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TABLE 49 OSTEND AIRPORT VALUE ADDED TOP 10 IN 2006 
 

 
Name of company or organisation 
  

Sector 
 

  

Value added  
(in million euro) 

  
1 Vlaamse Overheid Airport operator 8.2 
2 NHV Air transport 3.7 
3 Belgocontrol - meteo Other air transport supporting activities 3.7 
4 Aviapartner Airport handling 3.1 
5 MK Airlines Air transport 2.3 
6 Race Cargo Cargo handling and storage 1.9 
7 Douane Public services 1.1 
8 Fed. Politie Public services 0.9 
9 Lufthansa Technics Building and repairing of aircraft 0.8 

10 Belair Hotels, restaurants and catering 0.6 
   
TOTAL  26.3 
Share in total Ostend Airport  84.0 p.c. 

 

Source: NBB (Central Balance Sheet Office, own calculations). 
 

 
 Indirect VA 

 
Indirect VA totalled 39.3 million euro in 2006116, putting the multiplier at 2.26, slightly higher than the 
airport average, owing partly to the small size of Ostend-Bruges Airport, but also the relative importance 
of the air transport sector plus the flying schools. However, the minor position of the other branches 
generating indirect VA, such as other services, is a factor limiting the airport’s indirect impact. 
 
 
Employment 
 

 Direct employment 
 
In 2006, direct employment at Ostend Airport represented 441 FTEs. The employment situation is rather 
different from that for value added, as there is a better balance between the two clusters, although the 
air transport cluster is still dominant (table 50). The airport operator remains the leading sector at Ostend 
Airport, and its position is even stronger in regard to VA, since it accounts for almost 28 p.c. of the total 
workforce. Next, but some way behind, come airport handling, air transport, public services, trade, other 
air transport supporting activities, side by side with cargo handling and storage and hotels, restaurants 
and catering, to mention only the most important ones. 
 

 Employment top 10 
 
The Flemish Region, which manages Ostend Airport, employs 122 FTEs there, or almost 28 p.c. of the 
total workforce recorded in 2006. Next in this top 10 (table 51) come Aviapartner, Belgocontrol, MK 
Airlines, Race Cargo, NHV (Noordzee Helikopter Vlaanderen), customs, Belair, the Federal Police, and 
finally Lufthansa Technics. Together, with their 357 FTEs, these ten firms represent 81 p.c. of direct 
employment at Ostend. 
 

 Indirect employment 
 
In 2006, indirect employment stood at 465 FTEs, putting the multiplier at 2.06. That is the lowest ratio 
seen in the airports considered. It is lower than the ratio calculated for value added. This differential is 
attributable to the fact that, in regard to employment, air transport represents a smaller percentage of the 
total than in the case of VA. But this sector generates substantial indirect effects. 
 
 

                                                        
116 As stipulated in 1.2.5 the reader should be very careful in interpreting the indirect effects. 
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TABLE 50 OSTEND AIRPORT: DETAILED DATA ON DIRECT EMPLOYMENT PER CLUSTER AND 
  SECTOR IN 2006 
 

Cluster and sector 
 

  

Employment 
(in FTEs) 

  

Share 
(in p.c.) 

  
   
Air transport cluster ...............................................................................................  298 67.5 
   
Air transport ..............................................................................................................  60 13.7 
Travel agencies and tour operators .........................................................................  3 0.7 
Forwarding offices ....................................................................................................  4 0.8 
Airport operator .........................................................................................................  122 27.8 
Airport handling .........................................................................................................  64 14.5 
Other air transport supporting activities ...................................................................  34 7.6 
Building and repairing of aircraft ..............................................................................  11 2.5 
   
Other airport-related activities ..............................................................................  143 32.5 
   
Passenger land transport .........................................................................................  2 0.5 
Cargo handling and storage .....................................................................................  33 7.6 
Freight transport by road ..........................................................................................  0 0.0 
Courier and post activities ........................................................................................  0 0.0 
Public services ..........................................................................................................  42 9.6 
Security and industrial cleaning ...............................................................................  0 0.0 
Trade .........................................................................................................................  37 8.3 
Hotels, restaurants and catering ..............................................................................  25 5.6 
Other services ...........................................................................................................  4 0.8 
Other industries.........................................................................................................  0 0.0 
   
TOTAL ......................................................................................................................  441 100.0 

 

Source: NBB (Central Balance Sheet Office, own calculations). 
 

