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ABSTRACT	
  8	
  

It	
  has	
  been	
  argued	
  that	
  in	
  the	
  UK	
  there	
  has	
  been	
  underinvestment	
  in	
  critical	
   infrastructure	
  9	
  
over	
  the	
  last	
  two	
  decades.	
  	
  This	
  in	
  turn	
  has	
  resulted	
  in	
  infrastructure	
  that	
  is	
  less	
  capable	
  of	
  10	
  
assisting	
  the	
  UK	
  economy	
  to	
  grow.	
  	
  Evidence	
  to	
  substantiate	
  this	
  claim	
  has	
  remained	
  elusive.	
  	
  	
  11	
  
This	
  article	
  seeks	
  to	
  augment	
  the	
  relevant	
  evidence	
  by	
  under-­‐taking	
  an	
  in-­‐depth	
  analysis	
  of	
  12	
  
the	
  inter-­‐linkages	
  and	
  economic	
  contributions	
  from	
  infrastructure	
  within	
  the	
  UK.	
  	
  It	
  explores	
  13	
  
the	
  relationship	
  between	
  nine	
  infrastructure	
  sectors	
  and	
  the	
  rest	
  of	
  the	
  UK	
  economy	
  using	
  14	
  
key-­‐linkages.	
   Each	
   infrastructure	
   sector	
   is	
   shown	
   to	
  be	
  unique	
   in	
   the	
  way	
   it	
   interacts	
  with	
  15	
  
other	
   economic	
   sectors	
   and	
   in	
   the	
   form	
  of	
   contribution	
   it	
  makes	
   to	
   the	
   economy	
  overall.	
  	
  16	
  
Infrastructure	
   is	
   a	
   necessary	
   and	
   important	
   part	
   of	
   economic	
   development.	
   	
   	
   The	
   analysis	
  17	
  
finds	
   that	
   over	
   the	
   last	
   23	
   years	
   there	
   has	
   been	
   a	
   decline	
   in	
   the	
   relative	
   economic	
  18	
  
contribution	
  from	
  infrastructure	
  to	
  UK	
  GVA.	
  	
  Only	
  two	
  infrastructure	
  sectors	
  increased	
  their	
  19	
  
relative	
  contribution	
  to	
  GVA	
  since	
  1992	
  these	
  were	
  the	
  water	
  transport	
  sector	
  and	
  sewerage	
  20	
  
and	
   sanitary	
   services	
   sector.	
   Railway	
   transport	
   and	
   gas	
   distribution	
   have	
   had	
   the	
   largest	
  21	
  
relative	
   decline	
   in	
   contribution	
   towards	
  UK	
  GVA	
  with	
   relative	
   contributions	
   decreasing	
   by	
  22	
  
over	
  50%	
  since	
  1992.	
  	
  	
  23	
  

1.1 INTRODUCTION 24	
  

Physical	
   infrastructure	
   systems	
   are	
   integral	
   to	
   the	
   proper	
   functioning	
   of	
   all	
   modern	
  25	
  

economies.	
   	
   However,	
   the	
   link	
   between	
   infrastructure	
   availability,	
   economic	
   growth	
   and	
  26	
  

productivity	
  is	
  still	
  the	
  subject	
  of	
  much	
  uncertainty	
  and	
  debate	
  within	
  the	
  literature	
  (Straub,	
  27	
  

2008).	
   	
   Although	
   it	
   is	
   clear	
   that	
   infrastructure	
   investment	
   is	
   a	
   crucial	
   factor	
   in	
   economic	
  28	
  

development	
   it	
   is	
   less	
   clear	
  what	
   forms	
  of	
   infrastructure	
   are	
  most	
   important	
   for	
   different	
  29	
  

forms	
   of	
   economic	
   activity	
   to	
   occur.	
   	
   There	
   are	
   also	
   concerns,	
   including	
   from	
   the	
   UK	
  30	
  

Treasury	
   itself,	
   that	
   the	
   United	
   Kingdom	
   is	
   under-­‐investing	
   in	
   critical	
   infrastructure	
   (ICE,	
  31	
  

2009;	
  Bottini	
  et	
  al.,	
  2012)	
  .	
  32	
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2	
  

Infrastructure	
   such	
   as	
   transport	
   systems,	
   water,	
   sanitation	
   services,	
   energy	
   networks	
   and	
  33	
  

telecommunications	
  represent	
  a	
  large	
  portfolio	
  of	
  public	
  expenditure	
  ranging	
  from	
  one-­‐third	
  34	
  

to	
   one-­‐half	
   of	
   total	
   public	
   investment	
   for	
  most	
   developed	
   countries	
   (Kessides,	
   1993).	
   Yet,	
  35	
  

prior	
   to	
   the	
   1990’s	
   infrastructure	
   as	
   an	
   analytic	
   concept	
  was	
   absent	
   from	
  most	
   economic	
  36	
  

thinking,	
   entering	
   only	
   as	
   a	
   curious	
   but	
   inadequate	
   component	
   of	
   the	
   notion	
   of	
   capital	
  37	
  

(Prud’Homme,	
   2004).	
   	
   While	
   most	
   formal	
   research	
   studying	
   the	
   relationship	
   between	
  38	
  

infrastructure	
   and	
   the	
   economy	
   since	
   the	
   1990’s	
   has	
   tended	
   to	
   take	
   a	
   macroeconomic	
  39	
  

perspective,	
   findings	
   are	
   mixed	
   with	
   some	
   consensus	
   that	
   infrastructure	
   capital	
   has	
   a	
  40	
  

significant	
   positive	
   effect	
   on	
   economic	
   output	
   and	
   growth	
   (Démurger,	
   2001;	
   Cain,	
   1997;	
  41	
  

Chakraborty	
   and	
   Nandi,	
   2011;	
   Pradhan	
   and	
   Bagchi,	
   2013).	
   Kessides	
   (1993)	
   suggests	
   the	
  42	
  

difficulty	
   in	
  designating	
  direct	
   causal	
   links	
   for	
   the	
  economic	
   impact	
  of	
   infrastructure	
  arises	
  43	
  

because	
   it	
   is	
   hard	
   to	
   attribute	
   any	
   firm	
   conclusions	
   from	
   studies	
   that	
   take	
   such	
   highly	
  44	
  

aggregated	
  measures	
   attempting	
   to	
   capture	
   all	
   possible	
   externalities	
   and	
   spillover	
   effects	
  45	
  

that	
  occur	
  as	
  a	
  result	
  of	
  investment	
  in	
  infrastructure.	
  	
  46	
  

Infrastructure	
  systems	
  are	
  also	
  particularly	
  vulnerable	
  to	
  the	
  effects	
  of	
  disasters.	
  	
  It	
  has	
  been	
  47	
  

observed	
  that	
  both	
  the	
  frequency	
  and	
  intensity	
  of	
  natural	
  disasters	
  has	
  been	
  increasing	
  with	
  48	
  

costs	
  now	
  rising	
  year	
  on	
  year	
  (The	
  Economist,	
  2012;	
  New	
  Scientist,	
  2012).	
   	
  With	
   increasing	
  49	
  

risks	
   from	
   extreme	
   weather	
   events	
   caused	
   by	
   the	
   onset	
   of	
   climate	
   change	
   and	
   a	
  50	
  

concentration	
  of	
   populations	
  now	
   living	
   in	
   vulnerable	
   coastal	
   cities,	
   river	
  deltas	
   and	
  along	
  51	
  

earth	
  quake	
  fault-­‐lines,	
  the	
  risks	
  of	
  damage	
  to	
  infrastructure	
  systems	
  is	
  now	
  an	
  acute	
  issue.	
  52	
  

In	
  the	
  event	
  of	
  a	
  disaster,	
  direct	
   infrastructure	
  failure	
  may	
  have	
  cascading	
  effects	
  on	
  other	
  53	
  

economic	
  systems.	
  Therefore,	
  understanding	
  the	
   interconnectedness	
  of	
   infrastructure	
  with	
  54	
  

the	
  rest	
  of	
  economy	
  is	
  critical	
  for	
  assessing	
  the	
  effects	
  of	
  disasters	
  and	
  developing	
  resiliency	
  55	
  

strategies.	
  	
  56	
  

Key-­‐linkages	
   analysis	
   is	
   a	
   rigorous	
   economic	
   approach	
   that	
   allows	
   the	
   interdependencies	
  57	
  

between	
  different	
  economic	
  sectors	
  to	
  be	
  quantitatively	
  determined	
  and	
  the	
  wider	
  systemic	
  58	
  

effects	
  estimated.	
   	
  This	
  article	
  shows	
  how	
  Key-­‐linkages	
  analysis	
  can	
  be	
  used	
  to	
  understand	
  59	
  

the	
  role	
  and	
  purpose	
  of	
  nine	
  independent	
  infrastructure	
  sectors	
  within	
  the	
  UK	
  economy4.	
  	
  It	
  60	
  

identifies	
  the	
  sectors	
  of	
  the	
  UK	
  economy	
  that	
  are	
  most	
  dependent	
  on	
  infrastructure	
  for	
  the	
  61	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
4	
  	
  The	
  research	
  has	
  been	
  undertaken	
  as	
  part	
  of	
  a	
  study	
  into	
  the	
  Long	
  Term	
  Dynamics	
  of	
  
interdependent	
  Infrastructure	
  systems	
  funded	
  by	
  EPSRC	
  and	
  others.	
  Research	
  Grant	
  ADD.	
  The	
  views	
  
expressed	
  are	
  those	
  of	
  the	
  authors	
  alone.	
  



	
  
	
  

	
   	
  
	
  

3	
  

provision	
   of	
   goods	
   and	
   services	
   and	
   estimates	
   the	
   economic	
   contribution	
   that	
   different	
  62	
  

infrastructure	
   sectors	
  provide	
   to	
   the	
  UK	
  economy	
  when	
  both	
  direct,	
   indirect,	
  employment	
  63	
  

and	
  income	
  effects	
  are	
  considered	
  together.	
  	
  	
  64	
  

The	
  next	
  section	
  provides	
  an	
  introduction	
  to	
  key-­‐linkages	
  analysis	
  and	
  a	
  formal	
  definition	
  of	
  65	
  

what	
  backward	
  and	
  forward	
  linkages	
  represent.	
  	
  Methods	
  and	
  mathematical	
  derivations	
  are	
  66	
  

outlined.	
  The	
  following	
  section	
  describes	
  the	
  data	
  along	
  with	
  definitions	
  for	
  each	
  economic	
  67	
  

activity.	
   	
   Finally	
   the	
   results	
   of	
   this	
   analysis	
   are	
   discussed	
   along	
   with	
   the	
   conclusions	
   that	
  68	
  

bring	
  together	
  main	
  findings.	
  	
  	
  69	
  

1.2 KEY-LINKAGES ANALYSIS 70	
  

In	
  2008	
  the	
  total	
  contribution	
  of	
  infrastructure	
  to	
  gross	
  value	
  added	
  across	
  all	
  infrastructure	
  71	
  

sectors	
   in	
  the	
  United	
  Kingdom	
  was	
  9.2%.5	
  From	
  Figure	
  1	
   it	
   is	
  clear	
  that	
   land	
  transport6	
  has	
  72	
  

contributed	
   the	
   largest	
   share	
   to	
   gross	
   economic	
   activity	
   followed	
   by	
   telecommunications	
  73	
  

and	
   then	
   electricity	
   production	
   and	
   distribution.	
   The	
   absolute	
   contribution	
   towards	
   GVA	
  74	
  

from	
  each	
  infrastructure	
  sector	
  increased	
  between	
  1992	
  and	
  2008	
  (Figure	
  1).	
  	
  However,	
  it	
  is	
  75	
  

more	
   instructive	
   to	
   look	
   at	
   the	
   relative	
   change	
   in	
   contribution	
   from	
   infrastructure	
   as	
   a	
  76	
  

percentage	
  of	
  final	
  GVA	
  in	
  each	
  year.	
  	
  Between	
  1992	
  and	
  2008	
  the	
  change	
  in	
  overall	
  GVA	
  for	
  77	
  

the	
  UK	
  economy	
  was	
  137%,	
  increasing	
  from	
  £547.5	
  billion	
  to	
  £1,295.7	
  billion.	
  However,	
  over	
  78	
  

the	
   same	
   period,	
   the	
   combined	
   sum	
   contribution	
   from	
   all	
   infrastructure	
   sectors	
   towards	
  79	
  

GVA	
  decreased.	
  	
  As	
  shown	
  in	
  Figure	
  2	
  the	
  relative	
  contribution	
  from	
  infrastructure	
  towards	
  80	
  

GVA	
  has	
  decreased	
  in	
  seven	
  out	
  of	
  nine	
  infrastructure	
  sectors.	
  Only	
  in	
  water	
  transport	
  and	
  81	
  

sewerage	
   and	
   sanitary	
   services	
  has	
   there	
  been	
  a	
   relative	
   increase	
   in	
   contribution	
   towards	
  82	
  

GVA	
  compared	
  to	
  1992.	
  	
  83	
  

This	
  information	
  on	
  the	
  size	
  of	
  prominent	
  infrastructure	
  sectors	
  in	
  the	
  UK	
  does	
  not	
  allow	
  us	
  84	
  

to	
  understand	
  how	
  they	
  relate	
  to	
  other	
  sectors	
  in	
  the	
  economy.	
  	
  Key-­‐linkages	
  analysis	
  can	
  be	
  85	
  

used	
  to	
  do	
  this.	
  	
  Key-­‐linkages	
  analysis	
  was	
  first	
  used	
  to	
  identify	
  key	
  sectors	
  of	
  the	
  economy	
  86	
  

that	
   may	
   constrain	
   or	
   encourage	
   economic	
   growth	
   (Chenery	
  and	
  Watanabe	
  1958).	
   	
   	
   Key-­‐87	
  

linkage	
  metrics	
   are	
   calculated	
   using	
   information	
   contained	
  within	
   input	
   output	
   tables	
   and	
  88	
  

therefore	
   provides	
   a	
   robust	
   source	
   of	
   data	
   for	
   identifying	
   the	
   economic	
   structure	
   and	
  89	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
5	
  Using	
  the	
  final	
  demand	
  method	
  the	
  total	
  contribution	
  of	
  infrastructure	
  towards	
  GDP	
  is	
  8.16%	
  	
  
6	
  Land	
  transport	
  includes	
  all	
  commercial	
  land	
  transport	
  activities	
  plus	
  the	
  sale	
  of	
  fuel	
  and	
  motor-­‐
vehicle	
  distribution	
  &	
  repair.	
  	
  	
  



	
  
	
  

	
   	
  
	
  

4	
  

importance	
   of	
   both	
   backward	
   and	
   forward	
   linkages	
   between	
   the	
   economic	
   sectors	
   of	
   an	
  90	
  

economy.	
   	
   The	
   relative	
   size	
   of	
   economic	
   linkages	
   can	
   be	
   used	
   to	
   highlight	
   strengths,	
  91	
  

weaknesses	
  and	
  vulnerabilities	
  within	
  an	
  economy.	
  	
  Importantly,	
  key	
  linkages	
  analysis	
  helps	
  92	
  

identify	
  bottlenecks	
  and	
  vulnerabilities	
  in	
  supply	
  chains	
  so	
  that	
  the	
  effects	
  of	
  disruptions	
  can	
  93	
  

be	
  avoided	
  or	
  minimised	
  through	
  new	
  investment,	
  better	
  reporting	
  and	
  new	
  policy.	
  This	
   is	
  94	
  

particularly	
   useful	
   for	
   looking	
   at	
   the	
   effects	
   of	
   disasters	
   which	
   may	
   lead	
   to	
   cascading	
  95	
  

infrastructure	
  failure.	
  	
  	
  96	
  

	
  97	
  
Figure	
  1:	
  Total	
  gross	
  value	
  added	
  by	
  infrastructure	
  service	
  type	
  98	
  



	
  
	
  

	
   	
  
	
  

5	
  

	
  99	
  

Figure	
  2:	
  Change	
  in	
  relative	
  contribution1	
  to	
  final	
  GVA	
  100	
  
1. Relative	
  contribution	
  refers	
  to	
  the	
  percentage	
  contribution	
  of	
  value	
  added	
  towards	
  final	
  GVA	
  in	
  any	
  given	
  year.	
  	
