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A bstract

T his pgper develqss a multi- sectoral endogenaus grovth madel in
ader 1o repraduce sane of the essantial daradieristics ofthe so callied
”ICT R evdlutia”’. T he econamy axsists offour sectars and the mast
impartanteatures are the embadied natiure of ted nolog cal progress,
the haizaotal dicerantiation and the b equipment” sped...alian
Ok &D . 4 fierthe desaiption of the div erantsectars, the equi ibrium
anditias are dotained the balenced gonth path is daracterized an
alytially and the aonespading steedy state system is devived. Ham
this systam same analytical resullls an be dotainad in partiaular it
s aut that shods an the praductivity of the dic erantsectors have
pamananter ects an kg tem gonth (attary to the versian ofthe
maodel withaut the ”” Bb equipmat” assumptian, vhere anly a shodk
an the productivity of theR &D  sectorinfuenas bbng t&m gonth).
T hese results are an.Mmead in the st part of the pgper; by the
rumerical simultion of the madkel that allbons ako 1o aalyse the
sharerun respase of the system 1o the div erat shads thatean hit
the econamy and 1o study the rdoustness ofthe madel

Keywwords, Infamation T ednology, Endogenaus ¢ ronh.

Jaumal ofF BEaoxamicl iterature B22, 0 40, C&.

D iparimato d Statistica e Il atematia b pplicata alk Sdawze U mare *D iego de
Casti’d’, Universte dedil Stud d Taino (Italy) ad IR ES, U niversie” athdlioLe de
L anan L anain Bl ene B elgun). Emal daudiomatials) unitait T his paperis
partofthe A R C P ragramme ”t ronth and Incantive D esigt”. T he authar thenks R aouf
B aucddne Torvery hebfull conmeants and sugesstians.
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1 Inbocductian

T he sector of Infamatian and Canmunicatian T ednolages (ICT ) hes been
recatly arsidered offindemaial importance in the eplbnation ofthe eco
nomicperfomanceofseveral auntries. |n partiaular; the stragpraductivty
gonth regsterad in the amputerssdtor(i.e. inthe producion ofhardnare)
hes led sane analysts toandlde tatthe eraofa’ ewEacoany’ hes be
gn an era that an be aasidared asatof’T hild Industrial R evoluiat”
inwWhidh infamatian and cammunicatian tednologes can be aampared with
the geatinvaritias of the past that daracterized the trediticnal |ndustrial
R evolution.

Farall thee reesas, a geatatiaian hes bean devoted 1o the study of
whathes been callied the ”’ICT R evolutiay” and ofits e ects an the econamy,
and the daoate is bExgely qoen, both fram an empincal ad fram atheaetical
pantofvien

0 ntheaempincalsice the mainstudies ¢ adan (1999, 2000), Jagasm
ad Stirdh (2000), O Ener ad Sidel (2000), W helen (2000)) autlire the
strag pradudivity gronth in the aamputer sector (partiaubrdy in the years
1995-1999), butatthe same time edance abo prdolems ofmessuremaTtof
the real atributian of ICT 1 the gonth and pradudciM ty of the econamyy
tTooetherwith the Bt that the praductivity gronth in the aomputer ssctor
hes not been acoompanied by pillbars fram this sector o the st of the
eaonany.

0 nthe theaetial sice (the mostimpartantcotributias aret  rawood
ad Y auogu (1997), 6 reewood and Joanoic (1998, 1999), H doijn ad
Jowanouc (1999), Joenoic ad R asssau (2000)) it hes been underined
the impartance oFembadmant of tednologal pragess (e the Bt that
aly the new madhines incaporate the bBiest ted nologal advencss), ad
at the same time the et that the ’ICT R evoluitiat” hes bean acoompeanied
by sane ’puzzing phenamerd’.

In Bt itis passibE © dosere that this revolutiat” hes been darec
terized by e ects both an the real and an the ..naendal side of the econamy;
with the emerganae of sane ’puzzing’ agpects. In pariauler; an the el
side thaere hes bean an inftial strang deareese in the praductivity ofthe vwhole
econany (the so called ’praductivty sioadonri”) immediatiely after the be
gmingofte”ICT R evoltiat’ (in theearly 770s - the miagproassar; that
&N be asiderad the starting pant”’ of this revolutian, wWss inated in
1971 -), llonsd anly recantly by a rise (es autined aboe in the Efe 3 0s
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the nise of produciivity in the computer sector hes bean very strang mae
ten 40% in theUSh ). A tthe same ime an the ..nendal Sde there hes
bean an inftial strang deareese in the ratio betnean stodk market pitaliza
tohad( DP (fran abautl at the begming of the 70s ©0.45 in 1974
Tothe bEedng0 ECD auntries), Tolloned anly reaaitly by a rise (today this
ratiois doe 102).

T he main eplbnatias that hae bean proposad 1o this Situation are
besad an the idea thatthe initial dicp in praductivity (an the realsice ofthe
eaonany) is due o an adgptian periad ofthe new tsdnolages (because the
preedsting.. ms are notabke 1o use immediately these newtedrologes at
tharull poletial); this periad is daeraderized by lbarming asts and showv
din usian (and itis pradsely in this phese that the ’praductivity sloadonn”
aes plb®), ad itis lloned by an age oFmatunty durngwhidh the ICT
sdorstarts driving the wnolke econamy. Furthermare accading to the an
tributias prpcsed the inftial drp in the stodkmarket epitalizatiave D P
ratio (an the ..nendal sice of the econamy) shauld be due 1o the Bt that
amajartedndagal ilmowation determines a tempaary undenalatian of
the stok martet In Bct again od ..ims are not abke  impkEnait te
new tednodloges and new ..ims are asated 1o use these tednolgges; ini-
tally these ... :ims do not’gppear” In the stodk market (Tarinstance it todk
10 years DIl iacsofttogopublc), and this determines the drp in the ratio
axsicered vnilEvwhen these nawv..ims are IP0 d the daims o tar iiture
dvidancs atier the stodk market, and this determines a rise in the same
ratia

T he madel presated here tEkes adis eratvievand tries toeplEn sane
ofthe essatial features ofthe ”’ICT R evolutiat” aasidering the framenark
ofendogaaus gronth thearies. 1N partiauler; itis aR aner ikemadel (199 0)
in adero gpture ek &0 erartofthe .. Mms Qoeratingin the ICT secior;
and in addition itaosidars enbadied ted nologal pragess. Il are predsely
itis based on the aignal aantribution develped by B aucdddine and de b
Crax (2001), with the main dis erence represaied by the ” b equipment”
soad..cation TortheR &D sectxr(seeR iveraB atiz and R aner (1991)), ad
itis a multi- ssctoral madel of endogenaus gronth thatt reproducss same of
the essatial dhavadteristics of the | CT - besad econamy, in particulerthean
badied nature of ted ndlog &l pragress (singe the tednodlog Gl inmovatians
that daradierize the ICT seciorare typically enbadied in the new piral
goodk), the praminatroke oftheR &D  sectar (sinee the amauntof resaurcss
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devolied 1O researdh is pariaubrly hidh espedally in e USA ), ad the
Nk betinean iNmovatian and marketponer (since ICT markets are typically
Nan caompetine).

T he paperis aganized as TOllons. Sectian 2 providess the i ibstratian of
the madel with the desaiption of the dis erant sediors that daradierize the
eanany. Sedtian 3 desaibes the equi ibrium coditas, daraderizss an
alytially the balbbnhcad gonth path and derives the anrespading steedy
stake system. FHam this systam itis passibe © ..nd sone analtical re
sults anceming the er ects an gondh of diz erant shodss that éGan interest
the econany. In pariaulbr; it tums aut that shods an the praductivity of
the ..nal goad sector; of the equipmaTt ssctor and of the intermediate good
ssdtor have pemanaiter ects an log term gonth. Sectian 4 aasidass the
numerical simulatian of a cGalibrated versian of the madel aon.miming the
analytial .ndings and gving same further inddits aonaaming the share
N respase of the systam 1o the shods and the rdoustness of the maocel
Section 5 aondludes.

