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Abstract

Geographicalocation of technologicalinnovation in Indiais analyzed in this articles using
Indian inventors address frordnited States Patent andaflemark Office JSPTO data
From 1970to 2012period was divided into threehpses based on the different industrial
policies adopted by the government in different span of.tirthe data shows thddcation
wise therds strongincrementalpolarizationof innovativeactivity along with the changes in
the economic policyln the first phasemost of the innovators wetenited in urban areas
where theuniversities andjovernment research institutes are locakéalvever alongwith
the gradual opening ohé economymany foreign Multinationals have started their R&D
operations in India. Sathe location of innovatiorshifted anddispersedthroughoutthe
country In the initial years most of the patenting activity was in the traditioglds and now

movedto more high technology areas
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Introduction

Innovation and capacity building are vital for economic development and progress of
nation To develop caaci ty and innovation capability,
important. The innovation system consists of institutions, rules, and procedures that affect
how it acquires, creates, disseminates, and uses know(edigévall, 1985) In developing
county 6s context it iI's not only the indigeno
application of globally available new and existing knowledge in the local cofidakiman

& Utz 2005) For the sustainable development, there is a direct relationship between
Research and Development (R&D) ahe growth. However, developing countries, in terms

of technological capability, is lagging behind the developed countries. Developed countries
are at the technology frontier a Davelopimyv el op i
countries continue talepend onheavily on the technology transfer from the developed
countries. However, for sustainable and viable econod@eelopment, less advanced
countries need to open up their economy and wait for new technology tof{@antas, 1st

April 2005). Among the many other means of technology catch up, MiEsne of the
instruments, which can bring technology to the developed countries through FDI. However,
host countryshould also develop absorptive capacity in buildingable mechanism to

attract technologies and use them effectively. It is widely accepted fact that, among the many
other actors, MNEs are the major driver of international or globalization of innovation.
However, MNEs cannot innovate or learnisolation Innovation requires a synergynong

many formal or informal ties with government, research institutions, universities, or other
knowledge creating bodies, private firms or even lamahpetitors(Edquist 2006). The
Innovation system framework includeshat neeclassical economies often avoids such as
institutions, history, geography, technologyiganizationsand nations at various levels,

global networks (Muchie, November-18, 2012 )

Besideother elementg an innovation systeng Ge o g r a p lofyth@ majoseleroentgo
organi ze successful i nnovation. The 06Geogr aj
proximity and location to innovative activityGeographyhas a dimension beyond the
economic sphere which is embeddedcomplex and multifaeted social relationshipghe

economic geography literature considers geographic dimension that affects economic growth

1This complex network and the interaction among them within which innovation occurs commonlgsrefer
ASystem of (Edogoist208&) i on ( SI )
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and technological change. The deliberate and uninteraesviedge spilloveramong
economic actors and the role of physical proximityd acolocation arecrucial in
understanding the dynamics of the innovation process (Maryann & Kogler, 20i9)area
has been developegignificantly since last two decades. Different empirical studies in this
area havebserved thatinrvation is spatiy concentratedgeography provides a platform

to organize economic activitithowledge spillovers are geographically localizaad gaces

are emergedver timewith an evolutionary proceggFeldman & Kogler, 2010)

Based on the brief literature reviadiscussed above, this study explores the geography of
innovationin Indian context using the innovators addrasd the capacity buildingith the
International Patent ClassificatiofPC) code from theUnited States Patent and Trademark
Office (USPTO) dta. The paper is organized the following sectiors. The section vill
discuss the literature on geography of innovatection 3 addressdise different phases of
Indian governmeidt spolicy for the industrial development of the countafter the
independencan 1947. Section 4 deals with the methodolo@ection 5 is the results which
show theevolution of Indian n v e riocadions vith different span of time atite change

is the patenting activity by the patenting entitigsthe discussion anadonclusion sectios

major findings and some policy recommendations are suggested.

1. Geography of Innovation

Endogenous technological changes can accelerate economic growth rates over time (Romer,
1986). For the long term growth, knowledge is an importapuinin the productionand to
increasemarginal productivity.Technologicalinnovation has geographical dimension that

affects economic growth and chandée geography of innovation describes the importance

of proximity and locationof innovative activity(Feldman & Kogler, 2010)The circulation

of knowledgeamongvariouseconomic actorgandthe physical proximityare importantto
understandhe innovationdynamics Economic geographers have long been concesbedt

the special distribution dynamics of vmeknowledge creationHowever there is limited
understanding of the sources of technical progress and the reasons why the innovation varies
with the span of timeand across spac@eldman, 1999)I n t odayds gl obali
transportation and communicais cost has decreased significantly. Henceforth the world