  101	
  

Table	
  1:	
  Relative	
  contribution	
  of	
  UK	
  infrastructure	
  to	
  GVA	
  between	
  1992	
  and	
  2008	
  at	
  basic	
  prices1	
  102	
  

Infrastructure	
  sector	
   GVA	
  at	
  basic	
  prices	
  
(£	
  million)	
  

GVA	
  as	
  percentage	
  
of	
  total	
  GVA	
  

	
   1992	
   2008	
   1992	
   2008	
  
Electricity	
  production	
  and	
  
distribution	
   8,288	
   12,533	
   1.51	
   0.97	
  

Gas	
  distribution	
   4,026	
   4,386	
   0.74	
   0.34	
  
Water	
  supply	
   2,414	
   4,423	
   0.44	
   0.34	
  
Land	
  transport	
   22,261	
   49,887	
   4.07	
   3.85	
  
Railway	
  transport	
   3,301	
   3,394	
   0.60	
   0.26	
  
Water	
  transport	
   1,188	
   4,357	
   0.22	
   0.34	
  
Air	
  transport	
   2,987	
   6,831	
   0.55	
   0.53	
  
Telecommunications	
   11,456	
   23,585	
   2.09	
   1.82	
  
Sewerage	
  and	
  sanitary	
  
services	
   3,040	
   9,379	
   0.56	
   0.72	
  

1. Basic	
  prices	
  are	
  the	
  amount	
  received	
  by	
  the	
  producer	
  for	
  the	
  purchase	
  of	
  a	
  unit	
  of	
  good	
  or	
  service	
  produced	
  minus	
  103	
  
any	
  tax	
  payable	
  and	
  plus	
  any	
  subsidy	
  receivable.	
  It	
  excludes	
  transport	
  charges	
  invoiced	
  separately	
  by	
  the	
  producer.	
  104	
  
Source:	
  (ONS,	
  2012)	
  105	
  

Key-­‐linkages	
   analysis	
   was	
   developed	
   in	
   parallel	
   with	
   the	
   advancement	
   of	
   input	
   output	
  106	
  

methods	
   and	
   can	
   be	
   regarded	
   as	
   an	
   important	
   compliment	
   to	
   this	
   area	
   of	
   research.	
   The	
  107	
  

development	
  of	
  key-­‐linkage	
  analysis	
  over	
   the	
   last	
   forty	
  years	
  has	
  contributed	
  to	
   important	
  108	
  

breakthroughs	
  on	
   international	
   trade,	
   the	
   sources	
  behind	
  economic	
   growth	
  and	
   improved	
  109	
  

understanding	
   on	
   the	
   structural	
   effects	
   of	
   economic	
   development	
   from	
   undeveloped	
  110	
  

economies	
   as	
   well	
   as	
   providing	
   insight	
   into	
   many	
   other	
   economic	
   problems	
   requiring	
  111	
  

empirical	
   analysis	
   on	
   the	
   interdependencies	
   between	
   economic	
   sectors	
  112	
  

(Chenery	
  and	
  Watanabe	
  1958)	
  .	
  	
  113	
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The	
   first	
   practical	
   application	
   using	
   the	
   concept	
   of	
   economic	
   linkages	
   to	
   measure	
   the	
  114	
  

importance	
   of	
   different	
   relationships	
   amongst	
   economic	
   sectors	
   was	
   first	
   proposed	
   by	
  115	
  

Rasmussen	
   in	
   his	
   PhD	
   thesis	
   titled	
   “Studies	
   in	
   inter-­‐sectoral	
   relations”	
   (Rasmussen,	
   1956).	
  116	
  

Although	
   Leontief	
   (1951)	
   presented	
   a	
   framework	
   for	
   measuring	
   the	
   interdependence	
  117	
  

between	
  economic	
  sectors,	
  the	
  methods	
  described	
  by	
  Rasmussen	
  substantially	
  expanded	
  on	
  118	
  

Leontief’s	
   original	
   approach	
   with	
   a	
   particular	
   focus	
   on	
   the	
   interdependence	
   of	
   prices	
  119	
  

between	
  economic	
  sectors.	
  Rasmussen’s	
  major	
  contribution	
  was	
  to	
  present	
  what	
  he	
  called	
  120	
  

“summary	
   measures	
   of	
   the	
   inverse	
   matrix”	
   to	
   designate	
   a	
   degree	
   of	
   importance	
   of	
   an	
  121	
  

individual	
  industry	
  within	
  an	
  economy,	
  as	
  shown	
  by	
  the	
  breadth	
  of	
  that	
  sector’s	
  contribution	
  122	
  

and	
   dependence	
   upon	
   all	
   other	
   sectors	
   in	
   the	
   economy.	
   Rasmussen	
   described	
   the	
   crucial	
  123	
  

feature	
  of	
  a	
  ‘key’	
  industry	
  as	
  its	
  ability	
  to	
  call	
  forth	
  a	
  relatively	
  large	
  increase	
  in	
  the	
  output	
  of	
  124	
  

other	
  sectors	
  when	
  the	
  final	
  demand	
  for	
  its	
  own	
  products	
  increased,	
  while	
  at	
  the	
  same	
  time	
  125	
  

its	
   output	
   must	
   expand	
   more	
   than	
   average	
   to	
   meet	
   the	
   final	
   demand	
   on	
   other	
   sectors.	
  126	
  

Today	
  these	
  concepts	
  are	
  now	
  commonly	
  defined	
  as	
  backward	
  and	
  forward	
  linkages	
  within	
  127	
  

the	
  economic	
  supply	
  chain.	
  	
  128	
  

Early	
  pioneers	
  in	
  the	
  field	
  of	
  key-­‐linkage	
  analysis	
  such	
  as	
  Chenery	
  and	
  Watanabe	
  (1958a)	
  and	
  129	
  

Hirschman	
  (1958)	
  established	
  the	
  basic	
  methodology	
  and	
  showed	
  how	
  the	
  method	
  could	
  be	
  130	
  

used	
   to	
   study	
   the	
   structure	
   of	
   economies	
   and	
   for	
   identifying	
   key-­‐sectors.	
   Their	
   main	
  131	
  

contribution	
  was	
   to	
   postulate	
   that	
   economic	
   development	
   and	
   structural	
   change	
   proceed	
  132	
  

through	
   sectors	
  with	
   above-­‐average	
   linkages	
  with	
   other	
   sectors	
   of	
   the	
   economy	
   acting	
   to	
  133	
  

accelerate	
   and	
   amplify	
   initially	
   small	
   changes	
   and	
   ultimately	
   affect	
   the	
   whole	
   economy	
  134	
  

(Lenzen,	
   2003).	
   Several	
   authors	
   then	
   started	
   to	
   apply	
   these	
   new	
  methods	
   to	
   explain	
   the	
  135	
  

constraints	
   and	
   opportunities	
   for	
   growth	
   in	
   developing	
   economies	
   (Hazari,	
   1970;	
   Acharya	
  136	
  

and	
   Hazari,	
   1971;	
   Diamond,	
   1974;	
   Laumas,	
   1975;	
   Meller	
   and	
   Marfán,	
   1981;	
   Andreosso-­‐137	
  

O’Callaghan	
  and	
  Yue,	
  2004;	
  Baer	
  et	
  al.,	
  1987;	
  Beyers,	
  1976;	
  Bulmer-­‐Thomas,	
  1978;	
  Clements	
  138	
  

and	
  Rossi,	
  1991).	
  The	
  same	
  method	
  has	
  also	
  been	
  applied	
  in	
  the	
  identification	
  of	
  key	
  sectors	
  139	
  

within	
  developed	
  economies	
  also	
  (Hanly,	
  2012;	
  Robles	
  Teigeiro	
  and	
  Sanjuán	
  Solís,	
  2005;	
  Los,	
  140	
  

2004;	
   Lenzen,	
   2003;	
   Dietzenbacher,	
   1992).	
   More	
   recently	
   the	
   method	
   has	
   been	
   used	
   to	
  141	
  

study	
  the	
  linkage	
  effects	
  of	
  specific	
  sectors	
  within	
  national	
  economies	
  such	
  as	
  construction,	
  142	
  

manufacturing,	
  and	
  the	
  marine	
  sector	
  (Morrissey	
  and	
  O’Donoghue,	
  2013;	
  Song	
  et	
  al.,	
  2006;	
  143	
  

Alcántara	
  and	
  Padilla,	
  2003;	
  Stilwell	
  et	
  al.,	
  2000).	
  This	
  research	
  represents	
  the	
  first	
  time	
  that	
  144	
  

key-­‐linkages	
   has	
   been	
   used	
   to	
   study	
   the	
   relationship	
   between	
   infrastructure	
   and	
   other	
  145	
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economic	
   sectors.	
   This	
   is	
   particularly	
   relevant	
   within	
   a	
   UK	
   context	
   for	
   understanding	
   the	
  146	
  

hidden	
  connections	
  and	
  relationships	
  between	
  infrastructure	
  the	
  wider	
  economy.	
  	
  147	
  

2.1.	
  	
   Backward	
  and	
  forward	
  linkages	
  148	
  

At	
  the	
  centre	
  of	
  the	
  key-­‐linkage	
  hypothesis	
  is	
  the	
  concept	
  of	
  backward	
  and	
  forward	
  linkage	
  149	
  

indices	
   as	
   well	
   as	
   direct	
   and	
   indirect	
   effects.	
   Direct	
   backward	
   linkages	
   can	
   be	
  150	
  

straightforwardly	
   defined	
   as	
   the	
   column	
   sum	
   of	
   the	
   technical	
   coefficient	
   matrix	
   ijA thus	
  151	
  

representing	
  the	
  direct	
   input	
  requirements	
  of	
  production	
  as	
  a	
   function	
  of	
   total	
  output.	
  On	
  152	
  

the	
  other	
  hand,	
  total	
  backward	
  linkages	
  -­‐	
  that	
  is	
  direct	
  plus	
  indirect	
  effects	
  -­‐	
  are	
  defined	
  as	
  153	
  

the	
   column	
   sum	
   of	
   the	
   Leontief	
   inverse	
   ijL where	
   ( ) 1−=L I -A and	
   represent	
   all	
   input	
  154	
  

requirements	
   ad	
   infinitum	
   to	
   produce	
   one	
   extra	
   unit	
   of	
   output	
   for	
   sector	
   j.	
   While	
   direct	
  155	
  

effects	
  capture	
  immediate	
  changes	
  to	
  total	
  output	
  caused	
  by	
  adjustments	
  occurring	
  in	
  one	
  156	
  

sector,	
  indirect	
  effects	
  capture	
  changes	
  to	
  total	
  output	
  due	
  to	
  interdependencies	
  that	
  occur	
  157	
  

through	
  other	
  sectors	
  of	
  the	
  economy	
  in	
  the	
  supply	
  chain.	
  	
  158	
  

Direct	
   forward	
   linkages	
   can	
   be	
   defined	
   similarly	
   to	
   direct	
   backward	
   linkages.	
   The	
   key	
  159	
  

distinction	
   here	
   is	
   that	
   instead	
   of	
   referring	
   to	
   direct	
   input	
   requirements,	
   forward	
   linkages	
  160	
  

refer	
   to	
   the	
   direct	
   output	
   requirements	
   or	
   sales	
   from	
   sector	
   j	
   directly	
   feeding	
   into	
   other	
  161	
  

producing	
  sectors	
  of	
  the	
  economy.	
  Total	
  forward	
  linkages	
  –	
  that	
  is	
  direct	
  plus	
  indirect	
  effects	
  162	
  

–	
   are	
   defined	
   as	
   the	
   total	
   sales	
   or	
   output	
   ad	
   infinitum	
   consumed	
   by	
   other	
   sectors	
   of	
   the	
  163	
  

economy.	
   Direct	
   and	
   indirect	
   effects	
   can	
   therefore	
   be	
   estimated	
   for	
   both	
   backward	
   and	
  164	
  

forward	
  linkages	
  within	
  an	
  economy.	
  Figure	
  3	
  schematically	
  shows	
  the	
  distinction	
  between	
  165	
  

backward,	
  forward,	
  direct	
  and	
  indirect	
  effects.	
  	
  166	
  

Each	
   sector,	
   i,	
   takes	
   its	
   inputs	
   from	
   other	
   sectors	
   in	
   the	
   economy	
   and	
   supplies	
   output	
   to	
  167	
  

each	
  sector	
  in	
  the	
  economy.	
  Sectors	
  are	
  made	
  up	
  of	
  firms	
  and	
  firms	
  also	
  demand	
  and	
  supply	
  168	
  

goods	
  and	
  services	
  to	
  and	
  from	
  other	
  firms	
  belonging	
  to	
  the	
  same	
  sector	
  –	
  this	
  is	
  referred	
  to	
  169	
  

as	
   intra-­‐sectoral	
   trade	
   as	
   opposed	
   to	
   inter-­‐sectoral	
   trade.	
   	
   Indeed,	
   it	
   is	
   often	
   found	
   that	
  170	
  

intra-­‐sectoral	
  transactions	
  represent	
  a	
  significant	
  component	
  of	
  value	
  within	
  a	
  sector’s	
  value	
  171	
  

chain.	
   Figure	
   3	
   below	
   shows	
   the	
   connections	
   occurring	
   across	
   all	
   sectors	
   of	
   the	
   economy	
  172	
  

where	
   sector	
   ....      i n i∀ 	
   and	
  n	
   is	
   the	
  number	
  of	
   sectors	
   represented	
  by	
   the	
   input	
  output	
  173	
  

table.	
  In	
  this	
  schematic	
  final	
  demand	
  is	
  also	
  shown	
   ( )if 	
  and	
  includes	
  the	
  final	
  consumption	
  174	
  

of	
   goods	
   produced	
   by	
   each	
   sector.	
  While	
   forward	
   linkages	
   capture	
   the	
   transactions	
   from	
  175	
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sectors	
   down	
   the	
   supply	
   chain	
   demanding	
   goods	
   and	
   services	
   from	
   sector	
   i,	
   backward	
  176	
  

linkages	
   capture	
   all	
   linkages	
   back	
   up	
   the	
   supply	
   chain	
   that	
   provide	
   goods	
   and	
   services	
   to	
  177	
  

sector	
  i.	
  Dashed	
  arrows	
  in	
  Figure	
  3	
  represent	
  the	
  round	
  by	
  round	
  transactions	
  in	
  an	
  economy	
  178	
  

ad	
   infinitum.	
   Total	
   output	
   is	
   therefore	
   represented	
   by	
   the	
   sum	
   of	
   the	
   round	
   by	
   round	
  179	
  

intermediate	
  demand	
  plus	
  final	
  demand.	
  	
  	
  180	
  

	
  	
  	
  181	
  

	
  182	
  

Figure	
  3:	
  Backward,	
  forward,	
  indirect	
  and	
  direct	
  effects	
  183	
  

2.2	
   Estimating	
  linkage	
  measures	
  184	
  

As	
   indicated	
   above,	
   analysts	
   differ	
   as	
   to	
   the	
   best	
   approach	
   for	
   measuring	
   linkage	
   effects	
  185	
  

within	
  an	
  economy.	
  There	
  are	
  several	
   linkage	
  measures	
   that	
  can	
  be	
  employed	
  to	
  measure	
  186	
  

the	
   importance	
   or	
   ‘keyness’	
   of	
   infrastructure	
   sectors	
   in	
   the	
   UK	
   economy.	
   The	
   following	
  187	
  

section	
  examines	
  the	
  main	
  approaches.	
  It	
  begins	
  by	
  describing	
  the	
  Rasmussen	
  method	
  and	
  188	
  

its	
   	
   strengths	
   and	
   weaknesses	
   as	
   a	
   measure	
   of	
   inter-­‐sectoral	
   linkage	
   and	
   for	
   estimating	
  189	
  

backward,	
   forward,	
   direct	
   and	
   indirect	
   effects	
  within	
   an	
   economy.	
   The	
   advantages	
   of	
   the	
  190	
  

Ghosh	
  model	
   over	
   the	
   Leontief	
  model	
   for	
   estimating	
   forward	
   linkages	
   is	
   also	
  discussed.	
  A	
  191	
  

definition	
  is	
  provided	
  for	
  the	
  coefficient	
  of	
  variation	
  before	
  extending	
  this	
  model	
  to	
  use	
  the	
  192	
  

Ghosh	
   approach.	
   	