 
 
 

TABLE 51 OSTEND AIRPORT EMPLOYMENT TOP 10 IN 2006 
 

 
Name of company or organisation 

 
  

Sector 
 

  

Value added  
(in million euro) 

  
1 Vlaamse Overheid Airport operator 122 
2 Aviapartner Airport handling 59 
3 Belgocontrol Other air transport supporting activities 30 
4 MK Airlines Air transport 27 
5 Race Cargo Cargo handling and storage 26 
6 NHV Air transport 25 
7 Douane Public services 22 
8 Belair Hotels, restaurants and catering 18 
9 Fed. Politie Public services 17 

10 Lufthansa Technics Building and repairing of aircraft 11 
   
TOTAL  357 
Share in total Ostend Airport  81.0 p.c. 

 

Source: NBB (Central Balance Sheet Office, own calculations). 
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Prospects117 
 
As in the case of Kortrijk-Wevelgem Airport, the future of Ostend-Bruges International Airport lies in a 
new management system and in privatisation. Under the new system, the airport will be divided into an 
airport development company (LOM) and an airport operating company (LEM). The LOM will be 
responsible for the infrastructure, such as the runway, customs and the fire brigade, while the LEM will 
manage the airport’s commercial operations. Under this structure, the government will be responsible for 
the work of the LOM, and the LEM will assigned to a private partner. 
 
However, Ostend Airport still has a competitive disadvantage in fuelling compared to airports like 
Brussels Airport and Liège as it does not have a direct pipeline that can supply the airport with fuel. 
Furthermore, the airport depends mainly on one cargo airline (MK Airlines), which makes it vulnerable to 
decisions made by the company, as evidenced in the summer of 2008 when flights to Ostend were 
temporarily suspended.  
  

                                                        
117  Sources : www.ost.aero, Van de Voorde, Eddy et al. -VIL- (2006) 
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3 SUMMARY 

 
The years 2005 to 2007 were years of all-round recovery for air transport and airport activities in 
Belgium. This followed a period of uncertainty which had a profound impact, transforming air transport 
throughout the world. Civil aviation has had a turbulent time since the beginning of the 2000s, with the 
terrorist attacks of 2001 and, in Belgium, the failure of Sabena representing turning points in the 
business. Air transport is currently in a consolidation phase, with only three major global alliances. At 
international level, competition between the primary hubs and the emergence of “sixth freedom” airports 
in the Middle East and in Asia is only just beginning, with secondary hubs such as Brussels Airport, and 
the national carrier Brussels Airlines, facing more intra-continental competition, in a context of ever more 
volatile energy costs, increasingly stringent environmental measures and the steady expansion of low-
cost operators. With the decline seen at the beginning of this decade, it is no longer just a question of 
cyclical fluctuations, as the normal duration of the cycle since civil aviation began is estimated at about 
ten years118.  Following a worldwide revival from 2003 on, the Belgian airports seem to have benefited 
from a global expansion of aviation activities, as Brussels and Charleroi Airports have seen stronger 
growth of passenger traffic in the last three years, and Liège has recorded a steady rise in cargo traffic. 
 
Taking account of these contextual elements, this study aims to record the economic results of the 
activities based at the six Belgian airports, Antwerp, Brussels, Charleroi, Kortrijk, Liège and Ostend, 
which comprise, within their perimeter, not only a range of sectors relating to air transport - air transport 
cluster -, but also many branches which do not, at first sight, have any connection with this mode of 
transport - other airport-related activities -. It was possible to conduct an exhaustive assessment for 
2006, using the variables value added (VA) and employment. As far as possible, a study of the social 
balance sheet, investment, and financial health is also presented. But outside the airports there are 
many activities connected with the air transport cluster. They are subjected to the same analysis. 
Developments in value added and employment recorded between 2000 and 2006 in the air transport 
cluster are presented in the same way as for Brussels Airport, and can serve as a barometer for all 
activity in Belgium. 
 
