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Abstract 
We analyse new industry-level data to re-examine the UK productivity puzzle. We 
carry out an accounting exercise that allows us to distinguish general 
macroeconomic patterns from sector trends and idiosyncrasies, providing a roadmap 
for anyone interested in explaining the puzzle. We focus on the UK market sector. 
Average annual labour productivity growth was 2.5 percentage points lower during 
the period 2011-2015 than in the decade before the financial crisis that began in 
2007. We find that several years on from the financial crisis stagnation remains 
widespread across detailed industry divisions, pointing to economy-wide 
explanations for the puzzle. With some exceptions, labour productivity growth lost 
most momentum in those industries that experienced strong growth before the crisis. 
Three fifths of the gap is accounted for by a few industries that together account for 
less than one fifth of market sector value added. In terms of why we observe 
continued stagnation, we find that capital shallowing has become increasingly 
important in explaining the labour productivity growth gap in service sectors, as the 
buoyancy of the UK labour market has not been sufficiently matched by investment, 
although our figures suggest that the majority of the productivity gap is accounted for 
by a TFP gap. The collapse in labour productivity growth has been more pronounced 
in the UK than elsewhere, but the broad sector patterns of productivity stagnation are 
in many respects similar across other advanced economies, emphasising the 
importance of global explanations for the puzzle. UK industries that saw the biggest 
reductions in productivity growth tended to be internationally competitive and more 
dependent on global demand than other industries. They were also industries where 
productivity is difficult to measure.   
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Glossary of Terms 
 

Capital services  The weighted sum of the growth in capital stocks for a 

number of assets types, where the weights are 

estimates of the asset’s rental prices. 

Growth accounting  A method to decompose output growth into growth of 

inputs and productivity growth. 

Labour composition  The computation of a labour quality index captures 

changes in the proportion of the workforce with 

certain productivity-enhancing characteristics, such as 

skills and age. 

Labour productivity  The amount (or value) of output produced per unit of 

labour input. 

Total factor productivity  The part of output growth that cannot be accounted 

for by growth in the factors of production (capital and 

labour). 

Törnqvist price or quantity index  Weighted sum of the growth rates of the various 

components, where the weights are the component's 

shares in total value (Törnqvist index is a discrete 

approximation to a Divisia index and values are 

calculated over two consecutive periods). 

Double deflation  A method where real gross value added is measured 

subtracting intermediate consumption at constant 

prices from output at constant prices. 
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1. Introduction 

In the decade leading up to the 2007-2009 financial crisis, the UK economy experienced 

strong labour productivity growth, significantly narrowing the long-standing productivity 

gap between the UK and other major leading economies. As is well-known, during the 

financial crisis and recession that ensued, UK labour productivity growth disappeared and 

has remained stubbornly low ever since. Sluggish labour productivity growth in the decade 

since the financial crisis has been a feature of many other advanced economies, and may 

reflect a trend that pre-dated the crisis (Bergeaud, Cette and Lecat, 2016), but the collapse 

in labour productivity growth rates has been particularly pronounced in the UK. The UK 

experience of the last decade, characterised by a combination of low productivity growth 

and high employment is known as the ‘UK productivity puzzle’.  

The UK productivity puzzle, and indeed productivity stagnation elsewhere, continues to be a 

topic of much debate and research1 and remains a key policy concern2, not least because 

productivity growth is fundamental to wage growth and in raising living standards. This 

paper contributes to the evidence base by providing a detailed sectoral map of productivity 

developments that underlie the UK productivity puzzle. We distinguish between parts of the 

economy conforming to or driving aggregate patterns in productivity and competitiveness, 

and parts that behave differently. This accounting exercise offers a background picture 

against which potential causes of the puzzle can be considered, providing clues to the 

relevance of competing explanations. Importantly, in distilling common patterns and 

idiosyncrasies across industries, this paper also provides a guide for further in-depth 

investigation of performance drivers and constraints in particular industries.  

We focus on developments in the UK market sector3 and in particular on the post-recession 

period of productivity growth stagnation from 2011 to 2015. Average annual labour 

productivity growth in the UK market sector was 2.5 percentage points lower during the 

period 2011-2015 than in the decade before the financial crisis that began in 2007. First, we 

ask where in the economy this productivity growth stagnation is located. Using new industry 

level labour productivity series developed by the Office for National Statistics4 we examine 

productivity patterns across 59 market sector industries and 15 broader industry sections5 

to account for this labour productivity growth gap. Second, we ask what has driven labour 

productivity weakness in different industries. To this end we construct measures of capital 

                                                           
1
 See for example, Pessoa and Van Reenen (2014), Barnett et al. (2014), Riley, Rosazza-Bondibene and Young 

(2015), Goodridge, Haskel and Wallis (2016), Oulton (2018), Remes et al. (2018). 
2
 As evidenced by numerous speeches by UK central bankers (McCafferty, 2014; Weale, 2015; Haldane, 2017; 

Tenreyro, 2018) and policy papers, of which most recently the Industrial Strategy White Paper (November 
2017).  
3
 As discussed in more detail below, in this paper we consider industries outside public services and real estate, 

which account for a little over two thirds of UK output. 
4
 Kirchherr (2018). 

5
 In related studies, Goodridge, Haskel and Wallis (2016) examine developments in broad industry sectors to 

better understand UK productivity stagnation during the financial crisis and recession. Tenreyro (2018) 
examines productivity developments in broad sectors in the period thereafter.  
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services, labour composition and total factor productivity (TFP) by industry and use standard 

growth accounting techniques to examine the sources of growth across industries. Third, we 

ask how the UK experience compares with that elsewhere. Using internationally comparable 

data6  we consider the UK productivity growth slowdown in the context of that in the US 

and the EU. Last, we note some additional patterns that emerge from the sectoral 

composition of the puzzle when contrasted with international trade metrics and in light of 

economic measurement issues. Our main findings are: 

1. Several years on from the financial crisis the stagnation of UK labour productivity 

remains widespread across detailed industry groups, pointing to the importance of 

macroeconomic or economy-wide explanations for the puzzle. During the immediate 

financial crisis and recession years 2008 to 2010, labour productivity weakness was 

pervasive across UK industries, as might be expected. Since then real output growth 

has resumed in many industries, but hours worked have risen faster than before the 

crisis in three quarters of the 59 industries we consider. As a result, compared with 

the pre-crisis period, labour productivity growth remains relatively weak over the 

period 2011 to 2015 in two thirds of these industries.  

2. Some industries contribute more to the UK labour productivity growth gap than 

others. With some exceptions, labour productivity growth tends to have lost most 

momentum in those industries that experienced strong growth before the crisis. 

Three fifths of the gap is accounted for by a few industries that together account for 

less than one fifth of market sector value added: telecommunications, finance, 

mining and quarrying, electricity and gas, pharmaceuticals and computer 

programming. Looking at more aggregated industry groupings the manufacturing, 

information and communication, and finance sectors account for 80 per cent of the 

gap and 35 per cent of market sector value added.  

3. The re-allocation of jobs and relative price movements towards less rather than 

more productive industries does not explain the puzzle in the sub-set of the 

economy that we consider.  

4. Capital shallowing7 has become increasingly important in explaining the labour 

productivity growth gap, although the majority of the productivity gap remains a TFP 

gap8. During the financial crisis and recession years of 2008 to 2010, weak capital 

investment led to capital shallowing and a fall in labour productivity growth in the 

production industries although, much as in services, TFP accounted for most of the 

fall. More recently, the buoyancy of the UK labour market has not been sufficiently 

matched by investment. As such, over the period 2011 to 2015, capital shallowing 

has also contributed to productivity weakness in high skilled services sectors. 

                                                           
6
 EU KLEMS Growth and Productivity Accounts: Statistical Module, ESA 2010 and ISIC Rev. 4 industry 

classification, September 2017. 
7
 I.e. a reduction in the amount of capital services used per hour.   

8
 We emphasise the sensitivity of TFP estimates to the many assumptions necessary in deriving these. 
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5. Industry patterns across countries point to global explanations of the puzzle. By and 

large, those industry sections in which labour productivity growth fell most post-

crisis and that account for most of the UK puzzle tend to account for most of the 

stagnation in labour productivity growth in the US and the EU-15 over the same 

period. 

6. The depth of the UK puzzle compared with other advanced economies is not easily 

explained by differences in industry structure across countries. Aggregating the 

growth performance of UK industries using the sector composition of the US or the 

EU-15 does not materially affect the UK growth gap. Rather, the sizable collapse in 

UK labour productivity growth arises because, more often than not, within the same 

industry sections, the slowdown of UK productivity growth is greater than that 

elsewhere. One of the reasons for this is that during the decade before the crisis, UK 

labour productivity growth was relatively high and UK value added per person or per 

hour was converging towards the higher levels observed in similarly advanced 

economies. 

7. UK industries that saw the biggest reductions in productivity growth tended to be 

internationally competitive and more dependent on global demand than other 

industries; e.g. finance and pharmaceuticals. This pattern points to two potential 

contributing factors to the productivity puzzle: global demand weakness and the 

possibility that the scope for catch-up to the technology frontier has become lower 

in these sectors.  

8. Finally, it is difficult not to notice that the UK productivity growth puzzle is 

concentrated in sectors where productivity is difficult to measure, like information 

and communication and finance. While quantification is a separate exercise, these 

patterns suggest that measurement issues should not be dismissed as part of an 

explanation of the puzzle.   

The paper is structured as follows: section 2 illustrates some well-known trends in aggregate 

UK labour productivity; sections 3 and 4 then decompose the aggregate UK labour 

productivity gap across detailed and broad sectors; section 5 considers the sources of 

growth across industries; section 6 places the UK puzzle in an international context; section 

7 draws out further regularities from the sectoral analysis; section 8 provides some 

concluding remarks.  
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2. Aggregate Trends 

We start with outlining the aggregate trends that we wish to explain. Table 2.1 shows 

average annual growth in UK nominal output9 alongside a measure of inflation, the annual 

change in the output deflator. The difference between these two growth rates equals the 

growth rate in real output, typically used as a headline measure of economic growth. In the 

decade or so before the financial crisis the UK economy was thus expanding at an average 

real rate of 2.8 per cent per annum. The total number of hours worked every year in the UK 

was rising at an average rate of 0.7 per cent per annum over the same period, the 

implication being that output per hour, a standard measure of labour productivity, rose by 

an average of 2.1 per cent per year. The rate of labour productivity growth decelerated in 

the run up to the financial crisis from 2.4 per cent per year on average from 1999 to 2002 to 

1.9 per cent per year on average from 2003 to 2007, as output growth remained relatively 

constant while growth in hours worked accelerated from 0.5 to 0.9 per cent per year.   

As is well known, UK growth performance after the financial crisis looked very different to 

the period before. During the years 2008 to 2010, output in current prices rose by an 

average of 0.9 per cent per year in contrast with the 5 per cent per year in the decade 

before. Prices continued to rise at roughly the same rate as they did prior to the financial 

crisis, which meant that on average from 2008 to 2010 the UK economy shrank by 0.9 per 

cent per year (Table 2.1). As the economy dwindled, the unemployment rate increased from 

5.3 per cent in 2007 to 7.9 per cent in 2010, and the average hours worked per person 

employed fell so that total hours worked per year in the UK was falling by 0.6 per cent per 

year on average from 2008 to 2010. Because output was reducing faster than hours worked, 

labour productivity declined by 0.3 per cent per year on average over this period.  

After the recession years of 2008 and 2009 UK economic growth resumed, albeit at a more 

modest rate than before. On average over the six years from 2011 to 2016 the UK economy 

expanded by 2.1 per cent per annum.  At the same time the labour market recovered. The 

headline unemployment rate fell from a peak of 8.1 per cent in 2011 to 4.9 per cent in 2016 

and average hours worked per person rose back to pre-recession levels. Combined with an 

expanding labour force this meant that the total numbers of hours worked in the UK rose at 

the relatively rapid rate of 1.6 per cent per annum on average from 2011 to 2016. The 

corollary to these patterns was that UK labour productivity growth remained weak even as 

output growth picked up and the economy pulled out of recession. On average, over the 

period 2011 to 2016, UK labour productivity rose by a meagre 0.4 per cent per annum. 

Benchmarking this performance against the decade before the financial crisis this amounts 

to a labour productivity growth shortfall of 1.7 percentage points per annum, accounted for 

by relatively modest output growth and relatively strong growth in hours worked (Table 

2.1). It is this ‘flat-lining’ of labour productivity in the decade after the financial crisis, 

illustrated in Figure 2.1 by the dashed line, which is referred to as the UK productivity puzzle.  
                                                           
9
 Throughout this paper, output refers to Gross Value Added (GVA), i.e. gross output less the consumption of 

intermediate goods and services used in the production process.  
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Table 2.1  Output, hours worked and labour productivity: 

Average annual growth rates (per cent), UK economy, 1999-2016. 

                        

  Before the financial crisis   After the financial crisis   Change from 1999-2007 

  
    (per cent per annum) 
    

     (per cent per annum) 
    

(% points) 
  

  1999- 2003- 1999- 
 

2008- 2011- 2008- 
 

2008- 2011- 2008- 

  2002 2007 2007 
 

2010 2016 2016 
 

2010 2016 2016 

                        

Output (current prices) 4.5 5.4 5.0   0.9 3.5 2.6   -4.1 -1.6 -2.4 

Deflator (implicit) 1.6 2.6 2.1   1.9 1.4 1.5   -0.3 -0.8 -0.6 
                        

Output (volume index) 2.9 2.8 2.8   -0.9 2.1 1.1   -3.7 -0.7 -1.7 

Total hours worked 0.5 0.9 0.7   -0.6 1.6 0.9   -1.3 0.9 0.2 

                        

Labour productivity 2.4 1.9 2.1   -0.3 0.4 0.2   -2.4 -1.7 -1.9 
                        

Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  
Notes: Output refers to Gross Value Added. Labour productivity refers to output per hour worked. Activities of households and extra 

territorial organisations (Sections TU) excluded.  

 

Figure 2.1  Output, hours worked and labour productivity: 

2007 = 100, UK economy, 1998-2015. 

 

Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  
Notes: Output refers to Gross Value Added. Labour productivity refers to output per hour worked. Activities of households and extra 

territorial organisations (Sections TU) excluded.  
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The patterns outlined for the UK economy as a whole in Table 2.1 and Figure 2.1 mask 

significant differences across segments of the UK economy, shown in Table 2.2. There, in the 

first panel, we show labour productivity and growth patterns across broad industry groups 

over the period 1999 to 2007 before the financial crisis. During this time the average hour 

worked in the UK yielded £29.70, i.e. labour productivity was £29.70 per hour (measured in 

2015 prices). However, an hour worked in the financial sector or in capital intensive 

industries, such as utilities, oil and gas as well as construction yielded more; £53.90 and 

£35.70, respectively. And an hour worked in relatively low-skilled sectors, such as wholesale 

and retail as well as other services yielded less; £20.30 and £19.50, respectively.10  

While the UK economy expanded at an average rate of 2.8 per cent per annum over this 

period, high skilled service sectors, such as financial and insurance and information and 

communication (ICT), professional and scientific services, were growing much faster at 5 and 

7 per cent per annum, respectively. In contrast, manufacturing output rose by only 0.3 per 

cent every year, continuing the late 1980s and 1990s trend of relative industrial decline.  

These three broad sectors underpinned UK productivity growth before the financial crisis. In 

the high skilled service sectors, strong output growth was associated with annual labour 

productivity increases of around 4.5 per cent. Annual labour productivity increases in 

manufacturing were at least as high, as largely stagnant output levels were accompanied by 

significant job losses in this sector.  

In the second panel of Table 2.2 we show labour productivity and growth patterns in these 

broad industry groups after the financial crisis. The last panel then shows the difference in 

growth rates after the financial crisis compared to before. There it is evident that annual 

output growth was weaker in all broad segments of the economy in the eight years after the 

crisis compared to the years before. The largest declines in growth rates were observed in 

precisely those sectors that expanded rapidly during the late 1990s and early 2000s. The 

annual growth rate of output in the financial sector dropped by 6.5 percentage points.  

Labour productivity growth on average between 2008 and 2015 was unremarkable in all the 

eight industry groups shown, and in some industry groups labour productivity levels were 

falling. With the exception of real estate, average annual labour productivity growth was 

weaker in all broad industry groups after the financial crisis compared to before. 

Benchmarking the generally lacklustre rate of productivity growth after the crisis against the 

pre-crisis period, the productivity growth shortfall is most apparent in the three broad 

industry groups where labour productivity had been rising quickly from 1999 to 2007. 

Calculated in this way, the whole economy labour productivity growth shortfall was 2 

percentage points per annum between 2008 and 2015. In ICT, professional and scientific 

services the labour productivity growth shortfall was twice that at 4 percentage points. In 

manufacturing and in financial and insurance industries the growth shortfall was greater 

still. 

                                                           
10

 Output per hour in real estate is distorted by the inclusion of imputed rents in this sector. As discussed 
below the real estate sector is excluded from the rest of the analysis in this paper.  
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Table 2.2  Output, hours worked and labour productivity: 

By broad industry group, UK, 1999-2015. 