   This	
   is	
   then	
   followed	
   by	
   a	
   description	
   and	
   analysis	
   of	
   the	
   hypothetical	
  193	
  

extraction	
  approach	
  which	
  will	
  be	
  used	
  to	
  estimate	
  the	
  overall	
  economic	
  contribution	
  from	
  194	
  

different	
  infrastructure	
  sectors	
  in	
  the	
  UK	
  economy.	
  	
  195	
  

The	
   earliest	
   work	
   on	
   linkage	
   measures	
   was	
   completed	
   by	
   Rasmussen	
   where	
   he	
  196	
  

recommended	
  the	
  use	
  of	
  two	
  linkage	
  measures,	
  these	
  were:	
  the	
  power	
  of	
  dispersion	
  and	
  the	
  197	
  

sensitivity	
  of	
  dispersion	
  (Hewings,	
  1982).	
  Today	
  these	
  are	
  similarly	
  defined	
  as	
  backward	
  and	
  198	
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forward	
  linkages	
  respectively	
  and	
   ijl 	
   is	
  defined	
  as	
  a	
  typical	
  element	
  of	
  the	
  Leontief	
   inverse	
  199	
  

matrix	
   L ;	
   giving	
   ' ji L and	
   iL i 	
   are	
   typical	
   column	
   and	
   row	
   sums	
   of	
   the	
   Leontief	
   inverse	
  200	
  

matrix	
  respectively	
  and	
   L is	
  the	
  average	
  of	
  all	
  elements	
  of	
  the	
  Leontief	
  matrix.	
  Normalised	
  201	
  

indices	
  were	
  developed	
  as	
  follows:	
  202	
  

Power	
  of	
  dispersion:	
  	
  
' / ' .j j

j

n L
U

L n
= =
i L i L

	
   (1.1)	
  203	
  

Sensitivity	
  of	
  dispersion:	
  	
  
/ .i i

i
n LU

L n
= =
L i L i

	
   (1.2)	
  204	
  

where	
   n 	
   is	
   the	
   number	
   of	
   sectors	
   in	
   the	
   economy	
   and	
   iU 	
   and	
   jU 	
   are	
   the	
   Rasmussen	
  205	
  

indices.	
   When	
   jU or	
   1iU > 	
   it	
   implies	
   that	
   the	
   power	
   of	
   dispersion	
   jU or	
   sensitivity	
   of	
  206	
  

dispersion	
   iU 	
   of	
   the	
   inverse	
  matrix	
   is	
   greater	
   than	
   the	
   average	
   value	
   of	
   the	
  matrix	
   as	
   a	
  207	
  

whole.	
   Thus	
   one	
   unit	
   change	
   in	
   final	
   demand	
   from	
   a	
   sector	
  where	
   	
   1jU > 	
  will	
   generate	
  208	
  

above	
  average	
  increases	
  in	
  economic	
  activity.	
  On	
  the	
  other	
  hand,	
  for	
  a	
  sector	
  with	
   1iU > 	
  	
  it	
  209	
  

means	
   that	
   when	
   output	
   across	
   all	
   sectors	
   increase	
   uniformly,	
   output	
   from	
   sector	
   i 	
   will	
  210	
  

increase	
  above	
  average	
  to	
  meet	
  this	
  new	
  demand.	
  	
  211	
  

The	
   awkward	
   interpretation	
   given	
   to	
   the	
   traditional	
   Leontief	
   forward	
   linkage	
   resulted	
   in	
  212	
  

several	
  authors	
  questioning	
  the	
  use	
  of	
  the	
  Leontief	
   inverse	
  for	
  estimating	
  forward	
   linkages	
  213	
  

(Jones	
  1976).	
  In	
  a	
  standard	
  Leontief	
  framework	
  the	
  sum	
  of	
  all	
  the	
  rows	
  in	
  one	
  column	
  for	
  a	
  214	
  

particular	
   sector	
   j 	
   will	
   represent	
   the	
   backward	
   linkage	
   effect	
   in	
   the	
   economy,	
  while	
   the	
  215	
  

sum	
  of	
  all	
  columns	
  in	
  one	
  row	
   i 	
  will	
  represents	
  the	
  forward	
  linkage	
  effect	
  in	
  the	
  economy.	
  216	
  

After	
   further	
   investigation	
   the	
   economic	
   interpretation	
   of	
   a	
   forward	
   linkage	
   in	
   a	
   Leontief	
  217	
  

based	
   framework	
   is	
   purely	
   hypothetical	
   and	
   does	
   not	
   have	
   a	
   general	
   economic	
  218	
  

interpretation.	
  For	
  example	
  the	
  row	
  sum	
  giving,	
  say	
  a	
  value	
  of	
  2.0	
  for	
  the	
   i th	
  industry	
  says	
  219	
  

that	
  if	
  final	
  demand	
  in	
  each	
  and	
  every	
  industry	
  increases	
  by	
  one	
  unit,	
  then	
  output	
  of	
  the	
   i th	
  220	
  

industry	
  must	
   increase	
  by	
  2.0	
  units	
   to	
  meet	
   this	
  demand	
   (consisting	
  of	
  1.0	
  unit	
  of	
   its	
  own	
  221	
  

delivery	
   to	
   final	
   demand	
   and	
   1.0	
   unit	
   as	
   inputs	
   to	
   other	
   industries).	
   This	
   hypothetical	
  222	
  

example	
  would	
   never	
   occur	
   in	
   reality	
   as	
   final	
   demand	
   from	
   each	
   and	
   every	
   sector	
  would	
  223	
  

never	
  uniformly	
   increase	
  by	
  one	
  unit.	
   Jones	
   (1976)	
  criticizes	
   this	
  method	
  using	
   the	
  Korean	
  224	
  

‘rice’	
   sector	
  as	
  an	
  example	
  where	
   it	
   is	
   shown	
   to	
  deliver	
   less	
   than	
  14	
  percent	
  of	
   its	
  output	
  225	
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directly	
  to	
  intermediate	
  uses	
  but	
  leads	
  to	
  significant	
  expansion	
  of	
  all	
  industries	
  ranking	
  it	
  as	
  226	
  

the	
  7th	
  highest	
  Leontief	
   inverse	
  row	
  sum	
  in	
  a	
  340	
  sector	
  model.	
  The	
  explanation	
   is	
   that	
  14	
  227	
  

percent	
  constituted	
  a	
  large	
  fraction	
  of	
  inputs	
  into	
  a	
  number	
  of	
  small	
  industries	
  which	
  is	
  then	
  228	
  

enlarged	
   by	
   the	
   equal	
   expansion	
   of	
   all	
   industries.	
   	
   Jones	
   then	
   explains	
   “it	
   is	
   not	
   very	
  229	
  

enlightening	
   to	
   ask	
   what	
   happens	
   to	
   an	
   industry	
   if	
   all	
   industries,	
   large	
   or	
   small,	
   are	
   to	
  230	
  

expand	
   by	
   identical	
   unit	
   increments.	
   Jones	
   then	
   proposed	
   that	
   the	
   ‘output	
   inverse’	
   (as	
  231	
  

opposed	
  to	
  the	
  Leontief	
  ‘input	
  inverse’)	
  may	
  produce	
  more	
  meaningful	
  measures	
  of	
  forward	
  232	
  

linkages.	
  This	
  led	
  to	
  the	
  development	
  of	
  a	
  forward	
  linkage	
  measure	
  based	
  on	
  the	
  elements	
  233	
  

of	
  the	
  Ghosh	
  model	
  (Miller	
  and	
  Blair,	
  2009).	
  	
  In	
  the	
  Ghosh	
  approach	
  direct	
  forward	
  linkages	
  234	
  

can	
   be	
   estimated	
   by	
   the	
   column	
   sum	
   (sum	
   of	
   all	
   rows)	
   for	
   the	
   i th	
   sector	
   of	
   the	
   output	
  235	
  

matrix.	
  This	
  is	
  simply	
  the	
  value	
  of	
  total	
  intermediate	
  sales	
  from	
  sector	
   i 	
  as	
  a	
  proportion	
  of	
   i236	
  

’s	
  total	
  output	
   ix .	
  Similar	
  to	
  the	
  calculation	
  of	
  the	
  Leontief	
  ‘input	
  inverse’	
  derived	
  from	
  the	
  237	
  

input	
  coefficients	
  matrix,	
   A 	
  (Equation	
  1.3),	
  the	
  Ghosh	
  ‘output	
  inverse’	
  is	
  derived	
  from	
  the	
  238	
  

output	
  coefficients	
  matrix	
  B 	
  	
  (Equation	
  1.4).	
  	
  239	
  

	
   1( )−=L I -A 	
  	
   (1.3)	
  240	
  

	
   1−G = (I -B) 	
  	
   (1.4)	
  241	
  

While	
   the	
   input	
   coefficients	
   matrix	
   (technical	
   coefficients	
   matrix)	
   is	
   derived	
   from	
  242	
  

intermediate	
  inputs	
  as	
  a	
  share	
  of	
  total	
  outputs	
  (including	
  value	
  added)	
  the	
  output	
  coefficient	
  243	
  

matrix	
  is	
  derived	
  from	
  intermediate	
  sales	
  as	
  a	
  share	
  of	
  total	
  sales	
  (including	
  final	
  demand)7.	
  	
  244	
  

The	
   economic	
   interpretation	
   of	
   this	
   new	
   forward	
   linkage	
   measure	
   can	
   be	
   interpreted	
   as	
  245	
  

follows.	
  The	
  row	
  sum	
  (sum	
  of	
  columns)	
  of	
  the	
  ‘output	
  inverse’	
  for	
  the	
   i th	
  sector	
  represents	
  246	
  

the	
  change	
  in	
  output	
  from	
  sector	
   i 	
  resulting	
  from	
  one	
  unit	
  change	
  in	
  input	
  from	
  sector	
   i .	
  	
  247	
  

Other	
  contributions	
  and	
  adaptations	
  to	
  the	
  key	
  linkages	
  literature	
  have	
  come	
  from	
  Chenery	
  248	
  

and	
  Wantanabe	
  	
  	
  (1958b),	
  Yotopoulos	
  and	
  Nugent	
  (1973),	
  Laumas	
  (1975)	
  and	
  Jones	
  (1976).	
  249	
  

In	
  its	
  simplest	
  form,	
  the	
  strength	
  of	
  the	
  backward	
  linkage	
  of	
  sector	
   j 	
  	
  (the	
  amount	
  by	
  which	
  250	
  

the	
   production	
   from	
   sector	
   j 	
   depends	
   on	
   inter-­‐industry	
   inputs)	
   is	
   given	
   by	
   the	
   sum	
   of	
  251	
  

elements	
   in	
   the	
   j th	
   column	
   of	
   the	
   direct	
   input	
   coefficient	
  matrix	
   (Miller	
   and	
   Blair	
   2009,	
  252	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
7	
  The	
  output	
  inverse	
  was	
  first	
  defined	
  by	
  Ghosh	
  (1958)	
  to	
  represent	
  supply	
  constrained	
  
economies	
  and	
  marked	
  the	
  start	
  of	
  a	
  long-­‐running	
  debate	
  within	
  the	
  literature	
  that	
  continues	
  to	
  
this	
  day	
  (Rose	
  and	
  Allison,	
  1989;	
  Dietzenbacher,	
  1997;	
  De	
  Mesnard,	
  2007;	
  de	
  Mesnard,	
  2009;	
  
Guerra	
  and	
  Sancho,	
  2011;	
  Oosterhaven,	
  2012)	
  



	
  
	
  

	
   	
  
	
  

11	
  

p.556).	
   Direct	
   backward	
   linkages	
   for	
   an	
   economy	
   can	
   be	
   written	
   in	
   matrix	
   form	
   as	
  253	
  

'jBL d( ) = i A 	
  or	
  in	
  general	
  form	
  as	
  given	
  by	
  Equation	
  (1.5).	
  	
  254	
  

	
  
1

( )
n

j ij
i

BL d a
=

=∑ 	
   (1.5)	
  255	
  

As	
   the	
   coefficients	
   of	
   the	
   technical	
   input	
   coefficient	
   matrix	
   measure	
   direct	
   effects	
   only,	
  256	
  

these	
   are	
   known	
   as	
   direct	
   (d)	
   backward	
   linkages.	
   To	
   capture	
   both	
   the	
   direct	
   and	
   indirect	
  257	
  

linkages	
   of	
   an	
   economy	
   (i.e.	
   total	
   requirements)	
   column	
   sums	
   of	
   the	
   Leontief	
   inverse	
   are	
  258	
  

used.	
  This	
  is	
  represented	
  in	
  matrix	
  form	
  as	
   ( ) 'jBL t = i Lor	
  in	
  general	
  form	
  as	
  Equation	
  (1.6)259	
  

.	
  260	
  

	
  
1

( )
n

j ij
i

BL t l
=

=∑ 	
   (1.6)	
  261	
  

There	
  is	
  some	
  disagreement	
  in	
  the	
  literature	
  on	
  whether	
  the	
  on-­‐diagonal	
  elements	
  in	
  A	
  or	
  L	
  262	
  

should	
   be	
   included	
   or	
   netted	
   out	
   of	
   the	
   summations.	
   If	
   the	
   purpose	
   of	
   the	
   study	
   is	
   to	
  263	
  

estimate	
   the	
  Hirchman’s	
   input	
   provision	
   (or	
   derived	
  demand	
  effects)	
   then	
   it	
   is	
   normal	
   for	
  264	
  

the	
   on-­‐diagonal	
   elements	
   to	
   be	
   included.	
   Alternatively	
   if	
   the	
   interest	
   is	
   on	
   the	
   sector’s	
  265	
  

“backward	
   dependence”	
   or	
   linkage	
   with	
   the	
   rest	
   of	
   the	
   economy	
   then	
   they	
   should	
   be	
  266	
  

omitted.	
  In	
  this	
  analysis	
  the	
  on	
  diagonal	
  elements	
  will	
  be	
  retained	
  as	
  intra-­‐sectoral	
  demand	
  267	
  

can	
  contribute	
  a	
  significant	
  component	
  of	
  a	
  sector’s	
  total	
  input	
  or	
  outputs	
  requirements.	
  268	
  

As	
   with	
   backward	
   linkages	
   there	
   is	
   also	
   a	
   definition	
   for	
   forward	
   linkages.	
   Following	
   the	
  269	
  

argument	
  presented	
  above	
  for	
  using	
  the	
  Ghosh	
  model	
  as	
  opposed	
  to	
  the	
  Leontief	
  model	
  for	
  270	
  

estimating	
  forward	
   linkages,	
  a	
  similar	
  definition	
  can	
  be	
  found	
  for	
  forward	
   linkages	
   (Beyers,	
  271	
  

1976;	
  Jones,	
  1976;	
  Miller	
  and	
  Blair,	
  1985,	
  p.558).	
  In	
  this	
  case	
  direct	
  and	
  total	
  forward	
  linkage	
  272	
  

effects	
   are	
   defined	
   by	
   Equation	
   (1.7)	
   and	
   (1.8)	
   respectively,	
   where	
   ijb 	
   represent	
   the	
  273	
  

elements	
  of	
  the	
  B 	
  matrix	
  and	
   ijg 	
  represent	
  the	
  elements	
  of	
  the	
  Ghosh	
  matrix	
  G .	
  	