The main lessons of the study are as follows.  
 
o The air transport cluster is present both inside and outside the airports, in relatively similar 

proportions, since the first group directly employs 11,500 FTEs and the second almost 10,200 FTEs. 
Inside the airports, the airline sector ("air transport") clearly dominates, while outside the dominant 
branch is "building and repairing of aircraft". The air transport cluster is structured around the air 
transport sector (airlines), with VA totalling 540 million euro and direct employment of around 
5000 FTEs. Of these totals, 492 million euro and 4560 FTEs relate to passenger transport. In regard 
to activity which, in theory, has no direct link with air transport but is present at the airport sites, 
namely the cluster comprising other airport-related activities, employment totals nearly 10,000 FTEs 
and is dominated by the "courier and post activities" branch. In total, taking direct and indirect effects 
together, VA came to over 6 billion euro in 2006 for airport and air transport activities as a whole, or 
2 p.c. of Belgium’s GDP. The 77,400 FTEs employed by these activities and their suppliers are 
equivalent to 2 p.c. of Belgian domestic employment. The induced and catalytic effects are 
interesting concepts, but they overlap with the estimate of indirect effects offered in this report. 
However, they are mentioned as a guide. 
 

o Having fallen steeply in 2001 and 2002 respectively, the employment and value added of activities 
intrinsically connected with air transport, i.e. the air transport cluster nationwide, recovered 
temporarily in the former case and permanently in the latter. Thus, employment picked up to just 
75 p.c. of the level seen at the beginning of 2000 - 2006, while value added at constant prices 
regained its 2000 level in 2006. In the last year (2005 - 2006), employment in the air transport cluster 
continued falling (-0.8 p.c.), while VA recovered well (+2 p.c.). For comparison, during the same 
period employment at the six airports showed a small rise (+0.5 p.c.), supported by other airport-
related activities, while VA at constant prices in the air transport cluster increased significantly 
(+5.3 p.c.), but here, too, the driving force was other airport-related activities. In 2006, the air 
transport cluster outside airports concerned VA totalling 840 million euro and 10,300 FTEs, multiplied 

                                                        
118  Doganis R. (2006), The Airline Business. 
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respectively by a factor of 2.75 and 3 if the indirect effects are added. These multipliers are 
particularly high, confirming the widespread finding that air transport, though modest in absolute 
terms, has a major influence on the economy as a whole. 
 

o Of the six airports, it is naturally Brussels Airport which is dominant in both traffic volumes and VA 
and employment, as the national airport represents over four-fifths of the total activity of the six 
airports. In fact, it employs no fewer than 17,600 (82 p.c.) of the 21,488 FTEs and generates over 
1.4 billion euro in VA, out of the 1.7 billion total. Next comes Liège (8,6 p.c. of the workforce), 
followed by Charleroi (4.3 p.c.), Antwerp (2.4 p.c.), Ostend (2.1 p.c.) and Kortrijk (0.7 p.c.). The VA 
and direct employment generated by the airports are dominated by the air transport cluster, with the 
notable exception of Liège Airport, where the "courier and post activities" sector predominates. The 
ratio between VA and employment recorded in the air transport cluster is higher than in relation to 
other airport-related activities. If indirect employment and VA are added to the direct figures, they 
increase them by a factor of 2.2. This multiplier is particularly high at Kortrijk in the case of VA, and at 
Liège in the case of employment. It was possible to analyse the movement in VA and employment for 
Brussels Airport. It emerged that the years 2001 and 2002 were particularly difficult, owing to the 
collapse of Sabena and a decidedly tricky international context, plus the ensuing decline in traffic. 
Naturally, this crisis was reflected in VA and employment, which both showed a very marked fall in 
2001, making a modest recovery in 2003 in the case of VA and a clearer recovery from 2005, so that 
by 2007 VA was almost 10 p.c. above the 2000 level, whereas employment struggled back very 
slowly without ever regaining its 2000 level, reaching barely 75 p.c. of that figure by the end of the 
period. 
 

