









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Biased Technological Change and Employment Reallocation Zs´ofia L. B´ar´any Sciences Po and CEPR



and



Christian Siegel University of Kent



31 May 2018 Ensai Economic Day Workshop on the Economics of Growth and Development



B´ ar´ any and Siegel (Sciences Po, Kent)



Biased Technological Change



May 2018



1



Motivation Substantial changes in labour market outcomes in recent decades in most developed economies structural change: massive reallocation of labour between sectors polarization: employment & wage changes between occupations Both patterns explained by differential productivity growth structural change focuses on differences across sectors polarization focuses on differences across occupations Goal of this paper: 1 identify the bias of technological change 2 assess what type of bias is quantitatively relevant for both patterns B´ ar´ any and Siegel (Sciences Po, Kent)
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Sector-occupation employment shares 1960-2010 Share of hours in low-skilled services 0.4
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These patterns suggests that sectoral and occupational reallocation of employment closely linked ⇒ hard to identify the bias of technology Recent literature has linked the two phenomena, but a priori restricts the nature of technological change ⇒ loading all change on one type of factor Goos, Manning and Salomons (2014), Duernecker and Herrendorf (2015), Lee and Shin (2015), B´ar´any and Siegel (2018)



Understanding the nature of technological change is important → policy relevance: active labour market vs industrial policies
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In this paper we propose a model to identify the nature of technological change only factor-neutral technical change can be identified model-free need a model to quantify technological change biased towards a particular factor of production assume CES function in three types of labour input: manual, routine and abstract assume productivity growth is specific to sector-occupation cell ⇒ captures the assumption that productivity is specific to a job, which depends on the occupation and the sector of work more productivity parameters to identify in this flexible setup, but can pin down sector-occupation productivities from the data
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In this paper we use a factor model to decompose the changes in cell productivities into a 1 2



3



4



neutral component – general purpose technologies ∼ 0 − 2% sector component – specific to firms in particular industries (their products) ∼ 3 − 9% occupation component – specific to workers in certain occupations (the task content) ∼ 66 − 80% residual – idiosyncratic to occupation-sector cells ∼ 24 − 25%



then use GE model I



endogenous occupational labour supplies and consumption demands



to evaluate the role of the different factors: I I



qualitatively all factors go in the same direction quantitatively the occupation component and the sector-occupation component are the most important
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Biased technological change & its decomposition
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Biased technological change - Production side three sectors in the economy low-skilled serv (L), goods (G ), high-skilled serv (H) each uses all three types of labour in producing output manual (m), routine (r ), abstract (a) assume CES production function in all sectors, J ∈ {L, G , H} h



YJ = (αmJ lmJ )



η−1 η



+ (αrJ lrJ )



η−1 η



+ (αaJ laJ )



η−1 η



i



η η−1



main interest: αoJ sector-occ specific labour augmenting tech non-nested CES η common across sectors
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The firm’s problem firms operate under perfect competition firm FOCs pin down optimal relative labour use η  η−1 wr αmJ , wm αrJ  η  η−1 wr αaJ . = wa αrJ



lmJ = lrJ laJ lrJ







and the price of sector J output in terms of wage rates  pJ =



η−1 αmJ
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Extracting technological change from the data αoJ pinned down directly from the data using only the production side of the model conditional on η 1 relative αs within a sector and period: αmJ = αrJ 2







θmJ θrJ



wm wr



relative αs across sectors within a period: αmJ pK = αmK pJ



3



1  η−1







θmJ θmK



1  η−1



the growth rate of the economy, sectoral income shares and occupational labour supplies pin down the relative αs over time



Details
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Implementation and decomposition No consensus estimate of η exists, especially not by sector ⇒ set the same elasticity in each sector ⇒ for a wide range of elasticities, η∈[0.1, 1.9] We need from the data 1 labour income shares of occupations within each sector, relative sectoral prices, and overall GDP growth 2 relative occupational wages, occupational employment shares and sectoral labour income shares ⇒ extract αoJ in each period conditional on η
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Data Targets 1. US Census and ACS data from 1960 – 2010 for wage and employment targets categorize individuals into I I



an occupation: manual, routine, abstract details a sector: low-skilled services, goods, high-skilled services



details



labour income shares of occupations within each sector θoJ =



earnings of occupation o workers in sector J earnings of sector J workers



sectoral (labour) income shares ΨJ =
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Data Targets 2. US Census and ACS data from 1960 – 2010 relative occupational wage rates wm /wr , wa /wr = the relative hourly wage of 25-29 year old men occupational employment shares lo =



earnings of workers in occupation o wo P earnings of workers in occupation o˜ o˜ wo˜



