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Characteristicsand Community Evolution Patter ns of the I nter national

Scrap Metal Trade

Abstract
To reduce the excessive consumptiomaital minerals and boatte development of the

circular economyscrap metals are increasingly recycled acrosswbdd. Due to the
geographically uneven distribution @frap meta, most countrieare activelyparticipating in
the internationalscrap metatrade This study collect internationaltrade records on scrap
metals from1988 to 2017and constructshe annual global scrap metals trade network
(GSMTN) to analyze the characteristics and dynamic evolutigdhexcrap metal tragl The
results reveal globalizationtrendof thescrap metal tragl the scaldree characteristgofthe
trade networkand thancreasingnonopolization otheexportmarket Theinternationakcrap
metal trade has experienta dynamic evolution in the past 30 years laastevelogdinto a
complex system withlaierarchical structurthat isled bya few core countrie3hree relatively
stable groupsirethe main players in thiaternationalscrap metal tradéeast AsiaAmerica
Oceania, Europeand South AsiMiddle East. A review othe split andmergerprocessof
thesecommunitiescleaty showsthat geopolitics and economiturbulenceare important
elementdn thefragmentation and integratiaf tradecommunities The findingswill enable
governments tanderstand the complex trade relationships involvestrap metals, which
can helppolicy-makers propose effective impaxport policies and ensure national resource

security.

Keywords. Scrap metal trade;Complex network Structural characteristics Community
evolution



1. Introduction

Non-ferrous metal, asan importantresourcefor modern manufacturingplay a crucial
role in socialeconomic developmengyerdrup et al., 20)7However, the scarcity ahineral
resources has attractawrldwide attentiorwith rapid industrialization(Giurco et al., 2014
Graedel et al., 20)5Fortunatelymost metals caerecyclal repeatedly without altering their
properties, whictallows*unlimited manifold recycling(Ghisellini et al., 2018 othar, 2013.
More importantly, manufacturers can reduce their productiors bgsising recycled metals
instead ofmetalores(Wang et al., 2019

However, scrap metals ageographicallyunevery distributed.For examplethe USA,
as apostindustrial economy, hasn abundantreservoir ofcopper-bearingcrapproducts
(Spatari et al., 2005 Due to thehigh recycling cost and increasingy strict environmental
regulatiors, the USAsuppliegthis scrap to the export markétccording to the United Nations
Commodity Trade Statistics Databates USA exporte@pproximatelyone million tomes of
scrapcopperto other countries in 2017. In contrast, China, as a newlystrialized country,
is facing a serious shortage of mineral resoufdas evetincreasingamount of imported scrap
providesan effective way to fill the gapn 2017, the total import of sqpacoppeilin China was
approximately 3.56 milliortonnes.Therefore, the international scrap metal tradeys a
central rolen theallocation of scrap metals among countriesletailed understandingf the
import-export relations atheinternationakcrap metal tradie crucialto enablepolicy-makers
to adjusttrade policiesand ensureesource security.

Although efforts have been madd¢o investigate recycled metalstudies on the
internationalscrap metal tradéom the perspective of complex networks atél in their
infancy. To the bestof our knowledge previous studies mainly focus on the improvement of
recycling technologieas well aseconomic limitations andhallengegLiu et al., 2017 Reck
and Graedel, 201Zeng et al., 201 7Zhang and Xu, 20)8A few studies orthe scrap metal
trade focus ona limited number of countries and commodit{@vosworth and Collins, 2008
Golev and Corder, 2016ee and Sohn, 201%erao, 200} but adetailedexploration of global
scopeis lacking Therefore,to elucidatethe transboundary movement strap metalswe
collect international trade records on scrap metatbconstruct theylobal scrap metals trade

network (GSMTN)from 1988 to 2017 Complex network theoryis usel to analye the
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structural properties, detect communitiasolved in the intricate trade relationsksipand
identify the dynamic evolution patterns dhe GSMTN. Furthermore we provide policy
implicationsaccording to the results

The contributios of this papearethredold. First,this studyreviews thedevelopmenof
the international scrap metal trade in the last three deéemeshe aspects dhe dynamic
evolution of trade value, trade relat&bps core countries and communitid$ie globalization
progress is revealed and the characteristics of hierarchical structure and export
monopolization are highlighte&ecord, this studydescribeghe effect of geopolitics in the
formation of the tradand reveathe important role of different types of political and economic
turmoil in the split andnerge of the trade communitie3hesefindings will provide policy
implications for countries to avoid disruption of tteeycling industryand ensure the security
of scrap metal resourcesghird, in the theoretical research, the internatidredesystem is
modeled as a scafeee networkBaskaran et al., 20L1This studyfurther confirnsthe scale
free assumptioempiricaly from theperspectiveof theinternationalscrap metal trade.

The remainderof this paper is structured as follows. Section 2 reviews the related
literature on metals recyclingandinternational trade netwoskSection 3 provide detailed
descriptions ofhe datasets and methods used in this study. Section 4 analyzes the topological
properties othe GSMTN, and the dynamic evolution patternscommunities in th&SMTN
are describeth Section 5Sectionss presentghe discussion angblicy implications. Finally,

the conclusion and future reseagsi givenin Section 7.

2. Literaturereview

With the rig of thecircular econom, metal recyclinghas attracteavorldwide attention.
There areaumerous studies aacyclingand optimizationechnologiesl(iu et al., 2017Zhang
and Xu, 2018 economic benefits aromitations (Zeng et al., 2017 and closedoop supply
chains(Ghadimi et al., 201;%Reck and Graedel, 20LDue to thamportanceof global trade
for scrap metal, the relatedtudies hae been conducted statistical analysief export-import
flows of scrap metals in Austral@as conductedo investigateéhe Australian position in the
international cycles ofmetal production Golev and Corder, 20J6An empirical study

discusedthe SinoUS bilateral trade relationships terms of 67 commoditiaacluding scrap
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metak Bosworth and Collins, 2008In addition Terao (2005)eviewedthe trends of import
and export ormopper scrapaluminum scrap and lead scrap in Taiwan between 4882004,
examinedhe controls on international recyclable flowad provided suggestions daiwari s
recycling systenand recycling industryLee and Sohn2015)identified core trade countries
by constructinganinternational steel scrap trade network from 1990 to 20itBevealedhe
relatiorship between steel scrap utilization and steel production.

Theprevious studies mainly focedon a limited number of countries and commodjties
and the findings in these studig®videdspecificpolicy suggestions to the governmeatsl
industrial practitionersHowever,the results lack universal applicability addition,certain
important characteristics of tlttwmplexGSMTN have not beemevealedon a global scale
such asthe organizationalstructure of trad relationships for scrap metals, the level of
competition and monopoly in theternational tradetrade communities ithe intricate trade
relationshipsthe evolution patterns of these waelationships, antthe factorsnfluencing the
split andmergerof tradecommunities.