                
Industry Group  Output  Labour 

 
Output Output Total Labour 

  share productivity 
 

(current (volume hours productivity 

  
   

prices) index) worked 
   

         (per cent) (£/hour at 
 

(per cent change per annum) 

  
 

2015 prices) 
                     

  Average 1999 - 2007 

Primary, Utilities and Construction 11.4 35.7   6.6 1.0 0.7 0.4 

Manufacturing 12.4 28.4   -0.3 0.3 -4.2 4.8 

Wholesale and retail 11.5 20.3   4.2 2.3 0.0 2.3 

Financial and insurance 6.4 53.9   10.0 5.0 0.6 4.4 

Real estate* 13.9 339.8   3.6 2.7 6.1 -3.0 

ICT, Professional and scientific 12.4 27.3   6.6 7.0 2.4 4.5 

Public services 17.6 26.2   6.8 2.1 2.1 0.0 

Other services 14.4 19.5   5.3 3.5 1.9 1.5 
                

Whole economy 100.0 29.7   5.0 2.8 0.7 2.1 
                
  Average 2008 - 2015 

Primary, Utilities and Construction 11.0 31.7   1.0 -0.7 0.1 -0.8 

Manufacturing 10.0 34.8   2.6 -0.6 -1.2 0.5 

Wholesale and retail 10.9 22.4   2.3 1.2 0.4 0.8 

Financial and insurance 7.8 62.2   -0.1 -1.5 -0.3 -1.2 

Real estate* 13.2 285.0   3.6 2.1 2.3 -0.1 

ICT, Professional and scientific 13.1 32.2   3.5 2.6 2.2 0.5 

Public services 19.1 25.5   2.4 1.0 1.3 -0.3 

Other services 15.0 20.7   3.9 1.7 1.3 0.4 
                

Whole economy 100.0 31.7   2.5 0.9 0.8 0.1 
                
  Difference 2008 - 2015 from 1999 - 2007 

Primary, Utilities and Construction       -5.5 -1.7 -0.6 -1.2 

Manufacturing       2.9 -1.0 3.0 -4.2 

Wholesale and retail       -1.9 -1.1 0.4 -1.5 

Financial and insurance       -10.1 -6.5 -0.9 -5.6 

Real estate*       0.1 -0.7 -3.8 2.9 

ICT, Professional and scientific       -3.1 -4.4 -0.2 -4.0 

Public services       -4.4 -1.0 -0.8 -0.3 

Other services       -1.4 -1.7 -0.6 -1.1 
                

Whole economy       -2.5 -1.9 0.1 -2.0 
 
Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  
Notes: Output refers to Gross Value Added. Labour productivity refers to output per hour worked. Primary, Utilities and Construction 

(Sections A: Agriculture, forestry and fishing, B: Mining and quarrying, D: Electricity, gas, steam and air conditioning, E: Water supply, 

sewerage and waste, F: Construction), Manufacturing (Section C), Wholesale and retail (Section G), Financial and insurance (Section K), 

Real estate (Section L), ICT, Professional and scientific (Sections J: Information and communication, M: Professional, scientific and 

technical), Public services (O: Public administration and defence, P: Education, Q: Human health and social work), Other services (H: 

Transportation and storage, I: Accommodation and food service, N: Administrative and support service, R: Arts, entertainment and 

recreation, S: Other service activities). Activities of households and extra territorial organisations (Sections TU) excluded. Output of the 

real estate sector largely comprises imputed rents.   
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Figure 2.2  Output shares by broad industry group: UK 1998-2015. 

 

Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  
Notes: Output refers to Gross Value Added. See notes to Table 2.2 for a description of broad industry groups. 
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depends on both the dynamism of each industry and the relative size of the industry. Thus, 

a fast growing small industry may add the same to overall output and productivity growth as 

a slow growing large industry. The way in which individual sectors contribute to UK 

economic growth also depends on how the relative size of these sectors changes over time. 

With the exception of financial and insurance services, manufacturing as a whole exhibits a 

higher level of labour productivity than the services sector (Table 2.2). As illustrated in 

Figure 2.2 the manufacturing sector had been shrinking relative to the rest of the economy 

in the years before the financial crisis. This movement of jobs out of manufacturing would 

have been a drag on UK productivity growth, because it involved jobs moving out of a 

relatively productive sector and into (on average) less productive sectors. Since 2007 the 

relative decline of manufacturing has come to an end. This paper also explores the 

implications of changes in industrial structure for UK productivity.  
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In what follows we focus on developments in the UK market sector. We exclude real estate 

from our definition of the market sector, alongside the government sector. 11  The focus on 

the market sector in productivity analysis is not unusual. 12  Table 2.3 illustrates trends to 

2015 in the market sector as we define it. The patterns illustrated for the UK market sector 

as we define it are very similar to those illustrated for the whole UK economy in Table 2.1 

and discussed above. Labour productivity growth in the market sector averaged 2.8 per cent 

per annum 1999-2007, which is higher than for the economy as a whole, and disappeared 

after the financial crisis. Thus, the market sector productivity shortfall is greater than that 

for the UK economy in its entirety.  

 

Table 2.3  Output, hours worked and labour productivity: 

Average annual growth rates (per cent), UK market sector, 

1999-2015. 

                        

  Before the financial crisis   After the financial crisis   Change from 1999-2007 

                        

  1999- 2003- 1999- 
 

2008- 2011- 2008- 
 

2008- 2011- 2008- 

  2002 2007 2007 
 

2010 2015 2015 
 

2010 2015 2015 

                        

Output (current prices) 4.1 5.5 4.9   0.5 3.5 2.4   -4.4 -1.4 -2.5 

Deflator (implicit) 1.1 2.3 1.8   2.5 1.2 1.7   0.7 -0.6 -0.1 
                        

Output (volume index) 2.9 3.1 3.0   -2.0 2.3 0.7   -5.0 -0.8 -2.3 

Total hours worked 0.0 0.4 0.2   -1.5 1.9 0.7   -1.7 1.7 0.4 
                        

Labour productivity 2.9 2.6 2.8   -0.5 0.3 0.0   -3.3 -2.5 -2.8 
                        

Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  
Notes: Output refers to Gross Value Added. Labour productivity refers to output per hour worked. The definition here of the UK market 

sector is the whole economy less SIC07 sections L, O, P, Q, T and U (see notes to Table 2.2 for a description of these sections). 

   

 

 

                                                           
11

 Output in the real estate sector includes actual and imputed rents from owner occupied dwellings. Owner 
occupied dwellings are typically not regarded as productive capital and hence we exclude the output of this 
sector.  
12

 The growth accounting methodologies that we use in this paper are less appropriate outside the market 
economy. Therefore we exclude industries O: Public administration and defence, P: Education, and Q: Human 
health and social work. This is not the official definition of  the public sector as some education and health 
providers are within the market sector, and some firms outside these industry groups are in the public sector, 
but this definition is nonetheless often used.  
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3. Accounting for the UK Productivity Puzzle: A Sectoral Perspective  

More formally we define the market sector labour productivity growth shortfall or gap as: 

(1)     ∆�̅�𝑝𝑜𝑠𝑡 ≡ �̅�𝑡∈𝑝𝑜𝑠𝑡 − �̅�𝑡∈𝑝𝑟𝑒  ,     

where 𝑔𝑡 ≡ (𝜋𝑡 − 𝜋𝑡−1)/𝜋𝑡−1  is the relative change in market sector labour productivity 

(𝜋) between year t and year t-1 and where the overbar denotes the period arithmetic mean 

(pre- or post- financial crisis). In what follows the pre- financial crisis years t are always 

covering the time period 1999 to 2007. We look at two post- financial crisis periods: 2008 to 

2010, the immediate years after the financial crisis including the recession years; and 2011 

to 2015, when output growth had resumed, but labour productivity growth remained weak. 

We want to examine individual industry contributions to the market sector labour 

productivity growth shortfall described in equation (1). To do this we use the decomposition 

of aggregate productivity growth proposed in Tang and Wang (2004). 13  Labour productivity 

(𝜋) equals the ratio of real output (𝑌) to total hours worked (𝐿). Real output equals nominal 

output (𝑄) deflated by a price index or deflator (𝑃) so that labour productivity can be 

expressed in terms of nominal output as  𝜋 = 𝑄 𝑃⁄

𝐿
. Nominal output in the market sector is 

the sum of nominal output in the individual market sector industries 𝑖, i.e. 𝑄𝑡 = ∑ 𝑄𝑖𝑡𝑖 . We 

can then express market sector labour productivity as the sum of industry labour 

productivities (𝜋𝑖) weighted by their relative size (𝑠𝑖), i.e. 𝜋 = ∑ 𝑠𝑖𝜋𝑖𝑖 , where the relative 

size of an industry equals its employment share (𝐿𝑖
𝐿

) adjusted for relative prices (𝑃𝑖
𝑃

), i.e. 

𝑠𝑖 =
𝑃𝑖
𝑃

𝐿𝑖
𝐿

.  Market sector labour productivity growth in year t can then be expressed as the 

sum of two terms, a within industry effect and a between industry effect, as in equation (2):  

(2)    𝑔𝑡 = ∑ 𝑄𝑖𝑡−1
𝑄𝑡−1

𝑔𝑖𝑡𝑖⏟      
𝑤𝑖𝑡ℎ𝑖𝑛 𝑒𝑓𝑓𝑒𝑐𝑡

+ ∑ (1 + 𝑔𝑖𝑡)
𝜋𝑖𝑡−1
𝜋𝑡−1

(𝑠𝑖𝑡 − 𝑠𝑖𝑡−1)𝑖⏟                  
𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑒𝑓𝑓𝑒𝑐𝑡

 . 

The within industry effect captures the effect of labour productivity growth in individual 

industries on aggregate market sector labour productivity growth. It equals the sum of 

labour productivity growth rates in individual industries (𝑔𝑖𝑡) weighted by their lagged share 

in market sector nominal output (𝑄𝑖𝑡−1
𝑄𝑡−1

). Thus, labour productivity growth rates in larger 

industries have a bigger impact on aggregate labour productivity growth than the same in 

smaller industries.  

The between industry effect measures the effect of changes in the relative size of each 

industry (𝑠𝑖𝑡 − 𝑠𝑖𝑡−1) on aggregate labour productivity growth. This effect for any single 

industry is always negative if the industry is shrinking, and always positive if the industry is 
                                                           
13

 This is the decomposition of aggregate labour productivity growth into industry growth contributions used 
by the UK Office for National Statistics.   
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expanding. As expressed in equation (2), the effect on aggregate labour productivity growth 

of a change in the relative size of an industry is proportional to its relative productivity 

(𝜋𝑖𝑡−1
𝜋𝑡−1

). In other words, if a high productivity industry loses “market share” to a low 

productivity industry, the overall between effect will be to reduce aggregate productivity. A 

positive between effect suggests that overall resources are being shifted towards the most 

productive sectors, while a negative between effect is indicative of some degree of re-

allocation towards less productive uses, resulting in a drag on overall productivity growth. 

The within and between effects in equation (2) are computed for each industry 𝑖. Denote 

the contribution of labour productivity growth in industry 𝑖 to aggregate market sector 

labour productivity growth in equation (2)  𝑔𝑖𝑡
𝑤𝑖𝑡ℎ𝑖𝑛 , i.e. 𝑔𝑖𝑡

𝑤𝑖𝑡ℎ𝑖𝑛 = 𝑄𝑖𝑡−1
𝑄𝑡−1

𝑔𝑖𝑡 , and the 

contribution of the change in the size of industry 𝑖 to aggregate market sector labour 

productivity growth  𝑔𝑖𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛, i.e. 𝑔𝑖𝑡

𝑏𝑒𝑡𝑤𝑒𝑒𝑛 = (1 + 𝑔𝑖𝑡)
𝜋𝑖𝑡−1
𝜋𝑡−1

(𝑠𝑖𝑡 − 𝑠𝑖𝑡−1). Then, using the 

decomposition of aggregate productivity growth in equation (2), the arithmetic average of 

annual labour productivity growth rates in the market sector in any period 𝑝 (�̅�𝑡∈𝑝) can be 

written as the sum across industries of the average annual contribution of labour 

productivity growth in industry 𝑖 to aggregate market sector labour productivity growth 

(∑ �̅�𝑖,𝑡∈𝑝
𝑤𝑖𝑡ℎ𝑖𝑛

𝑖 ) plus the sum across industries of the average annual contribution of the change 

in the size of industry 𝑖  to aggregate market sector labour productivity growth  

(∑ �̅�𝑖,𝑡∈𝑝
𝑏𝑒𝑡𝑤𝑒𝑒𝑛

𝑖 ):  

(3)    �̅�𝑡∈𝑝 = ∑ �̅�𝑖,𝑡∈𝑝
𝑤𝑖𝑡ℎ𝑖𝑛

𝑖 + ∑ �̅�𝑖,𝑡∈𝑝
𝑏𝑒𝑡𝑤𝑒𝑒𝑛

𝑖 .  

We can then write the market sector labour productivity growth shortfall in equation (1) in 

terms of the contributions from the growth shortfall within each individual industry 

(∆�̅�𝑖,𝑝𝑜𝑠𝑡
𝑤𝑖𝑡ℎ𝑖𝑛) and the overall effect of structural change on the aggregate labour productivity 

gap (∑ ∆�̅�𝑖,𝑝𝑜𝑠𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛

𝑖 ):   

(4)    ∆�̅�𝑝𝑜𝑠𝑡 = ∑ ∆�̅�𝑖,𝑝𝑜𝑠𝑡
𝑤𝑖𝑡ℎ𝑖𝑛

𝑖 + ∑ ∆�̅�𝑖,𝑝𝑜𝑠𝑡
𝑏𝑒𝑡𝑤𝑒𝑒𝑛

𝑖 . 

In the rest of this section we consider the effect of the growth shortfall within individual 

industries on the aggregate labour productivity growth gap. Most of the aggregate growth 

gap is accounted for by these within industry growth gaps, rather than any change in the 

contributions of between industry shifts (i.e. structural change) to aggregate productivity 

growth. We discuss the contributions of structural change to aggregate productivity growth 

in section 4.  
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3.1. Accounting for the UK labour productivity growth gap: Industry Sections   

Figure 3.1 illustrates the contributions of market sector industry sections to overall annual 

labour productivity growth in three periods: 1999 to 2007 (blue), 2008 to 2010 (red) and 

2011 to 2015 (green). Figure 3.2 then decomposes the total economy labour productivity 

growth gap post-crisis by industry section: 2008 to 2010 (red) and 2011 to 2015 (green). The 

industry section figures and the allocation term sum to the market sector total, also shown. 

The data underlying these figures are shown in Table 3.1 alongside the size of each industry 

and the labour productivity growth gap within each industry section.  

The single largest contribution to annual labour productivity growth before the financial 

crisis came from manufacturing. On average 1999-2007 labour productivity growth in the 

market sector was 2.8 per cent per annum. The manufacturing sector accounted for 0.9 

percentage points of this figure (Figure 3.1 and Table 3.1). This large contribution arises 

because of strong growth in manufacturing labour productivity over this period, noted in 

the previous section, but also because manufacturing accounts for a relatively large share of 

market sector output (17 per cent on average over 1998 to 2014, Table 3.1). Market sector 

labour productivity growth from 1999 to 2007 was also supported by strong labour 

productivity growth in high skilled service sectors such as: information and communication, 

financial and insurance, and professional, scientific and technical services. Growth in 

wholesale and retail productivity was below the market sector average over this period, but 

the section is relatively large (16.5 per cent on average across 1998 to2014, Table 3.1) and 

hence contributes to market sector productivity growth on a par with financial and 

insurance services, which accounted for a smaller share of the market sector (10.2 per cent 

on average from 1998 to 2014, Table 3.1). The effect of structural change (allocation) was to 

reduce market sector labour productivity growth from 1999 to 2007 by 0.2 percentage 

points per annum (Figure 3.1 and Table 3.1). We return to this in section 4.  

During the initial years following the financial crisis, market sector labour productivity fell by 

around half a per cent per annum. Growth resumed, but only to 0.3 per cent per annum on 

average from 2011 to 2015. Looking at the decompositions of growth across industry 

sections in Figures 3.1 and 3.2 and Table 3.1 three things stand out about these years. First, 

the recession was associated with widespread productivity weakness across the different 

sections of the economy, as might be expected in response to an aggregate demand shock. 

During the period from 2008 to 2010 labour productivity levels fell in ten of fifteen industry 

sections. With the exception of the construction sector, all industry sections contributed to 

the market sector labour productivity growth shortfall. Wholesale and retail, and transport 

and storage accounted for 31 per cent of the labour productivity growth gap during the 

recession years, but hardly any of the gap thereafter. High skilled services, such as 

information and communication, financial and insurance, and professional, scientific and 

technical services, accounted for 37 per cent of the gap and manufacturing for 23 per cent 

of the gap.  Second, the sustained collapse in market sector labour productivity growth after 
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Figure 3.1 Industry Section contributions to annual labour productivity growth 

(percentage points), UK market sector, 1999 - 2015. 

 
Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations. 

 

Figure 3.2 Industry Section contributions to the annual labour productivity growth gap 
(percentage points), UK market sector, 2008 - 2015. 

 
Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations. 
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Table 3.1  Decomposition of annual labour productivity growth by Industry Section: 

UK market sector, 1999-2015.  

                                
Industry Section Contribution of industry LP growth   Change from 1999 - 2007   Output LP growth   LP growth difference 
  to whole economy LP growth           share      from 1999 - 2007 
  (average per annum)         (per cent) (average per cent per annum) 

                                

  1999- 2008- 2011- 2008- 
 

2008- 2011- 2008- 
 

1998- 1999- 
 

2008- 2011- 2008- 

  2007 2010 2015 2015 
 

2010 2015 2015 
 

2014 2007 
 

2010 2015 2015 

                                

A: Agriculture, forestry and fishing 0.1 -0.1 0.1 0.0   -0.1 0.0 0.0   1.1 3.9   -9.8 2.1 -2.3 

B: Mining and quarrying 0.0 -0.2 -0.2 -0.2   -0.2 -0.2 -0.2   3.0 -1.6   -5.5 -4.3 -4.8 

C: Manufacturing 0.9 0.2 0.0 0.1   -0.7 -0.9 -0.8   17.0 4.8   -3.6 -4.6 -4.2 

D: Electricity, gas, steam and air conditioning 0.1 -0.1 -0.1 -0.1   -0.1 -0.2 -0.2   1.8 3.0   -7.8 -8.1 -8.0 

E: Water supply, sewerage and waste 0.0 -0.1 0.0 0.0   -0.1 0.0 0.0   1.6 1.3   -7.2 -0.4 -2.9 

F: Construction 0.1 0.1 0.1 0.1   0.0 0.0 0.0   8.9 0.6   0.6 0.1 0.3 

G: Wholesale and retail 0.4 -0.3 0.4 0.1   -0.7 0.0 -0.3   16.5 2.3   -4.0 0.0 -1.5 

H: Transportation and storage 0.2 -0.2 0.1 0.0   -0.4 -0.1 -0.2   6.4 2.7   -5.7 -1.7 -3.2 

I: Accommodation and food service 0.1 0.0 0.0 0.0   -0.1 -0.1 -0.1   3.9 1.5   -1.4 -2.5 -2.1 

J: Information and communication 0.5 0.2 0.0 0.1   -0.3 -0.6 -0.5   8.7 6.2   -3.6 -6.6 -5.5 

K: Financial and insurance 0.4 -0.2 -0.1 -0.2   -0.6 -0.5 -0.6   10.2 4.4   -5.7 -5.6 -5.6 

M: Professional, scientific and technical 0.3 -0.1 0.1 0.0   -0.3 -0.2 -0.2   9.7 3.1   -3.6 -2.2 -2.7 

N: Administrative and support service 0.1 0.1 0.2 0.2   -0.1 0.1 0.0   6.2 2.1   -1.1 1.2 0.3 

R: Arts, entertainment and recreation 0.0 0.0 0.0 0.0   0.0 0.0 0.0   2.0 -0.9   -0.7 -0.4 -0.5 

S: Other service activities 0.0 0.0 0.1 0.0   0.0 0.1 0.0   2.8 0.0   -0.2 2.2 1.3 
                                

Market sector                               

Within Industry Sections 3.0 -0.7 0.4 0.0   -3.7 -2.6 -3.0               

Allocation -0.2 0.1 -0.1 0.0   0.4 0.1 0.2               

Total 2.8 -0.6 0.3 0.0   -3.3 -2.5 -2.8   100 2.8   -3.3 -2.5 -2.8 
 

Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  

Notes: Output equals Gross Value Added Labour productivity (LP) refers to output per hour worked.. Whole economy refers to market sector less real estate. Contributions of industry LP growth to whole economy 

LP growth, derived as the within components from the decomposition proposed by Tang & Wang (2004), sum to the whole economy within industry sections contribution to LP growth, bar rounding. The breakdown 

of the allocation component across industry sections is shown separately in Table 4.1.
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the recession from 2011 to 2015 can largely be accounted for by the collapse in productivity 

growth in those sections of the economy where labour productivity growth was strongest 

before the crisis: manufacturing, financial and insurance services and information and 

communication services. Together these sections account for 80 per cent of the 2011-2015 

labour productivity growth gap and approximately a third of market sector output.14  Third, 

the re-allocation of resources across the different sections of the market sector did not 

subtract from productivity growth on average in the years after the crisis. This is different to 

the period covering 1999 to 2007, when re-allocation reduced annual labour productivity 

growth by 0.2 percentage points. Thus, if anything, restructuring of the market sector across 

these broad industry sections provided a small boost to UK labour productivity growth after 

2007 compared to the period before; more on this below.  