has become a global village and location loasitss i gni fi cance. However,
globalized world,to achievethe long lastingcompetitive advantages in a global economy
innovation actrities are often heavily localized. With the concentrations of highly specialized
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skills and knowledge,R&D institutions, universities, rivalry, related businesses, and
sophisticated customerghe location has not lost its importancelence, he locationof

knowledge production and the characteristics of knowledge diffusasmecome a crucial

i ssue in understanding economic devel opment.
geographic limits has received a particular attenin the economics litenate. Empirical

studies have observed thainovation activities are not equally distributed in space.
Production of new scientiyc and technol ogi ca
The diffusion and transmissiof new knowledgeat a distanceis the mainreasonfor the
development of regional innovation clusteMow-a-days, knowledgeis more complex,

uncertain anananyatime available innonc o d i y e. 8esifleahiskmowledge has a tacit

part andembedded with person, location and withnsany other factordt is not possible to

transfer or articulate tacit knowledge without persomi@ractions (Polanyi, 196Acs et al,

2002). Knowledge is not easily contained and geography provides one means to define
knowledge spillovers. For theseasons, location may enhance the generation of innovation

and vyield higher rates of technological advance and economic growth. The concept of
location is now defined as a geographic unit over which interaatiohcommunication is

facilitated (Feldman, 19). The gatial proximity facilitatesk nowl edge pows amc
different actorsof innovationsystem This has inspired researchers to extend the innovation
system framework to the regional dimension ibyestigatingk nowl edge pows w
regional innovatin systemgKarlsson & Grasjo, 2014Porter(1998) has observed that sheer

physical proximity among numerous competing firms can spur innovation when local factor

costs are readily comparablEhere are extensive discussions over time of the nature of the
externalities thatead to localization of particular industries. Alfred Marshall had identified

three reasons for localizatioRirst, the concentration of several firms iparticularlocation

offers reservoir for industry specific skilled manpowesecond localized industries can

support the production of nenadable specialized inputs athdrd information spillover can

give clustered firms a better production function than isolated producers (Marshall, 1890;
Krugman, 1991)Geographical locatiorinas heavyinfluence on innovative and economic

activity. Geographically localizedriowledge is crucial to create innovation which in turn
stimulates economic growth and development. It also plays a more specific role in
establishing and sustaining the leegm capabilities and performance difms and
organizationsand in enhancing the success and Avelhg of individuals and communities.

Hence thegeograpital influences of knowledge creation and generation have interest



scholars in different areas of sdcg&iences(Howells, 2002) A number of scholarbave
worked on different aspects of geography of innovation, for example (Audretsch & Feldman,
2004; Baldwin & Martin, 2004Feldman & Schreudeuder, 1996; Feldman, 1999; Feldman &
Kogler, 2010; Howells, 20Q2Jaffe et. al, 1993; Karlsson & Grasjo, 2014; and sp on
However, all theseabove menioned studies based on developeolntries perspective.
Crescenzi et al (2012) has obsentdt innovation location in both shows amcreasingly
strong polarization fannovative capacity in a limitedumber ofmetropolitanareas Further,
innovationin Indiais much more dependentotnh e countr yo0s Ikemeatek edge
positive knowledge spillovers to other regions (Crescenzi, 20B2kide this study,
geograpit localization of innovation frond e v e | o p i n gerspectivgratticulgriy s
Indian casethesekinds of studies are significantly rar@his is an exploratory study to
investigate the geographical localization of innovative activity in India vii¢ghevolution of
Indian industrial policy. Also, it will further explore the technological capability India has

achieved by studying the four digit IPC codes.
2. Evolution of Indian Governmentd s | nd olieyt r i al P

India has gotindependencdérom the Britishrule in 1947 After the independence, newly
formedgovernment of India passed selective policies in difference span ofdirseitable
R&D environment in the countrgumar, 1990) Following Kumar, (1990),Buckley et al
(2012), Indian policy regime carbe categorizd into five distinct phasesAfter the
Independencdill the late 1960s was the first period of gradual liberalization. The second
phase betweethe late 1960s to th&970swas considered as a period forore selective
policies. The thirdpha® duringthe 1980sjndicatedtowards mordiberal policy. The fourth
phase after 1991ndian governmenimplemented maniiberal set of policies topen up the
economy.n 1991 the s@atemenbf Industrial Policy by the Government lofdia changedhe
industrial landscapeof the country The policy was adopted more towarmbgortoriented,
technologyintensive industries. Itfurther cuts taria, lift dicens rap regimes and ragsi
investment ceilingsTherefore, Indiareconony bea@me moreopento foreign investors. The
fifth phase after 2005 till datenore liberalpolicies are adoptethan the earlierphass. The

