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Introduction

Motivation

Global productivity slowdown has renewed interest in policies that
might boost economic growth

One area of interest: spillovers from public sector investments

Public sector is a major investor in intangible assets: human and
scientific capital via investments in education and R&D

⇒ Believed to exert positive macroeconomic effects in the long run
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Introduction

Intangibles

Itangibles that are included in national accounts (SNA08):

R&D, software and databases, mineral exploration, artistic and
entertainment originals)

Non-national accounts intangibles (CHS):

Design, brand equity, and organizational capital, firm-specific training

⇒ Both types covered in this paper
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Introduction

Contribution

Scope: Paper looks at the correlation between TFP growth and different
measures of public sector knowledge creation

⇒ examine possible spillovers between public sector intangibles and
business sector productivity performance

R&D: First paper that re-examines public sector R&D spillovers using
national accounts R&D data

Market Sector Non-R&D: Previous findings are revisited in this
paper using additional controls and additional data.
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Introduction

Related Literature

Extensive literature on the (positive) effects of R&D but focus on
private sector R&D

Exception: Guellec and Van Pottelsberghe de la Potterie (2002, 2004) -
they found strong positive effects

Non-R&D intangibles: Corrado et al. (2014) found evidence of
productivity spillovers to increases in intangible capital in market
sector industries
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Introduction

Preview of Results

Main findings:

Authors find evidence of spillovers from public sector R&D to
productivity in the market sector.

The findings of Corrado et al. (2014) of spillovers from private
nonR&D intangible capital holds in the extended data set (inclusion
of the United States, extension of the time period to cover the
financial crises, and inclusion of public R&D as an additional control)
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Framework

Framework

Total economy:
13

∆ lnTFPQc,t = ac + at + dL∆lnLc,t + dICT∆lnKICT
c,t + dNonICT∆lnKNonICT

c,t(5)

+ dR∆lnRc,t + vc,t

where the inter-industry effects collapse into a single effect of R and we have added country

and time effects to control for this element of unobserved heterogeneity and vc,t is an iid

error term.

The interpretation of this equation depends upon what is included in TFP. Recall that R

is capitalised into ∆ lnTFPQ via value added and via inputs that are given a rate of return

when calculating factor shares (with market sector given an ex-post rate of return and

non-market sector a rate of return equal to the social rate of time preference, as previously

mentioned). Thus the dR is an “excess” output elasticity in the sense of excess over that

elasticity implied by the private and social time preference-based rates of return.

Our second approach is to collapse the output and input data into a “market sector”

and “non-market sector.” The “market sector” is an aggregation into more or less a non-

farm business sector, that is, all sectors excluding agriculture, public administration, public

health and public education. In most countries, this aggregation is close to entirely mar-

ket/for profit i.e. there are very few non-market manufacturing firms for example. But it

does of course miss out for-profit education and health. We then construct ∆lnTFP growth

for what we shall call the “market” sector. We look for knowledge spillovers by looking at

correlations with market sector and non-market knowledge as follows

∆lnTFPQ,MKT
c,t = ac + at + dL∆lnLMKT

c,t + dK∆lnKMKT
c,t + dR∆lnRMKT

c,t(11)

+ ρ(NNonMKT /QMKT )c,t + vc,t

Here we have written the elasticity times the log change in the non-market stock of R in

terms of its flow i.e. γc∆lnR
NonMKT
c,t = ρ(NNonMKT /QMKT )c,t where NNonMKT is the

flow of investment by the non-market sector in R.4

The interpretation of dR is an “excess over market” returns because output includes R&D

and inputs include market R&D at its ex post user cost. The interpretation of ρ is a spillover

from non-market to market. Thus the use of market aggregation does not give a full account

of inter-industry spillovers but is a first-pass at a summary of spillovers from non-market

knowledge creation to the market sector.

