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The paper investigates the sources of Total Factor Productivity (TFP) growth for UK 

Regions, 2004-2010. The key research theme is to understand the impact of local firms, 

comparing activities of purely domestic firms versus Multinationals (MNCs). The substantial 

regional disparities in the UK has been in the core of empirical analysis for long, nonetheless 

the literature so far has not assessed whether the contribution of MNCs’ is more important of 

purely domestic firms. We find that current FDI activity in the UK lacks embeddedness while 

export and R&D activity of domestic firms contributes relatively more to growth and regional 

productivity convergence. The most important characteristic of MNCs in driving regional 

growth is investment in intangibles.  
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1. Introduction  

Regional disparities have been substantial and persistent in the UK (Rice and Venables, 

2003) and the existing empirical literature is rather limited in explaining the causal factors of 

these inequalities. The goal of this paper is to contribute to the productivity and Foreign 

Direct Investment (FDI) literature by using evidence from UK regional data. A key novelty 

of the paper is to understand regional productivity disparities comparing the activities of 

Multinational Corporations (MNCs) with the activities developed by purely Domestic Firms 

(DOMs). A standard approach in the FDI literature is to compare MNCs subsidiaries and 

domestic firms as per their characteristics (Lee and Kwok, 1988). Similarly, there is a number 

of studies(among others, Barrios et al. 2011; Kosová, 2010) that assess the impact of foreign 

MNC subsidiaries on the productivity of DOMs. Our analytical framework goes a step 

forward; by using firm level data for the period 2004-2010 we assess the role of exporting, 

R&D and intangible assets of both MNC subsidiaries and DOMs in regional productivity 

convergence. A key goal of the paper is to identify the type of local firm (either MNC or 

DOM) as well the type of activity that is crucial for closing the gap of substantial UK 

regional disparities. 

The modern multinational is a dynamic institution that continuously interacts with the 

external environment. Subsidiaries of an MNC undertake a variety of roles that can affect the 

productive potential of the MNC while they can also improve the productive capacity of the 

local economy. For example, the exporting activity developed by MNCs can embody 

substantial effects both for the country of origin and the host economy (Dunning, 1993). 

Young et al. (1994) show that subsidiaries of MNCs can potentially play an important role in 

regional development not only by increasing the factors of production but also by improving 

competitiveness of regional economy. This notion requires that MNCs are fully integrated in 

the local environment providing real opportunities for technologically backward economies 

to progress and grow.  In the same line of argument, Coe et al. (2004) identify as a key goal 

for regions to become active part of the production network of the MNCs in order to facilitate 

more quickly and effectively industrial growth.  

Recent research emphasizes the notion of “embeddedness” between subsidiaries and 

local economies in order for the latter to fully capture FDI related gains of (Håkanson and 

Nobel, 2001).In other words, regions need to depart from the status of a border-bounded 

territory to a more global –networked geographical entity to boost their growth. Conditions 

that contribute to the “embeddedness” between local regions and MNCs are among other 

factors, intra-firm R&D activities, entrepreneurial subsidiaries, distant global markets and 
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global production networks (Coe et al. 2004, Table 1, p. 471). Translating the above 

propositions one should expect that local growth is promoted more effectively if local 

subsidiaries are export intensive, invest in R&D and intangible assets.1 

Another strand of the regional analysis literature assess the impact of FDI on domestic 

firms productivity and other related characteristics(Saglam and Sayek, 2011; Driffield and 

Girma, 2003;  Aitken and Harrison, 1999; Blomstrom and Kokko, 1996; Blomstrom and 

Sjoholm, 1999). The findings suggest a positive role of FDI on DOMs’ productivity 

compatible to the theoretical prior that MNCs are more likely to be knowledge intensive with 

greater international orientation. A natural corollary derived from the above findings is that 

MNCs are likely to maintain a greater impact on the regional convergence process.2 (Young 

et al., 1994; Dimitratos et al., 2009). Nevertheless this issue remains far from being 

considered conclusive as existing empirical findings (Cantwell and Iammarino (2000)) and 

Ke and Lai (2011)) place caveats regarding the “superiority” of MNC subsidiaries on national 

and regional growth compared to DOMs. Most remarkably, Haskel et al (2007) highlights an 

issue that is often ignored in empirical studies that FDI can generate sustainable gains only if 

there is adequate absorptive capacity in the regional economy. Otherwise, FDI boosts growth 

only temporarily without generating substantial long term effects. These considerations 

suggest that DOMs can under certain conditions be equally or even more competitive than 

foreign subsidiaries and contribute positively in regional growth and convergence. The above 

discussion concludes with formulating the three key hypotheses tested in the paper: (a) export 

orientation of MNCs subsidiaries located in UK regions would have a stronger and positive 

impact on regional growth and convergence compared that of DOMs, (b) R&D activities of 

