
Institute for Economic Forecasting 
 

 Romanian Journal of Economic Forecasting –XX (3) 2017 166

DECOMPOSING PRODUCTIVITY 

CHANGES – ROMANIA’S COUNTIES 
CASE 1 

Cristina LINCARU2 
Speranţa PÎRCIOG3 

 Abstract 
The Sectoral Pattern of Growth at county level in Romania may be characterised by 
“decomposing output growth per worker within sectoral changes and between sectoral 
changes”. The Job Generation and Growth Decomposition Tool, or JoGGs (Step 3&5) 
(World Bank, 2011 & Guide), is applied to ten economic sectors (NACE Rev.2) in all 42 
counties (NUTS3 level) during the 2010-2013 period. The contribution of each sector, as 
well as of the inter-sectoral employment shifts, to the observed growth in total output per 
worker (real 2010 Euros/worker by county) is treated as lattice data (Anselin, 2002). The 
results are presented in the Chloropleth classification technique univariate maps, by five 
classes calculated with Jenks natural interval classification scheme. The contribution of each 
sector to changes in output per worker linked to employment relocation effects offers an 
image of the manifestation of structural change as a factor behind growth. 
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 1. Introduction 
In the endeavour to exploit the “new geography of jobs in Romania”, this paper presents 
some intermediary results. Under Moretti’s (2012) perspective of positive externalities of 
creative jobs, it provides a spatial labour market analysis. 
Krugman, Venables and Fujita (1999) explain in the New Economic Geography how 
production is heterogeneously distributed over space, reflecting the agglomeration tendency 
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in highly populated locations (countries, regions, and localities), but also the trend of 
increasing income in the same areas of success. Ernst & Berg (2009, p.41) point out that 
employment is essential in “achieving growth with equity”. Komlos (2016, p. 513) makes a 
new insight regarding the need to re-evaluate the importance of concentration and power 
(source of monopoly/oligopoly) from the perspective of perfect markets, considering that 
“any concentration of power is a threat to freedom”. 
Also, in the recent “Creative destruction” essay, Komlos (2017) proves that innovation is one 
important source of inequality, in both agglomeration formation and distribution mechanisms. 
Komlos’s analysis is made on the background that the “contribution of the innovation to 
employment will be small and its impact on GDP growth will likely be modest and 
overestimated insofar as the accounts fail to account accurately for the negative externalities 
caused by the destructive forces of creative destruction” (Komlos, 2017). In this context, he 
warns that “creative destruction has become more destructive recently about its creative 
component”.  
Moretti (2012) proves that some spatial agglomeration allows high return rates of 
investments (capital) if there is a high concentration of creative people. These locations have 
spillover effects and positive externalities with diminishing labour market dysfunctionalities 
at local and regional levels. Pelinescu (2015, p. 189) highlighted “the importance of human 
capital in ensuring economic growth expressed as gross domestic product per capita”. 
An externality is a large indirect effect of “consumption, production, and investment decisions 
of individuals, households, and firms [that] often affect[s] people not directly involved in the 
transactions” (Helbling, 2012). If the affected party is "fully compensated by the others for 
this effect then the market has failed and government intervention is potentially justified”. 
Broadening the framework of economic activities from the sustainability perspective 
demands that, beyond the direct transaction from production and consumption processes, it 
also includes both the positive and the negative externalities of promoting eco-innovation 
(Rennings, 1998 and 2000). Eco-innovation opens new opportunities, mixing creation and 
destruction processes. (OECD, 2011; OECD, 2012). 
The analysis of sectoral structure changes in employment and economic growth at the 
regional level was made by Jula et al. (2013, p. 52), by expanding the Dobrescu model 
(2011). Jula et al. found “that growth causes structural changes in total regional employment 
and for regional activities in manufacturing, real estate activities, wholesale and retail, 
education, mining and quarrying, financial intermediation and insurance, health and social 
assistance, administrative services, and construction”, but they “reject the hypothesis that 
structural changes in regional employment cause regional GDP to grow”. Pelinescu et al. 
(2015c, p.10) look at regional competitiveness as the “aggregate competitiveness of firms 
and derivative of macroeconomic competitiveness”. The profile of economic growth and 
competitiveness at county level is complemented with external competitiveness patterns.  
The partial breakdown of the productivity growth profile has as its main objectives: How is 
growth reflected in the changes in output per worker?  (World Bank, 2011, p. 7) How is 
growth reflected in the sectoral pattern of growth? (World Bank, p.7). This work is a follow-
up to Lincaru (2015, 2016) and Lincaru & Pirciog (2017). 
A limitation of this paper is that it does not answer the question “what are the sources of 
changes in output per worker”. The World Bank methodology considers three different 
sources: i) increases in the capital-labour ratio; ii) increases in Total Factor Productivity 
(TFP); and iii) relocation of jobs between bad jobs sectors (low productivity) to good job 
sectors (high productivity). The relocation of jobs is described as a component of growth in 
output per worker, or as the labour reallocation effect (World Bank, p. 23).  Regarding sector 
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boundaries, we analyse the changes in output per worker within the sector and outside the 
sector, combing steps 3 and 5 of the World Bank methodology.  
Regardless of the sources of change in total output per worker (net of inter-sectoral shifts) 
at the aggregate level, we consider that productivity growth is induced by innovation in both 
dimensions of capital and knowledge, or “productivity-enhancing innovation” Gordon (2016, 
cited from Komlos 2017). As a consequence, following Komlos (2016), we consider that the 
substitution effect of innovation is a negative labour reallocation effect and that the positive 
externality is employment growth in the sector with productivity growth.  
The value (significance) of the study is considered as a better understanding of labour 
market functioning, on the background of spatial heterogeneity of economic growth (at the 
county level). This paper is anchored in the framework of endogenous growth theory and 
sheds light on some essential characteristics of human capital (skills, knowledge value or 
people – Pelinescu, 2015, p.184), social capital, intangible actives (Pelinescu et al., 2015b, 
p. 8) and labour market functioning (intra- and inter-sectoral labour force reallocation, but 
not taking into consideration skills matching quality). The main reason to apply this model is 
to exploit better sample data, which are easily accessible by providing a monitoring process 
of labour market functioning, tracking valuable inputs in education and skill formation, and 
improving its functioning framework (as it is the employment protection legislation, EPL) 
(OECD, 2007, p. 13). 

