the recycled material, respectively.13 The
condition ρ > 1 implies that marginal cost is increasing, and the profit
(producer’s surplus) is paid to the specific factor owners. As with sup-
pliers of recyclable waste, recyclers need not differentiate between the
quality of product shipped to one country versus another. Solving the profit
maximization problem, the supply function is obtained as

Rs j =
(

qr, j

ωr, jρ

) 1
ρ−1

, (4)

where ωr, j = w j lr, j (K̄r, j ) + pZ B, j .
From (2) and (4), the demand for recyclable waste collected in country i

that is shipped for recycling to country j can be obtained as follows:

Bdi j = p−1
b,i j · P̄B, j · Rsρ

j . (5)

Moreover, we consider that some waste enters the landfills of the import-
ing country. It is likely that higher per capita GDP is accompanied
by greater environmental consciousness and a lower ratio of imported
waste entering landfills. Thus, the demand for recyclable waste can be
rewritten as

Bdi j = p−1
b,i j · P̄B, j · Rsρ

j · a j Ēτ
j , a j > 0, τ < 0, a j Ēτ

j > 1, (6)

where Ē j denotes the per capita GDP of country j and 1/(a j Ēτ
j ) is the

ratio of recycled imported waste to total imported waste for the importer
(country j). Finally, τ represents the income elasticity of this ratio.

13 K̄ can also be human capital.
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3. Trade volume
From (1) and (6), the equality condition between import demand and
export supply of recyclable waste produced in country i is

qβ
b,i · Rei · Xi =

∑
j

Bdi j = q−1
b,i

∑
k

C−1
b,ik · P̄B,k · Rsρ

k · ak Ēτ
k , k ∈ M,

where pb,ik = qb,i · Cb,ik , and Cb,ik denotes the cost of transporting recy-
clable waste from country i to country k. Thus, the trade volume between
exporting country i and importing country j is given by

Bi j = C−1
b,i j · P̄B, j · Rsρ

j · a j Ēτ
j ·

⎛
⎜⎝

∑
k

C−1
b,ik · P̄B,k · Rsk

Rei · xi

⎞
⎟⎠

− 1
β+1

, k ∈ M. (7)

Now, let us consider factors that determine the trade volumes of recyclable
waste between exporting country i and importing country j .14 In the fol-
lowing, it is assumed that the price index (P̄B,i ) is given in determining the
trade volume of each pair of countries.

Bracketed values in (7) are the same for all importing countries because
the numerator includes variables of all importing countries. Thus, three fac-
tors clearly affect trade volume: the transportation cost (Cb,i j ), the scale of
the recycling sector (Rs j ), and the ratio of imported waste entering landfills
to total waste imports (country j).

The scale of the recycling sector warrants more detailed examination.
Obviously, the candidates that affect the price of recycled material, and
accordingly, Rs j , are the production cost of the recycled material in country
j and the demand for recycled materials produced in country j .

3.1. Wages of importing countries
Based on (4) and (7) and given the price of recycled materials, we can see
that there is an inverse relationship between per-unit variable cost (ωr, j )

and the scale of the recycling sector. In general, a higher wage rate sug-
gests a greater per capita quantity of capital stock (figure 3). Thus, the
relationship between wage and per-unit variable cost depends on whether
the recycling process is labor or capital intensive. If the recycling sector is
labor intensive, then the higher the wage is in an importing country, the
lower the capital rent is in that country, which in turn implies lower recy-
clable waste imports for any given price of recycled material. On the other
hand, if the recycling sector is capital intensive, the higher the wage is in
an importing country, the more recyclable waste it imports for any given

14 Details of final goods industries can be described in a manner similar to the
descriptions of the recycling sector. Demand and supply conditions of final goods
affect the supply of recycled material. However, because equations and processes
become unnecessarily complicated for the purpose of this paper, we omit descrip-
tion of those processes and intuitively discuss the factors related to the final goods
industry and the demand scale. The theoretical detail is available upon request.
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Figure 3. Correlation between the wage and capital stock (1990)
Source: Peen World Tables and Laborsta (ILO).

price of recycled material. The same producer price prevails when recycled
material can be traded freely between any two countries and when trans-
portation costs are the same for any two countries.15 In such a case, this
cost factor determines the scale of the recycling sector.