4 Assume that public R&D does not depreciate (to the extent it is “basic” then is likely to at least become
less obsolete than private R&D; the ONS report using a depreciation rate of 5% for government R&D for example.)
From the perpetual inventory model, ∆lnRNonMKT

t = NNonMKT /RNonMKT
t−1 when δNonMKT = 0. Thus the

elasticity of market output (∂Q/∂RNonMKT )(RNonMKT /Q) times this term can be written=(ρit)(R
PUB/Q) where

ρit = (∂Q/∂RNonMKT ).

Spillover from non-market to market:

13

∆ lnTFPQc,t = ac + at + dL∆lnLc,t + dICT∆lnKICT
c,t + dNonICT∆lnKNonICT

c,t(10)

+ dR∆lnRc,t + vc,t

where the inter-industry effects collapse into a single effect of R and we have added country

and time effects to control for this element of unobserved heterogeneity and vc,t is an iid

error term.

The interpretation of this equation depends upon what is included in TFP. Recall that R

is capitalised into ∆ lnTFPQ via value added and via inputs that are given a rate of return

when calculating factor shares (with market sector given an ex-post rate of return and

non-market sector a rate of return equal to the social rate of time preference, as previously

mentioned). Thus the dR is an “excess” output elasticity in the sense of excess over that

elasticity implied by the private and social time preference-based rates of return.

Our second approach is to collapse the output and input data into a “market sector”

and “non-market sector.” The “market sector” is an aggregation into more or less a non-

farm business sector, that is, all sectors excluding agriculture, public administration, public

health and public education. In most countries, this aggregation is close to entirely mar-

ket/for profit i.e. there are very few non-market manufacturing firms for example. But it

does of course miss out for-profit education and health. We then construct ∆lnTFP growth

for what we shall call the “market” sector. We look for knowledge spillovers by looking at

correlations with market sector and non-market knowledge as follows

∆lnTFPQ,MKT
c,t = ac + at + dL∆lnLMKT

c,t + dK∆lnKMKT
c,t + dR∆lnRMKT

c,t(6)

+ ρ(NNonMKT /QMKT )c,t + vc,t

Here we have written the elasticity times the log change in the non-market stock of R in

terms of its flow i.e. γc∆lnR
NonMKT
c,t = ρ(NNonMKT /QMKT )c,t where NNonMKT is the

flow of investment by the non-market sector in R.4

The interpretation of dR is an “excess over market” returns because output includes R&D

and inputs include market R&D at its ex post user cost. The interpretation of ρ is a spillover

from non-market to market. Thus the use of market aggregation does not give a full account

of inter-industry spillovers but is a first-pass at a summary of spillovers from non-market

knowledge creation to the market sector.

4 Assume that public R&D does not depreciate (to the extent it is “basic” then is likely to at least become
less obsolete than private R&D; the ONS report using a depreciation rate of 5% for government R&D for example.)
From the perpetual inventory model, ∆lnRNonMKT

t = NNonMKT /RNonMKT
t−1 when δNonMKT = 0. Thus the

elasticity of market output (∂Q/∂RNonMKT )(RNonMKT /Q) times this term can be written=(ρit)(R
PUB/Q) where

ρit = (∂Q/∂RNonMKT ).

The interpretation of dR is an ’excess over market’ returns because output
includes R&D and inputs include market R&D at its ex post user cost. The
interpretation of ρ is a spillover from non-market to market.
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Data

Data I

Dataset covers 4 dimensions:

1 Countries: US DE, FR, UK DK, FI, SE AT, CZ, NL IT, ES

2 Industries: NACE rev. 2 A21 industry level - but aggregated

3 Institutional Sectors:
market: (non)-financial corporations (S11, S12), households (S14)
nonmarket: government (S13) and nonprofit institutions - NPISH
(S15);

4 Time: 1998-2013
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Data

Data II

Market Sector Intangibles:

Cover intangible assets capitalized in national accounts as well as those
that are not, as previously indicated

Source: Updated INTAN-Invest database

Further breakdown by institutional sector (market and nonmarket)

For industries M72, P, Q, and R (R&D services, Education, Health, and
Arts and Recreation industries)

Source: Preliminary data from SPINTAN
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Data

TFP growth, whole economy and capital inputs 8
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Figure 1. Labor productivity growth, whole economy and capital inputs

Figure 3 shows not ∆lnTFP for the whole economy, but ∆lnTFP for the market sector.