BEA data from 1960 – 2010 relative sectoral prices growth rate of real GDP per worker between periods Details B´ ar´ any and Siegel (Sciences Po, Kent)



Biased Technological Change



May 2018



13



Factor model decomposition Relate cell productivity change to a neutral, a sector, an occupation effect, as well as a residual ∆ ln αoJ,t ≡ ln αoJ,t − ln αoJ,t−1 =βt + γJ,t + δo,t + εoJ,t where βt – productivity changes common to all cells γJ,t – productivity changes common within a sector δo,t – productivity changes common within an occupation εoJ,t – productivity changes idiosyncratic to a cell use weights ωoJ,t = of cells



ΨJ,t θoJ,t +ΨJ,t−1 θoJ,t−1 2
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Factor model decomposition



∆ ln αoJ,t = βt + γJ,t + δo,t + εoJ,t



restrict P P average sector effect to be zero o J ωoJ,t γJ,t = 0 for every t restrict P P average occupation effect to be zero J o ωoJ,t δo,t = 0 for every t ⇒ βt captures average productivity growth across all cells in the economy
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Changes due to Sector and Occupation Factors d Starting from 1960 values: ln αJo,0 = ln αJo,0 ’Full factor’ productivity d d c ln αoJ,t = ln αoJ,t−1 + βbt + γc J,t + δo,t ’Sector-only’ productivity sec sec d d ln αoJ,t = ln αoJ,t−1 + βbt + γc J,t



→ shut down all cell-level productivity growth differences that come from the occupation component



B´ ar´ any and Siegel (Sciences Po, Kent)



Biased Technological Change



May 2018



16



Changes due to Sector and Occupation Factors ’Occupation-only’ productivity occ occ d d ln αoJ,t = ln αoJ,t−1 + βbt + δc o,t



→ shut down all cell-level productivity growth differences that come from the sector component ’Neutral’ productivity neut neut d d ln αoJ,t = ln αoJ,t−1 + βbt



Not the same as regressing cell productivity on sectors only or on occupations only! partial predictions
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Measuring the importance of occupation and sector components Distance measure between baseline and predicted ∆ ln αoJ P Dist =



o,J,t



P



\ ωoJ,t (∆ ln αoJ,t − ∆ ln αoJ,t )2



o,J,t



ωoJ,t (∆ ln αoJ,t − ∆ ln α)2



≥0



Related to R 2 , in certain cases R 2 = 1 − Dist o,J,t



\ ωoJ,t (∆ ln αoJ,t − ∆ ln α)2



o,J,t



ωoJ,t (∆ ln αoJ,t − ∆ ln α)2



P 2



R =P
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Contribution of Sector and Occupation Factors η full factor 0.1 0.194 0.3 0.224 0.5 0.248 0.6 0.256 0.7 0.261 0.8 0.262 0.9 0.259 1.1 0.241 1.3 0.215 1.5 0.185 1.7 0.157 1.9 0.131 R2



partial predictions



sector 0.633 0.762 0.890 0.948 0.996 1.032 1.055 1.059 1.017 0.947 0.868 0.789



example paths
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occupation 0.454 0.383 0.324 0.304 0.293 0.291 0.299 0.340 0.405 0.477 0.546 0.607



neutral 0.953 0.967 0.982 0.988 0.993 0.997 0.999 0.999 0.994 0.985 0.976 0.966



using cell wages
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Counterfactuals
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Understanding the role of the different biases Had productivity growth I I



not been biased across sectors, or not been biased across occupations



what would the path of occupational employment (and other outcomes) have looked like? Use GE model to evaluate the role of the different factors: I



