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Abstract

The paper investigates how results obtained widnddird CGE models can be improved by
incorporating the effects of the R&D activities anrecursively-dynamic CGE model built for the

economy of the Czech Republic. The main objectivih® paper is to quantify the impact of the R&D

activities on the long-term economic growth of tbeech Republic in the recursively dynamic CGE
framework. The effects of R&D investments are mimklia the accumulation of knowledge that is
treated as a specific production factor.

Main findings show that knowledge accumulation cantribute to higher economic growth, but the
impact of the dynamisation in the CGE model is Very. However, in terms of structural changes in
the economy, the omission of knowledge capitaliratnight underestimate the tertiary sector in the
longer run. The paper also investigates the effigieof R&D investments and concludes that in the
longer run, the investments to capital goods areerefficient in reaching higher economic growth. In

the concluding chapter, related factors that mgyrawe the impact of knowledge in the CGE model
are discussed.

Key words: R&D investments, CGE model, Czech Republic, knogtedccumulation, economic
growth.

1. Introduction

Developed economies are facing a problem of degjirdompetitiveness on a global scale. The
perspectives for sustaining the world economic desiip are associated with stimulating
technological progress through innovations and stments to R&D. This is a challenge for the
private sector but also for governments in pripirig their policies in line with the goal of sustiaig

the competitive advantage. Within the EU, the debate often centred on the effective allocation of
subsidies from the EU budget, in which certain suppf policies, such as the Common Agricultural
Policy, occupy a considerable part. However, tleasdof reallocation of the agricultural subsids t
the prospective sectors of the economy such asdber of Research and Development should be
supported with a thorough research, revealing ptessnpacts on the whole economy.

Computable General Equilibrium models provide appete instruments in assessing the ex-ante
impact of different policy scenarios. However, Iretfield of Research and Development, standard
CGE models do not capture properly the R&D effedt® to several reasons. First of all, the national
accounts usually do not explicitly involve the istraents to R&D; second, the sector of R&D

included in the input-output tables does not capall investments into Research and development.



Third and most important, the R&D activities aret mapitalized properly in the CGE model to
stimulate the economic growth.

This paper investigates how results obtained wiindard CGE models can be improved by
incorporating the effects of the R&D activities anrecursively-dynamic CGE model built for the
economy of the Czech Republic. The main objectivih® paper is to quantify the impact of the R&D
activities on the long-term economic growth of tbeech Republic in the recursively dynamic CGE
framework. The paper is structured as follows: e second section, a review of approaches to
modelling R&D investments in CGE models is providedhich is followed by the description of the
methodological approach applied in this paper. Arradew of the expenditures on research and
development in the Czech Republic is provided enfturth chapter. Fifth chapter includes the result
of the simulations. First of all, the economic gtbwredicted by a model with knowledge is compared
to a model without knowledge and the impact is alsalysed concerning different initial knowledge
endowment levels. The second simulation concerasefficiency of R&D investments, which is
compared to the efficiency of the physical investtaeFinally, the model with knowledge is applied
to assess the impacts of an R&D stimulated shodk@r®conomy. In particular, the impacts on GDP,
other macroeconomic variables and the value adaediscussed.

Main findings show that knowledge accumulation cantribute to higher economic growth, but the
impact of the dynamisation in the CGE model is Very. However, in terms of structural changes in
the economy, the omission of knowledge capitaliratnight underestimate the tertiary sector in the
longer run. In the concluding chapter, the findimgs put in perspective with the evidence of other
authors and related factors that may improve thpagh of knowledge in the CGE model are
discussed.

2. Review of theoretical approaches for modelling &D investments

The progress made in understanding the endogeakigconomic growth at the beginning of the
1990s raised the attention to incorporate the emumgs growth theories into the CGE models.
According to 4irn et al. (2007), Computable General Equilibriun&& models are suitable to fulfil
the requirements on the instrument of the analgsiarding the sectoral, regional and chronological
dimension. This can be very useful considering ithiabvations are not restricted to certain indestri

or certain areas of the economy but they includestonomy as a whole. Furthermore, several authors
agree that the CGE models are especially apprepfidatthe top-down modelling of technical change
with a particular focus on the investments to R&Wafig and Chen, 2006; Peace and Weyant, 2008).

One of the earliest contributions on implementimglagenous growth theory formalized by Romer
can be found in the work of Diao, Roe and Yelde#9@) who incorporate imperfect competition and
forward-looking dynamization. As Gillingham, Newelhd Pizer (2008) point outufifortunately,
theoretical models with continuous intermediatedgpand abstract representations of blueprints are
not well-suited to match up to measurable real-dorériables or technologies that most numerical
models attempt to represéntherefore, various recent practical applicatiohthe R&D based theory



of economic growth have been performed in the seely dynamic CGE frameworlEor instance,
Garau and Lecca (2009) estimate the impact of Ré&iisiglies on the region of Sardinia in a regional
CGE model with a recursive dynamization and perfeocmpetition setting. The research and
development activities are incorporated throughvKkedge capital, which is treated as a specific
production factor. Contrary to original models, thehors also consider a depreciation of knowledge.
The main findings show that cross border spillowensld increase the long run rate of growth.

Yungchang et al. (2010) have applied an R&D-driveaursively dynamic CGE model to assess
whether the research and development should becitbby private or the public sector. The results
showed ambiguous findings; on one hand the pulfib Rvestments have a positive effect on the
real wage, on the other hand they also bring certegative crowding-out effects.

Endogenous growth theory based on the R&D has iseesasing applications in the field of climate
change modelling and environmental policy. The iotpaf climate change can be mitigated via the
technological change brought by investments intortsearch and development, which can increase
the energy efficiency of the production. For insmiWang, Wang and Chen (2009) developed a
computable general equilibrium (CGE) model withesmdogenous technological change for Chinese
climate change policy analysis. The technologichbnge is introduced by creating a nested
production structure with knowledge capital derivieaim the R&D investments and other primary
factors (such as physical capital, labour or inediate inputs) as imperfect substitutes on thedsgh
hierarchical level.