2 ThemaEl
T he madel develped is bessd an B auaaddine and de b Crax (2001) ad
R aner (1990), ad is a muli- sscioral madel witien in disaete time with

in.Nite harizan (time goes from (0 10 1), endogenaus gonth and harizaial
dis eratiation. T heeconamyis darackerizad by 4 seckars the..nalgood sec
1or; the equipmantsscior; the intermediate good sectorand theR &D sector.
In partiauler; the ..nal good sectorproducss a aonpasite good (used toan
sume aroinestin physical apital) utsing et dattepital (baugitfiron the
eguipmaTtsecior) ad Boar; the equipmantsector producss e¢ datcpital
(sod o the ..nal good sector) using physical Gpital (thattcan be interpreted
& hardnare) baudit fran the ..nal good producars and immaterial epital
(thatcan be interpreted as softnare) baugthian the intermediate good pro
duasss; the intermediatie good sector praducss the immaterial pital (sold
10 the equipmatt secior) wsing oy Boar; the R &D  sector researdes Tor
new\arieties of immaterial gprtal and in this way inaeesss the range of
softnares (harizatal dic erentiatian).

In this madel ted nolagcal pragess is mainly enbadied (the ideais that
the newsoltnares can anly be run an e maestrecanthardnare) and theinno
\ators have a market poner represantted by apyrigts, in ader tostimulate
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innowatian and gronth (in partiauler; innovatian conespancs 1O an eoan
s in the \arieties of softnares thatare aa bbE). 1 Il these elenats ae
impartat o rproduce the essartial davacteristics of the ICT  sedtor-

21 The..nalgood sector

T he ..nal good sector praducss a ampasite goad (used 1 aasume or o
inest in physical pial) using e¢ dat pital (baudt fran the equip-
mantsector) and Ebar. P radudian is dotained thirauch the Tollloning Cdobo
D augies tednology (as in Sabw (19 6)):

Ye= zKELL® ® 21[0;1] @

wherez rigpresants ol Botarproducivi ty (dissmbadied ted nolog cal pragess).
T he stodk of pial is de.ned es.

xt
K= Es i)%° @

s ijl

where Es represats the et dant pital baugdt fran the eguipmant sector
attimes and 1 is the physical depredation rake (aastat).
T he discounted pro. ts ofinesting E¢ in e¢ dentpital are gven by

X
Yg= [Ys i WsLs]R i ilEc

st

=3 -
Qs 1

&1 1+,

<

RE=1 R§=

represart the discount ectars attime tand attime s respecinely r; is the
inersstrate attime ¢, W is thevwage Tor Bbarinputatime s andd ¢ is the
price of et dattpital atime t T he rpresatatinve .. doosess e¢ dait
pital and Ebar input in ader 1 maximize its discounted pro. s t8king
pricss as gvan and subject o its ednolgal astrants
max Y
Esfisq

st 1):Q)



T he .. istaderaanditias daraderizing an interiarmadamum ol « are

X
DELT RZ( i) CTOLL® = i €)
st
Qi®)zKLi"=ws S_t @
and fram (4 )we dotan
M h |
1 §0)z¢ ©
Le= 7( 10)2e Kt ®)

W

thatis the damand Tor Bbarby the ..nal good ssctor-

22 T heegqupmeantsecior

T he equipmentsectarproducss e datcpital (sold o the .. nall good seckor)
using physical gprtal (hardnare) baugtfron the .. nall good producars ad
immaterial pital (softhnare) baugtfram the intermediatie goad praducers.
E¢ dentgpral is produced with a aastant retum 1o scake tednolayy.

Ee= eQ ol . 20;1) ©

wheree ¢ is a productivity \variabk | « represants physical apital (hardnare)
ad Q « represaTs immaterial il (softnare). T he immatenial epital is
bul it from a series of spedalized intlexrmediate goads, acoading o aD iXdE
Stigitz CES fnctiax

Q= Xgg 0 1 4 @

where n ¢ is the number oharieties of intermediate inputada BbE in € X
is the quantity of ineyrmediate inputoNariety 1used intand % > 1 is the
ekbstidty of substitutian betinean tho\arieties.
T he pro. s of the ecuipmaTtsscior at time tae
Z

Nt

%gzthtilti PieXid 1
0
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wherep ;is the price ofsoftnare chariety 1attime t T he represatiatinve .. im
docsss the investmanttin physical pirtal and in immaterial pital in ader
10 maximize pro.t tBlkng pricss as gven and subject o its sednolagcal
astants

max%$

| 6Xigt

st ©:(
T he ..istaderaadtias forthis prdolkem are

Ci.Neg,=1 ®

I~

M, [
Jded't S =P 8I2[0ind )

Lt

=

wherege= ?—: is the softnare hardnare ratiq and fram (8) and 0) wedotan

Xge= at Q¥ Eé (10)
that is the danad Tor intermediate input 1 by the ..1ms of the eguipmeantc
secior atime t(hereve hae de.nedA = 4:-).

23 T he intermediate good sector

T he infermediate good sectarpraducss immaterial epital (softnare sold to
e egquipmattsecior) and it researdes Tornewarieties, in aderto epad
the range of softhare.

T he variety 1 of softnare is producsd acoading 1o a inear tedolgy
thatusss Boaras the anly input

Xge= (it a1
where L ¢ is the Ebar enpbyad in the intermediate good sector ad ¢«

represas BoarpradudiMvty, T he producerbehaves mangodiistically (since
market poneris gven by the presance of apyrigits wnidh hae an in.nite



FEtime- i.e theinatorofananariety ofsoftnare dotains these apyrigts
foewer-) adit pro. tis
H w 11
%?t: PiXir IWdie= Picld c_: Xit
T he price of autput is dasen 0 as 1O maxdmize this pro. tsubject o the
demand fomulaied by the equipmeant sectar; hance the prdolem sobed by
te.mis

1 @
maxh g
Pee

st (10)

T he .. istader aanditian Torthis prdblem is

HAﬂ% H WtﬂHAﬂ% _—

at Q@é%% piti(;—t at Qdie
flan vvhidhwe gt

M T,

Pit= ﬁ 812[0;nd 12)

it

i.e. the amputprice is amark up oerunit Bbarast

24 TheR &D sector

B esides pradudng softnares, the intermediate good sector researdes Tarmnew
\arieties ofimmaterial pital in adertoepad tarrange. Inthis\versian
ofthe madel we assume the so callied ”” Bb equipmant” sped..catian ofR &D
(s==R iveraB atiz and R amer (199 1)), accoding towhidh the astto asate
anawtype ofpraduct (i.e. anew\ariety of softnare) is .xed at” units of
Y . T herewill be etry ofnew ...1ms in the econamy until this astis equal
o the discounted tovaofpro. s Iinked toae inattian, and this equi ibrium
adian Gan bewitien es



ad sine=

25 H assshod beaeior

A flier the 4 seciars that daracterize the econamy itis abo passible to aont
sider the hausehod presaitin this econany. W ith referance o this agpect;
e represatative hausehold asumnes saves Tor TUture cosumptian and
supplies Ebar: T he utiity of the representative hausehold atimel s

X

= KL

€0
i.e. itis the discounted sum ofinstentaneas utiities from () ©1 , whare,
is the psydologal discount Bdorand the instentaneos utiity indian is
assumad logarittimic. T he anrespading budget caastrantis:

Ae1= 1+ red)Act Wik §C¢ ((5S))

where A represais the assets detained by the hausahold attime €
T he represatative hausehold docsss the assets detained in adertomax
imize i'ts discounted uti ity subject 1o the budget aostrant
max y
-mtfl‘i:o

st (13
ad tre ... iIstader anditan orthis prdblem ecks ta

Ct—l

Ce
tat tooether with the wsual tasvarsality aaditan, is suc datt or an
gotimum.

= (1+ reh 14



3 Theegulibrnum

Itis nowvpcssibe todaradierize the eou ibrium ofthe econamy in themacel
asidasd thatis determined by the equi ibrium an the Bbarmarketad
an the..nal good market
Firstofall equiibrium an the Bbormarketimplies that the Bbarforae
is anpbyad atherin the ..nall good sectararin the intermediatie good seciar:
Z,.
L= Let Lid i @15)
0
where the supply of Bbarcan be namalized o1 (i.e L = 1).

Equiibrium an the ..nal good market, then, implies:
Ye= Cot et "4 ne 19
whare” 4 n¢is the astof researdh ornew\arieties.