3.2. Accounting for the UK labour productivity growth gap: Industry Divisions   

We can further disaggregate the market sector into industry divisions or groups of industry 

divisions. Above we considered the fifteen different industry sections of the economy. The 

largest of these sections was manufacturing, accounting for 17 per cent of market sector 

output on average from 1998 to 2014. The smallest of these was agriculture, forestry and 

fishing, accounting for just over 1 per cent of market sector output on average between 

1998 and 2014. Here we divide the market sector into 59 industry groups, which are mostly 

industry divisions. The smallest of these are veterinary activities and repair of computers, 

household and personal goods, which both account for around 0.2 per cent of market sector 

output on average between 1998 and 2014. The largest is retail trade excluding vehicles, 

which accounts for 8.3 per cent of market sector output on average over the same period. 

Table 3.2 reports the contribution of each industry division to market sector labour 

productivity growth from 1999 to 2007 and from 2008 to 2015. The difference between 

these two reported in the third column is the effect of the growth shortfall within individual 

industries on the 2008-2015 aggregate labour productivity growth gap and is illustrated by 

order of magnitude in Figure 3.5. Table 3.2 also shows average market sector output shares 

by division from 1998 to 2014, within division labour productivity growth before the crisis 

covering 1999 to 2007, as well as individual division labour productivity growth shortfalls on 

average from 2008 to 2015.  

What can we learn from this more detailed picture? First and foremost, we are able to 

pinpoint more precisely the failing parts of the UK economy, in terms of labour productivity 

growth. We find that most of the puzzle can be accounted for by a relatively narrow set of 

industry divisions. These divisions sit within manufacturing, financial and insurance services 

and information and communication services, as might be expected from the analysis of 

sections above. However, they also sit outside these sections. There are eight industry 

divisions that each contribute at least 0.1 percentage points to the 2.8  percentage  point  

labour  productivity growth gap  for  the  overall market sector from 2008 to 2015.  Together  

                                                           
14

 Similar observations are made in Tenreyro (2018).  
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Table 3.2  Decomposition of annual labour productivity growth by Industry Division: 
UK market sector, 1999-2015. 

Industry Division Contribution of Change Output LP growth LP growth 

  industry LP growth from share 
 

difference 

  to whole economy 1999 - 2007 
  

from 

  LP growth 
   

1999 - 2007 

        (ave. per annum) (%) (ave. per cent per annum) 

              

  1999- 2008- 2008- 1998- 1999- 2008- 

  2007 2015 2015 2014 2007 2015 

A Agriculture, forestry & fishing 0.06 0.02 -0.04 1.1 3.9 -2.3 

B Mining & quarrying -0.05 -0.22 -0.18 3.0 -1.6 -4.8 

CA Manufacture of food products, beverages & tobacco 0.08 0.02 -0.06 2.7 2.7 -1.8 

CB Manufacture of textiles, wearing apparel & leather 0.05 0.00 -0.05 0.6 7.6 -7.9 

CC Manufacture of wood, paper & printing 0.05 0.01 -0.04 1.4 2.6 -2.4 

CD Manufacture of coke & refined petroleum products 0.00 -0.02 -0.02 0.3 1.3 -3.7 

CE Manufacture of chemicals & chemical products 0.07 0.04 -0.04 1.2 5.0 -1.1 

CF Manufacture of basic pharmaceutical products 0.11 -0.03 -0.13 1.2 9.7 -11.0 

CG Manufacture of rubber & other non-metallic mineral products 0.07 -0.01 -0.08 1.5 4.2 -4.7 

CH Manufacture of basic metals & fabricated metal products 0.09 -0.02 -0.11 2.0 4.2 -4.7 

CI Manufacture of computer, electronic & optical products 0.06 0.01 -0.05 0.9 5.0 -3.5 

CJ Manufacture of electrical equipment 0.03 0.00 -0.03 0.6 4.7 -4.3 

CK Manufacture of machinery & equipment n.e.c. 0.07 -0.02 -0.09 1.2 5.4 -6.1 

CL Manufacture of motor vehicles & other transport equipment 0.10 0.07 -0.03 2.0 4.7 -0.3 

CM Manufacture of furniture, other manufacturing & repair 0.08 0.02 -0.06 1.5 4.9 -3.5 

D Electricity, gas, steam & air conditioning 0.06 -0.09 -0.16 1.8 3.0 -8.0 

E Water supply; sewerage, waste & remediation 0.02 -0.03 -0.05 1.6 1.3 -2.9 

41 Construction of buildings -0.01 0.01 0.01 3.7 -0.1 0.4 

42 Civil engineering 0.02 0.02 0.00 1.7 1.3 -0.2 

43 Specialised construction activities 0.03 0.03 0.00 3.5 0.8 0.4 

45 Wholesale retail trade repair vehicles 0.07 0.06 -0.01 2.5 2.8 -0.5 

46 Wholesale trade, ex. vehicles 0.04 0.00 -0.04 5.7 0.7 -0.6 

47 Retail trade, ex. vehicles 0.28 0.06 -0.22 8.3 3.4 -2.6 

49 Land transport 0.03 0.01 -0.02 2.7 1.1 -0.9 

50 Water transport 0.00 0.01 0.01 0.4 -0.7 2.2 

51 Air transport 0.03 0.02 -0.01 0.7 4.2 -0.9 

52 Warehousing & support act. for transportation 0.06 -0.04 -0.10 1.6 3.6 -6.2 

53 Postal & courier act. 0.06 0.00 -0.06 1.0 5.1 -5.6 

55 Accommodation 0.01 0.02 0.01 1.0 1.4 0.6 

56 Food & beverage service act. 0.04 -0.05 -0.09 2.9 1.6 -3.1 

58 Publishing act. 0.03 -0.01 -0.04 1.3 1.7 -2.8 

59 Motion picture, video & TV programme production 0.00 0.04 0.04 0.8 0.5 3.9 

60 Programming & broadcasting activities 0.03 0.02 -0.01 0.5 5.4 -1.9 

61 Telecommunications 0.38 0.01 -0.37 2.7 14.0 -13.6 

62 Computer programming, consultancy & related act. 0.10 0.03 -0.07 2.9 4.2 -3.2 

63 Information service act. 0.02 0.01 0.00 0.5 4.6 -1.8 

64 Financial, ex. insurance & pension 0.35 0.00 -0.35 6.3 6.4 -6.2 

65 Insurance, reinsurance & pension 0.01 0.06 0.05 2.3 0.0 2.1 

66 Auxiliary to financial & insurance 0.04 -0.06 -0.10 1.6 3.0 -6.1 

69 Legal & accounting act. 0.11 0.03 -0.08 3.3 3.7 -2.8 

70 Head offices; mgmt. consultancy 0.09 0.00 -0.09 1.4 7.2 -6.8 

71 Architectural & engineering 0.06 -0.01 -0.07 2.3 2.6 -3.1 

72 Scientific research & development 0.04 -0.01 -0.04 0.9 4.1 -4.5 

73 Advertising & market research -0.01 0.00 0.01 0.9 -1.3 1.4 

74 Other prof., scientific & technical 0.00 0.03 0.03 0.8 -0.1 4.2 

75 Veterinary act. 0.01 0.00 0.00 0.2 2.6 -2.2 

77 Rental & leasing act. 0.02 0.06 0.04 1.4 1.6 2.6 

78 Employment act. 0.10 0.08 -0.02 1.5 6.8 -1.3 

79 Travel agency, tour operator & other reservation services -0.02 0.01 0.03 0.7 -3.2 4.6 

80 Security & investigation act. 0.01 0.01 -0.01 0.3 4.3 -2.9 

81 Services to buildings & landscape act. 0.02 -0.01 -0.04 0.8 3.1 -4.9 

82 Office admin., office support & other business support 0.01 0.04 0.04 1.5 0.4 2.5 

90 Creative, arts & entertainment act. 0.00 0.00 0.00 0.4 -0.3 0.7 

91 Libraries, archives, museums & other cultural act. -0.01 0.01 0.01 0.3 -2.1 4.7 

92 Gambling & betting activities -0.01 -0.01 0.01 1.0 -1.3 0.5 

93 Sports act. & amusement & recreation act. 0.00 -0.01 -0.01 0.4 -0.4 -2.3 

94 Activities of membership organisations 0.00 0.02 0.02 1.2 0.0 1.6 

95 Repair of computers & personal & household goods 0.00 0.01 0.01 0.2 0.1 3.8 

96 Other personal service activities 0.00 0.01 0.01 1.4 -0.3 0.8 

Market sector             

Within Industry Sections 3.0 0.3 -2.7       

Allocation -0.2 -0.3 -0.0       

Total 2.8 0.0 -2.8 100 2.8 -2.8 

 Source & Notes: See Table 3.1. 
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Figure 3.3 Division contributions to the labour productivity growth gap between the pre-crisis 

period 1999-2007 and 2008-2010 (in percentage points), UK market sector. 

 

Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  
Notes: Labour productivity (LP) refers to output per hour worked. Whole economy refers to market sector less real estate. Contributions 
of industry LP growth to whole economy LP growth, derived as the within components from the decomposition proposed by Tang & Wang 
(2004). The whole economy growth gap also includes a minor contribution from allocation (0.1 percentage points). 
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Figure 3.4 Division contributions to the labour productivity growth gap between the pre-crisis 

period 1999-2007 and 2011-2015 (in percentage points), UK market sector. 

 

Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  
Notes: Labour productivity (LP) refers to output per hour worked. Whole economy refers to market sector less real estate. Contributions 
of industry LP growth to whole economy LP growth, derived as the within components from the decomposition proposed by Tang & Wang 
(2004). The whole economy growth gap also includes a minor contribution from allocation (-0.1 percentage points). 

  

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2

61 Telecommunications

64 Financial, ex. insurance & pension

47 Retail trade, ex. vehicles

B Mining & quarrying

D Electricity, gas, steam & air conditioning

CF Manufacture of basic pharmaceutical products

62 Computer programming, consultancy & related act.

CK Manufacture of machinery & equipment n.e.c.

56 Food & beverage service act.

70 Head offices; mgmt. consultancy

52 Warehousing & support act. for transportation

CH Manufacture of basic metals & fabricated metal products

69 Legal & accounting act.

CG Manufacture of rubber & other non-metallic mineral products

CA Manufacture of food products, beverages & tobacco

CM Manufacture of furniture, other manufacturing & repair

CB Manufacture of textiles, wearing apparel & leather

66 Auxiliary to financial & insurance

CI Manufacture of computer, electronic & optical products

CC Manufacture of wood, paper & printing

58 Publishing act.

53 Postal & courier act.

81 Services to buildings & landscape act.

CE Manufacture of chemicals & chemical products

CL Manufacture of motor vehicles & other transport equipment

60 Programming & broadcasting activities

CJ Manufacture of electrical equipment

72 Scientific research & development

CD Manufacture of coke & refined petroleum products

41 Construction of buildings

71 Architectural & engineering

93 Sports act. & amusement & recreation act.

55 Accommodation

82 Office admin., office support & other business support

63 Information service act.

75 Veterinary act.

80 Security & investigation act.

E Water supply; sewerage, waste & remediation

50 Water transport

78 Employment act.

91 Libraries, archives, museums & other cultural act.

42 Civil engineering

90 Creative, arts & entertainment act.

A Agriculture, forestry & fishing

51 Air transport

43 Specialised construction activities

92 Gambling & betting activities

95 Repair of computers & personal & household goods

94 Activities of membership organisations

74 Other prof., scientific & technical

73 Advertising & market research

96 Other personal service activities

49 Land transport

77 Rental & leasing act.

79 Travel agency, tour operator & other reservation services

65 Insurance, reinsurance & pension

45 Wholesale retail trade repair vehicles

59 Motion picture, video & TV programme production

46 Wholesale trade, ex. vehicles

LP growth gap 
2011-2015:  

-2.5 per cent 



22 
 

Figure 3.5 Division contributions to the labour productivity growth gap between the pre-crisis 

period 1999-2007 and 2008-2015 (in percentage points), UK market sector. 

 

Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  
Notes: Labour productivity (LP) refers to output per hour worked. Whole economy refers to market sector less real estate. Contributions 
of industry LP growth to whole economy LP growth, derived as the within components from the decomposition proposed by Tang & Wang 
(2004). The whole economy growth gap also includes a minor contribution from allocation (-0.0 percentage points).  
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these divisions account for around a quarter of market sector output on average over 1998 

to 2014, and 60 per cent of the market sector labour productivity growth gap. These are by 

order of magnitude as shown in Figure 3.5: telecommunications (61), financial services 

excluding insurance and pensions (64), retail trade excluding vehicles (47), mining and 

quarrying  (B),  electricity,  gas, steam and air conditioning (D), manufacture of basic 

pharmaceutical products (CF), manufacture of basic metals and fabricated metal products 

(CH) and services auxiliary to financial and insurance services (66). With the exception of 

retail trade excluding vehicles, the large contributions of these industry divisions to the 

aggregate productivity growth gap occur because productivity growth rates collapse in 

these divisions after the crisis rather than because of their size. Besides retail, all of these 

industry divisions sit amongst the worst 25 per cent of divisions in terms of their 

productivity growth gaps. In contrast to the conclusions from the section level analysis, in 

the period before the financial crisis labour productivity growth in these parts of the 

economy was not necessarily much above the average for the market sector as a whole. 

However, on the whole, and with some exceptions, labour productivity growth tends to 

have lost most momentum in those industries that experienced strong growth before the 

crisis. 

Within manufacturing, the largest collapses in labour productivity growth by far occur in the 

manufacture of basic pharmaceutical products (CF), where labour productivity growth per 

annum dropped by 11 percentage points (Table 3.2, final column), manufacture of textiles, 

wearing apparel and leather (CB) and manufacture of machinery and equipment nec (CK). 

Most manufacturing industry groups suffered large reductions in labour productivity growth 

after 2007; ten of the thirteen manufacturing industry groups shown exhibit above median 

reductions in labour productivity growth. The exceptions are manufacture of food products, 

beverages and tobacco (CA), manufacture of chemicals and chemical products (CE), and 

manufacture of motor vehicles and other transport equipment (CL).  

Indeed, the collapse in labour productivity growth after the crisis is generally more 

significant in the production industries (agriculture, mining and quarrying, manufacturing, 

utilities and construction), which account for on average a third of market sector output 

over the period we consider. With the exception of construction and the three 

manufacturing exceptions mentioned above, all of the production industry divisions (or 

groups of divisions) exhibit above median reductions in labour productivity growth.  

Within information and communication services, telecommunications (61) is notable in that 

average annual labour productivity growth fell by 13.6 percentage points after the crisis. 

Amongst the 59 industry divisions that we consider it is the single largest contributor to the 

market sector labour productivity growth gap after 2007, followed by financial services 

excluding insurance and pensions (64) (Figure 3.5).  

In the sections below, we return to these division level results in considering potential 

explanations for the UK productivity puzzle.  
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The second thing we learn from looking at the detailed division data is that, although a few 

parts of the economy stand out in terms of their contributions to the UK productivity puzzle, 

the weakness of labour productivity growth during the recession and beyond has been 

pervasive across divisions of the economy. The widespread nature of productivity weakness 

points to common macroeconomic explanations for the productivity weakness that we 

observe in addition to any sector specific explanations. 

To see this, consider Figures 3.3 and 3.4, which decompose by industry division the 

aggregate labour productivity growth gap from 2008 to 2010 and from 2011 to 2015, 

respectively.  Comparing the two figures side by side illustrates the changing nature of the 

labour productivity growth gap over time. As illustrated in Figure 3.3, most industry divisions 

contributed to the shortfall in market sector labour productivity growth from 2008 to 2010; 

as mentioned above this pattern might be expected in response to a significant aggregate 

demand shock. In Figure 3.4, the labour productivity growth puzzle from 2011 to 2015 is 

much more concentrated in particular sectors than during the period covering 2008 to 2010. 

The same six sectors (divisions or division groups) that make the largest contributions to the 

2008-2015 growth shortfall (Figure 3.5), discussed above, make the largest contributions to 

the 2011-2015 growth shortfall (Figure 3.4). Together they account for half the 2008-2015 

labour productivity growth gap, but two thirds of the 2011-2015 gap. These sectors are 

telecommunications (61), financial services excluding insurance and pensions (64), retail 

trade excluding vehicles (47), mining and quarrying (B), electricity, gas, steam and air 

conditioning (D), and the manufacture of basic pharmaceutical products (CF). 