To add to the review of recent works, research &b Rvestments and knowledge input has been
also carried out in the Institute of Energy Econmsrand Rational Use of Energy, Germany. Zirn et
al. (2007) applies global CGE model NEWAGE-W estimate economic and environmental impacts
of R&D investments. The authors consider knowledgea primary factor input into production
derived from the accumulation of the R&D investnsemthich are endogenously modelled as a part of
the utility maximization problem of the represematagent. Derived model is used for an interesting
application — to compare the efficiency of subsidizdirect knowledge, or R&D investments. Zirn et
al. (2007) shows that whereas direct input subsiflyknowledge provides benefits only from
knowledge reallocation, subsidizing investment &DRs more efficient as it decreases relative price
of this activity as opposed to the alternativesaisumption and physical investment activity and it
leads to faster accumulation of knowledge.

Following recent approaches, this paper incorpertie R&D effects into the recursively dynamic
CGE model built for the economy of the Czech Rejgufilhe necessity to construct a dynamic CGE
model for the Czech economy is supported by the tfaat the Czech Republic as a small opened
economy is vulnerable to any external shocks thghirhave severe repercussions in longer time
horizons. For this reason, CGE models have gaimguilprity in the field of policymaking in the
Czech Republic, particularly in the field of nafurasources and environment. In connection to
prepared environmental tax reform, the Czech nmnist environment has applied a dynamic CGE

! (National European Worldwide Applied General Eduilim Modeling System)



model for the quantification of environmental pglitnpact on macroeconomic aggregates (Pavel,
2008). The macroeconomic effects of the environalelakation are further analysed itaSny, Pisa,
Pollot et al. (2009) who apply structural macroemuoetric E3M3 European model adjusted to the
Czech economy. In the structural equations, R&De#tments to energetic sector are incorporated to
improve its energetic efficiency. Another CGE modpplied in connection to natural resources is the
model developed at the Czech National Bank in cajo:n with Netherlands Bureau of Policy
Analysis (Dybczak and van der Windt., 2008) whiels lveen used for the predictions of the oil price
shocks effects on the Czech economy. Concernirgalfipolicy, Hurnik (2004) applies a non-
stochastic dynamic general equilibrium model teeasghe impact of alternative fiscal consolidation
programs on the Czech economy.

Despite various uses and model alternatives agidedcabove, the issue of R&D investments and
knowledge formation following the endogenous grottbory has not been sufficiently analysed in
the Czech Republic, at least not in the CGE franmewdlowever, it should be noted that there is an
extensive research done on modelling the endogegamwsth and knowledge accumulation using
other modelling approach, see for instance KejekeSand Vavra (2004) or Kejak and Vavra (2002),
who develop a two-sector endogenous growth modassess the transitional behaviour after the EU
accession in the CEEC countries including the CEsgpublic.

By explicit incorporation of knowledge as a prodoitfactor and R&D investments in the gross
capital formation this paper aims at contributinghe existing CGE model studies done in the Czech
Republic and to improve the understanding of tHe of research and development activities in the
Czech economy. The description of the CGE modglieghin this research, required data source for
the SAM construction and the main model modificasidhat incorporate investments to R&D are
described in the following chapter.

2. Description of the methodological approach appdd in the paper

2.1 Construction of the Social Accounting Matrix wih capitalized R&D investment

The Social Accounting Matrix (SAM) was constructiedm the Czech national accounts. The base
year for the calibration of the model was determibg the availability of the supply-use tables, ethi
were used for building the production and commoditgounts of the SAM. At the time of the SAM
construction, the most updated edition of the supk tables was available for the year. The SAM
contains 18 production sectors and 19 commodifiée choice of the production structure was
determined by the structure of R&D expendituresialke per sector in the R&D statistics.

The general version of the SAM was further extenttechcorporate knowledge accounting. In the
studies that apply CGE models, knowledge accoungirigten incorporated with use of the Terleckyj
method, see for instance Zirn et al. (2007) or Wavigng and Chen (2009). The Terleckyj method
requires construction of the R&D input-output matrin which the input-output coefficients are
derived from the matrix of total intermediate camgtion. Another possibility is to apply Yale
Technology Matrix that approximates the structur&&D flows among industries, this approach is
used for instance by Garau and Lecca (2008).



Parallel to the efforts of the CGE modellers toonporate knowledge into SAM, there has been a
continuous progress of the Statistical Offices topprly capture the effects of Research and
Development in National Accounts. Following the SHI®93 revision, the expenditures on R&D will
no longer be considered as a part of intermediatesuanption (in case of private research) or
governmental consumption (in case of public reggatut as a component of the gross fixed capital
formation. This process is commonly known as céipaton of Research and Development in the
SNA. As a part of the revision, the whole concepthe Research and Development is redefined.
Whereas the current version of SNA considers R&EBdpminantly as &ctivity carried out with the
aim to increase efficiency, productivity and futdmenefit§ which is closely related to the concept
innovation, the definition of OECD included in tEeascati manualis broader —R&D is a creative
work undertaken on a systematic basis in order nordase the stock of knowledge including
knowledge of man, culture society and the useisfstbock of knowledge to devise new applications
(OECD, 2003)

All the EU-member state Statistical offices areigdd to adopt the 1993 SNA/1995 ESA Revision
involving the R&D capitalization until 2014. Basllya there are two sources of data that can be used
for this R&D capitalization. First of all, R&D aeity is recorded within the supply-use tables under
the NACE 72 production sector; however, this sedoes not represent all R&D activities as it
excludes research carried out as a complementtivjtyain the departments of private businesses and
public institutions. The second R&D source can Ib¢aimed from the surveys based on Frascati
manual, which comprehensively captures all reseactiivities in the domestic economy; however, it
is not fully consistent with the National AccountBhus, the process of capitalization requires
harmonizing the two data sources. Bridge tablestthaslate Frascati manual data (FM) to National
Accounts (SNA) are described in various sourcesingtance see de Haan and van Rooijen-Horsten
(2004) for Netherlands, Salem and Siddigi (2008)danada, Galindo-Rueda (2007) for UK, Robbins
for Australia (2005) and Daniels (2007) for Swedenthis research, the Frascati manual data were
translated to the SNA format using bridge tablescdbed in Ptékova (2007) specifically for the
Czech Republic.