 2. Data 
The aim of JoGGs World Bank methodology is “to understand how growth is linked to 
changes in employment, output per worker and population structure at the aggregate level 
and by sectors” (World Bank, 2011, p.4), (Ajakaiye, 2015). The Romanian counties’ growth 
profile for the 2010-2013 period, given by the changes in aggregate output per worker, is 
based on Steps 3 and 5 of the JoGGs. Step 3 focuses on decomposing output growth per 
worker within sectoral changes and between sectoral changes, and Step 5 focuses on the 
“understanding of the role of inter-sectoral employment shifts”. The “Decomposition Tool – 
JoGGs” is applied for the first time in Romania to ten economic sectors (NACE Rev.2) in all 
42 counties (NUTS3 level) during the 2010-2013 period. The contribution of each sector, as 
well as of inter-sectoral employment shifts, to the observed growth in total output per worker 
(real 2010 Euros/worker by county) are treated as lattice data (Anselin, 2002). The results 
are presented in the Chloropleth classification technique univariate maps, made in Arc GIS 
Desktop, by five classes calculated with Jenks natural interval classification scheme. 
The JoGGs county results are treated as spatially vectorised variables using Arc GIS 9.3. In 
this approach, the counties have both dimensions: geographical and administrative as well 
as attribute data - the socio-economic indicators used in JoGGs (input, output and the result 
ones). 
The geographical dimension is also an administrative dimension. The ESRI 2014 generated 
polygons used in spatial vectorising of the data are the administrative boundaries described 
by SIRUTA – Information System of the Register of the Territorial-Administrative Units 
managed by the National Institute of Statistics (NIS). The county level is codified at level 1 
in (SIRUTA), which is equivalent to level 3 in the EU NUTS framework. The county is the 
main territorial-administrative unit, which is both organisationally and functionally relevant in 
the socio-economic and statistical systems, as it is a multidimensional integrator. By law, the 
“county is an administrative-territorial unit composed of municipalities, towns, and 
communes as the core unit of administrative-territorial organisation of the country, 
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conditional on the geographical, economic and social-political, ethnic, cultural and traditional 
ties to the population.”  
The socio-economic dimension represented by the attribute data is linked in space. Attribute 
data are structured with reference to the JoGGs model as input level characteristics, intensity 
level characteristics, data and output data resulting from the model. 
Y - Gross Value Added (GVA): source Eurostat [nama_10r_3gva], deflated at 2010 real 

prices. Y is used by 10 NACE Rev 2. sectors in 2010 (Y2010) and 2013 (Y2013) and 
rY1013 is the growth rate of GVA (%) during the 2010-2013 period; 

N - Total population: National Institute of Statistics (NIS) TEMPO data (POP107A - 
Population by Domicile on 1 January), the total population for 2010 and 2013 (N2010, 
N2013) and rN1013 is the growth rate during the 2010-2013 period; 

A - The working age population: NIS TEMPO data (FOM101A – Work Resources), the total 
working age population 15-64 years old in 2010 and 2013 (A2010, A2013) and rA1013 
is the growth rate during the 2010-2013 period; 

E - The employed population: NIS TEMPO data (FOM103D - employed civilian population), 
employment for 2010 and 2013 (E2010, E2013) and rE1013 is employment growth rate 
(%) during the 2010-2013 period; 

Four input intensity characteristics : 
Y/N = y, GVA/capita as a proxy for income per capita, calculated for 2010 and 2013 

(Y/N2010, Y/N2013) and rY/N1013 is the growth rate of income per capita (%) 
during the 2010-2013 period; 

Y/E=ω, productivity as output per worker (GVA/worker), calculated for 2010 and 2013 
(Y/E2010, Y/E 2013) and rY/E1013 is the growth rate of productivity (%) during 
the 2010-2013 period; 

E/A = e, employment rate, calculated for 2010 and 2013 (E/A2010, E/A 2013) and rE/A1013 
is the growth rate of employment (%) during the 2010-2013 period; 

A/N=a, the share of the labour force in total population as the activity rate, calculated for 
2010 and 2013 (A/N2010, A/N2013, and rA/N1013) is the growth rate of active 
population (%) during the 2010-2013 period.   