However, when recycled material cannot be traded freely, wages can
affect the scale of the recycling sector via another channel.16 Because
recycled material is an intermediate good, producers of final goods tend
to procure recycled materials from domestic recyclers. Thus, a larger final
goods industry in country j suggests greater demand for material from
recyclers in country j . Accordingly, the market scale of recycled material
produced in country j is larger. It usually holds that the scale of a country’s
industrial sector parallels its quantity of capital stock. Ceteris paribus, the
higher a country’s wages, the more material it demands, including recycled
materials.

Consequently, wages can affect the trade volume of recyclable waste
positively or negatively. If a lower wage country imports more recyclable
waste, it implies that early-stage developing countries import a large
quantity of recyclable waste. Recycling in these countries might be labor
intensive, and negative externalities of importing waste from developed
countries will likely overshadow gains from trade. If a higher wage country
imports more recyclable waste, it implies that import volumes will increase
along with industry expansion. In this case, significant gains from trade

15 ‘Freely’ means in the absence of artificial trade barriers.
16 In addition to trade barriers such as tariffs, information and transportation costs

can impede free trade when they depend on trading pairs.
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are likely because trade in recyclable waste supplies industries in these
countries with input materials.

3.2. The market scale: population and GDP of importing countries
For a given per capita GDP, larger populations have greater demand for
final goods. In this sense, population measures the market scale of final
goods. GDP itself can also be a measure of market scale because a greater
GDP implies a higher per capita GDP or/and a greater population size.

When final goods can be traded freely, consumers might be indifferent
between domestic and foreign final goods. In that case, final demand in
country j does not affect the scale of that country’s final goods industry.
In other words, consumers and final goods producers face the same inte-
grated world market. However, if final goods cannot be traded freely, the
GDP or population will positively affect the scale of the recycling sector
and the demand for recyclable waste because consumers will tend to pur-
chase domestically produced final goods. In the latter case, a larger market
scale leads to a higher price of recycled materials and, accordingly, larger
demand for recyclable waste (see equation (4)).

3.3. Per capita GDP of importing countries
As per capita GDP increases, people usually become more environmen-
tally conscious, which is likely to increase the waste recovery rate. If so,
imports of recyclable waste decrease because domestic and foreign recy-
clable wastes become substitutes. Moreover, recyclable waste imported into
developing countries is sometimes dumped in landfills. Environmentally
conscious populations disapprove of landfill dumping, which again sug-
gests that imports of recyclable waste will decrease.17 On the other hand,
for a given population, per capita GDP can be a measure of the market
scale. Similar to the case of GDP and population, a higher per capita GDP
may lead to larger demand for recyclable waste.

In summary, the two effects are at odds with each other. However,
when focusing on developing countries, their waste recovery rates are usu-
ally low. Therefore, the domestic supply of recyclable waste cannot meet
increased demand. Thus, in the case of developing countries, assuming
all other variables are fixed, the demand for imported recyclable waste is
likely to become greater as per capita GDP increases.

3.4. Variables of exporting countries
The variables of exporting countries also affect trade volume. It follows
from (7) and the assumption of β (0 < β < 1) that the quantity of final
goods consumed and the recovery rate of exporting country j positively
affect the export supply of recyclable waste. Given that other variables are
fixed, an increase in per capita GDP increases demand for materials and,
accordingly, for recyclable waste. However, for developed countries, waste
recovery rates are generally high. Therefore, increases in the supply of recy-
clable waste are likely to exceed increases in demand. In such cases, the

17 Recall that τ in (7) is negative, which is defined in (6).
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exporting country’s per capita GDP positively affects its trade volume in
recyclable waste.

A similar result is obtained for the exporting countries’ populations and
GDP. A greater market scale leads to a greater demand for final goods and a
greater supply of recyclable waste. If the latter effect dominates the former
effect, the greater is the population or GDP of an exporting country, the
more recyclable waste it exports.