The SAM extension involved various steps. At fipgiyate and public expenditures on R&D carried
out in the Czech Republiwere obtained from the Frascati surveys for 2008iglied by the Czech
Statistical Office (CSO, 2011). Consequently, GiR&D production separately for private and public
research was derived following Equation 1, as fier public R&D production, operating surplus was
excluded. According to Equation 1, in order to @ewalues of R&D production consistent with SNA,
it is necessary to add depreciation and profith R&D expenditures obtained from the Frascati
surveys. As these components are normally notaail they must be estimated. In this case, the
depreciationof the R&D sector was estimated based on calculstinade by the Czech Statistical

2 Frascati Manualcontains proposed standard practice for surveyRestarch and Development as initially agreed during
OECD national R&D experts meeting in Frascati, [tA863. The newest — sixth edition— was releas@D@?.



Office (see Ptékova, 2007). The operating surplus was estimatdidl wge of the profitability ratio of
the R&D sector in the SNA, assuming thus that &DRactivities have a uniform profitability rate
approximated by the sector NACE 72. Net taxes aalyction were estimated as a sum of net taxes
paid by NACE 72 sector and the subsidies granteutit@ate R&D sector by public sector, obtained
from the Frascati surveys.

R&D Gross production = Labour costs (FM) + Other ment expenditures (FM) + Intermediate
consumption of R&D commodity by R&D sector (SNA BE 72) + Consumption of Gross Fixed
Capital (estimate) + Operating Surplus (estimate)Net taxes on production (estimate) — R&D
expenditures on Software (FM). )

The values of the R&D expenditures obtained fromRhascati manual and the translation to the SNA
is displayed in Table 1. Table 1 shows that harzingithe Frascati manual data with SNA increases
R&D estimates by about 20%. Even stronger discrep@found out when comparing the R&D data
obtained from Frascati with the R&D values reporitedhe current version of SNA. As reported in
Figure 1, the gross production of R&D sector redciZK 18 bin. in 2008, however, the surveys
from Frascati manual reported expenditures in tnewnt of CZK 53 bIn. After harmonizing with
SNA standards, the final value of gross R&D prottuctreaches CZK 65 bin., being more than 2.5
times higher than the original values in the supg tables. These results confirm that in theeoirr
version of National Accounts, the size of the R&EEt®r is significantly underestimated. Therefore,
the SAM derived from the current SNA should be prbpmodified in order to avoid this bias.

Table 1: Estimation of Private R&D Gross Production(CZK min.)

Private Research and Public Research and
Development Development
Frascati SNA Frascati SNA
Domestic production of R&D commodity Manual Modification Manual Modification
Current Expenditures 30, 073 30,621 17, 875 18,210
Labour expenditures 12, 680 12, 680 9, 096 9, 096
Other expenditures 17, 393 17 941 8,779 9, 113
Capital expenditures 3,413 2,539
Land, buildings and constructions 490 973
Machinery, equipment, incl. software 2,923 1, 566
Gross capital consumption 12,636 7,511
Operating surplus 2,493
Taxes and subsidies on production -3,581
Software development 2,681
Gross domestic production 33, 486 39,487 20, 415 , 28l

Source: author’s calculations



Figure 1. Comparison of total R&D gross productionreported in SNA
and Frascati Manual in 2008 (min. CZK)
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Source: author’s calculations

After obtaining a reliable size of the R&D domespimduction, the balance of private and public
R&D commodity was calculated, based on equationTRe split between public and private
commodity in case of imports and indirect taxes waormed based on their share in the domestic
production.

Total R&D resources = Total gross domestic R&D pumtion (estimation above) + R&D imports
(SNA NACE 72) + indirect taxes (SNA NACE 72) (2)
Finally, the gross fixed capital formation (GFCHK)bmth R&D commaodities was derived, following
equation 3:

R&D GFCF = Total R&D resources (estimated above) R&D exports (SNA NACE 72) —
Intermediate consumption of R&D commodity by R&Dder (SNA NACE 72) — R&D stocks (SNA
NACE 72). 3
Having obtained values of the gross R&D capitalrfation, its incorporation to the SAM was
performed. Technically, there are two ways of SAldmfication:

¢ Alternative of disaggregatiorin the commodity account, investments to R&D subtracted
from the intermediate consumption and added t@toeunt of Gross fixed capital formation.
In the production account, the reduction of intediate consumption is compensated by
increase of value added, which is attributable mowedge. This is the principle of the
methods mentioned above, applied in Zirn et aD720r Wang, Wang and Chen (2009).

¢ Alternative of imputation In this alternative, the investments to R&D arsoanewly
incorporated into the gross fixed capital formatiaccount, but in order to maintain the
balance in the commodity account, the compensagodone via increase of domestic
production in the supply table. The advantage ©f mhethod is that it leaves the matrix of
intermediate consumption unchanged and omits theddused by an inaccurate estimation of
the input-output R&D flows.



It must be noted that both methods lead to an &seref GDP compared to the original state, from the
expenditure side it is attributed to the increasewestments, from the production side it is caubg

growth of value addéd

In this paper, the method of imputation was chosérch is also in line with the preference of the
Czech Statistical Office. After the incorporatiohR&D investments into the Gross capital formation
account, the gross production in each sector wasased proportionally. This increase was tranglate
partially to value added in form of knowledge aradtially to the consumption of gross fixed capital.
Consequently, knowledge income was redistributechagaseholds, firms and government in the
proportion of total capital income and further yultansmitted to the savings account. The impact of
the capitalization on the SAM is recorded in Fig@revhich displays a percentage change of gross
value added after the capitalization per sectoe §thongest increase of value added is noticeden t
R&D sector (+31%), which participates significaniythe total R&D expenditures. However, value
added is also elevated in other sectors of the@agnmainly in car industry (+16%), education
(+8%), ICT, chemical and pharmaceutical sector (}6Pke effect on total gross value added is 1.7%
which gives the idea of the impact of R&D capitatian on the GDP.