This is constructed, as above, as a value added weighted sum of ∆lnTFP for each country-

year, summing over the market sector in each of the industries in each country-year. We

have plotted this against (growth in log) nonICT capital in the market sector, intangible

capital excluding R&D, R&D capital, and, in the bottom panel, the (lagged) level of non-

market R&D investment as a proportion of market value added. The final correlation is an

indication of spillovers from the public to the private sector.

Finally, Figure 4 shows the above figure, but in double differences.
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Data

TFP and Market and Non-market Intangibles
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Figure 3. TFP and Market and Nonmarket Intangibles
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Econometric Results

Spillover Regressions, 1998 to 2013: Total Economy 15

(1) (2) (3) (4) (5) (6) (7)

VARIABLES 1998-2007 excl	CZ

D.DlnK_NonICT_te -0.111 -0.155 -0.155 -0.283* -0.146
(0.138) (0.130) (0.129) (0.153) (0.140)

D.DlnK_ICT_te 0.053 0.028 0.033 0.038 0.035
(0.041) (0.039) (0.039) (0.035) (0.040)

D.DlnK_intan_te

-0.110 
(0.133)
-0.007 

(0.043) 
0.248*** 
(0.073)	

-0.125 
(0.129)
-0.007 

(0.043) 
0.245*** 
(0.073)	

D.DlnK_intan_xrdsf_te 0.163*** 0.162*** 0.176*** 0.169***

(0.044) (0.044) (0.047) (0.046)

D.DlnK_rd_te 0.101
(0.090)

D.DlnL_te 0.005 -0.016
(0.064) (0.063)

D.DlnL_te(t-1) 0.008 0.009 0.008 0.010 0.008
(0.018) (0.018) (0.018) (0.014) (0.017)

D.DlnK_rd_te(t-1) -0.252**-0.168* 
(0.091)

-0.190** 
(0.077) (0.099)

Observations 192 192 192 192 192 120 176
Number	of	ctrycode 12 12 12 12 12 12 11

Standard	errors	in	parentheses       ***	p<0.01,	**	p<0.05,	*	p<0.1

DDlnTFP(Q)

1998-2013

Table 1—Spillover Regressions, 1998 to 2013

Notes to table: 1. Table shows GLS estimation of equation 10. Estimation is in second differences with year
dummies.

2. Data are for total economy for Austria, Germany, Finland, Czech Republic, Denmark, France, Italy Nether-

lands, Spain, UK, Sweden and US. The final column omits CZ.

Column 3 introduces non-market intangibles, in the form of non-market sector R&D, and

column 4 its lag. The lag is statistically significant. Column 5 lags the market sector R&D

term as well, and while nonmarket R&D remains significant, lagged market sector R&D

does not. When the regression shown in column 4 is run with the sample restricted to

1998–2007, the pattern of signs and significance for nonmarket R&D and market nonR&D

intangibles holds up, whereas the market R&D term loses significance. Overall, we have

then a robust effects for market non-R&D intangibles and non-market R&D, consistent with

spillovers to productivity from investments in these assets.

A number of points are worth making regarding these results. First, the coefficient on

NNonMKT /QMKT indicates a rate of return, in column 4 say, of 403 percent, which is clearly

too high. We investigate this in the following section.