Telecommunications (61) and financial services excluding insurance and pensions (64) alone 

account for 0.7 percentage points of the 2.8 percentage point labour productivity growth 

gap from 2008 to 2015 and 0.8 percentage points of the 2.5 percentage point labour 

productivity growth gap from 2011 to 2015. Together these two sectors accounted for 9 per 

cent of market sector output on average between 1998 and 2014. At the same time in 

Figure 3.4, specific sector contributions aside, we also see that most industry divisions 

contributed to the shortfall in market sector labour productivity growth from 2011 to 2015. 

In other words, labour productivity growth was relatively weak from 2011 to 2015 in most 

parts of the economy. 

The pervasiveness across industry groups of labour productivity weakness, and hence the 

appeal of macroeconomic, in addition to sector specific explanations, for the UK 

productivity puzzle, is further illustrated in Figure 3.6. In Figure 3.6 we plot the cumulative 

frequency distribution of average annual growth differences after 2007 compared to the 

period 1999 to 2007. Panel (d) shows that around 80 per cent of the 59 industry groups we 

consider experienced slower labour productivity growth between 2007 and 2010 compared 

to the period 1998 to 2007. Growth recovered in some industries over the period 2011 to 

2015, but nonetheless around 70 per cent of industry groups experienced slower labour 

productivity growth on average between 2011 and 2015 than they did on average between 

1999 and 2007.  As shown in panels (b) and (c) this was the result of a reduction in output 
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growth that was widespread across industries between 2007 and 2010, and growth in jobs 

(or job hours) that was widespread across industries between 2010 and 2015. Over the 

period 2007 to 2010, around 90 per cent of industries experienced slower annual output 

growth than they did from 1998 to 2007 while only 70 per cent of industries experienced 

slower growth in hours worked. Between 2011 and 2015 it was only half of industries that 

experienced slower output growth. By then around 70 per cent of industries had stronger 

growth in hours worked than they did between 1998 and 2007, so that most industries still 

had a labour productivity growth shortfall.  

 

Figure 3.6 Cumulative frequency distribution of growth gaps between the pre-crisis 

period 1999-2007 and subsequent years. UK market sector. 

a. Output (current prices) 

 

b. Output (volume index) 

 

c. Hours worked 

 

d. Labour productivity 

 
Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  
Notes: The unit of observation is the Industry Division, with some exceptions. In total 59 industry groups.  
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4. Structural Change and UK Productivity Growth  

The decomposition of market sector labour productivity growth into within-industry effects 

and between-industry effects above can be used to understand the effects of a changing 

industrial structure on UK productivity and the UK productivity puzzle. Could it be the case, 

for example, that the UK’s productivity weakness since the crisis has been associated with a 

shift from high to low productivity work?  

At the level of the firm there is evidence that this might explain some of the UK productivity 

puzzle. Barnett et al. (2014) decompose private sector labour productivity growth into the 

growth that can be attributed to changes in productivity within individual firms, and 

changes stemming from the re-allocation of labour across firms with different levels of 

productivity. They suggest that less efficient re-allocation and a slowdown in creative 

destruction may have reduced quite substantially average annual productivity growth 

between 2010 and 2012. Riley at al. (2015) find that the reduction in UK labour productivity 

growth between 2007 and 2013 was mainly the result of a broad-based decline in 

productivity within businesses rather than an increasing tendency for workers to end up in 

low productivity firms.  They suggest that this latter factor accounts for at most a fifth of the 

deviation of actual UK productivity from its pre-crisis trend by 2013.  

Using industry-level data to 2011, Goodridge et al. (2016) find that re-allocation of labour 

across nine broad industry sectors mostly reduced UK labour productivity growth in the 

years before the financial crisis and that if anything, the re-allocation of labour between 

industries is more likely to deepen rather than explain the UK productivity puzzle. This is in 

line with our findings above for fifteen industry sections. At this level of disaggregation of 

the market sector, we found that on average 1999-2007 changes in the relative size of these 

fifteen industries reduced annual labour productivity growth by 0.2 percentage points as 

more productive sectors shrank relative to less productive sectors. During the recession 

years these between industry shifts actually added to labour productivity growth.  

In Table 4.1 we look at the different components that underlie these trends; i.e. we look at 

the individual industry contributions to the between effect in equations (3) and (4). As we 

explained in section 3, an industry’s contribution to the overall between effect is always 

negative if the industry is shrinking, is always positive if the industry is expanding, and is 

proportional to its relative productivity level. The market sector allocation effect in Table 4.1 

is the same as that reported in Table 3.1. In Table 4.1, we see that between 1999 and 2007 

the single largest negative contribution to the allocation effect came from manufacturing. 

This is because the manufacturing sector was shrinking rapidly throughout this period, as 

shown in Figure 2.2. Some of the manufacturing loss has been to higher productivity 

sectors, but on average the loss of manufacturing was to lower productivity sectors so that 

this change in industry composition reduced market sector productivity growth15 by around 

                                                           
15

 Calculated by splitting the market sector into two groups: manufacturing and non-manufacturing.  
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0.1 percentage points per annum.  After 2007 relative manufacturing decline came to a halt, 

which is one of the reasons why we do not see industry shifts reducing market sector labour 

productivity growth after 2007 and why the re-allocation of labour between broad 

industries is more likely to deepen rather than explain the UK productivity puzzle. Another 

reason is the ongoing decline in the relative price of information and communication 

outputs throughout the first part of the 2000s, which ceased after the recession.  

Does this picture change when analysed at a more disaggregate level? Within section 

movements in labour productivity growth comprise within division movements in labour 

productivity growth as well as the effects on aggregate productivity growth of the re-

allocation of resources between divisions within sectors. Therefore, it is perfectly possible 

that conclusions about the relative contributions to aggregate productivity growth of 

structural change will differ at different levels of industry aggregation. In Table 4.2, we see 

that the re-allocation of resources across 59 industry divisions reduced annual labour 

productivity growth by 0.2 percentage points on average from 1999 to 2007. The biggest 

negative contributor to the negative re-allocation effects was telecommunications. All other 

large negative contributions came from industry groups within manufacturing. This is much 

the same as re-allocation of resources across 15 industry sections. However, measured at 

the division level, the negative effects of re-allocation on market sector productivity growth 

were sustained after the financial crisis so that the restructuring of the market sector across 

more detailed industry groups, in contrast to restructuring across broad industry sections, 

does not deepen the UK labour productivity puzzle. Indeed, this aligns better with some 

firm-level studies. Nonetheless, the vast majority of labour productivity growth weakness 

arises due to changes in productivity growth within detailed industry groups.  

Our conclusions appear at face value to differ from results published by the UK Office for 

National Statistics in February 2018 (Kirchherr, 2018), which suggest that between industry 

shifts account for most of the UK labour productivity growth gap in recent years. Comparing 

five year growth in output per hour to the third quarter of 2017 with five year growth in 

output per hour to the third quarter of 2007, they find that a little more than two-thirds of 

the slowdown in productivity growth is accounted for by between industry shifts. Some 

differences in conclusions come about because of differences in the pre- and post-crisis 

periods covered. But, mostly these different conclusions arise because of different ways of 

treating the real estate sector.  

We have excluded real estate from the analysis in this paper, whereas the ONS includes this 

sector in line with the definitions applied to produce consistent statistics. Because rents 

from unproductive assets are included in this industry’s output, this boosts measured labour 

productivity above that observed in other sectors (see Table 2.2). This also leads to a 

significant ‘gearing effect’ where small changes in the size of this sector cause significant 

changes in the contributions of between industry shifts to aggregate productivity growth. 

This is the major contributor to the differences observed in this study and by the ONS.  
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Table 4.1  Contributions of changing industry structure to annual labour productivity growth: 

UK market sector, 1999-2015, Industry Sections.  

                              
Industry Section Contribution of changing industry size 

 
Change from 1999 - 2007 

 
Relative 

 
Contribution of changes in LP and size 

  to whole economy LP growth 
     

LP 
 

to whole economy 
  (average per annum) 

       
LP growth gap since 1999 - 2007 

  
           

(average per annum) 

                              

  1999- 2008- 2011- 2008- 
 

2008- 2011- 2008- 
 

1998- 
 

2008- 2011- 2008- 

  2007 2010 2015 2015 
 

2010 2015 2015 
 

2014 
 

2010 2015 2015 

                              

A: Agriculture, forestry and fishing -0.1 0.1 -0.1 0.0   0.2 0.0 0.1   0.5   0.1 0.0 0.0 

B: Mining and quarrying 0.2 0.2 0.0 0.0   0.0 -0.3 -0.2   8.2   -0.2 -0.4 -0.3 

C: Manufacturing -1.4 -0.2 0.1 -0.1   1.1 1.4 1.3   1.2   0.4 0.5 0.5 

D: Electricity, gas, steam and air conditioning -0.1 0.0 0.3 0.2   0.1 0.3 0.2   5.6   -0.1 0.2 0.1 

E: Water supply, sewerage and waste 0.1 0.1 -0.1 0.0   0.1 -0.1 0.0   2.1   0.0 -0.1 -0.1 

F: Construction 0.4 -0.7 0.1 -0.2   -1.1 -0.4 -0.6   0.9   -1.1 -0.4 -0.6 

G: Wholesale and retail 0.0 0.4 -0.4 -0.1   0.4 -0.4 -0.1   0.8   -0.2 -0.4 -0.4 

H: Transportation and storage -0.1 0.2 0.0 0.1   0.3 0.1 0.2   1.0   0.0 0.0 0.0 

I: Accommodation and food service 0.1 -0.1 0.2 0.1   -0.1 0.1 0.0   0.6   -0.2 0.0 -0.1 

J: Information and communication -0.2 -0.2 0.1 0.0   0.0 0.3 0.2   1.4   -0.3 -0.3 -0.3 

K: Financial and insurance 0.3 0.0 -0.2 -0.2   -0.3 -0.6 -0.5   2.1   -0.9 -1.1 -1.0 

M: Professional, scientific and technical 0.2 0.0 0.2 0.1   -0.1 0.0 0.0   0.9   -0.5 -0.2 -0.3 

N: Administrative and support service 0.1 0.0 -0.1 -0.1   -0.1 -0.3 -0.2   0.6   -0.2 -0.2 -0.2 

R: Arts, entertainment and recreation 0.1 0.0 0.1 0.1   -0.1 0.0 0.0   0.9   -0.1 0.0 -0.1 

S: Other service activities 0.1 0.2 -0.1 0.0   0.1 -0.2 -0.1   0.9   0.1 -0.1 0.0 
                              

Market sector                             

Allocation: -0.2 0.1 -0.1 0.0   0.4 0.1 0.2   Total: -3.3 -2.5 -2.8 
                              

 

Source: GDP(O) low level aggregates and productivity hours (ONS), authors’ calculations.  

Notes: Output equals Gross Value Added. Labour productivity (LP) refers to output per hour worked. Whole economy refers to market sector less real estate. Contributions of changing industry size to whole 

economy LP growth, derived as the between components from the decomposition proposed by Tang & Wang (2004), sum to the whole economy allocation contribution to LP growth, bar rounding. The breakdown 

of the within component across industry sections is shown separately in Table 3.1. The final set of columns show the sum of the within (industry labour productivity growth) and between (changing industry size) 

contributions to the difference in average annual aggregate labour productivity growth from the period 1999-2007. Relative LP shows industry LP relative to lagged market sector LP.
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Table 4.2  Contributions of changing industry structure to annual labour productivity 

growth: UK market sector, 1999-2015, Industry Divisions. 

Industry Division Contribution of  Change Relative Contribution of  

  changing industry size from LP changes in LP and size 

  to whole economy 1999 - 2007 
 

to whole economy  

   LP growth     LP growth gap since 1999 - 2007 

        (average per annum)   (average per annum) 

            

  1999- 2008- 2008- 1998- 2008- 

  
2007 2015 2015 2014 2015 

A Agriculture, forestry & fishing -0.08 -0.01 0.07 0.5 0.03 

B Mining & quarrying 0.21 0.04 -0.17 8.2 -0.34 

CA Manufacture of food products, beverages & tobacco -0.12 -0.01 0.12 1.2 0.06 

CB Manufacture of textiles, wearing apparel & leather -0.11 0.01 0.13 1.1 0.07 

CC Manufacture of wood, paper & printing -0.07 -0.04 0.03 0.9 -0.01 

CD Manufacture of coke & refined petroleum products 0.00 0.01 0.01 2.4 -0.01 

CE Manufacture of chemicals & chemical products -0.10 -0.04 0.05 1.8 0.01 

CF Manufacture of basic pharmaceutical products -0.08 0.03 0.11 5.6 -0.02 

CG Manufacture of rubber & other non-metallic mineral products -0.12 -0.01 0.11 1.0 0.04 

CH Manufacture of basic metals & fabricated metal products -0.15 0.01 0.16 1.0 0.06 

CI Manufacture of computer, electronic & optical products -0.14 -0.01 0.13 1.1 0.09 

CJ Manufacture of electrical equipment -0.06 0.00 0.06 1.1 0.03 

CK Manufacture of machinery & equipment n.e.c. -0.13 0.00 0.13 1.0 0.04 

CL Manufacture of motor vehicles & other transport equipment -0.14 -0.01 0.14 1.2 0.10 

CM Manufacture of furniture, other manufacturing & repair -0.09 -0.01 0.08 1.0 0.02 

D Electricity, gas, steam & air conditioning -0.05 0.19 0.24 5.6 0.08 

E Water supply; sewerage, waste & remediation 0.05 0.01 -0.04 2.1 -0.09 

41 Construction of buildings 0.22 -0.07 -0.28 1.2 -0.27 

42 Civil engineering 0.07 -0.01 -0.07 1.6 -0.08 

43 Specialised construction activities 0.17 -0.12 -0.28 0.6 -0.28 

45 Wholesale retail trade repair vehicles 0.04 -0.04 -0.08 0.8 -0.09 

46 Wholesale trade, ex. Vehicles 0.03 -0.06 -0.09 0.9 -0.13 

47 Retail trade, ex. Vehicles -0.10 -0.04 0.07 0.7 -0.16 

49 Land transport 0.00 0.01 0.01 0.8 -0.02 

50 Water transport 0.03 0.01 -0.02 9.4 -0.01 

51 Air transport -0.03 -0.01 0.02 2.1 0.01 

52 Warehousing & support act. for transportation -0.05 0.07 0.12 1.1 0.02 

53 Postal & courier act. -0.04 0.00 0.04 0.8 -0.02 

55 Accommodation 0.02 -0.01 -0.03 0.6 -0.02 

56 Food & beverage service act. 0.04 0.10 0.05 0.6 -0.04 

58 Publishing act. -0.03 -0.01 0.03 1.7 -0.01 

59 Motion picture, video & TV programme production 0.01 -0.03 -0.04 1.1 -0.01 

60 Programming & broadcasting activities -0.01 -0.02 -0.01 2.6 -0.02 

61 Telecommunications -0.29 0.00 0.29 2.3 -0.08 

62 Computer programming, consultancy & related act. 0.08 0.01 -0.08 1.0 -0.15 

63 Information service act. 0.01 -0.01 -0.02 1.6 -0.02 

64 Financial, ex. insurance & pension 0.13 -0.25 -0.39 2.4 -0.74 

65 Insurance, reinsurance & pension 0.12 -0.15 -0.27 4.3 -0.22 

66 Auxiliary to financial & insurance 0.06 0.09 0.03 1.1 -0.07 

69 Legal & accounting act. 0.07 0.02 -0.05 1.2 -0.13 

70 Head offices; mgmt. consultancy 0.00 0.05 0.05 0.6 -0.04 

71 Architectural & engineering 0.01 0.04 0.03 0.9 -0.04 

72 Scientific research & development -0.02 0.00 0.02 1.5 -0.02 

73 Advertising & market research 0.06 0.03 -0.03 1.4 -0.02 

74 Other prof., scientific & technical 0.04 -0.01 -0.05 0.7 -0.02 

75 Veterinary act. 0.01 0.00 0.00 1.0 -0.01 

77 Rental & leasing act. 0.02 -0.06 -0.08 1.5 -0.04 

78 Employment act. -0.02 -0.08 -0.06 0.3 -0.08 

79 Travel agency, tour operator & other reservation services 0.04 0.02 -0.02 2.5 0.02 

80 Security & investigation act. 0.00 0.00 0.00 0.3 -0.01 

81 Services to buildings & landscape act. 0.01 0.03 0.03 0.3 -0.01 

82 Office admin., office support & other business support 0.08 -0.01 -0.09 0.9 -0.05 

90 Creative, arts & entertainment act. 0.01 0.03 0.01 0.8 0.02 

91 Libraries, archives, museums & other cultural act. 0.02 0.00 -0.02 0.9 -0.01 

92 Gambling & betting activities 0.05 0.00 -0.05 3.0 -0.04 

93 Sports act. & amusement & recreation act. 0.02 0.01 -0.01 0.4 -0.02 

94 Activities of membership organisations 0.05 0.01 -0.04 1.4 -0.02 

95 Repair of computers & personal & household goods 0.00 0.00 0.00 0.5 0.01 

96 Other personal service activities 0.06 0.02 -0.04 0.8 -0.03 

Market sector           

Allocation:  -0.2 -0.3 0.0 Total: -2.8 

Source & Notes: See Table 4.1. 
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5. Capital Intensity, Labour Composition and Total Factor Productivity  

So far we have shown that the UK labour productivity slowdown can be “explained”, largely, 

by widespread productivity weakness across a large number of industries, particularly at the 

initial stages of the financial crisis. We have highlighted those industry groups that can 

account for the majority of weak labour productivity growth, particularly in recent years, 

and have shown that the re-allocation of resources from less to more productive industries 

has played only a minor part in the UK productivity puzzle. Labour productivity movements 

may of course reflect a range of factors, such as changes in the intensity of capital use and 

labour by businesses, the skills of the workforce, as well as changes in the efficiency of the 

production process and/or the speed of technological progress. The latter factor is known as 

total factor productivity (TFP). Here we probe deeper into the puzzle and consider the 

drivers of labour productivity weakness within detailed sectors of the economy.  