new Indian patenaw was adptedin 2005 Indian patensystembemme compliantwith the
Trade Related Aspects of Intellectual Property Rights (TRPIS) agreement. Under the TRIP
agreement oWorld Trade OrganizationNTO), it is mandatory foall signatories to ptect

the intellectwal property rghts for both domestic and foreign entitie®Vith this short

introduction, he details of the policy changes are discussed the following section.
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First phase of liberalization, 194867

|l ndi ads yr st 48 67ewas chagractprizesl yelargelyt Iberal policies towards
FDI. dndustrial Policy Resolution of 194&pproached tondustrial growth & development.
The policy document aimed gicreasingoroduction and equitable distribomh (Handbook of
Industrial Policy and Statistics20082009) Policies of post independent Indeamed to
catchup with Western industrialized natior®uckley et. al., 2012) Industrial Policy
Resolution in 1948 was passed recognizing the role of forempital in the rapid
industrialization of the country. However, the proposedustrial Policy Resolutiorwas
framedto ensure tk Indian ownersshould hold the majoshareand control of business
houses. Although, theofeign investment was encouragedroatually advantageous terms
over all statehad majorrole for accelerating the economic growth and speeding up the
industrialization.Above all, Industrial Policy Resolution wagimed to achieva 6 s oci al i s
patt er n 0Howdver thdomrigreextange crisis of 195568 forced the governmend
further liberaliz and encourage flow dbreign capital. To attract foreign investment a
number ofincentives and concessions wagwen to the foreign investarue to these
liberal sets ofpolicies, manyglobal Multinational EnterprisedMNES) startedtheir operation

in India. It was reported by théHathi Committeé (1975)thatduring thisperiod most of the

foreignpharmaceuticdirms set up their manufacturing subsidiariesnidia (Kumar, 199Q)

Sewond phase, 196879

The liberalization of the policy towards foreign capital continued till the-18i60s.
dndustrial Policy Statemertf 1973 put thrust orhigh-priority industries Investmenfrom

large Indian companiesnd foreignfirms were allowed. As a result, the outflovef capital

grew sharplyand asignificant proportion of the foreign exchanggmhoned off fromthe
country These transfers draggo v e r n me n t Otlsefor@igntexcinange orisis in time late
1960s. Thisphenomenonmpelled the government to streamline the procedure for foreign
collaboration approvals and adopt a metengentattitude (Kumar, 1990) One landmark
decision in this periodby the governmenivas thenew patent act. The patent act passed in
1970 abol i s atendindidrppatent lawedudel thel i f e of Oprocesso
16 to 7 years. The new patent act had the provision of worldwide search of patent literature to
establish the novelty of product or process, and compulsory licensing after three years.

However, this new patent law had not much implication in the behavior of either Indian or
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foreign firm®patenting activity in IndiaParticularly theforeign patent activity in India both

before and after the new act shows no major change in India (Jokhil&74).At the end of

GKAA& LISNAR2R 32 industifat Pelity StakenéndfR197® e mpheaosi zi ng

decentralization and growth siall scale industries.
Third Phase:the opening up of the 1980s

During thel97® s | godernmantvasmore concmedfor theforeign exchange reserve.

To control theouf | ow of capit al OForeign Exchange

the parliament in 1973 and FERA@irectives werestrictly followed However,towardsthe
end of the 1970gJue to the lack of exgt revenue governmengalizedthat Indian industry
was not able tomuch earn from the global market as was expected. i international
competitivenessnarket Indian productscould not compete Indian industies were week,
immature and had lack of expemnce to competein the global market Due to the
protectionist regimematurity and competitivenessere lacking Indian industryRealizing
the weakness of Indian industry, tadustrial Policy Statemedt wa s pla8) dked
policy focusedon compettion in the domestic market, technologicap gradationand
modernization of Indian indigenous Industrfhe policy laid the foundation for an
increasingly competitive export based and encadagDI in hightechnology areas
(Statement on Industry Polidyew Delhi, July 241991) To promote foreign investment
government started fewnore export processing zones (ER#)addition to a couple of
already existing onedVith the liberalizatiorof trade policies there dabeen an increasingly
openattitude tovards foreign investments and collaboratigkiemar, 1990) These policies
have created a climate for rapid industrial growth in the country. Thu®ughoutthe
Seventh Five YeaPlan (19851990) a infrastructuren basic industriebiad been built up.
According to the Industrial policy statement of 199hjgh degree of selfeliance in a large
number of itemsfor example inraw materials, intermediatesd finished goods had been
achievedduring that periodStatement on Industry Polichlew Delhi, Ju 24, 1991).