Figure 2: Impact of R&D capitalization in the modified SAM on gross value added per sector
(% change against the original SAM)
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3 Furthermore, it should be added that for the puRE® commodity, the incorporation of public R&D exp#tures to the
gross fixed capital formation account should beoagzanied with proportional reduction of the goveemtal consumption,
as non-market R&D expenditures already includethénSNA.



The final SAM after capitalization is a matrix o4 size. Compared to the original version, it is
extended for following accounts: (i) account of gg@&R&D investments, (ii) account of knowledge as a
new production factor in the value added per eackyzction sector and (iii) account of knowledge
depreciation per each production sector.

2.2 Description of the CGE model with knowledge an®&D investments

In this research, national CGE model of the Czeobnemy built by the author is applied. The
production side of the economy is modelled follogvan standard CGE model structure (see Lofgren,
2002) and is described in detail infistkova (2010,a). The model assumes that the ttads
production is a fixed factor Leontief combinatichimtermediate consumption and value added under
perfect competition and constant returns to soaldch can be expressed by a nested production
structure. Consumption behaviour of householdsddetied with use of Stone-Geary utility function,
leading to the Linear Expenditure System.

Total supply in the market is represented by a awmit@ commodity consisting of the bundle of
domestically produced goods supplied to domestikets and imports. The composite commodity is
a result of two simultaneous forces in the modest the intention of producer to find the most
profitable combination of supply between foreigrd alomestic markets, modelled with a Constant
Elasticity of Transformation (CET) function, andetintension of the consumer to find an optimal
combination of imported and domestically producednmodity, modelled with a CES Armington
function. Two non-domestic institutions are disaggted between the EU and the Rest of the World
(RoWw).

The CGE model considers six closure and factor etamksumptions: i) supply of labour and land is
fixed; capital stock grows at the rate of net inments; ii) labour unemployed is allowed and
determined by the Phillips curve; iii) the modeldws a standard macroeconomic balance of savings
and investment; iv) the closure of the governmemtedount is arranged by fixing a ratio of
governmental consumption to GDP; v) export and impoices are fixed; vi) both foreign sector
closures (for the EU and the RoW) assume fixedidaresavings and endogenously adjusting
exchange rates.

Several modifications were made to the originalicttire of the model in order to incorporate the
effects of research and development. First ofaallknowledge is regarded as a new production factor
it must be incorporated into the production streetof the CGE model. Different alternatives can be
considered, which are mainly related to the rol&mdwledge in technological progress. In general,
the technological progress can increase produgtofitcapital, in this case it is regarded as Sollow
type of technological progress, or it can incregasmluctivity of labour, i.e. the Harrod technolaglic
progress. The technological process can also bomdrito productivity growth of both production
factors, which is attributed to Hicks type of thexhnological progress. In case of knowledge, all
alternative ways of incorporating technological gmaess can be found in the CGE models. The
original work of Romer (1990) considers knowledgeaaHarrod type, nevertheless the arrangements



of the Sollow type where knowledge is consideread asbstitute of physical capital can be found in
other works too, see for instance Youngchan €2810).

In this paper, Hicks type of technological progré&sshosen for incorporation of knowledge. As
Gillingham, Newell and Pizer (2008) point ptd Hicks-neutral knowledge stock is a common cloi
for numerical models that include an economy-widedpction function’, which is supported for
instance by Zurn et al. (2007) or Wang, Wang andrnC{2009) who adopt the same approach. By
incorporating knowledge following the Hicks-neuttabhnological progress it is assumed that with
increasing stock of knowledge, the productivityaifother production factors increases, which means
that with more knowledge there is less labour aaquital required. Even though there is no sufficient
empirical evidence that could support the choicehid arrangement, this seems to be the most
plausible option with respect to the neutralityjkabwledge in this type of technological progresd an
with respect to its common adoption by other aighor

Scheme 1: Nested production structure used in the@E model
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The nested production structure used in the CGEeinedorovided in Scheme 1. On the higher level
of the nest, the value added is a combination afrkedge and capital-labour bundle usiGgsS |
production function. Due to lack of empirical evide, the elasticity of substitution between
knowledge and capital-labour was chosgn= 2.0, which is close to Wang Wang and Chen (2009)
who applysy = 2.5. On the lower nest, split between capita &bour is determined by the demand
equations derived from th@ES Il production function. The substitution elasticitizstween capital
and labour were taken over from the GTAP estim@asamaran, 2006).

Instead of modelling R&D within a uniform repressinte production sector, it is assumed that all
production sectors carry out a complementary rebseactivity, which is further distinguished between
private and public R&D. In this way, the R&D comnitychas a role of a by-product, respecting cost
structure of each industry. As for the private camdity, the R&D production can be directly
determined from the surveys. In case of public courfity, it is not directly attributable per produarti
sector, but it can be derived based on the tygastitution where the research is carried out.his t
work it is assumed that the research carried aun&iance under the Ministry of Agriculture dirgct
stimulates knowledge in agriculture, analogically bther resort research. In case of the research
performed by the Czech Academy of Sciences, knayeles attributed directly to the sector of R&D.



Figure 3 shows the participation of each sectopiiaduction of both public and private R&D
commodities. It can be noted that there are foodpetion sectors that are important in producing
public R&D commodity, which are the sectors of R&elf, the sector of education, health care
sector and other services sector that involvesviieS of public administration, museums and
libraries. Majority of research is however perfodma the private sector (60%), with the domination
of car and other processing industry. From theatgrisector, ICT, banking and commerce are mostly
active in private research.

Figure 3: Production of R&D commodities per sectofmin. CZK)
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Further modification to the original model was @edr out in the investment function. Total
investment resourceNVRES, which are determined by total savings and degtiea are distributed
between physical investmenfiNVT) and R&D investment§INVTRD on the basis of the Cobb-
Douglas investment function, which maximizes bankivestment utility subject to available
investment resources. Derived investment demanctiums are displayed in equation 4 and 5. The
choice between investing in R&D or capital gooddesermined by the total investment resources and
corresponding pricesPINVT and PINVTRD represent weighted average prices of both types of
investments, calculated from the composite commyogitices. Parameterswr and oy are
calibrated from the equation and represent a sifatee respective investment type in total investime
resources. In the benchmark period (2008) the peters arewnyt = 0.93 aynyr= 0.07, showing a
negligible share of R&D investments in total invesht resources. In the following step, the demand



for individual investment goods is determined oe Hasis of fixed coefficients, calibrated from the
SAM.