31 Theegqulibnum adtas

W e an nowvdene the dic erantequ ibrium aadtias, thatsunmarize the
. 1Ist ader qotimalty anditias and the market equiibrium reltiaships
derved eboe
Firstofall the danad Tor Bbar by the ..nal good sectar is gven by
equatian (5), vhie the demand Tor Ebar by the infermediaie good sector
G be dotained from equatias (10), (11) and (12) ad is gven by
ZntL_ig . H% i 111% Hiﬂ%
0 T We
A s aaasaguenae the equilibrium an the Bbarmarket. gven by ecuation
19), is

1i%y) .%jil
e Iitt

(SIS 11 M, 1T,
1 §0)ze Kot Ny 7 A

W Y W

T he equi ibrium an the .. nall good market can be dotained from equatias
@), ® ad@6 adis

[S][=Y

M
i1 % ML

G lelit=1 an

= Ct+ It+ "4 N¢ (18)
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T he woFmatian Torge Gan be dotained substituting the eqressian (5)
into (3), using the de. Niikan of K § and repledng the \alle oft « fran (8), so
thatwe gt

M Miie M T T 1
1 1§0 @ 1t €t Qe -~
®ze (1 i 4 =1i 19
@ i.)edk We T e te1 e 1 %)
T he gotimal casumptian is then gven by equatian (14):
Ces _ A+ re)k (20)
Ct

whi ke the acamulatiaon ruk ofgpirtal is dotained fram eguatias () and (6)
adis

Ke= QidDKgrt edde 1)

where e, Gan be saen s ameesure ofFembadied tednologcal pragress (in
antisst 1o the \ariebk z, that gppears in the ..nal goad secior and that
meesures disambodied arneutral ted nolog cal progess).
T hevale of Q + Gan be determined using equatias (7), (10) ad (12)
that kbed to -
81

Wede_ 77 %l
= g 22
é t 3/4 22)

that inks the enbadied tedndlog Gl pragess 1 the epasoa in the \an-
eties ofintermediate proouces.
Finally, the free entry aconditian Gan be witlen as.

A X
. Zo lih it
T 1i% y _1li3/43/3/4 Ré’Vz qi I,
¢t 04 1 ) 4 7=t

ad than

A%
i 1%
AL R A

‘pEl_
Re =

R,

®1
T hetwoepressias Tortad ¢ 1 are thaebe

eyt X

Zogylie~li¥
A7 Raw; Qi

z=t
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1 —a\li¥% oy X
(Jt”e/zt il) /44,R31_ RZ 1i%q%i%|
A% t - ﬂNz 4

z=&1

JLi% = yi%hyu -
(Jtl G/A ’ll) ! 3/4 r'&l _ Wli%q%:i%lt (23)

A 1+ res  ©

T hese results Gan be summarized in the TolloAing P ripasian
P rpasiian 1 ¢ iven te inftial cndtias K ;1 adn;; an eguliorium is
a patt
feasCeleKenNgre 19,
tatsatis.es teeqatias (17) i (3 illstiaed doe.

32 T he balanc=d gonth path

A fier the daracterization of the equilibrium, the next step is the analysis
of the balencsd gonth path of the madel  In this Gee we assume that
the exagaas productivity \variablkes 7, e ad (+ ad the interest rate re
are astaitin te lbg tem, vwhilke eedh endaogenaus \ariebke gons ata
arstat rate alog a balencad gonth path. 1N general ifgy is the gonth
Bdaorofthe \variabke x and X is the inftial el ofFthe \varisbke we have

Xe= Xgx (¢Z0)

Since abalanasd gronth path mustsatisfy e equatias (17) § €3), wehae
s|aven isstridias anag the variass gonth Bctors thatare

gw;gq;gc ;gl ;gK;gn

In partiauler; itis passibEe  renrte eedh oftte equatias (17) § (23) sub
stituting eedh \ariabe with the anrespadingepressiansmibrto (24). In
this way, fram equatiaon (17) we gt

Ok @)% = 1= ﬁ(gq)“%g. 25)
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Aan equatian (18) we dotain

0= 01 = On = (@)™ s

(ad fran the good market equilibrium abogy = gc = g = ¢n). FOnN
eqLatian (19) we et

@) @) =1 @7
Aan equatian 20) we hae
gc = @+ r)h (28)
Aan equation 1) we dotan
g« = (@) 9 )
Fran ecuation Q2) we cet
00 = 0" @)
Fnally from eguatian (2 3) we hae
@) @' e = 1 @)

INn conespadence of a balbnaed gonth pathy, the varias gronth raes
musttherekae satisfy the restridias exoressed by equatias (2 5) § (31), ad
wing these restidiars itis passibke o determire the relatias anag the
din eratgonth raes.

Firstofall ran 0 7) wehae

Ow = (gq)Ti@)_®
Aan (5 we gt
Ok = @°
Aan (2 6) we then hae
e = 0 = Gn = (QgT°
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T hesame resultcan be dotained fran (29), thattis therefore redundant Ham
Q) vehase
1il®+ ®

i®

O = @)%Y

and sinceve abohaeg, = (gq)Ti° itmustbed = i (s restician

is a arsecpence of the b ecuipma® sped..catian ™rR &D ). W e then
hae that (3l) is redundant;, ..nally fram (28) we get

(O

r=
Y

il

In aandlsian, the .\e unknoars of the prdblem (@, 9q, Ov, Ok, I') &®e
relied by a system of foureguatias (the equatias (25) § (28), wiilE (29)
ad (31) are redundantand () is usad todotain the eressian tor¥: dexived
aboe), and Targvan g, all the ather uknonrns an be foiund and therefore
they are parameterized by gq. T he resuls are eqoressad in the olloning
P rpasiat

P rgoasitian 2 Ifge gons ata Eclor g, > 1, ten all te otter \ariabks

O = G T G = G o= G = @
gk = @7

H ence alog a balencsd gonth path autput, cosumptian, inestent;
numbercRarieties andwagss govak thesame rate Whi e thestodkoficepial
gons Bster (since itindudess improanants in the enbadied productiv ty).
T he systam is therefare abk 1o disply gonth of the economy.

33 T hestatiaarized dyrnemicsystem ad the steedy
state system

T he nextstep of the anabysis is the study of the restricias an the kg

N kel that gve the additianal infomatian necsssary 1 determine g.

Canputing these restrictias fran the dynamic system epressad by e
tas (17) i 23 (i.e mwrting the equatias substituting eedh \varicble wth
the conespading epressian similer o (24)), we exd with 7 equatias for
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8 unknoars W, g, C, I, K, m, T ad g4 - since all the other gronth rates
G be eqoressad in tarms of g, -). T he systam in tams of bek is there
Tae udeterminad (this is a usual property of endoganacs gronth madek),
butitis pasibE © renmtte itin sudy avay thatwe get rid of this indeter
mineoy. T his is dae by staticarizing’ the eguatias by mearns of same
aud lary \ariablkes, thatis by rewrting the systam in teims ohariebless that
are saticay (.e astand) in the steedy stale. | ae predsely, the dy
namic system (17) § ¢ 3 &n be rmwtien as a Tunciaon of the lloning
saven staticary \areblkes.

t&: gl_t@ @::% Q:\/I\/Jt }b:KJ

1
®
Wt=® nt
= ht = Nt r
Dy we 9t g, t

T hee variabs are sudh that they are aastantin the steedy stale Torin
stance Tortp ve hae

Sth 0dq q

o= ?_-t.@_ a  _ q -

wetr @D wE@Eg)nety W

ad therelore they are statiaary \arabks. A s a arssguence itis passibke
1O dotan the statiaarized dynamic system conespading o the equatias
17 i 293. Inpartiauler; fran equation (17) we dotairn
H% ilﬂ%'a/ %i Ly gdi %

L A olR= 1 @)

(@ 10)zd Kol +

Aan (18) wehae

1 1 1@ H :I_ﬂ
zelodd L i0)* = B+ R+ iy 1 i )
Aan (19) we st
pHo T, TH Miie
1 150 13zt - ®
0zei.)dp i0)° + 'r; ee:l qﬁ l;:&ll =1
(€D)
Aan Q0) wedotan
@dgtl%gm: AL+ re o)k )
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Aan Q1) we ten hae

i (1 141087 = edphiol’ €5)
Aan Q2) we st
H 11
_ il
o I 7 @N
Fnally fram ¢ 3 we hae
1i% - 1i%y % -~
¢ G i)yt Trer gy
AF 1+ re1 @R &)

Theeguatias () i (3B) mpresaitthereiae the statiaanized dynamic
system aarespading o the aignal system famed by equatias (17) § 2 ).
A s Torthe aigral system, abo in the staticarized ae there are tho pre
determined \ariablss Ibtand g+ therelae the staticarization doesn™talier
the dynamic adarofthe argnal systam.

