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Exploring the backward and forward linkages of
production network in a developing country
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This paper applies social network analysis (SNA) techniques to the input–output table in

order to investigate the production network of Pakistan’s economy. Through different net-

work measures, it identifies the sectors that exert significant direct and indirect impacts on

other sectors. The findings reveal that, overall, sectors have weak forward linkages relative to

backward linkages. The services sectors, particularly transportation and trade services, have

the highest out-degree (a measure of forward linkages). In contrast, the manufacturing

sectors demonstrate comparatively lower connectivity than the services sectors. The sectors

of electricity, petroleum, and chemicals emerge as the most widely utilized inputs across

various industries. Despite their relatively moderate immediate absorption in downstream

industries, these sectors possess the potential to affect other industries indirectly. Con-

sidering the combined measures of network analysis, these sectors also emerge as the most

crucial sectors in Pakistan’s production network. This suggests that enhancing efficiency in

the energy, refining, and petrochemical industries will yield the highest economy-wide

impact.
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Introduction

A lmost all the major events, such as the Great Depression
and the Oil price shock of the 1970s, affected a particular
industry or technology that propagated throughout the

economy and affected the world economy. Understanding the
propagation mechanism of these shocks is important as such
events have shaped the macroeconomic theory and affected the
way policymakers address the disruptions in economic activity
(Acemoglu et al., 2015). In this context, it is pertinent to consider
an economy as a network of interlinked production units, each
depending on their input suppliers to produce output, which, in
turn, is forwarded to other downstream units (Oberfield, 2018).
The network theory helps understand the underlying structure of
the production network and the interdependence of different
nodes within a production network to better inform the policy-
makers to recover from adverse shocks (Elliott et al., 2022).

From Pakistan’s perspective, two events have brought to the
forefront the importance of interconnections at the firm and
sector level in understanding the variations in aggregate economic
performance and the reasons why some sectors are more affected
by shocks than others. Consider first the floods in Pakistan that
resulted in the significant destruction of human and physical
capital. Its effects would have been largely restricted to the
affected areas if it were unconnected from other sectors. The
floods disrupted the national economy and supply chains that it
entailed (Jamshed et al., 2021). Second, the growing phenomenon
of power load shedding, particularly after 2007–08, emerged as
one of the key supply-side constraints to the growth of Pakistan’s
economy. It led to significant losses in output, employment,
exports, and a decline in private investment. This not only
directly affected the sectors that use electricity/power as a major
input, but it also indirectly affected other primary sectors such as
agriculture, financial services, retail trade, and transportation
services (Rauf et al., 2015; Nawaz and Alvi, 2018).

As Carvalho (2014) explains, the common theme in the above
two examples is that disruptions through the critical nodes in a
network of production expose the aggregate economy to a
recession. According to Carvalho (2014), there are two reasons
why aggregate fluctuations may arise in the economic structure
dominated by a small number of hubs supplying inputs to many
firms and sectors. Firstly, disruptions in economic activity in one
major hub-like production unit can propagate throughout the
production network and affect aggregate economic performance,
much in the same way as flight delays and cancellations at a
major airport have a disruptive impact on flight schedules
throughout the country. There are no close substitutes, at least in
the short run; therefore, respective users are affected by dis-
turbances at the source. Secondly, the presence of these hubs
provides shortcuts through which these supply chain networks
become easily navigable. That is, hubs shorten distances between
otherwise disparate parts of the economy that do not directly
trade inputs. The above two examples highlight the role of
interconnectedness in the propagation of shocks from one sector
to the whole economy in the face of major disruptions. Even
absent these major disruptions, understanding the inter-
connectedness of different sectors within an economy is required
to better understand the circular flow of the economy and for-
mulate economic policies to stimulate and resolve bottlenecks to
economic growth. For instance, if government plans to reallocate
public expenditures to sectors that have relatively higher back-
ward and forward linkages, then that reallocation can have a
higher economywide impact.

