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Abstract 
The paper estimates the impact of capital on output in Greece during 2010-18, 
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1. Introduction

The paper presents a short, flexible model to empirically estimate the impact on out-
put of several manmade capital inputs -alongside labor inputs- across all production 
activities of a multisectoral economy, with the intention to inform and advise eco-
nomic development policy. 

To appreciate what is involved, it is useful to draw attention to issues raised in a 
very influential work on the matter. In his Contribution to the Theory of Economic 
Growth, Solow (1956): (a) explains that theory by and large depends on assumptions 
that simplify reality (hence, may not be quite true), yet are reasonably realistic; and 
(b) develops a model of a community producing a single composite commodity us-
ing labor and manmade capital (hereinafter, capital) in a way that the two inputs may 
substitute each other in production. Inter alia, he describes how an increased capital 
stock generates greater per capita production; suggests that in the absence of tech-
nological progress additional capital injections into the economy may result in ever 
smaller contributions to production due to diminishing yields; and demonstrates that 
technological development serves as the motor for economic growth in the long run 
(Royal Swedish Academy of Sciences, 1987).

Since reality is more complex than simplified assumptions, the economic sys-
tem may involve more sectors and commodities (e.g., Temple and Wößmann, 2006; 
Lopez-Garcia and Szörfi, 2021; and sources cited therein). These commodities may 
also be at different stages of their life cycle, may be produced by different types of 
labor and capital input, and the inputs involved may be accumulated or combined in 
ways that in certain cases may be quite efficient,1 while in other cases may be less ef-
ficient or even inefficient.2 These are features that ought to be considered both when 
carrying out analyses and/or when contemplating policy interventions. Ideally, they 
should  be identified empirically (based on relevant data), so that additional, more 

1.  	For example, an empirical analysis carried out by Antonopoulos and Sakellaris (2009) found 
that in the 1990s and early 2000s, increasing the capital stock of computers, communication 
equipment, and software in Greece mostly benefited the finance, insurance, real estate and busi-
ness services sector, as well as the wholesale and retail trade sector.

2.  	In a typical textbook production function graph, the latter is illustrated by a point beyond which, 
ceteris paribus, the employment of an additional unit of input causes output to decline (e.g., 
Samuelson and Nordhaus, 2010: 109-110). Intuitively, accumulating capital up to a certain 
level may be highly productive, but accumulating more (e.g., twice as much) may not be (Fer-
nald, 1999). For various reasons (e.g., due to past projections) a firm or industry may find itself 
in a situation of possessing more capital than it needs (Arrow, 1966). Indeed, the received wis-
dom is that a good number of countries have regretted that their resources were tied up in huge 
capital projects by then inefficient (Begg et al., 2008: 582). 
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focused analyses may be carried out, and sectoral agents as well as policymakers may 
be informed so as to act accordingly. 

The paper contributes to the relevant literature by showing that in an economy 
with multiple sectors, activities or commodities (multi-sectoral herein after, for the 
sake of simplicity), an injection of capital or injection of a particular type of capital 
(building, machinery, etc.) may positively affect output in one sector and negatively 
in another sector. Knowing this, economic planners may reach more informed deci-
sions. (In the case of Greece, it turns out that deciding to invest in one sector over 
another may be more important than deciding what the investment is about.) In the 
process, the paper finds that the variation in a crucial measure of economic perfor-
mance, namely, multifactor productivity, is to a considerable extent explained by 
variations in the composition of inputs. 

In Greece, currently, considerable post-pandemic recovery and resilience funds 
are directed to investments that will shape the country’s future production possibili-
ties (European Commission, 2021; OECD, 2021). With this in mind, in the pages that 
follow, the country’s recent evolution of capital and output is described across 62 
sectors (Section 2), and a production model is set up (Section 3). Next, the impact of 
capital -both of overall capital and of nine distinct types of capital- on sectoral output 
in Greece is empirically estimated from data running from to 2010 to 2018,3 with the 
purpose of advancing our understanding on how the country’s multisectoral economy 
functioned until recently, prior to the pandemic (Section 4), and also draw policy les-
sons and conclusions in order to improve decision making regarding Greece’s eco-
nomic development planning (Section 5).