4. Empirical evidence of trade patterns in recyclable waste
We have examined the relationship between trade flows of recyclable waste
and variables determining its transboundary movement. This section
empirically examines the effects of those variables on trade volumes. In
the real world, other economic and non-economic factors influence trade
flows, so we include those factors in our estimation.

4.1. Empirical specification: a commodity-specific gravity model
Gravity models have empirically succeeded in explaining trade flows.
Numerous studies employ them, and several studies have theoretically jus-
tified the use of gravity equations (see Anderson, 1979; Bergstrand, 1985,
1989; 1990, Anderson and Wincoop, 2003; Baldwin and Taglioni, 2006;
Chaney, 2008; Helpman et al., 2008). According to (7), it is appropriate to
base our estimation on a gravity model methodology. The predicted signs
of the independent variables are those explained in the previous section.
This study applies the Poisson pseudo-maximum likelihood (PPML) model
following Tenreyro (2007). Silva and Tenreyro (2006) identify several prob-
lems associated with log-linearization in the gravity model. They argue
that the expected value of error also depends on the regressors if the
variance of error depends on the regressors (heteroscedasticity). Silva and
Tenreyro (2006) also argue that pairs of countries with zero bilateral exports
need to be omitted from the sample as a result of the logarithmic transfor-
mation. This requirement can create additional bias. In our estimation, we
use the Poisson model.

Our empirical commodity-specific gravity model of waste and scrap is
as follows:

BI J = A · G D Pα1
I G D Pα2

J Nα3
I Nα4

J R AW α5
I R AW α6

J W α7
I W α8

J Cα9
I J

× exp[α10 BO RDE RI J + α11 AP EC + α12 EU + α13VI J ]εI J , (8)

where
BI J = value (dollars) of country i ’s commodity (waste and scrap) imported
by country j18

18 In general, empirical studies adopt values as trade volumes. However, when
it comes to estimations for wastes, weights are often used, because physical
amounts are important in terms of environmental costs. However, we adopt val-
ues for the following two reasons. First, as Kellenberg (2012) pointed out, values
are usually proportional to weights. Thus, both types of estimations provide the
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G D PI = per capita GDP of exporting country i
G D PJ = per capita GDP of importing country j
NI = population of exporting country i
NJ = population of importing country j
R AWI = total imports of raw materials in exporting country i
R AWJ = total imports of raw materials in importing country j
WI = manufacturing wages in exporting country i
WJ = manufacturing wages in importing country j
CI J = shortest distance between country i ’s commercial centers and coun-
try j ’s import point
B O R DE RI J = a border dummy (=1) if countries i and j share a border
(=0 otherwise)
AP EC = a dummy variable (=1) for intra-Asia–Pacific Economic Cooper-
ation (APEC) flows and (=0 otherwise)
EU = a dummy variable (=1) for intra-EU flows (=0 otherwise)
VI J = real exchange-rate volatility
εI J = the error term

We also conduct another estimation equation: we take GDP as an indepen-
dent variable instead of per capita GDP and population. For our purpose,
it is important to distinguish per capita GDP and population because the
former also represents environmental consciousness. However, GDP is also
able to measure the market scale simply and directly. Thus, we adopt both
types of estimations.

We note that an alternative method considering multilateral resistance of
each country to the world (see Anderson and Wincoop, 2003) is not applica-
ble in our case because the use of exporter-time dummy and importer-time
dummy makes country specific variables in each year such as per capita
GDP excluded from the specification and testing our main hypothesis
non-testable in this study.

4.2. Data
We obtained bilateral export data (constant US$) from the Global Trade
Atlas of GTI, Inc. with alternative Harmonized System codes (HS codes).
Population and real per capita GDP (constant US$) are, wherever possible,
from the Penn World Table. Where these data are unavailable, we use World
Development Indicators and the International Monetary Fund’s International
Financial Statistics. Finally, we specify dummies for landlocked, borders
and distance using the US Central Intelligence Agency’s World Factbook.
Wage data are from LABORSTA, a database of labor statistics compiled by
the International Labour Office Bureau of Statistics. This particular gravity
data set is the most comprehensive that we know of. The sample period is
17 years, 1995–2011, for all commodity products in our panel data set.