A tthis pantwe can aasider the steedy state system aonespading 1o
e staticarized system, 1o this ed itis pasibE 1 de.rne the dlloning
staticary \areblks (conrespading 1o those introducsd abowe):

oL b=C bl =K
W .® n
b= % g= 0O, r
ad o dosene thatwvwe an wie
AN Ze= 2 A ee= € AN T ¢
T hestationarized steedy state systam is novwg\ven by the ollonngequatia s,
1 1 l'l% ilﬂ% £y Y, = =3
@i®)) B+ —= A% prP= 1 @)
4
H 11

2D @ §0)F = s B b 1 (40)

Q|
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B2 (Lt (1 §0) s L g = (1)
g= @+ ry @)
h li 1
R 1ilitgis ib=epb )
TR
A hil o= @

SHVRG g YR Tr
A* 1+r

PP %)

WV e tharefre have asystem of 7 equatias with 7 unknoars (tp @ B 1o
iD g, r) that ean be sobhed (at ksst fran a theaetical pantofvien). In
realty gven the anplexdty of the g run steedy stake itis impassibe
10 dave an analytical solLition. | everthelsss itis passibEe to dotain sane
interesting intermediate resullts, in partiaubritis passibe to eqoress eedh of
the other unknonrs as a Tuncian of the gronth Bclarg, because thare are
epldtindias epresing te bgun bek (p @ PP b r) edLeively
in t&ams ofyg.

Firstofall fran equatian (42) we hae

r=2.@= il

Aan (41) we ten hae
A I

1i®
®

i1+—lairi—@gi
ezi( i) i0)*F

= 2 40) =

Aan (44) wedotan

2 9) Y

ﬂli%

b= 2 () =
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Aan (44) weabohase

H3 - ﬂli%
l]if)i%: (.Jli%Ali% /43/4!1 (c)
whikfran (4 3 wehae
oy - _cCu0) P
Li@isgit =
and putting (9 and () inb () we et
p; a = T ! p
0 @ i®)z)61i(1ie¢)giz% C o) + a/ia/id_lA
Aan (40) we novhae
dg 1 e 150 ,H 1ﬂ
= %e0)= 27 0 ii)gi%( dOy THOE 10T 1@ 17 iy 2w
ad ..nally fran (=5 we hae
g e 2y 2 HO)
@)= T a ii)gi%( L) e )

In andLeian, the olloning resultholos:

P rgpasitian 3 A tany gonth o g; there edstepliatiincias epresss
ingte bngrun ek th @ P 10, i r edlsively in &ms ofg:

= 240) BO=2,0 P24
=2,0) Ib=2yg) r=2.0)

Aan thee eressias, sane other interesting results Gan be deducd.
In partiaular; itcan be doserved that® (g) doesntdepend neitheranz nor
ane naran ¢ (thevarables that messure the productivity, respectinely, in
the ..nal good seciar; in the e¢ datt epirtal ssectorad in the inermediate
good secior) - i fect substituting in 2 g) the eqoressian aonespading
102 (g) thatgppears in the denominator; the Brms inz and e canael aut
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-. Furthamare the Tuncian 2 ¢(g) dgpends (necatinvely) anz ad e ad
the TNatias @ (), @ p(9) ad? ,() dpedanz, e and, (in partiaular
te .. st Tndian is paitively relied o thee \variablkes, Whilke the other
™o Tnaias ae necalnely relaied o tham). In addiian, ifwe aasider
eqLatian (4 5) aﬂdvxesbst'rmlepaﬂdqii% by thar respective g-Tunctical
epressials, We dotain an equatian invoMing anly g thetdgpaxds an z, ¢
ad ¢, ad this mears that the Ibhg tem gonth ctaris ac ectled by the
productivity \variebks z, e and ¢, .
A Hthese results Gan be summarized in the TOlloning P rigpasiian

P rpasitian 4 A ssuming teta soltiaon ﬁrtesmysatartam edst,
te bhgrunvalbes ofz ade ar ectte saticnary \ales ¢ in and®ad
te bngrunaleof; a eck testaticary\alss iy P and® Furtermore
z, e ad¢ have an impactan te bngem gonth corg.

A cooding 1o these results, pemanatdiangss in z¢ (the producivity in
the ..nal good sectr), in e« (the producivity In the e dant epital secior)
and in ¢+ (the Ebarpraducivty in the intermediate good sector) will e ect
e lIog run gonth rake ofthe econany:. T his is the main dic eyrence ofthis
versian of the madel (besed an the ” Ho equipment’ sped...catian ofR &D )
with respect 1 the versian withaut” Bo-equipmea®” sped..catian ofR &D
in whidh lbbhg tam gronth tums aut o be inssrsitive o dangss in zead
e+ (in that e oy it the praductivty ofR &D is boosted, stimulating the
asation ofsoftnares, thereis long term gonth ofthe econany). Casidering
Trirstance the e ects ofFdangss in zy, the dic erance betneen the varsian of
the madel withaut” Bo equipment” and the varsianwith” Eb ecuipment’ is
besed an the Bt thatin both varsias Iog term gondth relies an harizantal
disergiation of R &D , butin the ” Ho equipmet” varsian the productian
TUncianin theR &D sectoris implidtly the same as inthe .. nall good sector;
whi B in the athenversian the pradudiaon finctian intheR &D sectoris mare
Boarintasie. T he resulitis thata shadk an the total Bectorproductivity of
the.. nalgood sectorhes an e ectan lohg term gonth inthe”” Bo equipment?”’
madel (because it anrespads 1o a shodk an the producivity of the R &D
sctor; thatis the engne of gonth in this kind ofFmadel), whie itdoesnt
have this er ectin the othermadel

T hese are the resuls that can be dotained arnalvtically; in ader to get
Lrtherinsdits itis necssary 1o resortto numerical smulatian, incefrom
P ripaaian 3 we éan derve the Tolloning Cadliexy.
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Cadlixy 5 T hare exdst an epliatiunciaon 2 (g) sudh tette bng run
e ibrium gonth ctor sobes te equatian @ (g) = 0.

T his mears that by using the g-functical eressias of e bg run
bek (those of P ripasitian 3) in any equatian of the steedy state system it
is passibke O dotain an eplidtegquatian ilvoMing aly g, in this way the
system Gan be reducd © an elidt sablr equatian ilnvoiMing the gronth
Baorg, and aee this eguatian is sohed the remaining kong run ek an
be determined using the elidtg- Tunctias. T he prdblam is that the e
tan2(@Q) = 0 (thatgwes the evatiLal steedy state gonth Bcr) is \vary
anpicated (gven the ampledty of the lbg run steedy stale), ad itis
impassible todanve an analytial solutian. Farthis reeson, o dotain further
resullts itis necsssary 1o resart o the rumerical smulatiaon of the madel

4 Simulation ofttre moceEl

T he madel desatbed aboe can be smulaied rumerically in ader o ey
theaalytical..ndings and togetsaneotherinsidits ancamingin partiaular
the behaviar of the econany as a aasaguence of shads that an hit the
system ad the rdoustness of the model T his requires a calibratiaon, thakis
dxsen in sudh awvay that it reproducss the essantial eatures of the "new
eaonany’ an the basis ofthe enpincal evdence aa Bbe.