The international scrap metal tradepresents the trade relationships among countries,
which canbe interpreted as a netwofknetwork is a mathematical description of the state of
a system at a given point in time in terms of nodesealgés From the network perspective,
theinternational scrap metal tratea standard directed and weighted graph. Each node denotes
a countryregion (hereafter countrylcachedgerepresents the trade relationships between two
countries. Directionality identifies the exporter and ithporter, andhe weight of theedge
describesthe trade volume Since the seminal work oSerrano and Boguna (2003)
considerableffort has been devoted to understagdhe structural properties amedolution
patternsof trading networksaccording tocomplex network theoryFan et al., 2014
Specifically, in termsof static features, the scdiee property has beewsbserved in fde
networks [i and Chen, 2003Serrano and Boguna, 20038he clusteringstructure(Fagiolo et
al., 2008 Serrano and Boguna, 2003ymmetry (Wang et al., 2009and disassortative
property Fagiolo et al., 2008alsohavebeeninvestigated From theperspectiveof dynamic
evolution,the evolution patternsf thetopological propertiedHagiolo et al., 20L,0Giorgio et
al., 2009 as well assynchronizationl( et al., 2003 andthe associatiorfGarlaschelli and

Loffredo, 2004 2005 Garlaschelli et al., 20Q7between the trade volume and economic
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development have beeahscussedin addition tothe analysiof the aggregate international
trade networkcomplex network theorhasalso beerused toreveal the characteristics of
specific commodities, includingatural gagGeng et al., 20)4crude oil(An et al., 2014Yang
et al., 201%and nonfuel mineral(Dong et al., 20L/Klimek et al., 201%» Numerous studies
have proved that the complex network theagablesa better description of the existing
heterogeneity in the degrees of connectivity and, hence, of internatitadalintegration
(Fagiolo et al., 2010

Thus, complexetworktheory isaneffective tool to quantitatively investigatee patterns
in theinternational scrap metal traffom a systemic perspective. Due to the identified research
gap onthe internationalscrap metal trade according ¢domplex networktheory this study
builds he GSMTN and reveals the characteristics the GSMTN. The findings provide
important implications to helgovernments to cope with political and economic fluctuation

and seek effective strategiesmaintainscrap metal resource security.

3. Data and methods
3.1 Data description

To exploretheinternationatradefor scrap meta, this studycollects datafrom theUnited
Nations Commodity Trad8tatisticsDatabas€ UN Comtrade https://comtrade.un.org/This
databasecontains more thanone billion records reported by statistical authorities of
approximately200 countriesandis considered the most comprehendnagle databas&ach
record includeshe periods, the reporterand partnerghetype of export anénport, andthe
classification ofthe comnodity. The units ofmeasuremerdre avalable for weight (kg)and
value (US dollar)andeach typeof commodityhas a uniqueode(called theHS code)based
on the interpretation of Harmonized Systdihis studycollects data or20 categoriesf scrap
and wastenetals including7204 Eerrous; waste and scha@g404(Copper waste and scrap),
7503 (Nickel;, waste and scrap), 76(&luminum; waste and scrap), 78@Read waste and
scrap), 7904Zinc; waste and scrapgtc In addition the periodof the dateexamined in the
present studis from 1988 to 201,7andthe unit of measummentuseds value(ten millionUS
dollarg for the classificationof scrapmetals Notably, this studyconsiders rainland China

(hereafter Chinaand theHong Kong Special Administrative Region of Chihareafter Hong
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Kong)separatelyin addition,we observehat there isnconsistencyn thetrade valuef import
and export reported thesetwo countries, buit makes no noticeable differenoceour main
conclusionsAs a matter ofconvenience and unification, we use themaximum value of

differernt repors as the trade value betweeountries.

3.2 Network construction
To understand theharacteristics andynamicevolution ofthe internationaltrade for
scrap metalsye generataseries of trade network#hich actas snapshots of theternational

scrap metatradefor the last 30 yearsSpecifically, the directed and weighted GSMTIll
constructed asG™ = (¥ EM wly by using nodes taepresentcountries andedges to

denote the trade relationships between countrfesepresents particular yegrandit ranges

from 1988 to 2017 The set of countries includedh the network is represented by

V[I]:{vl,vz,\i,vN{,]}, and N denotesthe number of nodes inG!. The edge sets
representedoy E[']:{ey.:i, jeV™ | where ¢, indicates thatcountry i exports scrap

metalsto country j and m!! is thenumber ofedges W[‘]={wF;]} is thematrix of weighs,

and wg] is the export value okcrap metalexportedfrom country i to country j. G is

I _

specified by a signal adjacenmatrix A {ag]} When country 7 exportsscrap metal$o

country j, we have ag] =1; otherwise a!=

” 0. For the sake otompuing the structural

features of the GSMTN, we also costruct the weighted andundirected network

G =1, EY Wy, corresponding toG.

3.3 Metricsfor analyzingthe GSMTN

Thetopologicalpropertiesof the GSMTN reflect the trad@atternsand tradedynamics.
This study analyze the static and dynamic characteristic§ the GSMTN from four
perspectivesincluding centrality, distributionpatterns tightnessand community evolution.
The specifiadefinitions of the indicatorsaredescribed below.

3.3.1 Centrality



Centralityis one of the mosiundamental concepts oomplex networkheory Borgatti
and Everett, 2006 andit is usedo quantifytheimportance of vertices in netwarkhat exist
in differentcontexts The term‘importancé may have a wide variety of meaningad a large
number ofdefinitionsof centralityareproposedn previous studie@Borgatti, 2005 Landherr
et al., 201)

The conceptuallgimplestdefinitionis node degreeamely,the number oédgedinked
to a nodgFreeman, 19738A largerdegree centralitgf a country inGSMTN indicateghatthe
countryhas mordrade relationshipthanother countiesThus, whensucha countrychangs
its trade policieoonscrapmetals it will affect more trade partneirsthe wholetrade network

In terms ofthe disparity ofexportsand impors, two separate metrics of degree centrality are
defined asn-degree &"I(i) and outdegree kl(our) as follows:
flgs f ¢ ¢
k(in) = ; a4, kYout)= g{‘haf,] ()
The node degredas the sum ofnode in-degree andnode outdegree specifically,
KM = kM (in) + K" (out).
In the definition oihodedegreetheedgeweights are equaHoweveredges withdifferent

trade valuedave differenimpactson trade network Thus,by exterding the definitionof

nodedegree the node strengthf country i is definedas theaggregation ofradewith its
trade partners s = s(in) + s\ (out). The specificdefinitions distinguishinghe direction of

links areshown as follows:

sYimy= Y W, ou= Y W @)

(iyer! (e
where g (in) denotes thén-strengthof node i in network G and s(our) represents

the outstrength ofnode i. If a countrywith a larger irstrengthis removedfrom thetrade
network, thenthe total tradevaluewill be dramaticallyreduced andhe internationalscrap
metal tra@ will be subject t@ greashock.