The production networks these days are very complex, with
multi-layer international and local sourcing and technology-
enabled business models, which are constantly evolving. Any such
complex network requires a different set of techniques that

inform about the network properties, linkages between different
sectors, and transmission mechanism of shocks. One such tech-
nique is the social network analysis (SNA) approach. SNA
comprises a set of techniques to analyze the patterns of rela-
tionships between actors (Knoke and Yang, 2019). The relation-
ship between actors can be of many types, including exchange of
information, goods and services, transfer of technology, infor-
mation, or expenditures. In addition, the actors can be indivi-
duals, institutions, community organizations, or industries. The
SNA focuses on relationship patterns, such as who exchanges
information with whom, which industries provide key inputs to
other industries, and which community organizations are more
closely connected. Furthermore, it offers different measures and
tools to visually represent and quantify a network’s characteristics
and track how they grow and change over time (Correa and Ma,
2011).

The social network analysis approach considers network ties as
channels through which many things flow, such as information
about job openings (Granovetter, 1995), disease (Morris, 1993),
inter-bank financial contagion (Summer, 2013), and crimes
(Reiss, 1988). This approach has wide-ranging applications, but it
is used mainly to explore the actors or network positions that are
most likely to receive flows, actors with the highest impact on the
whole network, and rapidly transfer shocks to other actors. More
recently, network characteristics have also been analyzed using
econometric techniques such as fixed-random effect models,
Dyadic regression, event study models, etc. (Graham, 2020). The
selection of econometric models depends on their suitability
according to the characteristics of networks, availability of data,
and objective of the network-based analysis, i.e., impact analysis,
process evaluation, or formative analysis to improve a program.

One of the leading examples is the SNA approach utilized by
Hidalgo et al. (2007) to measure the evolution of international
trade at the product level and map product space. Their analysis
of international trade using network analysis provided the basis
for various new measures related to export potential and potential
for diversification. More recently, Liu and Kim (2019) used the
SNA approach and the Input–output (IO) relationship between
sectors to evaluate the production-inducing effects of the various
sectors, and Lee (2019) analyzed the transmission of domestic
and external shocks through the IO network. These studies
highlight the importance of network structures in the transmis-
sion of economic shocks and provide powerful visualizations that
enhance understanding of the transmission mechanism.

The contribution of this paper lies in its exploration of Paki-
stan’s production network using an input–output (IO) table,
focusing on the application of social network analysis (SNA)
techniques. The absence of research on Pakistan related to net-
work analysis of IO tables makes this study significant and
valuable. Also, IO table analysis using SNA techniques is lacking
in the case of developing countries. By utilizing SNA, the study
aims to uncover the underlying structure of Pakistan’s production
network, analyze the characteristics of the production network,
and identify influential sectors using measures derived from SNA.
By employing these techniques, the study aims to enhance
understanding of the transmission mechanism of government
policies and provide visualizations that aid in comprehending the
network dynamics. First, the input–output table is used to com-
pute linkages between sectors. Second, the measures from social
network analysis are used to analyze the characteristics of Paki-
stan’s production network, including the key influential sectors in
the production network from different perspectives. The next
section provides a theoretical background and basic IO model,
followed by details of data and methodology, results and dis-
cussion, and the final section concludes.
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Theoretical background
Basic IO model. The interindustry analysis is usually conducted
to highlight linkages between key industries in domestic and
international production networks and to provide bases for
making strategies and policies of economic development. The
literature on inter-industry analysis mostly utilizes input-output
(IO) tables in analyzing the inter-linkages between different
sectors of the economy and their implications for propagation
shocks (Inoue and Todo, 2019), environmental spillovers (Muller,
2016; Førsund, 1985), value addition and exports (Antràs et al.,
2012). This study utilizes the IO table for Pakistan and Network
Analysis methods to measure and visualize the network char-
acteristics of industries.

The measures of network analysis and its applications to
economic analysis are growing, particularly for input–output
networks. For instance, Blöchl et al. (2011) analyzed the
propagation and length of shocks throughout the economy using
measures of network analysis. Montresor and Marzetti (2009)
analyze the innovation process in OECD economies using IO
tables. One of the leading examples is the network approach
utilized by Hidalgo et al. (2007) in measuring the evolution of
international trade at the product level and mapping product
space. Their analysis of international trade using network analysis
provided the basis for various new measures related to export
potential and potential for diversification.