 3. Model  
The spatial analysis was conducted with the "Choropleth map" technique by the classification 
scheme with "Jenks” natural intervals of Arc Gis software 10.2.3. The ESDA Choropleth 
maps with polychrome progression fall within the broad family of Exploratory Spatial Data 
Analysis. The Choropleth maps are next to percentile, boxing, cartogram, and hinge basic 
tools that provide a synthetic image by data geo-visualization. (Anselin, 2005, p.78). This 
classification scheme is manually applied to five classes (minimum number of classes, 
impact to provide a central class). The map attributes input data are the results of the JoGGs 
model for each county. These results are per capita normalised per county, equivalent to 
rate smoothing. Natural breaks (Jenks) is an optimised classification scheme, with five 
intervals manually established using an iterative procedure that divides values into classes 
that minimises within-group variability and maximises between-group variability, in an 
attempt to create the most homogenous classes that are possible with the dataset (Slocum 
et al., 2009). The result of this method is the visualisation of spatially vectorized statistical 
quantitative socio-economic information. Thus, considering all constraints and advertising 
forms theory, the maps are comparable. 
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 The output per worker breakdown into changes in output per worker within sectors 
and movements of labour between sectors 

In Step 3 of the JoGGs methodology using the Shapley approach, the changes in aggregate 
output per worker can be decomposed into changes in output per worker within sectors (also 
known as the “within” component) and movements of labour between sectors (also referred 
to as the “between” component). (JoGGs, p.19). 

 
௒ೕாೕ = ∑ ௒೔ೕா೔ೕ ா೔ೕாೕଵ଴௜ୀଵ 		 (1)	

where: Yij = total Gross Added Value; j = County, from 1 to  42; i = sector of economic activity 
from 1 to 10; Ei  -  employment in sector  i. 
Equation (1) basically denotes that the “output per worker is the weighted sum of output per 
worker in all sectors, where the weights are simply the employment shares of each sector” 
(JoGGs, p.19, detailed at p.39): 

 ௝߱ = ∑ ߱௜௝ݏ௜௝௦௜ୀଵ 	 (2)	
where: Y/E=ω output per worker or the total productivity; s=Ei/E the share of sector i in total 
employment.  
The logic of this approach is based on the “intuition” that “increases in output per worker 
within a sector will increase the average output per worker. How large the effect is will 
depend on the size of each sector (i.e., its share in total employment). On the other hand, 
the relocation of workers across sectors of different productivity levels can increase the 
average output per worker if the final relocation implies that a larger share of workers 
becomes employed in higher productivity sectors.” (JoGGs, p.19). 	 Δωj	=ΔωBj	+Δωwj	 (3)	
Where applying Shapley approach : 

Δω - changes in aggregate output per worker or productivity; (real prices, 2010 
Euro/worker); 
∆ωB - the change in output per worker due to inter-sectoral employment changes (i.e. 
net movements of workers between sectors); (real prices, 2010 Euro/worker);  
∆ωw  - the change in output per worker due to changes in output per worker in sector i; 
it corresponds to total changes in output per worker net of relocation effects, which is 
also referred to as the ‘within component’ (real 2010 prices, Euro/worker). 

 

Considering that "once we can trace the growth in output per worker back to its within and 
between components, we can then calculate the amount of growth in total output per capita 
that can be linked to changes in output per worker in sector i, and to inter-sectoral relocation 
of labor by combining the contribution of each of these components to changes in output per 
worker with the contribution of changes in output per worker to total per capita growth 
(obtained in step 1). As before, the contribution of changes in output per worker within a 
sector can be interpreted as the total per capita growth consistent with a counterfactual 
scenario, in which all the others (employment rate, demographics, and output per worker in 
the remaining sectors) remained unchanged and the only change was the observed change 
in output per worker in sector i. The contribution of the intersectoral shift component can be 
interpreted as a counterfactual scenario in which the employment rate, the demographic 
structure of the population and output per worker in each sector remained unchanged, and 
labour reallocated across sectors as observed.” (World Bank JoGGs, p.19) 
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 Estimating the role of inter-sectoral employment shift  

Step 5 of the JoGGs methodology analyses the role of inter-sectoral employment shifts. The 
productivity breakdown into within and between sectors is linked with the magnitude of 
employment shifts between sectors, offering an image of the structural change linked with 
productivity positive and negative externalities: this is “an important factor behind growth.” 
(World Bank JoGGs p.42) The structural change is the “movement of labour force shares 
from low productivity sectors to high productivity sectors” (World Bank JoGGs p.42), where 
“changes in the share of employment in the different sectors help to explain the overall 
contribution of inter-sectoral shifts to output per worker”. The JoGGs methodology uses the 
following interpretation: “Thus if sector i has productivity below the average productivity and 
increases its share, si, its contribution will be positive; that is, outflows from this low 
productivity sector have contributed to the increase in output per worker. If, on the other 
hand, the sector reveals an increase in its share, the inflows into this low productivity sector 
will decrease output per worker and, thus, will have a negative effect on the inter-sectoral 
shift term” (World Bank JoGGs p.42). 
In the context of reference to productivity driven by innovation and its externalities (positive 
or negative over the employment), we propose the following “understanding” of the results: 
In sectors with positive externalities of worker outflows on productivity that have contributed 
to the increase in output per worker: 

 If there is a positive change in the share of employment in sectors with higher 
productivity than the average (at county level), there are increasing inflows in 
sectors with higher productivity levels. In this situation, there is a visible and positive 
externality on the labour force (the Moretti case). Also, this case indicates the 
presence of productivity driven by innovation, with positive externalities in the 
sector; 

 If there are negative changes in the share of employment in sectors with productivity 
lower than the average productivity (here at county level), there are increasing 
outflows from sectors with lower productivity levels (the substitution effect – 
Komlos). Also, this case indicates the presence of productivity driven by innovation, 
with negative externalities in the sector. 

In sectors with negative externalities of workers flow on productivity that has contributed to 
the decrease in output per worker: 

 If there is a positive change in the share of employment in sectors with productivity 
lower than average (at county level), there are increasing inflows in sectors with 
lower productivity levels. In this situation, there is a visible and positive externality 
on the labour force, but it is not sustainable. This case indicates the absence of 
productivity driven by innovation in the sector. 

