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Abstract

This study, conducted as a first try, exploresrdsmurce metabolism in three main economies intSasia (in
terms of both scale and growing rate of economyheig Bangladesh, India and Pakistan, with a stahdar
economy-wide material flow accounting approach gdine most updated data from 1978-2017. In detall,
resource consumption patterns, resource efficiemzy productivity, trade related issues, as welmasro-
policies affecting regional resource utilizationrer@nalyzed in-depth. Results highlighted thaganeral, rapid
consumption of imported resources, especially coosbn minerals, fossil fuels, and industrial mide has
emerged. Domestic material consumption per capiteeased by 81%, 93% and 46% during 1978 to 2017 in
the three countries, respectively, due to the ¢i\dtandards enhancement, improved urban infrasteiess well

as rapid industrial development. With rapidly grogviresource consumption, improvements in resource
productivity were still low compared with matureoeomies like Japan and United States. It was 4U&D/t

for Bangladesh, followed by India (358.7 USD/t) dPakistan (275.0 USD/t), as of 2017. One critigadihg

was that resource intensive production (e.g., pynmaaterials, textile and agricultural products.etwas
driving most of the bilateral trade among the thmmuntries, which resulted in lower overall reseurc
productivity. The other critical insight was thetudte increasing pressure on regional and globalures
competition, according to the revealed rising wflof foreign resources in the studied countriesalfy, the
macro-policy analysis highlighted that the impaxftenvironmental protection and resource efficiepolicies
were far from enough. And, lower per capita GDPthi§ region was still a significant impediment for
integrated environmental and resources managerhigiier focus on resource productivity, from a pplic
perspective, on agricultural and industrial seci®tsighly recommended to forward beneficial imations for

the selected countries.
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1. Introduction

Resource efficiency is a key to realize the suatdin development goals (SDGs), particularly fonsgifonal
economies. Clearly and scientifically identifyifgetstatus and driving forces behind resource eafor and
utilization, in the procedure of rapid economicwtio, industrialization, and urbanization, will batical for
such countries to design innovative and leapfrapvays towards resource efficient scenarios (Chial.e
2017; Dong et al., 2017). In this context, leapfiong refers to the non-continuous technologicalaadement
while skipping some phases or steps (Chen and Ricl2911). The leapfrog concept is highly relevamt
developing countries which can learn from an edfititransition of developed countries and avoid ribles
associated with research and development as weadkparimentation (Gray and Sanzogni, 2004; Tanl.et a
2018). Among the popular tools to study a resoefieient transition, economy-wide material flowcacinting
(EW-MFA) provides a systematic analytical approanld looks into the socio-economic progress togetfitbr
environmental quality upgradation (Patricio et 2015). Moreover, this method has been widely ackedged
as a tool for assessing and improving resourceiefity and productivity (Huang et al., 2012). Ihbe offers a
sound approach to support decision making on resogfficient and circular economy policies (Bringez
2015; Fischer-Kowalski et al., 2011; Raupova et24l14; Wiedenhofer et al., 2019).

As far as the application is considered, most EWAMIEudies focus on material resources (abioticiotid)
which usually exclude sinks, water, ecosystem sesyibiodiversity etc. Moreover, EW-MFA has beepliagd

in developed economies like Japan (Krausmann gP@ll; Moriguchi, 2001) and Australia (Wood e, al.
2009); fast developing countries like China (Wahgle 2012; Xu and Zhang, 2008) and Philippineki(Get
al., 2017); regions such as European Union (Calwal.e2016; EUROSTAT, 2013, 2007) and Latin Amaric
(Russi et al., 2008); and at global levels (Giljetral., 2014). Few cross-country comparisons hése lzeen
carried out yet they mostly studied large and dgyed economies such as China, Australia, and J8zdwand|
and West, 2012) and China, South Korea and Japang(t al., 2017). Results and experiences frorsethe
countries and studies are still valuable to prowdgcal policy insights on sustainable resourcanagement.
From the literature review, it is evident that rgnd low-income developing countries are neglettdtiis
regard and resource use trajectories and counttg-wdbmparisons are absent. Hence, studies on gawglo
economies are very important to analyze past natednsactions and provide policy recommendations
future sustainable resource management, partigutathe context of regional and global resourgapby chain.
Under such research challenges, disparity in ecanalavelopment phases among different countries is
particularly a critical debate linked to local eoamic conditions, structural characteristics of isiuy,
technological innovation and regional resourcecefficy (Giljum et al., 2014). Moreover, environnant
sustainability relies on the maintenance and imgmuent of planet's life supportive capacity throedficient
use of natural resources (Moldan et al., 2012) débeloping countries at a comparative advantagealtheir

larger ecological surplus (Sumaila, 2012).



In the developing world, South Asia presents a mmential for economic and urban development (Skeag

al., 2017). Given their large populace and resobase, rapid economic growth has been observedgltire

last decade (ADB, 2017). However, concerns on regoefficiency and associated environmental imfitce

are scarcely reported in the literature. Bangladdstia and Pakistan are the three largest SoutlhnAs
economies with a combined global population andggmomestic product (GDP) share of around 22.6% and
3.8%, respectively, as of 2017. Their socio-ecomoprogress has been marked with a largely undizedil
economic, natural and human resource potentialt¢driNations, 2017). Although, these countries aete
varying economic development patterns during last flecades, yet, future economic growth is expetded
improve with increasing efforts on security, poliand economic reforms (ADB, 2017). In summary, the
varying economic and resource use patterns in Rdegh, India and Pakistan, with geographical asibfical
proximity, give rise to several critical scientifigiestions: (1) how does material consumption ammh@mic
growth patterns evolve in subject countries? (2atware the driving forces behind changes in madteria
consumption overtime in the three selected ecorefni@) are the changes in resource intensity and
productivity comparable with the rest of the regibaconomic players? (4) how is bilateral trade agnthe
three countries affecting domestic resource contiompnd its efficiency? (5) from a resource pratlity

perspective, how can developing countries leanm fleveloped economies?

Enlightened by previous works (Chiu et al., 2019nD et al., 2017; Schandl and West, 2012), anditoess
the above mentioned questions as a first atterhjs, ftudy aims to explore the resource metabolism i
Bangladesh, India and Pakistan with EW-MFA appraauth indicators using up-to-date data from 19787201
The aim is to highlight the relative importance d&veloping South Asian countries in regional anobgl
resource consumption at a time when no previougsareh exists. Particularly, this study attempts to
comprehend how the externalization of resourcensite sectors by industrialized countries has edter
material consumption and efficiency in selectededfgying economies. Decomposition analysis base® A
equation has been used to explore the driving $oof@esource consumption to uncover policy insdhtam a
transitional perspective. The logarithmic mean Bi&viindex (LMDI) method has been selected for the
decomposition analysis. This study further app#eglironmental Kuznets curve (EKC) hypotheses torixa
the level of dematerialization taking place, if afllowed by a detailed macro-policy analysis ftcover a

past and future pathways towards resource effigesnarios.