In addition to compelling visuals, network analysis provides a
large number of measures to understand various aspects of the
connectedness of a particular node (industry) in the network
(production/value chains). For instance, the network matrices
help in measuring the relative importance of a particular industry
in the overall production network based on its linkages with the
number of industries. One of the basic measures in this regard is
degree centrality, which gives relative importance to a node based
on its connectivity with the rest of the nodes in the network.
Formally, it is calculated based on the number of connections of a
node. The in-degree and out-degree versions of degree centrality
measures are based on the direction of links coming in and out of
a particular node, respectively.

From the IO table, using input use (x) of sector j from sector i,
and output (X) of sector j, input coefficients are computed using
the following equation:

aij ¼
xij
Xi

ð1Þ

The input coefficients show the importance of industry i as an
input supplier to industry j and are interpreted as the value of
inputs from sector i per unit of output of sector j. Given the
vector of input coefficients, the vector of total output can be
expressed in terms of intermediate input (AX) and final demand
(Y) as follows:

AX þ Y ¼ X ð2Þ

X ¼ I � Að Þ�1Y ¼ lijy ð3Þ
Finally, (I− A)−1= L= [lij] is known as the Leontief inverse or

total requirement matrix. The elements (lij) of the Leontief inverse
matrix (L) show that if the final demand of sector j increases by
one unit, the total output of sector i increases by lij units directly
or indirectly. In other words, lij measures the importance of sector
i as a direct and indirect input supplier to industry j.

Data and methodology. In addition to compelling visuals, net-
work analysis provides a large number of measures to better
understand various aspects of the connectedness of a particular
node (industry) in the network (production/value chains). For
instance, the network matrices help in measuring the relative

importance of industry in the overall production network based
on its linkages with the number of industries.

One of the basic measures is degree centrality, which gives
relative importance to a node based on its connectivity with the
rest of the nodes in the network. A degree of centrality is the
extent of local connectivity, i.e., nodes with lots of neighbors are
central. Formally, it is calculated based on the number of
connections of a node as follows:

CD ni
� � ¼ ∑

j
xij

where CD is the degree centrality of a node (sector), ni is the sum
of all its connections with other nodes (sectors) (j), and x is a
matrix of relationships. This measure is an indicator that allows
knowing the importance score based on the number of direct
relations of each node (sector) within a network (Laghridat and
Essalih, 2023). The in-degree and out-degree versions of degree
centrality are based on the direction of links coming in and out of
a particular node, respectively. In our case, we are more interested
in relative importance linkages between sectors. Therefore, we use
elements of the inverse Leontief matrix as weights.

Different measures explain the connectedness of nodes in a
network; each gives a different dimension as follows:

i. The closeness centrality or geographic centrality measures
how close a node is to all other nodes in the network. A
node at the geographic center would have higher closeness
centrality. Also, a node may have relatively few direct
connections but is well-positioned due to the presence of
highly connected nodes, as the direct connection will have
high closeness centrality as this measure quantifies the
proximity of a node to others in terms of geodesic distance.

ii. The betweenness centrality is transit centrality will be
higher for nodes where a lot of transit can happen. For
example, in Fig. 1B, the shortest path to go from one node
A to another C is A–B–C. If a node has strong betweenness
centrality it means it is situated on many shortest paths in
the network. Nodes with higher betweenness centrality can
be considered critical because they offer a direct path
between otherwise disconnected clusters. Betweenness
centrality is formally measured as follows:

CB ni
� � ¼ ∑

j>k

gjk Ni

� �

gjk

where gjk is the number of shortest paths between any two
nodes (sectors other than ni) and gjkðNjÞ is the number of
those paths that contain sector, ni. In Fig. 1A, the
betweenness centrality of node F is 3/13= 0.23, because it
is located on the three shortest paths in the graph out of the
thirteen possible shortest paths between any two nodes.

iii. The eigenvector centrality or authority is the nodes
connected to central nodes that are central themselves
(recursive approach). In other words, sometimes, being
connected to many other nodes is not critical, but being
connected to the most influential nodes is more important.
This is, in a way, an improved version of the closeness
centrality measure as it shows whether a node has a higher
proportion of its connection with influential nodes. It is
measured as follows:

Ce ni
� � ¼ λ∑

j
xijej

where Xij is the relationship matrix weighted by the degree
centrality of node j, and λ is the graph’s eigenvalue for the
eigenvector of node i.