Second, this table uses R&D for non-market sector intangibles. To see if there are any

possible spillovers from other non-market sector intangibles we entered all the measured
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Econometric Results

Spillover Regressions, 1998 to 2013: Market Sector 16

(1) (2) (3) (4) (5) (6) (7)

VARIABLES 1998-2007 excl	CZ

-0.333*** -0.348*** -0.347*** -0.373*** -0.367*** -0.492*** -0.358***
(0.109) (0.108) (0.108) (0.108) (0.109) (0.128) (0.112)
0.036 0.027 0.032 0.041 0.043 0.027 0.013
(0.033) (0.032) (0.033) (0.034) (0.035) (0.033) (0.033)

0.105* 0.108* 0.109* 0.001 0.156***
(0.060) (0.061) (0.060) (0.057) (0.060)

1.316
(1.488)

0.073* 0.081* 0.101** 0.104** 0.112** 0.075*
(0.041) (0.041) (0.041) (0.042) (0.045) (0.042)

4.032*** 3.851** 7.092*** 3.351**

(1.534) (1.547) (1.896) (1.511)

DlnK_NonICT_mk 

DlnK_ICT_isf_mk 

DlnK_rd_mk

RD_Q_nm

DlnK_intan_xrdsf_mk

RD_Q_nm(t-1)

DlnK_rd_mk(t-1) 0.025
(0.061)

Observations 192 192 192 192 192 120 176
Number	of	ctrycode 12 12 12 12 12 12 11

Standard errors in parentheses         *** p<0.01, ** p<0.05, * p<0.1

1998-2013
DlnTFPmk

Table 2—Exploring spillovers from nonmarket intangibles, 1998 to 2013

Notes to table: 1. Table shows GLS estimation of equation (11): equation includes time and year effects.

2. Data are for market sector for the following countries: Austria, Czech Republic, Germany, Finland, France,

Italy Netherlands, Spain, UK, Sweden and US. CZ ommited in column 7.

non-market non-R&D intangibles (including software). We entered them lagged, adding

them to Table 2, column 5, in the form of investment in non-market non-R&D intangibles

as a proportion of market sector output. The coefficient was 0.57, with t=0.45. This

suggests that any spillovers are from non-market sector R&D and not from other non-

market intangibles as measured by the SPINTAN project.

Third, this dataset yields mixed results on spillovers to the conduct of R&D in the market

sector, especially the results shown in table 2, column 6 compared with column 4. The

results in column 6 for R&D are also at variance with results reported in our earlier work

(Corrado et al., 2013) that did not consider public R&D. Our earlier work yielded an

elasticity of .2 on market sector R&D capital (significant at the 10 percent level)—similar

to findings based on firm-level data.5 The findings reported here thus deserve further

investigation. As a step in that direction, note that the data used in this paper exploit

measures of R&D newly developed for inclusion as capital in national accounts. The source

data for these estimates are surveys of business expenditures on R&D (BERD surveys),

5This occurred when the R&D capital term was lagged in spillover regressions similar to those reported in table 2.
The results shown in column 6 are unchanged with the R&D term is lagged and when the public R&D term is dropped.
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Econometric Results

Rates of Return to Public Sector R&D

The coefficient on NNonMKT /QMKT indicates a rate of return, in column 4
of 403 percent ⇒ This is clearly too high.

Variation in NNonMKT /QMKT is mostly cross country

Pooled regression with 12 countries, 3 crosssections (1996-2007,
2008-2009 and 2010-2013) gives more reasonable values of around 30
percent
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Conclusion

Conclusion

1 Support for earlier findings in the literature (Guellec and Van
Pottelsberghe de la Potterie 2002, 2004) that there are spillovers from
public sector R&D to market sector productivity.

2 No evidence that non-market non-R&D intangible investment has
spillover benefits to the market sector

3 Evidence that market sector investments in non-R&D intangible
capital generate spillovers to productivity

4 Mixed results regarding spillovers from market sector investments in
R&D (1998-2007 vs 1998-2013)
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Comments

Comments
Paper has great potential:

Very relevant topic
(When completed) unique data set

As the authors point out (and plan to fix in an updated version of the
paper), the fact that the labor input is not quality adjusted is
problematic

More detailed discussion regarding the chosen rate of return for the
construction of factor shares for the public sector (social rate of time
preferences)
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Appendix I: Rates of return to public sector R&D