Ny o Ty ONVRES @
PINVT
INVTRD= Tnvieo UINVRES 5)
PINVTRE

The allocation of investments into the productieatsrs is crucial for capturing the R&D effects in
future periods. The CGE model follows a recurswerf of dynamization, which is fully described in
Kiistkova (2010,b). The investment allocation functie modelled following the Tobin’s Q
specification as used by Lemelin or Thorbecke:

ISi RKi ™
Isi _ y[_j ©)
KSi USCi

wherelSl|; is the physical investment allocation per seck@,is capital stock per sector, andk/
USQ) is the Tobin’s Q ratio wherRK; represents the return to capital &8G are the respective user
costs per sectoy; is a calibrated distribution parameter of the imwest function, and parameteg

is the elasticity of substitution which indicatdse tresponse of investments to the change in the
Tobin’s g value.

Equation (7) specifies that the proportion of neweistment allocation to the capital stock in each
sector [SI/KS) is determined by the ratio of the return to cdgtad the respective sector’s user cost
of capital. Tobin’s Q theory indicates that if tReratio > 1, the particular sector will attract new
investments since the expected profit from unitayital exceeds its costs, whereas if Q ratio kdret
are pessimistic conditions for attracting new itnents.

The allocation of R&D investments per sect¢8RD) is arranged analogically to the physical
investments:

ISRDi _ RHi \*

HSi i(USCRDJ ’
whereHS represents knowledge stock per se¢tdrH is the return to knowledge in the respective
sector,USCRD are user costs of R&D capital. It is assumed thatelasticity of substitution is equal
in both Tobin Q functions and reaches vahse 2.5
The calculation of return to capital follows thasdical Return on Capital (ROC) calculation whgh i
adopted on the sector level:

RK = PVAVA - PL .1+ pldiff,) (L, - PH, (HS ,
KS

()

(8)

wherePVA is the price of net value added in the i-th sed¥d is net value added of the i-th sector,
PL.(1+pldiff;) is the price index of labour adjusted for sector evdiferenceL; is the number of
employees per sector i-th sectbt§ and PH; are stock of knowledge and knowledge price index
respectively. The return to knowledge is calculaedlogically.

* For more discussion on the value of the Tobin gstaity and the corresponding sensitivity analysie
Kiistkova (2010, b).



The modified version of the CGE model contains tlynamic equations, which provide link between
the amount of capital and knowledge stock in theeru and following periods:

KSM =@~ Sdep)-KS,t + lSl,t' (9)
HSl,t+1 =(@1- sdepl—l).HS,’t + lSRD,t (10)

Equation 9 indicates that the amount of capitatlkstimn the current period is determined by the
depreciated amount of capital stock in the previpesiod, raised by the physical investments.
Analogically, the stock of knowledge in the currgrriod is determined by net R&D investments
carried out in the previous period (equation 10).

2.3 Scenario definition

The modifications introduced into the CGE model®@aanow to properly address the impact of R&D
investments on the Czech economy. More specificdliowing research questions will be analysed:
1. What is the impact of the knowledge stock accuntabn the predicted economic growth in
the Czech Republic?
2. What is the efficiency of R&D investments compateghysical investments?
3. What would be the impact of a potential increas&df policy driven R&D investments on
the macroeconomic behaviour and structural chaingine Czech economy?

In order to response the first research questienQGE model was used in two different settings. In
the first setting that representodel without knowledgethe economy grows only on basis of the
physical stock accumulation, which means that theathic knowledge stock equation (10) is
excluded from the model. The results of this madptesent a provisional baseline, against which the
economic growth derived from tidodel with knowledgehat incorporates the dynamic knowledge
stock equation (10) is compared. The second anthitteresearch questions are analysed only within
the Model with knowledge. Concerning the efficierafyR&D investments, the impact of different
investment mix on the GDP is analysed. The thigkaech question investigates the impact of R&D
stimulating shock on the economy, induced by thepBlity aiming at supporting the expenditures on
research and development.

3. Overview of Research and Development expenditwsein the Czech
Republic

In this section, an overview of the total expendituon research and development in the past 18 year
is presented. This analysis is based on data prdvigt the Frascati manual surveys carried out &y th
Czech Statistical Office.



3.1 Overview of total Gross Expenditures on Resedncand Development

The overview of total R&D expenditures and theirusture according to the performing sector
provides Figure 4. In 2000, total gross expendi#f&ERD) represented CZK 26 biln and at the end of
the analysed period, GERD reached CZK 55 bIn, whichtwo-fold increase. Also, the share of R&D
expenditures in GDP grew from 1.2% to 1.5%. It bamoted, that within 2007-2009, private research
stagnated, which can be attributed to the econ@ntt financial crisis. Such development is not
observed in case of public research, where theasing trend continued. Observing the structure of
R&D expenditures, it can be observed that priva#R0 participate in total R&D expenditures with a
stable share of 60%.

Figure 4: Overview of Gross R&D expenditures per pgorming sector (CZK min.)

60,000

55,350

—

54,284 54,108

49,900
50,000 4 9,158 9,090 10,022

40,000 -

30,000 -

20,000 -

10,000 4

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

mmmm GERD Private s GERD Government GERD Universities GERD NGO e GERD Czech Republic
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Another point of view on the development of R&D ergitures provides Figure 5 where R&D
growth rates are compared with growth rates of GIDEB Gross Investments. Periods of excessive
growth of R&D expenditures are noticed between 22023 where GERD exceeded GDP growth by
4 percentage points and in the period 2004-2006enwR&D growth was even more than 10
percentage points above GDP growth. This developroan be attributed to the accession of the
Czech Republic to the European Union in 2004. Glosgrgrowth of expenditures before and after the
EU accession, the highest increase can be attdliateniversity research (80% compared with pre-
accession level), whereas the lowest increase @tum case of the governmental research (47%).
Private and NGO research was stimulated after Eldssion by 72%.