5.1. Growth Accounting Method 

We use a standard growth accounting methodology (see Jorgenson et al., 1987) to evaluate 

the underlying sources of labour productivity weakness in the UK. Growth accounting 

methods have been used extensively to compare cross-country cross-industry differences in 

productivity, e.g. at the peak of the ICT era and during the most recent post-crisis period 

(O’Mahony and Timmer, 2009; Goodridge et al., 2016). In line with this literature we 

decompose labour productivity growth in industry 𝑖 (𝑔𝑖𝑡) into contributions from growth in 

the ratio of capital services to labour used in industry 𝑖 (𝑘𝑖𝑡), from changes in the quality or 

composition of labour (𝑙𝑐𝑖𝑡) and from growth in a TFP index for industry 𝑖 (𝑡𝑓𝑝𝑖𝑡) as in 

equation (5):  

(5)    𝑔𝑖𝑡 = ∝𝑘,𝑖𝑡 𝑘𝑖𝑡 +  ∝𝑙𝑐,𝑖𝑡 𝑙𝑐𝑖𝑡 + 𝑡𝑓𝑝𝑖𝑡  . 

The weights on growth in capital services to labour (∝𝑘 ) and on growth in labour 

composition ( ∝𝑙𝑐) are derived from a simple production framework. These are indexed by 

industry and time, allowing the production technology to vary over these dimensions, but 

are assumed always to sum to one, which implies that we impose constant returns to scale 

in production throughout. As well as the assumption of constant returns to scale, the 

growth accounting framework relies on perfect competition conditions in product and 

factor markets, where each factor of production is remunerated at its marginal product.  

Thus the growth accounting framework poses considerable limitations which may not hold 

in reality in many industries. We return to this in our discussion below of what TFP actually 

measures.  

The measure of growth in capital services per unit of labour (𝑘𝑖𝑡) for each industry 𝑖 at time 

𝑡 is computed as a weighted sum of the growth in capital stocks per unit of labour (𝑎𝑖𝑡
𝑗) for 

a number of assets types 𝑗 as in equation (6):  



31 
 

(6)    𝑘𝑖𝑡 = ∑ �̅�𝑖𝑡
𝑗

𝑗 𝑎𝑖𝑡
𝑗   . 

The weight (�̅�𝑖𝑡
𝑗) is the average (over time t and time t-1) share of asset type 𝑗 in the value 

of total capital compensation. The compensation of each asset is related to the user cost of 

each asset. A rental price concept is used, which reflects the price at which the investor is 

indifferent between buying and renting the capital good for a one-year lease in the rental 

market. The assets that we include in calculating capital services are: computer hardware, 

computer software, communications equipment, transport equipment, other machinery 

and equipment, building other than dwellings, mineral exploration, artistic and 

entertainment originals, research and development, and cultivated assets.  

Growth in labour quality (𝑙𝑐𝑖𝑡) is calculated as the weighted sum of changes in employment 

shares of different groups of workers in the industry, where weights are wage bill shares (a 

proxy for the marginal productivities of the different groups of workers). A shift of 

employment from less qualified workers to more qualified workers will result in growth in 

labour quality, i.e. 𝑙𝑐𝑖𝑡 > 0. 

The weight on labour composition growth in equation (5),  ∝𝑙𝑐,𝑖𝑡, is set equal to the average 

(over time t and time t-1) share of labour compensation in value added. The weight on 

capital services is then derived using the constant returns assumption.  

TFP growth, also known as the Solow16 residual, is defined as the part of labour productivity 

growth that cannot be accounted for by growth in the factors of production. It is therefore 

calculated by residual in equation (5), subtracting the growth of the primary inputs there 

(weighted by their respective shares in nominal output) from the growth of labour 

productivity.  

We compute the sources of annual labour productivity growth (capital services contribution, 

labour quality contribution and TFP growth) for each UK market sector division or group of 

divisions from 1999 to 2015; i.e. for 57 industries groups. Further description of methods 

and data sources, including the construction of the capital series, the formula for user costs, 

the computation of capital stocks and labour composition, are available in the Data 

Appendix accompanying this paper.17 We also compute the sources of annual labour 

productivity growth for the broader industry classification we use; fifteen industry 

sections.18  

                                                           
16

 The economic theory and practice of productivity measurement goes back to Solow (1957) who measured 
the contribution of technical change to the growth of the US economy for the period 1909 to 1949. 
17

 UK ONS have compiled similar series for broader industry groups and have recently released (February 2018) 
new estimates of capital services for detailed industry groups. Some of the many assumptions underlying the 
calculations in this paper differ to those made by ONS and therefore the resulting series differ. 
18

 An alternative to this ‘top-down’ approach for industry sections is a ‘bottom-up’ approach, where the 
division level results are aggregated to the broader industry sections using value-added weights. As illustrated 
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5.2. What does Total Factor Productivity measure?  

It is worthwhile reminding ourselves what it is that TFP actually measures. This is of 

particular interest as our findings below suggest that much of the UK labour productivity 

puzzle, even in more recent years after the recession, remains a widespread TFP puzzle with 

some sectors experiencing acute reductions in TFP growth.   

TFP is often considered a measure of an economy’s technological dynamism, capturing the 

influence of technical change, beyond that embodied in new or improved capital assets.  As 

capital accumulation by itself would be subject to diminishing returns, growth in TFP is the 

main source of rising living standards in the long run in developed economies. TFP growth 

may reflect the influence of many factors as well as advances in technology. The 

introduction of organisational innovations, innovative managerial resource practices, 

incentive pay and new organisational forms of labour would all be encompassed in TFP.  

Strictly speaking however, TFP growth can capture a wider number of factors. Indeed, TFP is 

often considered a measure of our ignorance, as it captures all sources of variation in output 

that cannot be explained by a few observable inputs. As a consequence, a number of 

unidentified sources of growth can also be represented by TFP. For example, TFP may 

reflect differences in the cyclical movements in outputs and inputs and do not necessarily 

imply long-lasting changes to productive capacity.  

Syverson (2011), Hulten (2001) and Oulton (2017) review a number of ways in which TFP 

growth may arise.  Apart from an economy’s ability to introduce innovations, it reflects the 

way an economy operates and its ability to convert inputs into outputs. There are a number 

of factors that may foster efficiency; while some of these factors are internal to production 

processes, others relate more closely to the environment where they operate. For example, 

the way in which the institutional and regulatory environment is organised will affect: 

competition in product and labour markets, bureaucracy and red-tape, infrastructures and 

access to finance, which might influence TFP. External factors, including environmental 

factors and government policies, as well as exposure to international trade, can impact on 

the mechanism of market selection, the process by which more efficient businesses replace 

less efficient businesses.  

The presence of spillovers, or transfers of knowledge across firms, is another possible 

channel through which the external environment may impact on productivity. Examples 

include agglomeration-type of productivity spillovers among firms that are technologically 

or geographically close, or the impact of foreign direct investment spillovers. The latter 

refers to productivity improvements in local domestic firms as a result of technology 

transfers from foreign affiliates, usually along the supply chain. OECD (2015) argues that the 

main source of the productivity slowdown in the developed world is not so much a slowing 

                                                                                                                                                                                     
in earlier parts of this paper, the ‘bottom-up’ results will differ from the ‘top-down’ results because of the re-
allocation term.  
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of innovation by the most globally advanced firms, but rather a slowing of the pace at which 

innovations spread throughout the economy.  

Experience, learning-by-doing, and economies of scale have been factors that allow 

producers to increase their TFP. Differences in TFP across industries may reflect the 

influence of a wide range of factors. As measured, TFP may also reflect price differences, 

embodying differences in market power across different producers. This means that it is 

possible that differences in TFP may not always reflect differences in technological efficiency 

but rather capture the effects of idiosyncratic demand shifts or market power. 

TFP growth can also be the result of error in measuring outputs and inputs. For example, 

output may be poorly measured because of a lack of appropriate output deflators, an issue 

thought to be particularly relevant in the service sector (Bean, 2016). The effect of 

intangibles on TFP calculations has also attracted increasing attention. Including 

computerized information, innovative property and economic competencies (firm’s 

reputation, know-how, branding or customer base, new marketing strategies or workplace-

based training) as production assets can result in measured TFP differences (Corrado et al., 

2013).  However, not all these expenditures are currently treated as capital formation in the 

national accounting framework, and returns to these will be reflected in the TFP residual. 

Increases in the quality of human or physical capital, which are not correctly captured in the 

measurement of quality-adjusted inputs, will also be incorporated in the TFP residual.  

5.3. The Sources of Growth: Industry Sections  

There are many choices to make regarding the specific assumptions required to estimate 

the sources of labour productivity growth. Hence, inevitably, it is unlikely that two sets of 

estimates will be exactly the same. In Figure 5.1, we illustrate the patterns for the market 

sector that result from aggregating the division level estimates that we produce and discuss 

below covering the period 1999 to 2015.19  The growth rates of labour productivity are 

represented with black diamonds in the graph, and the contributions made by the different 

factors of production are illustrated using coloured bars. We also compare this to the high 

level estimates obtained by others as a basic validity check on the data.   

Prior to the recession market sector labour productivity growth was mostly associated with 

strong TFP growth. TFP growth contributed just under 2 percentage points to labour 

productivity growth of 2.8 per cent per annum. Capital deepening (the contribution to 

labour productivity of an increase in the ratio of capital services to hours worked) added 

around 0.6 percentage points to annual labour productivity growth and improvements in 

the skills of the workforce added around 0.3 percentage points to annual labour 

productivity growth. The distribution of the sources of growth across the factors of 

production over this period are not very different to those published for the market sector 

(defined somewhat differently) by the Office for National Statistics.  

                                                           
19

 We aggregate using a Törnqvist index. 
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Figure 5.1  Contributions to annual labour productivity growth, UK market sector. 

 

Source: GDP(O) low level aggregates and productivity hours, GFCF by industry and asset, SUTs (ONS), authors’ calculations.  
Notes:  Labour productivity refers to Gross Value Added per hour worked. TFP refers to Total Factor Productivity. Capital deepening refers 

to the ratio of capital services to hours worked.  Labour composition captures workers’ skills. For definition of market sector see notes to 

Table 2.2.  

In the aftermath of the recession, the collapse in labour productivity growth can be 

accounted for by a sizeable deterioration in TFP.  Rising labour quality continued to make a 

positive contribution to overall productivity growth. Capital deepening continued to support 

labour productivity growth, albeit a little less than before the financial crisis. The collapse in 

TFP during 2008 to 2010 is consistent with others’ findings.20  

More recently, according to our estimates, TFP has stopped falling, but has failed to increase 

on average from 2011 to 2015 (as shown by the near nil contribution to labour productivity 

growth in Figure 5.1). Over this period capital deepening has failed to support market sector 

labour productivity growth. In broad terms these patterns are similar to ONS estimates.21 

The smaller contribution of capital deepening during the period 2008 to 2010 arose because 

of a collapse in gross fixed capital formation. The effect of reduced investment was 

somewhat offset by a reduction in hours worked (recall that capital deepening refers to the 

ratio of capital services to labour). The nil contribution of capital deepening to labour 

productivity growth between 2011 and 2015 arises less because of weak investment, but 

rather because of the rapid expansion in hours worked. 

                                                           
20

 See e.g. Franklin (2017) and Goodridge et al. (2016).    
21

 ONS estimates suggest capital deepening subtracted from market sector (defined differently than in this 
paper) labour productivity growth over this period.  
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Table 5.1  Decomposition of annual labour productivity growth by Industry Section and factor of production: 

UK market sector, 1999-2015.  

                                    
Industry Section Contribution of industry LP growth   2008 - 2010   2011 - 2015 
  to whole economy LP growth   change from 1999 - 2007   change from 1999 - 2007 
  1999-2007                         
  (average per annum, by factor)   (average per annum, by factor)   (average per annum, by factor) 

                                    
  LP   Capital Labour TFP   LP   Capital Labour TFP   LP   Capital Labour TFP 
      deepening comp.         deepening comp.         deepening comp.   

                                    

A: Agriculture, forestry and fishing 0.1   0.01 0.00 0.04   -0.1   -0.01 0.00 -0.10   0.0   -0.01 0.01 0.01 

B: Mining and quarrying 0.0   0.01 0.00 -0.06   -0.2   -0.02 -0.01 -0.15   -0.2   -0.04 0.01 -0.18 

C: Manufacturing 0.9   0.21 0.10 0.59   -0.8   -0.17 -0.04 -0.52   -0.9   -0.22 -0.04 -0.61 

D: Electricity, gas, steam and air conditioning 0.1   0.06 0.00 0.00   -0.2   -0.07 0.00 -0.07   -0.2   -0.04 0.00 -0.12 

E: Water supply, sewerage and waste 0.0   0.02 0.00 -0.01   -0.1   -0.03 0.00 -0.09   0.0   -0.02 0.00 0.02 

F: Construction 0.1   0.02 0.00 0.02   0.0   0.01 0.06 -0.09   0.0   0.00 0.03 -0.03 

G: Wholesale and retail 0.4   0.14 0.04 0.19   -0.7   -0.06 0.04 -0.63   0.0   -0.07 0.03 0.02 

H: Transportation and storage 0.2   0.02 0.02 0.13   -0.4   0.00 0.01 -0.39   -0.1   -0.03 0.00 -0.08 

I: Accommodation and food service 0.1   0.01 0.01 0.05   -0.1   0.02 0.00 -0.08   -0.1   -0.02 0.01 -0.09 

J: Information and communication 0.5   0.06 0.03 0.40   -0.3   -0.03 0.07 -0.32   -0.6   -0.14 0.01 -0.41 

K: Financial and insurance 0.4   0.04 0.04 0.30   -0.6   -0.01 0.06 -0.63   -0.5   -0.01 0.03 -0.54 

M: Professional, scientific and technical 0.3   0.02 0.02 0.25   -0.3   0.18 0.02 -0.54   -0.2   -0.11 0.00 -0.09 

N: Administrative and support service 0.1   0.00 0.01 0.10   -0.1   -0.05 0.01 -0.03   0.1   0.03 0.00 0.06 

R: Arts, entertainment and recreation 0.0   0.01 0.01 -0.04   0.0   0.03 0.00 -0.05   0.0   -0.01 0.00 0.00 

S: Other service activities 0.0   0.01 0.01 -0.02   0.0   -0.03 0.02 0.01   0.1   -0.01 0.00 0.09 
                                    

Market sector                                   

Within Industry Sections 3.0   0.6 0.3 2.0   -3.7   -0.2 0.2 -3.7   -2.6   -0.7 0.1 -2.0 
 

Source: GDP(O) low level aggregates and productivity hours, GFCF by industry and asset, SUTs (ONS), authors’ calculations. 

Notes: Output equals Gross Value Added. Labour productivity (LP) refers to output per hour worked. Contributions of industry LP growth to whole economy LP growth, derived as the within components from the 

decomposition proposed by Tang & Wang (2004), sum to the market sector within industry sections contribution to LP growth, bar rounding. TFP refers to Total Factor Productivity.. Capital deepening captures 

capital services relative to hours worked.  Labour composition captures workers’ skills.  
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In Table 5.1, we show how the section level contributions to market sector labour 

productivity growth arise from changes in capital deepening, labour composition and TFP. 

The first column is the same as that shown in Table 3.1 and reports each section’s 

contribution to annual labour productivity growth in the market sector from 1999 to 2007. 

In general, capital deepening plays a bigger role in driving labour productivity growth in 

production industries than in service industries. In manufacturing and agriculture, forestry 

and fishing sections, around 20 per cent of annual labour productivity growth contributions 

arise through increases in the capital intensity of production. In construction around 50 per 

cent of the annual labour productivity growth contribution is due to increases in capital 

intensity. In utilities (sections D and E) this figure averages 100 per cent. In wholesale and 

retail capital deepening also plays a significant role in driving labour productivity growth, 

but in most other service sectors almost all of the contribution to growth comes via TFP. In 

particular, the large contributions to market sector productivity growth from high skilled 

service sectors (J, K, M) is mostly due to increases in TFP.  

The labour productivity growth gap that arose during the recession was associated with a 

widespread across industry sections reduction in TFP (Table 5.1). Capital shallowing reduced 

labour productivity growth mainly in those industries where capital deepening had 

previously contributed to growth: manufacturing and utilities. In more recent years (2011 to 

2015) as output growth resumed and labour productivity growth remained weak, TFP 

weakness remained a key driver of sluggish labour productivity growth. Significant 

contributions to the labour productivity growth shortfall came from reductions in TFP 

growth in manufacturing, information and communication, and financial and insurance 

services. These are the sections of the economy that together accounted for 80 per cent of 

the 2011-2015 labour productivity growth gap, but just a third of market sector output, as 

discussed in section 3. Further significant reductions in TFP growth also came from mining 

and quarrying; the long term downward trend in TFP in this sector appears to have 

accelerated further downwards. Capital shallowing contributes to the labour productivity 

growth gap more significantly during this later period than during the recession. Capital 

shallowing effects were already evident during the recession years in capital intensive 

sectors such as manufacturing and utilities. During the period 2011 to 2015 these effects 

became more material in service sectors, as strong employment growth resumed.  

5.4. The Sources of Growth: Industry Divisions  

We highlighted in Figure 3.4 above those industry divisions that contribute most to the 

2011-2015 labour productivity growth gap. These sectors are by order of magnitude: 

telecommunications (61), financial services excluding insurance and pensions (64), retail 

trade excluding vehicles (47), mining and quarrying (B), electricity, gas, steam and air 

conditioning (D), and the manufacture of basic pharmaceutical products (CF), computer 

programming, consultancy and related activities (62), and the manufacture of machinery 

and equipment nec (CK). Each of these industry groups adds 0.1 percentage points or more 

to the 2011-2015 UK labour productivity growth gap and together, the fall in labour 
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productivity growth within these industry groups accounts for almost three quarters of the 

reduction in market sector labour productivity growth during 2011 to 2015 compared to the 

pre-recession decade.  These sectors account for little more than a quarter of market sector 

output on average between 1998 and 2014. 

In search of an answer to the UK labour productivity growth puzzle we consider in more 

detail what has occurred in these eight sectors, which stand out in terms of their 

contributions to the puzzle. Industry experts will better explain or refute measured trends in 

particular sectors, but the data we present here can serve as a starting point for further 

discussion. Figure 5.2 shows for each of these eight industry groups the patterns of labour 

productivity growth between 1999 and 2015 and how this can be accounted for in terms of 

the sources of growth. As in Figure 5.1, the growth rates of labour productivity are 

represented with black diamonds in the graph, and the contributions made by the different 

factors of production are illustrated using coloured bars. Here we consider these industries 

in turn. We also show in Figures 5.3 to 5.5 how industry division contributions to the market 

sector labour productivity growth gap  (shown in Figures 3.3 to 3.5) can be decomposed into 

contributions from capital deepening or shallowing, changes in labour composition and TFP 

growth.  