The rest of the paper is organized as follows:ieec provides details on the methods involved udirig

material flow indicators and sources of collectathd Section 3 overviews the general socio-econetatas of
the three countries together with highlighting thesivironmental challenges. Section 4 presentsatelts of
this work and a discussion on drivers of mater@sumption. Section 5 conducts an in-depth mactoypo
analysis based on environmental policy developnierthe region along with mutual trade analysis hie t
context of value addition and economic leveraged Ainally, section 6 concludes the main contribngip

provides key policy implications, and addressesesofrthe research limitations of this work.
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2. Materials, methods and data

This section will elaborate on the chosen methadisthe overall research framework along with therses of

data. Some of the uncertainties associated witlcdhected data will also be discussed in thisieact

2.1. Methodology framewor k

A methodology framework was developed to addressabove stated research questions. The framework
comprised of 5 steps and is presented in Fig. deUnhis framework, step 1 focused on economy-wide
resource metabolism in Bangladesh, India and Rakidh step 2, analytical structure was establistoed
material flow indicator and efficiency measuremernfhe panoramic view presented the existing stéte o
resource flows on a macroscopic scale. The econsitiation was discussed along with regional traceng

the three countries. In step 3, database struetae established and applied to subject countriegetdy
feasibility of our analytical framework. In step #sults of this work were presented and analyzeskd on
material flow indicators (described in step 2), andnacro-policy analysis was conducted for thecsete

countries. In step 5, conclusion and policy implmas were drawn based on step 4.

m » System boundary Boundary Category Indicator
Bangladesh Extraction
DMC per GDP
h 4 . Material use India Consumption
=D— AL — GDP per DMC
Framiwork Pakistan Trade balance
Panoramic view ——Jp Economic level ——)  Material flow ——Pp Efficiency
1 1 1

l l l DMC per Capita

Trade dynamics Decomposition analysis EKC analysis ——P

GDP per Capita

Drivers

3 H Resource Panel database
[EZF)—— Economy-wide MFA —— Database construction ———}  World Bank database

Government statistics

h 4
m—} Discussion ——————) Material flow & efficiency analysis ——————Jp Macro-policy analysis

A 4 v

[EZXJ— conciusion and policy implications

Fig. 1. Methodological framework for this research.

The three countries were selected based on themriance from both geographic and historical perthpes
(Broadberry et al., 2015). Historically, all threethem were part of the British India until 194hen it was
partitioned into India and Pakistan, and a lateession of Bangladesh from Pakistan in 1971 — nga#tiem
regional competitors for natural resources andriatitonal trade. Geographically, they are co-lotatgth

India sharing borders with both countries — makiransboundary trade of primary resources and faush
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products highly favorable yet challenging at themedime. Moreover, no previous economy-wide MFAd&ta
exist for the selected countries especially whéremoAsian countries such as China, Vietnam, Jafanth
Korea etc. are emerging as strong competitorsdtr kegional and global resources. Therefore, twloot this
analysis, most recent long-time series data, frO@B8lto 2017, has been used as per the establistiéeliges
(EUROSTAT, 2013). As 2017 was the end year, the g&ar was selected to be 1978 considering padiest
which have used datasets of 28 years (Chiu e2@l7), 29 years (Giljum et al., 2014), 35 yearshédcll and
West, 2012), and 38 years (Dong et al., 2017). Sehected timeline of 40 years was considered tqustely
cover both resource use patterns and policy dexnedaps in the region. A four-category demarcation of
material flows was done into metal ores, fossilfuaon-metallic minerals, and biomass which idine with

the standard guidelines. Details of material caiegtion are given in Table 1.

Tablel

Material categorization used in this study.
No. Main categor Sut-categor
1. Metal ore: Ferious ore

Non-ferrous ore

2. Fossil fuels Coal
Naturalgas
Oil shale and tar san
Petroleur

3. Non-metallic minerals For construction use
For industria/agriculturaluse

4, Biomass Crops
Crop residue
Grazed bioma/fodder crop
Wild catct/harves
Wooc

2.2. MFA approach and indicators

As follow-up of the framework in Fig.1, standard BHWFA framework was conducted following the
methodological guidelines in EUROSTAT (2013, 200&% complementation, we referred to some recent
studies (Chiu et al., 2017; Fischer-Kowalski et 2011; Schandl and West, 2012; Wang et al., 2@l &gsign
and define the main indicators. In summary, thrasidindicators were applied, namely, domestic rate
consumption (DMC), domestic extraction (DE), anggibal trade balance (PTB). These indicators wise a
used and analyzed in combination with other socmmemic indicators such as GDP, population etcaliin

the EKC was developed based on the selected MHAaitwts.

In detail, among different material flow indicatorBMC is an important factor representing terrebri

consumption of primary materials, while at the sdmee, taking imports and exports into consideratidhe
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second material flow indicator ‘DE’ refers to doriesextraction within a territorial boundary and as
important indicator for domestic material availéthil(Eisenmenger et al., 2016). Mathematically, DN&C
calculated as: DMC = DE + importsexports. The third material flow indicator ‘PTBfers to the physical
basis of economies and is used to determine tred tevself-reliance of a country or a region foffetlient
material types (Dittrich and Bringezu, 2010). ThE&BPindicator is also used to analyze flow of mastksri
between importing regions (consumers) and exportggpns (suppliers) (Lopez N. et al., 2015). Alterial
flows will be expressed in tons (t) or million togidt), where required. Based on DMC, DE and PTBerisity
and efficiency indicators are designed. The intgriadicator is represented by material consumedsims of
DMC) per unit of economic value generated (in teah&DP) and is applied to trace the resource aopsion
intensity. The second efficiency indicator, thatriaterial productivity, is represented by GDP pét@based
on the so called concept of ‘resource productiwiich is defined as the economic output per uhiesource
consumption (Bartelmus, 2002). It is highlightedtthhis paper uses DMC as a proxy for economy-wide

material consumption.

2.3. Decomposition appr oach and analysis on driving forces

Finally, based on the MFA indicators, decompositamproach was applied to identify the driving farad
resource utilization. The widely used equationnrimnmental analysis is the master equation tetdrdhines
the environmental impacts driven by socio-econamnid technological factors (Graedel and Allenby,3Gihd
was originally proposed by Ehrlich and Holdren (1pds given by Eq. (1):

I=P XAXT (1)
Where | denote environmental impact, P accountpdpulation, A is the economic affluence indicateually

represented by GDP per capita, and T is the teogiual indicator measured in terms of environmeimtgdact

per unit of GDP, thus we can re-write the abovE@g(2):

np Environmental 'mpact (2)

. . G
Environmental Impact = Population X —— X :
capita unit af GO2

As environmental impacts are influenced by allhaf three components in the master equation, tlissséates
a need to gain insights into the drivers of envinental impact (Liu and Ang, 2007), thus, leadingthe
decomposition of IPAT equation. Among the two widelsed decomposition methods i.e. Laspeyres and
Divisia index, LMDI is often recommended (Liu andhgy 2007) and was employed in our analysis to
decompose drivers of ‘I in the IPAT master equati®he additive factorial decomposition method hasn
selected due to its ability to report results irs@bte quantity of DMC variations whereas multiptige

factorial decomposition is often used when relatieatributions are required, however, both prodsioglar



results (Jeong and Kim, 2013). As per our seleatethod, drivers of change in DMC can be calculated
according to Eq. (3) to (6).