 If there are negative changes in the share of employment with productivity higher 
than average (at county level), there are increasing outflows from sectors with 
higher productivity levels.  Here, the substitution effect is present (Komlos). Also, 
this case indicates the presence of productivity driven by innovation, with negative 
externalities in the sector. 
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4. Results4  
The productivity breakdown into within and between sectors components is linked to the 
magnitude of employment shift between sectors at county level, and offers some 
homogenous and other heterogeneous aspects that are relevant for the good functioning of 
the labour market.  
Homogenous aspects are visible in the input data in 2013 for the A, R-U, G-I and O-Q 
sectors. Agriculture (A) with all the counties, Professionals and Arts (R-U) with 41 counties, 
Commerce (G-I) with 38 counties, and Public Administration (O-Q) with 34 counties are the 
sectors with average levels of productivity below the national average of 13.94 thousand 
2010 Euros/worker, real prices. These sectors are eligible for productivity enhancement 
applied at national scale. 
Changes in aggregate output per worker, or the changes in total productivity, were spatially 
heterogeneous during the 2010-2013 period. We registered positive changes in aggregate 
output per worker in 26 counties and negative changes in 16 counties. The highest positive 
productivity changes were in Constanta and Prahova, with values above 3460 Euros/worker, 
2010 real prices, followed by Ilfov, Cluj and Bucharest, with important positive levels of 
changes in aggregate productivity (over 1000 real 2010 Euros/worker). The highest negative 
changes of productivity were registered in Arges and Giurgiu counties, which experienced 
levels below -1645 Euros/worker, 2010 real prices. The counties clustered into a regional 
development pattern by North-East, East, and North, and Bucharest-Ilfov recorded 
productivity gains, while the counties in the West and Central regions experienced a 
decrease. 
The aggregate within-sector productivity changes registered positive values in 20 counties 
and negative values in 22 counties (Figure 11). The highest negative aggregate within-sector 
productivity changes were registered in Giurgiu, Argeș, Alba, Mehedinți, Călărași and Bacău, 
with a level below -1000 real 2010 Euros/worker. The highest positive aggregate within-
sector productivity changes were registered in Constanta, Prahova, Ilfov, Tulcea, Buzau, 
Bucuresti and Vaslui, with a level over 1100 real 2010 Euros/worker. 
The within-sector productivity changes (see Annex 1) by sector contribution were: 

Independent by space - with low variations across counties in: 
- The sectors O-Q and R-U do not register variations of the within productivity 
changes. The minimum level was relatively close to the maximum level (- 92 real 
2010 Euros/worker; 152 real 2010 Euros/worker) (Figure 9 and Figure 10); 

Dependent on space  
a. With relatively low variance 

- The F and J sectors registered the same tendency of decreasing within-
productivity changes. The minimum level was relatively high (negative), and the 
maximum level was very low (- 1392 real 2010 Euros/worker; 136 real 2010 
Euros/worker) (Figure 3 and Figure 5); 
- The K, M-N and A sectors saw the same tendency of increasind within-productivity 
changes. The minimum level was relatively low (negative), and the maximum level 
was high (-236 real 2010 Euros/worker; 1529 real 2010 Euros/worker) (Figure 6, 
Figure 8 and Figure 1); 

                                                           
4 All figures are available as Supplementary Annex on http://www.rjef.ro. 
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b. With relatively high variance 
- The B-E, and L and G-I sectors showed the tendency of varying within-productivity 
changes. They revealed high amplitude, as both the minimum and the maximum 
levels were high (-2244 real 2010 Euros/worker; 2577 real 2010 Euros/worker) 
(Figure 2, Figure 7 and Figure 4). This result could be explained by looking at the 
“Guevara-Rosero conclusion” (2017, p.75), which states that the effect of trade on 
the spatial concentration of a population depends upon the characteristics of 
regions” (i.e., depends on the dimensions of the home market, location advantages, 
the degree of access to international trade, historical disadvantages, etc.) This 
approach needs to be revisited in a future study. 

The aggregate between-sectors productivity changes registered positive values in 32 
counties and negative values in 10 counties (Figure 11). The highest negative aggregate 
between-sector productivity changes were registered in Tulcea and Bistrita-Nasăud, with a 
level below -1000 real 2010 Euros/worker. The highest positive aggregate between-sector 
productivity changes were registered in Călărași, Alba and Mehedinți, with a level over 1100 
real 2010 Euros/worker. 
The between-sector productivity changes (see Annex 1) by sector contribution were: 

Independent of space - with low variations across counties in: 
- The K, R-U, O-Q, G-I, F, B-E and M-N sectors, which did not register important 
variations in the between-sectors productivity changes. The minimum level was 
relatively close to the maximum level (- 117 real 2010 Euros/worker; 138 real 2010 
Euros/worker) (Figure 6, Figure 10, Figure  9, Figure 4, Figure 3, Figure 2 and Figure 
8); 

c. Dependent on space – with relatively high variance in: 
- The A and J sectors, with the tendency of increasing between-sectors productivity 
changes. The minimum level was relatively low (negative), and the maximum level 
was high (-43 real 2010 Euros/worker; 720 real 2010 Euros/worker) (Figure 1 and 
Figure 5); 
- The L sector, with the tendency of variation of between-sectors productivity 
changes. It has revealed high amplitude, both the minimum and the maximum 
levelsweare high (-1119 real 2010 Euros/worker; 1356 real 2010 Euros/worker) 
(Figure 7); 

 