Figure 5: Growth rates of GERD, GDP and Gross FixedCapital Formation (calculated from current prices)
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3.2 Activities and areas of R&D

Another point of view on the expenditures on R&Dydes Figure 6, where different R&D activities
are demonstrated. In 2000, more than 50% of tofBRG was devoted to experimental research.
During the analysed period, the share of experialgasearch slightly decrease (45% in 2009), but it
still represents the most important research a@emtrary to that, the basic research has seen an
increasing share in total expenditures; where&000 basic research formed only 23% of GERD, in
2009 it was 31% and exceeded the participatiorpplied research, which remains at 25% share. This
development is closely related to the increasirtiyic of universities within the total researchdan
development.

Figure 6: Activities of Research and Development (ZK min.)
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According to the Frascati survey, it can be furtbted that a substantial part of the R&D in the
Czech Republic is performed in the area of techsiciances (almost 60%) (Figure 7). Other areas are



less significant, however it can be noted thatrdfte EU accession in 2004, expenditures in medical
and social sciences are growing faster.
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3.3 R&D in international comparison

Figure 8 provides a comparison of GERD share in Gib#®ng selected European countries and
countries of OECD. From the group of countries,|&id reaches the highest share of R&D
expenditures (3.7%), which is double compared tecBzZRepublic (1.47%). Other EU-15 countries
report higher share as well, such as Germany (2d@i%j)ance (2.15%). The average EU-27 level is
still above the Czech Republic (1.81%), even latigethe gap with the average OECD standard
(2.3%). However, comparing to other newly acced€sddcountries such as Hungary and Poland, the
GERD expenditures in the Czech Republic are redbtikigh.
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4. Simulation results

4.1 Impact of R&D capitalization on the dynamics ofeconomic growth

In this chapter, the effect of knowledge accumalatiriven by the R&D investments on the dynamics
of the economic growth is investigated. For thisppge, two models - one which includes knowledge
capitalization and one in which knowledge is onditte are analysed and their macroeconomic
behaviour compared.

According to the endogenous growth theory, it isemted that the inclusion of knowledge will have a
positive impact on the economic growth. This hypsth is confirmed observing development of
nominal GDP values in the two respective modelgyf@ 9). However, due to the inclusion of the
R&D investments into GDP in the initial period, thenchmark equilibrium states in the two models
slightly differ. Therefore, it is not possible tolly compare the two GDP indicators in their nonhina

values, rather to assess their relative performanfa@m of growth rates.

Figure 9: Comparison of nominal GDP (CZK bin., c.p) in models with and without knowledge
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GDP growth rates of both models are presented bleTd. The development of GDP growth is

affected by the financial and economic crisis; D02 GDP declines by 4%, followed by a slow

growth in years 2010 and 2011. From 2012, the magtbbut knowledge reports higher GDP growth

rates, but the dynamics of the model is soon slod@dn. Contrary to that, GDP growth rates in

model with knowledge report lower revival in 2012 lalready from 2013, they exceed growth rates
from model without knowledge.

Table 2: GDP growth rates of both models

t 2009 | 2010| 2011| 2012 | 2013 | 2014 | 2015| 2016 | 2017 | 2018 | 2019 | 2020 | Average

Model w/o knowledge | -4.20% | 2.30% | 1.90% | 5.27% | 1.24% | 1.19% | 1.20% | 1.19% | 1.17% | 1.15% | 1.12% | 1.09% | 1.71%

Model with knowledge | -4.20% | 2.30% | 1.90% | 2.54% | 3.43% | 2.31% | 1.37% | 1.31% [ 1.29% [ 1.26% | 1.23% | 1.19% | 1.83%

Source: author’s calculations



Even though Table 2 confirms the initial expectatibat knowledge based CGE model provides
higher GDP growth rates, the impact is surprisinggy small. It can be concluded that capitalizatio
of knowledge can trigger average growth rates bgl.12 percentage points. On the other hand, this
finding is plausible if we take into account thatthe benchmark period, the share of knowledge in
total gross value added is estimated at 5% levith wonsiderable differences per sectors; the car
industry sector and the sector of R&D employ 10%mdwledge in total value added, in most other
sectors, knowledge accounts for less than 1% of GVA

The importance of initial knowledge stock is fumthexamined in an exercise which considers
increasing knowledge stock gradually by additiob@. The impact of this simulation on GDP is
displayed in Figure 10. It is found out that wittowing knowledge stock endowment, the economic
growth can be accelerated. However, even the moadbl50% higher knowledge stock stimulates
GDP growth only by a negligible rate.

Figure 10: Simulation of increasing Knowledge stockHSK) by 10% (GDP bin. CZK, c.p.)
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The two different dynamic models also offer to istigate the structural changes that accompany
knowledge capitalization (Figure 11). First of dalie effects on GDP components are analysed. In



2008, the structure of GDP is almost identicaldgthbmodels. In the process of knowledge and capital
accumulation, the structure of GDP is slightly aipesh In 2020, model with knowledge has higher
share of investments and net exports compared tielmwathout knowledge. It can be concluded that
including knowledge into the capital formation reds the share of final consumption on account of
investments.

Figure 11: Impact of model dynamisation on GDP comgnents
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The impact of different dynamisation forms compaiedhis paper is also analysed with respect to
structure of the economy. In the developed econgntiee share of primary sector (agriculture and
mining) and secondary sector (processing indusidy @nstruction) is less significant compared to
the tertiary sector represented by services sucbaaking and commerce. In the most developed
economies, the accent is also put on the quatessatyr, which represents knowledge economy. This
sector includes education, health care, reseatil@evelopment and governmental services.
Figure 12: Structural changes in the economy undeooth types of models
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Figure 12 shows how this structure develops ovae tunder the two dynamic models. In case of
model without knowledge, the share of quaternaryises slightly declines in favour of the secondary
sector. This is attributed to high representatibmdustrial goods in total investments. In partau
the construction sector produces 50% of investrnentmodities, 23% is produced in the machinery
and equipment sector. On the other hand, in theemadh knowledge, the tertiary and quaternary



services increase their share in value added adxpense of the secondary sector. This leads to the
conclusion that the CGE models which omit knowledgeheir dynamisation slightly overestimate
growth of secondary sector over time, at the expehservices.