2. The Recent Evolution of Capital and Output in Greece

According to the annual figures of accumulated capital and output (gross value 
added) provided by Eurostat, the statistical service of the European Union, across 
Greece’s 62 sectors of economic activities or groups of economic activities, in the 
course of 2010-18 (see Table I):

3.  	A break in the time series in 2010 hinders the consideration of earlier data. The break was 
dictated by an EU-wide sector-classification switch, which coincides with the time the Greek 
government took its first austerity measures to cope with the 2009 sovereign debt crisis. The 
crisis was followed by a recession (up to 2016) and a weak recovery period interrupted in 2020 
by the coronavirus pandemic. Consequently, the last year for which data on capital existed at 
the time of carrying out the present analysis (2018) is a pre-pandemic year of economic expan-
sion.
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•• Sectors 68 (real estate) and 84 (public administration etc.) featured the most 
capital and output both at the beginning and at the end of the period, while 
each of the other sectors featured considerably less capital and output.

•• The amount of capital decreased in sectors 01, 02, 10-12, 13-15, 16, 17, 18, 20, 
23, 24, 25, 26, 27, 28, 29, 30, 31-32, 33, 41-43, 45, 49, 50, 51, 53, 58, 59-60, 
61, 65, 66, 68, 69-70, 72, 73, 74-75, 77 (rental and leasing activities, which 
featured the largest overall fall in both absolute and percentage terms), 78, 
80-82, 85, 86, 87-88, 90-92, 93, 94, 95, 96; and increased in sectors 03, 05-09, 
19 (manufacture of coke and refined petroleum products, which featured the 
largest overall percentage rise), 21, 35, 36, 37-39, 46, 47, 52, 55-56, 64, 71, 
79, 84 (which featured the largest overall rise in absolute terms); decreased 
for several years and subsequently increased in sector 62-63 (computer pro-
gramming, information service activities etc.); and increased for some years 
and subsequently decreased in sector 22 (manufacture of rubber and plastic 
products). 

•• The gross valued added in the production process decreased in sectors 03, 05-
09, 10-12, 13-15, 16, 18, 19, 20, 22,  23, 24, 25, 27, 28, 29, 31-32, 36, 37-39, 
41-43, 45, 46, 47 (retail trade, which featured the largest overall fall in abso-
lute terms), 49, 50, 53, 58, 59-60, 61, 64, 66, 69-70, 71, 73, 74-75 (other pro-
fessional, scientific, technical activities etc., which featured the largest overall 
percentage fall), 77, 80-82, 84, 85, 86, 87-88, 96; increased in sectors 01, 
02, 17, 21, 26, 30, 51, 52, 55-56 (accommodation, food services etc., which 
featured the largest overall rise in absolute terms), 62-63, 65, 68, 78 (employ-
ment activities, which featured the largest overall percentage rise), 79, 93, 94, 
95; fluctuated and ended up lower in sectors 33 and 72 (repair-installation of 
machinery-equipment, scientific R&D), and higher in sectors 35 and 90-92 
(electricity supply etc., creative activities etc.) as compared to the beginning 
of the period under consideration. (See Appendices 1 and 2.)

3. The Model

Next, following an identifiable strand in the literature (e.g., Miller and Upadhyay, 
2000; Parrotta et al., 2014; Matos and Neves, 2020; and sources sited therein), the 
paper adopts a two-step analysis. Initially, it estimates the impact of the aggregate 
measures of labor (L) and capital (K) on output (Y) at the sectoral level (step 1). 
Then, it estimates the individual effects of the various types of the two inputs on 
the residual of the said output ─the so-called, total- or multi-factor productivity 
(MFP)─ (step 2). This way it can measure the distinct impact of a marginal change 
in the value of each of the many types of capital accumulated in a sector, on the 
sector’s output. 