The above measures are used to construct the network
structure of nodes (industries) through visualizations based on
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graph theory. The relationships between nodes (industries) are
based on difference measures explained above that determine
how nodes are placed in an overall structure characterized by
dense, transitive, strong, and reciprocal ties. When translated into
visualization, these relationships are represented by edges, ties, or
links that connect these industries. These visualizations are used
to qualitatively assess the strength and importance of various
nodes (industries) in the whole network. The advantages of social
network analysis techniques are twofold. First, it can handle and
make sense of large relational datasets and effectively explain the
overall structure of the overall network. Second, it provides
flexibility to identify the influential nodes (industries) in the
overall network, such as in terms of in-degree (use of inputs from
other sectors) and out-degree centrality (provision of inputs to
other sectors in the network).

In addition to the characteristics of the overall network, we are
also interested in describing the local structure of key industries.
This goal is achieved by ego-networks whereby a focal node is
selected, and all the nodes in the neighborhood of that focal node
are analyzed. The nodes in the neighborhood of the focal node
can be directly linked or indirectly.

The data on the IO table for Pakistan is taken from the Global
Trade Analysis Portal (GTAP-9) database by Aguiar et al. (2016).
This study uses the 2011 IO table that contains 57 sectors. The
direction of relationships between sectors is based on the IO table,
and the weighting matrix is simply the Inverse Leontief matrix.
Moreover, the ego-network can be constructed in terms of in-
degree, out-degree, or both types of neighborhoods. In our
analysis of ego-networks, we will construct both types of
neighborhoods at 2 steps from the focal node. The analysis of
the ego-network provides insights in terms of strong and weak
ties of the focal node (industry) as well as the range of direct
impact of the focal node on the number of nodes and indirect
impact if 2-step ego-network is constructed.

The IO tables are available in different forms based on the level
of disaggregation and sector classification systems. The IO used in
this paper is processed to convert it into a matrix format containing
N output sectors given each in columns and J input sectors given
each in rows. The final format is illustrated in Table 1. In addition
to the output and input sectors represented by columns and rows,
respectively, the table includes three additional rows at the end of
the matrix that give the sum of total intermediate use, value-added,
and each sector’s total output. The classification system by GTAP
distinguishes between 57 sectors that are used in the construction
of the IO table. Although it is relatively aggregated at a sector level,

the GTAP IO tables are available for a wide range of countries;
therefore, the results and visualizations are comparable with other
countries at the same disaggregation level. The list of sectors
included in the IO table is given in Appendix Table 1A.

Results and discussions
First, we discuss the characteristics of the production network
where each node represents an industry, and each directed edge
represents the input–output linkage between two industries. The
weight of the edge corresponds to the strength of the linkage or
the size of the Leontief Inverse coefficient. The size of each node
is based on the share of the output of a sector in the total output
of the economy. Figure 2 gives a visual representation of Paki-
stan’s production network. To focus only on significant linkages,
the Leontief inverse coefficients < 0.1 are removed.

The basic features of Pakistan’s production network are pre-
sented in Table 2. The production network has a total of 58 nodes
(industries), and the value for network diameter shows that only 5
steps are required to cross the network. It means that it will take
only six steps for a shock to spread from any industry to any
other in the production network. This indicates that the pro-
duction network has low clustering relative to 58 industries in the

Fig. 1 Topology of directed and undirected networks.

Table 1 Input–output table format.

Input sector Output sector

Output
sector 1

Output
sector 2

… Output
sector N

Input sector 1 IC11 IC21 … ICN1

Input sector 2 IC12 IC22 … ICN2

… … … … …
Input sector J IC1J IC2J … ICNJ

Total intermediate
consumption (IC)

J
IC1= ΣIC1j

j= 1

J
IC2= ΣIC2j

j= 1

… J
ICN= ΣICNj

j= 1
Total value added VA1 VA2 …
Total industry
input

Output1 Output2 … OutputN

In the IO table, the magnitudes of interindustry flows are recorded with sectors of origin
(producers/input sectors) listed on the left and the same sectors, now destinations (output
sectors/purchasers), listed across the top. The input from sector 1 to sector 2 is indicated by
IC11 ; from the column point of view, these show each sector’s inputs; from the row point of view,
the figures are each sector’s outputs. Total value added (VA) is measured for each sector by
subtracting total input consumption from output at the bottom of the table.
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network. The measure of graph density shows that only 7.4
percent of the nodes are connected (very weak connections are
ignored by removing edges with weight <0.1).