  274	
  

	
  
1

( )
n

i ij
j

FL d b
=

=∑ 	
   (1.7)	
  275	
  

	
  
1

( )
n

i ij
j

FL t g
=

=∑ 	
   (1.8)	
  276	
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In	
  matrix	
  form	
  Equation	
  (1.7)	
  and	
  (1.8)	
  are	
  written	
  as	
   iFL d( ) = Bi and	
   iFL t( ) = Gi 	
  277	
  

respectively.	
  The	
  sum	
  of	
  direct	
  forward	
  and	
  direct	
  backward	
  linkages	
  are	
  defined	
  as	
  total	
  278	
  

direct	
  linkages	
  (TDL)	
  while	
  total	
  linkages	
  (TL)	
  includes	
  both	
  direct	
  and	
  indirect	
  effects	
  for	
  279	
  

both	
  forward	
  and	
  backward	
  linkages.	
  The	
  backward	
  and	
  forward	
  linkages	
  provided	
  above	
  280	
  

give	
  an	
  absolute	
  measure	
  of	
  a	
  sectors	
  dependence	
  on	
  other	
  sector’s	
  in	
  the	
  economy.	
  	
  281	
  

Without	
  a	
  frame	
  of	
  reference	
  it	
  is	
  difficult	
  to	
  know	
  whether	
  such	
  links	
  are	
  important	
  when	
  282	
  

compared	
  to	
  the	
  rest	
  of	
  the	
  economy.	
  Using	
  Rasmussen’s	
  framework	
  of	
  normalising	
  each	
  283	
  

sector,	
  it	
  is	
  possible	
  to	
  estimate	
  a	
  relative	
  indicator	
  that	
  compares	
  the	
  ‘keyness’	
  of	
  each	
  284	
  

sector	
  when	
  that	
  sector	
  is	
  compared	
  to	
  other	
  sectors	
  of	
  the	
  economy.	
  One	
  limitation	
  of	
  the	
  285	
  

approaches	
  identified	
  by	
  the	
  literature	
  thus	
  far	
  is	
  that	
  they	
  only	
  return	
  a	
  value	
  of	
  ‘keyness’	
  286	
  

as	
  an	
  aggregate	
  indicator	
  for	
  each	
  sector.	
  When	
  looking	
  at	
  ‘keyness’	
  it	
  is	
  also	
  necessary	
  to	
  287	
  

study	
  what	
  sectors	
  are	
  contributing	
  the	
  most	
  or	
  are	
  most	
  important	
  to	
  each	
  sectors	
  288	
  

‘keyness’	
  within	
  the	
  economy.	
  With	
  knowledge	
  of	
  the	
  relative	
  contribution	
  provided	
  by	
  289	
  

different	
  economic	
  sectors	
  to	
  a	
  single	
  sector’s	
  overall	
  ‘keyness’	
  it	
  is	
  possible	
  to	
  identify	
  the	
  290	
  

potential	
  for	
  ‘dependency	
  risks’.	
  In	
  this	
  research	
  the	
  five	
  most	
  important	
  economic	
  sectors	
  291	
  

to	
  each	
  infrastructure	
  sector	
  are	
  found	
  and	
  ranked	
  for	
  both	
  backward	
  dependence	
  and	
  292	
  

forward	
  dependence.	
  By	
  studying	
  the	
  structure,	
  size	
  and	
  type	
  of	
  the	
  top	
  five	
  most	
  important	
  293	
  

economic	
  sectors,	
  a	
  more	
  holistic	
  picture	
  can	
  be	
  painted	
  of	
  the	
  interdependencies,	
  reliance	
  294	
  

and	
  potential	
  propagation	
  of	
  risks	
  from	
  infrastructure	
  failure	
  to	
  other	
  sectors	
  of	
  the	
  295	
  

economy.	
  In	
  order	
  to	
  estimate	
  the	
  normalised	
  intersectoral	
  dependence,	
  several	
  new	
  296	
  

equations	
  were	
  developed.	
  For	
  backward	
  direct	
  and	
  total	
  linkages	
  these	
  values	
  are	
  297	
  

respectively	
  calculated	
  using	
  Equations	
  (1.9	
  and	
  1.10)	
  and	
  for	
  forward	
  direct	
  and	
  total	
  298	
  

linkages	
  these	
  are	
  respectively	
  calculated	
  using	
  Equation	
  (1.11	
  and	
  1.12).	
  299	
  

	
   ( )
'
nd

i i
=
ABL
A

	
  	
   (1.9)	
  300	
  

	
   ( )
'
nt

i i
=
LBL
L

	
  	
   (1.10)	
  301	
  

	
   ( )
'
nd

i i
=
BFL
B

	
  	
   (1.11)	
  302	
  

	
   ( )
'
nt

i i
=
GFL
G

	
  	
   (1.12)	
  303	
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The	
  solution	
  to	
  Equations	
  (1.9-­‐1.12)	
  result	
  in	
  four	
  unique	
  matrices	
  that	
  contain	
  measures	
  of	
  304	
  

the	
   normalised	
   ‘keyness’	
   indicators	
   across	
   different	
   economic	
   sectors.	
  Using	
   the	
   ‘keyness’	
  305	
  

values	
  for	
  each	
  sector	
  it	
  is	
  then	
  possible	
  to	
  rank	
  the	
  relative	
  ‘keyness’	
  of	
  different	
  economic	
  306	
  

sectors.	
  	
  Thus,	
  the	
  sum	
  linkage	
  measures	
  for	
  each	
  infrastructure	
  sector	
  represent	
  an	
  overall	
  307	
  

measure	
  of	
  ‘keyness’	
  for	
  that	
  sector	
  compared	
  against	
  all	
  other	
  sectors	
  for	
  the	
  economy	
  (i.e.	
  308	
  

this	
  is	
  the	
  solution	
  of	
  Equation	
  1.7	
  and	
  1.8).	
  	
  309	
  

Although	
  the	
  method	
  described	
  above	
  allows	
  the	
  calculation	
  of	
  both	
  direct	
  and	
  indirect	
  310	
  

effects	
  they	
  do	
  not	
  give	
  an	
  indication	
  of	
  the	
  variability	
  of	
  interconnectedness	
  between	
  311	
  

sectors.	
  It	
  is	
  not	
  only	
  the	
  relative	
  interconnectedness	
  that	
  effects	
  supply	
  chains	
  but	
  also	
  the	
  312	
  

number	
  of	
  connections	
  held	
  between	
  different	
  sectors	
  of	
  the	
  economy.	
  In	
  other	
  words,	
  313	
  

sectors	
  that	
  have	
  a	
  large	
  share	
  of	
  their	
  sales	
  coming	
  from	
  a	
  small	
  number	
  of	
  sectors	
  will	
  314	
  

have	
  different	
  risks	
  than	
  sectors	
  with	
  high	
  key	
  linkages.	
  A	
  solution	
  to	
  the	
  problem	
  of	
  sector	
  315	
  

variability	
  was	
  proposed	
  by	
  Hazari	
  (1970)	
  by	
  introducing	
  a	
  measure	
  of	
  variance	
  for	
  each	
  316	
  

sector	
  of	
  the	
  economy,	
  namely:	
   jV 	
  and	
   iV .	
  A	
  high	
  value	
  of	
   jV 	
  can	
  be	
  interpreted	
  as	
  317	
  

showing	
  that	
  a	
  particular	
  industry	
  draws	
  heavily	
  on	
  only	
  a	
  few	
  sectors	
  (high	
  variance)	
  while	
  a	
  318	
  

low	
  value	
  of	
   jV can	
  be	
  interpreted	
  as	
  a	
  sector	
  drawing	
  relatively	
  evenly	
  from	
  each	
  of	
  the	
  319	
  

sectors	
  in	
  the	
  economy	
  (low	
  variance).	
  Similarly	
  a	
  high	
  value	
  of	
   iV suggests	
  a	
  particular	
  320	
  

industry	
  supplies	
  to	
  a	
  few	
  industries	
  while	
  a	
  low	
  value	
  of	
   iV suggests	
  this	
  industry	
  supplies	
  321	
  

relatively	
  evenly	
  across	
  all	
  sectors.	
  A	
  sector	
  that	
  draws	
  evenly	
  across	
  a	
  greater	
  number	
  of	
  322	
  

sectors	
  (low	
   jV )	
  is	
  thought	
  to	
  be	
  more	
  resilient	
  than	
  a	
  sector	
  with	
  concentrated	
  dependence	
  323	
  

on	
  only	
  a	
  few	
  sectors.	
  Hazari	
  (1970)	
  developed	
  two	
  equations	
  for	
  estimating	
  backward	
  and	
  324	
  

forward	
  variability	
  linkages8.	
  These	
  equations	
  were	
  improved	
  in	
  this	
  study	
  in	
  several	
  325	
  

important	
  respects.	
  As	
  discussed	
  forward	
  linkages	
  as	
  best	
  calculated	
  using	
  the	
  Ghosh	
  model,	
  326	
  

so	
  the	
  Ghosh	
  variant	
  of	
  Hazari’s	
  equation	
  was	
  derived.	
  Secondly,	
  Hazari’s	
  original	
  approach	
  327	
  

did	
  not	
  give	
  a	
  relative	
  indicator	
  of	
  variability	
  compared	
  against	
  other	
  sectors.	
  Hazari’s	
  328	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  

8	
  	
  Hazari’s	
  equations,	
  Backward	
  linkages:
2

1 1 1

1 1 1
1j

m m m

ij ij ij
i i i

V l l l
m m m= = =

=
⎛ ⎞

−⎜ ⎟− ⎝ ⎠
∑ ∑ ∑ 	
  	
  

Forward	
  linkages:	
  

2

1 1 1

1 1 1
1i

m m m

ij ij ij
j j j

V l l l
m m m= = =

=
⎛ ⎞

−⎜ ⎟
− ⎝ ⎠
∑ ∑ ∑ 	
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equations	
  were	
  therefore	
  updated	
  to	
  provide	
  a	
  relative	
  measure	
  from	
  which	
  sectors	
  could	
  329	
  

be	
  compared	
  against	
  each	
  other.	
  The	
  newly	
  derived	
  equations	
  to	
  represent	
  relative	
  330	
  

variability	
  are	
  shown	
  below	
  in	
  Equation	
  (1.13)	
  and	
  (1.14).	
  	
  331	
  

	
   ( )

2

( ) ( )
1 1

2

2 2
1 1 1 1

1 1
1

      1,.....,
1 1

1

m m

i j i j
i i

j
m m m m

ij ij
i j i j

l l
m m

V i m

l l
m m

= =

= = = =

⎛ ⎞
−⎜ ⎟− ⎝ ⎠= =

⎛ ⎞
−⎜ ⎟

− ⎝ ⎠

∑ ∑

∑∑ ∑∑

	
   (1.13)	
  332	
  

	
   ( )

2

( ) ( )
1 1

2

2 2
1 1 1 1

1 1
1

     j=1,.....,m
1 1

1

m m

i j i j
j j

i
m m m m

ij ij
i j i j

g g
m m

V

l l
m m

= =

= = = =

⎛ ⎞
−⎜ ⎟

− ⎝ ⎠=
⎛ ⎞

−⎜ ⎟
− ⎝ ⎠

∑ ∑

∑∑ ∑∑

	
  	
   (1.14)	
  333	
  

Finally,	
   the	
  hypothetical	
  extraction	
  method	
  can	
  be	
  used	
  to	
  estimate	
  the	
  value	
  a	
  sector	
  has	
  334	
  

within	
   the	
   economy	
   by	
   its	
   contribution	
   to	
   economic	
   output.	
   This	
   method	
   was	
   originally	
  335	
  

developed	
  by	
  Strassert	
  (1968)	
  and	
  empirically	
  implemented	
  by	
  Schultz	
  (1977;	
  1976).	
  In	
  this	
  336	
  

approach	
  the	
  objective	
  is	
  to	
  quantify	
  how	
  the	
  	
  total	
  output	
  of	
  an	
  economy	
  	
  changes	
  if	
  that	
  337	
  

sector	
   were	
   eliminated	
   from	
   the	
   economy	
   (Miller	
   and	
   Blair,	
   2009,	
   p.563).	
   This	
   can	
   be	
  338	
  

accomplished	
  by	
  simply	
  removing	
  the	
   i th	
  row	
  and	
   j th	
  column	
  from	
  the	
  A 	
  matrix	
  and	
   i th	
  339	
  

element	
   of	
   final	
   demand	
   f 	
   and	
   then	
   re-­‐estimating	
   the	
   Leontief	
   inverse.	
   This	
   can	
   also	
   be	
  340	
  

accomplished	
  by	
  simply	
  replacing	
  these	
  elements	
  with	
  zeros.	
  Using	
  the	
  notation	
  of	
   ( )jA 	
  to	
  341	
  

represent	
   the	
   ( 1) ( 1)n n− × − 	
   matrix	
   missing	
   sector	
   j 	
   and	
   ( )jf 	
   for	
   the	
   corresponding	
  342	
  

reduced	
   final	
   demand	
   vector,	
   output	
   in	
   the	
   reduced	
   economy	
   is	
   therefore	
   found	
   from	
  343	
  

Equation	
  (1.15)	
  	
  344	
  

	
  
1

( ) ( ) ( )j j j

−
⎡ ⎤= ⎣ ⎦x I - A f 	
  	
   (1.15)	
  345	
  

In	
  the	
  original	
  full	
  n-­‐sector	
  model	
  output	
  is	
  then	
   ( )-1x = I -A f and	
  the	
  difference	
  in	
  total	
  346	
  

output	
  between	
  the	
  full	
  model	
  	
   x 	
  and	
  the	
  reduced	
  model	
  	
   ( )jx 	
  is	
  therefore	
  found	
  using	
  347	
  

Equation	
  (1.16)	
  which	
  gives	
  an	
  aggregate	
  measure	
  of	
  the	
  economy’s	
  overall	
  loss	
  if	
  sector	
   j 	
  348	
  

was	
  hypothetically	
  removed.	
  	
  349	
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   ( )j jT = −i'x i'x 	
  	
   (1.16)	
  350	
  

That	
  is,	
   jT 	
  gives	
  the	
  difference	
  in	
  total	
  output	
  for	
  an	
  economy	
  with	
  and	
  without	
  sector	
   j .	
  351	
  

Some	
  authors	
  argue	
  that	
  the	
  first	
  term	
  of	
  Equation	
  (1.16),	
  namely,	
   i'x 	
  should	
  exclude	
  the	
  352	
  

original	
  output	
   jx .	
  If	
  sector	
   j 	
  were	
  omitted	
  from	
  the	
  total	
  output	
  of	
  the	
  full	
  sector	
  model,	
  353	
  

then	
   jT 	
  would	
  measure	
   'j s 	
  importance	
  to	
  the	
  remaining	
  sectors	
  in	
  the	
  economy	
  excluding	
  354	
  

intra-­‐sectoral	
  trade	
  (Miller	
  and	
  Blair,	
  2009,	
  p.563).	
  As	
  the	
  purpose	
  of	
  this	
  analysis	
  is	
  to	
  355	
  

determine	
  the	
  contribution	
  of	
  sector	
   j 	
  on	
  the	
  economy	
  before	
  and	
  after	
  it	
  has	
  been	
  356	
  

extracted,	
   jx 	
  will	
  not	
  be	
  removed	
  and	
  remain	
  as	
  part	
  of	
  the	
  first	
  term	
  of	
  Equation	
  (1.16).	
  357	
  

	
   In	
  either	
  case	
  it	
  is	
  possible	
  to	
  normalise	
  Equation	
  (1.16)	
  relative	
  to	
  the	
  rest	
  of	
  the	
  economy.	
  	
  358	
  

This	
  is	
  achieved	
  by	
  division	
  of	
  total	
  gross	
  output	
  and	
  multiplication	
  by	
  100	
  to	
  give	
  an	
  359	
  

estimate	
  of	
  the	
  percentage	
  decrease	
  in	
  total	
  economic	
  activity	
  due	
  to	
  the	
  hypothetical	
  360	
  

extraction	
  of	
  the	
  sector	
  in	
  question.	
  This	
  is	
  achieved	
  using	
  Equation	
  (1.17).	
  361	
  

	
   ( )( )100 ' ' / 'j jT ⎡ ⎤= −⎣ ⎦i x i x i x 	
  	
   (1.17)	
  362	
  

The	
  multiplier	
  effects	
  of	
  employment	
  and	
  income	
  within	
  the	
  nine	
  infrastructure	
  sectors	
  is	
  363	
  

also	
  considered.	
  The	
  structural	
  macroeconomic	
  effects	
  of	
  employment	
  are	
  known	
  to	
  be	
  very	
  364	
  

different	
  across	
  different	
  economic	
  sectors.	
  	