We chose five waste and scrap commodities: (1) waste, parings and scrap
of polymers of ethylene; (2) waste, parings and scrap of polymers of vinyl

same results. Second, as Ichinose et al. (2013) demonstrated, traded waste in one
category often includes other kinds of wastes, and prices can thus be slightly
different depending on the source country.
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Table 2. Harmonized system codes of waste and scrap

HSC Number of
code Commodities countries

391510 Waste, parings and scrap of polymers of
ethylene

116

391530 Waste, parings and scrap of polymers of vinyl
chloride

93

391590 Waste, parings and scrap of polymers of other
plastics

137

720449 Ferrous waste and scrap, remelting scrap ingots
of iron or steel

139

740400 Copper waste and scrap 160

chloride; (3) waste, parings and scrap of polymers of other plastics; (4) fer-
rous waste and scrap, remelting scrap ingots of iron or steel; (5) copper
waste and scrap. The HS codes appear in table 2. We chose these wastes
because they fit the objective of this paper: they have large markets in
many countries, and international markets for them exist.19 The number of
countries in our panel sample varies by the waste recycled because of data
availability, ranging from 93 to 160 countries. Table 2 indicates the sample
size for each waste.

As discussed in section 3, an increase in the market for final goods may
influence the demand and supply of recyclable waste and its correspond-
ing trade flows. Based on our theoretical analysis, we expect that the signs
of these independent variables should be positive for waste exporters and
importers.

The manufacturing wages of waste-importing countries are important
in this study. The coefficient for this variable should be negative if less
advanced countries with lower wages import more recyclable waste, and it
should be positive if they import less. We could have used variables such
as capital stock and the scale of the industrial sector to represent the scales
of the recycling and final goods sectors (or the degree of development). We
chose wages over those alternatives because of data availability.

Raw materials may be substitutes for recycled materials for any given
output of final goods. Thus, we take it as an independent variable to con-
trol the estimation. The remaining variables include distance, dummies
for APEC and EU membership, and real exchange rate volatility. As in
conventional gravity estimation, the expected signs of the estimated coef-
ficients for these variables are negative, positive, positive and negative,
respectively.

19 Wastepaper is a good candidate for this analysis. However, the sample size is too
small to support an empirical analysis.
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4.3. Empirical results
Table 3 provides the estimated results. We adopt the PPML model fol-
lowing Tenreyro (2007) to control sample selection and heteroscedasticity.
The PPML estimator allows for the inclusion of zero trade observations.
Exporter fixed effect and importer fixed effect are included in our analysis.

Most estimated parameters have the expected signs and are statisti-
cally significant. The results are similar to those of the previous studies
that analyzed trade flows using gravity models. Coefficients of population
and GDP for exporting and importing countries are positive. Almost all
coefficients are statistically significant at 1 per cent confidence.

Coefficients of per capita GDP for exporting and importing countries
are also positive. As discussed in section 3, whether the demand effect
dominates the environmental consciousness effect is important in deter-
mining trade flows. The positive coefficient for waste-importing countries
suggests that their demand for final goods strongly influences trade in
recyclable waste. However, some of the coefficients for importing countries
are insignificant, which also suggests that the environmental consciousness
effect can be effective. In particular, some developed countries import few
recyclable wastes.

Coefficients for manufacturing wages in the importing country are pos-
itive. Almost all of the coefficients are significant at 1 per cent confidence.
In general, economic growth and industry expansion lead to higher wages.
Because this result can be applied to the group of developing countries,
we have shown that the more developed a developing country, the more
recyclable waste it imports.

We note that the implications of these positive signs are different from
the implications of ordinary gravity estimations for trade in final goods. In
the case of trade in recyclable waste, the most serious problem is that the
recycling process is separate from other production processes and located
in the least developed countries, if it exists. This is a type of pollution haven
problem. However, we find no evidence for a pollution haven for wastes
and recycling. Our results suggest that recycling sectors are likely to be
located along with the production process of final goods.