Thenode degree and node strengte mainly affected bthenumberof edgesHowever,

the qualityof partnersis not consideredn the above measurens, which would result in
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unreasonableutcomesFor examplejf a node connect® three nonsignificant nodes and
another noddinks to oneimportantnode thenthe evaluatiorbased on the degree and the
strengthcannot distinguish the differenbetween these twoodes.Therefore the PageRank
algorithmis alsoappliedin this study(Page et al., 1999This algorithmusesthe number of
links and thequality of partnesto estimatenow importanthe nodes. Comparing to thabove
metrics, i.e.in-degree, outlegree, irstrength and owdgtrengh, thePageRank valuepresents

a comprehensive evaluatiohnodes Specifically PageRankatisfies the following equation

l-a
P =aAd’p"+—re (3)

wherethe element p ¥ of vector pi is the PageRank value ofeachnode. Ad'" denotes

the adjacenmatrix of network G with theweight matrix w!!, and thevariable Ad;_‘] of

the adjacent matrix is defined a%” / ng]. « is thedampingfactor andis alwayssetto
i

the empirical valueof 0.85. Nl is the number of nodes in netwskand e=1. The

PageRank calculation gerformedaccording tahe power iteration methpdndthe iteration
will stop after the maximum number of iterations or the error tolerancéders reached.
Specifically, the parameters of the maximum number of iterationshanerror tolerance are
set as the empirical value 100 and 1.0e=6pectively.

In addition, betweenness centrality is calculated in this study, which is propmsed t
guantify the ability of one node to contrbthe connectionsbetweenother nodesKreeman,
1977). Betweenness centrality calculated athe sum othe fractionof all-pairsshortest paths
that pass througtine given node Brandes, 200)1as follows:

b[f] — o-[f](j:kl i) (4)
© ke o'1(j.k)
where &''l(j,k) is the number aheshortespatrsbetweemodes j and k in network GUl.

ol'l(j,k| i) is the number afheshortest paths passing througtde ;i other than j and k.

If j=k,o"j,k)=1,and if i e k,c"(j,k|D)=0.



3.3.2 Distribution patterns
The distributioranalysisof trade networkis aneffective tool tadentify the trade patterns
of the global scrap metaltrade This approachprovides an intuitive and quantitative

understanding oheterogeneityThe degree distributions the simplest wayo reflect the

patterrs of traderelationships. The degree distributiaP(k'") is defined as theroportionof
nodeshaving degreek!! in the networkthatis P(k™) = nE]/Nm, where n'! is the number
of nodes with degreek”! in the network G and N1 is the number of nodesThe
cumulative distribution P(k" > k,) iscalculatecby summing theproportion of nodesiith a

degree that is not less than £ in the networks and is represented as
111 _ k= Ir] G - :
Pk zko)—zk[,]:%P(k ), where £~ is the maimum degreeof thenodes in the network

G™. Similarly, strength distributionand strength cumulative distributioare defined as

P(s*) and P(s[” 2s,), respectivelypy considering the trade value on the basis of degree

distribution If thedegree distribution of a networkvgll approximateavith P(k") ~ (&) 7,
it is called gpoweriaw distribution(Barabasi, 2016

The heterogeneity inthe networks indicated by degree distribution and strength

distributionhas not beenharacterizedlirectly. Estrada (2010propose aunique indicator of
heterogeneity A1, whichis defined as the sumotal of the differencein a givenfunction of
the node degrees for linked nodes. This indicasoeasily calculatedwith the following

equation:

f] [F1z.01-V2
NMI—2 > (k)

j AL - ()<EM (5)
N 2N -1

where N is the number of nodes ihe network G!*!. Alarger A1 means thamnost of the

trade valudor scrap metals is concentrateda few countries.
In addition the degree of monopoly in the expwadeand the degree tfadecompetition

are measured by an indicatonamely, degree centrality, which is calculated follows
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(Freeman, 1973

> (KD (in) — K (in)) D (& (out)— kM out))

c[f](in) = N1y > C[t](out )= ! (NTT_1y? (6)

where k! (in) denotes the maximum -tiegree of nodes an@'! (ouf) represents the

maximum owtdegree of nodes in the netwongg!’.

3.3.3Tightness and stability

The tightness athetradenetworksmeasureghe tradeelationshipsetween countriedt
indicates thestability of the scrapmetaltradein termsof trade tiesand structure Densityis
usedto evaluate the overall tightness among countriegriade networkFischer and Shauvit,
1995. The countries ira network with greaterdensityare closetto each otherDensity is
defined aghe fraction ofedges to the mamial number ofpossible edgeandis calculatechs
follows:

[£]
1 m

d= ——— 7
NN _1) (7)
If the weight of edgeis introduced taevaluate the tightness, theometric average of the
subgraph edge weights is proposed, whictiened asa weighted clustering coefficierib

measure tightnegSaramaki et al., 2007

1 1

[ ~ 1] ATF] A1 1/3 1] |

wee” = E (w-w. ' w- )", wee' = z wee! (8)
i k?] ( k‘i[t] _ 1) i’j,kd,v[!] ik gk ﬁr[t] S i

where ﬁ}g] is the edge weighhat is normalized by the maximum weight in tiegwork G1"!

and v’&g]:ug]/max(u}‘]). The average weighted clustering coefficienttloé nodes in

network wecl”! is used to evaluathe tightness of the network.
In addition, he averagpath lengths calculatedas the average lengthtbeshortest paths
for all possible network nogmairsin theGSMTN (Watts and Strogatz, 199&vhichintuitively

reflects the distance between countthesthavetraderelationships:

, 1 .
1= N N[r]_l)_%:md[](l,ﬂ (9)
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where d'l(i, j) denotes the shortest distance betweensigdand j in the network G,

When node j is out of reach of nodg or i= j, we set d'"l(i, j)=0.

In addition tothe average path lengttihhe core number of the trade network is another
way tomeasure the distance between nodbss approachs used taevaluate the depth of the

entire networkoy revealing the hierarchical structyBatagelj and Zaversnik, 20D3 k-core

is themaximal subgraph in the networg!! that contains nodes of degrgg’! or more and

the core number of a node is the largest valfé of ak-core containing that node. Therefore,

the core number of a networkdefined aghe maximum core number of nodes. A network
with a smaller core number is lgsgrarchical and more easily controlled.
Furthermorea change in theountries involved in the scrapetal trade can be detected

by usinga simple metric to measure the member stabilith@&GSMTN. This metrics defined

as thefraction of unchanged nodes in the trade network figrto ¢~ andis calculatedas

follows:

V[fi] V[fm]
ms[r,-1=| Ll ]l (10)
|V 3 V i+ |

where ¥ is the node set in time.