o The indicators relating to the social balance sheet of the main firms based in the airports are fairly 
encouraging at the end of the period. In fact, the year 2006 brought an increase in the number of 
employees on the staff register, compared to the 2005 level. Employment in the airports is still 
dominated by men, more so than the national average and comparable to the air transport cluster 
outside airports. Airports have a high staff turnover, owing to the type of work under review. The 
modest concentration of employment by the end of the reviewed period in the airports in regard to 
what is seen in the air transport cluster in the rest of the country is accompanied by efforts to provide 
training in the companies established in airports. As is apparent at national level, the return on equity 
after tax has fallen, both in airports and in the air transport cluster in the rest of the country, with the 
former still doing better in terms of profitability. Conversely, the latter did much better in terms of 
liquidity in the broad sense, although the gap narrowed in 2006. The solvency of firms engaged in air 
transport outside airports remained stable, while it was down slightly in the airports. In both cases, 
solvency was well below the national average. Private investment, a highly volatile variable by 
definition, fell sharply over the period in the case of activities in the air transport cluster, the 2006 
figure being barely 50 p.c. of the sums committed six years earlier. But a recovery seems to have set 
in since 2005 when the amounts reached a low point. 2006 was also a year of investment expansion 
in the airports, with an increase of 18.1 p.c. at constant prices compared to 2005. 

 
These results seem at this stage to indicate that, by the end of the period, air transport and airport 
activity had regained its pre-2001 momentum. But we also know that this sector is very sensitive to the 
international economic situation. Since the autumn of 2008, the global economy has progressively 
entered recession. After a period of rising energy prices and inflation in everyday consumer goods, the 
Belgian economy, hard hit by the repercussions of the global financial crisis, entered a phase of 
uncertainty over the pace of its recovery. In this context domestic demand is likely to suffer in the 
coming months, as the consumer confidence continues to wane, and there could be a sharp slowdown 
in consumption. Even though a clear dip was first noted in October 2008 in terms of passenger traffic, it 
is too soon to predict the impact which the current economic situation will have on Belgian air transport, 
a sector which will be affected in 2011 - whatever else happens - by the introduction of new 
environmental measures at European level. The International Air Transport Association, IATA, which is 
in favour of accelerating the "Single European Sky" project, regularly publishes indices showing the 
price-sensitivity of demand, using various models of elasticity which are based on a large number of 
variables119 and are relatively complicated to handle. The uncertainty over the movement in prices per 
barrel of crude oil is also affecting investors’ decisions and the financial health of the airlines. The 
consolidation of the aviation sector is therefore likely to continue in the years ahead. During that time, 
the low-cost airlines will continue expanding on the market in domestic and intra-continental flights, an 
                                                        
119  See IATA Economics Briefing 2008 / No. 9. 
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economic model which is being increasingly copied by the traditional airlines. While the Open Sky 
agreements concluded between the USA and the EU provide for the liberalisation of transatlantic 
services, the low-cost airlines will certainly be turning their attention to long-haul flights in the medium 
term.   
 
Brussels Airport, a secondary hub and in 21st position among European airports in terms of passenger 
numbers, is not in direct competion with the primary hubs of Europe and Asia. But Belgium’s leading 
airport has plenty of plans for securing a permanent place in the European passenger traffic top 20. 
However, the loss of part of DHL’s activities is liable to cause at least a temporary setback for Brussels 
Airport in the European league table for cargo, where it is currently in sixth place. The other five airports 
face similar challenges, calling for practical, coordinated responses. Specialisation seems to be an 
approach which is yielding benefits. In any case, that is true in Wallonia: BSCA has specialised in 
passenger transport while Liège is continuing to expand in cargo and express courier services. In 
Flanders, the situation is more complex: Brussels Airport is still very much the country’s main airport, 
while Kortrijk occupies the business travel segment, Ostend handles specialist cargo and Antwerp 
focuses on passengers travelling to and from the Antwerp conurbation. Doubtless a degree of 
rationalisation will be necessary in the future, because not all these airports are seeing the same growth 
prospects. Partial privatisation of the regional airports is an initial response here. The goal is still to 
achieve profitability for the existing facilities while safeguarding the future and ensuring sustainable 
growth for air transport, a sector whose major role in the Belgian economy this study has tried to 
demonstrate. The central position of air transport in the transport logistic chains, the attraction which 
airports exert on the location of service activities and logistics, and the essential link which they 
represent in terms of mobility, are in fact vital to a country such as Belgium which is international in 
outlook. 
 