  Income	
  multipliers	
  measure	
  the	
  change	
  in	
  365	
  

income	
  through	
  compensation	
  to	
  employees	
  through	
  the	
  economy	
  as	
  a	
  result	
  of	
  changes	
  to	
  366	
  

final	
  demand.	
  Direct	
  income	
  multipliers	
  (labour-­‐input	
  coefficients)	
  measure	
  the	
  direct	
  367	
  

contribution	
  to	
  employees	
  in	
  sector	
   i 	
  due	
  to	
  a	
  unit	
  change	
  in	
  final	
  demand	
  in	
  sector	
   j .	
  368	
  

Direct	
  impacts	
  are	
  thus	
  the	
  first	
  round	
  of	
  impacts	
  that	
  occur	
  on	
  an	
  industry	
  to	
  satisfy	
  an	
  369	
  

increase	
  in	
  final	
  demand	
  from	
  that	
  industry.	
  	
  370	
  

	
   1, j
1,

j

n
n j

Z
a

X
+

+ = 	
  	
   1.18	
  371	
  

From	
  Equation	
  1.18	
   1,n ja + 	
  represents	
  the	
  direct	
  income	
  generated	
  for	
  each	
  unit	
  of	
  output	
  372	
  

from	
  sector j and	
   1,n jZ + 	
  represents	
  the	
  compensation	
  to	
  employees	
  in	
  sector j 	
  	
  and	
   jX 	
  373	
  

represents	
  total	
  output	
  from	
  sector j .	
  The	
  term	
   1,n ja + 	
  therefore	
  represents	
  a	
  measure	
  of	
  374	
  

the	
  direct	
  compensation	
  to	
  employees	
  due	
  to	
  an	
  increase	
  in	
  demand	
  from	
  sector .j 	
  Indirect	
  375	
  

impacts	
  or	
  ‘simple	
  multipliers’	
  are	
  the	
  additional	
  economy	
  wide	
  impacts	
  that	
  must	
  also	
  376	
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increase	
  to	
  meet	
  an	
  increase	
  in	
  final	
  demand.	
  Type	
  I	
  income	
  multipliers	
  consider	
  both	
  direct	
  377	
  

and	
  indirect	
  flows	
  within	
  the	
  economy	
  relative	
  to	
  the	
  employee	
  compensation	
  from	
  the	
   j th	
  378	
  

sector.	
  When	
  estimating	
  Type	
  I	
  multipliers	
  it	
  is	
  therefore	
  necessary	
  to	
  invoke	
  the	
  Leontief	
  379	
  

inverse	
  to	
  calculate	
  the	
  additional	
  requirements	
  in	
  production	
  required	
  from	
  the	
  rest	
  of	
  the	
  380	
  

economy	
  to	
  meet	
  a	
  unit	
  increase	
  in	
  final	
  demand	
  from	
  sector j .	
  The	
  simple	
  household	
  381	
  

multiplier	
  is	
  shown	
  in	
  1.19	
  and	
  the	
  Type	
  I	
  income	
  multiplier	
  is	
  shown	
  by	
  Equation	
  1.20.	
  	
  382	
  

	
   1,i
1

( )
n

j n ij
i

m h a l+
=

=∑ 	
  	
   1.19	
  383	
  

	
  
1,

1
1

1,

( )

n

n i ij
I i

n j

a l
m h

a

+
=

+

=
∑

	
  	
   1.20	
  384	
  

The	
  term	
   ( ) jm h 	
  from	
  Equation	
  1.19	
  gives	
  the	
  simple	
  income	
  multiplier	
  for	
  each	
  sector	
  of	
  385	
  

the	
  economy.	
  The	
  term	
   1,n ia + 	
  represents	
  a	
  row	
  vector	
  of	
  direct	
  income	
  requirements	
  386	
  

(labour-­‐input	
  coefficients)	
  and	
   ijl 	
  is	
  the	
  Leontief	
  inverse.	
  The	
  term	
   ( )Ijm h 	
  is	
  the	
  term	
  used	
  387	
  

for	
  Type	
  I	
  multipliers	
  and	
  represents	
  how	
  much	
  income	
  from	
   1,n ja + needs	
  to	
  expand	
  to	
  meet	
  388	
  

an	
  increase	
  in	
  final	
  demand.	
  The	
  Type	
  I	
  income	
  multiplier	
  is	
  therefore	
  a	
  relative	
  measure	
  and	
  389	
  

depends	
  on	
  the	
  existing	
  employee	
  compensation	
  for	
  each	
  sector.	
  	
  390	
  

Type	
  II	
  multipliers	
  are	
  estimated	
  similarly	
  to	
  Type	
  I	
  income	
  multipliers	
  but	
  first	
  the	
  model	
  391	
  

needs	
  to	
  be	
  closed	
  with	
  respect	
  to	
  households.	
  This	
  is	
  achieved	
  by	
  endogenising	
  392	
  

compensation	
  to	
  employees	
  as	
  a	
  row	
  vector	
  and	
  household	
  final	
  demand	
  as	
  column	
  vector	
  393	
  

within	
  the	
  direct	
  requirements	
  matrix.	
  This	
  is	
  done	
  to	
  capture	
  Keynesian	
  based	
  induced	
  394	
  

income	
  effects	
  where	
  additional	
  compensation	
  to	
  employees	
  will	
  lead	
  to	
  further	
  395	
  

expenditure	
  on	
  goods	
  and	
  services	
  in	
  the	
  economy	
  having	
  the	
  effect	
  of	
  increasing	
  demand	
  396	
  

even	
  further	
  than	
  considering	
  indirect	
  effects	
  alone.	
  Endogenising	
  the	
  effects	
  of	
  397	
  

employment	
  is	
  therefore	
  accomplished	
  by	
  augmenting	
  the	
  technical	
  coefficient	
  matrix	
  with	
  398	
  

the	
  household	
  sector	
  (employee	
  compensation	
  and	
  household	
  final	
  demand).	
  The	
  Leontief	
  399	
  

inverse	
  of	
  the	
  closed	
  model	
  is	
  represented	
  by	
  the	
  equation	
   ( )L I A= − .	
  The	
  elements	
  of	
   L 	
  400	
  

thus	
  include	
  the	
  direct,	
  indirect	
  and	
  induced	
  effects	
  of	
  employment	
  income.	
  Estimating	
  the	
  401	
  

induced	
  income	
  multiplier	
  effects	
  is	
  achieved	
  using	
  Equation	
  1.21	
  and	
  Type	
  II	
  multipliers	
  are	
  402	
  

calculated	
  using	
  Equation	
  1.22.	
  403	
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m h a l
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   1.21	
  404	
  

	
   1,

1,

( ) n i ijII
j

n j

a l
m h

a
+

+

= 	
  	
   1.22	
  405	
  

The	
  interpretation	
  of	
  the	
  total	
  income	
  multiplier	
  is	
  that	
  it	
  measures	
  the	
  increase	
  in	
  direct,	
  406	
  

indirect	
  and	
  induced	
  demand	
  required	
  to	
  meet	
  a	
  unit	
  increase	
  in	
  new	
  demand	
  from	
  sector	
  407	
  

j output.	
  	
  Similarly,	
  Type	
  II	
  income	
  multipliers	
  estimate	
  the	
  expansion	
  of	
  incomes	
  relative	
  to	
  408	
  

existing	
  incomes	
  including	
  the	
  induced	
  effects	
  of	
  increased	
  household	
  spending	
  as	
  a	
  409	
  

consequence	
  of	
  increased	
  income.	
  	
  Thus,	
  the	
  induced	
  multiplier	
  effect	
  described	
  by	
  Equation	
  410	
  

1.21	
  estimates	
  the	
  additional	
  compensation	
  to	
  employees	
  due	
  to	
  increases	
  in	
  final	
  demand.	
  411	
  

The	
  Type	
  II	
  income	
  multiplier	
  places	
  this	
  estimate	
  relative	
  to	
  existing	
  employee	
  412	
  

compensation.	
  It	
  is	
  therefore	
  worth	
  noting	
  that	
  a	
  sector	
  with	
  low	
  employee	
  compensation	
  413	
  

may	
  expand	
  quickly	
  when	
  indirect	
  and	
  induced	
  effects	
  are	
  considered	
  giving	
  large	
  Type	
  I	
  and	
  414	
  

Type	
  II	
  income	
  multipliers	
  but	
  the	
  total	
  contribution	
  to	
  the	
  economy	
  when	
  compared	
  against	
  415	
  

other	
  sectors	
  may	
  still	
  be	
  low.	
  	
  	
  	
  416	
  

In	
  order	
  to	
  get	
  a	
  true	
  picture	
  for	
  the	
  effect	
  of	
  income	
  effects	
  from	
  different	
  infrastructure	
  417	
  

sectors	
  it	
  is	
  necessary	
  to	
  employ	
  a	
  variation	
  of	
  the	
  hypothetical	
  extraction	
  method.	
  Similar	
  to	
  418	
  

the	
  hypothetical	
  extraction	
  method	
  already	
  employed	
  we	
  define	
  a	
  complete	
  technical	
  419	
  

coefficient	
  matrix	
  A ( )n n× and	
  a	
  second	
  technical	
  coefficient	
  matrix	
   j
*A 	
   ( 1 1)n n− × − 	
  420	
  

obtained	
  by	
  removing	
  the	
  row	
  and	
  column	
  of	
  the	
  corresponding	
  sector	
  j.	
  Then	
  by	
  defining	
  a	
  421	
  

vector	
  of	
  direct	
  employment	
  coefficients	
   λ 	
   ( 1)n× 	
  and	
  a	
  corresponding	
  vector	
  where	
  the	
  422	
  

employment	
  coefficients	
  for	
  sector	
  j	
  have	
  been	
  extracted	
   *
jλ 	
  it	
  is	
  possible	
  to	
  estimate	
  the	
  423	
  

total	
  employment	
  linkages	
  of	
  sector	
  j	
  with	
  the	
  rest	
  of	
  the	
  economy.	
  This	
  is	
  given	
  by	
  Equation	
  424	
  

(1.23).	
  425	
  

	
   ( ) ( ) 11' '
j j jTEL

−−
= − *λ I - A i λ I - A i 	
   (1.23)	
  426	
  

In	
  Equation	
  (1.23) i is	
  a	
  summation	
  vector	
  and	
   I 	
  is	
  the	
  identity	
  matrix	
  and	
  is	
  the	
  same	
  size	
  as	
  427	
  

its	
  matching	
  technical	
  coefficient	
  matrix.	
   jTEL is	
  therefore	
  interpreted	
  as	
  the	
  total	
  428	
  

employment	
  linkages	
  of	
  sector	
  j.	
  In	
  other	
  words	
   jTEL summarises	
  the	
  impact	
  on	
  429	
  

employment	
  income	
  (or	
  hours	
  worked	
  or	
  number	
  of	
  employees)	
  directly	
  for	
  sector	
  j	
  but	
  also	
  430	
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indirectly	
  from	
  other	
  sectors	
  in	
  the	
  economy	
  which	
  are	
  also	
  affected	
  (Meller	
  and	
  Marfán,	
  431	
  

1981).	
  After	
  estimating	
   jTEL 	
  for	
  each	
  sector	
  of	
  the	
  economy	
  it	
  is	
  then	
  possible	
  to	
  estimate	
  432	
  

the	
  percentage	
  by	
  which	
  income	
  generated	
  in	
  the	
  economy	
  would	
  reduce	
  if	
  sector	
   j 	
  were	
  433	
  

hypothetically	
  extracted	
  from	
  the	
  economy.	
  	
  434	
  

	
   % 100j
j

TEL
Lab

TEL
= × 	
  	
   1.24	
  435	
  

1.3 Data 436	
  

Data	
  used	
  in	
  this	
  analysis	
  are	
  from	
  the	
  2005	
  UK	
  Input	
  Output	
  Analytical	
  Tables	
  (IOATs)	
  and	
  437	
  

are	
   the	
  most	
   recent	
   tables	
   produced	
   by	
   the	
   Office	
   for	
   National	
   Statistics	
   available	
   online	
  438	
  

(ONS,	
   2011).	
   The	
   tables	
   are	
   consistent	
   with	
   the	
   2009	
   editions	
   of	
   the	
   United	
   Kingdom	
  439	
  

National	
   Accounts:	
   The	
   Blue	
   Book	
   (ONS,	
   2009a)	
   and	
   the	
   United	
   Kingdom	
   Balance	
   of	
  440	
  

Payments:	
   The	
   pink	
   book	
   (ONS,	
   2009b).	
   The	
   Supply	
   and	
   Use	
   Tables	
   (SUTs)	
   are	
   used	
   to	
  441	
  

calculate	
   the	
   IOATs	
   and	
   provide	
   a	
   picture	
   of	
   the	
   flows	
   of	
   products	
   and	
   services	
   in	
   the	
  442	
  

economy	
   for	
   a	
   single	
   year.	
   They	
   show	
   the	
   composition	
   of	
   uses	
   and	
   resources	
   across	
  443	
  

institutional	
  sectors	
  and	
  the	
  inter-­‐dependence	
  of	
  industries	
  in	
  order	
  to	
  reconcile	
  production,	
  444	
  

income	
  and	
  expenditure	
  approaches	
   to	
   the	
  measurement	
  of	
  GDP.	
  The	
  presentation	
  of	
   the	
  445	
  

SUTs	
  and	
  IOATs	
  are	
  based	
  on	
  the	
  European	
  System	
  of	
  Accounts	
  which	
  itself	
  is	
  based	
  on	
  the	
  446	
  

United	
  Nations	
  System	
  of	
  National	
  Accounts.	
  447	
  

The	
  2005	
  IOATs	
  are	
  derived	
  using	
  108	
  sector	
  input-­‐output	
  groups	
  (IOGs)	
  consistent	
  with	
  the	
  448	
  

UK’s	
   Standard	
   Industrial	
   Classification	
   2003	
   (SIC	
   (03))	
   for	
   industries	
   and	
   Eurostat’s	
  449	
  

Classification	
  for	
  Products	
  by	
  Activity	
  (CPA	
  (02))	
  for	
  products.	
  Including	
  components	
  of	
  non-­‐450	
  

market	
   output	
   produced	
   by	
   general	
   government	
   and	
   non-­‐profit	
   institutions	
   serving	
  451	
  

households	
  (NPISHs)	
  the	
  108	
  sector	
  IOGs	
  are	
  expanded	
  to	
  123	
  sectors.	
  	