3.3.4 Community structure

Community structureeveas the group organizatiorend indicates the distribution of the
edgeqFortunato, 2010Girvan and Newman, 20pavhich is an important feature of netwsrk
Community structurés not only globdl inhomogeneoubkut also locally inhomogeneoasd
includeshigh concentrations of links between nodesentainspecial communities and low
concentrations between nodesther groupsKortunato, 2010 In the GSMTN, countries in
the same communityhave close relatiohgps with each otherindicating the regional
characteristics of th&SMTN. In addition, thedynamicevolution ofthesecommunitieplays
a vital role inunderstanding the trends in therapmetaltrade

To detectthe community structuresf the GSMTN, this studyemploys aninformation

theoreti@al approachnamedinfomap (Rosvall and Bergstrom, 2008The algorithmis based
11



on the ideaf descriling a networkusingthe leastamount ofinformation Infomap convers

the problem to optimally compress the coding leriigtitheprobability flow of random walks.

To find the best partition M1 of the network GI1, which is alsahe optimization objective,

the average description lengthgsen by the sum of the entropy of the movement between

communities and the entropy of movements within communities
24"y
L(M™) =g 1@ + Y pH (5 (11)
=1

where g1 denotes the probability o random walk from one community to another

community and H{#"1) is the entropy ofhe community names.pl!‘] stands for thesum of
the percentagef intragroup walks in communityy and movements leaving community
| M| represents the number of communities in partitiggfl. H(c!") is the entropy of

intragroup walks in communityj . The Infomap algorithm can be calculated by the
MapEquation software packages, whagkavailable ahttps://www.mapequation.org

To further analyzethe difference irthe size of communities in each year, we use the

indicator diversity, which is defined adiver[f]—ljul{t] Zrmlog(r[‘]) where Ml is the set

of communities divided by the algorithm ana/'| is the number of Communities-l._[” IS

the ratio of the size of the community to the number of countries ing¢metwork GI1.

diver?! ranges from 0 to Bnd a higher value indicatasmore unifornsize of communities.

4. Topological propertiesof theGSMTN
4.1 Overview of the GSMTN

Figure 1reviewsthe changesf theinternationalscrapmetal traderom 1988 to 2017
Figure 1A) clearly showghat the number of countriés the GSMTN presentedn upward
trend during thdast three decadesdreached a peak in 20iwith 235 countriesBetween
1988 and2000,thenumber of countries grew dramaticdigm 133 countrie$o 224 countries

mainly due to the inclusion aofleveloping countries in Africand Latin America After this

12
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period,the number of countries climbed slightly and remastatlesince 2010Similarly, the
number of trade relationshipscreasedsince1988 asshown inFigure XB). This number
fluctuatedfrom 2007 to 2011but declinedslightly after 2012. We find that each country
maintainedtrade relatioshipswith an average of0 countries in 2017, as showmFigure
1(C). The growth in the number of countries and tradtiorships indicatesthat more
countries nowparticipatein the scrap metdftade

However, the trade value of scrap mesdlews aignificantly different variatiotendency
Figure XD) and(E) show thatthe trade valuencreasedsharply in2000 and peakeith 2012.
For the followingfive years,the trade valueggraduallydecreased and then returned to its
original level in 2007 This declinein trade valuemight be impacted byhe depressed
international econogn Notably, theinternationalfinancial crisis and the European debt crisis
startedn 2007 The stagnargconomy reduced thdemand for srap metalsHence the trade
valuefor scrapmetals decreased to a certain extenaddition, the import trade value of China
declined sharply in thiastsevenyears andthe 34% reduction of the trade value waride
was a result This reduction was causdxyy Chinese policies othe restriction of importing
scrap metaldn addition the member countries haremainedstable in recent yegrasshown

in Figure XF).

13
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Figurel. Basicinformation onthe GSMTN from 1988-2017.

Wefurther analyze the distribution patterns of the trade netwddk distribution patterns
of the GSMTN are shown inFigure 2 indicatingthe diversity of countriegvolved in the
internationakcrapmetal tradeThecumulative degree distribution and the cumulative strength

distribution ofthe GSMTN obeythe powedaw form. As shown iffable 1 the powetaw

exponent of the cumulative degree distributieryy,  remains within the range(.87, -0.61]

The imitative effect of the function evaluated b)R: is good and the parameters are
sufficiently significant.In addition,in terms of therade value, the fitting coefficients of the
cumulative strengttistribution —y_have beemelatively stableverpast 30 yearsemaining
within the range o0f-0.25, -0.20].The cumulative degree distribution and the cumulative
strength distribution in 1988, 2003 and 2048 éxamplgsareshown inFigure 2(A)-(F). We
intuitively observe the shape of the long tail on the cumulative distribution, whitherify

the resultgpresentedn Table 1 These results demonstratet the internationalscrapmetal

trade is dominated by a few countrigscontrast, we find that the estimated parameteénef

powerdaw function on the cumulative strength distributiery _ is greaterthan that on the

14



cumulative degree distribution-y, . Thisresultindicates that theistribution oftrade value is

more nonuniform than thatof trade relationship This resultis verified by the steeper
distribution curve of strengtlasshown inFigure ZD)-(F).

Figure ZG) illustrates thevariationin in-degreecentrality from 1988 to 2017, which
reflectsthe level ofmonopolizatiorand competition in thenternationalrade in scrap metsl
Clearly,the outdegree centrality increased gradually in the first 20 yearsli@sticallyin the
last decad&rom 44.4% to 79.7%lheout-degree centrality in 2017 is more than twicéigh
as that in 198&t 79.7% and 32.1%espectivelyln addition,thetop five exporting countries
occupiedapproximately39.4% of the trade value of théotal exportvalue. Competition is
measured by the idegree centralitgndthe competition among importing countries gradually
increasedrom 1988 to 2000 and then slightlgcreasedRecently,competition in the import
market remained approximately 60%A comparison of then-degree centrality and out
degree centralitghows thathere ismore intense competiticmmong the impontg countries
thanamongthe exporing countries.Furthermorefigure ZH) shows thesubstantiatlecline of
the heterogeneity of the GSMTN in the past 30 years. In 204 heterogeneity of the GSMTN
reached a relatively low levelf 39.2% butwasstill higherthan 11% in théarabastAlbert
network Estrada, 201)) indicating that the GSMTN is more uneven than the network

generated by preferential attachment.
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Tablel. The fitting result of the cumulative distribution of the GSMTN.
Year Degree Strength Year Degree Strength