80	 PRODROMOS PRODROMIDIS, South-Eastern Europe Journal of Economics, Vol 21, 2 (2023) 75-94

More specifically, the first step considers a translog production function 4 in 
which the annual values of sectoral Y during 2010-18 are regressed on: (a) the sec-
toral labor and capital employed (i.e., the L and K employed in the same sector as 
Y), (b) a small number of possible cross-sectoral labor or capital inputs (to consider 
cases of combined or intermediate production, for the sake of completeness), (c) 
time trends, t, and changes in these trends to proxy sectoral MFP changes over time 
(e.g., Tzouvelekas, 2000; van Elk et al., 2019), and (d) a small number of temporal 
dummies, D, to proxy possible sectoral MFP shocks.5 The expression is abbreviated 
as follows:

ln(Yit) = ln(Ai) + ai ln(Lit) + bi ln(Kit) + ci ln
2(Lit) + di ln

2(Kit) + ei ln(Lit)ln(Kit) 
           + fi ti + gi ti

2 + hi Dit + mij ln(Lijt) + n ij ln(Kijt) + uit.                                                      (1)

In order to address concerns usually expressed in cases of forecasts, the expression 
is reformulated in terms of first differences, Δ, from one year to the next:6   

Δ ln(Yit) = Δ ln(Ai) + ai Δ ln(Lit) + bi Δ ln(Kit) + ci Δ ln2(Lit) + di Δ ln2(Kit) 
             + ei Δ ln(Lit) Δ ln(Kit) + fi ti + gi ti

2 + hi Dit + mij Δ ln(Lijt) + nij Δ ln(Kijt) + uit.        (2)

Y is in terms of 2015 prices (i.e., deflated values) in million euro, L is in terms of 
thousand people employed, K stands for the gross fixed capital stock value in terms 
of 2015 prices in million euro, with the labor and capital parameters (coefficients) 
allowed to vary from one sector to another. In addition, A stands for the autonomous 
component of MFP, u stands for the error term, i = 1, 2, …, 62, stands for the sectors 
of economic activity (a relatively large number, vis-a-vis the number considered in 
most analyses),  j stands for any sector the inputs of which may affect other sectors’ 
production (in the present analysis, j=1; see Table II, line 24),7 t = 1, 2, …, 8 or 
9, and stands for the time periods concerned (i.e., the years), while the remaining  

4.  	The transcendental logarithmic (translog) production function is generally thought to be more 
flexible than its Cobb-Douglas and Constant Elasticity of Substitution counterparts (e.g., Heath-
field and Wibe, 1987; Pablo-Romero and Gómez-Calero, 2013; Diewert and Fox, 2019; Gecher 
et al., 2022). Vettas et at. (2022) employ the translog production function in a similar manner to 
estimate MFP trends in fifteen sectors using Greek firm-level data running from 2005 to 2019.   

5.  	Both (b) and (d) are detected from the residuals: the former when a close resemblance of the 
patterns of the residuals with the patterns of the respective inputs is noted (r>90%), the later 
from the most prominent fluctuations of the residuals.           

6.  	Under the new setting, the Levin–Lin–Chu (2002), Harris–Tzavalis (1999), Breitung (2000; 
Breitung and Das 2005), Im–Pesaran–Shin (2003) and Fisher-type (Choi 2001) tests reject the 
hypothesis that all panels contain a unit root. See Appendix 3.

7.  	The case is identified in the manner described in footnote 5, item b.
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lower-case letters (a, b, c, d, e, f, g, h, m, n) stand for the coefficients of the variables 
regressed on Y: i.e., the unknown terms estimated from the variables regressed on 
Y. Three of these coefficients (f, g, h) measure the impact of the time trends and of 
other patterns associated with sectoral MFP developments, while the rest (a, b, c, d, 
e, m, n; but not counting A) are used to calculate the sectoral MFP analyzed in the 
second step. 

2 
 

 

 

Table II: OLS estimates of capital on sectoral production in Greece, 2010-2018 
 

The full expression analyzed is: Δ ln(Yit) = Δ ln(Ai) + ai Δ ln(Lit) + bi Δ ln(Kit) + ci Δ ln2(Lit) + di Δ ln2(Kit)  
                                              + ei Δ ln(Lit) Δ ln(Kit) + fi ti + gi ti2 + hi Dit + mij Δ ln(Lijt) + nij Δ ln(Kijt) + uit.       

 

Explained variable: Δ ln(Yit), Yit = GVA (in million euro, in 2015 prices) 
 

 
 Explanatory variables Coef. Explanatory variables Coef.  Explan. var. Coef. 
       

