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Abstract
The Paris agreement (2015) seems a significant achievement towards a global mitigation policy to climate change. However,
implementing the promised Intended Nationally Determined Contribution (INDC) targets by the participating countries has
become a real challenge. In this aspect, the input-output life cycle assessment (IO-LCA) model provides an important assessment
mechanism to design suitable abatement policies limiting the rising greenhouse gas (GHG) emissions. The present paper
develops an IO-LCA model for Pakistan and estimates all the direct and indirect GHG emissions caused by all the production
activities during all the stages of production. This task is achieved in three phases. In phase 1, the Pakistan input-output table
(IOT) is constructed. In phase 2, the GHG environmental satellite accounts are created for each sector in the economy. In phase 3,
the GHG emissions are linked to different categories of final demand.
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Introduction

Environmental deterioration is causing global warming, and
this issue has gotten a lot of attention at the national and global
level. Many governments and global organizations are trying
to control the rising greenhouse gas (GHG) emissions world-
wide. In December 2015, around 164 countries across the
globe embraced a global climate protocol at the United
Nations Framework Convention on Climate Change
(UNFCCC) in Paris. In this agreement, they publicly outlined
their intended mitigation actions to climate change, known as
the Intended Nationally Determined Contributions (INDCs).
Achieving the INDC target will symbolize the serious efforts
of a country towards the issue (Wu et al. 2016; Zeshan and Ko
2016; Rogelj et al. 2016; Jackson et al. 2015).

The two main accounting approaches addressing environ-
mental issues are the production-based and consumption-
based approaches. The former method allocates GHG emis-
sions to the place of production while the latter method allo-
cates it to the final consumption (Peters 2008). However, the

quantification of GHG emissions through the consumption-
based method is getting more attention because it offers com-
plementary evidence for an effective policy-making process
(Wiedmann and Lenzen 2018; Miehe et al. 2016), which is not
easy in case of production-based method (Barrett et al. 2013).
Further, rising global trade along with increasing demand in
the developed countries both have led to a higher level of
GHG emissions from the production process in exporting
countries (Fernzndez-Amador et al. 2017; Mi et al. 2019).
Hence, the literature emphasizes that the final users are more
responsible for the rising GHG emissions than the producers
(Table 1).

Life cycle assessment (LCA) and input-output (IO)
models are widely used to analyze the consumption-
based environmental policies (Zhang et al. 2018; Aguilar-
Hernandez et al. 2018; Hertwich 2005; Ghertner and Fripp
2007). However, there are two main challenges associated
with the LCA method, i.e., defining a concrete boundary of
analysis and circularity effects. The former needs to spec-
ify what is included or ignored in the analysis to keep the
analysis manageable, which, however puts limitations to
the results and generates an underestimated life cycle of a
product. The latter indicates that the production of output
requires other machinery, and a complete life cycle assess-
ment is required for all related materials used in the pro-
duction process. Hence, the LCA model requires many

Responsible editor: Philippe Garrigues

* Muhammad Zeshan
muh.zeshan@gmail.com; zeshan@pide.org.pk

1 Pakistan Institute of Development Economics, Islamabad, Pakistan

https://doi.org/10.1007/s11356-019-06196-6
Environmental Science and Pollution Research (2019) 26:30313–30323

/Published online: 20 August 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-019-06196-6&domain=pdf
http://orcid.org/0000-0002-0890-7470
mailto:muh.zeshan@gmail.com
mailto:zeshan@pide.org.pk


assumptions to make it less complicated and time-consum-
ing. On the other hand, the input-output-based LCA meth-
od solves these issues. First, it specifies how much output
of a sector is needed as input in the same sector and other
sectors, which properly documents all the sales of a sector.
Secondly, it provides the total (direct and indirect) effects
of changes to the economy if there is any change in final
demand.