7 R, 7, R} 7y R; -7, R?

5 5

1988 -0.87" 0.94 -0.25" 0.80 2003 -0.62" 0.75 -0.23"  0.77
1989 -0.72" 090 -0.25" 0.83 2004 -0.63" 0.73 -0.23" 0.76
1990 -0.73" 0.90 -0.24" 0.81 2005 -0.61™ 0.71 -0.23"  0.74
1991 -0.69" 0.89 -0.25" 0.84 2006 -0.66™ 0.73 -0.25" 0.78
1992 -0.65" 0.86 -0.25" 0.83 2007 -0.62" 0.73 -0.22" 0.72
1993 -0.67" 0.85 -0.25" 0.83 2008 -0.65™ 0.74 -0.23"  0.72
1994 -0.68" 0.84 -0.25" 0.81 2009 -0.64™ 0.74 -0.24" 0.76
1995 -0.68" 0.81 -0.25" 0.81 2010 -0.66™ 0.74 -0.25"  0.77
1996 -0.64" 0.79 -0.25" 0.80 2011 -0.63™ 0.74 -0.24"  0.77
1997 -0.67" 0.78 -0.25" 0.80 2012 -0.65™ 0.72 -0.25" 0.76
1998 -0.61" 0.76 -0.24™ 0.80 2013 -0.65" 0.74 -0.24"  0.74
1999 -0.63" 0.75 -0.24" 0.77 2014 -0.64™ 0.73 -0.23" 0.73
2000 -0.62" 0.75 -0.2Z" 0.76 2015 -0.64™ 0.75 -0.21"  0.72
2001 -0.65" 0.77 -0.24" 0.77 2016 -0.66™ 0.76 -0.24"  0.77
2002 -0.62" 0.76 -0.23" 0.76 2017 -0.65™ 0.77 -0.20"  0.72

Note: —y, and —y stand for the exponesof powerlaw to fit the cumulative degree distributi@nd

cumulative strength distributipmespectively. R? and R? evaluate the imitative effect. indicatesthatthe

significance of thgparameter is less than 0.001
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We usefour indicators presented Bubsection 3.3.3 tanalyzethe tightness ate trade
relationships inthe GSMTN and drawthe following results As illustrated byFigure 3 the
density ofthetrade network gradually increasadd the average shortest path lergbreased
over thepast 30 yeardn particular therelatively low value otheaverage shortest path length
in 2017,approximatelyl.96,indicatesthat most countries can conduct trade with each other
directly withou third countriesactingas intermediary agentBlevertheless, when the trade
value isusedto evaluate the tightnessthe weighted clustering coefficienheopposite result
is obtainegas demonstrated Figure 3C). The downwarddndencyof the weighted clustering
coefficient illustratesthat thedisparity in the trade value expanded the distance among
countries, althougimcreasing numbers dfade relationshipsvere established-zigure 3D)
depictsthe variationn thecore number of countries in t&SMTN. A hierarchicalstructures
obviousin the GSMTN and the number of layers was increasing during the past three decades.
Therefore, m terms of theorganizationalstructure, countries havan increasingly loose

connection with each other in the trade networalongitudinalperspective
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Figure3. Relation betweenountries in th&SMTN from 1988-2017.
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4.2 Core countriesin the GSMTN

The core countries occuphe central positionan the GSMTN and haveimportant
influences onglobal trade To understand the dynamics of global trattes subsection
discusssthe core countries in 1998, 2003 and 2017, provides a snapshetrafie network
in Table 2 andshowsthe evolution othetop tencountries during the past 30 years-igure
4,

Table Zlists thetoptencore countriefrom differentperspectiveguantifiedoy the indices

in-degree k. (in) , outdegree k (omt) , in-strength s (in) , outstrength s (our) ,
betweennessh. and PageRank valug._in 1988, 2003 and 2017he €n core countries

identifiedby using inrdegreeand instrengthare mainlygeographically concentrat@d Europe
and Asia.Over time, the import relationships thie core countries increasedmarkablyand
the composition of the major hubkered More specificallyChina andhe USA occupiecthe
central positions ithe GSMTN, but certainEuropean countries gradually disappedred
the top list.Table 2andFigure 4A) show thatChina remairdthe most important importing
countryfrom 2002 to 201.7Thus thepolicy disturbancem China willleadto drastic variations
in the international scrap metal trades.shown inFigure 4A), the major importing countries
during the past 30 years remedirelatively stable

With regard to the major exporting countreesneasured by otdegree and otgtrength,
the topten exportersaccounted fo20.2%of the scrap metalsradein 2017.Notably, Hong
Kong is alwaysan influential exporterandremainedin the top 15n termsof trade volume
over 30 yearsas shown irrigure 4B). Due toits freeport status, Hong Kong is the important
transshipmenstation of the scrap metataportant mainland China. In 2017, Hong Komgs
the third biggest exporterf gcrap metals to mainland China, justibehthe USA and Japan.
The other important exporting countries atemnainrelatively stable, including the USA,
Germany, th&JK, theNetherlands and Frande.addition,the USA hashadthe largest export
volume oer the pasthree decades.

Figure 5illustrates the changesn the import and export trade valum/er 30 yearsin
certaincore countriesTheimport and export trade valuagsthese countrieshowed distinctly

different patternsin some countriesuch as China, India, South Korea, Turkey and, ltaty
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import trade valués much higher than the export vallidne considerablenport trade value
of the newlyindustrializedcountries China and Indimdicatesthat they haveurgent and
immenseesource needsr industrializationIn contrastthe USA, FranceandAustraliaprefer

to ship the scrap metals to other counttigs to the expensive recyclingstin these countries.
Thus, their export values are faigherthan their import valuedMoreover, countriesuch as

Canada and Germaimave relatively balanced import and export trade values

We usethe indicator betweennesss , to measue the countries that play the role of

bridgesin the trade network. Ashown inTable 2 in the early stagehebridge countriesvere
mainly locatedin Europe and Asiancluding Finland, Germany, Thailand, Italy and Japan.
Overtime, certainAfrican countriesandGulf statessuch as Botswand@anzaniaand Oman,
emerged asewcore bridgegonnecting thecrapmetal trade in 201 Thesefrequent change

in bridge countriendicatethedynamic evolution of th&SMTN.

ThePageRank valumeasureghe significance of nodes thenetworksand involveswo
assumptionsegardingjuantity and qualityn Table 2 countries irEurope and Asiancluding
Germanyjtaly, China, JaparandSouth Koreaare in the central positiomdviouslyquantified
by the PageRank valu&s shown inFigure 4C), the United Arab Emiratg$JAE) gradually
improved its status during the past 30 years and emerged as a major hub from 2013 to 2017.
The main reason is the ideal geographical location of UAE, which is conveniemtdd scrap
from Africa and Europe, refine or sort it and therexgot it within the region as well as into

China, India and Pakistan
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Table2. Top 10 countries in 1988, 2003, 2017 different indicators.