MNC subsidiaries located in UK regions would have a stronger and positive effect on 

regional growth and convergence compared that of DOMs and (c) The possession of 

intangible assets by subsidiaries located in UK regions would have a stronger and positive 

effect on regional growth and convergence compared that of DOMs. The paper is organized 

as follows: section two demonstrates a framework of convergence that is used as a departure 

                                                             
1 See Badinger and Tondl (2005) and Dettori et al. (2011)for empirical evidence regarding the positive effect of 
trade (export and imports), intangible assets (in the form of human, social and technological capital) and 
innovation on regional growth in Europe in the 1990s. In a similar line of argument, Benito et al. (2003, p 445) 
argue that FDI made in high value added activities tend to be “sticky” implying thus the importance of 

integration (embeddedness) between local economies and MNCs. 
2
This argument can be strengthened if one takes into account that MNCs are more export oriented than purely 

domestic firms due to the natural tendency to use various geographical areas for developing global distribution 
networks. Trade oriented MNCS with increased export activity enhance more knowledge spillovers (Bernard 
and Jensen, 1999) that drive faster growth and convergence. 
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point for our empirics, section 3 discusses measurement issues, section 4 presents 

econometric analysis and results and section 5 concludes.   

 

 

2. Analytical Framework 

 

We initiate our analytical framework from the following conceptual function:  

 ( & , , )
j j i i i

A TFP f R D T X≡ =  (1) 

Equation (1) states that TFP in region j is modeled as a function of R&D, export activity (T) 

and a set of other characteristics (X) of local firms i. 3 Vector X can mainly include 

productivity enhancement investment (PEI) taking place at the firm level creating regional 

knowledge spillovers. Productivity at the regional level evolves by the following process: 

 ,
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Where t indexes time, , 1j t
A − captures persistence in productivity behaviour, iγ stands for 

heterogeneous technological capabilities in region j that depend on the type of firm i located 

in the region, λ represents the speed of productivity convergence between region j and its 

frontier counterpart F, and u  is a stochastic error term. By re-arranging (2), we can obtain the 

growth rate of A (or equivalently TFP growth) for region j as: 
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∑  (3) 

Equation (3) is a benchmark specification that will be expanded in various ways to capture 

for all possible channels of productivity growth. Parameterγ in (3) essentially stands for all 

arguments displayed in function (1) but now we distinguish between domestic firms (D)4 and 

multinationals (M). A central question posed in the paper is what type of local firms make 

regions grow faster. In a similar line of argument, we seek to address whether domestic or 

MNCs improve regional absorptive capacity. The latter refers to whether regions can absorb 

effectively knowledge spillovers diffused by MNCs in order to catch up faster.  To control for 

the role of absorptive capacity at the regional level, we augment (3) with the following term: 

                                                             
3 At this stage, the term local firms refer to both domestic and MNC subsidiaries that operate in the local 
regional economy. 
4 In the empirical implementation we exclude domestic multinationals focusing only on firms with zero foreign 
subsidiaries. 



5 

 

 
, ,, 1

, , , ,

, ,, 1 , ,

absorptive capacity

ln ln ln
f j tF ti i i

j t j t j t j t

i D M i D Mj t i c t

AA
A u

A A
γ λ ρ γ−

= =−

   
∆ = + + × +     

  
∑ ∑

�����������

 (4)

   

where parameter ρ  measures the responsiveness of productivity growth with respect to 

spillovers generated by domestic and multinational firms, respectively.  

 

3. Measurement and Empirical Implementation 

To implementation empirically equations(3) and (4), we use data from two main sources. 

First, we obtain data from ONS to calculate TFP at the regional level. Second, we use firm 

level information from FAME data base. A precise measure of TFP is a major task of the 

empirical analysis of our study. To obtain accurate measures for TFP we use the superlative 

index number approach (Caves et al. (1982a, 1982b) that allows us to relax some restrictions 

imposed in alternative methodologies for the construction of TFP. Basically, we encounter 

two main challenges in the TFP calculations; the first one is to assume a translog production 

function
5
 instead of a Cobb-Douglas one and second we control in our measurement for the 

existence of imperfect market competition. Following these formulations, we can assume that 

knowledge spillovers are disembodied from production inputs and thus they can enter in the 

productivity catch-up model in a Hicks-neutral fashion.  