The input-output tables (IOTs) provide a snapshot of an
economic structure (Dietzenbacher et al. 2013; Miller and
Blair 2009). They explain macroeconomic interactions of a
region in an accounting framework by tracing the financial
flows from activities using the goods and services to other
sectors supplying these resources (Zeshan and Nasir 2019).
IOTs state the sale and purchase accounts between various
sectors in an economy. Many sectors of the economy are

Table 1 Environmentally extended input-output table (EEIOT)

Domestic production: (million PKR)

Sector/sector Agriculture Land Energy Chemicals Metals Manufacturing Transport Minerals Others

Agriculture 1,308,454 2941 5 122 – 2,667,221 259,888 277 96,562

Land 29 154 – 1825 – 13,583 275 2396 1066

Energy 28,200 1354 1,344,013 16,285 8773 198,029 212,973 41,143 234,567

Chemicals 105,158 4049 38,328 33,360 1285 45,386 101,746 2076 94,159

Metals – – 428 1484 5449 40,297 54,183 1243 2673

Manufacturing 28,316 1599 95,209 77,223 10,757 577,896 462,676 22,400 322,492

Transport 178,021 1758 352,894 98,988 76,496 950,400 762,492 60,635 266,719

Minerals 7813 372 316,245 11,138 60,353 190,205 43,161 45,298 32,235

Others 42,114 13,849 34,411 26,832 7495 296,448 431,395 71,264 741,802

Imports 92,195 2159 449,215 123,401 18,864 405,480 542,083 55,359 168,277

Net taxes on production 57 332 120,395 8570 3809 92,332 80,063 12,303 13,460

Total at purchasers’ price 1,790,357 28,569 2,751,143 399,229 193,280 5,477,278 2,950,935 314,395 1,974,014

CE 1,613,980 32,038 77,007 56,172 25,662 706,144 1,202,972 70,915 1,169,453

CFC 210,534 654 47,347 12,839 5866 154,226 192,426 36,061 379,329

Operating surplus, net 2,678,820 56,700 362,003 120,923 55,243 1,326,889 3,670,065 588,218 2,795,065

Operating surplus, gross 2,889,354 57,354 409,350 133,762 61,109 1,481,115 3,862,491 624,279 3,174,394

Value-added, gross 4,503,334 89,392 486,357 189,934 86,771 2,187,259 5,065,463 695,194 4,343,847

Total inputs at basic prices 6,293,690 117,960 3,237,500 589,163 280,051 7,664,536 8,016,398 1,009,589 6,317,861

Emission satellite: (Gg/kt of CO2 equivalent)

CO2 – 9671 47,251 3278 598 37,651 37,181 15,535 27,641

CH4 83,790 – 21,903 – – 63 189 – ,302

N2O 78,120 – 1860 – – – – – 310

CO 950 – 21 – – 67 2470 – 2432

NMVOCs – – 51 – – 17 816 184 439

Final demand: (million PKR)

Sector/sector HC CCEG ICEG GFCF CI EXPG EXPS Total output

Agriculture 1,728,880 – – 38,092 71,832 119,246 168 6,293,690

Land 94,726 – – – 3686 220 117,960

Energy 1,118,449 139 59 – 7302 26,083 130 3,237,500

Chemicals 141,797 – – – 8409 13,411 589,163

Metals 25,944 – – 135,590 3351 9406 2 280,051

Manufacturing 3,667,691 17,649 7505 1,101,774 90,494 1,155,114 25,742 7,664,536

Transport 4,099,920 – – 446,468 59,690 511,242 150,674 8,016,398

Minerals 247,734 – – 298 9345 43,715 1676 1,009,589

Others 2,681,121 1,174,679 499,491 29,007 440 1143 266,369 6,317,861

Imports 869,298 54,537 23,190 447,019 30,699 141,012 44,845 3,467,633

Net taxes on production 155,731 1525 648 90,076 7776 38,854 3556 629,487

Own calculations, base year: 2010–2011
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highly interdependent as different industries purchase various
inputs from other industries, while the rest is imported. Other
industries sell their products to domestic and foreign con-
sumers. To make all these economic records consistent, eco-
nomic flows are uniformly recorded in an IOT following a
product-by-product or industry-by-industry approach.

These monetary tables can be supplemented with satellite
data accounts describing the GHG emissions. The resulting
models are helpful to examine the economy-wide environmental
implications of final demand for goods and services by final
consumers. It links the GHG emissions with the final demand
and provides a basis for mitigation policy. The EEIOA is a
widely used tool in literature to examine carbon footprints
(Baumann 2013; Zeshan 2013; Peters et al. 2011; Lenzen 2011).

This paper develops an input-output life cycle assessment
(IO-LCA) for Pakistan, and this task is achieved in three
phases. In phase 1, the Pakistan IOT is constructed. In phase
2, the GHG environmental satellite accounts are created for
each sector in the economy. The GHG environmental ac-
counts are maintained for carbon dioxide (CO2), methane
(CH4), nitrous oxide (N2O), carbon monoxide (CO), and
non-methane volatile organic compound (NMVOC). These
emissions are generated by different production activities such
as agriculture, land, energy, chemicals, metals, manufacturing,
and other products, known as the carbon footprints.1

Wiedmann (2009), Druckman and Jackson (2009),
Wiedmann and Minx (2008), and Wiedmann et al. (2007)
provide a brief review of this topic.