Looking at the average values for the period 2010-2013, the changes in aggregate output 
per worker (Δω) are mostly explained by the change in output per worker due to sectoral 
changes (∆ωw). The linear regression model indicates that if the output per worker in the 
sector increases by 1 Euro per worker (in 2010 real prices), then the aggregate output per 
worker increases by 0.819 real 2010 Euros per worker. Also, the coefficient of determination 
is high, indicating that 83% of the variability between the two variables is accounted for. The 
changes in aggregate output per worker have no relation with the net movements of workers 
between sectors (∆ωB). If ∆ωB increases, there is a visible tendency of decreasing changes 
in total productivity. This general result is consistent with Isaksson’s finding that for countries 
with economies in transition, “the within effect dominates, but as expected, its contribution is 
smaller than that in industrialised countries” (Isaksson, 2010, p.9). 
Pushed by technological progress, change, and knowledge, a sector needs to use and 
exploit specific skills. It should invest in training and new skills creation as a source of 
increasing human capital and, implicitly, increasing productivity within the sector.  This 
process is dynamic and continuous. Next, the main process of increasing the within-sector 
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productivity demands adjusting for the optimum balance of demand through the movement 
of labour force between sectors.  
Locations with sectors with productivity driven by innovation 
Sectors with positive externalities of worker outflows on productivity that have contributed to 
the increase in output per worker: 

With the positive change in the share of employment in sectors with productivity higher 
than average, increasing inflows in sectors with higher productivity levels will have 
positive externalities on the labour force, indicating the presence of productivity driven 
by innovation, with positive externalities in the sector: 

- In the M-N sectors in 34 counties (Alba, Arad, Arges, Bacau, Bihor, Botosani, 
Braila, Buzau, Calarasi, Caras-Severin, Cluj, Dâmbovita, Dolj, Galati, Giurgiu, 
Harghita, Hunedoara, Ialomita, Iasi, Ilfov, Mehedinti, Mures, Neamt Olt, Prahova, 
Sibiu, Suceava, Teleorman, Timis, Tulcea, Vaslui, Vrancea, Salaj, Bucuresti; see 
Figure 8); 
- In the J sector in 9 counties (Bihor, Cluj, Dâmbovita, Sibiu, Suceava, Teleorman, 
Vaslui, Vrancea, Satu Mare; see Figure 5); 
- In the L sector in 9 counties (Bacau, Braila, Caras-Severin, Dâmbovita, Iasi, 
Neamt, Prahova, Timis, Constanta; see Figure 7); 
- In the B-E sectors in 7 counties (Bistrita-Nasaud, Brasov, Buzau, Calarasi, 
Prahova, Suceava, Satu-Mare; see Figure 2); 
- In the R-U sectors in 3 counties (Giurgiu, Ilfov, Salaj; see Figure 10); 
- In the F sector in one county, Galati; see Figure 3; 
- In the G-I sectors in one county, Neamt; see Figure 4; 
- In the K sector in one county, Ilfov; see Figure 6. 

This model (1,1,1,1)5 is characterised by the sectoral level of average productivity over the 
average productivity level of the county. It presents a tendency for positive structural 
changes, in the sense of increasing the contribution of the sector in the GVA of the economy. 
This process is based on increasing productivity and the share of employment in the sector, 
while labour force reallocation within the sector is observed from the lower productivity 
towards higher productivity jobs, a process accompanied by positive income change. In this 
case, the productivity is innovation-driven and is accompanied by at least two positive 
externalities: job creation and increase in income. This structural change is positive and 
sustainable. 

In sectors6  with productivity that is lower than the average, increasing within-sector 
productivity with positive change in the share of employment increasing inflows in 
sectors with higher productivity level will have positive externalities on labour force via 

                                                           
5 Digit (Tw01) – 1 if the productivity of the sector is higher than the average productivity of the 

county, else 0; Digit 2 (dww) – 1 if the within productivity of the sector is increasing, else 0; Digit 
3 (dwB) – 1 if the positive reallocation of the labour force from lower productivity sectors toward 
higher productivity sectors also indicates the presence of positive income externalities; Digit 4 
(AdsiB) - 1 if positive structural change given by increasing the share of employment in the 
sector tendency 

6 . 
TAw01 dww dwB dsiB

0 1 0 1



 Decomposing productivity changes – Romania’s counties case 

Romanian Journal of Economic Forecasting – XX (3) 2017 175

job creation, indicating the presence of productivity driven by innovation, with partial 
positive externalities in the sector. Meanwhile, income is not increasing: 

- in the G-I sectors in 32 counties (Arad, Arges, Bacau, Botosani, Braila, Buzau, 
 Cluj, Covasna, Dâmbovita, Dolj, Galati, Harghita, Hunedoara, Ialomita, Iasi, Ilfov, 
Mehedinti, Mures, Olt, Prahova, Sibiu, Suceava, Timis, Tulcea, Vâlcea, Vaslui, 
Vrancea, Salaj,  Satu Mare, Bucuresti, Constanta, Maramures; see Figure 4); 
- in the M-N sectors in 3 counties (Brasov, Gorj, Constanta; see Figure 8); 
- in the A sector in 2 counties (Braila, Bucuresti; see Figure 1); 
- in the R-U sectors in one county (Hunedoara; see Figure 10);  

Negative changes in the share of employment and productivity lower than the average 
and increasing outflows from sectors with lower productivity levels indicate the 
presence of productivity driven by innovation, with negative externalities in the sector: 