AI (environmental impact) = ADMC (tons) = DMC, (tons) — DMC,_(tons) = AP + AA + AT (3)

. , — DMCp -DMC Py

AP (population change) = } o ° xIn ™ (4)
- - ~In DMCy, —In DMCy, P,
. DMC,, —DMC; Ay

AA (affluence change) = Y- —1 0w Ip—! (5)
) nDMCy, —In DMCr,, Ay
: , .  — DMC; -DMC, Ty

AT (technological change) = ¥ - L0 xlp— (6)
. In DMCy, —In DMCy, Ty

Where ADMC is the environmental impact indicator represgnichanges in DMC from the starting year t
(1978) to end year {2017),AP represents the influence of population changerepresents the contribution
of economic affluence (in terms of GDP per capigagAT represents the influence of technology (in teafs
DMC per GDP), respectively, on changes in DMC.

2.4. Data source

In this research, we used the “International Resoianel database” (www.resourcepanel.org), lauhblye
the United Nations Environment Program and collatest by multiple organizations, as the data sotoce
economy-wide material flows from 1978 to 2017. Acling to International Resource Panel (IRP), théen

flows and consequent resource productivity indicatan be used for monitoring changes in the pettend

rates of resource use with high accuracy and iiétiab

Although material flow data until 2017 is availapyet some of the datasets are projected basedloasvfrom
previous years (IRP, 2018). In detail, data fronT8 % 2012 is real without any projections. For jlears
2013-2014, most of the data is real but partiablynplemented by projected values, while the data2€drs-
2017 is mostly based on projections from previoeary, due to the reason that original official statisti
usually lag for some years in some developing ammtincluding those selected for this study. Itaie
socioeconomic data like GDP and population is dzdh for all the periods, while, due to the difftguof
collection of physical data, some materials flovtadia projected in the above periods, based ommitinods
like regression analyses on existing time seriga. daurther details about material flow data carfdumd in

IRP’s official technical annéx

' Based on our consultation with data experts ateSagat of the International Resource Panel anigveuf the technical
annex.

2 «Technical annex for Global Material Flows Data®#8018)” is available at: www.csiro.au/~/media/Li¥ifes/CES-
Material-Flows_db/Technical-annex-for-Global-Magilows-Database.pdf.
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Even though the projected data might generate taingr, to our best knowledge, this dataset is libet
available one to conduct this research. And to kbepconsistency of the data source, all mateldads data
from 1978 to 2017 was derived from this internagibn acknowledged database. As complementary
information on the uncertainty concerns, an ingegton on the features of projected data, in coreparto real
data, was made and is provided in the “appendigli@e According to the technical explanations luf tata
experts from IRP and the comparison, the projedtd was recognized as solid with no significafeatfon

the results. A more detailed discussion on the datartainties has been presented in section 6.3.

Moreover, the socio-economic statistics are adjus@sed on constant 2010 US dollar prices (or wiker
indicated) available at the World Bank’s statidgtieachives (data.worldbank.org). Dollar prices lthem
exchange values were used in this study insteadrghasing power parity (PPP) as they accurat@sesent a
stable value of economic activity within a coun{Schandl and West, 2010). This was done to avoid an
overestimation of resource productivity or undeneation of resource intensity that may occur duanfiated

nominal GDP values reported by individual countries

3. Overview on case countries

Bangladesh, India and Pakistan are the three la8mgh Asian economies, yet their environmentlés are
rarely studied from a macro-policy and transitiopatspective. The detail socio-economic statusasfgadesh,
India and Pakistan is summarized in Table 2, winitge details like the annual GDP growth rates dytia78-

2017 presented in Fig. S1 in the “supplementaryrimétion (SI) file”.

Table2
General socio-economic data of the three seledwandtdes, as of 2017.
Bangladesl India Pakistar
Population, milliol 164.6" 1,339.1! 197.0:
Population rank (world g" 2" 6"
GDP, billion USD? 179.99 2,660.3 240.86
GDP rank (world 43rd 6th 40tr
GDP rank (South Asi. 3 18 2"
Avg. GDP growth rate, 19-2017 5.04% 6.05% 4.95%
Per capita GDP, US 1,09: 1,981 1,22:
Per capita DMC, tor” 2.6€ 5.5¢ 4.4F

#GDP figures are based on constant 2010-dollar rice
®DMC = domestic material consumption

Moreover, with vast areas of land covered by tlwsmtries — around 3.84 million square kilometeemnd an

enormous population, the hunt for natural resouiseser increasing in order to support regionakettgoment

and rapidly evolving economic and urban paradigmsBangladesh, significant economic growth has been

fueled by its agricultural, textile manufacturiragd ship building and breaking industries espgciliring the

last two decades (Asadullah et al.,, 2014; Ethira®il2; Reuters, 2013). India, the largest Soutfamis
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economy with a huge population, is an aggressideleloping country at rapid growth rates where 1990
economic liberalization and rising foreign directvéstments have helped sectors including informatio
technology and software, services, manufacturimgpaocessing, and agriculture etc. to significaotntribute
to the national economic growth (Kathuria et ab1&, Mazumdar, 2014; WTTC, 2016). Similarly, Pakists
also making significant economic progress with dapibanization occurring during the last two desateainly
attributable to the growing agricultural and lighgnufacturing industries, opening trade with thebgl
markets, surging population and a strategic pashigmwith China under the ‘Belt and Road Initiatigghmad

et al., 2018; Mumtaz et al., 2018; Rashid et @118 Ullah et al., 2018). Nevertheless, most ofititrstrial
sectors in Bangladesh, India and Pakistan are mesoenergy and pollution intensive carrying lowatedium
economic value, thus, resulting in an ecologicatlbn (Hu et al., 2019; Sumaila, 2012; Worrell, 2048 et
al., 2018).

According to above, we can say that the varyingnendc and resource use patterns in Bangladesta b
Pakistan, with geographical and historical proxymiive rise to gigantic questions about resouffieiency in
terms of: what is the resource use pattern andthisapattern is related to the socio-economic dgpmkent and
environmental policy evolution (requires to analylze resource efficiency, productivity and driviiogces with
various periods). With retreating the past dispezfferts on the resources efficiency and envirortalen
protection policies, what kind of pathway toward$uture resource efficient scenario is needed (reguo
analyze the macro-policies based on the MFA arglysind, how bilateral trade among the three céestis
affecting domestic resource consumption and itieffcy, considering the three countries are witlkical
geographical and historical proximity (requires amalysis focusing on the interrelationships of theee

countries and the trade dynamics).