41 Calibratian

T he calibratiaon of the madel is alkaed an the data of the US econamy,
therefare the dic eratparameters are . >e&d o \abes that can be ansidared
reescnebe an the besis of the enpincal dala and they are abo dasen in
ader 1 matdh a series of manants of the steedy state of the madkel In
pariaubr; in the bendmark case the Boar share in the ..nall good seckor
1§80 isegqualtol B (hene® = 0 35), while the share of softnare in the
productian ofe¢ dent spi@al |, is egual 10 85 (this parameter; tooether
with the Boar praductivity in the ineermediate good secior ¢, is used 1o
clbrate the size of the new eaonamy in tems of the Bbar farae enplbyed
in the inermediate good ad in e R &D sector). A s a arseguence the
ebstidty of substitutian betneen \arieties of softnares ¥ is equal t©1 311

1T hese values imply a marksup rate of sbaut 4, whidh can be aaxsidared vary high
and tharefae not realistic. T he reesm is that, as a aasaquancee of the ” Ho ecLipmeantt”
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T he rate of depredation of physical pital + is 104 , and the psydologcal
discountectx: i1s97 . T he praducivity in the..nall good sectorz is then
egLal 10 3 whi E the producivity in the equipmantsectare is . xed 1 12
(in this vway we have a ratio pital o autput of? ) ad the praductivty
in the inlermediate good seckor ¢, is equal 100 25 (this tooetherwith the
vale daen Tor the paraneter |, implies thatabaut 8y  of the Ebar foree
is enpbyad in the intermediate good and in theR &D seckw). Finally, the
astofa newariety of softnare expressad in units ofautput” (thatderinves
fian the” Bo equipmaent’ spaed..catian ok &D ) is used o alibrate the size
oftteR &D seckxradis equal 20 (in thisway theR &0 epaxdtureis
goprodmately eqal 135 oft DP).W e hae thaekae

Param e€r Sym bol | Valua
L sbarshare in the ..nal good secar 1;0® 0 66
S haxe of softnare in the praduction ofet dattepital | | 085
Ebstid ty of substitLtion betineen \arieties of sofnares | 131
R ate of depredatian of physical pital + 010

P sydologcal discountectar Y 0987
T otal o productivity in the ..nal good sector z 3

T otal fector produciivity In the equipmantsectar e 12

L ebarpraductivity in the intermediaie good sscior ¢ 025
CostofFa new\ariety of softnare in units of autput . 20

Tabke 1: Vales ofthe paametars, bendmark e

and the conespading relvant manaits of the steedy statle that are
reproducsd are

L abarshare in inermediate and rescardh sector | 84
CapitalV autput ratio 2
R&D epadtureintams oft DP 35
INntersstrate 394

T abke 2: R elbvantmamants ofthe steedy statle bendmark case

assumptian intraducad in-this model the ebstia ty of substitution % (and hence the mark<
up, eqvalio%z’il)isstlidy inked totheparameters® ad | . W henwe dhocse Torthese
paaneBS\atesﬁetalelomaldﬁtemonmeoftesmyslaEveaeimaesled
in this hich markcup rate gopears.
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W ith these valbess the madel bads 1O a gonth rate of autputegual 1
0 8% peryear; thatcan beinterpretad as the partofautputgronth generated
by embadied ted i@l pragess, ad is in ne with the ava Boke data (s
orinstane ¢ rmawoad H erconz and Krusell (199 7)). Furthermare for
this parametarization the madel hes a unigue steedly state equi ibrium with
pasitive gonmh, and this equi ibrium is lbally asadde pant(forsmulatians
and stabi ity assesmants the”’D ynare’ padage- seeJullierd (199 6 - hesbean
usd).

A tthis pant the bendmark Gese can be used .. istofall o \varify the
& edts n the cGalibrated varsian ofthe madkel ofdis erant pes ofshods that
G intersstthe econany. Il are pradsely; after that the steedy state Tr e
inftial calibratiaon of the madel hes bean computed a shadk an a partiaular
\ariebkis asidased (hereall e shods haeanintasityequal tolh ), then
the newsteedy state is dotained and the dynamics oftrarsiian fram the od
steedy state o the newae is determined. In this way itis abo passibe to
determine the magnituce of the er ects of the shods an the rrbvantvariebles
in the shartad in the Iog run, ad this is an interesting aributian of
the analysis develped.

T he bendmark e then, Gan be usad albo o vaerly the rdoustness of
the macel W ith reference 1o this agpect, starting fran the bendmark it
is passibe O asidersgii.. catdangss in the relbvatt paaneters ad o
smulate agan the madel (in adar o \varfy the respase ofthe econamy o
the dir erent shads when the newvvalles of the paraneters are taken into
acoun®). T he resulls dotained show thatt the madel is sud datly rdoust;
and represat thereiore another impartant aatribution ofthe presantstudy.

42 The badmak cese productimMty shods

T he.. istresultthatan be dotained with the alibrated versian ofthe macel
desaibed abowe is represanted by the analysis of the e ects of shods that
& hitthe econany. T he shods asidared are produdtivity shods mare
pradsely itis pcssibE o asiderashodkan z (the productivity in the ..nal
god secr), ashadk an e (the producivty in the egquipmatt- e¢dat
pital- ssaon) and ashodkan ¢, (the productivity in the intermediate good
- softnare - secior) ; itis abo passible 1O analyse hovw the econamy reects o
arducian in © (the ast of a new\ariety of softhnare in units of autput).
A e shods asidared are pamanait(lon &= () ad hae an inesty
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eqaltolh .

T he...rstsmulation concars ashodkan the .. nal goad sectarpraductivty
parameter z, that is inaessad pemanatly by 11 . FHon the analytical
resuls (P ripasiian4) we knowvthat this shauld have an impactan the lbg
tBm gonth rate (this is a aantral die erance ofthe varsian offthe madel with
” Ho equipment with respect 1o the varsion withaut” o equipmentt’), ad
thesmultioh an..ims this result 1N e ect, both the gronth rate of et dent
Gpital ad the gonth rate of prooucion (thatt; in this versiaon of the maded
is abo egLal 1 the gonth rate of the number of patats, 1.e. of softhares)
ingeexeinte bgrn (Hgues 11 ad1? - thevables igported are thae
of the gonth ctars, fran wnidh those of the gonth rates Gan be esslly
deduad -). T his is due 1O the et that the ” Bb euipmatt sped.. catian
implies that the production ndian in theR &D sectaris thesame as inthe
..nal good sectar: A s aaasaguenee an inaesse in the praductivity of the
..nall good sectoris equinala Tt to an inaeeee in the praductivity of theR &D
sdtor; and sinee this sedoris the engne of gronth in the madel (throuch
e epansian in the \arieties of softnares) this determines an e ectan log
tBm gonth.

In pariaular; the inaeese In the prooucivity of the . .nall good secor
reducss the aost of productiaon of the ..nal good ad inftially determines
a reallocatian of the Bbar faee favorebke 1o the .nal goad seckr ad at
e epass of te inemediaie good ssdtor. A s a aasaguenee in the
.1Istpaerad immediately after the shak there is a vary strag inaeese in
e gonth rates (aincst 8t ), due 1 the acotlemparaneas inaeese in the
productivity ad in the Ebar Taree of the ..nal good sectiar:. A tihe same
tme the Bbafae anpbyead in the infermediate goad sactor (i.e. in the
productian of softnare) is daracterised by an impartant reductiaon (ebaut
13 ). A s time passss, then the Boar Taee eanpbyad in the ..nal goad
sector reducss (because productive Ggpadty hes reeded is maxdamum) and
thare is again a rellocation of this Bbar faee in fvar of the intermediate
god sectr: A s aassguence the gonth rates partially redue ad the
g run e ectis an inaeese in bath the gonth rate ofet dattepital ad
the gonth rate dfpraduction (ofmare thend 5t ) with riespect o the inftial
steedy state \vales. For the same reesn the inftial reductian in the Ebor
Taeanpbadintheinermediate good sectoris aimastaompetely recoaered
in the olloning 0 periaks, and fron t= 4 thare is asmall inaesse (With
respect 1o the inftial steedy state \vale). T he Iog run resultis that, s a
aoseguenee ofan inaeeee in the praductivity of the ..nal good sector;, there
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is asmall reallocatiaon (ebaut! 1% ) ohwarkers fram the .. nal good sector
1O the infermediate good sectar (Figure 1 3). T he st result aoncarrs the
inlarest rate (Fgure 11), that deaessss immediately after the shodk (oF
abaut) 5 ), then remwars ad in the log run hes an inaesse ofabaut 1%
with respect o te inftial vale.