 

 We calculate TFP growth by the following equation: 

 
, , , ,

, ,

, 1 , 1 , 1 , 1

ln ln ln (1 ) lnTFPG
j t j t j t j tL L

j t j t

j t j t j t j t

A Y L K

A Y L K
α α

− − − −

       
≡ = − − −              

       
 (5) 

Output Y is measured by Gross Value Added (GVA) in region j at the NUTS level 2 of 

aggregation, L is a measure of labour input currently defined as the number of employees and 

K denotes capital stock. Labour share α  is initially defined as the ratio of labour compensation to 

value added and enters equation (5) in a weighted manner as:
, , 1

,
2

j t j tL

j t

α α
α −+

= . The assumption of 

constant returns to scale production function implies that capital share is equal to one minus the 

labour share. We convert GVA into 1995 constant prices using industry value added (NACE 

Rev. 2 Classification) deflators taken from ONS.  Labour compensation data are expressed 

into 1995 constant prices using unit labour cost indices (OECD STAN (2010)). factor shares 

                                                             
5A translog production technology provide a close local approximation to any underlying constant returns to 
scale production technology. 
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α  is computed using revenue data implicitly assuming that market always operate under 

conditions of prefect competition. If these conditions are not always fulfilled then growth 

accounting exercises produce spurious measures of TFP. To overcome this restriction, we 

calculate shares based on cost rather than on revenue. We use the methodology of Hall (1988) 

and Roeger (1995) methodology (HR, hereafter) to obtain mark-up measures that stand for 

the degree of market power6. Therefore, our TFP growth equation is rewritten as:  

 

 
, , , ,

, ,

, 1 , 1 , 1 , 1

ln ln ln (1 ) lnTFPG
j t j t j t j tL L

j t j t

j t j t j t j t

A Y L K

A Y L K
α α

− − − −

       
≡ = − − −              

       
� �  (6) 

where α µα=� , with µ to denote the measure of mark-up. 

Capital stock (K) is generated from a standard perpetual inventory method: 

 

 , , 1 , 1 , 1j t j t j t j t
K K K Iδ− − −= − +  (7) 

Whereδ is the depreciation rate, defined at the constant rate of 10% for all regions j and I 

denotes investment in Gross fixed capital formation (GFCF) converted into real values with 

capital price indices (1995=100). The series of capital stock is initialized by the following 

steady state identity:
,2000

,2000

j

j

j

I
K

g δ
≡

+
, where g is the average growth rate of regions j’s 

investment over the whole period and the subscript 2000 indicates the first year with 

available investment data.7 

 

Levels of TFP are also needed for the calculation of the empirical counterpart of , 1

, 1

ln F t

j t

A

A

−

−

 
  
 

, 

which captures convergence at the regional level. The level of TFP in region j is calculated 

analogously with equation (6) using a superlative index number. This means that each 

observation of input and output is weighted by a reference point, denoted with an upper score 

bar:  

 
, 1 , 1 , 1 , 1

, ,

1 , 1 , 1 , 1

ln ln ln (1 ) lnTFP
j t j t j t j tL L

j t j t

t F t F t F t

A Y L K

A Y L K
α α− − − −

− − − −

      
≡ = − − −            

       
 (8) 

                                                             
6 See Appendix A, for more details about HR and the construction of mark-ups. 
7 Although, regional data are available from 2000 onwards, the econometric analysis is restricted to the period 
2004-2010, which basically dictated by the availability of firm level data. However, we prefer to use all data 
available for the construction of capital stock. 
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The reference point in each case is calculated as the geometric average of the whole sample 

in each year. We can now define the catch-up term (GAP) as follows: 

 , 1 , 1F t j t
GAP TFP TFP− −= −  (9) 

WhereF stands for the frontier region assumed to be  regions whose TFP level is placed in the 

top 5% percentile of the distribution in each year. 