The telecommunications sector experienced very strong labour productivity growth during 

the ICT boom of the late 1990s and early 2000s. Labour productivity increased in excess of 

15 per cent per annum on average between 1999 and 2002 in this sector, explained mainly 

by TFP growth. During the period 2003 to 2007 annual labour productivity growth was a bit 

less, at just under 10 per cent, and fell to 3.7 per cent during the recession years, remaining 

well above the market sector average growth rate of the pre-cession decade. Might part of 

the explanation for the UK productivity puzzle be a story of a maturing industry, where rapid 

technological advance has been replaced by more normal rates of growth? By the period 

2011 to 2015 labour productivity in the telecommunications sector was falling through a 

combination of capital shallowing and a lack of TFP growth. We return to this sector in the 

next two sections where we consider international trends and measurement issues. Also 

within the information and communication section, namely in computer programming, 

consultancy and related activities (62), we see a secular decline in the contributions to 

labour productivity growth from TFP growth (Figure 5.2). In this industry, the skill 

composition of the workforce improved during the recession so that average annual labour 

productivity growth was actually higher from 2008 to 2010 than from 2003 to 2007. 

Having had strong labour productivity growth driven mostly by TFP growth between 1999 

and 2007, the financial services excluding insurance and pensions industry experienced a 

collapse in TFP after the financial crisis. The reduction in TFP in this sector is the reflection of 

significant contraction in output in both nominal and real terms while employment declines 

have been more modest. We see in Figure 5.2 that, according to our estimates, capital 

deepening has to some extent offset the decline in labour productivity growth caused by the  
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 Figure 5.2  Contributions to annual labour productivity growth: 

Sectors that account for the 2011-2015 UK labour productivity growth gap. 

  

  

  

  

 

Source: GDP(O) low level aggregates and productivity hours, GFCF by industry and asset, SUTs (ONS), authors’ calculations.  
Notes:  Labour productivity (LP) refers to Gross Value Added per hour worked. TFP refers to Total Factor Productivity. Capital deepening 

refers to the ratio of capital services to hours worked.  Labour composition captures workers’ skills. 
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collapse in TFP. This was not evident in the more aggregated data presented for the 

financial and service industry (K) in Table 5.1, where labour re-allocation across industry 

groups within the section appears as capital shallowing instead. McCafferty (2014) discusses 

some of the factors that may be affecting productivity weaknesses in the financial sector, in 

particular, the impact of a changing regulation framework. In the financial service sector, 

and to a lesser extent in legal and accounting services, more staff is now required to manage 

new infrastructure, system and regulatory requirements. McCafferty (2014) also argues that 

productivity in financial services may have been affected by the need to reduce leverage 

and increase capital, limiting the potential return of certain activities previously considered 

to be highly productive.  

The contribution of the wholesale and retail sector to the overall gap has changed 

significantly since the crisis. As shown in Table 5.1, it subtracted 0.7 percentage points from 

annual market sector labour productivity growth between 2008 and 2010, but did not 

subtract from productivity growth between 2011 and 2015. This masks the very different 

experiences of the wholesale and retail industries since 2007. In Figure 5.2, it is evident that 

labour productivity growth in retail trade (47) has fallen short of its performance prior to 

2007 both during the periods 2008 to 2010 and 2011 to 2015 as TFP growth has 

disappeared. This has contributed significantly to the UK productivity puzzle, in part because 

retail is a very large sector. In the wholesale sector (46), TFP growth fell rapidly in the 

aftermath of the recession, but has made a strong recovery since. Thus, while the wholesale 

industry contributed to the 2008-2010 growth gap, it has helped to reduce the 2011-2015 

market sector labour productivity growth gap (see Figures 5.3 and 5.4).  

In mining and quarrying (B), TFP has been declining since the early 2000s. This is largely due 

to the oil and gas sector (06) included in this industry group. The decline in TFP in the UK oil 

and gas sector since the early 2000s may be explained by a structural decline in oil and gas 

output in the UK, combined with the need to maintain minimum staffing levels in a capital-

intensive industry. Due to these on-going declines in TFP in oil and gas, mining and quarrying 

accounts for 7 per cent of the 2011-2015 market sector labour productivity growth gap.22 

The sector accounts for around 3 per cent of nominal output.  

As shown in Table 5.1, the manufacturing sector contributed 0.9 percentage points to the 

market sector labour productivity growth shortfall of 2.5 percentage points between 2011 

and 2015. Three quarters of the manufacturing contribution came from a reduction in TFP 

growth; the rest from capital shallowing. Figure 5.2 shows the patterns of growth for the 

two manufacturing industry groups that made the largest contribution to the puzzle during 

2011 to 2015: the manufacture of basic pharmaceutical products (CF) and the manufacture 

of machinery and equipment nec (CK). Both of these experienced a fall in TFP over the 

period 2011 to 2015. In pharmaceuticals, a third of the growth puzzle is also explained by 

capital shallowing. This is also what we see in electricity, gas, steam and air conditioning (D).  

                                                           
22

 Goodridge et al. (2016) argue that oil and gas is one of the biggest contributors to the 2008-2011 TFP puzzle. 
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Figure 5.3 Factor decomposition of industry contributions to the labour productivity growth 

gap between the pre-crisis period 1999-2007 and 2008-2010 (in percentage points), 

UK market sector. 

  
Source: GDP(O) low level aggregates and productivity hours, GFCF by industry and asset, SUTs (ONS), authors’ calculations.  
Notes:  TFP refers to Total Factor Productivity. Capital deepening refers to the ratio of capital services to hours worked.  Labour 

composition captures workers’ skills. Factor decomposition of the labour productivity growth gaps shown in Figure 3.3. 
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Figure 5.4 Factor decomposition of industry contributions to the labour productivity growth 

gap between the pre-crisis period 1999-2007 and 2011-2015 (in percentage points), 

UK market sector. 

 
Source: GDP(O) low level aggregates and productivity hours, GFCF by industry and asset, SUTs (ONS), authors’ calculations.  
Notes:  TFP refers to Total Factor Productivity. Capital deepening refers to the ratio of capital services to hours worked.  Labour 

composition captures workers’ skills. Factor decomposition of the labour productivity growth gaps shown in Figure 3.4. 
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Figure 5.5 Factor decomposition of industry contributions to the labour productivity growth 

gap between the pre-crisis period 1999-2007 and 2008-2015 (in percentage points), 

UK market sector. 

 
Source: GDP(O) low level aggregates and productivity hours, GFCF by industry and asset, SUTs (ONS), authors’ calculations.  
Notes:  TFP refers to Total Factor Productivity. Capital deepening refers to the ratio of capital services to hours worked.  Labour 

composition captures workers’ skills. Factor decomposition of the labour productivity growth gaps shown in Figure 3.5. 
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Figure 5.6 Cumulative frequency distribution of factor contribution gaps between the pre-crisis 

period 1999-2007 and subsequent years. UK market sector. 

a. Capital deepening 

 

b. TFP 

Source: GDP(O) low level aggregates and productivity hours, GFCF by industry and asset, SUTs (ONS), authors’ calculations.  
Notes: The unit of observation is the Industry Division, with some exceptions. In total 56 industry groups.  
 

Figures 5.3 to 5.5 illustrate for the full list of industry divisions their contributions to the 

market sector labour productivity growth gap decomposed into contributions from changes 

in capital intensity, changes in labour composition and TFP growth. TFP typically behaves 

pro-cyclically and at the peak of the economic crisis, i.e. the years from 2008 to 2010, most 

sectors exhibit deteriorating TFP, thus contributing to widen the overall productivity gap 

(Figure 5.3). There were only a handful of sectors, exclusively within services, that continued 

to experience positive TFP growth throughout the downturn.23 Since then, we see more 

‘pockets of productivity growth’ on average between 2011 and 2015. An increasing number 

of sectors improve their TFP and therefore help to narrow the market sector labour 

productivity growth gap (Figure 5.4). 

The change over time in the ubiquity of contributions to the market sector labour 

productivity growth gap from changes in capital intensity and TFP, respectively, are easier to 

see in Figure 5.6.  Here we plot the cumulative frequency distribution of average annual 

growth differences after 2007 compared to the period 1999 to 2007. Panel (b) shows that 

TFP growth slowed in more than 80 per cent of the industry groups we consider during the 

period 2007 to 2010 compared to 1998 to 2007. Growth recovered in some industries 

during 2011 to 2015, but nonetheless around two thirds of industry groups still experienced 

slower TFP growth during 2011 to 2015 than they did between 1999 and 2007.  In contrast, 

only half on industries saw a reduction in the rate of capital deepening during the recession. 

By the years 2011 to 2015 three quarters of industry groups experienced slower growth in 

the ratio of capital services to labour than they did during 1999 to 2007, due to relatively 

weak investment and remarkable growth in hours worked. 
                                                           
23

 These include in no particular order: water transport (50), accommodation (55), other professional, scientific 
and technical services (74), rental and leasing activities (77), office administration, office support and other 
business support (82), libraries, archives, museums and other cultural activities (91), activities of membership 
organisations (94) and other personal service activities (96). 
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6. International Comparisons of Productivity Growth  

We might also shed light on the UK productivity puzzle by contrasting the UK experience 

with that in other advanced economies. Indeed, since the recession years around the 

financial crisis, productivity growth has stagnated in many countries in what some have 

suggested is the continuation of a downward trend in productivity growth that began 

decades ago. But, what does this say about the causes of the productivity slowdown in the 

UK? Here we examine the sectoral patterns of the productivity slowdown elsewhere to 

better understand which trends are likely to be globally determined and which appear to be 

UK specific.  

Table 6.1 illustrates that the productivity deterioration after the financial crisis was a global 

phenomenon, but that this deterioration was generally less marked in other countries 

compared to the UK. Labour productivity growth gaps in the market sector are shown for 

the EU-15 countries, except Greece, Ireland, Luxembourg and Portugal, for whom we have 

some missing data items, and the United States. These are derived from EUKLEMS data.24 

Growth gaps are shown for the periods we have focused on hitherto: the 2008-10 period 

including the recession years, the 2011-2015 period of economic recovery and productivity 

stagnation, and the entire post financial crisis period to 2015, i.e. from 2008 to 2015.  

Of the twelve countries shown in Table 6.1, the reduction in average annual market sector 

labour productivity growth for the period 2008 to 2010 from the period 1999 to 2007 is 

greater than in the UK only in Sweden and Finland, where annual labour productivity growth 

fell by more than 4 percentage points compared to 3.3 percentage points in the UK. Since 

then, and with the exception of Finland, the 2011-2015 labour productivity growth gap has 

been largest in the UK, closely followed by the US. And on average since 2007, amongst the 

twelve economies in Table 6.1, the UK labour productivity growth gap of 2.8 percentage 

points has been surpassed only by that in Finland. One of the reasons that the deterioration 

in UK labour productivity growth appears so significant compared to other countries is the 

relatively strong growth experienced in the UK in the decade before the crisis (not shown in 

Table 6.1). Then UK labour productivity growth rates were generally above those in the 

United States, which also experienced strong productivity growth in the pre-crisis period. 

The productivity performance of economies, such as Germany, France, Netherlands and 

Denmark, was also favourable then, but with growth rates below those achieved by the US 

and the UK. As such, in the pre-crisis period, UK value added per person or per hour was 

converging towards the higher levels observed in similarly advanced European economies. 

Other countries, such as Italy and Spain, experienced weak or negative labour productivity 

growth rates at that time.  

During the recession years all the countries shown experienced a sharp contraction in 

annual output or value added growth and, with the exception of Spain, a smaller reduction 
                                                           
24

 These are produced on a different conceptual basis to International Comparisons of Productivity publications 
produced by ONS.  
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in the rate of total hours growth so that labour productivity growth also fell. This pattern of 

pro-cyclical productivity is typically explained by labour hoarding and (lack of) returns to 

scale.  In Spain, labour productivity growth increased in the recession years, which has been 

attributed to the majority of job losses being concentrated in lower productivity sectors, 

such as the construction sector. Besides Sweden, Finland and the UK, where labour 

productivity growth fell sharply, Germany and Austria also experienced a significant 

deceleration of labour productivity growth. The US was notably different. There productivity 

growth weakened only modestly. The flipside was a relatively sharp rise in US 

unemployment.  

The slowdown in labour productivity growth during the recession years is accounted for by a 

reduction in TFP growth in all countries. According to the EUKLEMS data that we use in 

Table 6.1, the UK stands out from other countries in experiencing significant capital 

shallowing, i.e. a reduction in the amount of capital used per working hour. This feature of 

EUKLEMS for the UK is different to the data that we derive. Our calculations suggest that, 

much as in other countries, the labour productivity growth slowdown during 2008 and 2010 

could be entirely accounted for by a reduction in TFP.  

After the recession years output growth recovered between 2011 and 2015, but remained 

subdued relative to the pre-crisis decade. UK market sector output growth recovered more 

strongly than in many countries and was on average 0.8 percentage points below the pre-

crisis average. In the US market sector, output growth was 0.7 percentage points below the 

pre-crisis average. Both the UK and US labour markets recovered very strongly over this 

period. Total hours worked increased by 1.7 percentage points more per annum than during 

the period 1999 to 2007 in both economies. As a result both countries also saw significant 

productivity growth gaps of around 2.5 percentage points, as relatively weak TFP growth 

was accompanied by relative capital shallowing; capital investment did not keep up with the 

increase in hours worked.  

The reduction in UK market sector output growth between 2008 and 2015 compared to 

1999 to 2007 looks on average no better or worse than that experienced in other EU 

countries and the US. The rate of increase in hours worked looks exceptionally strong, and 

as a consequence the labour productivity growth gap is generally bigger than elsewhere. 

Investment and hence capital services have not matched the sharp increase in labour, and 

therefore capital deepening makes a relatively large contribution to the labour productivity 

growth gap in the UK compared to other countries. The contribution of TFP to the labour 

productivity growth gap is also bigger in the UK than in most other economies considered. 

Nonetheless, the productivity woes of the UK since the financial crisis are not unique in that 

we observe a significant slowdown in productivity growth throughout the EU-15 and in the 

US, mainly associated with falls in TFP growth.   
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Table 6.1  Annual labour productivity growth gaps EU-15 and US: Market sector, 1999-2015.  

    Annual growth 2008 - 2010 Annual growth 2011 - 2015 Annual growth 2008 - 2015 

    change from 1999 - 2007 change from 1999 - 2007 change from 1999 - 2007 

                                  

Country Value Hours LP Capital TFP Value Hours LP Capital TFP Value Hours LP Capital TFP 

    Added 
  

deepening contrib. Added 
  

deepening contrib. Added 
  

deepening contrib. 
    

                   (per cent per annum) (%-points) (per cent per annum) (%-points) (per cent per annum) (%-points) 
    

               
AT Austria -3.9 -1.5 -2.4 0.0 -2.3 -1.8 -0.3 -1.5 -0.3 -1.2 -2.6 -0.8 -1.8 -0.2 -1.6 

BE Belgium -2.7 -1.1 -1.5 -0.2 -1.3 -1.7 -0.3 -1.3 -0.9 -0.5 -2.0 -0.6 -1.3 -0.6 -0.8 

DE Germany -3.2 -0.7 -2.4 0.1 -3.0 -0.2 0.7 -0.8 -0.7 -0.4 -1.3 0.1 -1.4 -0.4 -1.3 

DK Denmark -4.7 -3.1 -1.6 0.3 -2.6 -0.9 -0.3 -0.5 -0.5 0.0 -2.3 -1.4 -0.9 -0.2 -1.0 

ES Spain -5.6 -7.0 1.5 1.5 -0.6 -4.0 -5.4 1.4 0.4 0.6 -4.6 -6.0 1.5 0.8 0.1 

FI Finland -7.0 -2.7 -4.3 0.6 -4.8 -4.9 -1.4 -3.5 -0.4 -3.2 -5.7 -1.9 -3.8 0.0 -3.8 

FR France -3.5 -1.4 -2.1 -0.2 -2.3 -1.7 -0.8 -0.9 -0.5 -0.8 -2.4 -1.0 -1.3 -0.4 -1.4 

IT Italy -4.1 -3.1 -1.0 0.1 -1.0 -3.0 -2.8 -0.2 -0.5 0.4 -3.5 -2.9 -0.6 -0.2 -0.2 

NL Netherlands -3.0 -0.9 -2.1 -0.1 -2.1 -1.2 0.4 -1.6 -0.5 -1.1 -1.9 -0.1 -1.8 -0.3 -1.5 

SE Sweden -4.9 -0.6 -4.4 0.0 -3.9 -2.1 -0.1 -2.0 -0.6 -1.4 -3.2 -0.3 -2.9 -0.4 -2.3 

UK United Kingdom -5.0 -1.8 -3.3 -0.5 -2.6 -0.8 1.7 -2.6 -0.9 -1.5 -2.4 0.4 -2.8 -0.8 -1.9 

US United States -3.8 -3.1 -0.7 0.3 -1.1 -0.7 1.7 -2.4 -1.2 -1.1 -1.9 -0.1 -1.7 -0.7 -1.1 
 

Source: EUKLEMS 2017 release (August 2017), authors’ calculations. 

Notes: NL data from 2001 onwards. IT data up to 2014 only. EU15 countries Greece, Ireland, Luxembourg and Portugal are not reported due to missing data. 
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Figure 6.1  Contributions to labour productivity growth in finance, 1998-2015. 

   

  
Source:  EUKLEMS 2017 release (August 2017) 
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Figure 6.2  Contributions to labour productivity growth in information and communication, 1998-2015. 

  

  Source:  EUKLEMS 2017 release (August 2017) 
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Figure 6.3  Contributions to labour productivity growth in manufacturing, 1998-2015. 

   

  Source:  EUKLEMS 2017 release (August 2017) 
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We can compare the productivity performance of those sectors that account for the 

majority of the UK productivity puzzle to that in other major economies. Mason et al. (2008) 

identify a number of UK sectors that outperform their counterparts in Germany, France and 

the US in terms of labour productivity or TFP over the period 1995 to 2004. Such studies can 

form the basis for guiding more in-depth investigation of performance drivers and 

constraints, where particular activities appear to have a competitive advantage or where 

under-performance is identified. 

A full growth accounting exercise with the contributions of different factors of production is 

shown in Figures 6.1 to 6.3 for the following sectors: finance, information and 

communication and manufacturing, in the UK, Germany, France and the US. The labour 

productivity growth gap in the market sector in France and Germany is half that of the UK. 