T he second simulation casidered ancarrs ashodkan the equUipmanttsec
o productivity parametere, thatis inaessad pemanaiily by 1% . A Boin
this cee we knowvfran the analytical resulis thatt this shauld have an im-
pactan the lIbg run gonth rate (conraxy 1 What hgppears in the versian
of the madel withaut”” Eb ecuipment’), and the simulatian again aon.ms
this result 4 s befae this log un eectis due O te Ect that e " EHo
equUipmatt’ sped..catian implies the same producian fonctian in the ..nal
good ssctorand in theR &D sector: In this Gaese an inareese in the praduc
vty of the equipmatt ssctor inaeesss the produciaon of e dant epital
and therefare oftre ..nal good, this aanespads b an epasa intheR &D
ssdtorand sinee this seciaris the engne ofgronth in the model the resultis
an eectan Ibg am gonth. | evertheless the shart run behaiarof the
\ariabks is \very dic et with respect 1o the situation thatwe hae in the
Gee oFashodk an the praducivty of the .. nall good sector (in Bctitis the
QpE®).

Iner ect; the inaeese ofproductivity in the equipmaTtssciorinaessss the
pro. &b Ity ofpradudnget datepitaland inaeesss e margnal retum o
both softhares and hardnare, stimulating the demand Torthese inputs. T his
in twm stimulaies the asation and production of softnares and determines
an inftial strag inaesse (abaut?t ) in the Boarfraction enpbyed in the
intermediate good sector (WhiE in the ase ofF a shodk an the praductivity
ofthe .. nal good sectorin the shart run there is a realiocation ochworkers in
Bvorofthe . .nal good secir), bBundiing the gonth of the econamy. Since
this gonth is basad an the epansian of the intermediate good ssdtor (and
notdirectly ofthe .. nal good sectar), neverthelsss, the inaeese ofthe gronth
rakss is Bss sttag then in the . istsimulation aosidered ad it requires
mare time. In Bt inftially there is a reductian of bath the gronth rate of
e¢ dent pital ad the gonth rate of productian (due o the reductian of
e Boor faoce in the ..nal good sector; that ar ects gonth directly, wnie
in the .. istsmulation asiderad inftially there is a strag inareese of these
gonth raies) - the dearesse with respect 1o the inftial steedy state \vables is
ofttreaderof3d -, then fran = ? these gonth rates eoerand in the
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log run they inaeese (OFabautl 5 ) with respect o tharinitial steedy
state\albes (Hgures? 1 ad? 2). Furthermare theinrtial strag reallocation
ohworters in favarofthe intermediaie good sectaris not bbng sting in fect
in a Bwpeariaks the Ebar fractian in the softnare sectior rietunms o a bl
thatis anly sidttly higer (sbaut) 95 ) then the inftial steedy state \ale
(sine Bbaface lloaiss in Bvorofthe .. nal good sector; aotributing o
theinaesse in the gonth rates fran &= ), and iemairs o this bain the
bgmun (Fgare? 3). A smibrbdaiaris thatof tre inersst rale that
immediaiely after the shodk inaessss of? 5t , then returs o a bel anly
slightly hidher (ebaut) 3 ) then treinitial ae (FHgae? 1).

T hesame kind of resuls dotained aasideringashod<an the praductivity
of the equipmant sectar hold when we aasider a shadk an the intermediaie
good sectar productivity parameter,, inaeesed pamanently by 1% . A Bo
in this g In Bt there is a pemanat e ect an gonth (@hays due 1o
e Bt that the ” Bo equipmat® sped...catian implies the same production
TUncianinte..nalgogodssciorand intheR &D sectar). Inthissituatian the
inareese in the productivity of the intermediate good sector reducss the aost
ofpraduction ofsoftnares and hence detexrmines an inftial strang reallliocatian
of the Bbar foee fvacbk 1 this sedor: In Bt in the .. istperiad after
thedhakthereis aninaesse (Ofmaeten 15 ) inthe Bbafraction that
is enplbyed in the intermediate good sectar; at the epasss of the Boar
Taeanpbadin te..nalgood seckor: A s before sinae in this situatiaon the
gonth of the econamy is besad an the epasian of the intermediate good
sector (and notdirectly of the . nal good sectoy), itis Ess strag thenin the
. Istsmulation asidered ad itrequires mae time. In &t inftially there
is a reductian of bath the gonth rate of e¢ dat pital and the gonth
rate of producian (due 1o the redudtiaon oftte Bbaorface in the ..nal good
sdior; thattar ects gonth directly) - the deaesse with respect o the inftial
steedy state \ales is of the aderofl? 5 -, then fram t= 1 these gonmth
raies start o rise again ad in the log run they inaeese (OFeabautl 5 )
with respect O thar inftial steedy state \valbes (Figares 31 ad 32). W e
abo hae that the inaeeee in the Bbar o enpbyad in the intermediatie
goad sectaris not kog Esting in Bctafter a ewperiads the Boarfractian
in the softnare sector returs o a bwel anly sigitly hider (abaut0 95 )
then the initial valLe (since Bborface reallociss in fvarofthe . nal good
ssctor; determining the inaeeese in the gonth raes fram &= ) and remairns
o this belin the g run (Fgure 33). T he same kind ofbdaviar; ..nally
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G be dosenead for tre interest rale that inaressss (ofF sbautt2h ) im-
mediately after the shods then dearessss and in the lbng run reedess a b el
sligttly higher (ebaut) 3 ) then the inftial ae (Fgure 32 ).

A flierthe shods an the praductivty \variables desaibed ebowe itis abo
passibE 1 analyse how the econany reects O a deaesse in 7, the ast
10 aeale a new \ariety of softnare in uits of autput (s a casegLaeE
of the " Ho equipmatt” sped..cation adgoted T™rR&D ), eqal ©lh . The
resuls tum aut 1 be vary dose 1 those dotained in the . istsimulatian,
where an inaeese in the productivity of the .. nal good sectornass caasicerad.
In patiaulr; the eect an the g run gonth rake of a reductian in ”~
is pamanat (due © the Bt that in tis maodel teR &D sectoris the
engne ofgonth), ad itis an inaeeese in bath the gonth rate ofed dat
Gpitalad the gonth rate ofpradudian (Figures? 1 andd 2). Inpartiaular;
te reducian in © detarminess a Empaary reallocatian of the Boar e
Bvoebke o the ..nal goad sectior and at the epasss of the intermediate
goad sector:. A s aaasaguenee in the st pariad after the deassse of ™
there is a \vary strag inaesse in the gonth rates (ebaut 8t ), due o the
inaeese in the Bbarfoee of the ..nal good sector: A the sane time, the
Bbar fate enpbyed in the intermediate good secior is dnaracterised by
an impartant reduction (of e aderof 1 51 ). A s ime passss, then e
Bbar fae eanplbyad in the ..nal goad sectior reducss and there is again a
reallocation of this Bbarfoee in fvarofthe intermediate good sector: A s
aasae the gonth rates partially redue ad the bng run e ectis
an inaeese in bath the gonth rate of et daet epital ad the gonth rake
of praduction of esbaut! 5 with respect 1o the inftial steedy state \ales.
Fathe same reesm, the inftial reducian in the Bbarfaoe enpbyed in the
intermediate good seckris alnastampetely reverad in the olloning tho
periads, ad the log run e ectis asmall inaeese (ebaut) 1% ) with respect
1O the inftial steedy state \vale (Fgure 4 3). T he st result ancarrs the
interestrate (Figure! 1), thatdeaessss immediately after the deaesse in”
(ofFabautlh ), then reowears ad in the bbng run hes an inareese (of abaut
1§ ) with respect 1o the inftial steedy state bel

T he resulls ofthe simulatias i lLstrated aboe Gan be used albo to aom:
pare the deaatt shods. Histof all itis pasibke 1O dosene tat the
\ariass shods aasiderad a ectin a dic erantmessure the gronth rates and
the allbcation of the Boarface betnean ...nall good sectorand intermediate
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goad sector (it ako tums aut that the shodk an the praductivity of the
..nal good sectorand thaton the asstoftheR &D  sectorproduce very simi bar
aseguenes, ad the same is triue Tor the shodk an the producivity of
e equipmat sscor and Tor that an the praducivity of the intermediate
goad sectiy). |n partiauler; the inaeese in the praductivity of the .. nall good
sscorz and the deaeese in the aost O asate a new \ariety of softnare
" both determine a sttag inaeeee in the gonth rate of et dat epital
ad in the gonth rate of production (that then partially reoue), wnile the
inaeese Iin the praductivty of the equipmatt seckxre ad the inaesse in
the producivity of the intermediate good sector ¢, have a s srag erect
an these gonth ratss (thatinitially deaesse, theninaesse). W ith relerence
10 the allccation of the Ebar fTaee the inaeese in z ad the dearesse In
~ inftially determine a realiccatian of the Bbar fore favacbe o te .ral
goad sectr and at the easss of the intemediate good sectar (then the
statian reess), Wik te inaeese ine ad the inaesse in , hae the
gopaite e etk (inftally the Ebar face enpbyad in the intermediate good
ssdtorinaessss, then deaeesss). Hally with ielbBrace o tre intlerestrate
theinaeesein z and the deaesse in ~ inftially detexmine a deaesse in the
intersstrate (thattthen inaeesss), whiletheinaeese ine and theinaeesein
¢ haetegpaitea ect(infally trhe intarestrate inaressss, then deaeesss).