The characteristics of Pakistan’s production network. First, the
distributions of weighted outdegree and indegree measures are
skewed, reflecting the unequal status of different sectors in their
role as input suppliers and users. As input suppliers, 49 sectors
have the same weighted outdegree ranging around 1–2, and the
transport and trade sectors have considerably large outdegree
>10. Figure 2 gives a graphical presentation of the production
network. The size of each arch is based on the size of the inverse
Leontief coefficient, and the size of each node is the output share
of each industry. The industries with the lowest level of interac-
tion with other industries are positioned in the perimeter. The
Transportation sector not only has the highest share in total
output in the economy it also is the most connected sector within
the overall production network.

To better understand the production network connected to a
single key industry, I focus only on one direct connection, while a

depth of two steps shows second-level connections—the so-called
two-step friends of friends network or ego network in social
network analysis. Figure 3 shows the ego network for the
electricity sector. The key users of electricity are ferrous metals
(iron and steel) and other metals (aluminum, copper, etc.),
indicating that the metal industries are highly energy-incentive
industries. In addition, the key inputs of the electricity sector are
petroleum, oil, and coal, indicating that electricity is mainly
produced from petroleum oil, specifically furnace oil and coal.
The second level connections show that the electricity sector is
also affected by transport, and trade, directly and via the
petroleum and oil sector.

The ego network for petroleum and coal products can affect
even more industries, such as chemical, rubber, and plastic
products, the mineral sector, and the air transport sector (see Fig.
4). Notice that the ego network for petroleum and coal products
has all the sectors that are affected by the electricity sector because
petroleum and coal are key inputs of the electricity sector.
Therefore, almost all the second-level connected sectors of
electricity sectors are also affected by the petroleum sector. In
fact, oil and electricity are the closest sectors to the petroleum
sector. The existence of chemical rubber and plastic products in
the periphery of the ego network of the petroleum sector indicates
that the petrochemical industry is less developed in Pakistan.
Generally, the countries that have improved petroleum refining
technology, in addition to refined oil, produce a variety of
petrochemical products that are further used in transportation
and as industrial inputs.

The ego networks of the textile sector in Fig. 5 highlight the
neighboring/close sectors. The textile sector is one of the largest
sectors of Pakistan in terms of value-added and contribution
towards gross domestic product. It provides raw materials to the
wearing apparel sector and plan-based fibers, and its major inputs
come from chemicals, transportation, and trade services. It is also
the sector that has the largest share in overall exports of the

Fig. 2 Pakistan’s production network.

Table 2 Summary statistics of production network.

Average degree 4.224
Avg. weighted degree 1.761
Network diameter 5
Graph density 0.074
Modularity 0.29
Connected components 7

Source: Author’s calculations.
Edge weight > 0.1. Average degree: The average number of edges connected to a node. Avg.
weighted degree: The average sum of the weights of edges connected to a node. Network
diameter: The longest and shortest path between nodes within the graph. Graph density:
Measures how close the graph is to complete. Modularity: Community detection algorithm.
Connected components: Determines the number of connected components in the network.
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countries. However, the relatively smaller ego network of the
textile sector indicates that it is less integrated into the domestic
production network and indicates that it can have a limited
economy-wide impact if there is growth in the textile sector.

The key direct forward linkages of the textile sector are plant-
based fibers and wearing apparel, which are more downstream
industries of the textile sector. Compared to the textile sector,
wearing apparel takes considerably more inputs from services
sectors including business services, financial intermediation, and
transport services as inputs. This indicates that a lot of services
are dependent heavily on the textile sector via the wearing apparel
sector.