Rank | In-degree Rank | Out-degree

1988 2003 2017 1988 2003 2017

Country Value | Country Value | Country Value Country Value | Country Value | Country Value
1 Germany 99 India 141 Netherlands| 154 1 Germany 47 USA 118 Netherlands 206
2 Japan 75 Germany 118 India 151 2 Switzerland 32 Germany 96 USA 116
3 India 66 UK 113 South 138 |3 Australia 26 UK 94 China 97

Korea
4 SouthKorea 60 China 112 Germany 136 | 4 Japan 25 France 88 UK 95
5 Switzerland 50 Netherlands 105 Spain 121 5 Finland 20 Italy 86 Germany 82
6 Thailand 44 USA 104 Pakistan 120 6 Portugal 20 Spain 72 Italy 81
7 Australia 28 SouthKorea 100 USA 120 7 SouthKorea 17 India 63 India 76
8 Greece 25 Italy 90 China 118 8 India 14 Belgium 63 Spain 73
9 Finland 22 Belgium 89 Belgium 115 9 Greece 11 UAE 63 France 71
10 Portugal 18 Spain 87 UK 111 10 Belgium 10 South Africa 62 Australia 69
Luxembourg

Rank | In-strength Rank | Outstrength

1988 2003 2017 1988 2003 2017

Country Value | Country Value | Country Value Country Value | Country Value | Country Value
1 Germany 155 | China 498 | China 169 1 USA 158 | USA 546 | USA 146
2 Japan 14.2 | Germany 30.8 | Germany 997 | 2 Germany 12.0 | Germany 352 | Germany 94.7
3 SouthKorea 8.88 | Turkey 19.2 | Turkey 657 | 3 Netherlands 433 | UK 21.7 | Japan 69.9
4 India 4.80 | SouthKorea 186 | USA 613 | 4 Australia 3.18 | France 185 | UK 655
5 Italy 3.80 | Switzerland 18.2 | India 558 |5 France 2.62 | Japan 18.1 | Netherlands 539
6 Thailand 3.22 | USA 17.9 | South 554 | 6 UK 2.53 | Russia 17.9 | France 534

Korea

7 Belgium 2.23 | ltaly 16.7 | ltaly 490 |7 Hong Kong 1.87 | Netherlands 17.8 | Canada 410

Luxembourg
8 Netherlands 2.06 | UK 16.6 | Belgium 467 | 8 Switzerland 1.76 | Hong Kong 15.6 | Australia 339
9 Sweden 1.48 | Belgium 15.7 | Japan 426 |9 Singapore 1.44 | Canada 115 | Belgium 314
10 France 0.94 | Spain 15,5 | Switzerland | 384 | 10 USSR 1.30 | Belgium 8.16 | Hong Kong 30.6
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Rank | Betweenness Rank | PageRank

1988 2003 2017 1988 2003 2017

Country Value | Country Value | Country Value Country Value | Country Value | Country Value
1 Finland 0.29 | Aruba 0.31 | Netherlands| 0.76 | 1 Germany 0.18 | China 0.11 | China 0.09
2 Germany 0.21 | Colombia 0.31 | Botswana | 0.26 | 2 Japan 0.17 | Germany 0.08 | Germany 0.08
3 Thailand 0.20 | Cyprus 0.25 | Germany 0.26 | 3 SouthKorea 0.10 | Japan 0.06 | India 0.06
4 Australia 0.18 | Austria 0.24 | Tanzania 0.20 | 4 Italy 0.05 | SouthKorea 0.05 | Japan 0.05
5 Italy 0.13 | ltaly 0.22 | Oman 0.20 | 5 Thailand 0.04 | ltaly 0.04 | SouthKorea 0.05
6 Japan 0.11 | Russia 0.21 | Canada 0.19 | 6 India 0.04 | Switzerland 0.04 | UAE 0.04
7 India 0.11 | Canada 0.20 | Switzerland | 0.19 | 7 Belgium 0.03 | France 0.04 | USA 0.04

Luxembourg

8 Switzerland 0.10 | Costa Rica 0.20 | China 0.19 | 8 Netherlands 0.03 | UK 0.04 | Belgium 0.04
9 SouthKorea 0.09 | France 0.16 | Czechia 0.16 | 9 USA 0.03 | Hong Kong 0.04 | ltaly 0.04
10 Portugal 0.07 | Latvia 0.16 | Brazil 0.15 | 10 Sweden 0.02 | USA 0.03 | Turkey 0.03
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Figure4. Changesn the bp 10 countries from 1988911 by different metrics
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Figure5. Changesn theimport and export tragvaluein core countries from 1988 to 2017.

5. Community structure and evolution

So far we have explored the structural characteristics and core countriestha
international scrap metal trade over the past 30 y€aesabove analysis mainlybased on a
holistic perspective but the trade networks havelear regional patterns due taheir
geographical distributiorand thecultural and historical relationships amomguntries.
Thereforethis sectiorappliesthe Infomap algorithm Rosvall and Bergstrom, 20p&® detect
communities ithe GSMTN and discusssthe dynamic evolution dhesecommunities.
5.1 Overview of the communities

Figure §A) shows théasic features of the communities aténges that occurred over
the past30 years.The numberof communitiesrangesfrom 4 to 9 and since 2010t has
remainedat a relatively high levelThe size ofthe communitiess describedn Figure §B),
which shows thathe average size @he communities ovethe past30 yearshas remained
within a certain rangeapproximately25 to 50.The smallest communities each yeare

composed oapproximatelytwo countries Due to the geographic positions and limited trade
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volume, these smallest communities are formed, which mainly consist ofiesdram Latin
America. For instance, Paraguay and Uruguay constituted the smahasiuaity in 199.
Theresulsindicatethat althoughmanycountries have participated in the scnagtal trade and
establishedlose trade ties, some individuaduntriesare still separate from the close global
trade

To further analyzethe difference irthe size of communitiesn each yearfFigure §C)
depictsthe diversity of communities diver , annually. We observea dramatic downward
tendency from 2005 to 2018nd the diversityn terms of sizeeachests lowest level ir2009
The results suggest that most countries are connected closely within the dargesinity

and a few countrieare dispersd insmallcommunitiesas shown ifrigure gB).
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Figure6. Basic information on commuies in theGSMTN from 1988-2017.