 
 



NBB WORKING PAPER No. 158 - MARCH 2009 93 

ANNEX 1: AIRPORT ZONES 
 

 
ANTWERP AIRPORT 
 

 
Source: Antwerp Airport. 
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BRUSSELS AIRPORT 
 

Source: Brussels Airport. 
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CHARLEROI AIRPORT 

 
Source: Brussels South Charleroi Airport. 
 
 
KORTRIJK AIRPORT 
 

 
Source: Kortrijk-Wevelgem Airport. 
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LIEGE AIRPORT 

 
Source: Liège Airport. 
 
 
OSTEND AIRPORT 
 

 
Source: Ostend-Bruges Airport. 
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ANNEX 2: INDIRECT EFFECTS THEORY 120 
 

Indirect effects are presented here according to two frameworks: backward linkages and forward 
linkages. The former, according to the Leontief model, concentrates on the links between the sectors 
studied and their suppliers, and is used to estimate indirect value added and employment, while the 
latter, according to the Ghosh model, makes it possible to measure the impact of a logistics sector on its 
customers in terms of prices. Both can be considered in order to quantify the upstream and downstream 
relationship between the sectors under review and the rest of the economy. Table 52 provides the basic 
model for an input-output table. The methodology below will be based on this table. The theoretical 
basis underlying the IOT is set out in the national accounts methodology.121 
 
 

TABLE 52 INPUT-OUTPUT TABLE 
 

  1 2 ... n f x 

1 x11 x12 ... x1n f1 x1 

2 x21 x22 ... x2n f2 x2 
... ... ... ... ... ... ... 

n xn1 xn2 ... xnn fn xn 

m m1 m2 ... mn mf  

va va1 va2 ... van   

x x1 x2 ... xn   
 

Source: NBB. 
 

 
Legend:  n      number of industries in economy 
  xij     output of industry i delivered to industry j 
  va     value added  
  m     import 

f final demand: it may contain only the output to final consumers but, if we restrict 
our analysis to the matrix made up of the sectors studied, then fi may also 
contain all the output of sector i falling outside the sectors studied. 

 
On that basis, technical backward and forward coefficients can be calculated. They in turn make it 
possible to measure the linkages through the so-called Leontief L and Ghosh G matrices, respectively 
used to quantify the impact of one sector on the others in terms of necessary inputs (goods and 
services, production factors) and outputs (cost structure). Table 53 presents a few formula used to 
depict these linkages. Key sectors (Oosterhaven and Stelder net multiplier122) are those whose impact 
on the other sectors is greater than vice versa. 
 
Links between the sectors 
 
The relationships between the logistics sectors and other sectors are measured by technical input and 
output coefficients - which measure the direct effects of changes in demand and prices - and also by 
backward and forward linkages, which measure the links with suppliers and customers. 
 
Input-output analysis123 subdivides an economy into a certain number n industries and final demand 
sectors. The final demand sectors are households and government expenditure, investment and 
exports. The output of an industry i, for instance the forwarders, (represented by ix ) equals the sum of 

its supplies to other industries and its supplies to final demand or i

n

1j
iji fxx . Defining technical 

                                                        
120  See also Coppens F. (2005); Coppens F. (2006) and Coppens F., F. Lagneaux, H. Meersman, N. Sellekaerts, E. Van de 

Voorde, G. van Gastel, Th. Vanelslander and A. Verhetsel (2007). 
121  See also the explanation provided by http://www.nbb.be/doc/dq/N_pdf_dq/NNDE99.pdf (Dutch version) and 

http://www.nbb.be/doc/dq/F_pdf_dq/NFDE99.pdf (French version).  
122  Oosterhaven J. and D. Stelder (2002). Interpretation of the net multiplier by Dietzenbacher E. (2005). 
123  For more details see Miller R.E. and P.D. Blair (1985).  
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input coefficients as jijij xxa , with ijx the supply of sector i (e.g. the forwarders) to sector j (e.g. the 

agencies) and jx the total output of sector j, this can be rewritten as i

n

1j
jiji fxax  or in matrix 

notation fAxx , in which A is a square matrix of technical coefficients, x a column vector of 
industry outputs and f a column vector of final demands.  
 