  452	
  

Using	
   Input-­‐Output	
   aggregation	
  methods	
   each	
   of	
   the	
   123	
   sectors	
   represented	
   within	
   the	
  453	
  

input	
  output	
  tables	
  were	
  reduced	
  to	
  38	
  sectors	
  to	
  assist	
  with	
   interpretation,	
  reporting	
  and	
  454	
  

comparison.	
  A	
   list	
  of	
   these	
  38	
   sectors	
   can	
  be	
  viewed	
   in	
  Appendix	
  A	
  and	
  are	
  based	
  on	
   the	
  455	
  

NACE	
  1.1	
  section	
  classifications.	
  During	
  the	
  aggregation	
  procedure	
  each	
  infrastructure	
  sector	
  456	
  

was	
   retained	
  making	
   it	
  possible	
   to	
   compare	
  each	
   infrastructure	
   sector	
  against	
  each	
  of	
   the	
  457	
  

other	
   sectors	
   within	
   the	
   UK	
   economy.	
   With	
   the	
   exception	
   of	
   land	
   transport	
   each	
  458	
  

infrastructure	
  sector	
  was	
  identified	
  uniquely	
  in	
  the	
  2005	
  UK	
  input	
  output	
  tables.	
  For	
  the	
  case	
  459	
  

of	
   land	
  transport,	
  economic	
  activity	
  was	
  split	
  across	
  two	
  sectors.	
  One	
  of	
  these	
  sectors	
  was	
  460	
  



	
  
	
  

	
   	
  
	
  

19	
  

‘other	
  land	
  transport’	
  and	
  includes	
  all	
  land	
  transport	
  used	
  for	
  commercial	
  purposes	
  including	
  461	
  

activities	
   providing	
   urban	
   or	
   suburban	
   transport	
   of	
   passengers	
   on	
   scheduled	
   routes	
  462	
  

following	
  a	
  normally	
  fixed	
  time	
  schedule.	
  In	
  this	
  sector	
  transport	
  services	
  may	
  be	
  carried	
  out	
  463	
  

with	
  motor	
  bus,	
   tramway,	
   streetcar,	
   trolleybus,	
  underground	
  and	
  elevated	
   railways,	
  etc.	
   It	
  464	
  

also	
  includes	
  transport	
  by	
  taxis,	
  operation	
  of	
  school	
  buses	
  and	
  coaches	
  and	
  freight	
  transport	
  465	
  

by	
   road.	
   This	
   sector	
   excludes	
   auxiliary	
   transport	
   services	
   such	
   as	
   cargo	
   handling	
   ,	
  466	
  

warehousing,	
   	
   repair	
  and	
  maintenance	
  of	
   transport	
   facilities	
   such	
  as	
   railway	
   terminals	
  and	
  467	
  

infrastructure	
  and	
  the	
  operation	
  of	
  airport	
  terminals.	
  It	
  also	
  excludes	
  transport	
  via	
  pipelines.	
  468	
  

The	
  sector	
  titled	
  ‘other	
  land	
  transport’	
  excludes	
  the	
  sale	
  of	
  fuel	
  but	
  this	
  can	
  be	
  found	
  in	
  the	
  469	
  

sector	
   ‘motor	
   vehicle	
   distribution	
   &	
   repair,	
   fuel’	
   and	
   therefore	
   these	
   two	
   sectors	
   can	
   be	
  470	
  

added	
  together	
  in	
  aggregate	
  giving	
  a	
  more	
  accurate	
  description	
  of	
  the	
  land	
  transport	
  sector.	
  471	
  

The	
   sector	
   including	
   the	
   retail	
   sale	
   of	
   fuel	
   also	
   includes	
   the	
   retail	
   sale,	
   maintenance	
   and	
  472	
  

repair	
  of	
  motorcycles	
  and	
  motor	
  vehicles	
  but	
  excludes	
  vehicle	
  manufacture	
  and	
  rent.	
  	
  	
  473	
  

1.4 RESULTS 474	
  

Sector	
   ‘keyness’	
   is	
   a	
   relative	
   concept	
   and	
   dependent	
   on	
   other	
   sectors	
   in	
   the	
   economy.	
  	
  475	
  

Therefore,	
   normalising	
   each	
   sector’s	
   ‘keyness’	
   allows	
   the	
   relative	
   linkage	
   effect	
   of	
   each	
  476	
  

sector	
   to	
   be	
   determined.	
   	
   The	
   analysis	
   refers	
   to	
   each	
   of	
   38	
   economic	
   sectors	
   defined	
   in	
  477	
  

Annex	
   (1).	
   	
   Studying	
   the	
   bar	
   graph	
   in	
   Figure	
   4	
   showing	
   the	
   normalised	
   direct	
   backward	
  478	
  

linkages	
  it	
  is	
  clear	
  that	
  (18)	
  Electricity	
  production	
  and	
  distribution,	
  (19)	
  Gas	
  distribution	
  and	
  479	
  

(22)	
   Land	
   transport	
   have	
   above	
   average	
   direct	
   backward	
   linkage	
   dependence	
   with	
   other	
  480	
  

sectors	
  in	
  the	
  economy	
  (i.e.	
  they	
  are	
  directly	
  highly	
  reliant	
  on	
  other	
  sectors	
  of	
  the	
  economy	
  481	
  

for	
  the	
  provision	
  of	
  goods	
  and	
  services).	
  	
  482	
  

All	
  remaining	
  infrastructure	
  sectors	
  have	
  below	
  average	
  backward	
  dependence	
  while	
  	
   	
  (29)	
  483	
  

Telecommunications	
   and	
   (20)	
   Water	
   supply	
   have	
   the	
   lowest	
   overall	
   direct	
   backward	
  484	
  

dependence	
   on	
   other	
   sectors	
   for	
   the	
   supply	
   of	
   goods	
   and	
   services.	
   The	
   top	
   five	
   most	
  485	
  

important	
   sectors	
   are	
   ranked	
   for	
   each	
   infrastructure	
   sector	
   and	
   represented	
   by	
   different	
  486	
  

colours	
  on	
  the	
  stacked	
  bar	
  chart;	
  white	
  indicates	
  the	
  combined	
  importance	
  of	
  the	
  remaining	
  487	
  

33	
  sectors	
  with	
  lowest	
  linkage	
  measures.	
  As	
  shown	
  in	
  Figure	
  4,	
  the	
  top	
  five	
  most	
  important	
  488	
  

sectors	
  for	
  backward	
  dependence	
  in	
  each	
  infrastructure	
  sector	
  are	
  able	
  to	
  explain	
  over	
  two-­‐489	
  

thirds	
   of	
   infrastructure’s	
   relative	
   direct	
   backward	
   linkage	
   dependence.	
   Both	
   (19)	
   Gas	
  490	
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distribution	
  and	
  (18)	
  Electricity	
  production	
  and	
  distribution	
  depend	
  heavily	
  on	
  (3)	
  Coal,	
  gas	
  491	
  

mining	
   and	
   extraction	
   and	
   (18)	
   Electricity	
   production	
   and	
   distribution9.	
   For	
   the	
   other	
  492	
  

infrastructure	
   sectors	
   there	
   are	
   several	
   sectors	
   that	
   stand	
  out	
   as	
   important:	
   (31)	
   Business	
  493	
  

services	
   and	
   real	
   estate	
   is	
   an	
   	
   important	
   sector	
   across	
   all	
   infrastructure	
   sectors;	
   (4)	
  Postal	
  494	
  

and	
   courier	
   services	
   is	
   an	
   important	
   sector	
   for	
   all	
   transport	
   sectors	
   and	
   (18)	
   Electricity	
  495	
  

production	
   and	
   distribution	
   is	
   important	
   for	
   (20)	
   Water	
   supply	
   and	
   (22)	
   Land	
   transport.	
  496	
  

Small	
   commuter	
   trains,	
   trams	
   and	
   the	
   London	
   Tube	
   are	
   all	
   included	
   within	
   (22)	
   Land	
  497	
  

transport.	
  	
  	
  498	
  

Five	
   infrastructure	
   sectors	
   have	
   above	
   average	
   direct	
   forward	
   linkage	
   effects	
   when	
  499	
  

compared	
  with	
  the	
  rest	
  of	
  the	
  economy.	
  These	
  are	
  (35)	
  Sewerage	
  and	
  sanitary	
  services;	
  (29)	
  500	
  

Telecommunications;	
   (25)	
   Railway	
   transport;	
   (19)	
   Gas	
   distribution	
   and	
   (18)	
   Electricity	
  501	
  

production	
   and	
   distribution.	
   The	
   sectors	
   with	
   the	
   lowest	
   direct	
   forward	
   linkage	
   effect	
   in	
  502	
  

order	
   from	
   lowest	
   to	
   highest	
   are	
   (26)	
   Water	
   transport;	
   (20)	
   Water	
   supply;	
   and,	
   (27)	
   Air	
  503	
  

transport.	
   The	
   first	
   five	
   most	
   important	
   sectors	
   are	
   generally	
   not	
   as	
   important	
   for	
   direct	
  504	
  

forward	
   linkages	
   as	
   direct	
   backward	
   linkages,	
   but	
   still	
   explain	
   a	
   large	
   proportion	
   of	
   the	
  505	
  

normalized	
   forward	
   linkage	
   effect.	
   Important	
   economic	
   sectors	
   that	
   rely	
   on	
   infrastructure	
  506	
  

services	
  include	
  (31)	
  Business	
  services	
  and	
  real	
  estate;	
  (23)	
  Wholesale	
  and	
  retail	
  distribution;	
  507	
  

and	
  (38)	
  Non	
  Profit	
  Institutions	
  Serving	
  Households	
  (NPISH’s).	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  508	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
9	
  Electricity	
  production	
  and	
  distribution	
  relies	
  heavily	
  on	
  itself	
  in	
  the	
  production	
  of	
  electricity.	
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  509	
  
Figure	
  4:	
  Normalised	
  direct	
  backward	
  and	
  forward	
  linkage	
  effects	
  of	
  infrastructure	
  ‘keyness'	
  510	
  

Sectors	
  with	
  linkage	
  effects	
  greater	
  than	
  1.0	
  indicate	
  above	
  average	
  contribution,	
  while	
  sectors	
  with	
  linkage	
  effects	
  less	
  than	
  511	
  
1.0	
  represent	
  below	
  average	
  contribution.	
  The	
  bar	
  titled	
  ‘Average	
  effects’	
  has	
  been	
  included	
  for	
  comparison,	
  and	
  is	
  a	
  512	
  
hypothetical	
  example	
  for	
  what	
  the	
  average	
  sector	
  would	
  look	
  like.	
  The	
  average	
  sector	
  therefore	
  has	
  a	
  backward	
  and	
  forward	
  513	
  
linkage	
  effect	
  of	
  1.0	
  and	
  each	
  sector	
  linked	
  to	
  the	
  average	
  sector	
  contributes	
  equally	
  (i.e.	
  1/38	
  of	
  that	
  sectors	
  linkage	
  514	
  
dependence).	
  For	
  the	
  remaining	
  nine	
  infrastructure	
  sectors	
  the	
  five	
  most	
  important	
  economic	
  sectors	
  have	
  been	
  ranked	
  and	
  515	
  
given	
  a	
  colour	
  based	
  on	
  that	
  rank.	
  Therefore,	
  each	
  infrastructure	
  sectors	
  total	
  input	
  dependence	
  (backward	
  linkage)	
  and	
  total	
  516	
  
output	
  dependence	
  (forward	
  linkage)	
  are	
  provided.	
  The	
  white	
  portion	
  on	
  each	
  bar	
  labelled	
  with	
  a	
  hash	
  tag	
  represents	
  the	
  sum	
  517	
  
of	
  all	
  remaining	
  sectors	
  of	
  the	
  economy	
  contributing	
  or	
  depending	
  on	
  each	
  infrastructure	
  sector.	
  	
  518	
  
Total	
  effects	
  on	
  the	
  other	
  hand	
  consider	
  the	
  round-­‐by-­‐round	
  transactions	
  that	
  occur	
  within	
  519	
  

an	
   economy.	
   Unlike	
   direct	
   effects	
   total	
   effects	
   consider	
   disruptions	
   through	
   the	
   entire	
  520	
  

supply	
  chain	
  and	
  therefore	
  give	
  a	
  better	
  indication	
  for	
  how	
  the	
  economy	
  is	
  affected	
  overall.	
  521	
  

As	
  shown	
   in	
  Figure	
  5	
  the	
  total	
  backward	
   linkage	
  effect	
   is	
  above	
  average	
  for	
   (18)	
  Electricity	
  522	
  

production	
  and	
  distribution;	
   (19)	
  Gas	
  distribution	
  and	
   (22)	
   Land	
   transport.	
   Total	
  backward	
  523	
  

linkages	
  are	
  below	
  average	
  for	
  every	
  other	
  infrastructure	
  sector.	
  When	
  compared	
  to	
  direct	
  524	
  

effects	
  the	
  top	
  five	
  ranked	
  sectors	
  for	
  total	
  backward	
  linkages	
  explain	
  a	
  larger	
  proportion	
  of	
  525	
  

the	
   linkage	
   effect	
   suggesting	
   a	
   few	
   sectors	
   have	
   significant	
   influence	
   over	
   infrastructure.	
  526	
  

When	
   looking	
   across	
   all	
   infrastructure	
   sectors	
   for	
   total	
   backward	
   linkages,	
   the	
   most	
  527	
  

important	
  sectors	
  for	
  infrastructure	
  are	
  (31)	
  Business	
  services	
  and	
  real	
  estate,	
  (30)	
  Banking	
  528	
  

finance	
  and	
  insurance	
  and	
  (9)	
  Coke	
  ovens,	
  refined	
  petroleum	
  and	
  nuclear	
  fuel.	
  Once	
  more,	
  529	
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(28)	
  Postal	
  and	
  courier	
  services	
  has	
  significant	
  backward	
  linkage	
  effects	
  across	
  all	
  transport	
  530	
  

sectors	
   suggesting	
   a	
   sector	
   it	
   provides	
   a	
   large	
   proportion	
   of	
   the	
   revenue	
   for	
   transport	
  531	
  

services.	
   For	
   forward	
   total	
   linkages	
   five	
   infrastructure	
   sectors	
   have	
   higher	
   than	
   average	
  532	
  

linkage	
   effects.	
   These	
   are:	
   (35)	
   Sewerage	
   and	
   sanitary	
   services,	
   (29)	
   Telecommunications;	
  533	
  

(25)	
   Railway	
   transport;	
   (18)	
   Gas	
   distribution;	
   and,	
   (19)	
   Electricity	
   production	
   and	
  534	
  

distribution.	
   The	
   sectors	
   with	
   the	
   lowest	
   total	
   forward	
   linkages	
   with	
   other	
   sectors	
   of	
   the	
  535	
  

economy	
  in	
  order	
  from	
  lowest	
  to	
  highest	
  are:	
  (26)	
  Water	
  transport,	
  (27)	
  Air	
  transport;	
  (20)	
  536	
  

Water	
   supply;	
   and,	
   (22)	
   Land	
   Transport.	
   The	
  most	
   important	
   forward	
   linkage	
   sectors	
  with	
  537	
  

infrastructure	
   are	
   (31)	
   Business	
   services	
   and	
   real	
   estate;	
   (23)	
   Wholesale	
   and	
   retail	
  538	
  

distribution;	
  and,	
  (38)	
  Non	
  Profit	
  Institutions	
  Serving	
  Households	
  (NPISH’s).	
  539	
  

	
  540	
  
Figure	
  5:	
  Normalised	
  total	
  backward	
  and	
  forward	
  linkage	
  effects	
  of	
  infrastructure	
  ‘keyness’	
  541	
  

The	
  variance	
  or	
  spread	
  of	
  the	
  number	
  of	
  sectors	
  purchasing	
  or	
  selling	
  goods	
  and	
  services	
  is	
  542	
  

an	
  important	
  indicator	
  of	
  vulnerability.	
  If	
  a	
  sector	
  sells	
  its	
  goods	
  and	
  services	
  to	
  a	
  relatively	
  543	
  

small	
   number	
   of	
   sectors	
   or	
   if	
   infrastructure	
   relies	
   on	
   goods	
   and	
   services	
   from	
   a	
   small	
  544	
  

number	
  of	
  sectors	
  then	
  it	
  may	
  be	
  vulnerable	
  to	
  disruptions	
  occurring	
  within	
  its	
  supply	
  chain.	
  	
  545	
  

In	
  Figure	
  6	
  the	
  backward	
  and	
  forward	
  variance	
  for	
  each	
  sector	
  of	
  the	
  economy	
  is	
  shown.	
  It	
  is	
  546	
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immediately	
   obvious	
   that	
   far	
  more	
   sectors	
   of	
   the	
   economy	
   have	
   higher	
   forward	
   variance	
  547	
  

than	
   backward	
   variance.	
   This	
   suggests	
   that	
  most	
   sectors	
   receive	
   their	
   goods	
   and	
   services	
  548	
  

relatively	
   evenly	
   from	
   a	
   large	
   number	
   of	
   sectors	
   in	
   the	
   economy	
   (backward	
   variance)	
   but	
  549	
  

when	
  it	
  comes	
  to	
  the	
  supply	
  of	
  goods	
  and	
  services,	
  most	
  sectors	
  supply	
  to	
  a	
  relatively	
  small	
  550	
  

number	
  of	
  other	
  sectors.	
  Infrastructure	
  appears	
  to	
  stand	
  out	
  as	
  an	
  exception	
  to	
  this	
  general	
  551	
  

rule.	
   For	
   example	
   (19)	
   Gas	
   distribution,	
   (25)	
   Railway	
   transport	
   and	
   (26)	
   Water	
   transport	
  552	
  

appear	
  to	
  have	
  higher	
  backward	
  variance	
  when	
  compared	
  to	
  forward	
  variance.	
  This	
  suggests	
  553	
  

that	
   infrastructure	
  sectors	
   rely	
  on	
  relatively	
   few	
  sectors	
  of	
   the	
  economy	
  to	
  produce	
  goods	
  554	
  

and	
   services	
   but	
   then	
   sell	
   their	
   goods	
   and	
   services	
   to	
   a	
   relatively	
   large	
   number	
   of	
   other	
  555	
  

sectors	
  of	
  the	
  economy.	
  	