 Δ ln(Kit), Kit = Capital (in mil. euro, in 2015 prices) 
1 Sect.66 -354.312 Sect.19, 45, 47, 62, 64, 65 -5.627 Sect.20, 35, 

61, 69 
16.131 

2 Sect.30, 95 -158.220 Sect.02, 17, 22, 59, 78 -1.812  
3 Sect.72 -128.552 Sect.16, 21, 28, 41, 58, 90 0.470 Sect.27, 36, 

84, 96 
24.024 

4 Sect.50 -88.007 Sect.10, 24, 26, 46, 49, 86 2.510  
5 Sect.01, 03, 23, 55, 85, 

87 
-44.244 Sect.52, 68, 80 6.083 Sect.31 34.476 

6 Sect.51, 93, 94 -28.435 Sect.73, 77 7.840 Sect.18 89.462 
7 Sect.13, 37, 53 -11.177 Sect.05, 25, 33, 71, 74, 79 9.542 Sect.29 202.145 
 Δ Δ ln(Kit) squared     
8 Sect.36, 50 -10,802.400 Sect.13, 41, 45, 53, 59, 62, 

78 
-102.521 Sect.10, 31, 

47, 96 
336.217 

9 Sect.66 -4,066.417   
10 Sect.01, 72, 95 -2,868.247 Sect.02, 16, 17, 24, 28, 37, 

90 
-47.454 Sect.20, 27, 

35, 68, 86 
553.475 

11 Sect.30, 84, 85 -1,825.281   
12 Sect.23 -1,295.123 Sect.52, 71 -22.600 Sect.19, 46 848.208 
13 Sect.51, 87 -994.110 Sect.22, 49, 77, 80 29.112 Sect.03 1,141.900 
14 Sect.93 -688.571 Sect.25, 73 92.058 Sect.55, 61, 

94 
2,504.232 

15 Sect.05 -286.161 Sect.74 129.743  
16 Sect.21, 58, 65, 79 

 
-173.174 Sect.26, 33, 64, 69 218.090 Sect.18 3,521.800 

17    Sect.29 4,383.673 
 Δ ln(Lit) x Δ ln(Kit)      

18 Sect.30, 64, 95 -244.109  Sect. 03, 05, 13, 17, 22, 24, 
33, 37, 41, 45, 52, 58, 68, 
69, 71, 73, 77, 80, 96  

1.628 Sect.01, 51, 
61 

168.691 
19 Sect.20, 47, 50 -121.328   
20 
21 
22 

Sect.02, 18, 23, 27, 29, 
35, 46, 49, 53, 62, 
79, 84, 85, 87, 93, 
94 

-16.208 
 
 

 Sect.36 392.517 

Sect. 16, 21, 25, 26, 31, 55, 
59, 78 

23.574 
 

Sect.66 1,737.756 

Sect.19 4,223.512 
23   Sect.10, 28, 65, 72, 74, 86, 90 61.972   
 Other impact: Δ ln(Kijt)  

24 Capital in sect.79 on output of sect.35 4.579   
     

Observations: 496.     Regressors-to-observations ratio: 28%.     Model fitness: R2 = 0.9641, adjR2 = 0.9497. 
Ramsey RESET:  Prob > F = 0.1463. 

 

Notes: To save space, in cases of grouped sectors (e.g.,05-09, 10-12, etc., see Table I) only the code of 
the first sector is included. The regression is estimated with robust standard errors to address 
heterogeneity and normality issues. The residual is not correlated with any one regressor (r = 0%). 

   A set of time and labor variables have been included as controls. The recovered P-values are equal to 
0.000 except for the cases of line 3, center (P=0.182) and line 18, center (P= 0.181).  

    P-values help determine whether the relationships observed in a sample, also exist in the larger 
population; however, this analysis is carried out in the population. 

 

Source: Eurostat (NAMA_10_A64_E, NAMA_10_NFA_ST), own calculations.  
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Like the annual figures of sectoral Y, L, K, the annual figures of the various types 
of sectoral K are provided by Eurostat. The nine types of capital comprise dwellings 
(K1), other buildings and structures (K2), transportation equipment (K3), computer 
hardware (K4), telecommunication equipment (K5), other machinery (K6), biologi-
cal resources (K7), research and development (R&D) (K8), computer software and 
databases (K9). 