Regarding FAME our source for firm level data, we include firms from three broadly 

defined sectors, namely industry, services and retail trade. The Industry sector includes 

manufacturing and construction, the services sector includes Financial, insurance and other 

professional-scientific activities, and retail-wholesale sector. Two samples of firms are 

constructed, one for MNCs and one for DOMs. For MNCs, we use firms that at least one 

shareholder is foreigner and owns 50% (or above) while the firm cannot have any domestic 

shareholder. According to this criterion, the number of MNCs in the UK is found to be 

11,057. For DOMs two selection criteria are used, firstly, the ultimate owner must be of 

domestic origin and owns 50% (or above) of the corporation and secondly, domestic firms 

are not multinationals themselves. The second criterion implies that we have dropped from 

our sample, those domestic firms that have registered foreign subsidiaries i.e. domestic 

multinationals. Finally, to ensure that domestic firms are under a strictly defined domestic 

ownership, we also exclude from the initial sample firms in which a minority share is 

registered to a foreign shareholder. With these adjustments the total number of domestic 

firms found to be 16,548 for the same period.  
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Table 1: Mean Values of TFP Growth and Productivity Gap By Region (NUTS Level 2), 

2004-2010 

   Region TFPG GAP 

UKC1 -0.474% 0.473 

UKC2 -6.663% 0.547 

UKD1 4.508% 0.753 

UKD3 -16.793% 0.430 

UKD4 6.713% 0.839 

UKD6 5.739% 0.595 

UKD7 -8.562% 0.527 

UKE1 2.665% 0.898 

UKE2 -3.683% 0.540 

UKE3 -8.019% 0.475 

UKE4 -6.440% 0.606 

UKF1 -0.034% 0.590 

UKF2 1.679% 0.737 

UKF3 -0.415% 0.590 

UKG1 -0.484% 0.356 

UKG2 3.863% 0.938 

UKG3 -10.142% 0.548 

UKH1 4.859% 0.911 

UKH2 -2.385% 0.231 

UKH3 3.084% 0.572 

UKI1 -4.223% 0.237 

UKI2 -4.878% 0.472 

UKJ1 1.456% 0.405 

UKJ2 2.838% 0.512 

UKJ3 1.986% 0.657 

UKJ4 -1.971% 0.257 

UKK1 4.508% 0.775 

UKK2 -0.642% 0.512 

UKK3 1.588% 0.672 

UKK4 -1.730% 0.421 

UKL1 1.649% 0.649 

UKL2 0.427% 0.510 

UKM2 -0.344% 0.227 

UKM3 2.871% 0.577 

UKM5 -3.862% 0.346 

UKM6 17.459% 0.675 

Mean -0.496% 0.557 
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4. Econometric Specification and Results 

Following Bernard and Jones (1996), the empirical convergence equation for region j is an 

equilibrium correction model (ECM) represented by an ADL (1,1) process.8 The level of 

productivity in region j is co-integrated with productivity in the frontier region F as follows: 

  

 , 0 1 , 1 2 , 3 , 1 ,ln ln ln ln
j t j t F t F t j t

A A A Aβ β β β ω− −= + + + +  (10) 

 

Where ω stands for all the observed and unobserved effects that may influence ,j t
A  (i.e. TFP 

in non-frontier region) and it is further decomposed as:  

 , , 1 ,Zj t n j t j s t j t

n

d eω γ ζ ξ−= + + + +∑  (11) 

The summation in the right-hand side of (11) includes all the observed factors that have an 

impact on regional TFP such as R&D, exports and intangible assets while ζ ,ξ and d control 

for region, sector and year specific effects. Assuming that the long-run homogeneity 

condition (i.e. 1 2 31 β β β− = + ) holds in equation (10) then after transformation:  

 

 , , 0 2 , , 1 , , 1 , , 1 , ,ln ln (1 )(ln ln )
i GRC t i GER t i GER t i GRC t i GRC t

A A A Aβ β β ω− −∆ = + ∆ + − − +  (12) 

The substitution of (11) into (12) yields equation (13) in which the dependent variable 

is regions j’s TFP growth and the right hand-side includes two vectors Z that disentangle 

between MNCs and DOMs.  Equation (13) is an empirical counterpart of equation (4):  

 

 
, , , 1 , 1 1 ,

,

ln ln Z Z Z
j t j F t M M t D D t t j t

M D

A A GAP GAP eϕ α γ γ λ ρ− − −∆ = + ∆ + + + + + × +∑  (13) 

In (13), λ indicates the speed of technological transfer, ZM
and ZD

stands for a set of 

characteristics for multinationals and domestic firms respectively. In the current empirical 

model, three factors are included: R&D, exports, and intangible assets. The estimate of ρ  

measures the responsiveness of TFP growth with respect to changes in absorptive capacity. 