4. Results and discussion

This section will discuss some of the importantcountes of this work. With the help of material flawalysis,
key policy implications will be drawn. The sectiatso discusses the drivers behind material consampt

subject countries.

4.1. Quantitativeindicators

According to the case countries’ condition and &pplied MFA approach, quantitative indicators ilihg

basic indicators and combined indicators are catedland analyzed as follows.

4.1.1. Domestic extraction (DE) and domestic material consumption (DM C)

As per the results, local resource explorationextcaction has increased, almost uniformly, duthmglast four

decades fueling national economic growth and rediorirastructure development. Net domestic eximacof
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resources increased from 109.9 Mt (1978) to 398 92U17) in Bangladesh; from 1,914 Mt (1978) to%d, Mt
(2017) In India; and from 217.7 Mt (1978) to 83M8(2017) in Pakistan. Table 3 presents per cajpraestic
extraction and material consumption in Bangladésiia and Pakistan at five different temporal psirfotal
DE and DMC trends are provided as Fig. S2 and$3gin the Sl file. Interestingly, DE per capitaidgr1978
was highest in Pakistan followed by India and Badgkh, however in 1996, India’s per capita DE {8#pita)
surpassed that of Pakistan (3.5 t/capita) whilegiatesh was still at the third place (1.5 t/capifey of 2017,
India’s DE per capita was more than double the Batggh's per capita DE — indicating large-scaleenieit

extraction taking place in India.

Table3

Per capita DE and DMC in subject countries, tons.

DE per capitt  197¢ 198¢ 199¢ 200¢ 2017 %changé’
Banglades 14 1.3¢ 1.6¢ 21C 2.4z 69.t

India 2.8¢ 3.1¢ 3.5€¢ 4.4€ 5.2z 8lEt
Pakistal 297 34z 361 404 42: 41¢
DMC per capite

Banglades 147 14 181 228 2.6€ 81.z

India 2.87 3.1¢ 3.6z 456 55z 92¢
Pakistal 3.0 35 374/ 418 448 46

406 change in 2017 relative to the year 1

Among the DE of specific material categories, amreasing share of non-metallic minerals used for
construction was observed for all countries. One ¢dme hand, the relative share of constructionebase
aggregate minerals in total DE increased from 2 2%4%%, and 10.1% in 1978 to 28.9%, 45.1%, and924t8
2017 for Bangladesh, India and Pakistan, respégtiiricating rising extraction of these resourt@support
the national infrastructure development. While ba bther hand, relative share of locally extradiemnass
reduced for all countries during the 1978-2017 qekrindicating a transition towards fossil fuel-bdgrowth
coupled with rising shares of construction-basedenzils. In the subject countries, extraction o§ildsiels has
increased noticeably. Fossil fuel extraction insezhfrom 0.6 Mt in 1978 to 20.2 Mt in 2017, in Baagsh,
from 109.5 Mt in 1978 to 797.1 Mt in 2017, in Indand from 5.1 Mt in 1978 to 32.7 Mt in 2017, inkiztan.
Although, considerable quantities of energy resesirare being locally extracted within these coastri
however, rising urbanization and industrializatitas caused enormous demand of energy resourcesadigpe
in India which imported additional 430 Mt of fosdilels in 2017 (mainly comprising coal and petrateu
products) to sustain the economic expansion. Tigklights the unavailability of local resources sabject

countries and their rising dependence on globalures supply networks.

Coming to DMC trends in three countries, as giveTable 3, overall DMC per capita has been on ige r

quite similar to DE results with varying shareseath material type. Moreover, the DMC growth patteas
12



almost uniform within each of the economy. Durirty8-2017, Bangladesh’'s DMC increased from 113.1oMit
438.3 Mt, India’s DMC increased from 1,912 Mt td 7 Mt, while that in Pakistan increased from 22@t&o
875.8 Mt — all countries showing manifolds increa€®mpared to the per capita DMC in other regional
countries in 2017, Bangladesh, India and Pakistahahlower per capita DMC than that of China (2/dpita),
South Korea (15.7 t/capita), Vietham (14.7 t/cgpiBhutan (10.3 t/capita), Maldives (10.3 t/capiad Japan
(9.0 t/capita) — indicating their developing ecomostatus. However, rapid urban, industrial, infinasture and
regional socio-economic development is expecteatdtit@ per capita DMC in coming years.

With regards to specific material categories, DM@ttgrns nearly coincided with DE patterns with
construction-based minerals showing almost a sirgilawth trend within each of the three countrigs far as
DMC of biomass is concerned, in spite of its risglgeer mass, its relative share reduced to 62.88m (f
95.3%) for Bangladesh, to 37.5% (from 63.8%) fadidn and to 66.4% (from 85.3%) for Pakistan, during
1978-2017. The reduced share of biomass was cormgehpartly by fossil fuels and mostly by non-nletal
minerals that were used in construction, industiia agricultural activities. Moreover, biomass agmed a
major shareholder in DMC for Bangladesh and Pakiteoughout this period. However, this was notdase
with India where construction minerals surpassednbiss consumption, both in sheer mass and relstiaee
after 2010, highlighting expansion of transportrastructures, industrial facilities, residentiailhimgs, urban
development etc. Also, India’s material use hasberincreasingly dependent on coal and petrolegourees
whose relative share in DMC increased from 6.6%9m8 to 16.0% in 2017. This becomes more impoitant
the wake of global supply fluctuations and oil estgzans on Iran (Dudlék, 2018), which has beenbstantial
supplier of petroleum fuels to India (The World Bag018). On the contrary, Bangladesh and Pakistare a
smaller share of fossil fuels (below 7%) in totaMD and are unlikely to be immediately affected by

international trade bans and supply instabilities.

To further analyze natural material independencthe§e countries, the ratio of DE over DMC was coteg
analyzed. In 1978, DE/DMC was 0.97 in Bangladesh@B88 in Pakistan - indicating marginal resourdow
from other countries to meet the local resourceat&mWhile in India, DE/DMC was equal to 1.0 indicg
somewhat balanced extraction and consumption statusever, in 2017, the situation has drasticaligroged
as all three countries have a reduced DE/DMC miti6.91 (Bangladesh), 0.94 (India) and 0.95 (Pakist
indicating higher domestic consumption and incrgaseliance on foreign material inflow. Particujarindia
transformed from a resource-neutral country to souwece-deficient country importing higher quantitief
natural materials. By 2017, all three countries hadome net importers of primary resources. Fattatsmay
have affected increased resource demand and wetrcesmports include insufficient local materiatraction,
higher demand for locally unavailable resourcesjtéid or declining material reserves, incentivescertain
material imports, and an increased overall econ@nit industrial activity. However, for dematerialibn to

begin, developing countries need to develop locafiglicable policies for reducing material consuompivith
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efficient technologies so that resource sustaiitabd achieved with reduced per capita DMC ateaibnomic

levels.