A Hthese resulls Gan be summarized in the TOlloning T abke

inaeeseinz inaeeseine

deaeesein” inaesxing
gonth rate ofet datcepital st . ISt#

ten# (patially) | ten ™"
gonth rate of productian st . ISt#

ten# (patially) | ten ™"
Boarfaoce in inermediate sector | .. 1Ist# S

ten ™" ten#
inBesstrae . ISt# B 151

ten ™" ten#

Tabke 3 Q ualtalie e edts of diz erent pes ofshodss, bend mark cese
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T he Istagpectaoncars the guantitative er ects determined by the dic er
et types ofFshods an the rrbvantvariabkes inthe bngrun. T he aondlsian
is that the inaeese in z and the deaesse in~ have the strogssterectan
gonth (sine antheae had the ...nal good sector ae ects gronth directlyy
ad an the ather hand the R &D  sectir represaTis the angne of grondh i
this maded - the lbg run e ectof the W0 tpes ofshads is an inaeese in
the gonth rate of et datt pital ad in the gonth rate of production of
asbaitt 5 with respactio tre initial steedy statevales - . 0 nthe aatrary)
teinaesse ine ad the inaesse in ¢, hae a Ess strag e ect an gonmth
(Sne these ssctars anect gonth indirectly) - the log un erect of these
w0 other tpes of shodss is an inaeese in the gonth rates of sbaut 1l 5
with respect 1o the inftial steedy state \vales - . Furthbermore the shods an
z ad an” hae asttager e ect abo an the Bbor e enpbyed in the
intermediate good sector (that; in the Iog runy, inaressss ofebaut) 1% with
respect o the inftial steedy state \valbe vhi e the inaeeese is of the ader of
095 waenteshodsae adon ¢, aeacsderad) and on treintersstrate
(teinaesse in e bg N is 1t with respect 1o the inftial steedy state
vable whikitisaly(0 3 wen theshads ane and an ¢, are analysed).

A Hthese resulls are iegpored in the Olloning T ablke

shokaz | shokame

shadkan” | shadkan ¢,
gonth rate ofet dattepital +4 5 + 15
gonth rate ofproduction +4 5 + 15
Boofoe in intemediate sector| + 0 1% +0 95
intersstrate + 1h +0 3

Tabk 4 | agun gentitatine e ects (With respect o the inftial steedy
staie beb) ofdir erat ypes ofF shods, bendmark case

43 The badmak cese rdoustiess aalsis

T he bendmark caee presented above Gan be usad abko o ey the rKdoustness
oftre madel T heideain this cee is o start fran the bendmark and ©
madify signi..cantly same parameter: | ith this nevvalle of the parameter
that hes been dnanged the madel is then simulatied acain and e epects oF
the dir erent shads are studied (eactly as in the baxdmark ee). [T the
resuls are sud dently dose to those dotained Torthe inftial parameterizatian,
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itis passible toandLde thattthe model is idoust; and this rigpresants agoad
property of the madel itself

In partiauler; three types of dangss in the paraneters are aasidered.
The .rstis adance in , (the share of softnare in the productiaon of ec -
dattgpral), thatis used 1o study the er ect ofF a variation in the el oF
aompettian in the econamy (Since this parameterintuancss the elestiaty of
substitutian % and hace the markcwp rate). The secod is adange in z
(the producivity in the ..nal good sectar), thattis used b analye the ep ect
ofadagein the tedndagy. The thid is adange in ™ (the astofanew
\ariety ofsoftnare in uni'ts ofautput), thatis usad o study the arseguencs
ofa\aratian in the asstofR &D .

T he mcst interesting agpect Tor this kind of analysis is represated by
the e ects of the dir erarit shods an the rkbvattvarabks in the log ron.
T hese epects haae been disassad, Tor the badmark cesg  in the previas
subsectiaon (and are summarized in T ebke 4); they can now be determined
Tothe dir erant Gesess that depart from the badmark in adertovarfy the
rdoustness of the madel

T he .. istwariation thatis arsidered with respect o the bendmarkis a
dance in the parameter, (thatar ects the competitian in the econany). In
partiaubr; the vale of this parameter dhangss fran 0 85 (as in the baxdy
mark) 0 95 (hence the dhange is bExgerthen 104 ), whi e thevalles ofall
the othar parameters remain undienged wWith respect o the badmark A €
this pant; the newsteedy state of the madel is aomputed then the simula
tas are perfomad (e<adtly as in the infial varsian of the madel) ad the
din erat types of shods asiderad in the bedmark Gee are intraducd.
Firstofall with thenrenalledf, the gonth ratein thesteedy statkeiseqLal
10 96 , we then have that the bdaiar of the economy, a6 a caseguae
oftheshadss is very dose o the ae dotained in the infrtial alibratian of the
madel 1N partiauler; both theshods anz adan”™ detarmine an inftial very
straginaeese in the gonth rates (then then partially redue) and aninrtial
recuctian in the Ebarfraction of the intermediaie sectorand in the interest
rake (thatthen recoverand in the g run inaeese with respectto e inrtial
steedy staie vales). 0 N the aoraxy, the shods ane and an ¢ praduce an
inftial reductian in the gonth raies (that then recover and in the kg run
inareese With respect o the inftial valles) and an inaeese in the Bbaorforae
of the intermediate ssctor ad in the interest rate (that then deaesse ad
reech a bel inthe lbg run anly sigitly higherthen tre infial ae). Itis
then impartant o esalate the magiituce ofthe er ects ofthe shods an the
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dis eratariabks in the log run, in ader 1 make a aanparison with the
bendmark Gase; the vallies dotainad are the Tolloning

shak | shok | shok | shak

az ane a a’
gonth rate ofet dattepital + 4 +14% | +13% | +4%
gonth rate of productian + 4% +14% | +13 | +4%
Bbaf@ininemadatessctar| +02% | +04% | +04h | +024%
inasstrake + 1k +08 | +05 | + 1k

Tabk 5: | agun gentitatine e edts (With respect o the inftial steedy
state beb) ofdir erentypes ofshads, el (hider, with respectto the
bendma)

Aan tharanalysis itiurs autthat they are vary dose 1o those dotained
in the bendmark Gsg hence the madel proes 1o be ridoustwith respectto
the daenge inroducd in the parameter, . W ith relerence to this .. IstGeee
asidadd in the rdoustness study ofthe madel .. istofall itis passibE
doserne that the inaeese In , determines an inaeese in¥ (the elbstiaty of
substitutian betneen \arieties of softnares) and a deareese in the mark Up
rale thataorespads o an inaesse in the el ofampettian in the eaon
any. I'tis knoan that in the \ariety exqpanding gonth macek (ke the ae
asidaed hare) the reltiaship betinean markk up and groath is notnecss:
sanly paitive (as a assguence of the presaxe of the so calld resaurce
anpetiion eeect”), and in Bt this is whathgppas in the presaritmaocel
where a deaeese in the mark Up is acoompanied by an inaeese (and nota
deaesse) in the gonth rate.