4.2 The efficiency of R&D investments vs. Physicahvestments

The last finding on the positive effect of knowledgccumulation on the structure of the economy
leads to investigate another issue which is thieieffcy of R&D investments. Hence, would it be
more desirable to invest to R&D commodities suclnasvations, patents or research papers instead
of investing to capital goods such as constructmmsachinery? Following simulation examines this
issue by varying the Cobb-Douglas parameter thditates the share of R&D investments in total
investment resources. It should be pointed out,ithinis exercise the increase of R&D investmests

at the expense of physical investments in ordem#&intain equilibrium between total investment
resources and their use. The results of the siroalate provided in Figure 13.

Figure 13: Static effects of different R&D investmat shares on GDP (bIn. CZK, c.p.)
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The benchmark GDP level reaches CZK 3,747 binesponding to Alpha IRD equal to 0.07. Figure

13 clearly demonstrates that a small increase @inpeter alpha IRD and thus of the share of R&D
investments can have a positive effect on GDP. GdRinues to grow until it reaches a peak after
which too excessive level of R&D investments carhbemful for the economy. It can be noted that
the peak is exactly in the point that correspoondtié OECD level of R&D investments, measured as
a percentage of GDD. On the other hand, if therpater Alpha IRD is reduced, a slight decline in

GDP can be expected.

Nevertheless, it is maybe more useful to analyseetficiency of the R&D investments in the longer
run, and see if the static results hold also indyr@amic model. According to Figure 14, any inseea



of R&D investment share in the long run causes dime of GDP. Therefore, there is a certain
contradiction between results of static and dynammdel. Whereas in the static model, certain
increase of R&D share can be positive for the egonadn the long run, any positive deviation from
this share can cause a GDP decline. The extrensecfaslphalRD parameter reaching 0.15 shows
that GDP in 2020 would be 2.6 % points bellow baselAnother extreme case is considered with
Alpha IRD= 0.04 in which the share of R&D investrtis reducet In this case, GDP can reach
0.5% points more than baseline.

Figure 14: Dynamic effects of different R&D investnent shares on GDP
Percentage deviation from baseline — AlphalRD =0.07
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This contradictory finding requires analysing thause of the GDP decline under changing
proportions of investments in favour of R&D. Pautarly, the structure of the economy is examined
under the two extreme cases, considering R&D imvest share 15% and 4%. With the use of the
absolute deviations, value added per sector in fipar of the analysed period is compared. The
results reported in Figure 15 leads to finding ttere are substantial structural differences & th
economy under both extreme situations. ConsideR&P investment share on 15% level, an
excessive increase of R&D sector (+44 bin.) andimdustry (+19 bin) is reported. Except for the
machinery and chemical and pharmaceutical sectichndidso benefit from higher R&D investment
share, all other sectors of the economy have alansgre compared to the model with lower R&D
investments. The strongest decline of value addade observed in case of the construction sector (
40 bIn.) and the sector of other services (-30)bBased on these findings it can be concludedttieat
stimulation of R&D investments at the expense @& tthysical investments produces suboptimal
allocation of resources. Apparently, the major @ecproducing R&D investment commaodity such as
the R&D sector or the car industry cannot stimukdenomic growth at the same extent as the other
sectors of the economy, namely the constructiomeroservices or processing industry. One of the

®The model cannot be run with simulations lower thphalRD=0.04.



reasons is a high specialization of particularscon production of capital goods for which even a
small decline in investment demand may negativéigcatheir production results. According to the

situation in 2008, such sector is for instance trantion, where more than 50% of production is
designated for investment goods.

Figure 15: Absolute difference of value added in ZD (bln. CZK, s.p.2008)
Alpha IRD=0.15 vs. Alpha IRD =0.04
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4.3 Impact of R&D stimulating shock on the economy

As the results of the previous chapter show, ihd$ possible to expect positive impact of R&D
investments if these are stimulated at the expehs$ee physical investments. Even though in short
term this might be beneficial, in the long ternstirade off can decelerate the economic growth.
Therefore, in the last simulation, an exogenous Réiack that directly increases the investment
resources for R&D goods is incorporated in the rhaohel its impact on the economic growth is
calculated. In this exercise, it is assumed thatampliance with the EU Strategy 2020, there is an
inflow of the EU support to the Czech economy, Wwhi€ directed to investment resources in R&D.
This simulation is produced in the benchmark periadd its short and long-term impacts are
analysed. In the simulation, the R&D investmenbueses increase by 25 bin. CZK, which raises the
total R&D investments in the Czech Republic to @ECD level, measured in terms of the share in
GDP. Furthermore, it is approximately the same arh@s the total subsidies distributed to Czech
farmers from the EU Common Agricultural Policy betlgThis gives the idea about the size of the



simulation, which is comparable to a size devotethe support of a specific resort of the national
economy.
Figure 16 shows changes in GDP produced by thelaiion. It can be noted that increasing foreign
investment resources for R&D can lead to a highBxPGevel at the end of the analysed period
(1% increasé)

Figure 16: Impact of R&D stimulating shock on GDP pIn. CZK, c.p. 2008)
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Despite such a small impact on growth, for som¢iqQdar sectors, the increase of R&D investment
resources can be important. As seen in Figure dofugtion across all sectors of the economy is
stimulated, except for education. Sectors of coesittn and other services, which include also real
estate and recreation increase gross value addégohyith respect to baseline, which are the sectors
with high capital stock accumulation. Notable stiation of value added (+4% vs. baseline) is also
reached in sectors of R&D and car industry, whgkxplained by a high share of knowledge in their
value added. The remaining sectors are also bafftgparticularly other services sectors, the priyna
sectors such as mining and agriculture also tosseleextent. Surprisingly, the sector of education
seems to be negatively hit by the R&D induced shdtks is explained by the fact that the R&D
stimulating shock leads to an increased demangublic and private R&D commodity, raising their
respective prices. Because public R&D commodityasdially produced by the education sector, this
price inflation is transmitted to other commodit@®duced by the education sector as well, which is
mainly the education commodity itself. As the edigrais predominantly consumed by government,
following the Cobb-Douglas consumption functionerd is an immediate decrease of governmental
consumption and proportional reduction of the teigyregate demand for education. To summarize