In the second step the sectoral MFP (i.e., the portion of the production function 
attributed to the sum of the A, t, t2, D and u components) is empirically explained in 
terms of the aforesaid nine types of capital (k=1, 2, …, 9) and six types of labor (l): 8   

Δln(Yit) – [ai Δln(Lit) + bi Δln(Kit) + ci Δln2(Lit) + di Δln2(Kit) + ei Δln(Lit)Δln(Kit) 

+ mij Δln(Lijt) + nij Δln(Kijt)] =  
+ vit 

.           (3)  

On the right-hand side of expression (3), lower-case letters, λ, κ, v, stand, respec-
tively, for the coefficients of the shares of the various types of labor and capital con-
sidered, and for the error term. Existing literature attributes the left-hand difference 
(i.e., MFP growth) to human capital, the adoption and diffusion of information and 
communication technologies, R&D and knowledge spillovers, revolutions, wars, 
crises, shocks, policy changes, and other macroeconomic and institutional factors 
(Ahmed and Bhatti, 2020). 

Expressions (2) and (3) involve (62 sectors x 8 years =) 496 observations. To 
preserve degrees of freedom in the respective econometric analyses, in each analy-
sis explanatory variables with the same or similar coefficients are amalgamated. In 
particular, each component of input (i.e., the first difference, its square or its product) 
is amalgamated separately with another component of input in another sector (the 
first difference, its square or its product, respectively) if and only if their estimated 
impacts (coefficients) are the same or similar in line with testparms carried out in 
STATA 15.9 Thus, both the approximate impact of each input, and a good number of 
degrees of freedom are preserved. 

8.  	The six types of labor relate to workers’ highest formal educational attainment, namely, holding 
(a) a basic or lower-level education qualification, (b) an upper-secondary school diploma, (c) 
a post-secondary school certificate, (d) a technological institute or (e) bachelor’s or (f) post-
graduate degree. Figures are calculated based on data from the Hellenic Statistical Authority’s 
(ELSTAT) Labor Force Survey (LFS) series. In particular, the annual changes in LFS estimates 
of the six types of people employed in each sector are fitted to Eurostat’s annual changes of the 
sectoral labor figures.

9.  The inclusion of the explanatory factors is not questioned. What is discussed is merging re-
gressors recommended by theory in a way that the estimated values of their coefficients are 
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In this way, the regressors-to-observations ratio comes to 28% in the former and 
to 23% in the latter of two analyses, while supplying a relatively detailed sense of 
regressor differences. At the same time, the Ramsey regression equation specification 
error test finds no evidence of functional form misspecification (variable omission) 
at the 1%, 5% and 10% significance levels; model fitness is good (the adj. R2s 
ranges between 95 and 98%); and the residuals of the two expressions (regressions) 
are uncorrelated with each and every regressor employed (r=0%). 

4. Econometric Findings, Further Calculations

The results regarding the effects of capital in expressions (2) and (3) are provided 
in Tables II and III, respectively. With circumstances varying across sectors, coef-
ficients come out ranging from large positive to large negative numbers in Table II. 
As for Table III, the coefficient regarding the capital share of non-dwelling build-
ings and structures in sector 96 (see line 24, last column)10 dwarfs all other coef-
ficients. This brings to light the considerable effect the particular asset (the specific 
form of capital) had on the MFP component of sectoral output during the period 
under examination. Last but not least, the high value of the adj. R2 in the analysis 
carried out in Table III, suggests that the autonomous, the temporal, and the error 
components of sectoral MFP are by and large explained by variations in the composi-
tion of the two inputs (i.e., by variations in the shares of the types of the two inputs), 
presumably reflecting technological shifts. 

Next, based on the findings some additional calculations are performed. In par-
ticular, the impact of a marginal increment  ̶ say, by a thousand euro ̶  on (top of) 
the capital available in 2018, in each sector, is calculated using the results of both 
Tables II and III. This involves: (a) the results of expression (2), associated with 
the aggregate sectoral measure of capital, its square, and two other capital-related 
effects -all based on the K and L figures of 2018- and (b) the corresponding figure 
from expression (3) associated with the particular type of capital (i.e., the thousand 
euro change in the particular type of capital, as if it was the only type of capital that 
changed), which are added up.11 It turns out that the effect obtained from Table II 
dominates the effect obtained in Table III. In other words, the individual marginal 

maintained. Merging (combining) regressors is given some leeway in the literature (e.g., Maj-
Kańska et al., 2015; Quinn and Erb, 2020).