- In the A sector in 30 counties (Alba, Arad, Arges, Bacau, Bihor, Botosani, Brasov, 
Buzau, Calarasi, Covasna, Dâmbovita, Dolj, Giurgiu, Gorj, Hunedoara, Ialomita, 
Iasi, Ilfov, Neamt, Olt, Prahova, Sibiu, Suceava, Teleorman, Tulcea, Vâlcea, Vaslui, 
Vrancea, Salaj, Satu Mare; see Figure 1).; 
- In G-I sectors in one county, Brasov; see Figure 4; 
- In O-Q sectors in 5 counties (Arad, Brasov, Cluj, Timis, Constanta; see Figure 9); 

This model (0,1,1,0) is characterised by a level of average productivity in the sector below 
the average productivity level of the county. It reveals a tendency toward positive structural 
change, in the sense of releasing the labour force (decreasing the employment share of the 
sector in total employment) and reallocating labour towards sectors with higher productivity 
and, thus, with higher income. The positive structural change reflects a positive externality 
effect on income. 
Locations with sectors without productivity-driven by innovation: 
Sectors with negative externalities of worker productivity flows that have contributed to the 
decrease in output per worker: 

Sectors7 with productivity higher than the county average have a positive change in the 
share of employment in the sector and increasing inflows in sectors accompanied by 
increasing income but are not correlated with increasing productivity. This process has 
the effect of decreasing the within-productivity of the sector. This case, on the 
background of a decreasing within-sector productivity level, indicates the absence of 
productivity driven by innovation in the sector: 

- in the J sector in 23 counties (Arad, Arges, Bacau, Bistrita-Nasaud, Botosani, 
Braila, Brasov, Buzau, Calarasi, Caras-Severin, Covasna, Dolj, Galati, Ialomita, Iasi, 
Ilfov, Mures, Neamt, Tulcea, Vâlcea, Salaj, Bucuresti, Maramures; see Figure 5);  
- in the F sector in 22 counties (Alba, Bacau, Bihor, Bistrita-Nasaud, Botosani, 
Braila, Buzau, Calarasi, Covasna, Giurgiu, Harghita, Hunedoara, Ialomita, 
Mehedinti, Neamt, Suceava, Teleorman, Vaslui, Vrancea, Salaj, Satu Mare, 
Maramures; see Figure 3); 
- in the R-U sectors in 19 counties (Bacau, Bihor, Botosani, Buzau, Calarasi, 
Covasna, Dâmbovita, Dolj, Galati, Harghita, Iasi, Mehedinti, Mures, Olt, Vâlcea, 
Vaslui, Vrancea, Satu Mare, Maramures; see Figure 10); 
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- in  the L sector in 18 counties (Alba, Botosani, Brasov, Calarasi, Cluj, Dolj, Galati, 
Gorj, Harghita, Hunedoara, Mehedinti, Mures, Olt, Sibiu, Suceava, Teleorman, 
Vrancea, Maramures; see Figure 7); 
- in the B-E sectors in 15 counties (Alba, Arad, Arges, Bihor, Botosani, Dolj, Giurgiu, 
Neamt, Olt, Sibiu, Teleorman, Timis, Vrancea, Salaj, Maramures; see Figure 2); 
- in the G-I sectors in 5 counties (Calarasi, Caras-Severin, Giurgiu, Gorj, Teleorman; 
see Figure 4);   
- in the M-N sectors in 3 counties (Bistrita-Nasaud, Satu Mare, Maramures; see 
Figure 8);  

• Sectors8 with productivity higher than the average county productivity show decreases in 
the within-productivity of the sector, with negative labour force reallocation from sectors with 
higher productivity to sectors with lower productivity and associated decreasing income. The 
sector share of employment in total employment is decreasing, a fact that indicates a 
negative structural change in the context of the absence of productivity driven by innovation.  

- in the F sector in 16 counties (Arad, Arges, Brasov, Caras-Severin, Cluj, 
Dâmbovita, Dolj, Iasi, Ilfov, Mures, Olt, Prahova, Sibiu, Tulcea, Vâlcea, Constanta; 
see Figure 3); 
- in the B-E sectors 15 in counties (Bacau, Braila, Caras-Severin, Covasna, 
Dâmbovita, Galati, Gorj, Harghita, Hunedoara, Ialomita, Iasi, Mehedinti, Tulcea, 
Vaslui, and Bucuresti; see Figure 2); 
- in the O-Q sectors in 15 counties (Alba, Bacau, Buzau, Caras-Severin, Covasna, 
Dolj, Galati, Giurgiu, Ialomita, Mehedinti, Mures, Teleorman, Tulcea, Vâlcea, Satu 
Mare;  see Figure 9); 
- in the J sector in 4 counties (Alba, Mehedinti, Prahova, Timis; see Figure 5); 
- in the R-U sectors in 4 counties (Cluj, Neamt, Suceava, Teleorman; see Figure 
10); 
- in the L sector in 3 counties (Giurgiu, Ialomita, Bucuresti; see Figure 7); 
 -in the K sector in one county (Bistrita-Nasaud; see Figure 6);  

Sectors with negative externalities of worker flows on productivity in the absence of 
productivity driven innovation in the sector:  

Sectors9 with productivity higher than the county average have increasing within-sector 
productivity, but negative changes in the share of employment in the sector, releasing 
labour force and decreasing the share of employment in the sector in total employment. 
The labour force reallocation is done from higher productivity sectors towards lower 
productivity sectors, a process accompanied by decreasing income. This process has 
the effect of increasing productivity in the sector but is based on releasing labour, which 
indicates the absence of productivity driven by innovation in the sector. 