In the US the growth gap is similar to the UK during the stagnation period 2011 to 2015.  

As shown in Figure 6.1, the labour productivity slowdown in the finance sector in the UK 

was mainly explained by a slowdown in TFP growth. The US experience is not dissimilar to 

the UK. Strong labour productivity before the financial crisis was mostly associated with TFP 

growth, which has very much reduced since then. The US financial sector experienced a 

slowdown in productivity growth that pre-dated the crisis. In France financial services 

productivity growth has mainly been supported by capital deepening and has not reduced 

very sharply since the financial crisis. In Germany financial services productivity has 

developed entirely differently to that in the other countries shown. 

Developments in information and communication sector productivity are illustrated in 

Figure 6.2. TFP growth has deteriorated in this sector in the UK since the late 1990s and 

early 2000s. A similar slowdown, albeit less pronounced, has also been experienced by the 

United States and France. Again the experience of Germany is entirely different to that in 

the UK, US and France.  

In the manufacturing sector labour productivity growth is supported by a combination of 

capital deepening and TFP growth in the UK, the US and France. In these countries, capital 

deepening plays a greater role in supporting labour productivity growth in manufacturing 

than in the services sectors generally. After the financial crisis the slowdown in 

manufacturing labour productivity growth in these three countries was a reflection of a 

deceleration in TFP growth and a decrease in investment relative to labour, the latter being 

most significant in the UK. In Germany, the post-crisis reduction in labour productivity 

growth was mainly a result of a reduction in TFP growth.  

The main takeaway from these cross-country sector comparisons of productivity growth is 

that, despite some differences, we observe significant similarities between the UK and some 

of the other major economies in the drivers of and trends in productivity in those sectors 



 
 

51 
 
 

that account for much of the UK productivity puzzle. These similarities point to common 

explanations for productivity weakness across countries.  

 

Table 6.2  Decomposition of annual labour productivity growth gaps by Industry Group: 

Market sector, 2001-2015.  

                  
Industry  Contribution to LP growth gap Contribution to LP growth gap 
  2011-2015 2008-2015 
  (average per annum) (average per annum) 

              
 

  

  UK US EU-15  UK US EU-15  

                

                

A: Agriculture, forestry and fishing 0.1 0.0 0.0  0.0 0.0 0.0  

B: Mining and quarrying -0.1 0.2 0.0  -0.1 0.2 0.0  

C: Manufacturing -0.8 -1.3 -0.5  -0.7 -0.9 -0.5  

D-E: Utilities -0.1 0.0 -0.1  -0.2 0.0 -0.1  

F: Construction 0.0 0.1 0.1  0.0 0.2 0.1  

G: Wholesale and retail -0.2 -0.3 0.0  -0.4 -0.4 -0.2  

H: Transportation and storage -0.1 -0.2 -0.1  -0.2 -0.1 -0.1  

I: Accommodation and food service -0.1 -0.1 0.0  -0.1 -0.1 0.0  

J: Information and communication -0.3 -0.6 -0.2  -0.2 -0.5 -0.2  

K: Financial and insurance -0.6 -0.2 -0.2  -0.6 -0.1 -0.2  

M-N: Professional and administrative -0.2 0.0 0.1  -0.3 0.1 0.0  

R: Arts, entertainment and recreation 0.0 0.0 0.0  0.0 0.0 0.0  

S: Other service activities 0.1 0.1 0.0  0.0 0.1 0.0  
                

Allocation 0.0 0.0 0.0  0.0 -0.1 0.0  
                

Market Sector (total) -2.4 -2.2 -0.8  -2.7 -1.5 -1.1  
 

 Source: EUKLEMS 2017 release (August 2017), authors’ calculations.  

 

Commonalities across countries are also apparent in Table 6.2 where we decompose the UK 

labour productivity growth gap using the EUKLEMS data (equivalent to Table 3.1), alongside 

two other productivity growth gaps: the US gap 25  and the EU-15 gap 26 . Sectoral 

decompositions are shown for the 2011-2015 stagnation period and entire post-crisis period 

to 2015.27 Looking at the 2011-2015 labour productivity growth gap in the market sector, 

the average gap in the US is 2.2 percentage points and in the EU-15 countries is 0.8 

percentage points. This compares to 2.4 percentage points in the UK. While there are 

differences, the sectoral distribution of the US and EU-15 gaps is in some respects similar to 

                                                           
25

 Based on a Bhattacharyya distance measure applied to industry shares of nominal output on average 2001-
2007, the industry structure of the UK more resembles that of the US than other individual EU-15 countries.  
26

 An unweighted average of labour productivity growth gaps for the EU-15 countries less the UK looks similar 
to the EU-15 figures shown in Table 6.2. 
27

 The productivity growth gaps and their composition in Table 6.2 are evaluated against the pre-crisis period 
2001-2007 rather than 1999-2007 due to missing data, and hence they may differ slightly from previous 
sections of this paper. 
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the UK. The largest contributions to the slowdown in labour productivity growth come from 

manufacturing, financial services and information and communication. Together these 

sectors account for around 70 per cent of the 2011-2015 UK labour productivity growth gap 

as measured in Table 6.2, and close to all of the US and EU-15 gaps.28  

Both the 2011-2015 and 2008-2015 UK labour productivity growth deficits are significantly 

larger than the equivalents for the EU-15, but this is not obviously explained by differences 

in particular industry contributions to productivity weakness. The UK gaps exceed the EU-15 

gaps by 1.6 percentage points. Almost all sectors contribute more to the stagnation of UK 

productivity growth than to the stagnation of EU-15 productivity growth. In other words, 

the particular woes of the UK compared to the EU-15 are associated with widespread 

productivity weakness across sectors rather than UK-specific developments in particular 

sectors. The 2008-2015 UK labour productivity growth deficit is also significantly larger than 

the equivalent in the US, exceeding this by 1.2 percentage points. Production industries and 

service industries both contribute in equal measure to this difference. The UK shortfall in 

productivity growth is larger than the US equivalent in all but manufacturing and 

information and communication services (but see footnote 28). The 2011-2015 UK labour 

productivity growth deficit is less different in magnitude to the equivalent in the US; the US 

exhibited strong labour productivity growth similar to the UK in the run up to the financial 

crisis and strong growth in hours worked during the period 2011 to 2015. 

The depth of the UK puzzle compared to other advanced economies is not easily explained 

by differences in the industry structure of market sector output across countries. 

Aggregating the growth performance of UK industries using the sector composition of the 

US or the EU-15 does not change the UK growth gap very much. Rather, the sizable collapse 

in UK labour productivity growth arises because, more often than not, within the same 

industry sections, the stagnation of UK productivity growth is greater than that in the US 

and the EU-15 countries. The slowdown in UK labour productivity growth is less remarkable 

compared to that in the US and other EU-15 countries in the: agriculture, forestry and 

fishing; mining and quarrying; construction; and other service activities industry sections.  

 

 

  

                                                           
28

 Note that the contributions of each the financial and information and communications sectors are more 
aligned between the US and the UK when we measure the labour productivity growth gap benchmarking on 
the period 1999 to 2007 (as in previous sections) rather than 2001 to 2007 (as in Table 6.2). Benchmarking 
against the period 1999 to 2007, the contribution of the financial sector to the labour productivity growth gap 
is smaller (larger) in the UK (US) and the contribution of the information and communication sector to the 
labour productivity growth gap is larger (smaller) in the UK (US) compared to Table 6.2. 
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7. Sectoral Patterns, the External Position and Measurement Issues 

The sectoral patterns of the UK labour productivity growth gap that we have illustrated 

above are notable in at least two respects. First, significant productivity growth gaps are 

evident in UK export sectors such as manufacturing and finance. Here we explore these 

patterns in further detail, confronting estimates of productivity growth gaps with 

international trade data. Second, it is striking that the largest contributions to the stagnation 

in UK labour productivity growth come from sectors where productivity is relatively difficult 

to measure. The sectoral and aggregate patterns we and others have described are of 

course contingent on the data and economic statistics that are available to examine these. 

Below we discuss some of the measurement issues that may be of relevance to the trends 

we have highlighted and what they might imply about the UK productivity puzzle.    

7.1. The External Position  

We can further explore the issue of UK productivity performance by appealing to the 

sectoral patterns of international trade. The ability to compete in international markets is 

revealing of an economy’s comparative advantages, and performance in international 

markets plays an important role in promoting economic growth. Here we look at the trade 

position of the UK in terms of exports and imports of goods and services for a wide range of 

industries. Trade balances, which measure the difference between exports and imports, are 

one of the most widely used measures of trade performance. External competitiveness can 

also be measured using export market shares. They are computed as the export from the UK 

to the rest of the world in relation to total exports to this market from other nations. Hence, 

export world market shares measure how much of world exports are covered by UK exports.  

Figure 7.1 shows the trade balances of UK agriculture and manufacturing industries (in 

million US dollars), for the years 2005, 2010 and 2015, based on the OECD’s Bilateral 

Database and sorted from largest UK trade deficit to the highest UK trade surplus in 2005. 

We consider here total trade in goods and the list of industries is based on the International 

Standard Industry Classification Rev. 4. In the majority of UK manufacturing industries net 

exports are negative, that is imports are larger than exports. Industries, for which the UK 

has the largest commercial deficit, include manufacturing of textiles, wearing apparel and 

leather (CB), manufacturing of computer, electronic and optical products (CI), 

manufacturing of motor vehicles and other transport equipment (CL) and manufacturing of 

food products, beverages and tobacco (CA). Trade deficits in these industries have increased 

since 2005, especially in the electronics industry.29 While these industries all contribute to 

the UK labour productivity growth gap, it is manufacturing industries, such as 

pharmaceuticals (CF) and the manufacture of machinery and equipment (CK), as well as the 

manufacture of basic metals and fabricated metal products (CH) that have experienced the 

                                                           
29

 These developments partly reflect a loss of competitiveness to China and the A8, see Foliano and Riley 
(2017).   
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largest reductions in labour productivity growth and make the largest contributions to the 

decline in UK market sector labour productivity growth since the financial crisis. These are 

all manufacturing industries for which the UK records a trade balance or surplus. In Figure 

7.2 we illustrate these correlations, plotting the industry trade balance against the industry 

productivity growth gap (labour and total factor productivity). 

Figure 7.1  Trade balances in agriculture and manufacturing: UK 2005, 2010 and 2015.  

 
Source: OECD Bilateral Trade Database, International Standard Industry Classification Rev. 4, authors’ calculations.  
Notes: Section A: Agriculture, forestry and fishing, B: Mining and quarrying, CA: Manufacture of food products, beverages and tobacco, CB: Manufacture of textiles, wearing apparel and 
leather, CC: Manufacture of wood, paper and printing, CD: Manufacture of coke and refined petroleum products, CE: Manufacture of chemicals and chemical products, CF: Manufacture 
of basic pharmaceutical products, CG: Manufacture of rubber and other non-metallic mineral products, CH: Manufacture of basic metals and fabricated metal products, CI: Manufacture 
of computer, electronic and optical products, CJ: Manufacture of electrical equipment, CK: Manufacture of machinery and equipment n.e.c., CL: Manufacture of motor vehicles and 
other transport equipment, CM: Manufacture of furniture and other manufacturing (excluding 33 repair and installation of machinery and equipment), D: Electricity, gas, steam and air 
conditioning supply. 

 

Figure 7.2  Trade balances in goods and productivity growth gaps in UK industries.  

a. Labour productivity growth gap 

 

b. TFP growth gap 

Source: OECD Bilateral Trade Database, International Standard Industry Classification Rev. 4, authors’ calculations.  
Notes: The dashed line is a regression of the trade balance on a constant and the productivity growth gap. Each observation is an industry 
(those shown in Figure 7.1). Weights are nominal output shares and are indicated by the size of each observation. In panel (a) the slope 
equals -1.17 (t-statistic=2.34). In panel (b) the slope equals -1.32 (t-statistic=2.07). 
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A similar pattern between the reduction in labour productivity growth since the financial 

crisis and comparative advantage, as revealed by the trade statistics, is evident in services 

industries. Figure 7.3 presents the trade balance for a number of services in the UK in 2011 

and 201530. This is based on the Extended Balance of Payment Classification (EBOPS) 2010. 

In contrast to manufacturing, the majority of services in the UK present a positive trade 

balance. Finance, which is one the main contributors to the UK labour productivity growth 

gap, has the highest trade surplus of the industries shown. The telecommunications sector 

and other business services sector also have trade surpluses and made significant negative 

contributions to the change in labour productivity growth after the crisis. The service 

industries for which the UK records a trade deficit or negligible surplus contributed much 

less to the labour productivity growth gap.31  

Figure 7.3  Trade balances in service industries: UK 2011 and 2015. 
 

 
Source: OECD Bilateral Trade Database, International Standard Industry Classification Rev. 4, authors’ calculations.  

These patterns may be coincidental, but they are also consistent with explanations of the 

productivity puzzle that suggest a lack of external demand may in part be to blame for the 

weakness of productivity growth in the decade since the financial crisis. World trade rose 

sharply between the 1990s and the 2000s, but collapsed and then levelled off after the 

financial crisis. Those sectors that enjoy a competitive advantage and rely on export markets 

have been most exposed to the rolling back of world trade, and what has been an extended 

demand shock. Oulton (2018) invokes a model of growth where constrained external 

                                                           
30

 Trade information by service industries is limited before 2011, which is why this analysis does not allow any 
comparison pre- and post-crisis and compares 2011 to 2015 only.  
31

 We cannot map precisely these products to service industries and hence do not attempt to illustrate 
correlations.  
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demand coupled with unconstrained labour supply leads to capital shallowing. He finds a 

positive relationship across countries between changes in external demand growth and 

changes in labour productivity growth. The ECB (2017) demonstrate an empirical link across 

sectors between growth in a range of trade indicators and productivity growth, motivated 

by the importance of trade in generating knowledge spillovers, effective resource allocation 

and economies of scale.  

Figure 7.4  Changes in goods export market shares and productivity growth gaps in UK 

industries.  

 

Source: OECD Bilateral Trade Database, International Standard Industry Classification Rev. 4, authors’ calculations.  
Notes: The dashed line is a regression of the change in export market share on a constant and the productivity growth gap. Each 
observation is an industry (those shown in Figure 7.1). Weights are nominal output shares and are indicated by the size of each 
observation. The slope equals 0.09 (t-statistic=1.59). 
 

Another explanation for the correlation post-crisis between productivity growth reductions 

and comparative advantage might be that the UK is close to the technology frontier in 

sectors where it is able to maintain an international presence, and that therefore the 

possibility for catch-up is relatively exhausted in these sectors. If this were the case we 

might expect to see loss of market share in those sectors with significant reductions in 

productivity growth. UK industries have experienced some loss of (goods) export market 

share since the financial crisis (Figure 7.4 and Figure 7.5). As illustrated in Figure 7.4, 

industries that experienced substantial reductions in TFP growth were more likely to have 

lost market share. However, this correlation is not statistically significant nor is it robust. 

Thus we might conclude that the collapse in productivity growth in key UK (goods) export 

sectors was not associated with losses in world export market shares and general 

competitiveness. This reinforces the external demand interpretation.  
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Figure 7.5  Geographic content of world goods exports: 2005, 2010 and 2015. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: OECD Bilateral Trade Database, International Standard Industry Classification Rev. 4, authors’ calculations.  
Notes: Section A: Agriculture, forestry and fishing, B: Mining and quarrying, CA: Manufacture of food products, beverages and tobacco, CB: 
Manufacture of textiles, wearing apparel and leather, CC: Manufacture of wood, paper and printing, CD: Manufacture of coke and refined 
petroleum products, CE: Manufacture of chemicals and chemical products, CF: Manufacture of basic pharmaceutical products, CG: 
Manufacture of rubber and other non-metallic mineral products, CH: Manufacture of basic metals and fabricated metal products, CI: 
Manufacture of computer, electronic and optical products, CJ: Manufacture of electrical equipment, CK: Manufacture of machinery and 
equipment n.e.c., CL: Manufacture of motor vehicles and other transport equipment, CM: Manufacture of furniture and other 
manufacturing (excluding 33 repair and installation of machinery and equipment), D: Electricity, gas, steam and air conditioning supply. 
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7.2. Measurement Issues in Key Services Sectors  

As illustrated earlier, the telecommunications sector (61) accounts for around 0.4 

percentage points of the 2.5 percentage point labour productivity growth gap in the UK 

market sector from 2011 to 2015 (Figure 3.4). Thus, telecommunications account for 17 per 

cent of the growth gap, but less than 3 per cent of market sector output on average across 

the period 1999 to 2007 (Table 3.2). In other countries the broader information and 

communications sector is also a key contributor to stagnating productivity growth since the 

financial crisis (Table 6.2). These UK and international patterns arise as the ICT boom of the 

late 1990s and early 2000s has disappeared (see also Remes et al., 2018).  

An additional explanation is that price declines and conversely real output increases in 

telecommunications have not been adequately captured in the official statistics in recent 

years. Bean (2016) and Abdirahman et al. (2017) suggest that quality improvements in 

telecommunications associated with substantial advances in and the spread of mobile 

technology during the post-recession period are not sufficiently accounted for in measures 

of telecommunications output. Taking these quality improvements into account, they 

estimate that between 2010 and 2015 telecommunications services prices could have fallen 

by between 35 per cent and 90 per cent.  

This is very different to the current deflator used for this sector, which remained broadly flat 

over this period. In a review of service sector deflators, O’Mahony and Samek (2017) find 

similar patterns in deflators in use in telecommunications services across many countries, 

suggesting that current international norms in measuring deflators in this sector  may lead 

to an underestimation of (real) output growth, and hence labour productivity growth, in the 

telecommunications sector since the financial crisis. These data issues are not necessarily 

specific to the UK.  

The implication of this measurement issue is that the labour productivity growth slowdown 

in this sector internationally may be overstated. It is difficult to ascertain by how much. 

First, this depends on the magnitude of quality adjustments required and the potential 

range is broad. Second, the way that stronger output growth in the telecommunications 

sector feeds through to aggregate output growth will depend on adjustments to value 

added growth in other industries that use telecommunications as intermediate inputs in the 

production process. 32  In any case, the likely outcome of better capturing quality 

improvements in telecommunications services is that the labour productivity growth puzzle 

will look a little less severe in the UK and in other economies with similar size information 

and communications sectors to the UK33; and that the information and communications 

                                                           
32

 The impact on aggregate output growth will, ultimately, also depend on consistent quality adjustment being 
applied on the expenditure side of the National Accounts, where telecommunications is already implicitly 
quality adjusted in the methods used by ONS, for example.  
33

 Ahmad, Ribarsky and Reinsdorf (2017) suggest these types of effects may be growing over time and become 
more material in future.  
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sector will look less at odds with other sectors in terms of its contribution to the puzzle (see 

e.g. Byrne, Oliner and Sichel, 2017).  