I



I I



close the model: occupational labour supplies and consumption demands such that occupational employment shares and wages, and sectoral expenditure shares are endogenously determined calibrate baseline model to match 1960 and 2010 data then feed in counterfactual productivity series
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Households - Occupational choice unit measure of workers each worker has an idiosyncratic cost for entering each occupation but can move freely between sectors ⇒ occupational wage rates must equalize across sectors in equilibrium thus individual i chooses occupation o if wo − χio ≥ wk − χik for any k 6= o, k, o ∈ {m, r , a} I I



wo : unit wage in o χio : cost of entering occupation o for individual i
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Selection χa − χm



lm



lr



wa − wr + χr − χm



wa − wm



χr − χm



la wr − wm



χa − χm and χr − χm are idiosyncratic occupational cost differentials wm , wr , wa are endogenous market clearing wage rates B´ ar´ any and Siegel (Sciences Po, Kent)
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Households - Consumption stand-in household maximizes utility subject to its budget constraint



max



cL ,cG ,cH







aL (cL + c L )



ε−1 ε



ε−1 ε



+ aG cG



+ aH (cH + c H )



ε−1 ε



ε  ε−1



s. t. pL cL + pG cG + pH cH ≤ lm wm + lr wr + la wa



where aL + aG + aH = 1
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Equilibrium



there are six markets in this economy I I



3 labour markets: that of manual, routine and abstract labour 3 goods markets: that of LS serv, goods and HS services



six prices: wm , wr , wa and pL , pG , pH one can be normalized wlog; normalize wr = 1 equilibrium: all markets clear given prices Market Clearing
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Calibration Strategy Recall: αoJ,t extracted in each period from production side given η and 1 labour income shares of occupations within each sector, relative sectoral prices, and overall GDP growth 2 relative occupational wages, occupational employment shares and sectoral labour income shares In calibrating the cost distribution and the utility function we make sure to match everything in initial and final period 1 cost distribution to allow matching occupational employment shares given wage rates 2 the utility function parameters to match the sectoral distribution of income skip B´ ar´ any and Siegel (Sciences Po, Kent)
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Step 1: Cost distribution calibration of the distribution of cost differences: f (χr − χm , χa − χm ) assume it is normally distributed fix correlation parameter, ρ = 0.4 calibrate two means and diagonal of the variance-covariance matrix such that in the initial and final period the cost distribution matches the employment shares given the observed wages conduct robustness checks on ρ – quantitatively not important
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Step 2: Preference parameters given all the production side parameters, the distribution of cost differences for entering occupations, and ε = 0.2, calibrate c L , c H , aL , aG to match the distribution of labour income across sectors in the initial and final year, in 1960 and 2010 this also guarantees that the relative occupational wages in 1960 and 2010 are met in equilibrium Calibrated parameters
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Data vs model predicted change, 1960–2010 Four productivity paths used to predict changes between 1960–2010: 1



data: replicated by the baseline model



2



full factor ↔ baseline: importance of the prod growth component that is idiosyncratic to the cell



3



sector-only ↔ full factor: importance of prod growth differences across occupations within a sector



4



occupation-only ↔ full factor: the role of prod growth differences within occupations across sectors



B´ ar´ any and Siegel (Sciences Po, Kent)



Biased Technological Change



May 2018



29



Fraction of change predicted sectoral employment



occupational employment 1.25



1.5



1.5



cell employment



1 1



1



0.75



0.5



0.5



0



0.25



-0.5



0



-1



0.5 0 -0.5 -1 -1.5 -2 -2.5



-0.25 0.1



0.5



0.91.1



1.5



1.9



-1.5 0.1



occupational wages 1.25



5



1



3



0.75



0.5



0.91.1



1.5



1.9



0.5



0.9 1.1



1.5



1.9



0.5



0.91.1



1.5



1.9



sectoral prices 1.25 1 0.75



1



0.5



0.5 -1



0.25



0.25



-3



0 -0.25 0.1



-3 0.1



0.5



0.91.1



1.5



1.9 baseline



-5 0.1



0



0.5 sector



0.91.1



1.5



-0.25 1.9 0.1



occupation



full



Naive model B´ ar´ any and Siegel (Sciences Po, Kent)



Biased Technological Change



May 2018



30



Occupational outcomes: 1960–2010 change 0.15
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Sectoral outcomes: 1960–2010 change 0.4
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Model-implied sectoral labour productivity growth