Our model also analyzes the effect of regional trade agreements by
including variables representing trade flows for APEC and EU. We use the
distance variable to approximate transportation costs, and we retain the
adjacency dummy variable in the empirical model, as there is more trade
between countries sharing common borders.

We estimate the effect of exchange rate volatility following Cho et al.
(2002) and find that it has a negative and significant effect on the flows
of most of the commodities examined. This finding is consistent with the
findings of Cho et al. (2002), who suggested that exchange rate volatility
impairs trade flows in sectoral trade. However, they also found that the
negative effect is commodity specific.
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Table 3. Empirical estimates of gravity models

Commodity
code 740400 740400 720449 720449 391510 391510 391530 391530 391590 391590

Per capita
GDP

0.847 0.883 1.489 3.273 1.775

(Exporting
country)

(5.07)∗∗∗ (6.71)∗∗∗ (4.64)∗∗∗ (9.54)∗∗∗ (4.41)∗∗∗

Per capita
GDP

0.113 0.218 3.289 3.195 5.418

(Importing
country)

(0.74) (0.82) (7.40)∗∗∗ (5.35)∗∗∗ (9.43)

Population 0.589 0.674 0.200 0.733 0.247
(Exporting

country)
(10.11)∗∗∗ (14.40)∗∗∗ (1.85)∗ (11.61)∗∗∗ (2.68)∗∗∗

Population 0.464 0.754 0.548 0.577 0.974
(Importing

country)
(8.54)∗∗∗ (14.30)∗∗∗ (7.43)∗∗∗ (8.07)∗∗∗ (14.47)∗∗∗

GDP 0.604 0.706 0.011 0.615 0.047
(Exporting

country)
(10.98)∗∗∗ (15.65)∗∗∗ (0.11) (8.27)∗∗∗ (0.43)

GDP 0.425 0.765 0.761 0.496 0.722
(Importing

country)
(7.86)∗∗∗ (15.18)∗∗∗ (6.40)∗∗∗ (6.04)∗∗∗ (7.01)∗∗∗

Raw material 0.110 0.104 0.027 0.026 0.482 0.669 −0.353 −0.292 0.513 0.550
(Exporting

country)
(2.72)∗∗∗ (2.63)∗∗∗ (1.00) (0.95) (3.89)∗∗∗ (4.54)∗∗∗ (−6.18)∗∗∗ (−4.65)∗∗∗ (5.23)∗∗∗ (4.78)∗∗∗
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Raw material 0.475 0.491 0.340 0.309 1.695 1.565 0.630 0.568 0.132 0.009
(Importing

country)
(12.04)∗∗∗ (12.77)∗∗∗ (8.41)∗∗∗ (8.05)∗∗∗ (18.50)∗∗∗ (15.90)∗∗∗ (9.40)∗∗∗ (10.02)∗∗∗ (2.23)∗∗ (0.13)

Wage 0.009 0.139 0.204 0.316 0.371 0.615 1.379 0.217 0.911 0.211
(Exporting

country)
(0.09) (3.16)∗∗∗ (2.53)∗∗ (6.49)∗∗∗ (2.32) (7.24)∗∗∗ (7.99)∗∗∗ (2.23)∗∗ (3.52)∗∗∗ (3.29)∗∗∗

Wage 0.211 0.434 0.106 0.668 2.855 0.625 1.871 0.536 2.851 0.271
(Importing

country)
(2.12)∗∗ (11.33)∗∗∗ (0.71) (14.57)∗∗∗ (11.73)∗∗ (9.54)∗∗∗ (5.37)∗∗∗ (5.48)∗∗∗ (8.86)∗∗∗ (2.68)∗∗∗

Distance −0.637 −0.616 −1.101 −1.096 −0.718 −0.429 −0.892 −0.690 −1.337 −1.053
(−8.16)∗∗∗ (−8.27)∗∗∗ (−7.88)∗∗∗ (−8.05)∗∗∗ (−3.93)∗∗∗ (−1.99)∗∗ (−6.45)∗∗∗ (−5.48)∗∗∗ (−9.18)∗∗∗ (−7.51)∗∗∗