The ego network of the transport sector, given in Fig. 6, shows
that it is highly connected with the rest of the economy in terms
of both backward and forward linkages. The sector not only has
an important role in linking different sectors of the economy, but
it also helps spatial transformation in the economy and facilitates
domestic commerce and international trade. Figure 5 shows that
the transport sector can have a wide-ranging impact on the whole
economy, and some of the closely linked sectors include the
machinery, equipment, petroleum, and oil sectors. Inefficiencies
in the transport sector can decrease domestic economic activity
and decrease the competitiveness of exports. According to the
World Bank’s report on Pakistan’s transport sector, the inefficient
transport sector is costing Pakistan’s economy roughly 4–6% of

GDP per year. Therefore, transport reforms are central to
achieving sustained economic growth.

Business services such as financial management, marketing,
and integration of information technology products are also
important for various sectors of the economy. Figure 7 shows that
the key sector that is linked with the business services sector is
wearing apparel sector followed by financial intermediaries such
as banks and financial institutions. A considerably large ego
network indicates that business services also play a critical role in
the economic growth of Pakistan. Generally, the business services
sector is more linked with relatively developed and large sectors
which are textile and apparel, transport, trade, and machinery
and equipment sector.

The wholesale and retail trade sector is one of the largest
sectors within the services sector. The key sector that uses
wholesale and retail trade services is petroleum, oil, and minerals,
followed by construction (see Fig. 8). One of the limitations of the
analysis of the IO table is that we have not included international
trade in our analysis; otherwise, there could be stronger linkages
of the trade sector with other sectors. Nevertheless, domestic
trade is mainly linked with the transportation and energy sectors,
including petroleum, oil, and electricity, followed by other
business services.

Figure 9 displays the distribution of indegree and outdegree in
the network, with most industries having very few weighted

Fishing

Oil

Minerals n.e.c.

Petroleum, coal products

Ferrous metals

Metals n.e.c.

Manufactures n.e.c.

Electricity

Trade
Other Transport

Water

Construction

Fig. 3 Ego-network of electricity.
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Fishing

Oil

Minerals n.e.c.

Petroleum, coal products

Mineral products n.e.c.

Ferrous metals

Metals n.e.c.

Manufactures n.e.c.

Electricity

Trade

Air transport

Other Services (Government)

Chemical, rubber, plastic products

Other Transport

Construction

Water

Fig. 4 Ego network of petroleum and coal sector.

Fig. 5 Ego network of textile sector.
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indegree and outdegree ties with other industries and even fewer
with a very large number of ties. The distribution of weighted
outdegree is positively skewed indicating that some industries
have considerable large ties with other industries—indicating that

there are a small number of general-purpose industries that
supply to a large number of industries in the economy.

The analysis based on measures of centrality, i.e., weighted in-
degree centrality and out-degree centrality, simply shows the

Paddy rice

Wheat

Cereal grains n.e.c.

Vegetables, fruit, nuts

Oil seeds

Sugar cane, sugar beet

Plant-based fibers

Crops n.e.c.

Animal products n.e.c.

Raw Milk

Wool, silk-worm cocoons

Forestry

Fishing

Coal

Oil

Gas

Minerals n.e.c.

Bovine meat prods

Meat products n.e.c.

Vegetable oils and fats

Dairy products

Processed rice

Sugar

Food products n.e.c.

Beverages and tobacco products

Textiles

Wearing apparel

Leather products

Paper products, publishing

Petroleum, coal products

Chemical, rubber, plastic products

Mineral products n.e.c.

Ferrous metals

Metals n.e.c.

Metal products

Motor vehicules and parts

Transport equipment n.e.c.

Electronic equipment

Machinery and equipment n.e.c.

Manufactures n.e.c.

Electricity
Gas manufacture, distribution

Water: collection, purification and distribution
Construction: building houses factories offices and roads

Trade
Other Transport

Air transport

Communications

Other business services

Recreation & Other Services

Other Services (Government)

Dwellings

Bovine cattle, sheep 
and goats, horses

Fig. 6 Ego-network of other transport sectors.

Paddy rice

Cereal grains n.e.c.

Fishing

Vegetable oils and fats

Beverages and tobacco products

Textiles

Wearing apparel

Chemical, rubber, plastic products

Mineral products n.e.c.

Ferrous metals

Metals n.e.c.

Metal products

Motor vehicules and parts

Transport equipment n.e.c.

Electronic equipment

Machinery and equipment n.e.c.

Manufactures n.e.c.

