CASE STUDY: GVC VULNERABILITY TO DISRUPTION
Introduction

Despite the benefits of modularization and highly-interconnected GVC, recent natural disasters have provided
evidence that global supply chains can be quite vulnerable to interruptions. Risks in supply chains leading to
interruption are not limited to natural disasters and can include fires and financial ruin (see Natarajarathinam
et al., 2009). Simchi-Levi et al. (2014) have recently suggested it is the low end commodity producers that
expose higher-value system integrators to the greatest risks. For example, the Thai floods in 2011 disrupted
electronics and auto supply chains across the globe — particularly affecting hard drive supplies (Tibken, 2011).
Likewise, the Japanese earthquake in 2011 disrupted auto production from Japan to North America to Sweden
(Glinton, 2011), as discussed in a National Public Radio interview between Glinton (interviewer) and Handler

(auto industry expert).

“GLINTON: So what's happens when one piece of that chain is gone?

e Ms. HANDLER: You end up with nothing. In order to build a car, you have to have every piece.
There is not one piece that you can say well, I'll add that later.

e GLINTON: Not one piece. But there are factories all over the world making car parts.

e Ms. HANDLER: If you have a part that is not being made due to a factory being down or something
being down, you can't just go to the factory next door and say hey can you make this widget.”’
(Glinton, 2011)

We start with examining the inputs to each industry and assess their vulnerability to disruptions in the

supply of six types of input:

Q) Technologies: all transport, machinery and electronics industry classifications
(i) Chemicals: chemicals, coke and petroleum, rubber and plastics etc.

(iii)  Commodities: agriculture, mining and wood

(iv) Metals: iron, steel and non-ferrous

(V) Semi-processed: food, beverages and tobacco etc.

(vi) Services: all service sectors

(vii)  Self: intra-industry sourcing, separately accounted for from the above

For each industry, we can then plot the relative proportion of these types of imports, as visualized in
Figure 1, with the industries listed in order of their SPE, types input as per columns and colour coding, and the
percentage of inputs as per the magnitude of the coloured bar and noted percentage. Multiple factors are
immediately evident from Figure 1. Industries are highly dependent on suppliers within the same industry, as
represented by the “self” column, with an average proportion of 40.9% of their value-add coming from within
the same industry. Vice-versa, inter-industry sourcing is also substantial: on average, ~60% of value-add is

sourced across other industry complexes.



Figure 1: Relative proportion of imported value-add by industry
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Highly interconnected industries (e.g., SPE > 1.3) are highly reliant on inter-industry imports of
‘technologies,” averaging 33.8% of their value-add being sourced from technology industries. In comparison,
for less interconnected industries (e.g., SPE <1.3), sourced ‘technologies’ only represent 6% of value-add.
These recursive intra- and inter-industry flows indicate that vulnerabilities may be of particular importance in
industries that resemble global factories. Aerospace tops the SPE list and has surprisingly similar inter-
industry sourcing patterns to shipbuilding, in that roughly 60% of the value-add from imported modules are

intra-industry (e.g. fuselage sections, etc.), and the next most significant import type is technology at 28.2%.
Aerospace

Other than ICT related industries, aerospace is the only other trade complex that is a global factory, as
visualised in Figure 2. The trade complex has proportionately more significant sourcing pathways per
economy than other industries and has three significant bilateral pathways.

Figure 2: The global factory value architecture for the Aerospace trade complex




This structure evolved due to two trends in the aerospace industry, occuring around the mid- to late-1990s. On
the one hand, the number of commercial aerospace production hubs contracted®. On the other hand, the
remaining firms progressively outsourced. For example, between 1990 and 2000 the share of imports in the
U.S. net output (i.e., the foreign value-added) for the aerospace trade complex rose from 9 per cent to 17
percent (see Wixted, 2009). The Boeing 777 entered into service in the mid-1990s and so provides a useful
benchmark for a discussion of the supply chain for that time period, and is analyzed by Pritchard and
MacPherson (2005). In their analysis, they find that 30 per cent of the build cost for the 777 was imports
(ibid., p .3). The imports from Japan include substantial aircraft components (ibid., p. 6-7), including fuselage
sections, wing sections and fairings, internal bulkheads, beams and ribs, and various external doors.
Furthermore, aerospace is witnessing what could be called super-modularity? in commercial
aerospace. Wixted (2009) discussed the Airbus A380 super-jumbo where wings and other parts are moved
across Europe and the globe. Boeing’s 787 program (first commercial flight in 26 October 2011) outsourced
even more of the airframe. Various publications reveal that of the main body of the aircraft, Boeing is now
only building the tail, while large sections of the airframe come from Italy and the wings from Japan
(Peterson, 2011, Lamba and Elahi, 2012). Japan alone is producing approximately 35 per cent of the value
going into 787s (Pritchard and MacPherson, 2004). Aircraft engines also “account for up to a third of the
value of a new jet” (The Economist, 2014), are usually sourced from GE (US), Pratt & Whitney (Canada), or
Rolls Royce (Great Britain), and are themselves globally modularised products®. It is thus possible that the
aerospace industry with its super-modularity is even more complex than the iconic iPhone production system

and the electronics industry.
Challenge

The above analysis reveals that firms must not only consider where geographically they are sourcing their
inputs from, but also which industries they are sourcing from. Suppliers can cease to be available due to
business failure, logistical issues, or exclusive trade agreements with competitors. Picture yourself as the
competitor to the newly formed GE-Safran Aircraft Engines joint venture, CFM. How would you react? Do
you aim to form a similar joint venture and larger modules, in an attempt to gain more credibility and scale in
the industry with the aim to secure larger deals with the final aircraft assembler and to attract better suppliers?
Or, do you disaggregate your operations with the aim of supplying sub-modules to these suppliers of the final
aircraft assemblers? Whichever way you decide, what risks do you face if your supply chain agreements are
short-term or do not have an exclusivity clause? How can you manage secondary dependencies on your

supplier’s suppliers?

L1t is much harder to access data on military aircraft and so the literature typically focusses on commercial aviation.

2 Super-modules are sub-assemblies of modules. The aircraft are now assembled much like a computer from a globally
distributed supply system with some of these components physically massive.

3 See pp. 14-15 of https://www.safran-aircraft-engines.com/sites/snecma/files/brochure_sae_-lessentiel va_0.pdf




Solution and implementation steps

Following the above analysis, managers of supply chains can become more cognizant of potential risks of
experiencing a shock to the supply chain, and how it might cascade through the entire global value chains or
architectures of sourcing. Some of these supply chain risks can be managed by diversifying the supply chain
to multiple competing suppliers. Alternatively, some supply chain risks can be disintermediated by creating
your own organization at the next step in the supply chain (either becoming a super- or sub-module
developer). Lastly, another strategy is to use new innovations in manufacturing methods to completely skip
part of the supply chain, and source commodities and raw materials to 3D print into modules as GE did,

simultaneous to investing in the manufacturers of the 3D printers (Kellner, 2017).
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