Fourth Phase: Economic Reformsn 1991-2005

India has liberalized its policyegime considerably since 199The economicreforms
initiated in 1991 haventroduced extensiveroad maps which changed the economy.
Industrial policy wageorganizedand most of the central governmgrg cont r ol s

industrieswere dismantledSubstantiatleregulation of the industrial sectwappenedo bring

8
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the competitionamong industriesand to increase efficiency. Industrial licensing by the
centra government was almost abolished except for a few hazardous and environmentally
sensitive industriedor example, nuclear technologies, technologies related to national
defense, railwaysjangeroushemicals and so oMoreover,one important feature ohdlian
economicreform processwas; ithad taken placgradualy rather than rapid restructuring.
The reforms during this period were more towaftseing the domestic economy from the
control regime. Thé\ational InnovationSystem (NIS)as been affectedylihe opening of

the economyto market forcesMany dobal multinational firms have started theirR&D
centres in IndiaAlong with this, indigenoutarge private firms havacreased spending on
R&D to be more competitive in the global markieihovationsas seen from the increasing
number of patenthave alsancreasedsince the opening up of thecmmy (Bowonder &
Satish, 2003)A new dimension has emerged with the economic liberalization, particularly
since the 1990s that many MNEs from developed cmaitaveestablisiedtheir R&D units

in India. After opening up of Indian economy, government has nurtured investment climate
by passing a bunch of Fbiavorable policies. It includes hasdtee investment climate, tax
exemptionsn R&D, suitable infrastcture and other incentives. The Indian government also
has been instrumental in helping MNEs to set up R&D centres in IHdaever, many
sectors like retail, defense, and print media rave open to foreign investar$o, India is
gradually becoming &avorable destination for high technology firms includinfprmation
technology(IT) and Pharmaceutical$ndia hasemergd as a majorhub for cuttingedge
R&D projects formanyglobal MNEs. EIU (2007) survey of 300 executives worldwide found
that India vas the popular offhoring R&D destination. The main readonthis attraction is

the huge reservoir of high qualibut comparativelyow cost Indian manpoweE(U 2007)
Firms are taking advantage of Indian human resources to enhance their R&D aKijl &sc
well as globally $atyanand, 2007)n terms of investmentpfeign R&D investments in India
are mainly concentrated inigh technology sectors for exampld, telecommunications,
automotive, pharmaceuticdlealthcarend biotechnology. Nation&)i wise,the US firms are
dominatingin terms of investment in R&D in Indi&pllowed bythe European firms. Beside

this South Korean and Japanese firms also invest heavily in ksb&gdwa & Som, 2008)
Fifth Phase:Period from 2006 onwards

Due to gadual liberéization of Indian economy;DI in India increased dramatically from
2004 onwards. India has become an important investment destinatimargglobal firms.

India has witnessed a major surge in FDI from $129 million in 4010 about$36 bilion
9



in 2011. This happened due to steady opening up of the eco@oagrnment of India has

also realized the role of FDI in national economy. Although, FDI flow in Indi@sin

comparison to other developing countries like China, still FDI in Inglitncreasing at a

modest pacefigure 1).

Figure 1 Foreign Direct Investment in India
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With the recent heavy investmeindm foreign MNEsin IT, pharmaceuticals and other high

technology sectorsindia is inchng more towards global R&D hub fohigh technology

industies It is also expected that this trend will continmeeven infuture Along with a

regular supply of skilled manpower, coupled with the incentives given by the government,

India will continue tabe the R&D hub of the IT worldeven thoughthereare concernform

various cornersabout the slow reform procesthe government brought forward further

deregulationin the economyto allow more domestic access to theor ei g n

government haseformed tax system (dlue AddedTax introducedn 2005, tradepolicies

yr ms.

(in 2005 and 2008 new regulations for SEZgn 2009, and intellectual property rights to

WTO standardsif 2005) All these policy measuresirther s h o w

ndi

an

gover

commitmen to promotetransparency andharketoriented Indian economyHowever, the

deregulation othe retail sectors still under debatand waiting in parliament for approval

Theé b adcoko r 6

i nvest me nthrsughidMauritiu® nowé wghnsilegt indian

partnersperhaps requiréurther revisions of industrg p e cpoligies Also, in recent years,
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India has establishe@ number of bilateral Fregérade Agreements (FTAs)ith many
countries. These agreememidl help Indian economy to tie up with the global production
networks(Buckley, et al, 2012) The above discussioshowsthat the government of India

has been pursd selective poliestowards foreign collaboratiorend investments recent
years. The degree of selectivity hdsangd over the periodandit is reflectedin the trends

and patterns of FDI in India and on the approvals of foreign collaborafibese variations