10. Regarding washing and (dry-) cleaning textile and fur products, hairdressing and other beauty 
treatments, funeral and related activities, physical well-being activities, and other personal ser-
vice activities not classified elsewhere.

11. 	For instance, in the case of sector 96 the impact on output of a marginal increase in (non-dwell-
ing) buildings-and-structures (K2) inputs takes into account the results (estimated coefficients) 
supplied in line 24 (last column) of Table III (with the marginal increment being applied to 
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sectoral effects of all types of capital presented in Table III are smaller than (or sub-
ordinate to) the overall marginal sectoral effect estimated in Table II of the opposite 
sign when both are expressed in euro. This suggests that in the setting described in 
the paper, deciding to invest in one sector over another may be more important than 
deciding what the sectoral investment, (i.e., what the increment in the stock of capi-
tal) is to be in: a building, machinery, software, etc.12 See Table IV.

corresponding share), and the results supplied in lines 4 and 9 (last column) and line 20 (central 
column) of Table II.

12. 	This is not to say that the type of the sectoral investment chosen is unimportant or that the dif-
ferences among the coefficients supplied in Table III are trivial.

4 
 

Table IV 
 

The impact of a marginal capital increment (e.g., 1000 euro on top of the capital available in 2018) on                  
sectoral Gross Value Added in Greece, based on the empirical findings of Tables II-III as per the effects of                                      

bi Δln(Ki) + di Δln2(Ki) + ei Δln(Lit)Δln(Kit) + nij Δln(Kijt) + κik Δ(Kik/Ki),  
estimated from data spanning 2010-2018 

 

Sectors K1 K7 K2 K6 K3 K4 K5 K9 K8 
          

84 ─ ─ ─ ─ ─ ─ ─ ─ ─ 

01 o ─ ─ ─ ─ ─ ─ o ─ 
05-09, 13-15, 16, 17, 21, 23, 24, 28, 36, 37-39, 41-43, 51, 
52, 53, 58, 59-60, 62-63, 65, 71, 72, 85, 87-88, 90-92, 95 

o 
 

o 
 

─ 
 

─ 
 

─ 
 

─ 
 

─ 
 

─ 
 

─ 
 

45, 50, 66, 78, 93 o o ─ ─ ─ ─ ─ ─ o 
02 o ─ ─ ─ o o o o o 
30 ο o ─ ─ ο ─ ─ ─ ─ 
03 o o + + + o + o + 
68 + o + + + + + + o 
47, 79, 96 o o + + + + + + o 
26 o o + o + + + + + 
33, 64 o o + + o + + + + 
10-12, 18, 19, 20, 22, 25, 27, 29, 31-32, 35, 46, 49, 55-56, 
61, 69-70, 73, 74-75, 77, 80-82, 86, 94 

o  
  

o   
  

+ 
  

+ 
  

+ 
  

+ 
  

+ 
  

+ 
  

+ 
  

 
 

K1: dwellings, K2: other buildings, structures, K3: transportation equipment, K4: computer hardware, K5: te- 
lecommunication equipment, K6: other machinery, K7: biological resources, K8: R&D, K9: computer soft- 
ware & databases 

 

Key for symbols: “+” positive effect, “−” negative effect, “o” zero value/missing data; hence, unclear effect. 
 