5.2 Community structure

This subsection explores the regional topological features and dynamic patterns of the
communitiesSchematic diagrams are usedotovide anntuitive and visualepresentatioof
thecommunity structureThe countries within a community are labeled by the same. ddier
size ofthe nodes inthe schematgdenotes thetrengthof the countries. fie weight ofthe
edgegepresents the trade volume between two countries. Four snapktiwsnternational
scrap metal trade network&988, 1993, 2005 areD17)are selected to reflect four different
and typical topological structures of teadlusterswhich are illustrated ifigure 7

In the early stagdpur distinct communitiesppearedn 1988 as seenn Figure {A).
Generally the star structurewithin the same commuindis are noticeableindicaing that

certaincountriesactas hubs and hawestablisked traderelationships with other countries to
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form a communityExceptfor the core countries, other countries in the same communidies d
not build strongrade connectiswith each othefWithin the trade communities, lte trade
relationshig werevery sparseFor example, in the communities labeled by green nodes and
edgesseveratrade connections were established between the hub cousiicbsathe USA,
South Korea and Japan. In contrastplepheraktountries in this communitguch ad/ietnam,
Qatar, Iranand Syria, did not build strong trade connecgoim addition, these communities
display geographically regional characteristics. In particUamropean countries constitdte
the biggest communitwith Germany, Switzerland and Finlaadting as the major hubko a
certain degree, this communiias formed due to the strong geographical and culturabfies
the member countried’he secondlargestcommunitywas composedf most Asian and
American countrig, and the central countries includieghan, SoutKorea,India, andheUSA.
Similarly, Australia acore countryand its peripheral island countrigsch ag=iji and Vanuatu
were integrated due ttheir close geographical relationshipgotably, Chinajoined with
Thailand andcertaingeographically distant Americamountries, including Canada, Brazil and
Argentina,to make u@ smallcommunitywith 14 members

The communiesin 1993 showa different structural characteristompared to those in
1988 As illustrated inFigure {B), the hubs still pkged a vital rolein connectingcountries
within the communies However thereweretight intracommunityrelationsthat differedfrom
the typical star structure. In addition, the core countritdsadifferent communities established
close traé relatiorships. For example, thergere large tradealuesin USA-ChinaandUSA-
UK, and these countriéelonged talifferent communitiesTheAsia regionwas split into two
communites One isheEast Asia region with China, Japan and Singapotiag as hubsrhe
other istheMiddle East adthe SouthAsia region with India antheUAE acting as hubg his
change in the communitiesflecsthefast growth oemergingcountries in Asiasuch asChina
and India.In addition,the America, led bythe USA, formed the third largestcommunity
However, this community was smallghan the European community and the East Asian
community.Despite thananychanges that occurrdabtween 1988 and 19%Bown inFigure
7(A) and(B), two communitiesemainedelatively stableEuropeand Oceaniaemainedhe
first and the fourthargest communitiesespectively.

Due tothe increasing attention to recyot) scrap metals, tradties, especiallyamong
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countriedn the same communitielsecame closan 2005 asshown inFigure {C). In contrast

to 1993, in 2005the East Asiaegion Americas andOceanic countriemergedto form the
largestcommunity whereChina andheUSAwere the core countrieBhetrade value between
China andhe USA wasfar higher tharthat forother country pairsThe European regiomwas
sdit into two communitiesUK and Germanyverethe hubgor thelargecommunity,and the
smallcommunitywas composedf Russiaand other European countries surroundindlaek
Sea.The community constituting South Asia and the Middle East with India, Saudi Anadbia
UAE remainedrelatively stableFigure {D) shows that until 2017, the community structure
had a trend in whiclthe three major communitieshe East AsiaAmerica community, the
Europ@an community and the South AsiaMiddle East community, were fairly equal

Meanwhile, the sizef the community led by Russ@dearly decreased
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Figure7. Communities othe GSMTN in 1988,1993, 2005and2017.

5.3 Community evolution

To understandhe dynamicsof the communitiesthis subsection analyzethe stability
and evolutiorof the communitieso showhow the communities split and merge. The results
are shownn Figure 8

Generally two large communitieswere dominant in theGSMTN before 2012 the
Europ@an communitywith Germany andthe UK as hubs andthe East AsiaAmerica
communityled bythe USA and ChinaAfter 2012,the South AsidMiddle East community
was formed. ese three communities have formeedituationof tripartite confrontationA

distinct integratioroccurred and most countriegere inthe same community in 200Dne
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considerable reason for the emamrgeof a large community is the financial crisis2007-
2008,which reducd theworldwide consumption ometalsproducts andhe demandor scrap
metals.In effect, the countries that originally belonged to the small communitiessiigdr
risk by establishing trading connections with countfiem different communitiesand thus
a large community was formed.

In terms ofthe specific communitiegshe European community remaed the largest
communityfrom 1988 to 2000However this communityhasnot ranked in thérst position
in terms of sizaince 2004Some countries in the Black Skkediterranean Sea regioasd in
the regions near Russaplit from the European community and formed an independent
community led by Russia and Turkey in 2002. This community was unstable throughout the
studyperiod and occasionally joined the European community again. In 2010 and 2011, this
community expanded the scale of members and even became the second largest community
However after 2013, ittollapsedand the countries in Black Sé#editerranean Seag®ns
gradually returnedb the European community.

The EasAsiaregionis closely relatedo the America interms ofcommunity structures
In the early stage, these regiamare split into two communigs thelargeonewascomposed
of most Asian and American countries led by the USA and Japan, asiohéfieoneconsised
of a few Asian and SoutAmerican countries led by Thailand and Brazil until 19Bliese
countries repartitioneidto two communities based dmegeographical positiongheEastAsia
community represented by China and Japan and the Anemoenunitywith the USA and
Canada as hubs in 1993894, 19961997 and 1999The changes communities are in line
with the important historical event§he Asian financial crisishad serious repercussioims
1997 andBrazil' s financial crisis led to economic turmoil in Latin American countnd$99.
Compared withthe global economic crisief 200742008, thesewo events have notable
regional featuredHence thesetwo communities split in terms d¢ifie geographical positioof
the member countrigs reduce the riskontagionlt is clear that theplit andmergerof trade
communitiesareaffected bythe stablity of the economic and political environmeiithesgwo
communitiesmergednto one community wittthe USA, Japan and China as hubichhas
remained the largesbommunitysince 2005Australia joined with its neighbsito form the

Oceania communitylhis communitywas the third or the fourthargestfrom 1988 to 1995
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and then iwas integrated into the East Asfanericacommunityin 1996.

In addition tothe twolargecommunities discussed above, some countpésfsom the
East AsiaAmerica communityin 1993 andgradually formed a South AsiaMiddle East
communitythat includedndia and thaJAE. In the early years, the South Ad¥iddle East
community was not stable amatcasionally wasntegrated into the East AsiAmerica
community.After 2012, the countries in the Sowkia-Middle East communityemained
relatively stable. In addition, this community and the European community bé&raisecond

or the third largest communjtespectively
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Figure8. Community evolutiorirom 1988-2017.