η



0.3



L 2.23 G 2.30 H 1.11 L 2.11 G 2.36 H 1.14



0.6 0.9 baseline 2.23 2.23 2.30 2.30 1.11 1.11 full factor 1.99 1.20 2.38 2.49 1.18 1.51
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BEA



2.23 2.30 1.11



0.89 2.53 1.36



2.53 2.30 0.97



0.89 2.53 1.36



0.3



0.6 0.9 1.4 sector only 2.06 1.91 0.83 2.63 1.86 1.50 -.001 3.19 1.46 1.82 4.36 0.15 occupation only 1.79 1.82 2.09 1.65 2.25 2.62 5.29 0.88 1.42 1.11 -.011 2.58
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Summary based on CES production function in each sector extract sector-occupation productivities from I I I



occupational labour income shares, relative sectoral prices, overall GDP growth per worker



factor model assigns the largest role to technological change that is biased across occupations, and across sector-occupation cells; relatively small role for technology biased across sectors counterfactual model predictions show that I



I I



sector-only and occupation-only technological biases tend to go in the same direction for labour market outcomes but quantitatively sector-only bias falls short for sectoral prices both sector and occ components are relevant



Overall, occupation-bias in technological change the most important B´ ar´ any and Siegel (Sciences Po, Kent)
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Thank you
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Occupation classification 1



2



3



Manual: low-skilled non-routine housekeeping, cleaning, protective service, food prep and service, building, grounds cleaning, maintenance, personal appearance, recreation and hospitality, child care workers, personal care, service, healthcare support Routine farmers, construction trades, extractive, machine operators, assemblers, inspectors, mechanics and repairers, precision production, transportation and material moving occupations, sales, administrative support Abstract: skilled non-routine managers, management related, professional specialty, technicians and related support
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Industry classification 1



Low-skilled services: personal services, entertainment, low-skilled transport (bus service and urban transit, taxicab service, trucking service, warehousing and storage, services incidental to transportation), low-skilled business and repair services (automotive rental and leasing, automobile parking and carwashes, automotive repair and related services, electrical repair shops, miscellaneous repair services), retail trade, wholesale trade



2



Goods: agriculture, forestry and fishing, mining, construction, manufacturing



3



High-skilled services: professional and related services, finance, insurance and real estate, communications, high-skilled business services, communications, utilities, high-skilled transport , public administration
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Market clearing using goods market clearing, YL = CL , YG = CG and YH = CH optimal use of occupation o labour in sector J  η αoJ pJ CJ loJ = wo αoJ where pJ and CJ depend on occupational wage rates wm and wa total occupational labour supplies lm , lr , la depend on wages the equilibrium boils down to finding wm and wa such that the labour markets clear: lmL + lmG + lmH = lm lrL + lrG + lrH = lr (laL + laG + laH = la ) back B´ ar´ any and Siegel (Sciences Po, Kent)
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Relative productivities over time taking the occupational labour supply (lo ) and the distribution of income across sectors (ΨJ ) as given using the previously calculated αoJ (relative to αmH ) calculate the output produced in each sector of the economy calculate real growth of the economy using initial period prices and current period sectoral output back out the change in αmH over time to match the growth of output (VA quantity index) per capita (γ) αmH,0 = 1 wlog αmH = αmH,0



(1 + γ) θmH θmH,0



1  1−η



ΨL,0 Ψ pL,0 Ψ p p L H + G ,0 ΨG pH θ + G ,0 θ +θ lm ΨH,0 mL,0 ΨH,0 mG ,0 mH,0 pH,0 ΨH pL pH,0 ΨH pG ΨL ΨL,0 Ψ Ψ lm,0 θ + G θ +θmH + ΨG ,0 +1 ΨH mL ΨH mG ΨH,0 H,0



+1
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Calibration Targets pL /pG pH /pG ΨL ΨG ΨH growth wm /wr wa /wr θmL θrL θaL θmG θrG θaG θmH θrH θaH



1960 1 1 0.215 0.472 0.312 1 0.800 1.191 0.130 0.648 0.222 0.012 0.790 0.199 0.095 0.481 0.424



1970 1.153 1.145 0.234 0.410 0.356 1.229 0.850 1.199 0.115 0.633 0.251 0.018 0.752 0.230 0.099 0.414 0.486