 
 

TABLE 53 CALCULATION OF LINKAGES: FORMULAE 
 

Technical 
coefficients 
(first level) 

backward TICij = aij linkage of industry j to its 
first-tier supplier i  

in relation to the 
output of industry j 
 

forward TOCij = bij linkage of industry i to its 
first-tier customer j 

in relation to the 
output of industry i 
 

Cai and Leung 
linkages 
(all levels) 

backward 

jj

n

i
ij

j l

l
BL 1  

linkage of industry j to all 
its suppliers  

in relation to the 
output of industry j 

forward 

ii

n

1j
ij

i g

g
FL  

linkage of industry i to all 
its customers 

in relation to the 
output of industry i 

Decomposed 
linkages 
(all levels) 
 

backward 

jj

ij
ij g

g
BDec  

linkage of industry j to its 
supplier i 

in relation to the 
output of industry i 

forward 

ii

ij
ij l

l
FDec  

linkage of industry i to its 
customer j 

in relation to the 
output of industry j 

Oosterhaven and 
Stelder net 
multipliers 
 

j ofoutput 
 j of demand final    j of multiplier Leontief

 if net multiplier > 1, then sector j is more 
important for the other sectors than vice 
versa and is said to be a key sector 

 

Source: NBB. 
 

 
Legend: 
 
TICij : Technical input coefficients 
TOCij : Technical output coefficients 
BLj : Cai and Leung backward linkages 
FLi : Cai and Leung forward linkages 
BDecij : Decomposed backward linkages  
FDecij : Decomposed forward linkages 
lij : element of matrix L -Leontief-, on row i and column j (see below); i lij = Leontief multiplier of sector j 
ljj : diagonal element of matrix L (see below) 
gij : element of matrix G -Ghosh-, on row i and column j (see below) 
gii : diagonal element of matrix G (see below) 
 

o Backward linkages 
 
This matrix equation is the base equation of the Leontief model, also referred to as a demand-driven 
input-output model. It enables us to compute the total effect of an industry on the economy. Indeed, a 
change in final demand for products of industry i has two kinds of effects: 
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1. a 'direct' effect that is induced by the second term in the equation fAxx , i.e. a change in 

the output of sector i. It can be seen that this direct effect is provided by ii fx ; 
2. a series of indirect effects that are caused by this direct effect. The sector i has to increase its 

output and, in order to do so, it has to increase its intermediate purchases. There is thus a 'first 
level' indirect effect provided by the first term of the equation )0()1( xAx . These 
purchases, for their part, generate higher level indirect effects, )0(2)2( xAx , ...  

 
The total effect is provided by fAIfAAAIx 132 ... . The matrix 

1)AI(L  is called the Leontief inverse. Its column sums are the Leontief multipliers and, 
according to the above reasoning, they provide the total effect of a unit of change in final demand for a 
sector. If the demand of sector j rises, the suppliers of sector j will have to produce more. 
 
These Leontief multipliers show the impact of one industry on the rest of the economy via its supply 
chain. As such, they are a measure of the 'linkage' of an industry to its suppliers. This is called 
'backward linkage' and the Leontief multipliers are a measure of backward linkage. As explained in Cai 
J., Leung P. (2004)124, this backward linkage measure is not pure, because of intrasectoral and cyclical 
deliveries. If the Leontief multiplier is considered as a measure for backward linkage, it also deals with 
the effects of purchases by sector i at sector j and by sector j at sector k, sector k at sector l,... and 
finally sector m at sector i. Therefore, this measure also contains some forward linkage. It can be 
'purified' by dividing each Leontief multiplier by the diagonal element in the same column of the Leontief 
inverse. The total (direct and indirect) linkage of an industry with all its suppliers can thus be measured 
by the Leontief multiplier divided by the diagonal elements ljj (Cai and Leung): 

jj

n

1i
ij

j l

l
BL   (IO1) 

where ijl  is the (i,j) element of the Leontief inverse.  