4.1.2. Physical trade balance (PTB)

The PTB trends for three countries during 1978-28E/presented in Fig. 2 while aggregate PTB pettare
provided in Fig. S4 in the Sl file. PTB trends pd®r insights into the net resource flows to andnfran
economy with a positive PTB indicating net resouroport and vice versa. As shown in Fig. 2 (a) érid
Bangladesh and Pakistan have traditionally beenimpbrters of resources - though with relativelyaim
aggregate volumes. Back in 1978, Bangladesh’'sassturce import was equal to 3.2 Mt with importsyoofl
fossil fuels (1.7 Mt, mainly petroleum and coal)dapiomass (1.6 Mt, mainly agricultural crops). 1612,
however, Bangladesh’s net resource import react®e8 Bit (~12 times higher than that in 1978) with al
imports including non-metallic minerals (14.1 Mtaimly construction minerals), biomass (13.4 Mt, mhai
agricultural crops and wood), fossil fuels (7.8 Miainly petroleum and coal) and metal ores (1.6 rivklinly
ferrous ores). For Pakistan, net resource impal®ir8 was 4.9 Mt with all imports comprising fodsiéls (3.9
Mt, mainly petroleum products), metal ores (0.4 NMhainly ferrous ores), non-metallic minerals (0.3, M
industrial, agricultural and construction mineralahd biomass (1.6 Mt, mainly wood). Whereas in7201
Pakistan’s net resource import reached 44.5 Mttim@s higher than that in 1978) with imports ofdibsuels
(26.2 Mt, mainly petroleum and coal) and non-mitatiinerals (21.1 Mt, industrial and agriculturainerals),
and exports of metal ores (1.5 Mt, non-ferrous egt@and biomass (1.3 Mt, mainly wood). Future gitout
Pakistan's GDP is expected to exacerbate energnsity causing higher dependency on imported fdssll
resources (Rehman et al., 2019), thus, policy mreasan energy efficiency and diversification witbnn
renewable resources can be highly beneficial.

— atal ores

m— Fossil fuels

— Non-metallic minerals
m— Biomass
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Fig. 2. PTB trends for three countries during 1978-2017.

As shown in Fig. 2 (b), India’s PTB profile showsot different phases — before and after the yea0.1B8ring

1989, India’s net exported resources amounted3dvid.comprising imports of fossil fuels (27.5 Mtainly
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petroleum and coal) and non-metallic minerals (Bl) mainly industrial and agricultural minerals) thvi
exports of metal ores (32.5 Mt, mainly ferrous prasd biomass (1.5 Mt, mainly agricultural crop$pwever,
in 2017, India’s net imported resources (importaumiexports) equaled 426.3 Mt comprising importfoesil
fuels (430.1 Mt, mainly petroleum, coal and somira gas) and non-metallic minerals (18.7 Mt) véttports
of biomass (20.9 Mt, mainly crops) and metal ofe6 Mt, mainly ferrous ores). Thus, India’s traiwsitfrom a
primary resource exporting economy in 1978 to agdaresource importing country in 2017 highlights
increasing demand of natural resources from deir@ogountries and calls for increasing efforts mpioving

domestic resource efficiency which will be discussesection 3.2.

Nevertheless, as of 2017, all three countries hpdsitive net PTB with increasing dependence eafig@n
non-renewable energy resources and non-metallienalim used for industrial and agricultural actésti—
indicating their rising vulnerability to global msrce supply perturbations and price fluctuatioRactors
affecting this rising dependence include domestource limitation coupled with increasing overaditerial
requirement which is usually further deteriorated developing countries due to lack of technological
development, low value addition capability andiingdization of material-intensive sectors. Thisdraes more
important at a time when important regional coastrsuch as China, Japan, and South Korea areesking
higher resource inflows (Schandl and West, 2018Jirang that either domestic extraction is greakpanded
or resource trade flows are redirected (Schandl\&edt, 2010) — all leading to a greater competifion

regional and global resources.

4.2. Material efficiency trends

As a measure of material efficiency, material istgn(DMC per unit of GDP) indicates how efficignthree
economies are consuming resources per unit of esienoutput. As given in Fig. 3 (a), material intiépdas
reduced considerably in all three countries dufifg@8-2017 with highest reduction achieved in IN&ia.4%)
followed by Bangladesh (41.7%) and Pakistan (37.90kg reduced material intensity highlights thet that
increasingly less resources are being consumedigercontribution to national GDP. Interestinglyotigh,
during this period, Pakistan’s population grew B982% while that of India increased by 101.2%, thus

indicating an inverse relationship between popaotatrowth and material intensity.

As of 2017, material intensity was highest in Pikis(3.6 kg/USD) followed by India (2.8 kg/USD) and
Bangladesh (2.4 kg/USD). Such levels of materi@risity were comparable with China (3.5 kg/USD) wate
quite low as compared to Vietnam (7.9 kg/USD). @& tontrary, subject countries were much more niahter
intensive as compared to developed countries ssickapan (0.2 kg/USD), United States (0.4 kg/USD), a
South Korea (0.6 kg/USD). This endorses the vieat thaterial intensity improvements achieved by {post
industrial economies have been counter-balancedchdgrial intensive countries in the developing woH

offsetting some of the material efficiency gainsdmaat the global scale (Bithas and Kalimeris, 2018)
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Nevertheless, developing countries can reduce thaierial intensities through light-weight desigipeoaches,

extended product lives, and increased re-use, néfaeturing and recycling approaches (Stahel anid, 2015).
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Fig. 3. Material efficiency trends for three countri.

Material or resource productivity, expressed asettenomic output produced per unit of DMC, is apdntant
indicator to compute economic contribution per wfimaterial consumed. Results for material proditgt as
shown Fig. 3 (b), indicated considerable improvetmevithin the subject countries. As per the resuéisource
productivity during 1978-2017 improved by about 72885%, and 61% in Bangladesh, India, and Pakistan,
respectively, indicating significant improvementsade especially by India. In spite of such improvetse
resource productivity in 2017 was highest in Badgthn (410.7 USD/t) followed by India (358.7 USDit)d
Pakistan (275.0 USD/t). Comparatively, productivityre was significantly low compared to industriedi
economies such as Japan (5,393 USD/t), United sS{@t628 USD/t) and South Korea (1,664 USD/t), yet
similar or even higher as compared to China (288D/t) and Vietham (125.1 USD/t). Interestinglydiim and
Bangladesh had higher productivity than China, tyetir comparatively lower resource consumptiongtates
into lesser economic output. Nonetheless, as nmahténtensity reduction complements productivity
improvement, steps such as process innovationsiridurestructuring, design change, and matengnisity
reduction are particularly important for developicmuntries to achieve significant resource proditgtisuch
as Japan and United States (Lee et al., 2014).appmach to improve resource productivity is tosoutce
low-value and material intensive manufacturing prmmote resource-frugal, high-tech industries asgises.
But on the flipside, higher productivity at one ggaat the cost of higher material intensity atthe adds no
value to the system as a whole. Some even argtienih@cking the urban development model of devetbpe
countries may actually lead to ‘concrete forestithwinsustainable material consumption patterngp@da,
2001; Sheraz, 2014). However, a transition towatvice-oriented economy can also be a key medsure
promote resource efficiency (Koskela et al., 20d@)pled with regional resource management polittias
incorporate local economic, social and environniatiteensions.