Source: See Tables II and III.  
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Consequently: (a) In 29 of the country’s economic sectors, namely, sectors 03, 10-
12, 18, 19, 20, 22, 25, 26, 27, 29, 31-32, 33, 35, 46, 47, 49, 55-56, 61, 64, 68, 69-70, 
73, 74-75, 77, 79, 80-82, 86, 94, 96, a marginal increment in the types of capital for 
which data is available, would probably have a positive effect on output, especially, 
in sectors 18 (printing etc.) and 20 (manufacture of motor vehicles etc.), where the 
highest positive marginal productivity is expected. These 29 sectors include sectors 
46-47, 61, 64, 68-70, 73-75, 77, 79-82, in which an increased efficiency of certain 
forms of capital was detected by Antonopoulos and Sakellaris (2009) in the 1990s 
and early 2000s (see footnote 1).13 (b) In 32 sectors, namely, sectors 01, 02, 05-06, 
13-15, 16, 17, 21, 23, 24, 28, 30, 36, 37-39, 41-43, 45, 50, 51, 52, 53, 58, 59-60, 
62-63, 65, 66, 71, 72, 78, 85, 87-88, 90-92, 93, 95, the same increment is expected 
to have a negative effect on output, especially, in sectors 30 (manufacture of other 
transport equipment), 66 (activities auxiliary to financial services etc.), and 95 (repair 
of computers etc.), where the highest negative marginal productivity is expected. It 
is not theoretically impossible or factually uncommon for a resource (in this case, 
capital) to have become inefficient or to have been or be employed inefficiently (see 
footnote 2). (c) In sector 84 (public administration etc.) a marginal increment in all 
types of capital is expected to have a negative effect on output. It is conceivable that 
in 2018, the capital accumulated in the sector was (or was about to become) ineffi-
cient. The multitude of sectors operating inefficiently prior to the pandemic perhaps 
ought, to some extent, to be attributed to the causes of the country’s eight-year-long 
economic recession and the turbulence the recession triggered. 

Considered in conjunction with the sectoral marginal products of labor by one 
worker, reported by Prodromidis (2022) (see Table V), these effects suggest that the 
following would have a positive effect on output: a marginal:
•	 reduction in capital and labor in sectors 05-09, 13-15, 21, 23, 28, 30, 37-39, 52, 

53, 59-60, 62-63, 66, 71, 72, and 84;
•	 substitution of capital with any type of labor in sectors 01, 17, 24, 51, 65, 85, 

90-92, 93, and 95; 
•	 substitution of capital with: (a) workers holding post-secondary school qualifica-

tions in sector 02; (b) workers holding upper-secondary school or post-second-
ary school qualifications in sector 36; (c) workers holding basic or lower-level 
education qualification or technological institute qualifications in sector 50; (d) 
workers holding tertiary education level qualifications in sector 58; (e) labor 
members other than workers holding a bachelor’s degree  or postgraduate quali-
fications in sectors 16 and 45; (f) labor members other than workers holding 

13. However, in several sectors a marginal increase in the capital stock of computers (esp., in sec-
tors 25, 50, 94), of communication equipment (esp., in sectors 23, 50, 85), and of software (esp., 
in sectors 37, 87) turn out to be associated with a negative effect. See top left corner of Table III.
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Table V 
 

The impact of marginal increments in capital and labor in 2018 estimated from data spanning 2010-2018 
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    K1: dwellings. K2: other buildings, structures. K3: transportation equipment. K4: computer hardware. K5:  
    telecommunication equipment. K6: other machinery. K7: biological resources. K8: R&D. K9: computer  
    software & databases. 
 

    L0: workers holding a basic or lower-level education qualification. L1: workers with an upper-secondary  
    school diploma. L2: workers with a post-upper-secondary school certificate. L3 workers with a technologi- 
    cal institute qualification. L4 workers with a bachelor’s degree. L5: workers with a postgraduate degree. 
 

    Key for symbols: “+” positive effect, “−” negative effect, “o” zero value/missing data; hence, unclear effect. 
  

 Source: See Table IV and Prodromidis (2022).  
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technological institute or postgraduate qualifications in sectors 41-43; (g) labor 
members other than workers holding postgraduate qualifications in sector 78; 
(h) labor members other than workers holding technological institute qualifica-
tions in sectors 87-88; 

•	 increase in capital and labor in sectors 10-12, 18, 19, 20, 26, 33, 61, 64, 77, 79, 
80-82, and 86;

•	 increase in capital and (a) labor members with upper-secondary school qualifica-
tions in sectors 55-56 and 69-70; (b) labor with post-secondary school qualifica-
tions in sector 25; (c) labor members holding postgraduate degrees in sector 49; 
(d) labor with post-secondary school or technological institute qualifications in 
sectors 29 and 73; (e) labor members with post-upper-secondary school, tech-
nological institute or postgraduate qualifications in sector 96; (f) labor members 
with upper-secondary school, technological institute or postgraduate qualifica-
tions in sector 46; (g) labor members other than workers holding post-secondary 
school or postgraduate qualifications in sectors 31-32; (h) labor members other 
than workers holding post-secondary school qualifications in sector 22; (i) labor 
members other than workers holding postgraduate qualifications in sector 74-75;

•	 increase in K and reduction in L (i.e., substitution of capital with labor) in sec-
tors 03, 27, 35, 47, 68, and 94.