In phase 3, these emissions are linked to different catego-
ries of final demand, including household consumption ex-
penditure (HC), collective consumption expenditure of gov-
ernment (CCEG), individual consumption expenditure of
government (ICEG), gross fixed capital formation (GFCF),
changes in inventories (CI), net exports of goods (EXPG),
and net exports of services (EXPS). This approach is helpful
to design abatement policies to fulfill the INDC targets com-
mitted in the Paris Summit (2015) as it provides the total
(direct and indirect) amount of GHG emissions caused by
activity during all the stages of production.

At present, there is a severe knowledge gap in Pakistan and
there is a dire need for research work which could facilitate the
formulation of environmental policies based on environmental
economics. To achieve this goal, this paper combines two ac-
counting frameworks such as Pakistan IOT based on the most
recent 2008 System of National Accounts (SNA) and the
System of Environmental-Economic Accounting (SEEA).
Hence, it develops national accounts of environmental indica-
tors providing a detailed interrelationship between the economy
and environment.2 This goal is achieved by combining the

standard IOT (measuring the economic activities of key indus-
tries) and the relevant physical flow of GHG emissions.

Supply-use data accounts and emission
inventory

The present IO-LCA is based on the environmental data com-
piled by the Pakistan Ministry of Climate Change (Mir and
Ijaz 2016) and the supply and use tables (SUTs) prepared by
the Pakistan Bureau of Statistics (Asian Development Bank
2017). The 4th revision of the Pakistan Standard Industrial
Classification (PSIC) is used to define the industries/sectors/
activities (Pakistan Bureau of Statistics 2010), whereas the
2nd version of the Central Product Classification (CPC) is
used to describe commodities/goods/services in these SUTs
(United Nations 2015).

The 2008 SNA prefers the basic prices over producers’/
purchasers’ prices for valuing production in national accounts.
Hence, the SUTs are transformed from purchasers’ prices to
basic prices. The basic price is defined as the amount receiv-
able by a producer for one unit of goods/services from a pur-
chaser, excluding taxes paid and including all the subsidies
received on the products. Producers’ price is defined as the
price of goods/services at the factory gate including all the
taxes less subsidies on different products. Further, purchasers’
price is defined as the price paid by purchasers, including all
the remaining taxes, trade margins, and transportation costs,
also called the market price.

The data on trade and transport margins, imports, taxes,
and subsidies are adjusted accordingly during the conversion
to basic prices. This task is easier in case of the supply table;
however, such a conversion process is relatively complicated
in case of the use table. Each component of the use table needs
to be adjusted for this conversion. Other than the margins, all
elements discussed above are labeled separately in the row
form. However, this practice does not involve margins as they
are reallocated across the related services.

Normally, the source data of all margin types, taxes, subsi-
dies, and imports are available in the supply and use tables.
However, such data is not available in the case of Pakistan.
Therefore, the present paper estimates the values of these
components as they are important for the conversion process.
This estimation assumes that these components change in pro-
portion to an industry’s total output spread across different
markets.

Methodology

The main characteristics of an IOT are transparency, compa-
rability, inputs, resources, timeliness, and analytical potential
(Raa 2017). Transparency dictates that industry-by-industry

1 A detailed aggregation scheme is provided in the Appendix.
2 The basic structure of the input-output tables is discussed byMiller and Blair
(2009) in detail.
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IOTs are better than the product-by-product IOTs. The former
is based on the fixed product sales structure assumption,
which does not produce negative values in an IOT. On the
other hand, the latter is based on the product technology as-
sumption, which needs balancing of negative values. It im-
plies that the results in the latter are lesser transparent than the
former.

Comparability defines that industry-by-industry IOTs can
be compared with national accounts, whereas the product-by-
product IOTs cannot. Nevertheless, the latter promises better
comparability between different products across different
countries. The product-by-product IOTs state a clear input
structure whereas the industry-by-industry IOTs state a mixed
group of goods and services.