4.3. |PAT equation and itsdrivers
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With the help of IPAT framework, drivers of chanigematerial use were investigated for Bangladestial
and Pakistan. The environmental impadDiC) was decomposed into population, affluence (&Bpita) and
technology (DMC/GDP) and the overall results arespnted in Fig. 4. In Bangladesh and India, ri€C
was driven partly by population and mainly by eaoi® affluence, however, technological enhancement
played a major part in slowing the growth of DMOnéng the drivers of DMC increase, the role of pafiah
was relatively less yet very significant as comddweaffluence, highlighting large resource constiompdue to
expanding urban and social lifestyles. In Bangladesd India, contribution from technology in rechgcDMC
was lower than the impact of affluence in incregddMC, yet it was able to partially offset growthresource
use driven by the other two factors. In Pakistéasing DMC was driven largely by population followéyxy
affluence, however, technological enhancement playeelatively smaller role to cukDMC. This indicated
significant impacts of rapid population growth imkistan which has led to higher human consumption o
resources without much contribution to nationalreeoy. In fact, population growth rates in Pakistae
among the highest in South Asia (DGIS, 2008) bet asually overlooked due to socio-political reasons
Nonetheless, to minimize impacts of populatiorARMMC in Pakistan, efforts should also be directedais
discouraging extravagant resource use in moderrigayyles and controlling rapid population growttes in

the country.

M Population
B Afluence
Technology

Bangladesh
84%
56%

Arabian Sea

Fig. 4. Drivers of domestic material consumption in theceentries during 1978-2017.

The decomposition results for individual 10-yeariqu#s are presented in Table 4. InterestindpMC was
significantly higher during 1998-2017 as compared 978-1997, which is in accordance with large nraad
infrastructure development in three countries asudised in section 3.1. During the last decade8(20Q7),
large material consumption has taken place in Rakidue to the development of large-scale infratire
projects and special economic zones under the @®ltRoad Initiative’ in partnership with China &bhet al.,

2019; Ullah et al., 2018; Wang, 2017) — causing DtdQCise significantly especially for constructioninerals

17



and energy resources. In India and Bangladestgriskports coupled with rapid urbanization has ddel
economic affluence which in turn has pushed risempurce consumption. As of now, all three coustsigow

a large potential for technological innovation th@n be strengthened through improved environmental
management via eco-industrial development and ptiomof sustainable agriculture — the two majorremuic

sectors in this region.
Table4

DecomposingADMC during four decades.

1978-87 1988-97 1998-2007 2008-17

Driver (%)

Bangladesh
ADMC (Mt) 32 84 10t 104
Populatior 10¢ 49 43 37
Affluence 38 47 9¢ 164
Technolog -47 3 -42 -102

India
ADMC (Mt) 72% 104¢ 178( 1957
Populatiol 71 59 42 37
Affluence 66 10C 114 165
Technolog -37 -59 -56 -102

Pakistan
ADMC (Mt) 13t 137 18¢ 192
Populatiol 69 82 66 75
Affluence 68 42 72 66
Technolog -37 -24 -38 -41

4.4, Application of EKC hypothesis

Based on the material use and economic indicaEK§; curves were developed and examined. The vertica
axis was used to represent environmental impactQispita) while the horizontal axis was used taesent
economic development (GDP/capita) using the seawddr regression curves. As per the results, EKC of
Bangladesh, India and Pakistan are given in Figcdmparatively, EKC of China, South Korea, Japam a

United States are also presented in Fig. 5.
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Fig. 5. EKC for different countries during 1978-2017.

As per the analysis, countries who achieved deimdiftion did not follow a straight economic pathther
their economic capacity varied at the time of drggshe inversion point. Among the developed cdestr
presented here, Japan was first to reach the iovepoint in 1987 with a per capita GDP of arour&j080
USD. United States was next to achieve demateaitédiz in around 1997 when their per capita GDP assed
40,000 USD which was then followed by South Kordaclw reached EKC inversion with a per capita GDP of
about 20,000 USD in 2007. Although, these results lmased on 2010-dollar prices, however, the EKC
inversion point does not appear to be correlatéld any particular income range. This shows that D&4G be
decoupled from economic growth at a lower econastage as seen in the case of South Korea. As ittaC

it has crossed per capita DMC of Japan and Soutb&and is about to reach that of United Statefscating a
potential dematerialization taking place soonerbpldy at a per capita GDP below 20,000 USD. This
highlights the significance of sustainable develeptrpolicies adopted by China in order to promad¢arter
production, eco-friendly industrial development amgource efficiency — all under the ambit of acular
economic model (Su et al., 2013). Although, Bang&d India and Pakistan are still far behind tahethe
EKC inversion point, they however need not to falline same development path of matured econonaitsert
they should focus on applying locally developedowative technologies and efficient resource managem

strategies to decouple rising resource consumftion economic growth (Dasgupta et al., 2002).

5. Macro-policy analysis

At a macro-level, some of the economic and maténidicators, in three dimensions, are presentefidn 6
using second order polynomial regression curvese®8aon Fig. 6, some of the discernable aspects are

discussed below:

(1) All three countries achieved considerable andoum GDP growth with India making fastest economi

progress.
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(2) GDP/DMC improvements in Bangladesh were reddgitess uniform but highest compared to other two

countries. The period after 2000 showed highestargments in all three countries.

(3) As a consequence of rising GDP and materiaswaption, carbon dioxide (GDemissions have also been
on a uniform rise during 1978-2014. As shown in. Figper capita COemissions in 2014 were consistently
highest in India (1.73 t), followed by Pakistan9@t), and Bangladesh (0.46 t). More interestinglgkistan’s
per capita C@emissions during 2007-2014 actually reduced b%cvhereas its per capita GDP increased by
6.7%, indicating decarbonization of economy maioyning from reduced material consumption fossildue
applicable to that timeframe only. Reduced per teafiQ emissions during this period were driven by a
prolonged energy crisis in Pakistan due to germratapacity issues, demand-supply gaps, price hikad
management etc. (Ali et al., 2019). The energyiciis Pakistan was also aggravated by the eneligg purge
during the 2008-2009 global financial crisis (Bekbeal., 2016). As a result, domestic consumptibfossil
fuels remained stagnant during 2007-2014 while fagjmn continued to grow rapidly — making the papita
CO, emissions to drop slightly. Although, policies Rakistan are now becoming better aligned with déma
change issues, particularly with increasing puphiwate partnership on efficient resource manageéraed
government's resolve to tackle rising environmeptalution (Javid and Sharif, 2016; Shah and Zeesk@16),
however, their quantitative impact on €@missions is still unreported and can be expla®d follow-up of

this work.