Intuitively, the interaction variable allows for region heterogeneity in the productivity gap 

responses, which are mainly affected by the level of R&D, exports and intangibles conducted 

by local firms. We expect that the sign of ρ is positive given that the convergence term 

(GAP) and the rest of MNCs and DOM characteristics have a positive effects on TFP growth. 

                                                             
8 Further details about estimation issues of an ADL (1, 1) model can be found in Pesaran and Smith (1995). 
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Equation (13) is a fixed effects specification with the term 
j

ϕ to denote time-invariant 

region dummies. This model can be estimated using a least squares dummy variable 

technique (LSDV), which is a standard OLSenriched with a set of dummy variables. A 

modified Wald test refers to whether the error term has a constant variance across regions,

2

,( )i t iVar e σ= and a Pesaran (2004) test indicates the existence of cross-sectional correlation

, ,( ) 0
i t k t

Cor e e ≠  for any regions j≠k. These tests indicate that heteroscedasticity and cross-

regional dependence are present in our sample. Therefore, we use a Panel Corrected Standard 

Error (PCSE) to correct for heteroscedasticity and spatial correlation.  

A Within- Effects (WE) estimator eliminates 
j

ϕ  by expressing all variables as 

deviations from their sample means. According to Nickell (1981), the order of the bias 

emerged from the use of the WE estimator is of order 1/T, where T is the number of years. In 

the current sample, the panel consists of 7years and 36 regions, which indicates for the use of 

a dynamic panel data estimator9 of Anderson Hsiao (1982) to correct for potential bias of the 

order 1/T. 

Table 2 presents results for the sources of TFP growth from WE and PCSE estimators. 

We show specifications with and without estimates of parameter ρ (i.e. interaction terms). 

Table (2) documents the existence of convergence as the GAP term is always positive and 

statically significant. Intuitively, this indicates that the higher is the distance from the frontier 

regions the faster the region grows. Regarding the speed of convergence, the one found in 

this paper is slightly higher than the range found in the estimates of Griffith et al. (2004). 

Certainly, this result can be subject to change if another estimator is used.Turing to the 

estimates of R&D, the activity of domestic firms has always a positive and statistically 

significant coefficient. Contrary to this, R&D activity of MNCS is positive but remains weak 

in conventional statistical levels in columns (1) and (3). This result is in the same line with 

the finding of Cantwell and Iammarino (2000) where large UK firms tend to be more R&D 

productive compared to foreign affiliates. Export activity of MNCs has a negative impact on 

regional growth as it is revealed in all columns of Table 2. This negative result indicates lack 

of embeddedness of production activities of MNCs at regional level. Similar results are 

documented in Phelps et al. (2003) implying that a series of FDI activities fail to create 

substantial spillover effects and the required stickiness in regional economies. Our positive 

and significant coefficients of the autonomous term of MNC intangibles in column (3) and 

                                                             
9 We do not present results from this estimator in the current version of the paper. 
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the significant interaction term in column (4) suggests that MNCs specific ownership 

advantages are important in enhancing growth and convergence. This finding is compatible to 

Kramer et al. (2011) and Girma and Wakelin (2009)strengthening further the role of 

organizational and managerial practices embodied in FDI on local growth.  

 

 

Table 2: Sources of Regional TFP Growth (2004-2010), MNCs versus Domestic Firms 

 WE 

(1) 

WE 

(2) 

PCSE 

(3) 

PCSE 

(4) 

GAP 0.403*** 0.429** 0.171*** 0.248*** 
 (3.21) (2.39) (5.55) (5.01) 
     
R&D Intensity MNC 0.001 0.037** 0.003 0.012*** 
 (0.09) (2.50) (1.20) (4.38) 
     
R&D Intensity DOM 0.027** 0.031** 0.006*** 0.005** 
 (2.21) (2.56) (4.78) (2.33) 
     
Export Intensity MNC -0.090*** -0.294 -0.055*** -0.094 
 (-5.42) (-1.52) (-3.54) (-0.82) 
     
Export Intensity DOM 0.189 0.511 0.051*** 0.334*** 
 (0.93) (1.19) (3.65) (3.67) 
     
Intangible Assets MNC -0.000 -0.001 0.000* -0.000 
 (-0.16) (-1.04) (1.84) (-0.59) 
     
Intangible Assets DOM -0.001* 0.002 -0.000 0.002 
 (-2.00) (0.72) (-1.09) (0.84) 