Resources and timeliness indicate that the IOT built on
product technology assumption requires more time (and re-
sources) as it needs balancing of the negative elements.
Conversely, an industry-by-industry IOT does not necessitate
any such treatment, which saves time (and resources). Further,
analytical potential clarifies that industry-by-industry IOTs are
more suitable for policy analysis (such as tax reforms, mone-
tary and fiscal policies). In contrast, the product-by-product
IOTs are mainly used to examine the homogeneous produc-
tion units for instance productivity, employment effects, and
cost structure.

From the above analysis (also see Fig. 1), the fixed product
sale structure assumption serves our purpose better. It assumes
that each product follows a specific sales structure, irrespective
of the industry where it is produced (World Bank 2009). It
results in an industry-by-industry transformation matrix, such
that:

T ¼ Vx‐1 ð1Þ
where V and x denote domestic make matrix and a diagonal
matrix of product output, respectively. Further, T transforms
the domestic use and final demand matrices into a symmetric
IOT. Henceforth, the matrix of coefficients is defined as:

A ¼ TUx‐1 ð2Þ

where U and A denote domestic use matrix and inputs re-
quired per unit of production (matrix), respectively. The latter
encompasses two parts, where the top segment is a square
matrix of domestic intermediates used by different industries
and the bottom segment comprises the matrix of primary in-
puts and GHG Emission satellite accounts.

Cost and market shares

This section discusses the input coefficients, backward link-
ages, output coefficients, and forward linkages of Pakistan’s
economy. Input coefficients state inputs required per unit of
output, and they are obtained by dividing each cell of the
EEIOT by the relative column total. They also indicate the
relative cost shares for different sectors and primary inputs
in the total production. From Table 2, it is obvious that 1 unit
of agricultural output requires 0.2079 units of inputs from the
agriculture industry, 0.2564 units of compensation of em-
ployees (CE), 0.4256 units of operating surplus, net.

Further, examining the linkages of a sector with its sup-
pliers is very crucial. If a sector k boosts its output level, it
will enhance the demand of many other sectors whose prod-
ucts are consumed as inputs in production, also known as the
direct backward linkage of an industry. An industry with
stronger direct backward linkages is considered more impor-
tant in the economy compared with another industry. Energy,
manufacturing, and metal sectors are the top three sectors with
stronger direct backward linkages compared with other sec-
tors in Pakistan (Table 2).

The output coefficients indicate the market shares of total
output in different industries. These coefficients can be obtain-
ed by dividing each cell of the EEIOT by its relative row total.
The results in Table 3 show that the manufacturing sector is
the biggest market (42%) for agricultural products, whereas
21% of agriculture output is distributed in the agriculture sec-
tor. On the other hand, private consumption has a 27.7% mar-
ket share in agriculture production.

The supply of output in the market has many implications,
and direct forward linkages are really important in this regard.

Assumption: Technology Assumption: Fixed Sales Structure

Product technology 

assumption

Industry technology 

assumption

Fixed industry sales 

structure assumption

Fixed product sales 

structure assumption

Product by product

IOTs

Product by product 

IOTs

Industry by industry 

IOTs

Industry by industry 

IOTs

Model A Model B Model C Model D

Source: World Bank 2009

Fig. 1 Transformation of the
SUTs into IOTs. Source: World
Bank 2009
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Higher production activity in the k industry increases its out-
put supply in the market, also known as the direct forward
linkage. Hence, a sector with higher forward linkage has more
significance in an economy compared with another sector as
one additional unit of output in that sector would provide it a
comparative advantage (economies of scale) compared with
other sectors. In the present situation, chemicals, minerals, and
agriculture sectors have stronger direct forward linkages com-
pared with other sectors (Table 3).

Input-output life cycle assessment model

An IO-LCA facilitates us to examine the impact of a change in
final demand on total demand and how the change in final
demand is related to the GHGs emitted (extended Leontief
inverse) at all the stages of production in various sectors.
The standard Leontief inverse is used, such that:

x ¼ I−Að Þ−1y ð3Þ

In matrix algebra, matrices and vectors are denoted by cap-
ital and small letters, respectively. In the above equations, Ax,
y, and x denote the vectors of intermediates, final demand, and
total production, respectively. For a specific sector, the output
multiplier is stated as the sum of all outputs from each domes-
tic sector to produce an extra unit of production, denoted by
the column sum of the Leontief inverse matrix (Table 4).