(4) Per capita PTB was positive throughout theyspetiod in Bangladesh and Pakistan, however, dia|rper
capita PTB changed from negative to positive inyhar 1990, indicating impacts of trade liberali@aton
physical inflow of resources. Based oh\Rlues, per capita PTB was least uniform in allntdes mainly due

to large year-on fluctuations in supply and demafrichported resources.
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Fig. 6. Overview of economic, environmental and matet@dfindicators in three dimensions (vertical and

horizontal axis bounds are uniform for each indicat
5.1. Overview on the environmental policy development

This section will present an overview of the enmim@ntal management in subject countries. The chgngi
regional economic dynamics with open trade poligisgecially since the 1990's has aided rising e=pand
consequently higher material consumption in thgemilzountries. As a result, changes in regionahemic
affluence began in 2001 when India’s per capita GB®4 USD/capita) surpassed that of Pakistan (847
USD/capita) for the very first time and has beethattop since then. During the same year, peta&WC of
India (3.7 t/capita) also exceeded that of Pakigsal t/capita) — indicating a correlation betweeaterial use
and economic affluence among the regional countfiperefore, it is important to understand the etioh of
environmental governance and material consumptionsibject countries against national economic
development — before and after the year around .208Ws, the two prominent stages of environmental

governance against per capita GDP were identifisghresented in Fig. 7.
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Fig. 7. Environmental protection development in three toes.

As presented, environmental policy synthesis indiatesh, India and Pakistan mostly began during lat
1970’s and continued for the next two decades.rR0ro2001, the subject countries mainly dealt with
institutional development and environmental frameiglanning and execution, compliance and totahtjtia
control along with trade liberalization with the e markets to boost local industries and expodi@s.
During 1980’s and early 1990’s, local environmeigalies came in the limelight and role of statétingons in
environmental management was strengthened to sodsmte Later in 1990's, enhanced environmental
compliance and emission control regulations weneeldg@ed in all three countries. This period alsovetd
some environmental improvements at regional levdien some of the major environmental laws were
implemented along with multiple resource conseovapiolicies. The time during 2000’s presented gSBDP
growth rates, though, performance on resource ceasen, energy efficiency, and environmental mamagnt
was still in early stages. During the late 2000&pid economic growth, especially in Bangladesh kg,
helped them to strengthen their institutional &piknd integrate environmental protection with aimstble
development policies. During this time, Banglade@aplemented the seventh five-year plan for accttega
growth and empowering citizens, India began follayvcleaner production policies, while Pakistanidbéd a
sustainable development policy (Vision 2030) foe thext fifteen years. The integration of environtakn
policies with economic development was also a tesfugjlobal developments following the 2030 Agerida
Sustainable Development (UN, 2015).

Having said that, environmental compliance is abviegs prioritized in developing countries as camegdo

developed countries (Nakicenovic and Swart, 208@)reover, as developing countries grow economically
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investments in environmental infrastructure and pitance increase gradually — even when environnhéawe
already exist (Schandl and West, 2010). Thus, witper capita GDP below 2,000 USD, environmental
protection had understandably been fragile in sutlgjieuntries. A traditional practice of “pollutewm@nd clean
up later” is also highly relevant to developing otrvies where later environmental expenditures b&com
significantly large (Chiu and Yong, 2004; Sheno@12). As resource efficiency has improved in ateéh
studied countries, thus, indicating a potentialitpes effect of relevant policies in the region wimore
improvement observed during the last two decadeseftheless, the socio-economic impacts of natitavall

policies need to be further explored in future seceoptimize environmental resource management.
5.2. Bilateral trade dynamics

Mutual trade dynamics among Bangladesh, India amdsBn were also analysed to synthesize key policy
implications for regional resource supply availépiland competition. Most recent trade statisticerev
analyzed to assess current situation and provideigtic perspectives. Figure 8 presents the iotemtry trade

of commodities based on harmonized system claasiic (HSC) for the year 2017 and reported in aurre
dollar prices (Simoes and Hidalgo, 2011; The W&dahk, 2018; USITC, 2019).
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Fig. 8. Bilateral trade based on harmonized system cleadn, as of 2017.

As shown, the traded items mostly belong to mdténtensive and low-value sectors such as textiles,
agricultural products, minerals and chemicals -palssessing higher environmental footprint (Barettal.,
2018; Hammond, 2000). Therefore, the import dontim@de in subject countries with insignificant exjs of
high-value finished products can be a good areairfqroving resource efficiency especially when labo
availability and their associated costs are contpatg low in this region. With current market dynis, the
trade balance relatively favors India whose expttshe other two countries amounted to 8.7 billld8D
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while imports from the two countries equaled abaubillion USD. Understandably, India’s large agro-
industrial and manufacturing sector is able to twrtiglly provide trade surplus with its neighbagri@conomies.
Pakistan and Bangladesh, however, need to makaraitton towards energy-efficient and value-added
manufacturing industries through which they candpoe products of higher economic value but lesser
environmental footprint. This can be done througgiustry restructuring, technological upgradatioexisting
industrial areas, phasing-out resource intensiveicatural products, value-addition in primary and
intermediate production industries, and increasimares of finished products and capital services.

Mutual trade of goods based on their processingestiepicts an interesting picture. India’s exptotdoth
Pakistan and Bangladesh comprise about 15% rawialatel7% intermediate goods, and 38% consumer and
capital goods. Bangladesh’s exports to India aridsBa include around 27% raw materials, 28% intstiaite
goods and 45% consumer and capital goods. Paldstaports to Bangladesh and India consist of nelsdtg
raw materials, 68% intermediate goods, and 14%unas and capital goods. Therefore, with significstmire
of primary materials and intermediate goods in egothe region understandably lacks high resource
efficiency. Since agriculture and industries cdntte roughly in the range 40-50% to national GDRlirthree
countries, self-sufficiency in agricultural chenm&and fertilizers, fossil fuel carriers and indisgtminerals is
very crucial from futuristic policy perspective. ftermore, as primary and secondary products ysuoatry
low economic value compared to the finished progluetransition towards higher value addition aigthtend
production can help these countries to sufficieimttyease their resource productivity. With regioseporting
countries such as China, Japan and South Koregyetiiimn for future resource supply and entry intw
foreign markets for trade, at time of protectioneticies by some countries, is also very challegdor most

of the developing countries including Bangladestjd and Pakistan.

6. Conclusion and policy implications

This section will highlight the important findings this study. Based on the results, key policyghts are also
provided. The section will conclude by presentiome of the limitations of this work.