are also observed in the patenting attiviThis study has observed that the location of
inventors has shifted from the traditional tire | cities and many new innovation hubs have
emerged. The patenting activity is also sifted form low technology to very high technology

areas.
3. Methodology

Paents serve as an indicator of the innovation capability of countries, industries, or firms
(Griliches, 1990) This study hasexamined Indian patenting activity in United Sates over a

twenty sixy ear s 6 t i mEI71lpe20l2 @atents ofoamcountrgan be identified

by t wo ways i n t he USPTO dat abase: i
count r vy oBhattpchatya 2004f-or the purpose of this study patemsords were
searchedvhereinventors address is India. By this wall patents from Indian inventors were

searched based on address of@fye inventobelong to India Thedetails of thespatents

are furtherretrieved fromThomson Innovation databaseEhe data set was categorized into

three grops In the first gra p  t h elndian eatityg@ s $ii gned patentso in |
there atefunassi gned or individually assigned pa
AForeign assigned patentso. The inventors ad

excelsheetFrom the year 1971 to 2012, a total of 12,396 patents from Indian innovator were
found from the USPTO. Among these total 12,396 patents 3,403 patents are considered as
Indian patents and are assigned to 3,647 diffdreibn entities. These paterdatogether

have 12,369 innovatord.here are about 538 patents assigteddividualsconsigned to

1,229 different individual innovatordn the final set, iere are 8,438 patents assigned to
8,533 foreign bodies. These foreign patents lewezall 29,58 inventos. From the final sets

of the excel sheet foreign inventors address are remoMeele are altogethe#4,311
inventors and their locations the datasetsAmong the total addresdhdre are about 515
foreigni n v e naddressein Indian entityssigned patents, 151 foreign addresses in
Individual or unassigned patents and 13,291 foreign addresses in foreign assign patents.

Theseforeign addresses of the inventors are excluded from this sAdidy.the exclusion of
11



foreign address, the 30,354dian addresses are collectaldng with their corresponding

longitude and latitudeThe locations of all inventors arplotted in three time periocbn

| ndi a 6 ssingnopgn source DIVA&IS Software.The softwareis a free computer
program for mapping ah for analyzing spatial data Four digit International Patent

Classification (IPCxurrent full (4 charactergpdeare collectedo measure the technological

activitiesof entities.

4. Results

Indian patent landscape in USPTO is categorized into thfésresit phases based on the
changes adopted indian policy regimes. For the first phase all patents for the period from

1971-1990 are consideredn the second phasafter 1991 when the Indian economy was

liberalizedto 2005 was considereth 2005 India patent laws was complied with the WTO
standard. So, thé&nal phaseis from 2006 to 2012The growth of patents from Indian

innovators address is shown in figuta, 2B and2C. The details break up of patenting is

shown intable 1

Figure 2 Growth of I ndian patents in three different phases

—4—Indian Patents

0

——Individual Patents

Foreign Patents

—¢—Indian Patents

1970 1972

T T ¢ e
1974 1976 1978 1980 1982

1984 1986 1988 1990

——Individual Patents Foreign Patents

e
-

7

o | f-a<git—-rataata-iug

1990 1992 1994 1996 1998 2000 2002 2004 2006
=—4—Indian Patents =~ =—M=—Individual Patents Foreign Patents

2500 4
2000 -
1500 |
1000 -
500 4

% > * P

0 ; = & ——a—A

2006 2007 2008 2009 2010 2011 2012

2 http://www.divagis.org/

12



As seen from the figur2A, the growth of Indian patents in its initial years did not have any
definite patterns as observed byshi et a1974. However, the foreign entities had more
numberof patents than the Indian entities (Fig@h). After the economic liberalization the
patenting had taken a good pace of growtis observed form the figur2B that the similar
trends ofpatentinghad happenebly both Indian and foreign entities (Figu2B). However

after the 2005, patenting by Indian entities increased in a linear fashion but the growth by

foreign entities increased almost in an exponential fasliguie2C).

Table 1 Growth of Indian Patentingin USPTO

Indian entityassignecdpatens Unassigned /  Individually Foreignassignedpatents
assigned patents