Water: collection, purification and distribution
Construction: building houses factories offices and roads

Trade
Other Transport

Other financial intermediation

Other business services

Recreation & Other Services

Other Services (Government)

Dwellings

Communications Paper products, 
publishing

Fig. 7 Ego network of business services.
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backward and forward linkages, respectively. Figure 8 shows that
a large proportion of goods and services from other sectors are
invested in metals (mainly iron), electricity, mineral products,
and construction sectors—so these sectors can be considered
primary sectors. Also, notice that compared to outdegree, the
numbers for indegree are considerably smaller, indicating
relatively weak backward linkages. From the perspective of
outdegree, two service sectors, transportation and trade (whole-
sale and retail trade), have the highest connectivity among all
sectors, followed by other business services, minerals, and
chemical sectors. The value of weighted outdegree is considerably
higher for transportation and wholesale and retail trade services,
which indicates the strong forward linkages of these sectors with
other sectors of the economy. This also indicates that transporta-
tion and trade services supply to many other sectors and the
connectivity of manufacturing sectors is considerably less than
services sectors.

The scatter plot in Fig. 10 shows the weighted in-degree and
out-degree for all the industries. From the plot, we can see a

generally positive correlation between the weighted in-degree and
out-degree of the sectors. Some sectors are relatively less
integrated in the overall production network both in terms of
backward and forward linkages, e.g., water transport, wool,
communications, and animal products sector. The sectors that
have relatively stronger backward- linkages include food
products, leather products, sugar and recreation, and other
services. Similarly, the sectors that have relatively strong forward
linkages include insurance and financial intermediation. The
sectors that have both strong backward and forward linkages are
services sectors, i.e., Transport and Trade, followed by goods
sectors, chemical, rubber and plastic products, and petroleum
products.

Second, in terms of betweenness centrality, i.e., a measure of
how well situated a node is in terms of the paths that it lies (see
Fig. 11). A node may be relatively disconnected compared to
other nodes in a network, but if it can bridge otherwise
disconnected clusters, then it will have high betweenness
centrality. It is not surprising that the transport sector has the

Oil

Minerals n.e.c.

Petroleum, coal products

Trade
Other Transport

Other financial intermediation

Other business services

Electricity

Construction
Water

Fig. 8 Ego network of wholesale and retail trade.

Fig. 9 Top 15 sectors by indegree and outdegree.
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highest betweenness centrality followed by petroleum products
and chemical products. This also highlights that all the sectors in
the product network perceive the spillover effects from petroleum
products and transport services as quickly as possible—which
makes the whole production network vulnerable to oil prices and
exchange rates.

Similarly, a node will have high eigenvector centrality if it has
high connectivity with high-influencing nodes. Again, electricity
and petroleum products are two sectors with the highest
eigenvector centrality—which again shows the vulnerability of
our production network as both of these sectors are susceptible to
exchange rate fluctuations and oil prices. Although electricity,
petroleum, and chemical sectors have average weighted out-
degree, they are widely used inputs in other sectors. For instance,
electricity may have fewer immediate customers downstream, but
indirectly, many sectors can be affected by shocks in this industry.

In this analysis of the IO table, we have only considered the
domestic input-output relationship between industries—exports
and imports are not included. This is one of the reasons why the
textiles sector is not even in the top 15 sectors with respect to
eigenvector centrality. The ego network of this key sector clearly
shows that its key inputs come from plant-based fibers and the
chemical sector, and it is one of the key inputs of the wearing

apparel sector. The sector also indirectly affects business services,
financial intermediation, and trade.

Figure 12 shows the scatter plot of sectoral value added and
degree centrality, linear fitted regression, and distribution of
degree centrality. The relationship between value-added and
degree centrality is positive but insignificant. However, there is a
negative and statistically significant relationship between
weighted in-degree and sectoral value added (see Fig. 13).
Contrary to weighted in-degree, the value added is positively
related to weighted out-degree (see Fig. 14).