  556	
  

	
  557	
  
Figure	
  6:	
  Backward	
  and	
  forward	
  s	
  linkage	
  variance	
  for	
  multiple	
  sectors	
  558	
  

Relative	
  variance	
  is	
  an	
  indicator	
  of	
  diversity	
  for	
  both	
  the	
  demand	
  (backward	
  linkage)	
  and	
  supply	
  (forward	
  linkage)	
  of	
  goods	
  and	
  559	
  
services	
  in	
  the	
  economy.	
  Values	
  greater	
  than	
  1.0	
  indicate	
  above	
  average	
  variance	
  relative	
  the	
  variance	
  across	
  the	
  whole	
  560	
  
economy.	
  	
  Intra-­‐sectoral	
  demand	
  and	
  supply,	
  that	
  is	
  the	
  provision	
  and	
  supply	
  of	
  goods	
  and	
  services	
  within	
  a	
  single	
  sector	
  have	
  561	
  
been	
  netted	
  out.	
  This	
  is	
  because	
  we	
  are	
  interested	
  in	
  understanding	
  the	
  diversity	
  of	
  trade	
  external	
  to	
  each	
  sector.	
  A	
  sector	
  with	
  562	
  
high	
  variance	
  indicates	
  significant	
  trade	
  across	
  only	
  a	
  few	
  sectors	
  while	
  low	
  variance	
  indicates	
  trade	
  that	
  is	
  spread	
  relatively	
  563	
  
evenly	
  across	
  different	
  sectors.	
  	
  The	
  sum	
  of	
  backward	
  variance	
  and	
  forward	
  variance	
  have	
  been	
  ranked	
  from	
  highest	
  to	
  lowest.	
  	
  564	
  
The	
   economic	
   contribution	
   from	
   infrastructure	
   is	
   calculated	
   using	
   the	
   hypothetical	
  565	
  

extraction	
  method.	
  This	
  process	
  involves	
  hypothetically	
  removing	
  a	
  specific	
  sector	
  from	
  the	
  566	
  

UK	
  economy	
  and	
  then	
  re-­‐estimating	
  total	
  output.	
  The	
  subsequent	
  decrease	
   in	
  total	
  output	
  567	
  

can	
  then	
  be	
  attributed	
  as	
  the	
  value	
  that	
  sector	
  provides	
  to	
  the	
  economy	
  overall.	
  Estimating	
  568	
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the	
   relative	
   value	
   of	
   final	
   demand	
   and	
   intermediate	
   demand	
   is	
   achieved	
   by	
   also	
  569	
  

hypothetically	
  removing	
  final	
  demand	
  for	
  the	
  sector	
  being	
  analysed	
  and	
  comparing	
  this	
  with	
  570	
  

the	
  overall	
  decrease	
  in	
  output.	
  	
  As	
  shown	
  in	
  Table	
  2	
  the	
  value	
  that	
  each	
  infrastructure	
  sector	
  571	
  

provides	
   to	
   the	
   economy	
   varies	
   significantly.	
   (22)	
   Land	
   transport	
   provides	
   the	
   largest	
  572	
  

economic	
   value	
   to	
   the	
   economy	
   followed	
   by	
   (35)	
   Telecommunications	
   and	
   (18)	
   Electricity	
  573	
  

production	
   and	
   distribution.	
   Caution	
  must	
   be	
   used	
  when	
   interpreting	
   these	
   results	
   as	
   the	
  574	
  

round	
  by	
  round	
  effects	
  of	
  extracting	
  a	
  single	
  sector	
  from	
  the	
  economy	
  will	
  lead	
  to	
  decreases	
  575	
  

in	
  economic	
  output	
  that	
  are	
  much	
  greater	
  than	
  the	
  output	
  from	
  the	
  sector	
  when	
  considered	
  576	
  

on	
  its	
  own.	
  As	
  a	
  consequence,	
  if	
  the	
  total	
  economic	
  value	
  from	
  every	
  sector	
  in	
  the	
  economy	
  577	
  

were	
  summed	
  in	
  this	
  way	
  it	
  would	
  equate	
  to	
  a	
  number	
  greater	
  than	
  the	
  total	
  output	
  of	
  the	
  578	
  

economy.	
   Nevertheless	
   it	
   does	
   provide	
   a	
   good	
   summary	
  measure	
   of	
   the	
   round	
   by	
   round	
  579	
  

contributions	
  made	
  to	
  the	
  economy.	
  580	
  

Table	
  2:	
  Estimated	
  economic	
  value	
  of	
  infrastructure	
  systems	
  as	
  function	
  of	
  total	
  output	
  581	
  

	
  
Estimated	
  value	
  to	
  
economy	
  based	
  on	
  

final	
  demand	
  

Estimated	
  value	
  to	
  
economy	
  based	
  on	
  

intermediate	
  demand	
  

Total	
  value	
  to	
  
the	
  UK	
  

economy	
  

Value	
  as	
  
percentage	
  of	
  
total	
  output	
  

	
   (£billion)	
   (£billion)	
   (£billion)	
   %	
  

(18)	
  Electricity	
  production	
  and	
  distribution	
   8.77	
   44.41	
   53.18	
   2.36	
  
(19)	
  Gas	
  distribution	
   10.22	
   29.63	
   39.84	
   1.76	
  
(20)	
  Water	
  supply	
   2.99	
   4.58	
   7.57	
   0.34	
  
(22)	
  Land	
  transport	
   43.06	
   92.11	
   135.6	
   5.99	
  
(25)	
  Railway	
  transport	
   5.14	
   12.64	
   17.78	
   0.79	
  
(26)	
  Water	
  transport	
   8.39	
   7.04	
   15.43	
   0.68	
  
(27)	
  Air	
  transport	
   10.45	
   13.86	
   24.30	
   1.08	
  
(29)	
  Telecommunications	
   17.05	
   38.91	
   55.96	
   2.48	
  
(35)	
  Sewerage	
  and	
  sanitary	
  services	
   3.29	
   14.55	
   17.84	
   0.79	
  

	
  582	
  

Direct,	
   indirect	
   and	
   induced	
   income	
   multipliers	
   are	
   shown	
   in	
   Figure	
   7.	
   Direct	
   income	
  583	
  

multipliers	
   represent	
   the	
  direct	
   increase	
   in	
   compensation	
   to	
  employees	
   if	
   final	
   demand	
   in	
  584	
  

that	
   sector	
   increased	
  by	
  one	
  unit.	
   For	
  example,	
   (35)	
   Sewerage	
  and	
   sanitary	
   services	
  has	
  a	
  585	
  

direct	
  income	
  multiplier	
  of	
  0.36.	
  If	
  final	
  demand	
  for	
  Sewerage	
  and	
  Sanitary	
  Services	
  were	
  to	
  586	
  

increase	
  by	
  £100	
  then	
  £36	
  of	
  that	
  £100	
  increase	
  would	
  go	
  towards	
  compensating	
  employees	
  587	
  

in	
  the	
  Sewerage	
  and	
  Sanitary	
  Services	
  sector.	
  Indirect	
  income	
  multipliers	
  consider	
  how	
  other	
  588	
  

sectors	
   of	
   the	
   economy	
  must	
   increase	
   production	
   to	
  meet	
   additional	
   final	
   demand	
   in	
   the	
  589	
  

Sewerage	
   and	
   Sanitary	
   Services	
   sector.	
   	
   The	
   indirect	
   income	
  multiplier	
   for	
   Sewerage	
   and	
  590	
  

Sanitary	
   Services	
   is	
   0.19	
   therefore	
   £19	
   will	
   be	
   generated	
   in	
   the	
   economy	
   and	
   spent	
   on	
  591	
  

additional	
   compensation	
   for	
   employees.	
   If	
   induced	
   effects	
   are	
   also	
   taken	
   into	
   account	
  592	
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(additional	
   expenditure	
   on	
   goods	
   and	
   services	
   due	
   to	
   increased	
   incomes	
   going	
   to	
  593	
  

employees)	
  then	
  output	
  in	
  the	
  economy	
  will	
  increase,	
  and	
  an	
  additional	
  0.31	
  or	
  £31	
  will	
  be	
  594	
  

spent	
  on	
  compensation	
  to	
  employees.	
  Thus	
  the	
  total	
  compensation	
  to	
  employees	
  including	
  595	
  

all	
   effects	
   is	
   the	
   amount	
   of	
   increase	
   estimated	
   by	
   the	
   closed	
   input	
   output	
   model.	
   For	
  596	
  

Sewerage	
  and	
  Sanitary	
  Services	
  this	
  will	
  be	
  0.86	
  or	
  £86.	
  	
  597	
  

The	
   closed	
   model	
   representing	
   induced	
   effects	
   probably	
   over-­‐estimates	
   the	
   income	
  598	
  

multiplier	
  effect	
  because	
  not	
  all	
  additional	
   income	
  earned	
  is	
  spent	
   in	
  the	
  economy.	
  On	
  the	
  599	
  

other	
   hand,	
   a	
   model	
   that	
   only	
   represents	
   indirect	
   effects	
   probably	
   underestimates	
   the	
  600	
  

benefits	
  to	
  the	
  economy	
  as	
  higher	
  incomes	
  will	
  lead	
  to	
  additional	
  expenditure.	
  Oosterhaven,	
  601	
  

Piek	
  and	
  Stelder	
  (1986)	
  recommend	
  using	
  indirect	
  and	
  induced	
  multipliers	
  as	
  the	
  upper	
  and	
  602	
  

lower	
  bounds	
  of	
  the	
  true	
  indirect	
  effect	
  on	
  the	
  economy.	
  Figure	
  7	
  shows	
  the	
  direct,	
  indirect	
  603	
  

and	
  induced	
  increase	
  in	
  incomes	
  for	
  a	
  unitary	
  increase	
  in	
  final	
  demand	
  from	
  each	
  sector	
  of	
  604	
  

the	
  economy.	
  	
  605	
  

	
  606	
  
Figure	
  7:	
  Direct,	
  indirect	
  and	
  induced	
  income	
  multipliers	
  for	
  38	
  economic	
  sectors	
  in	
  the	
  UK	
  607	
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In	
   contrast	
   to	
   the	
   simple	
   multipliers	
   shown	
   in	
   Figure	
   7,	
   Type	
   I	
   and	
   Type	
   II	
   multipliers	
  608	
  

estimate	
  how	
  much	
  direct	
   incomes	
  expand	
  due	
   to	
  an	
   increase	
   in	
   final	
  demand.	
   	
  As	
  Type	
   I	
  609	
  

and	
  Type	
   II	
  multipliers	
   are	
   relative	
   to	
   the	
  direct	
   income	
  multiplier	
   they	
  do	
  not	
  provide	
  an	
  610	
  

account	
  of	
  the	
  absolute	
  quantity	
  that	
  incomes	
  will	
  expand	
  in	
  the	
  economy	
  but	
  instead	
  how	
  611	
  

much	
  incomes	
  will	
  expand	
  relative	
  to	
  that	
  sectors	
  existing	
  output.	
  It	
  is	
  therefore	
  possible	
  for	
  612	
  

sectors	
  with	
   low	
  direct	
   income	
  multipliers	
   to	
  expand	
  appreciably	
  giving	
  a	
   large	
   increase	
  to	
  613	
  

indirect	
  and	
  induced	
  incomes	
  elsewhere	
  thus	
  giving	
  a	
  large	
  Type	
  I	
  or	
  Type	
  II	
  multiplier.	
  Type	
  I	
  614	
  

and	
  Type	
  II	
  multiplier	
  effects	
  are	
  shown	
  in	
  Table	
  3	
  for	
  each	
  infrastructure	
  sector.	
  	
  615	
  

It	
   is	
  notable	
  that	
  (18)	
  Electricity	
  Production	
  and	
  Distribution	
  and	
  (19)	
  Gas	
  Distribution	
  have	
  616	
  

some	
  of	
  the	
  lowest	
  simple	
  multiplier	
  effects	
  suggesting	
  a	
  smaller	
  share	
  of	
  increases	
  to	
  final	
  617	
  

demand	
  goes	
  on	
  compensation	
  to	
  employees,	
  but	
  these	
  two	
  sectors	
  also	
  have	
  some	
  of	
  the	
  618	
  

largest	
   Type	
   I	
   and	
   Type	
   II	
  multipliers	
  when	
   compared	
  with	
   other	
   sectors	
   in	
   the	
   economy.	
  619	
  

This	
   implies	
  that	
   increases	
  occurring	
  to	
  final	
  demand	
  in	
  (18)	
  Electricity	
  Production	
  and	
  (19)	
  620	
  

Gas	
   Distribution	
   expand	
   incomes	
   disproportionately	
   in	
   the	
   rest	
   of	
   economy	
   (indirect	
   and	
  621	
  

induced	
   effects)	
   than	
   increases	
   in	
   income	
   occurring	
   directly	
   in	
   these	
   sectors	
   alone.	
   The	
  622	
  

average	
  income	
  multiplier	
  across	
  all	
  infrastructure	
  sectors	
  is	
  higher	
  than	
  the	
  average	
  income	
  623	
  

multiplier	
  across	
  all	
  sectors	
   in	
  the	
  economy.	
  This	
  suggests	
   infrastructure	
  has	
   larger	
   indirect	
  624	
  

and	
   induced	
   effects	
   on	
   income	
   than	
   the	
   average	
   induced	
   and	
   indirect	
   effects	
   of	
   the	
  625	
  

economy	
  as	
  a	
  whole.	
  	
  	
  	
  626	
  

Using	
   the	
   hypothetical	
   extraction	
   method,	
   it	
   is	
   possible	
   to	
   determine	
   how	
   much	
  627	
  

employment	
  income	
  in	
  the	
  whole	
  economy	
  would	
  decrease	
  if	
  sector	
   j 	
  were	
  removed	
  from	
  628	
  

the	
   economy.	
   This	
   is	
   therefore	
   a	
   measure	
   of	
   how	
   important	
   a	
   particular	
   sector	
   is	
   at	
  629	
  

generating	
   employment	
   income	
   in	
   the	
   economy.	
   This	
   analysis	
   is	
   completed	
   for	
   each	
  630	
  

infrastructure	
  sector	
  of	
  the	
  economy.	
  As	
   indicated	
  by	
  the	
  last	
  column	
  in	
  Table	
  3,	
  (22)	
  Land	
  631	
  

Transport	
  has	
   the	
  most	
   significant	
  effect	
  on	
  employment	
   income	
   followed	
  by	
   (25)	
  Railway	
  632	
  

Transport	
   (35)	
   Sewerage	
   and	
   Sanitary	
   services	
   and	
   (29)	
   Telecommunications.	
   The	
   highest	
  633	
  

value	
  sectors	
  across	
  the	
  whole	
  economy	
  in	
  generating	
  employment	
  income	
  are	
  (31)	
  Business	
  634	
  

Services	
   Real	
   Estate	
   sector	
   responsible	
   for	
   13.68%	
  of	
   income,	
   followed	
  by	
   (28)	
   Postal	
   and	
  635	
  

Courier	
  Services	
  with	
  8.03%	
  and	
  (23)	
  Wholesale	
  and	
  Retail	
  with	
  7.44%.	
  	