1980 0.914 1.014 0.234 0.375 0.392 1.420 0.801 1.082 0.129 0.635 0.236 0.019 0.744 0.237 0.103 0.387 0.510



1990 0.977 1.449 0.250 0.315 0.435 1.657 0.849 1.265 0.135 0.609 0.256 0.020 0.672 0.308 0.091 0.331 0.578



2000 1.019 1.880 0.261 0.275 0.465 1.973 0.861 1.358 0.154 0.547 0.299 0.019 0.641 0.340 0.089 0.270 0.641



2010 1.036 1.951 0.252 0.215 0.533 2.389 0.893 1.444 0.178 0.502 0.320 0.078 0.562 0.360 0.120 0.233 0.647
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Calibrated parameters



ε ρ µ1 , µ2 σ12 , σ22 η cL cH aL aH



Description elast of sub in cons corr of cost diff mean of cost dist var of cost dist elast of sub in prod non-homotheticity in L non-homotheticity in H weight on L weight on H



0.3 0.0445 0.0717 0.0916 0.9076



Value 0.2 0.4 (-0.01, 0.53) (0.03, 0.30) 0.6 1.4 0.0036 458.38 0.0058 738.19 0.0916 0.0916 0.9076 0.9076



1.7 36.887 59.404 0.0916 0.9076



back
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Partial predictions from ∆ ln αoJ,t = βt + γJ,t + εoJ,t predict from



sec g ln αoJ,t



∆ ln αoJ,t = βt + δo,t + εoJ,t occ g ln αoJ,t



predict omit an explanatory variable from each regression sector component captures some of occupational bias as sectors use occupations at different intensities occupation component captures some of sectoral bias as occupations are used at different intensities across sectors counterfactuals B´ ar´ any and Siegel (Sciences Po, Kent)
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R 2 Contribution of Sector and Occupation Factors η full factor 0.1 0.806 0.3 0.776 0.5 0.752 0.6 0.744 0.7 0.739 0.8 0.738 0.9 0.741 1.1 0.759 1.3 0.785 1.5 0.815 1.7 0.843 1.9 0.869



sector 0.307 0.192 0.094 0.060 0.038 0.032 0.041 0.100 0.196 0.307 0.414 0.510



occupation 0.486 0.571 0.661 0.703 0.742 0.773 0.797 0.819 0.808 0.777 0.736 0.692



neutral 0.047 0.033 0.018 0.012 0.007 0.003 0.001 0.001 0.006 0.015 0.024 0.034



back B´ ar´ any and Siegel (Sciences Po, Kent)



Biased Technological Change



May 2018



43



Partial predictions η full factor 0.1 0.194 0.3 0.224 0.5 0.248 0.6 0.256 0.7 0.261 0.8 0.262 0.9 0.259 1.1 0.241 1.3 0.215 1.5 0.185 1.7 0.157 1.9 0.131 back



sector 0.604 0.724 0.844 0.897 0.941 0.974 0.993 0.994 0.951 0.884 0.807 0.732



occupation 0.433 0.371 0.319 0.301 0.291 0.288 0.295 0.330 0.386 0.448 0.509 0.562



neutral 0.953 0.967 0.982 0.988 0.993 0.997 0.999 0.999 0.994 0.985 0.976 0.966



R 2 cell wages
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Baseline and counterfactual cell prod, η = 0.6 ln 1



ln



mL



10



ln



mG



1



0



mH



0.5 5
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Contribution of Factors based on Cell Wages η full factor 0.1 0.207 0.3 0.229 0.5 0.247 0.6 0.253 0.7 0.256 0.8 0.257 0.9 0.255 1.1 0.246 1.3 0.230 1.5 0.211 1.7 0.192 1.9 0.175 back



sector 0.705 0.823 0.932 0.977 1.014 1.041 1.058 1.060 1.029 0.976 0.914 0.850



occupation 0.397 0.341 0.301 0.290 0.286 0.289 0.299 0.336 0.389 0.446 0.503 0.554



neutral 0.951 0.967 0.983 0.989 0.994 0.997 0.999 0.999 0.994 0.986 0.977 0.968
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R 2 Contribution of Factors based on Cell Wages η full factor 0.1 0.793 0.3 0.771 0.5 0.753 0.6 0.747 0.7 0.744 0.8 0.743 0.9 0.745 1.1 0.754 1.3 0.770 1.5 0.789 1.7 0.808 1.9 0.825 back