- in the K sector in 40 counties (Alba, Arad, Arges, Bacau, Bihor, Botosani, Braila, 
Brasov, Buzau, Calarasi, Caras-Severin, Cluj, Covasna, Dâmbovita, Dolj, Galati, 
Giurgiu, Gorj, Harghita, Hunedoara, Ialomita, Iasi, Mehedinti, Mures, Neamt, Olt, 
Prahova, Sibiu, Suceava, Teleorman, Timis, Tulcea, Vâlcea, Vaslui, Vrancea, Salaj, 
Satu, Mare, Bucuresti, Constanta, Maramures;  see Figure 6); 
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- in the O-Q sectors, in 16 counties (Bihor, Bistrita-Nasaud, Botosani, Braila, 
Calarasi, Dâmbovita, Harghita, Hunedoara, Iasi, Neamt, Olt, Suceava, Vaslui, 
Vrancea, Salaj, Maramures;  see Figure 9); 
-in the L sector in 12 counties (Arad, Arges, Bihor, Bistrita-Nasaud, Buzau, 
Covasna, Ilfov, Tulcea, Vâlcea, Vaslui, Salaj, Satu Mare; see Figure 7); 
- in the B-E sectors in 5 counties (Cluj, Ilfov, Mures, Vâlcea, Constanta; see Figure 
2); 
- in the J sector in 4 counties (Giurgiu, Harghita, Hunedoara, Olt; see Figure 5); 
- in the M-N sectors in 2 counties (Covasna, Vâlcea; see Figure 8); 
- in the R-U sectors in one county (Bistrita-Nasaud; see Figure 10);  

Sectors10 that have productivity lower than the county average show decreasing within-
sector productivity with positive changes in the share of employment in the sector. Labour 
force inflows increase the share of employment in the sector in total employment. The 
labour force reallocation is done from lower productivity sectors towards lower 
productivity sectors, a process accompanied by decreasing income. This process has 
the effect of decreasing productivity in the sector and is accentuated by increasing labour 
inputs, indicating again the absence of productivity driven by innovation in the sector 

- in the G-I sectors, in 3 counties (Alba, Bihor, Bistrita-Nasaud; see Figure 4); 
- in the A sector, in one county (Caras-Severin; see Figure 4); 
- in F and J sectors in Gorj county; see Figures 3 and 5)  

Sectors11  that have productivity lower than the county average show decreasing within-
sector productivity and negative changes in the share of employment in the sector. The 
share of employment in the sector is decreasing in terms of total employment. The labour 
force reallocation is done from low productivity sectors towards lower productivity 
sectors, but the process is accompanied by increasing income. This process has the 
effect of decreasing productivity in the sector and is accompanied by releasing labour 
and increasing income, indicating the absence of productivity driven by innovation in the 
sector. 

- In the A sector, in 9 counties (Bistrita-Nasaud, Cluj, Galati, Harghita,
 Mehedinti, Mures, Timis, Constanta, Maramures; see Figure 1); 
- In the O-Q sectors, in 6 counties (Arges, Gorj, Ilfov, Prahova, Sibiu, Bucuresti; see 
Figure 9); 
- In the R-U sectors, in 4 counties (Arad, Brasov, Ialomita, Bucuresti; see Figure 
10); 
- In the F sector, in 2 counties (Timis, Bucuresti; see Figure 3); 