  636	
  

Table	
  3:	
  Income	
  multiplier	
  effects	
  from	
  infrastructure	
  	
  637	
  

	
  
Type	
  I	
  
income	
  

multiplier	
  

Type	
  II	
  income	
  
multiplier	
  

Hypothetical	
  
decrease	
  in	
  	
  
employment	
  
income	
  (%)	
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(18)	
  Electricity	
  production	
  and	
  distribution	
   3.56	
   5.56	
   2.39	
  
(19)	
  Gas	
  distribution	
   2.93	
   4.57	
   2.19	
  
(20)	
  Water	
  supply	
   2.17	
   3.38	
   1.61	
  
(22)	
  Land	
  transport	
   1.54	
   2.40	
   6.35	
  
(25)	
  Railway	
  transport	
   2.00	
   3.10	
   4.26	
  
(26)	
  Water	
  transport	
   1.65	
   2.57	
   2.71	
  
(27)	
  Air	
  transport	
   1.74	
   2.71	
   2.40	
  
(29)	
  Telecommunications	
   1.54	
   2.41	
   3.46	
  
(35)	
  Sewerage	
  and	
  sanitary	
  services	
   1.52	
   2.36	
   3.69	
  
Average	
  for	
  Infrastructure	
   2.07	
   3.22	
   3.23	
  
Average	
  for	
  all	
  sectors	
   1.84	
   2.88	
   3.98	
  

1.5 CONCLUSION 638	
  

In	
   this	
   article	
   an	
   in-­‐depth	
   analysis	
   of	
   the	
   inter-­‐linkages	
   and	
   economic	
   contributions	
   from	
  639	
  

infrastructure	
  within	
   the	
  UK	
   has	
   been	
   explored.	
   	
   Over	
   the	
   last	
   23	
   years	
   there	
   has	
   been	
   a	
  640	
  

decline	
   in	
   the	
   relative	
   economic	
   contribution	
   from	
   infrastructure	
   to	
   UK	
   GVA.	
   The	
   only	
  641	
  

infrastructure	
   sectors	
   to	
   increase	
   their	
   relative	
   contribution	
   to	
   GVA	
   since	
   1992	
  were	
   (26)	
  642	
  

Water	
   and	
   (35)	
   Sewerage	
   and	
   Sanitary	
   services.	
   (25)	
   Railway	
   transport	
   and	
   (19)	
   Gas	
  643	
  

Distribution	
   have	
   had	
   the	
   largest	
   relative	
   decline	
   in	
   contribution	
   towards	
   UK	
   GVA	
   with	
  644	
  

relative	
  contributions	
  decreasing	
  by	
  over	
  50%	
  since	
  1992.	
  	
  	
  645	
  

This	
   relative	
   decline	
  may	
   be	
   because	
   the	
   UK	
   economy	
   has	
   evolved	
   in	
   such	
   a	
   way	
   that	
   it	
  646	
  

depends	
  less	
  on	
  infrastructure	
  systems	
  for	
  providing	
  economic	
  output.	
  Alternatively,	
  it	
  could	
  647	
  

simply	
  reflect	
  that	
  there	
  has	
  been	
  a	
  serious	
  under	
  investment	
  in	
  critical	
   infrastructure	
  over	
  648	
  

the	
   last	
   two	
   decades.	
   This	
   in	
   turn	
   has	
   resulted	
   in	
   deteriorating	
   infrastructure	
   that	
   is	
   less	
  649	
  

capable	
   of	
   keeping	
   pace	
   with	
   economic	
   output.	
   In	
   order	
   to	
   understand	
   the	
   function	
   of	
  650	
  

infrastructure	
  within	
  an	
  economy,	
   it	
   is	
  necessary	
  to	
  explore	
   its	
  economic	
   linkages	
  and	
  that	
  651	
  

has	
  been	
  the	
  objective	
  of	
  this	
  article.	
  	
  652	
  

For	
  direct	
  backward	
  linkages	
  (19)	
  Gas	
  Distribution,	
  (18)	
  Electricity	
  Production	
  and	
  (22)	
  Land	
  653	
  

Transport	
   are	
   ranked	
   as	
   the	
   three	
   highest	
   sectors	
   for	
   backward	
   dependence	
   in	
   the	
   entire	
  654	
  

economy.	
  For	
  forward	
  direct	
  effects	
  (18)	
  Electricity	
  Production	
  is	
  ranked	
  5th	
  most	
  important	
  655	
  

in	
   the	
   economy	
   and	
   (35)	
   Sewerage	
   and	
   Sanitary	
   Services	
   is	
   ranked	
   6th.	
   The	
   top	
   five	
  most	
  656	
  

important	
  economic	
  sectors	
  that	
  contribute	
  to	
  economic	
  output	
  account	
  for	
  more	
  than	
  two-­‐657	
  

thirds	
   of	
   all	
   economic	
   transactions	
   from	
   each	
   infrastructure	
   sector.	
   	
   Five	
   infrastructure	
  658	
  

sectors	
   have	
   higher	
   than	
   average	
   direct	
   forward	
   linkages.	
   These	
   are	
   in	
   order	
   of	
   size:	
   (35)	
  659	
  

Sewerage	
   and	
   Sanitary	
   Services,	
   (18)	
   Electricity	
   Production,	
   (29)	
   Telecommunications,	
   (25)	
  660	
  

Railway	
  Transport	
  and	
  (19)	
  Gas	
  Distribution.	
  661	
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When	
  analysing	
  total	
  linkages,	
  (18)	
  Electricity	
  Production,	
  (19)	
  Gas	
  Distribution	
  and	
  (22)	
  Land	
  662	
  

Transport	
  once	
  again	
  have	
  higher	
  than	
  average	
  backward	
  linkages	
  with	
  other	
  sectors	
  of	
  the	
  663	
  

economy.	
   	
   Similarly,	
   for	
   total	
   forward	
   linkages	
   the	
   same	
   five	
   infrastructure	
   sectors	
   have	
  664	
  

higher	
   than	
   average	
   forward	
   linkage	
   effects	
   but	
   their	
   order	
   has	
   changed	
   to	
   the	
   following:	
  665	
  

(18)	
   Electricity	
   Production,	
   (35)	
   Sewerage	
   and	
   Sanitary	
   Services,	
   (29)	
   Telecommunications,	
  666	
  

(19)	
   Gas	
   Distribution	
   and	
   (25)	
   Railway	
   Transport.	
   Once	
   again,	
   the	
   five	
   most	
   important	
  667	
  

sectors	
   for	
   each	
   infrastructure	
   sector	
   explain	
   the	
  majority	
   of	
   economic	
   activity.	
   Across	
   all	
  668	
  

sectors,	
   intra-­‐sectoral	
   demand	
   accounts	
   for	
   the	
   highest	
   proportion	
   of	
   economic	
   activity	
  669	
  

when	
  total	
  linkages	
  are	
  considered.	
  	
  670	
  

When	
   considering	
   linkage	
   variance,	
   an	
   interesting	
   pattern	
   starts	
   to	
   emerge.	
   	
   Unlike	
   other	
  671	
  

sectors	
   of	
   the	
   economy,	
   infrastructure	
   appears	
   to	
   have	
   higher	
   backward	
   sector	
   variance	
  672	
  

than	
  forward	
  sector	
  variance	
  implying	
  that	
  infrastructure	
  relies	
  heavily	
  on	
  only	
  a	
  few	
  sectors	
  673	
  

for	
  the	
  provision	
  of	
  goods	
  and	
  services	
  and	
  sells	
  goods	
  and	
  services	
  across	
  a	
  larger	
  number	
  674	
  

of	
  other	
  sectors	
  within	
  the	
  economy.	
   	
  This	
   is	
   in	
  contrast	
  to	
  the	
  majority	
  of	
  other	
  economic	
  675	
  

sectors	
   where	
   the	
   reverse	
   is	
   true	
   and	
   suggests	
   that	
   infrastructure	
   sectors	
   are	
   highly	
  676	
  

dependent	
  on	
  the	
  provision	
  of	
  goods	
  and	
  services	
  from	
  a	
  few	
  sectors	
  but	
  have	
  demand	
  for	
  677	
  

goods	
  and	
  services	
  spread	
  relatively	
  evenly	
  across	
  all	
  sectors	
  of	
  the	
  economy.	
  	
  	
  	
  678	
  

Using	
  the	
  hypothetical	
  extraction	
  method	
  it	
  is	
  possible	
  to	
  estimate	
  the	
  economic	
  value	
  that	
  679	
  

different	
   UK	
   infrastructure	
   sectors	
   may	
   contribute	
   to	
   the	
   UK	
   economy	
   taking	
   into	
  680	
  

consideration	
  both	
  direct	
  and	
   indirect	
  effects.	
   	
   The	
  hypothetical	
   contribution	
  made	
  by	
   the	
  681	
  

top	
  four	
  infrastructure	
  sectors	
  from	
  highest	
  to	
  lowest	
  is:	
  (22)	
  Land	
  Transport	
  (£135.6b),	
  (29)	
  682	
  

Telecommunications	
   (£55.96b),	
   (18)	
   Electricity	
   Production	
   (£53.18b)	
   and	
   (19)	
   Gas	
  683	
  

Distribution	
  (£39.84).	
  	
  684	
  

Closing	
  the	
  model	
  with	
  respect	
  to	
  households	
  allows	
  us	
  to	
  estimate	
  the	
  effect	
  of	
  household	
  685	
  

income	
  on	
  economic	
  output.	
  Using	
  simple	
  income	
  multipliers	
  the	
  sectors	
  that	
  contribute	
  the	
  686	
  

most	
  to	
  income	
  effects	
  include	
  (25)	
  Railway	
  Transport,	
  (35)	
  Sewerage	
  and	
  Sanitary	
  Services	
  687	
  

and	
  (22)	
  Land	
  Transport.	
   	
   Including	
  both	
   indirect	
  and	
   induced	
  effects	
  a	
  £1	
   increase	
   in	
   final	
  688	
  

demand	
  in	
  any	
  one	
  of	
  these	
  sectors	
  will	
  lead	
  to	
  an	
  increase	
  of	
  more	
  than	
  £0.75	
  in	
  additional	
  689	
  

employment	
   income	
   in	
   the	
   economy.	
   Estimating	
   Type	
   I	
   and	
   Type	
   II	
   multiplier	
   effects	
   for	
  690	
  

each	
   infrastructure	
   sector	
   provides	
   an	
   estimate	
   for	
   how	
  much	
   direct	
   incomes	
  will	
   expand	
  691	
  

(multiply)	
  by	
  an	
  increase	
  to	
  final	
  demand.	
  Using	
  this	
  estimate	
  (18)	
  Electricity	
  Production	
  and	
  692	
  

(19)	
  Gas	
  Distribution	
  have	
  the	
  highest	
  Type	
  I	
  and	
  Type	
  II	
  multiplier	
  effects	
  when	
  compared	
  693	
  



	
  
	
  

	
   	
  
	
  

29	
  

against	
  other	
  infrastructure	
  sectors.	
  When	
  compared	
  against	
  other	
  sectors	
  of	
  the	
  economy,	
  694	
  

infrastructure	
   has	
   above	
   average	
   indirect	
   income	
   effects	
   on	
   the	
   economy.	
   Using	
   the	
  695	
  

hypothetical	
  extraction	
  method	
  for	
  looking	
  at	
  the	
  income	
  effects	
  of	
  infrastructure	
  shows	
  the	
  696	
  

relative	
   decrease	
   in	
   income	
   if	
   a	
   particular	
   sector	
   were	
   hypothetically	
   extracted	
   from	
   the	
  697	
  

economy.	
   This	
   type	
   of	
   analysis	
   shows	
   that	
   (22)	
   (22)	
   Land	
   transport	
   and	
   (25)	
   Railway	
  698	
  

Transport	
  contribute	
  the	
  largest	
  share	
  of	
  employment	
  income	
  to	
  the	
  economy.	
  	
  699	
  

This	
  study	
  explored	
  the	
  relationship	
  between	
  nine	
  infrastructure	
  sectors	
  and	
  the	
  rest	
  of	
  the	
  700	
  

UK	
  economy.	
  Using	
  key-­‐linkages	
  analysis	
   it	
  has	
  been	
  possible	
   to	
   show	
  what	
   sectors	
  of	
   the	
  701	
  

economy	
   demand	
   from	
   infrastructure	
   for	
   the	
   provision	
   of	
   goods	
   and	
   services	
   and	
   what	
  702	
  

sectors	
  supply	
  goods	
  and	
  services	
  to	
   infrastructure.	
   	
  Each	
   infrastructure	
  sector	
   is	
  shown	
  to	
  703	
  

be	
   unique	
   in	
   the	
   way	
   it	
   interacts	
   with	
   other	
   economic	
   sectors	
   and	
   in	
   the	
   form	
   of	
  704	
  

contribution	
   it	
  makes	
   to	
   the	
   economy	
   overall.	
   Infrastructure	
   is	
   therefore	
   a	
   necessary	
   and	
  705	
  

important	
  part	
  of	
  economic	
  development.	
  Although	
  it	
   is	
  difficult	
  to	
  quantify	
  the	
  true	
  value	
  706	
  

that	
   infrastructure	
  provides	
  within	
  an	
  economy	
  this	
  paper	
  provides	
  a	
  good	
  first	
  attempt	
  at	
  707	
  

quantifying	
   the	
   structure	
   of	
   relationships	
   between	
   different	
   infrastructure	
   sectors	
   and	
   its	
  708	
  

overall	
  contribution	
  to	
  output.	
   In	
  conclusion,	
   infrastructure	
  remains	
  an	
  integral	
  component	
  709	
  

of	
  the	
  UK	
  economy.	
  Further	
  research	
  is	
  required	
  to	
  understand	
  how	
  infrastructure	
  may	
  co-­‐710	
  

evolve	
  with	
  the	
  economy	
  in	
  the	
  near	
  and	
  distant	
  future.	
  	
  	
  711	
  

	
  	
  712	
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Table	
  4:	
  Infrastructure	
  categories	
  	
  

1	
   Agriculture	
  and	
  forestry	
   14	
   Machinery	
   27	
   Air	
  transport	
  
2	
   Fishing	
   15	
   Electrical	
  equipment	
   28	
   Postal	
  and	
  courier	
  services	
  

3	
   Coal,	
  gas	
  mining	
  extraction	
   16	
   Motor	
  vehicles,	
  ship	
  building	
  
and	
  repair	
  

29	
   Telecommunications	
  

4	
   Food	
  processing	
   17	
   Furniture,	
  jewellery,	
  sports	
  
equipment,	
  toys	
  

30	
   Banking	
  finance,	
  insurance	
  

5	
   Textile	
  and	
  fabrics	
   18	
   Electricity	
  production	
  and	
  
distribution	
  

31	
   Business	
  services	
  and	
  real	
  
estate	
  

6	
   Leather	
  goods	
   19	
   Gas	
  distribution	
   32	
   Public	
  administration	
  and	
  
defence	
  

7	
   Wood	
  and	
  wood	
  products	
   20	
   Water	
  supply	
   33	
   Education	
  

8	
   Pulp	
  paper	
  and	
  paperboard	
   21	
   Construction	
   34	
   Health,	
  vetenary,	
  social	
  work	
  

9	
   Coke	
  ovens,	
  refined	
  
petroleum	
  &	
  nuclear	
  fuel	
  

23	
   Wholesale	
  and	
  retail	
  
distribution	
  

35	
   Sewerage	
  and	
  sanitary	
  
services	
  

10	
   Industrial	
  products,	
  fertilisers,	
  
dyes,	
  soaps,	
  toiletries	
  

24	
   Hotels	
  and	
  restaurants	
   36	
   Recreational	
  and	
  other	
  
services	
  

11	
   Rubber	
  and	
  plastic	
  products	
   25	
   Railway	
  transport	
   37	
   Private	
  households	
  

12	
   Glass,	
  ceramics,	
  stone	
   22	
   Land	
  transport	
   38	
   NPISH	
  

13	
   Metal	
  products	
   26	
   Water	
  transport	
   	
  	
   	
  	
  

Derived	
  from:	
  (ONS,	
  2012)	
  

	
  