As given in the literature (Rungi et al., 2023), on average, the
in-degree of industries is higher than the out-degree. Also, out-
degree is positively associated with sectoral value-added, and in-
degree is associated with low value-added. These results indicate
that in sectors that are more reliant or dependent on purchases of
multiple other sectors, their value added is relatively low. While
those sectors that have more forward linkages have relatively
higher value-added. Services sectors such as transport (otp), retail
trade (trd), and other business services have high outdegree as
well as value-added. Contrary to these services sectors petroleum
& chemical (p_c) and oil sectors also have considerably higher
weighted out-degree, but their value added is not as high as the
services sector.

Fig. 10 Correlation between weighted in-degree and out-degree.

Fig. 11 Top 15 sectors by betweenness and eigenvector centrality.
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These findings have implications for those economies that have
higher forward linkages and are relatively stable in terms of
economic growth as they are better at reducing the impact of
prices, and demand disruptions in a few sectors as they are
compensated by demand in other sectors (Olabisi, 2020; Lebdioui
and Bilek, 2021). For similar reasons, we find a positive
relationship between value-added and weighted out-degree that
is mainly driven by the services sectors such as transport, retail
trade, and other business services that have demand in multiple
other sectors and thus higher forward linkages. These findings are
significant in the context of global trends where services are
becoming increasingly important in both developed and devel-
oping economies. The sectors of electricity, petroleum, and
chemicals emerge as vital in the production network due to their
widespread use as inputs across various industries. Improving
efficiency in these sectors could yield significant economy-wide
impacts. In the context of global trade, these sectors’ performance
can greatly influence a country’s trade competitiveness and ability
to respond to global market fluctuations, especially in energy

prices. The research suggests that for Pakistan, and similarly
situated developing countries, strengthening forward linkages and
integrating more effectively into global value chains could be key
strategies for enhancing their role in international trade. This
involves not only improving domestic industries but also aligning
them with global demand and supply trends.

Conclusions and policy recommendations
Using the measures of network analysis and the IO table, this
study explores Pakistan’s production network. The estimates of
centrality and betweenness allow inferring how different sectors
are interlinked and identify the sectors that hold key positions
within the production network with respect to their forward and
backward linkages.

In general, the structure of an industry-level production network
is sparsely connected in the sense that only transportation and trade
services supply to a large number of industries—hence a highly
skewed distribution of weighted out-degree. The results show that in

Fig. 12 Value added and weighted degree centrality.

Fig. 13 Value added and weighted in-degree.
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terms of forward linkages, the services sectors, mainly transportation
and trade services, supply to many other sectors, and the con-
nectivity of manufacturing sectors is considerably less than the
services sectors. Electricity, petroleum, and chemical sectors are
widely used inputs in other sectors. These sectors are most influ-
ential as they have less immediate absorption downstream, but
indirectly, shocks in these industries may affect many other sectors.

On the relationship between the value added of the sectors and
their centrality measures, our results indicate that there is no statis-
tically significant relationship between value-added and degree cen-
trality. However, when the direction of the measure of centrality is
considered, weighted in-degree centrality is negatively associated with
value-added, and weighted out-degree is positively associated with
value-added. Moreover, the services sectors, i.e. transport (OTP),
retail trade (tr), and other business services, have high outdegree as
well as value-added compared to industry, food, and other sectors.

Overall, the measures of network analysis, combined electricity,
petroleum, and chemical sectors are the most important sectors in
Pakistan’s production network—this also highlights the vulnerability
of our production network as both sectors are sensitive to exchange
rate fluctuation and global oil prices. The strategic and economic
implications of increasing efficiency in the refining and petro-
chemical industry are well understood globally; however, it has
always been of less concern in Pakistan. The findings of this study
have important policy implications in terms of bringing stability and
improving the efficiency of these key sectors. In this regard, the new
refinery policy is required to provide lucrative incentives to enhance
refinery capacity and to establish deep refineries that could feedstock
for the petro-chemical industry. An increase in refinery capacity and
upgradation of refinery technology is important to increase the
efficiency and variety of refined petroleum products. An increase in
productivity in these sectors can have a wide-ranging impact on the
whole production network. Moreover, the government should
provide incentives to attract investment in the petrochemical
industry as Pakistan currently imports around $5 billion of petro-
chemicals (chapter 39 of HS) and other related products annually.

Data availability
The data is obtained from secondary sources which can be
assessed: https://www.gtap.agecon.purdue.edu/databases/default.
asp.
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