6.1. Main findings and conclusion

This study examined the economy-wide resource robsab in Bangladesh, India and Pakistan — thregekstr
and rapidly growing economies in South Asia — far period 1978-2017. Various material flow andoficy
indicators were analyzed in the context of regiarad global resource supply chain. The domestiedsiof
material consumption, potential dematerializatiéreconomic growth, policy impacts on resource éficy,
and regional bilateral trade dynamics were alsdyand. As per the results, per capita GDP levelsh&en
uniformly with India showing fastest growth. Witlising income levels, the expansion of urban centers
agricultural output, transport infrastructure, isttial facilities, residential buildings etc. halesl to a steady

increase in DMC especially for construction mingrébssil fuels, and industrial and agriculturaherals. This
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rapidly rising DMC has resulted in increasing imfloof foreign resources indicating a potential cetitipn for
regional and global resources especially when itapbrregional economies such as China, Japan amith So
Korea have already become net importers of primmaspurces. Material efficiency in subject countniess
comparable with other developing countries, bunificantly lower than developed economies — indigaia
higher resource consumption per unit contributiornthte national economy coupled with internalizatafn
energy and material intensive sectors. This was adlected by higher mutual trade of primary and
intermediate products among the three countrieslynoemprising textiles, agricultural products, usdrial
minerals and chemicals. Based on the macro-pofiafyais, environmental policy synthesis was fountegin
during 1970'’s, though, higher GDP growth duringlye@000’s provided more opportunities for environa
protection and resource efficiency policies. Wittnsiderable legislative progress, current per aa@bDP
levels were, however, a huge impediment for intiesgt@nvironmental management.

6.2. Policy implications

Based on our findings, we hereby present someeofntiportant policy implications for Bangladesh, ilmdnd

Pakistan:

(1) Resource productivity need to be improved, franpolicy perspective, particularly in agriculturhd
industrial sectors which represent a significantinh of national economy. In the industrial sectstieps
including process innovation, substitution of rawterials, reduced material loss, restructuring, @oanotion
of resource-frugal, high-end production can havatpe impacts. In the agricultural sector, minimgthe use
of imported chemicals and fertilizers without compising the net yield, and expanding domestic ektia of

such resources can produce beneficial outputs.

(2) Based on the IPAT analysis, technological improent was found to offset rising material consuompt
and reduce material intensity in all three coustrierom 1998-2017, highest contribution from tedbgizal
improvement was observed in slowing the growth MMthat was driven mainly by affluence and partly b
population. However, technological contribution aiby drops with economic growth (Dong et al., 2Q17)
therefore, continued policies on resource consenvatnd waste reduction must concurrently be impleted
in subject countries.

(3) Lesson from developed countries can also berdrand incorporated in national level policies fr@am
resource conservation and waste reduction pointegd. The application of ‘circular economy modei’ China
(Su et al., 2013), ‘eco-towns’ in Japan (Low, 2048y ‘eco-industrial development’ in South KoreariPet al.,
2018), all provide practical solutions to develapicountries for improving domestic material effiug.
Nonetheless, rebound effects of industrial and exdn development can be avoided using jump-forward

approach and should be considered during the pdéeglopment phase.
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(4) As dematerialization in South Korea came ateloper capita GDP (20,000 USD) compared to Japdn an
United States, similar pattern can be achievedthgradeveloping countries. Though, dematerializatioone
country at the cost of higher materialization imtdier country adds no value to the system as aenwailthese
factors must be considered appropriately by patiekers.

6.3. Discussion on thelimitations of thisresearch

Research limitations and future concerns to addaesgpresented here. First of all, data availahifitannual
transactions which may neglect manufactured stoaterials (Wiedenhofer et al., 2019) is criticakrifore,
data segregation on a lower time resolution cahdbgful to incorporate impacts of material stodResource
management through international trading pointiefwcan also be a handy research addition in tieis which

may also be complemented by life cycle and inpupatuapproaches.

The other critical issue is the uncertainty gereztdiy the projected data. As some of the availatdéerial
flow data are projections based on previous yeanspup-to-date database development is also of ttmos
importance. For countries with incomplete datapmglementary bottom-up approach (such as a surivay o
specific area, individual unit or a sector) foral@ompiling will be helpful to improve the accurasf/data
projection. Application of economic and econometriethods to uncover more information may also offer
good data validation and value-added findings (Wiécalso a follow-up work of this research). Nekeless,
uncertainty in macro level data, even when paytipibjected, is always a limitation for such tygfeacstudy,
thus, a necessary investigation of data constmifgictors is suggested.

Lastly, quantifying the socio-economic impacts ofvieonmental and resource management policies at a

national level is also an interesting area and sieethe explored in future.
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Appendix

In this section, we compared the material flow deth some existing socio-economic data, basederbasic

assumptions as below:
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resource consumed

Resource consumption = » economic activity (Eq. Al)

economic cutput

Where economic activity may include economic outpudustrial production etc. Or we can write as:
Resource consumption = resource consumed per capita x activity(Eq. A2)

In these equations, ‘resources over output’ repitssine technical efficiency, which usually does$ have a
leap in short years without a technological reviolubr significant economic structural change. Hetie basic
trend will remain uniform. Similarly, resources somed per capita change cannot occur abruptly glshiort
periods of time without any significant societalange. This is the foundation for projections antur
estimations. Especially for countries such as Bauhggh, India and Pakistan, lack of real data aviliflais
usually addressed through data projection and astm Here, we have used the most available socio-
economic data (GDP, GDP/capita, and populatiompie a comparison with the real material flow dag&v8-
2012) to projected material flow data (2013-2017).

As a basic analysis, Figure Al (a) presents the /Gijita of the three countries, which illustratieattfrom
2013-2017, it is a stable development period fer ¢hbject countries (GDP/capita was in a stableeasing
trend). Figure Al (b) presents that the correlabetween DMC/capita (real data) and GDP/capitaneaic
prosperity, real data) was high for Bangladesh ladih, but relatively low for Pakistan. Figure Ad) hows
that the correlation between DMC/capita (predictieda) and GDP/capita (real data) is very high fothb
Bangladesh and India but relatively low for Pakistaimilar to what we found in the analysis of rdata.
Hence, we highlight that in general, more attensbould be given to data uncertainty in countridéchyv face
economic fluctuations such as Pakistan. Accordinthis investigation, in general, the projectedadzdn be

recognized as solid.
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Characterization of resource consumption and efficiency trendsin Bangladesh, India and

Pakistan: Economy-wide biotic and abiotic material flow accounting from 1978 to 2017

Highlights:

1. Resource metabolism features were analyzed in Bangladesh, India and Pakistan in a

regional supply chain context from 1978-2017;

2. Driving forces of resource consumption in various periods were identified and compared

to uncover policy insights from atransitional perspective;

3. Resource intensive production in bilateral trade resulted in lower resource productivity;

4. Macro-policies analysis highlighted lower economic development hindered integrated

environmental management;

5. Future pathway towards resource efficiency scenarios in the three countries were

proposed and discussed.
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