Year Number | Number Number | Number | Number | Number | Number | Number | Number

of of of of of of of of of

Patents | Assignee | Inventors| Patents | Assignee | Inventors| Patents | Assignee | Inventas
1971 |1 1 3 2 3 2 2 2 5
1972 |1 3 2 4 5 4 4 4 4
1973 | 2 2 9 3 4 6 4 4 4
1974 | 3 3 6 3 3 3 9 9 21
1975 |3 3 11 5 7 8 4 4 6
1976 | 3 3 11 3 6 6 16 16 47
1977 | 4 4 12 7 7 7 10 10 25
1978 | 0 0 0 3 3 3 13 13 39
1979 | 6 2 11 2 4 4 13 13 29
1980 |1 1 3 1 2 2 6 6 16
1981 |0 0 0 3 5 5 10 10 25
1982 | 2 2 3 1 1 1 11 11 40
1983 | 6 7 13 3 5 5 11 11 29
1984 | 2 2 5 4 6 6 8 8 24
1985 |2 2 4 4 2 4 9 9 27
1986 | 4 6 19 4 5 5 15 15 58
1987 | 2 2 6 2 5 5 16 16 52
1988 | 4 4 11 5 8 8 12 12 51
1989 |5 5 16 5 9 10 9 9 26
1990 |9 9 24 9 20 20 16 17 56
1991 |9 9 23 5 7 7 20 21 73
1992 | 6 6 34 6 6 6 32 32 129
1993 | 11 12 39 2 4 4 28 28 105
1994 | 11 11 32 7 12 12 23 23 80
1995 | 15 15 44 10 43 43 40 40 172
1996 | 13 14 48 10 12 16 37 37 139
1997 | 30 30 119 11 29 29 34 34 115
1998 | 54 55 200 18 46 52 58 59 213
1999 |71 78 284 16 48 55 69 76 243
2000 | 86 101 346 14 60 60 84 86 310
2001 | 124 138 491 19 37 37 92 95 388
2002 | 196 211 931 15 28 30 131 136 586
2003 | 239 252 968 20 65 65 186 191 699
2004 | 221 233 933 17 34 34 222 224 754
2005 | 223 233 905 12 30 30 284 287 956
2006 | 260 281 1047 31 79 81 408 414 1647
2007 | 255 272 967 35 95 97 489 491 1793
2008 | 228 242 891 36 49 53 624 633 2057
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2009 | 221 240 923 34 64 64 724 729 2564
2010 | 325 339 1415 55 141 143 1237 1249 4219
2011 | 321 358 1190 35 68 68 1440 1454 4950
2012 | 424 456 1503 57 128 129 1968 1995 6804
Total | 3403 3647 13502 538 1195 1229 8428 8533 29580

Period from 1971 to 1990

As discussed in the pol section the periodafter 1971 till the early 1980s, Indian
government was keemo increase its foreign exchange reservdir global industrial
landscape, Indian industry had very Istake in rapidly growing emerging area3he
revenue in manufactured export was not earned as expeetedisendian industry was

we&k. Theimports d capital goods were strictlyndergovernment controlEconomywas
protectedby subsidy androm internal and external competition. Due to lack of competition,
Indian indigenous firms did not develop the technological capability to compete into the
global market. Although, India had excellent technological infrastructure in terms of
universities, R&D institutions, still FDI was very lo@owonder 1998). The policy regime

in India prior to 1985 did not permilmdian firms toabsorbtechnological opportungs from
abroadand introdue new technologie$o expand their capital baselowever, he reforms
initiated since 1985, permitted the Indian firms to expand their prodasé introduce new
technologiesand capacit building without obtaining prior offial approval Pandit &
Siddharthan, 1998). Industrial Policy Statement of 1980 and }882¢gdural changes were
introduced in 1985 and 198&hnounced liberalization of licensing rules, different incentives,
and exempted foreign equity restrictions. Thesew policies created an industrial
environment for rapid growtii.he new policy was modeled émcourage competition among

the domestic industries, modernization and technological up gradation. The policy laid the
foundation for an increasingly competitivexport base and for encouraging foreign
investment in higtechnology areasin addition to the liberalization government also
become interested towards attracting FDI and foreign collaborations (Kumar 1994).
Moreover, n Seventh Five Year Plan perig¢tl98590), basic industries were established,
infrastructure had been built, sslffficiency in raw materials, intermediates, and finished
goods had been achieved. Because of industrial activity proper investment climate, new
generation of entrepreneurs exged. Skilled and trained manpower were also available.
Above all, the investment climate of the country gradually impro@avérnment of India,

Ministry of Industry, July 24, 1991As already discussed in the policy sectiomaradmark
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decisionby the gpvernmenin this period was theew patent acHowever,patent activityof

eitherIndian or foreign firms after the new act show no major chddgshi et al 1974).