Border
dummy

0.923 0.963 0.513 0.498 1.488 1.623 2.134 2.922 0.228 0.974

(7.12)∗∗∗ (7.77)∗∗∗ (2.59)∗∗ (2.61)∗∗∗ (5.09)∗∗∗ (4.11)∗∗∗ (7.78)∗∗∗ (8.91)∗∗∗ (0.84) (3.50)∗∗∗
APEC dummy 1.035 1.031 0.953 0.948 0.207 0.811 1.385 1.552 1.952 2.117

(7.51)∗∗∗ (7.53)∗∗∗ (8.14)∗∗∗ (2.61)∗∗∗ (0.76) (2.71)∗∗∗ (6.84)∗∗∗ (6.76)∗∗∗ (8.36)∗∗∗ (7.10)∗∗∗
EU dummy 0.303 0.341 0.645 0.828 −1.829 2.748 −0.054 −0.892 −0.465 −1.463

(1.56) (1.87)∗ (2.48)∗∗ (3.34)∗∗∗ (−6.21)∗∗∗ (−7.65)∗∗∗ (−0.23) (−4.56)∗∗∗ (−2.52)∗∗ (−8.04)∗∗∗
Real exchange

rate
−4.762 −4.891 −4.402 −4.190 −6.641 −12.515 −4.417 −8.377 −2.141 −4.255

volatility (−5.64)∗∗∗ (−5.99)∗∗∗ (−5.44)∗∗∗ (−5.54)∗∗∗ (−4.70)∗∗∗ (−6.73)∗∗∗ (−3.81)∗∗∗ (−5.42)∗∗∗ (−2.75)∗∗∗ (−4.17)∗∗∗
(Pseudo)

R-square
0.71 0.71 0.63 0.64 0.58 0.47 0.79 0.72 0.46 0.48

Notes: z-statistics in parentheses.∗, ∗∗ and∗∗∗ denote significance at the 0.10, 0.05 and 0.01% level, respectively.
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5. Conclusion
This study investigated the factors of both exporting and importing coun-
tries that affect the trade volume of recyclable waste. The determinants
of this trade are important in terms of both economic benefits and trans-
boundary negative externalities.

In this study, we first provided the theoretical background concern-
ing trade flows of recyclable waste. Next, we provided empirical results
using a commodity-specific gravity model of waste and scrap. We found
that higher manufacturing wages, larger population size and/or higher
per capita GDP in an importing country correspond to greater imports
of recyclable waste. In conjunction with our theoretical background, this
finding suggests that there is no evidence that recycling sectors expand
more rapidly in less advanced developing countries than in more advanced
developing countries. Rather, imports of recyclable waste increase with
industry expansion/economic growth. This result has implications regard-
ing the gains from trade and the environmental costs generated by wastes
exported from developed countries directly to developing countries. When
trade in recyclable waste is restricted, it is likely that the decrease in imports
by more advanced developing countries is greater than the decrease in
imports by less advanced developing countries. Thus, trade restrictions
entail significant losses in production efficiency because they make it dif-
ficult for more advanced developing countries to procure materials at low
prices.

Our empirical results also indicated the possibility that recycling sec-
tors tend to be located in countries where the production processes of final
goods are located. We comprehensively included cases of trade when both
an exporter and an importer are developing countries. Recyclable waste
imported into a developing country from a developed country is often re-
exported to less advanced developing countries (Shinkuma and Managi,
2011). Those wastes may cause more serious negative externalities than
those traded between developed and developing countries if pollution
havens exist. However, in conjunction with the fact that more advanced
developing countries import more recyclable waste, we find no evidence
for a pollution haven for wastes and recycling.

Unfortunately, we did not consider the microbehavior of waste col-
lectors. It is possible that recycling activity in more advanced countries
exhibits increasing returns-to-scale technology. It may also be important to
estimate the recycling technology (the supply function of recycled materi-
als). Future research needs to consider these factors. With this extended
analysis, policy discussions can progress to determining what types of
transboundary movements of waste and scrap should be banned.
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