W heny inthis aatiext, we aasiderthe dic eranttypes ofshodss introducd
in the praias subsedian, then we et tat the lbg un eeects an e
gonth rates are bner than in the bendmark (this is true espedally o
tedodsaz adoa’, wioceaeats an tegonmh rass arel 51 bner
ten in the bendmar). T his is due 1O the et that a hidervale of |
determines notanly an inaeese in the elestiaty ofsubstitutian %, butakoin
the danand Tothe infermediate good (softnare). A s acasaguanae ashodk
anz aa’ deteminss (s in the bendmark ase) an initial reallocatian
of wakars favorebke 1 the ..nal good sedor ad at the epass of te
intermediate good seciar; nevertheless this reallocatian is ss strag then
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in the bexdmark cse (because hider Bbarfaae in the intermediate goad
sdor is nov necssary 10 e the inaessad danand determined by the
inaessx=in ). T hedynamicsis then ofthesame e analysad in theprevias
subsectian, ad the ..nal resultis an inaeese in the gonth rates, but this
inaeese is kss strag then in the bendmark ase. Farthe same reesn (e
the inaessad demand of the intermediate good) teshads anz aad an”
hae a hider g run e ect (With respect 1o the bendmark) an the Boar
Tae eanpbad in the intermediate good sectar: W henashadkane arang,
is aasidared the stwatian is similar (een it as in the baxddmarkk s the
shartrun dynamics are dic erentwith respect o the ase ofashodkanz or
an ) ad the bg un e ects are kEss strag then those dotained when the
dodsnz oran’” ae asdeed (sne tedods ane ad oy aaect
gonth anly indirectly). A Boin this cee the Bt thathider Bbarfoce in
theimemediate seciris nesded tosatisty the inareesad demand determines,
in the log run an inaesse in the gronth rates onerthen in the bendmark
Gee and aninaeese in the Bbaforee ofthe intermediatie ssctorhigerthen
in the bendmark

T he secod \aration aasidered ancarrs the paraneter z (haae the
t=ed ooy of the econanic systam), thatdengs ran 3135 (1. e oF
mare then 15 ), vwhile agcain the \values of all the other parameters reman
undhanged with respect o the bendmark A Boin this Gse the newsteedy
state of the madel is amputed and the smulatias are pefomed. T he
new gonth rake in the steedy state tums autto be 115 , and again the
econany reects gualitatively o the dic erantshods as inthebadmark Gese;
in partiauler; then the quantitative er ects of the shods an the dicerait
\ariablkes are the Olloning

shaok | shok | shaok | shok
az ane a a’
gonth rate ofet dattepital +34% | +12% | + 1k + 3

b

gonth rate of productian +34% | +143 +13% |+ 3
Bhatbeininemadatessctor| +04% | +04% | +04% | +0 4%
ineresstrakie + 14 +02% | +02% | + 1%

Tabk 61 agun geaentitatine e ects (With respect o the inftial steedy
state beb) ofdir erantgpes ofshods el (hiderz with respectto the
bendma)
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A canitis passibe todosene thatthey are sut dently doe tothevales
dotained in the bedmark s hance albowvwen adangeinz is introducd
themadel proves tobe ridoust Casidering the dic eraitshods, then, inthis
station e hae thatthe Iog run e ects an the gronh raies are lonerthen
in the bend mark cee (and ako bnerthan in the situation examined before
where an inaeese i, Waes assumed). T his is true espedally Torthe shods
azadan” Whoe log rn e ects an thegonth rates areabautlh  boner
then in the bedmark ase), and aan be explaned doserving that, with the
new\alle ofz, theinftial gonth ratss inthesteedy statlearequtt lrge. A s
acasuaxe shods an the div erantparametass still determine inaessss in
these gonth raties (Tolloning the same dynemics of the bend markk maded),
butthese inaessess are propariaally Ess stragthenin the badmark ee
where the inftial el ofthe gonth rates wes oner.

T he bBstwariation aasicerad is thatofthe parameter” (thatiis amessure
oftheastoR &D ), thatdangs fran 20 ol 7 (haxeeadtlyofls ), vhike
theotharparanetars mman atthe \vales oftre bendmark T he navgronth
raie in e steedy state in this aee is 115 ; the madel is then smulaied
ad the dir erat types of shods are introduced, and abo in this sSituatian
the gualitate behaviar of the econany In respase o these shods is the
same of the bendmark e Wi E the quantitative e ects are the Tolloning

shaok | shok | shaok | shok
az ane a a’
gonth rate ofet dattepital + 3 + 1k + 1k + 3

gonth rate of productian +358 |+ 14 +134% |+ 3
Bhatbeininemadatessctor| +04% | +04% | +04% | +0 4%
ineresstrakie + 14 +02% | +02% | + 1%

Tabk 7: | agun gentitatine e ects (With respect o the inftial steedy
state bek) ofdir erait types ofF shaods, e 3 (bner” with respect o the
bendma)

A boin this situatian they are doe o the valliess dotained Torthe aignal
parameterization of the madel that therelae is su¢ denlity rdoustalkowth
respecttodangs in” . In partiauler; itis passibe todosenve that, as inthe
prevas situatian, the g run er ects ofthe diz erantshads an the gronth
raies are bnerthen in the bedmark ceee (ad abo bner then in the e
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inwvhidh ahider, wss assumad). T his is true abo o the shods ane ad
a;, Woe bgmunaeas ategoh raes ael 5 bnertteninte
bendmark wWhi E in the other t\o Gees aasidarad in the rdoustess study
the div erance with respect 1o the baxdmark wes smalliey). T he eplanation
that an be gven is tat, .istofall with the nevvale of© te intial
gonth raies in the steedy state are aute lxge hence the shods an e
din erat parametars determine inaessss N these gonth rates, but these
inareesss are propartiaally bnerthen in the bend mark s, Furthermare
in this stuatian the impartence ofFtheR &D  sectorin stimulating gronth is
even l|ger then in the beaxdmark because e astofR &D is boner: A sa
aseguene Whentteshads ane andan, areaxsidared since theseshods
determine gonth anly indirectly thraugh the eqpansian of the intermediaie
good seciar; tharer ects an the g run gonth rates are ss strang thenin
the bendmark case (Where the astolR &D  is higher; hence theimpartance
oftteR &D sectorin prancting gronth is boner).

Inadusian fran thedisassiaon presanied we Gan deduce thatthe macel
axsidad is qute ridoust; since the resuls dotained Tor the inftial alibra
ton reman \valid when sane parameteris sign. catly altered. T his is a
goad prgperty ofthe model and represats an impartantachiesemanttofthe
analysis develped.

5 Caxdiseian

T his pgper hes been devoled 1O the presantatian of a maodel that tries o
epHEnN sane of the daraceristics of the reaat ”’ICT R evoutian” using
the franenark of endogenas gondth theary, Il are predselyy itis a mult-
sectoral gronth model with embadied ted nological pragess, haizaontal dif
Brantiation and ”’ Eo-equipmant’ sped..catian ofR &D . A s a aosegquace
of this |tier sssumptian, in partiauler; itis passible O shov analytically
that an inaeese in the praductivity of the dic erat sectars (.nal good sec
o, equUipmat ssctor; intemediate good seckor) hes an everbesting er ect
a gonth (coraxy © wWhatt hgppars in the varsian of the madkel withaut
” Ho equipmantt).

T his resultis then an.. imeaed resarting o rumenical smulatian, thatal
s abotogetsame urtherirnsdits. Inadertodothis aclibrated versian

ofthe madel hes been aasidared, here thealies ofthe dic exrantparameters
have been dhasen so as 1o reproduce the empincal eddence thaktis aa Bbke
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ancaming in particuler-the U S econamy. In this simulatian, then, the dif
Brent tpes of productivity shods have been anallysed, and albso the shodk
represaTied by a deaeese in the ast of R &D  in t&rms of autput (strictly
inked o the peauliarty ofthe”” Eb equipment’ spad...cation adgoted in this
sector) hes been studied.

T hemain aandlsian dotained fram the simulatian is thatalll these shods
hae pamanatter ects an log term gonth (ad this is the canral diz exr
ence with respect 1 the varsian of the madel withaut the ” b ecquipment”
assumptian, where anly ashodkan the productivity oftheR &D sectorintu
encss the gonth ofthe econamy in the kbng run). [N additian, theshods an
the productivty of the . nal good sectiorand an the astofR &D antheae
hand, and the shods an the producivity of the equipmantssctorand ofthe
intermediate good sectar an the other hand, a0 ect dizc erentlyy in the shart
run, the econamy, and intuence the gronth with dic erentintansity. Finally,
the madel twims aut 1o be sud datly rdoust; When sane parameteris sig
ni.. cantly madi..ed with respect o the bendmark Gaee bath the qualitatinve
ad the quattitatinne implicatias of the madel remain valid.
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