In the present case, the energy sector has the highest output
multiplier (2.39), see Table 4. It indicates that PKR 1 million
increase in the final demand of the energy sector would en-
hance the total production by 2.39 million. The overall (direct
and indirect) increase in energy output is 1.74 million, where-
as the remaining increase is added from higher production
levels in other industries. In other words, a unit increase in
final demand requires 0.74 units of energy sector output indi-
rectly in its production process to meet the final demand. In
addition, if the final demand for the energy sector elevates by
1.0 million, it would raise the cumulative economic revenues
by 2.39 million in Pakistan.

The IO-LCA facilitates to evaluate the total (direct and
indirect) effect of economic policies on environmental indica-
tors. In essence, this method allows us to examine the total
GHG emissions generated at all the levels of production,
which is provided in the following extended input-output
equation system:

Z ¼ B I−Að Þ−1 f ð4Þ
where B, f, and Z indicate input coefficients for GHG emis-
sions, final demand, and resulting matrix for total (direct and
indirect) GHG emission requirements, respectively. Ta
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Table 5 presents the direct GHG emission coefficients. In
the case of CO2 emission coefficients, the lowest value is
reported for the metals sector (0.002). Further, Table 6 reports
the total emissions for the metal sector (0.009). This coeffi-
cient includes all (direct and indirect) CO2 emissions related to
the production of an additional unit (PKR million) of the out-
put of the metal sector at all levels of production. From
Table 1, it is obvious that the metal sector provides goods
and services worth 174.293 billion to final demand.

The extended input-output analysis reveals that 1729 units
(Gg per kt of CO2 equivalent) of CO2 emissions were emitted
in Pakistan at all levels of production to satisfy the final de-
mand for metal products (Table 7). The estimation results
reveal that the level of CO2 emission is the highest in the
manufacturing sector. This sector is directly responsible for
37,651 units of CO2 emissions. Further, the estimated results
show that 51,819 units of CO2 emissions was produced at all
levels of production in order to produce the manufacturing
output for final demand.

Comparison with GTAP database
and literature

This section provides a comparison of how the different sec-
tors contribute to the GHG emissions in Pakistan. For this

purpose, it extracts Pakistan’s social account matrix (SAM)
from the Global Trade Analysis Project (GTAP) database ver-
sion 9. It is important to note that the SAM in this database is
an updated version of Pakistan IOT 1991, which was updated
for the year 2008. Hence, the sectoral classification and the
base years of the Pakistan SAM and the current EEIOT are
different. Overall, the manufacturing and energy sectors
contribute the most to the GHG emissions in Pakistan.
These results are consistent with Shmelev (2010) and
Mattila et al. (2011), who do a similar analysis for the UK
and Finnish economies, respectively (Fig. 2).

Further analysis indicates that the structure of GHG emis-
sions has changed drastically over time. The contribution of
agriculture, energy, chemicals, and manufacturing in total
GHG emissions is reducing in the country while the share of
other sectors is increasing in GHG emissions. Further, the share
of the transport sector has increased drastically in the total GHG
emissions indicating the structural changes in the economy.

Conclusion and discussion

The Paris summit (2015) has become a significant achievement
to attain a reliable global mitigation policy to climate change.
An important aspect of the summit was the provision of emis-
sion reduction targets by each participating country worldwide.

Table 7 GHGs emitted at all stages of production in various sectors (Gg/kt of CO2 equivalent)

Emissions/
sector

Agriculture Land Energy Chemicals Metals Manufacturing Transport Minerals Others

CO2 1552.1968 8282.0679 34853.0065 1688.3733 1729.4804 51818.7597 38777.5481 5707.9631 34396.6041

CH4 33341.2330 92.2742 14330.8495 284.1976 239.0150 43000.8989 8360.7515 279.8043 7317.9759

N2O 30910.1428 64.1582 1833.8568 188.6408 121.8119 37529.2892 5687.2069 106.0288 3848.8647

CO 417.0004 7.4155 133.3842 19.9788 25.9493 1026.3957 2074.9017 21.0452 2213.9292

NMVOCs 13.9391 1.6208 103.3627 6.3467 15.3652 210.6350 661.4207 63.7096 430.6001

Own calculations

Source: Own Calculations

0.00%
5.00%

10.00%
15.00%
20.00%
25.00%
30.00%
35.00%
40.00%
45.00%
50.00%

GTAP Present

Fig. 2 Share of GHGs emitted at
all stages of production (%).
Source: own calculations
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However, the severe knowledge gap in Pakistan makes it hard
to facilitate the formulation of environmental policies based on
economics, which is the aim of the present study. Addressing
this knowledge gap would enable policymakers to design more
environmentally friendly economic policies.