Interaction Terms 

GAP× R&DMNC  0.227  0.037 
  (1.04)  (0.28) 
     
GAP× R&D DOM  -0.379  -0.432*** 
  (-0.80)  (-3.72) 
     
GAP× Export MNC   -0.025***  -0.010*** 
  (-2.85)  (-3.98) 
     
GAP× Export DOM  -0.011  0.015 
  (-0.94)  (0.78) 
     
GAP× Intangibles MNC   0.001  0.001** 
  (1.34)  (2.05) 
     
GAP× Intangibles DOM  -0.003  -0.003 
  (-1.44)  (-1.50) 
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Sector Dummies 

sector=Retail Trade   0.077*** 0.082*** 
   (18.05) (12.48) 
     
sector=Services   0.051 0.033 
   (1.53) (1.45) 
     
Constant -0.306*** -0.248** -0.186*** -0.243*** 
 (-4.15) (-2.02) (-4.78) (-5.47) 

Observations 266 266 266 266 
Adjusted R2 0.1362 0.1615   
F 9.690 11.974   
p 0.000 0.000 0.000 0.000 
chi2   86.802 242.127 
ll 135.839 142.973   
r2_p     
Notes: All specification include year dummies. WE stands for Within Effects Estimator, PCSE stands for Panel 
Corrected Standard Error. R&D, Exports and Intangible assets are weighted by the number of employees. 

 

 

5. Conclusions 

This paper investigates the determinants of productivity growth at the regional level with 

special emphasis to the contribution made by MNCs and Domestic Firms (DOMs). We 

analyse the sources of growth within a framework of productivity convergence identifying 

the role of various firm characteristics in accelerating the speed of technology transfer. Our 

empirical evidence is based on UK regions for the period 2004-2010. A key research question 

set is whether MNCs can develop the required level of embeddedness in the local economy 

generating substantial productivity gains from activities such as R&D, exporting and 

intangibles. 

Results from benchmark specifications indicate convergence among UK regions but 

there is substantial level of heterogeneity. MNCs are not always superior to domestic firms, 

this shows that FDI fails to create a meaningful level of embeddedness at the regional level. 

On the other hand export orientation and R&D activity of domestic firms are proved to be of 

special importance in regional convergence. From the current results, the most important 

feature of MNCs is their set of intangible assets. This more likely reflects that MNCs remain 

better than domestic firms in managerial practices and management know-how. The next step 

of our analysis is to check whether the main patter of results prevail once we control for 

various econometrics issue such as endogeneity and instrumental variables. 
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Appendix 

A. The methodological novelty of the HR approach is to combine production and cost based 

Solow residual (SR) eliminating unobservable productivity shocks and thus obtaining an 

unbiased measure of market power. SR is defined as the difference in growth rates of output 

and inputs as follows: 

 (1 ) ( ) (1 )
Y L K Y K

SR
Y L K Y K

θ
α α β β

θ

∆ ∆ ∆ ∆ ∆ ∆
≡ − − − = − + −  (1.14) 

The first side of (1.14) is equivalent to the growth rate of SR as derived from growth 

accounting with α standing for the share of total wage bill in value added. In the existence of 

market power, parameter β captures a measure of Lerner index, which is the ratio
p MC

p

−
, 

where p is price and MC is marginal cost. If thee estimated coefficient of β is greater than 1 

then there is imperfect competition. In (1.14) there is the inherent endogeneity between rates  

of productivity growth and the error term. Roeger has used the cost based version of SR as 

follows: 

 (1 ) ( ) (1 )
w r p p r

CSR
w r p p r

θ
α α β β

θ

∆ ∆ ∆ ∆ ∆ ∆
≡ + − − = − − + −  (1.15) 

Where w is wage and r is the cost price for capital stock use. Subtracting equation (1.15) from 

(1.14) and re-arranging we obtain: 

 
Y p K r L w K r

Y p K r L w K r
µ α
 ∆ ∆ ∆ ∆  ∆ ∆ ∆ ∆      

+ − + = + − +       
       

 (1.16) 

In a compact way, we obtain estimates for µ from a cost based SR: 

 y xµ∆ = ∆  (1.17) 

All values in (1.16) are fully observable, y∆ is approximated by the difference in the log 

value of value added minus the difference in the log value of capital stock. x∆ is 

approximated by the difference in the log value of labour compensation. The parameter α is 

observable and it is measured as the share labour compensation to value added.  