Indian entity assignedpatents during 197-1990

During the initial period of India patenting in USPTO, shows that the major location of the
Indian patenting activities was in the Indian state of Maharashtra. The innovative activity as
reflected from the USPTO data was in the in the aré@rghnicChemistry. Most of these
patenting wasdone by government research laboratorfes.seen from the figures below
during the period of 1970 to 1990, there were only about 60 papemtted tdndian entities.
These 60 patents are ownbyg 61 Indian entitiesThis shows that there weamost no
collaborations among the Indian actoffiese 60 patents tialtogether 169nventors The
location of these 16%hventorsand their distribution are shown in figuge It is observed

from the figure3 that themaximum numbers of inventorsvere from Maha@ashtrastate

There are altogethet4 inventors werdrom Maharashtra21 from Maharashtral7 from
Mumbai and 6 from ThaneMumbai(then it was known as Bombawas majorcenterof
patenting activities. Also a number ofnovatorslocated in Delhi, Bihar(Central Fuel
Research Institutea Council of Scientific and Industrial Research Laboratory located in
Dhanbad was in Bihar that that time. Later it become part of newly created state called
Jharkhand)and Licknow. These patents are attributed ttoe national laboratoriesFor
examplechain of CSIR laboratoriekcated in these place@®uring this period about 20
patents granted in the IPC code CO7 (Organic ChemidtaNgwed by 7 patents in Physical

or Chemical Process (B01).
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Figure 3 Location of inventors of Indian entity assignedpatentsduring 1971-1990
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Unassignedr individually assigned patents during 1200

From 1971 to 1990 about 7patents weréndividually assigned patents. Thgsatentswere
assigned to 114 individual and\tas producedby 114 inventors. Thefigure 4 shows the
location of inventors for the individually or unassigned patents.ldt¢etion distribution of
individual inventorshowedthat the highestumber of innovators wadsom Chennai which is
the capital of Tamil Nadu southern state of India.uding this periodthere were about 12
innovators from Chenndfigure 4). The other locations in decreasing orders wefellasvs
by Lucknow 11, Mumbai 11, Delhi 10and Kolkata9. Major areas of activities by the
individual inventors werein the ara of Conveying;Packing;Storing;Handling Thin or
Filamentary MaterialsThese areas faluinder the IPC codB65. This was followed by the

area of Medical o¥eterinaryScience (A61)
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Figure 4 Location of inventors of unassigned / idividually assigned patentsduring
1971-1990

Foreign assignedpatents during 197-1990

The location of inventor in the Indian owned pateantsl foreign owned patents during this
period followeda similar trend. Like the inventor of Indian owned pateingentors from
foreign owned patentsudng this period was mainly from the Indian staf@harashtraand
Bombay. The majoarea of activities was in the Organic Chemistry. There were about 198
patentswith Indian inventors wergranted to the foreign enss. These 198 patents owned
by 199 differentforeign entities Like the Indian enties assigned patentshere were also
very few collaborations. These 198 foreign assigpatentshad 584 inventors. Like the
Indian assigned patentdumbai hal the highe$ concentration of inventor3here were about
156 inventor from Mumbai followed by 24 from New Delhi and 22 from Bangaldtas
interesting to note that the place like Hyderabad, Bangalore, and Chahmai gortrayed
significantly eitherin Indianor foreign patent landscape during this periddhe locations of

inventors are shown in figure Bhroughout this period the major areas of activity of foreign
17



patenting entities arein Organic Chemistry (C07) and Organic Macromolecular Compound
(C08). About 65 patents granted in CO7 aB@ patents granted CO8IPC class There vere
a similarity in patentindbybot h |1 ndi an and Foreign entiti es

different branches of Chemistry.

Figure 5 Location of inventors of foreign assignd patentsduring 1971-1990
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Period from 1991 to 2005

The liberalization and globalization processes initiated in T88litatedmany changeslhe

New Industrial Policy (NIP)jntroduced in 1991 was a major departure from the earlier
protectionist regiras. The then GOI stressed on two programstabilization programto

deal with economic crisis, of that time; and a structadjistment programrlhe structural
adjust program has long term implication in Indian S&T scenario (Krishna, 2001).
Although, n April 1990, government had planned to grant automatic approval of FDI
proposal more than 40 percent foreign equitye New Industrial Policy Measuesnounced

on 24" July 1991 provided more transparency and hassle free FDI appré&eatsgn
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InvestmentPromotion Board (FIPB)was established under the direct control of Prime
mi ni st er 6 s theFO prapesal approval.atsabolished industrial licensing in all
industries irrespective of amount and level of investment, except a few industries which
produce hazardous chemicals, threat to national security, socialbeusy), and the
environment (Krishna, 2001). Government also allowed full ownership of corporate bodies to
Nonresident Indians (NRI). To implement various provision of the new indugtigcy,
government issued various guidelines and procedures for FDI. The motive was to attract
more FDI in the interest of the country's industrial development. In order to invite FDI high
technology sectors, and priority industries (laid down in poktgtement annexure),
government decided to approve direct foreign investment up fe&Entforeign equity in

such industries. Foreign MNEs were allowed in petroleum and energy sector projects.
energy sector 100 percent foreign equity was permittedforeign technology agreement,
rule allowed approval for technology agreement related to high priority industries. Domestic
firms were allowed to transfer technology with foreidimms. This measure perhaps\g