5. Policy Implications - Conclusions

The paper econometrically estimates in two steps the impact of capital on produc-
tion in Greece during 2010-18, across 62 sectors of economic activity. In particular, 
the paper first estimates in each sector the impact that a marginal change on the level 
of capital has on each sector’s gross value added, in a translog production function 
setting. Next, the paper considers a marginal change for each of the various types 
of sectoral capital (buildings, machinery, software, etc.) and estimates the impact 
such a change has on the output-residual of the capital and labor effects obtained 
in the first step (i.e., the sectoral multi-factor productivity). Eventually, the paper 
calculates the collective impact of the marginal change on the amount of each type 
of sectoral capital onto the output figures of 2018 (a relatively recent pre-pandemic 
year of economic expansion). 

Therefore, the paper (i) identifies sectors for which additional analyses may have 
to be carried out to determine the causes of high or low marginal productivity, while 
also discussing related prospects; and (ii) draws people’s attention to sectors that con-
ditions may be ripe for introducing new investments and new production paradigms. 
The paper also finds that: (a) The situation is more complex compared to that in the 
original Solow model. So, in the multisectoral (multi-product) economy of Greece, 
where various types of labor and capital are employed, a marginal capital injection 
may result not only in a trivial or modest or considerable production increase, but, in 
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certain sectors may result in a trivial, modest or considerable production decrease. It 
follows that the features of the new capital added may be crucial for future growth, 
and may have different effects across sectors. (b) The autonomous, the temporal, and 
the error components of expression (1), i.e., of MFP, are explained, to considerable 
extent, by variations in the composition of the two inputs (i.e., by technological 
shifts). (c) The marginal product of capital in a sector is superior to the marginal 
product of each of the nine types of sectoral capital featuring an opposite sign. In 
this respect, deciding to invest in one sector over another is more important than de-
ciding what the investment is to be in: i.e., building, machinery, etc. (d) The increased 
efficiency of certain forms of capital detected in a number of sectors in Greece in the 
1990s and early 2000s is, in a general sense (when looking at the overall impact sup-
plied in Table IV), confirmed in 2018. (e) If capital and other inputs are, by and large, 
expected to contribute to output in the same manner they contributed in the recent 
past (in 2018), it might be better if efforts were made in Greece focusing on: Draw-
ing more investments in sectors where changes to the level of capital are associated 
with positive effects, preferably, where the marginal product of capital (MPC) is 
both positive and high; selling overseas a portion of capital assets from sectors in 
which the MPC is negative (i.e., associated with negative effects on output as per 
Tables II and III, and collectively presented in Table IV):14 In certain cases (the top 
twelve cases of Table V) substituting capital with labor or certain types of labor, 
and in other cases substitute labor with capital, and types of labor with other types 
of labor or capital. Alternatively, decision makers may opt to organize (manage) the 
latter sectors in ways that will enable assets to be used more efficiently compared to 
the recent past, and/or to educate staff, and/or apply new practices, so that assets are 
employed more efficiently, and/or add new assets that are technologically improved, 
more efficient, and easier to use.

By assessing the impact on sectoral output that various types of capital assets 
have (or have until recently had) in Greece, the paper contributes to the discussion 
taking place in the country regarding the prospects of alternative economic devel-
opment courses. Since data comparable to those used in the paper, i.e., concerning 
many sectors and types of capital inputs, are held by a good number of statistical 
institutes around the world, similar analyses and treatments of complexity may be 
performed  for many countries in order to highlight baseline prospects, inform policy, 

14. 	This is not to say to do get rid of the capital employed in a whole sector, but (based on the 
marginal feature of the analysis) to start from selling assets featuring the largest negative co-
efficients in each sector, i.e., start from selling some assets described in the top left corner of 
Table III, then sell some additional assets described lower in first column (moving down the 
first column), and, if necessary, continue by moving down the along the second column.
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and improve aggregate performance. Overall, this paper contributes to the literature 
regarding decision making on investment projects and prospects.

Appendix 1
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