 
CALCULATION OF INDIRECT VALUE ADDED AND EMPLOYMENT: 
 
The algorithm used for the calculation of indirect value added and employment is based on the above-
mentioned formulae. 
 
Indirect employment can be calculated on the basis of the following operations: 
National input-output table (or IOT) X: (xij), nxn matrix, xij representing the deliveries from branch i to 
branch j 
Population under review P: (pj), nx1 matrix, pj being the percentage of national branch j represented by 
the population under review 
Employment E: (ei), nx1 matrix, ei being the employment of branch i at national level 
Technical input coefficient A: (aij) = xij / xj , xj being the nx1 matrix of the outputs j 
 
Knowing that x(k) = A(k) . f (see above) and E = Ê . ^X-1 . X then: 
 
Indirect employment at level k =  

ei
(k) = ei / xi . xi = aij (k) fj 

If k = then ei
( ) = ei / xi . (1 - aij)-1 . fj = ei / xi . lij . fj   [ L(lij) being the "Leontief inverse" ] 

Indirect employment is derived from ei. The correction factor P is applied. 

 
We can in fact work out what volume of employment is created upstream, at the first level (k = 1), but 
also the second (k = 2), third (k = 3), etc. until the infinite level (k = ). This is what is presented in this 
report, in order to give the fullest possible picture of the overall economic impact that the sectors studied 
have on the national economy as a whole. 
                                                        
124  Cai J. and P. Leung (2004). 
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The same logic applies to the calculation of the indirect value added. Then "E" only needs to be 
replaced by "VA". 
 

o Forward linkages 
 
Ghosh125  developed an alternative input-output model, i.e. a supply-driven input-output model. The 
output of a sector j is equal to its purchases plus its imports plus value added. The two last terms are 
called the 'primary inputs' and will be noted as pi. The base equation of the Ghosh model is thus derived 

from j

n

1i
ijj pixx  by defining technical output coefficients iijij xxb . The base equation is 

provided by pixBx ' 126.  
 
This Ghosh model can be used to analyse how costs are propagated through the economy127. When an 
industry i increases its prices, this has an impact on the costs of all its customers, i.e. the cost of their 
purchases increases. In order to maintain their value added at the same level, they will also raise their 
prices, entailing higher costs for their customers. These effects are provided by the column sums of the 
transposed Ghosh inverse 1)BI(G . This means that the column sums of the transposed Ghosh 
inverse - and therefore the row sums of the Ghosh inverse - are a measure of linkage to the customers, 
i.e. forward linkage. Again, this is not a pure measure. Dividing the row sums of the Ghosh inverse by 
the diagonal element in the same row yields a pure measure. Thus forward linkage is measured by: 

ii

n

1j
ij

i g

g
FL  (IO2) 

in which ijg  is the (i,j) element of the Ghosh inverse.  

 
o Decomposed linkages 

 
It should be pointed out that the measures (IO1) and (IO2) measure linkage of an industry in relation to 
its own size. They do not provide any information about the absolute impact of an industry. In order to 
analyse the absolute impact these measures must be decomposed. As such, the absolute (purified) total 
backward impact of an industry j on another industry i is provided by jjjij xll )( , in relation to the size 
of industry i, yields a measure of dependence of i with respect to j 128:  

i

j

jj

ij
ij x

x
l
l

BDec  (IO3) 

It can be shown that this is equal to 

jj

ij
ij g

g
BDec  (IO3') 

and measures the share of output from industry i that is (directly or indirectly) related to industry j.  
 
Similarly, the decomposed forward linkage measure can be found:  

ii

ij
ij l

l
FDec  (IO4) 

is a measure of the payments of i that are attributable to j. It is a measure of cost dependence of i with 
respect to j.  
  

                                                        
125  See Ghosh A. (1958). 
126  The apostrophe of B' denotes the transposition of matrix B. 
127  See Dietzenbacher E. (1997), Coppens F. (2006) 
128  See Coppens F. (2006) 
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