 5. Discussion  
Aghion et al. (2009, p.12) select four growth paradigms: the Neoclassical Growth Model, the 
AK Model, the Product-Variety Model and the Schumpeterian Model (creative destruction). 
Growth accounting was measured under the standard neo-classical equilibrium concept. 
The evolutionary economists (e.g., Dosi, 1988; Nelson and Winter, 1982; Nelson, 1981) 
point out that “equilibrium concepts may be the wrong tools to approach the measurement 
of productivity change, because if there truly were equilibrium, there would be no incentive 
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to search, research and innovate, and there would be no productivity growth” (OECD, p. 
120). Griliches (1997) links productivity growth with investment in human capital, noting that 
“accounting is not explaining the underlying causes of growth”. Nelson and Winter (1974) 
consider the Schumpeterian alternative to neoclassical theory, specifically with the elements 
of evolutionary growth theory. 
The limits of this model are many, as it treats sectors equally regardless of their type (OECD, 
2001); considers a closed system as its unit of analysis (county); and excludes entry/exit 
to/from the system (labour market entry for young people in their first job, exits from the 
national labour market through retirement or external migration/mobility for work). Another 
limit is the absence of productivity sources (TFP and capital investment) as a profile subject 
of Step 5 of the JoGGs analysis. The link between productivity and innovation is indirect 
(based on logic exclusion), with reference to within- and between-sector labour force 
reallocation, but without regard for the level of scope (local, regional, national, global, etc.).  
• The paper contributes to the literature by changing the logical criteria to whether or not 
productivity is driven by innovation (0 or 1, yes or no) at the county level. When the presence 
of innovation is indirectly identified, some positive or negative socio-economic externalities 
may be noticed. 
Also, this approach is more speculative regarding productivity breakdown and its link to the 
presence of innovation. The JoGGs methodology is relatively simple, with available data: it 
is an instrument that is capable of monitoring the growth profile. It is composed of issues 
characterising the “quality of innovation” from the presence of externalities (here, only social 
– employment/job creation, income level, reallocation effects, structural changes). The 
within-sector productivity dynamics is linked to the within- and between-sectors labour force 
reallocation, with direct implications on the share of sector employment in total employment 
as a reflection of structural change. This logic is integrative, also considering the level of 
productivity with reference to the average productivity of the county. If the full puzzle of the 
JoGGs methodology is put together, the growth profile links with the quality of life output.  
• The spatial scale of analysis is relevant to the sector type.  
- The aggregate within-sector productivity changes are space independent in O-Q and R-U 
sectors and highly space dependent in the B-E, l and G-I sectors. Within-sector productivity 
could be managed by policies at national level for independent sectors, and regional policies 
could be developed for spatially dependent sectors. 
- The aggregate between-sector productivity changes are space independent in the K, R-U, 
O-Q, G-I, F, B-E and M-N sectors and space dependent for the J and L sectors. The ease 
of labour force reallocation independent of space reflects occupational mobility, on one side, 
with reflected high specialisation, on the other side.  
Identifying locations at NUTS level 3 is only part of the broader analysis initiated in this study. 
More accurate locations and active economic activities are positive externalities to be 
explored by modelling microdata provided by the INS and census data for the years 2002, 
2011. 
- Productivity is a dynamic process that must be managed carefully, looking for optimum 
trade-offs. While productivity increases by 80% from within, productivity increases that result 
in new skills formation (CEDEFOP, 2009, 2010, 2010b) are tremendously important. In 
accelerating the process of labour force reallocation between sectors, there is a high risk of 
overburning resources and decreasing total productivity. On the other hand, the lack of 
competition and the “calcification” of obsolete technological processes blocked by labour 
market rigidities also have consequences on decreasing productivity. 
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We propose the following guidelines: 
• Sectors driven by innovation are the motors/engines of a modern economy and are 
present in space-dependent sectors. The spatial multiscale (global, national, regional and 
local) integrated analysis of productivity qualities is the key issue to view when to correlate 
investment policy with human capital investment, which includes skills and new skills 
formation as inputs for innovation, in addition to capital. This paper does not analyze the 
sources of increasing productivity, but this point should receive special attention (including 
TFP) (see Caliendo et al. 2016). In connection with the endogenous growth model, “venture 
capital plays a significant role in the country’s economic growth” (Zhang et al., 2013, p.115). 
Another limitation of our model is its closed system character. The need for human capital 
policy prioritisation is concluded in this study in accordance with Pelinescu et al. (2015b), as 
it is the “essential factor of competitiveness in a knowledge society” (Pelinescu, 2016, p.1). 
She proved that “human capital is the main driver of development and economic growth”. 
Pelinescu et al. (2014, p. 16.) conclude that “human capital strongly influences the innovation 
level of society knowledge as well as their efficiency”. But these polices have to avoid the 
emergent countries trap, or “low return levels of investing in human capital”, mainly due to 
the migration from emergent economies to developed economies. The functionality of 
innovation as the engine of the modern economy stresses the need for an adequate wage 
policy able to “restore the wage-productivity correlations destroyed during the period of 
transition” (Pelinescu et al. 2011, p.99). 
• Also, as this is the case of Romania, boosting productivity, especially increasing 
manufacturing productivity levels, helps to avoid the middle-income trap (OECD, 2014) and 
certain poverty risks (Ylmaz, 2015). Next to increasing supportive productivity policies, 
especially in the economic engines sectors, the positive structural changes must be 
improved. Romania should experience further stimulation and acceleration of between-
sectors labour force reallocation, increasing “the labour flows from low-productivity activities 
to high-productivity activities” (McMillan et al., p.78). 
• From the endogenous growth perspective, this kind of analysis is relevant for local and 
regional strategies consolidation, for both specialisation (Xiao et al., 2016) and increasing 
the regional resilience. 
• Adjusting JoGG’s instrument to extend the analysis to environment externalities in addition 
to socio-economic externalities accelerates the transition towards eco-innovation.  
• In the case of Romania, it is important to focus on possible scenarios of agricultural growth 
patterns and complementary growth in manufacturing and services (Watcher, 2001). At this 
moment, our results indicate spatial heterogeneity regarding employment and labour 
productivity patterns. There is plenty of space to study evolution and substitution effects at 
the sectoral level. 
• Productivity analysis, by its content typologies including the “driven by innovation” 
dimension, is highly important due to its large spectrum of implications and consequences. 
The sustainable development perspective with sustainable growth (Europe 2020, 2010) 
requests internalisation of the negative externalities (economic, social and environmental) 
(Com 2011, Com 2014, Com 2015, Com 2016). In the context of the knowledge economy, 
human capital is the driving factor of sustainable growth (Timmer et al., 2007).  
The spatial heterogeneities among the same sector are explained by the distribution of 
“intellectual capital”, which is more present in urban agglomerations. The “economic growth 
in developing countries displays a stronger relationship with intellectual capital” (Lopez Ruiz 
et al., 2016, p.102), more specifically with the human factor more so than with R&D&I. The 
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R&D&I are more important intangible factors in the developed countries. Human capital “is 
the component that opens the diverging gap between local development locations” 
(especially cities) (Lopez Ruiz et al., 2014, p.72, also in line with Moretti, 2012). 
Human capital is expensive and volatile and requires integration of large sets of costs: 
formation, education, allocation and reallocation, employment, and protection. All of these 
processes are space dependent to a greater or lesser degree, fixed or mobile, but always 
working in a regulated world – the labour market. 

 6. Conclusion  
Spatial integration of JoGGs methodology (enforcement Shapley decomposition) at NUTS 3 
level provides a useful tool in monitoring the functioning of labour markets in a volatile 
environment. Analysis of annual changes in productivity also reflects substitution effect 
speeds. This approach allow an integrated spatial management of innovation including some 
hints regarding its positive and negative externalities. 
These models outlines heterogeneous aspects in the quality of economic growth, with 
important reflex in the functioning of labour markets. Not the least, allow a scan at the 
territorial level of resilient potential analysis on the Sustainable Development path. 
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