DlnTFP, market sector and Nonmarket R&D

AT

CZ

DE
DKES

FI

FR

IT

NL

SE

UK US

AT

CZ
DE

DK

ES

FI

FR

IT

NL

SE

UK

US

ATCZ

DE

DK

ES

FIFR

IT
NL

SE

UK US

0
.0

1
.0

2
.0

3

-.0
5

-.0
4

-.0
3

-.0
2

-.0
1

-.0
1

0
.0

1
.0

2

0 .005 .01 .015

0 .005 .01 .015

1996-07 2008-09

2010-13

D
ln

TF
P,

 m
ar

ke
t s

ec
to

r

(Non-market R&D spend)/(market sector value added), lagged
Jona Lasinio et al. Spillovers from Public Intangibles IARIW General Conference 18 / 25



Appendix I: Rates of return to public sector R&D

18
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Graphs by period

Figure 5. DlnTFP, market sector and Nonmarket R&D

∆lnTFPQ,MKT
c,t = ac + at + dK∆lnKMKT

intan,c,t + dR∆lnRMKT
c,t(12)

+ ρ(NNonMKT /QMKT )c,t + vc,t

Table 3 shows estimates of equation (12).

Column 1 shows a simple pooled regression corresponding to Figure 5, and suggests

a public rate of return of 53 percent. Column 2 adds period dummies and the return

drops: note too the rise in the R2 showing the considerable common time variation in

∆lnTFPQ,MKT
c,t . Column 3 adds market intangibles, with the nonR&D and R&D as sep-

arate regressors. ∆lnKMKT
intan xrd,c,t is significant whereas ∆lnKMKT

R&D,c,t is insignificant. The

coefficient on (NNonMKT /QMKT )c,t−1 has fallen further to a return of 32 percent, where it

would appear that some of the cross-country variation in public R&D spending is taken

up by these regressors. Column 4 lags ∆lnKMKT
R&D,c,t, which remains insignificant, and

column 5 drops it altogether. Finally, column 6 enters fixed effects. The coefficient on

(NNonMKT /QMKT )c,t−1 rises to 534 percent, echoing the high numbers found above, and
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Appendix I: Rates of return to public sector R&D 19

(1) (2) (3) (4) (5) (6)1

VARIABLES DlnTFP_mk DlnTFP_mk DlnTFP_mk DlnTFP_mk DlnTFP_mk DlnTFP_mk

LRDnm_Qmk 0.526* 0.412 0.323 0.321 0.323 5.345
(0.283) (0.325) (0.256) (0.254) (0.252) (4.710)

DlnK_intan_xrdsf_mk 0.167*** 0.166*** 0.167*** 0.148
(0.055) (0.055) (0.057) (0.176)

DlnK_rd_mk -0.000
(0.074)

LDlnK_rd_mk -0.006
(0.062)

Dummy	for	2008-09 -0.043*** -0.039*** -0.039*** -0.039*** -0.041***
(0.005) (0.005) (0.006) (0.006) (0.007)

Dummy	for	2010-13 -0.009*** -0.006** -0.006** -0.006** -0.011*
(0.002) (0.002) (0.002) (0.003) (0.006)

Constant -0.004** 0.013*** 0.010*** 0.010*** 0.010*** -0.017
(0.002) (0.003) (0.003) (0.003) (0.004) (0.027)

Observations 36 36 36 36 36 36
R-squared 0.00743 0.829 0.843 0.843 0.843 0.498
Number	of	countries 12 12 12 12 12 12
Robust	standard	errors	in	parentheses
***	p<0.01,	**	p<0.05,	*	p<0.1
1.		Fixed	effects.		All	other	columns	are	random	effects.

Table 3—Regression estimates of (12), dependent variable: ∆lnTFPQ,MKT
c,t

Notes to table: 1. Table shows robust random effects estimation of equation (12). t statistics in brackets.
2. Column 1 has a constant and no time dummies. Data are for 12 countries and three periods: 1996-07, 2008-09

and 2010-13, the latter two are periodcode2 and periodcode3 in the table.