The sharp decline in labour productivity growth in financial services (64) since the crisis is 

another big contributor to the UK labour productivity puzzle in particular, but also to the 

productivity growth slowdown in some other countries. Bean (2016) highlights the failure of 

official nominal value added measures of financial intermediation to appropriately account 

for loan default risk as a cost of providing these services. The way the value added data are 

compiled, an increase in risk will translate into an increase in financial services value added, 

rather than an increase in the intermediate costs of providing financial services, and may 

not be adequately reflected as a reduction in the ‘quality’ of financial services when 

calculating real output of the sector. In the context of the productivity puzzle, this could 

have important implications for the measured slowdown in labour productivity growth in 

financial services. In particular, Bean (2016) argues that improved loan standards and better 

regulation since the financial crisis should have reduced the risk of financial instability. Thus, 

the quality of financial services should have improved and these improvements are unlikely 

to be fully captured in existing measures of financial services output. Again, better 

accounting for quality improvements in estimates of real value added might chip away at 

the size of the UK labour productivity growth gap and lead to a more equal distribution of 

contributions to the puzzle across industries.  

 

7.3. Double Deflation and Other Measurement Issues  

The industry measures of productivity in this paper draw from measures of value added 

from the ONS Low-Level aggregates in constant terms (Chained Volume Measures), which 

are consistent with the National Accounts. These are compiled using single deflation, where 

output produced and inputs used in an industry are deflated with the same output price 

index. Double deflation is an alternative to single deflation and, considered conceptually 

preferable in the measurement of productivity, is used in many countries. With double 

deflation output produced and inputs used in an industry are deflated with separate price 

indices, better reflecting the fact that an industry’s inputs may consist of different products 

than its outputs. Here we illustrate the effects a relatively simple double deflation exercise 

would have on real value added of the UK manufacturing sector. The focus is on 

manufacturing because deflators we might use for this sector are less likely to be affected 

by balancing adjustments and because of its role in accounting for the productivity puzzle. 

We note that this exercise is purely illustrative, as we do not have the full set of information 

required to carry out a comprehensive analysis.  
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Our double-deflated volume measures of value added are computed by subtracting a 

constant-price value of intermediate inputs from a constant-price value of gross output.  We 

define value added in current prices (𝑉𝐴𝑖) in industry 𝑖 as:   

(7)   𝑉𝐴𝑖 = 𝐺𝑂𝑖 − ∑ 𝑋𝑖𝑗
𝑛
𝑗=1 . 

where 𝐺𝑂𝑖  is nominal gross output, 𝑋𝑖𝑗  is the nominal quantity of output supplied to 

industry 𝑖 by industry j.  

To carry out double deflation, gross output prices are required. We derive implicit deflators 

for each industry by exploiting ONS’ assumption that real value added in industry 𝑖 

(𝑉𝐴𝑖
𝑟) grows at the same rate as real gross output in this industry (𝐺𝑂𝑖

𝑟).  

(8)   
𝑉𝐴𝑟𝑖𝑡

𝑉𝐴𝑟𝑖,𝑡−1
=

𝐺𝑂𝑟𝑖𝑡

𝐺𝑂𝑟𝑖,𝑡−1
    and     

𝐺𝑂𝑖𝑡
𝑟

𝐺𝑂𝑖,𝑡−1
𝑟 =

𝐺𝑂𝑖𝑡

𝐺𝑂𝑖,𝑡−1
/

𝑃𝑖𝑡

𝑃𝑖,𝑡−1
. 

This assumption allows the estimation of growth in the output price as the difference 

between growth in nominal gross output and growth in real value added:  

(9)   
𝑃𝑖𝑡

𝑃𝑖,𝑡−1
=

𝐺𝑂𝑖𝑡

𝐺𝑂𝑖,𝑡−1
/

𝑉𝐴𝑖𝑡
𝑟

𝑉𝐴𝑖,𝑡−1
𝑟, 

where nominal gross output (𝐺𝑂𝑖) can be obtained from the annual Supply-Use-Tables 

(SUTs) and information on real value added (𝑉𝐴𝑖
𝑟) is published in the ONS’ Low-Level 

aggregates data. We apply the implicit deflator to deflate the gross output of each industry, 

but also use these deflators when this industry appears as an input in the SUTs.  A Divisia 

index of growth of real value added using double deflation is then given by:  

(10) 𝑉�̂�𝑖
𝑑𝑑
=
𝐺𝑂𝑖

𝑉𝐴𝑖
[𝐺�̂�𝑖

𝑟
− ∑

𝑋𝑖𝑗

𝐺𝑂𝑖
∗𝑛

𝑗=1 �̂�𝑖𝑗
𝑟
], 

where  𝑋𝑖𝑗
𝑟 = 𝑋𝑖𝑗/𝑃𝑗     and   𝐺𝑂𝑖

𝑟 = 𝐺𝑂𝑖/𝑃𝑖.   𝑃𝑖 is the price of industry 𝑖’s output, 𝑃𝑗  is the 

price of industry 𝑗’s output (𝑃 is assumed to be the same when used in the output side, 𝑖, or 

input side, 𝑗). A hat denotes a logarithmic derivative with respect to time (𝑉�̂�=dlogVA/dt). 

Applying a Törnqvist approximation we obtain:  

(11) 𝑉�̂�𝑖𝑡
𝑑𝑑
 = 0.5(

𝐺0𝑖𝑡

𝑉𝐴𝑖𝑡
+
𝐺0𝑖,𝑡−1

𝑉𝐴𝑖,𝑡−1
)𝐺�̂�𝑖𝑡

𝑟
− ∑ 0.5 (

𝑋𝑖𝑗𝑡

𝑉𝐴𝑖𝑡
+
𝑋𝑖𝑗,𝑡−1

𝑉𝐴𝑖,𝑡−1
) �̂�𝑖𝑗𝑡

𝑟𝑛
𝑗=1 ,   

where 𝑉�̂�𝑡 = 𝑙𝑛𝑉𝐴𝑡 − 𝑙𝑛𝑉𝐴𝑡−1.  This methodology has been proposed by the OECD (2009) 

and has been applied by Franklin and Murphy (2014) for the UK within the supply and use 
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framework for the period 2008 to 2012. Here we use a unique set of industry deflators, that 

is, the deflator used for an industry’s output is the same when this industry appears as an 

input to another industry34. Although this ignores the fact that some inputs are imported, 

which requires a different set of prices, the application of the above described double 

deflation methodology highlights how different measures of real value added affect labour 

productivity at the industry level as well as the contribution of particular industries to the 

overall productivity gap.  

 

Figure 7.6  Double deflated vs. single deflated GVA:  

UK manufacturing sector, 1998-2015. 

 
Source: GDP(O) low level aggregates and SUT, authors’ calculations.  

 

Figure 7.6 shows the baseline GVA measure in constant prices (solid red line) alongside the 

new measure of double-deflated GVA (green dotted line) for the manufacturing sector. Year 

to year movements in GVA differ depending on whether single or double deflation is used. 

However, the average annual growth rate before the financial crisis is around 0.3 per cent 

whether using either single or double deflation. The aftermath of the crisis looks different. 

Over the period 2008 to 2015, average annual growth in manufacturing output is 0.8 

percentage points higher with double deflation than with single deflation (Figure 7.6). Thus 

double deflation reduces the manufacturing sector contribution to the decline in UK market 

                                                           
34

 An industry’s output is deflated by an average of several different deflators in many cases, such as the 
Producer Price Indices (PPIs) and Export Price Indices (EPIs), which are not always appropriate as deflators for 
inputs. A more refined double deflation methodology would consider these issues, as well as distinguish the 
influence from import and domestic price indices.  
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sector annual sector labour productivity growth from around 0.8 percentage points (Table 

3.1) to around 0.7 percentage points.35  

Finally, international comparisons of the slowdown in labour productivity growth suggest 

that the UK productivity growth gap is generally larger than elsewhere. This discrepancy is 

most pronounced in high-skilled services sectors (Table 6.2). It is well-known that issues of 

mis-measurement are considered particularly significant in services sectors (Bean, 2016) and 

we have already mentioned some of the issues arising in finance and telecommunications 

services that might affect the magnitude of the UK labour productivity growth gap and its 

sectoral distribution (section 7.2). A further complication in interpreting the sectoral 

distribution of the UK productivity puzzle arises from the way that the UK National Accounts 

are balanced. National Accounts and headline growth measures are compiled from data 

collected on the income, expenditure, and output sides of the economy. The latter of these 

includes the industry accounts that we use for the purposes of industry analysis. The output 

side of the accounts are balanced to the expenditure side via a series of balancing 

adjustments, which in the UK data are made to services industries excluding retail. Thus, 

production, construction and retail sector output is unaffected by these balancing 

adjustments. It is possible that these balancing adjustments might affect the sectoral 

distribution of the labour productivity growth gap. This issue warrants further exploration. 

The change in industry classification from SIC03 to SIC07 around the time of the financial 

crisis may also affect the measured change in productivity trends in particular sectors, and is 

a topic of ongoing research at ONS.  

 

8. Concluding Remarks 

This paper has examined sectoral patterns underlying the UK labour productivity puzzle 

using new data made available by ONS and others. The objective was to provide a sectoral 

map that would provide some clues as to what might explain the puzzle and that would 

highlight areas for further investigation.  

The detailed industry decomposition showed that UK labour productivity weakness is the 

outcome of very widespread productivity growth weakness, pointing to the importance of 

macroeconomic explanations for the puzzle. At the same time, a handful of industry 

divisions stand out in that they can account for the majority of the puzzle, whilst only 

accounting for a minority of output. These require idiosyncratic explanations.  

                                                           
35

 Double deflation would change the sectoral distribution of the productivity gap, but not necessarily the 
magnitude of the overall labour productivity gap. This is because of the weight attached to the expenditure 
side of the National Accounts.  
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In manufacturing, capital investment has not kept pace with increases in labour input. More 

recently these patterns are also emerging in services sectors, but most of the UK labour 

productivity growth puzzle remains a TFP puzzle.  

Comparison to other countries suggests that to some extent the sectoral pattern of the UK 

puzzle is similar to that in other advanced economies, and that therefore global 

explanations for the puzzle are important. However, the UK puzzle is deeper than elsewhere 

and this is in large part because of the steeper slowdown in productivity growth in high-

skilled services sectors as well as more generally.  

Those sectors that make the largest contributions to the puzzle are also sectors that enjoy a 

sustained comparative advantage in global markets and, in some cases, where productivity 

is difficult to measure.  We argue that the sectoral patterns of the UK labour productivity 

growth gap suggest the collapse in world trade growth since the financial crisis and mis-

measurement are likely to form part of an explanation for the on-going stagnation in UK 

labour productivity growth.  
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Data Appendix 

 

Capital services 

In estimating the capital inputs series we first estimate capital stocks distinguishing a 

number of assets. We do this on an industry by industry basis. Aggregate investment by 

industry and aggregate investment by asset type are normally available from the National 

Accounts. The computation of capital input as capital services rather than capital stocks 

follows the growth accounting methodology in the EUKLEMS framework (O’Mahony and 

Timmer, 2009).  

We first estimate capital stocks by asset using the Perpetual Inventory Method (PIM) as 

follows:  

𝐴𝑖𝑗𝑡 = 𝐴𝑖𝑗,𝑡−1(1 − 𝛿𝑖𝑗) + 𝐼𝑖𝑗𝑡 

Where 𝐴𝑖𝑗𝑡 is the stock of capital asset 𝑖 in industry 𝑗 in time 𝑡; 𝐼𝑖𝑗𝑡 denotes gross fixed 

capital formation (in real terms);  𝛿𝑖𝑗 is the (geometric) depreciation rate of asset 𝑖 in 

industry 𝑗. It is assumed that the asset-by-industry depreciation rates are constant across 

time periods. In the computation of aggregate measures of capital input we include these 

assets: computer hardware, computer software, communications equipment, transport 

equipment, other machinery and equipment, building other than dwellings, mineral 

exploration, artistic and entertainment originals, research and development, and cultivated 

assets. Dwellings are not considered, as in Oulton and Wallis (2016), and transfer costs are 

also excluded. Industry-by-asset depreciation rates are extracted from the EUKLEMS 

database. 

The cost-of-capital (user costs) equation for each asset is given by the following expression 

(we omit industry subscript 𝑗 for simplicity):  

𝑝𝑖𝑡 = 𝑇(𝑝𝑖,𝑡−1
𝐼 ∗ 𝑖𝑡 + 𝛿𝑖 ∗ 𝑝𝑖𝑡

𝐼 − (𝑝𝑖𝑡
𝐼 − 𝑝𝑖,𝑡−1

𝐼 )) 

Where 𝑖 represents nominal rate of return; 𝛿𝑖 is the depreciation rate of asset 𝑖;  𝑝𝑖,
𝐼  is is the 

investment price of asset 𝑖. This formula shows that the rental fee is determined by the 

nominal rate of return, the rate of economic depreciation and the asset specific capital 

gains. 𝑇 is the tax adjustment factor. These adjustment costs are available up to 2013 and 

vary by asset but not by industry36. 

The nominal rate of return is determined ex-post as in the endogenous approach (Jorgenson 

et al., 2005). It is assumed that the total value of capital services for each industry equals its 
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 We are grateful to Nick Oulton and Gavin Wallis for providing this.  
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compensation for all assets. This procedure yields an internal rate of return that exhausts 

capital income and is consistent with constant returns to scale. This nominal rate of return is 

the same for all assets in an industry but is allowed to vary across industries and derived as a 

residual as follows: 

𝑖𝑗𝑡 = 𝑝𝑖𝑗𝑡 ∗ 𝐾𝑗𝑡 + ∑ (𝑝𝑖𝑗𝑡
𝐼 − 𝑝𝑖𝑗,𝑡−1

𝐼 )𝐴𝑖𝑗𝑡 − ∑ 𝑝𝑖𝑗,𝑡−1
𝐼 𝛿𝑖𝑗𝐴𝑖𝑗𝑡𝑖𝑖

∑ 𝑝𝑖𝑗,𝑡−1
𝐼

𝑖 𝐴𝑖𝑗𝑡
 

Where the first term 𝑝𝑖𝑗𝑡 ∗ 𝐾𝑗𝑡 is the capital compensation in industry 𝑗 (gross operating 

surplus from SUT framework).  

 

Labour composition 

In the growth accounting framework we follow here, the contribution of labour input to 

production is measured by total hours worked as well as by the quality of the workforce, 

which depends on the proportions of hours worked by workers with different skills, 

experience etc. For the computation of these labour quality measures (also known as labour 

composition), we use working hour shares of different types of workers employed and their 

corresponding wage bill shares (in which wages are assumed to measure the different 

marginal productivities of different types of workers). We use hours worked and wage 

shares by a total of 18 demographic groups within each industry to distinguish between 

gender (male and female), age (19-29, 30-49 and 50+) and qualification (graduates, 

intermediate and low-skilled). Therefore, information on the employment structure and 

wages is required as shown in the equation below, where labour composition 𝐿𝐶  is 

constructed for each industry 𝑗 (we omit industry subscript 𝑗 for simplicity) as follows: 

∆𝐿𝐶 =∑�̅�𝑠,𝑡∆ln 
𝑒𝑚𝑝𝑆,𝑡
𝑒𝑚𝑝𝑡

𝑠

 

Where 𝑒𝑚𝑝𝑡 refers to the number of hours worked at time 𝑡; 𝑠 is for gender, age and skill 

group (s=18); ∆ is the growth operator over two consecutive time periods 𝑡 and 𝑡 − 1; �̅�𝑠,𝑡 

represents the weights, given by the two-period average shares of each type of labour in 

total compensation.  

We construct the hour shares by extracting total numbers of workers by industry, year and 

these gender and age groups at a more aggregated level of 15 industries (A, B, C, DE, F, G, H, 

I, J, K, L, MN, OPQ, R and STU) from the LFS for the years 2008-2015. Due to small cell sizes 

for some industries, we assume the same shares of these 15 industry groups for the initial 

57 industries. In addition, we adjust the time series to reduce unrealistic volatility by 

calculating growth rates and constraining these to be no more than 50 per cent per annum. 

The second component necessary for the labour composition is information on wages. We 
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construct wage shares for the 15 aggregated industry groups using Structure of Earning 

Survey (SES) tabulations available from EUROSTAT to obtain average gross hourly wages for 

2006, 2010 and 2014. Using linear interpolation, we create a wage structure for the period 

2008 to 2015 (assuming the same shares for 2014 and 2015). However, this is done at 

broader industry groups B-F, G-J, K-N, O and P-S to avoid data gaps in smaller industries. 

There is no wage information on industry A, so we give it the same wage structure as 

industry B.  

In order to bring back the data to 1998 and construct a reliable time series of labour input,   

we combine the 2008 to 2015 data with hour and wage shares from the ONS Quality 

Adjusted Labour Input (QALI) estimates37. Both shares are constructed using a combination 

of data sources. While wage shares rely on information from the LFS and the Annual Survey 

of Hours and Earnings, hourly shares are created using the LFS as well as a Short-Term 

Employment Survey. In order to construct a reliable time profile, we apply the ONS QALI 

estimates to the labour compensation data from the SUTs and the hour data from 

productivity jobs (ONS) for the years 1998 to 2008 and calculate growth rates for that 

period. Furthermore, we apply the previously constructed shares for the time period 2008 

to 2015 to arrive at absolute figures and to, ultimately, apply the growth rates. Since the 

sum of workers and labour compensation across the 18 groups by year and industry do no 

longer equal the initial figures, we construct new shares for these demographic groups in 

each industry and across the years 1998 to 2015. Finally, they are applied again to the 

labour compensation estimates obtained from the SUTs and the hours worked previously 

from productivity jobs (ONS).    
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 They have been supplied to us by ONS (October, 2017 release). Available at: 
https://www.ons.gov.uk/economy/economicoutputandproductivity/productivitymeasures/datasets/qualityadj
ustedlabourinputexperimentalunderlyingdata. 
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