The IO-LCA has become an important assessment tool to
design abatement policies to fulfill the INDC targets commit-
ted by a country in the Paris summit. It provides direct and
indirect amounts of GHG emissions associated with all the
production activities during all the stages of production.
Further, it links the final demand with GHG emissions. The
present paper finds out that CO2, CH4, and N2O are the top
three GHG emissions produced in Pakistan. The manufactur-
ing, transport, and energy sectors produce most of the CO2

emissions, whereas manufacturing, agriculture, and energy
sectors produce most of the CH4 emissions. Further,
manufacturing, agriculture, and the transport sector are re-
sponsible for the rising level of N2O emissions in the country.

The sectoral production in Pakistan is skewed towards the
manufacturing and energy sectors. Shifting the production
from these sectors towards others (agriculture and metals)
would significantly reduce the GHG emissions. However,
such shifting would have some opportunity cost. Shifting pro-
duction from manufacturing and energy sectors to the agricul-
ture sector would result in lower CO2 emissions per unit (mil-
lion rupees) of output. Nonetheless, the agriculture sector has
a lower output multiplier (1.39) thanmanufacturing (2.00) and
energy (2.39) sectors. Further, given that the metal sector is
among the top three sectors with stronger backward linkages,
it would boost production activities in the economy particu-
larly in the transport andmineral industries. On the other hand,
shifting towards agriculture would mainly support the agricul-
ture sector itself because it has weak backward linkages.
Hence, there is a trade-off between economic growth and en-
vironmentally sustainable economic growth.

In addition, the metal sector seems a better choice for
environment-friendly growth as it has the lowest total (CO2

and CH4) emissions per unit of output and a relatively higher
output multiplier (1.95). Finally, controlling the N2O content
in the environment would require shifting production from
other sectors to the minerals sectors. However, this sector
has a moderate output multiplier (1.41).

Implications for theory and practice

This researchwork has many implications for theory and prac-
tice. For instance, it provides a detailed analysis of the changes
in the composition of GHG emissions arising from a change in
final demand. The IO-LCA model used in this paper encoun-
ters the many uncertainties such as the boundary of analysis
and circularity effects through the double accounting principle
used in the IO-LCA framework. Finally, it provides technical
as well as the economic mechanisms of GHG emissions.

Future research

This research work can be extended to the multi-regional IO-
LCA, which can add significantly to the literature on location
quotients. Further, augmenting satellite accounts of land (irri-
gation land, rainfed land, and forestry) and water (blue, green,
and gray) would further enrich this analysis.

Appendix

Table 8 Data aggregation scheme

No. Sector description Aggregation
scheme

1 Crop and animal production,
hunting, and related service
activities

Agriculture

2 Forestry and logging Land

3 Fishing and aquaculture Agriculture

4 Mining and quarrying Minerals

5 Manufacture of food products Manufacturing

6 Manufacture of beverages Manufacturing

7 Manufacture of tobacco products Manufacturing

8 Manufacture of textiles Manufacturing

9 Manufacture of wearing apparel Manufacturing

10 Manufacture of leather and
related products

Manufacturing

11 Manufacture of wood products Manufacturing

12 Manufacture of paper and paper
products

Manufacturing

13 Manufacture of printing Manufacturing

14 Manufacture of coke and
refined petroleum products

Energy

15 Manufacture of chemicals and
chemical products

Chemicals

16 Manufacture of basic
pharmaceutical products and
pharmaceutical preparations

Manufacturing

17 Manufacture of rubber and
plastics products

Manufacturing

18 Manufacture of other nonmetallic
mineral products

Minerals

19 Manufacture of basic metals Metal

20 Manufacture of fabricated metal
products, except machinery
and equipment

Metal

21 Manufacture of computer,
electronic, and optical products

Manufacturing

22 Manufacture of electronics Manufacturing

23 Manufacture of machinery Manufacturing

24 Manufacture of motor vehicles Transport

25 Manufacture of other transport
equipment

Transport

26 Manufacture of furniture Manufacturing

27 Other manufacturing Manufacturing
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Balancing of the supply and use tables (SUTs) The SUTs are
balanced manually as well as automatically. The manual
balancing requires a researcher to detect the discrepancies in
estimates. If the quality of data is poor for such estimates, it
can be supported with the help of related survey reports. The
SUTs used in the research paper are balanced manually firstly,
and the automated RAS procedure was applied later when the
SUTs diverged by 5% or less.3
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