® Simulations concerning a parallel removal of suiesidn agriculture corresponding to the value adisonal investment
R&D resources showed no impact on the economic growt



these effects, the decline of value added in educé a result of two contradictory forces, fitbe
R&D investment demand stimulating education seatothe production of research commodity,
second the decline of governmental demand reduthieg outcome of education sector, which
overweighs the positive efféct

Figure 16: Impact of R&D stimulating shock on GrossValue Added (c.p. 2008)
Absolute difference in bin. CZK
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Changes are also produced concerning the strucuréDP expenditures. Table 3 reports the
aggregate consumption, investments, exports andrisyin the baseline and R&D shock scenario.
Values are reported in 2020 both in current prames also in percentage and absolute differenceas. Th
stimulation of R&D investments has the highest iotga investments which are directly linked to the
performed simulation. However, it can be also olesgithat the R&D simulation produces a notable
growth of imports, which acts negatively on the GIWhen analysing the import structure it is found
out, that the increase of imports is driven predamtly by five investment commodities, which are
the machinery and equipment, automobiles and otigerstrial goods, to a lesser extent the R&D
private commodity and the pharmaceuticals (Figife This finding is closely linked to a high share
of imported commaodities in total investment gootsus, any increase of investment demand is going
to require more imported commaodities and will offdee positive effect on the GDP.

"In 2020, 84% of total commodity production in thdueation sector is attributed to education; theaieing
14% is the R&D commodity. 75% of education serviaesconsumed directly by government in 2020.



Regarding aggregate consumption and exports, thages produced by the R&D simulation are

comparable and both are positive.

Table 3: Impact of R&D shock on GDP components (29

Baseline R&D | R&D shock % Difference vs| Absolute Diff.
GDP components 2020 CZK bIn. (c.p.) | CZK bin. (c.p.) | Baseline Vs. Baseline
CONSUMPTION 2,486 2,491 0.2% 5
GOVCONS 895 900 0.6% 5
INVESTMENT 1,561 1,615 3.4% 54
EXPORTS 3,927 3,932 0.1% 5
IMPORTS 3,652 3,680 0.8% 28

Source: author’s calculations

Figure 17: Five imported commodities with highest bsolute increase vs. Baseline
(bIn. CZK, c.p. 2008)
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Finally, the impact on the situation of househdklinvestigated (Table 4). It can be noted that the
stimulation of R&D investments can lead to a pusitffect on labour market, the unemployment rate
decreases by 1.2%. Furthermore, the welfare of dimids measured by equivalent variation is
increased by 1.5% compared to baseline.

Table 4: Impact of R&D stimulating shock on househtss in 2020 (bin. CZK)

% Difference vs

Baseline R&D | R&D shock Baseline
Unemployment (thous of workers) 273 270 -1.2%
Household Income (CZK bin.) 3714 3782 0.2%
Equivalent Variation (CZK blin.) 71p 723 1.5%

Source: author’s calculations



5. Discussion and conclusions

This paper investigated the effect of R&D investisean the economic growth from two perspectives,
the methodological perspective and the economispeetive. From the methodological perspective,
the aim was to assess what would be the impaatsrits of a CGE model with R&D investments and
knowledge accumulation, compared to results of aEQ@odel without knowledge. From the
economic perspective, the aim was to analyse tleethat R&D plays in the Czech economy and to
derive corresponding conclusions. In order to gatisfactory insights, the R&D investments were
analysed with respect to their impact on GDP amgromacroeconomic variables, furthermore with
respect to their efficiency compared to physicaksiments. Finally, the R&D effects were examined
in a scenario which leads to an increase of R&[R2&wents to reach the OECD level.

With respect to the role of knowledge in the dyrsation of the CGE model, the paper showed that
there are only minor effects on the GDP comparegksalts of the model that excludes knowledge.
This finding is of course influenced by the lengththe analysed period. In this paper, the model
provides solutions until 2020, if this period igexded the impacts could be more pronounced, as for
instance in Zurn et al. (2007) who derive 1.2% Gé¥fects in 2020 and 1.8% in 2030. Additional
analysis further showed that higher initial knovgedendowment can increase the role of knowledge
in the economic growth. Nevertheless, the impogasfdknowledge inclusion does not necessarily lay
in the dynamics of economic growth but rather g effect on the structure of the economy. The
analysis showed that CGE model without knowledgerestimated the secondary sector in the longer
run, at the expense of services.

Regarding the efficiency of the R&D investmentsyds concluded that investing more to R&D on
account of capital goods can bring positive effextly temporarily. From the longer run, the CGE
model shows that R&D investments are less efficientproducing value added compared to
investments to capital goods. This finding suggéisés the effects of R&D are still not properly
captured in the presented CGE format and it cosfithe necessity to carry out more thorough
research with the use of the firm-level data. Baldrly, the econometric estimates would enable to
assess the effect of R&D investments on the comaganiotal Factor Productivity and determine the
type of technological progress. Furthermore, ilnseéhat the model should also incorporate R&D
spill-over effects from abroad, which in case & thzech Republic being a small opened economy
with a considerable share of FDI investments miighvery relevant, as further analysed in Lejour and
Rojas-Romagosa (2008).

Despite its rather simplistic approach, the CGE ehoevealed some interesting insights into the role
of R&D investments in the Czech economy. It wasfbout that if R&D investments are stimulated
as a result of the EU efforts for smart and suatadangrowth, positive effects on all GDP components
can be expected. Furthermore, these positive sffect translated across most of industries and
services. The negative impact on trade balance @sequence of increased demand for imported
capital goods is offset by a reduced unemploymetetand higher consumer welfare.
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