6. Discussion and policy implications
(1) Theglobalization of international trade for scrap metals

Theglobalization of the international scrap metal trgdeduallyincreasedver the past
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30 yearddue tothe increasingiumber oftrade countries and tradrelationshipsThe number
of countries involved in thmternationakcrap metal tradmainlyincreasedetween 188 and
2000,and nostof the new entrants were developing countinesfrica and Asia This growth
indicatesthat agrowing number of countriesecognizethe benefitsof scrapmetal trade
However, thdatesttrendin tradecontrass to its previousgrowth trendrom 1988 to 2008 and
showsa prominent downward trend the passevenyears.This changanay result fronthe
unstableworld economic situation antthe restrictivepolicy in core importing countriesuch
asChinaAs shown inFigure D), the 34% reduction of the totabrld trade valuevas caused
by Chinaks import decline.

The findings suggest that the trade relationshipls respect tescrap metalsvill remain
relatively stable. The total trad®lumeexperienced a decline in the pése years,andit is
expectedto continue todrop. In particular,China, as the biggest impmrg country, has
enforcedstrict market surveillance since 20bécause ofthe environmentaliegradatiorand
structural transformation.

(2) Scale-free characteristic of trade networks

Global scrap metal trade networks have sdede propertiesin which a few countries
hold the most trade value and the largest number of trade relationships. In pattiedagree
of monopolization in exporting countries presented a steady upward trend from 1988aand gre
sharply in thdastfive yearsas shownn Figure 2 For the importing countries, competition
was increasingly intense in the early stage and then decreased slightly to realthna level
ove the past decadi addition heterogeneity in the trade network is prominent, although its
degree dropped and reached a low level in 2017. Based on the world economic situation and
prospects in 2019 from the United Nations, the global economic groWthegome more
imbalancedThis changevill result inamore prominent scalgee characteristic, i.e., a higher
proportion of trade value occupied by a few core countries.

Due to the scalree characteristigdhe following policy suggestions are providet
importing countries and exporting countries. Tim@orting countries, especiallhose whose
metal productions heavily depedent upon importedgcrap,are suggested to decentralize
import channels to avoistockout due tothe political turmoil of coe exporting countries. In

addition, the countries with huge imporblumes are encouraged fwomote domestic
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recycling markets and improve the scrap metal recyclingFatethe exporting countries, the
policy turmoil inthe core importing countries deves attentionWith increasing importing
countries banning imports of legrade scrap metals, the metatyclersin the exporting
countriesare suggested to upgrade the quality of export scrap metaislpyingexisting
purification technologies.

(3) Clustering and hierarchical structure of thetrade relationships

In Figure 3 the characteristics of clustering structure in the GSMTN are revealed.
Specifically, the increased density and the decreasedgesshortest path length denttat
anincreasing number of trade relationships among countrésestablished. However, the
low level of the weighted clustering coefficient reveals thattigji connections were still
concentratedh a few countries.

Moreover, the trade relationships show a clearly hierarchical structure, which is
dominatedoy certainhubs.In theearly stagethe developed countries were ttage countries.
Because otheunprecedented growth in newhdustrialized countries, China and Inthave
become the core importing countries. Despite ticbsmgs, in general, theore countries in
the trade networklBave remainedelatively stablan thepast 30 yeardue to thesubstantial
influence of core countries on the trade network,nibie-hub countrieare suggested foay
close attention tethe changes import and export policies of these hubs.

(4) Community evolution patterns

The community structure the GSMTN undergoes continuou$/ dynamic evolutionln
termsof the intracommunity, the community structuras change from the original star
patternto a dense structurevith closer traé relationshipss shown irFigure 7 This change
indicateghat countries attempt to expatheir track relationships to decrease their dependence
on a fewhubs which will improve their trad security Certaincountriesstill play vital roles,
and the trade value among these hwibisin the same communitieecupesa largeproportion
of intracommunitytrade

The effect of geopolitics is evidenced in the formation of the communities because the
regional trade communities have lower transportation @stsloser cultural and historical
ties. In addition, the community evolution is distinctly influenced by political andaic

disturbances. There are twinds of typical turning points during whickhe stability of
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communitiesfluctuates widely. The first one is a regional economic crisis, such #ssihe
financial crisis in 1997 and the Brazil financial crisis in 1999, which led to thetefjsation

of the East AsisAmericacommunity and the formation of the E&stia commuity and the

Americacommunity. The other turning point was the global economic criskd@7-2008,
which resulted in the integration of most countries. Therefore, it is suggestegiaial

crises tend to promote the separation of communities thatiglobal crises tend to facilitate
the integration of communities.

The findings on the important effect of geopolitics imply that the trade cousktesd
pay attention to the policy directions of the hub countries withiir t@nmunities. For
example, inthe East AsigAmericaOceania community, the movements of USA and China are
theissuesof greatest concermwhich will directly affect the fragmentation amtegrationof
the closeknit trade group. To relieve the negative impacts of the regional econosis, it is
better for countries to downsize the trade volume with the countries involved éridis¢o
avoid the risk contagiorin dealing with theglobal economicrisis, the reallocation of trade
volume and strengthening dnnections with couries in different communities is an efficient

way tohandlerisk.

7. Conclusion and futureresearch

Metal resources ane ofthemostimportant raw materials for industrial manufacturing
but thegeologicalscarcity of minera has attractedvidespread concerBecause creating
products from recycled metals instead of virgin ore saves energy, sisaezenhouse gas
emissios, and reduce production costrecycled metals play a vital role relieving the
shortage of metal resources. Thegyaphically uneven distribution of scrap metals promotes
an increasing number of countrisparticipate in thenternationalscrap metal traddn the
context ofthe intricate trade relationshipsit is crucial for policy-makersand industrial
practitionergo understand the characteristics and evolution patterns of the global scrap metal
trade network.

Therefore,this studyappliescomplex networktheory to investigate the topological
characteristics and community evolution patternstieé global scrap metal trade by

constructingaweighted and directe@SMTN from 1988 to 2017. Spdwally, the process of
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globalization of the international scrap metal tresdeviewedand our results shothie scale
free and hierarchical structural characteristics of trade networksditioagl the countries at
the central position in the GSMTalremeasured by different indicators and the variation of
the core countriearerevealed. Furthermore, we detébe communities in the GSMTN and
find a tripartiteconfigurationin 2017: the European community led by Germany and the UK
the East AsidAmericaOceania community led by China, the USA and Austraha the South
AsiaMiddle Eastcommunityled by Indiaand theUAE. By reviewing the split and merger
process of these communities, it is clear that geopolitics and economic turbudeace
important elements in community fragmentation and integrafibe. findings in this study
provide implications tosupport authoritiesn developng policies and avoiding therisks
involved in thescrap metal trade

In the fuure we will build atwo-layer global metal trade network, including the metal
ore traddayerand the scrap metal tratdyyer Then we will discussthe relatios betweerthe
two layers,explore thecorrelation ofdynamicevolutionin each layerand investigatehe

influencesof political turmoil in the core countriem this two-layerglobal trade network
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