3. The regression variables are (NNonMKT /QMKT )c,t−1, ∆lnKMKT
intan,c,t, ∆lnKMKT

R&D,c,t and ∆lnKMKT
R&D,c,t−1.

the coefficient on ∆lnKMKT
intan xrd,c,t, whilst insignificant, again is similar to the numbers in

previous columns.

All this suggests the following. First, the rate of return on non-market R&D is highly

dependent on the variation used to estimate it. The very high within-country estimates

of returns seem implausible, suggesting they are contamined by endogeneity bias or outlier

observations which could be measurement error. The between country estimates, based on

long differences, despite being potentially biased by country unobservables that might affect

∆lnTFP , seem much more reasonable, at around 30%. Second, we do seem to get a robust

correlation between ∆lnTFP and intangible capital growth, ∆lnKintan xrd,c,t, robust to

time period and long and short differencing. Third, the spillover effects of market R&D do

seem to depend somewhat on method, time period, and data used.

Finally, as is well known, there was a substantial pervasive downward shift in ∆lnTFP in

2008–9 and weak performance since then, i.e., 2010–13. The time dummies in the regression

shown in table 3 (column 5) estimate the downshift shift in TFP growth in 2010–13 relative
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Appendix II

Value added in country c, industry i and time t:

4

II. Framework and existing literature

A. Definitions

Suppose that industry value added in country c, industry i and time t, Qc,i,t can be

written as:

(1) Qc,i,t = Ac,i,tFc,i(Lc,i,t,Kc,i,t, Rc,i,t)

On the right-hand side, L and K are labour and tangible capital services; likewise R is

the flow of intangible capital services and A is a shift term that allows for changes in the

efficiency with which L, K and R are transformed into output. L, K and R are represented

as services aggregates because in fact many types of each factor are used in production. We

will introduce some key distinctions among factor types in a moment. Log differentiating

equation (1) per Solow (1957) gives:

(2) ∆lnQc,i,t = εLc,i,t∆lnLc,i,t + εKc,i,t∆lnKc,i,t + εRc,i,t∆lnRc,i,t + ∆lnAc,i,t

where εX denotes the output elasticity of an input X, which in principle varies by input,

country, industry and time.

To empirically investigate the role of intangibles as drivers of growth starting from the

existing literature, we take two steps. First, consider the ε terms. For a cost-minimizing

firm we may write

(3) εXc,i,t = sXc,i,t, X = L,K,R

where sX is the share of factor X’s payments in value added. The substitution of sXc,i,t for

εXc,i,t in (2) then expresses the first-order condition of a firm in terms of factor shares and

assumes firms have no market power over and above their ability to earn a competitive

return from investments in intangible capital.

Now suppose a firm can benefit from the L, K or R in other firms, industries, or countries.

Then, as Griliches (1979, 1992) notes the industry elasticity of ∆lnR on ∆lnQ is a mix of

both internal and external elasticities so that we can write following Stiroh (2002)

(4) εXc,i,t = sXc,i,t + dXc,i,t, X = L,K,R

which says that output elasticities equal factor shares plus d, where d is any deviation of

elasticities from factor shares due to e.g., spillovers.

For a cost-minimizing firm (output elasticity = factor share):
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Might be rewritten as:

5

To examine spillovers, that is d > 0, we note that following Caves, Christensen, and

Diewert (1982) a Divisia ∆lnTFP index can be constructed that is robust to an underlying

translog production function such that we can write (2) as

∆lnTFPQc,i,t = dLc,i,t∆lnLc,i,t + dKc,i,t∆lnKc,i,t + dRc,i,t∆lnRc,i,t + ∆lnAc,i,t

where ∆lnTFPQc,i,t is calculated as

∆lnTFPQc,i,t = ∆lnQc,i,t − sLc,i,t∆lnLc,i,t − sKc,i,t∆lnKc,i,t − sRc,i,t∆lnRc,i,t

From (5) therefore, a regression of ∆lnTFPQ on the inputs recovers the spillover terms.