Distance



sector 0.239 0.144 0.072 0.049 0.036 0.035 0.045 0.092 0.164 0.249 0.333 0.411



occupation 0.547 0.626 0.702 0.736 0.764 0.787 0.803 0.815 0.805 0.779 0.744 0.707



neutral 0.049 0.033 0.017 0.011 0.006 0.003 0.001 0.001 0.006 0.014 0.023 0.032
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Overall fit for different production elasticities distance measure between data and model P P2010 d m 2 k t=1970 (∆xk,t − ∆xk,t ) ≥ 0, P P2010 d 2 d k t=1970 (∆xk,t − ∆x ) i i i where ∆xk,t = xk,t − xk,1960 , for various outcomes of interest



Four series: 1 baseline: model’s ability to describe the evolution of the economy 2 full factor ↔ baseline: importance of the prod growth component that is idiosyncratic to the cell 3 sector-only ↔ full factor: importance of prod growth differences across occupations within a sector 4 occupation-only ↔ full factor: the role of prod growth differences within occupations across sectors B´ ar´ any and Siegel (Sciences Po, Kent)



Biased Technological Change



May 2018



51



Overall distance of0.4 each productivity0.4 component



0.4



1



0.2



occupational employment



0.8



0.8



0.6



0.6



0



cell employment



1



0.2



0.8



0



0.1



1.4



sectoral employment



0.2 1



0.5



0.91.1



1.5



1.9



0



0.4



0.4



0.2



0.2



occupational wages 0.5



0.9 1.1



1.5



0.5



1.9



0.91.1



1.5



1.9



0.1



0.5



0.91.1



1.5



1.9



0.51.9 0.91.1



1.5



1.9



0.4 0.2



sectoral prices



20 0



0 0.1



0.6



0.1



1.2



0



0.1



0.5



0.9 1.1



1.5



1.9



0.1



0.5



0.9 1.1



1.5



1.9



1



1.2 1.4



1



15



occupational wages



sectoral prices



20



1



1.2



0.6



1015



0.8



0.8



1 0.8



0.6



0.6



0.4



10



0.6



5



0.4 5



0.5



0.1 0.5 0.91.1



0.9 1.1



1.5



1.5



1.9



1.9



baseline



baseline back



Naive model



Robustness



B´ ar´ any and Siegel (Sciences Po, Kent)



0.4 0.2



0.2



0.4



0.1



0.8



1.2



00 0.1 0.1



0



0 0.5



sector



sector



1.5 0.5 0.9 1.1 0.91.1



1.9



occupation



1.5



0.1



1.90.5



0.9 1.1



0.1



1.5



sector+occupation



occupation



Over time fit, η = 0.6 Biased Technological Change



sector+occupation Implied sec lab prod May 2018



52



Partial predictions0.4
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The evolution of occupational outcomes, η = 0.6 Manual
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The evolution of sectoral outcomes, η = 0.6 L



0.3



G



0.5



0.28



0.55



H



0.5



0.4



0.45 0.26



0.3



0.24



0.2



0.22 1960 1970 1980 1990 2000 2010



0.1 1960 1970 1980 1990 2000 2010



0.4 0.35 0.3 1960 1970 1980 1990 2000 2010



(a) Sectoral employment 1.6



L/G



2.5



H/G data



1.4



2



1.2



1.5



1



1



baseline sector



0.8 1960 1970 1980 1990 2000 2010



0.5 1960 1970 1980 1990 2000 2010



occupation sec + occ



(b) Sectoral relative prices back B´ ar´ any and Siegel (Sciences Po, Kent)



Biased Technological Change



May 2018



57



The evolution of cell employment, η = 0.6 0.08
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Income shares within sectors, η = 0.6 0.25
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Remarks – Over time fit baseline model almost perfect fit, except for occupational wages full factor model and occupation-only model have very similar predictions I



I



except for sectoral prices and to a lesser extent for sectoral employment → importance of sector-specific productivity growth they provide a very good fit except for cell level outcomes → importance of sector-occupation specific productivity growth



sector-only model has predictions qualitatively in line with the data, except for occupational income shares, but quantitatively falls short back
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