Note that such terms might arise due to imperfect competition/increasing returns not fully

accounted for by the inclusion of intangible capital or translog approximation, and we will

also not be able to distinguish between pecuniary and non-pecuniary returns (Griliches,

1992) and thus use the term “spillovers” for convenience.

B. Existing literature

Some existing papers work with economy-wide data and rather few capitalise R&D. Thus

they use an aggregate value added output term, V , without R&D capitalized and write

down

∆ ln (V/H)c,t = sV,Lc,t ∆ lnL/Hc,t + sV,Kc,t ∆ ln(K/H)c,t + εRc,t∆ lnRc,t + ∆lnAc,t

If R does not depreciate this may be simplified to

(7) ∆ ln (V/H)c,t = sV,Lc,t ∆ ln(L/H)c,t + sV,Kc,t ∆ ln(K/H)c,t + ρRc,t(N/V )c,t + ∆lnAc,t

where N is the rate of investment in R&D (public or private) and ρR is a social (i.e.,

private plus public) rate of return on the investment—because R&D is not capitalised.

Using cross-country aggregate data, Guellec and Van Pottelsberghe de la Potterie (2004)

find elasticities of total factor productivity to publicly (privately) funded research of 0.17

(0.13) for 16 OECD countries (including Japan and the United States), Haskel2013b finds

a similar public elasticity, but smaller private elasticity using UK time series data.

III. The Data

Data from multiple sources are merged to generate a database for productivity analysis

of (a) the total economy with (b) a complete accounting of intangibles.

12

V. The transition to econometric work

To estimate (5) we must take a number of steps. Recall that our raw data is institutional

sector-industry-country-year, where by institutional sector we mean market or non-market.

Consider then the following model for ∆lnTFP in industry i

∆lnTFPQi,c,t = dLi,c,t∆lnLi,c,t + dKi,c,t∆lnKi,c,t + dRi,c,t∆lnRi,c,t(8)

+γi,c,t∆lnR i,c,t

which assumes that industry i can obtain spillovers potentially from L, K and R in it’s own

industry, but the only outside-industry spillovers are via R outside the industry, denoted

R i (that is, tangible capital outside a firm’s industry conveys no spillovers, but intangible

capital does).

Now, as set out by e.g., Griliches, knowledge outside the industry is of potentially very

many dimensions. To reduce it to something estimable is typically done by devising a

measure that weights the various ∆ lnRi in some way e.g., by technological distance, in-

put/output relations etc. Assume this amounts to a weighted sum over industries with

weights ωi,j 6=i, i.e., industry i has a vector of weights on other industries j, we can write

∆lnTFPQi,c,t = dLi,c,t∆lnLi,c,t + dKi,c,t∆lnKi,c,t + dRi,c,t∆lnRi,c,t(9)

+ γi,c,t(Σωi,j 6=i∆lnRi,c,t) .

A. Aggregated data

At the time of writing we do not have detailed data by industry that would allow us to

model ω as industry links with the public sector (i.e., as inter-industry purchases weights,

as previously done in the literature for private R&D). We are in the process of collecting

these data. So for the time being we work with two data sets. The first is a country-

year or “total economy” dataset (it not quite a total economy dataset because we have

dropped agriculture, real estate and some other small industries, see above), where we take

all our industries and institutional sectors and for each country-year compute, as above,

value-added weighted average of changes in the log of each variable. We then estimate for

country c in time t
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Figure 1. BERD and National Accounts R&D data

Note. BERD data downloaded from OECD website July 14, 2016. National accounts data are sourced from EURO-

STAT; processed into SPINTAN database July 18, 2016.
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Figure 2. BERD and National Accounts Manufacturing R&D data

Note. BERD data downloaded from OECD website July 14, 2016. National accounts data are sourced from EURO-

STAT; processed into SPINTAN database July 18, 2016.
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