Indian firms to develop indigenous techigiical capability for the efficient absorption of
technology fromforeign market Competitionin industriesencouraged indigenous firms to
invest more in R&D.For doing R&D work, lhe hiring of foreign technicians and foreign
testing of indigenously develed technologies, exempted from any prior clearance or

approval.
Indian entity assignedpatents from 192-2005

This change in policy regime had significant impact on Indian patenting landscape. During
that period Indian patenting in USPTO increased faaritly. There were about,309
patents granted to Indian entities. Th&sg09patents were assigned 1898 assigneg This
shows that during this period collaboratimmongthe Indianpatentingbodies had increased
marginally than the earlier periodirhe 1,309 patents were invented by abo&{397
individuals. The location distribution of inventors is shown in the fighir&he highest
concentration of inventors (736) walserved from LucknowThe city isthe capital of Uttar
Pradeshand the premier AR research organizations likeentral Institute of Medicinal and
Aromatic PlantsNational Botanical Research Instituaee located in the cityThe Second
highest concentration of inventors was from Mumbai/Maharashtra with 563 inventors.
Hyderabadvas inthe third positiorwith 533inventors. As seen from the figuéehat many

newpockets of inventors were emerged during this period. For example there were about 343
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inventors from Pune, 157 from Jammu and Kashmir, 119 from Faridabad (located near Delhi
asis the part oNational Capital Region) and so on. In terms of area of activities there was no
significant change, during this period the maativities of Indian entities wern@ Organic
Chemistry (C0O7). There were about 550 patents filed in thismtdaty class. The second
most area of activity was Medical and Veterinary science (Code A61) with 240 patents
followed by BiochemistryMicrobiology genetic engineering and so on argak2) with 115
patents. Phgrcal and Chemical process (B01) in fourthshmajor area with 111 patents.

Figure 6 Location of Inventors of Indian entity assignedpatents during 191-2005

T 4
\:WTQSW ‘21 1.59 W Jf{' '
k1w |

\ 45_?‘7 1 30 - {
-
35 .
‘35/ '“.a\

Unassigned individually assigned patents from 1921005

There were about8P individual or unassigned patents were retrieved durirg) glbriod.
These 82 patents were assigned461 entitiesand 480ndividuals. As seen from the figure
7 most of these inventors were located in and around Delhi ameigfboringareas. There
were altogether 130 (Delhi 72, Faridabad 58) inventors flesd regions. The majareas
of activity werein A61 patent clasg37 patentsjollowed by C07(24 patents)So there was a
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significant shift in terms of inventive activities among the individual inventors. During the
early period of 1970 to 199Mo0st ofthe individually owned patents were in Conveying and
Packing (B65). However, after 1991 there was a major shift towa@® application
orientedhigh technology class like A61, C07 and so on.

Figure 7 Location of inventors of unassigned / individuallyassigned patent$rom 19912005
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Foreign assignedpatents from 19942005

There were about,340patentsassignedo 1, 369assignee. Thesk 340 patentshad 4,962
inventors.Like the earlier phasehé trend till this period shows that the patentingvagtiof

both Indian assigned patents and foreign assigned patents follow the same trditidgTdfe
patents waslimostsame byboth Indian and foreigentities. Also, very insignificant joint
patents produced in this phase, shows very few collaborafitves|ocation distributions of
more than 100 inventors decreasing order weee follows Bangalore (753), Mumbai (382),
New Delhi (287) Pune (154), Karnataka (127) and Hyderabad (114). The places like

Bangalore, Pune, Hyderabad has become very protrdoeng this periodfigure 8)
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Figure 8 Location of inventors of foreign assigned patents during 1992005
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The high concentration of inventors in many new locations like Bangalore, Pune Hyderabad
and so on is may be correlated with the establishwiemany new R&D centres by foreign
firms in this period (Box 1)With the establishment of R&D centres, these foreign firms are
doing significant patenting from their newly established R&D locations. Because of high
these foreign firms the maximum numbeatgnts were inhigh technology areas of
Computing;Calculating;Counting (G06; 292 patents). The decreasing orders of IPC codes
are as followsOrganic Chemistry(C07; 184patent$;, Electric Communication Technique
(HO4, 170 patentsMedical or Veterinary Sience;Hygiene (A61; 158 patents)Basic
Electronic Circuitry(HO3; 139 patentsBasic Electric Elementd101; 103 patents)
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Box 1: Some leading MNEs R&D unitgn India

1985 Texas instruments established its R&Bitin India
1989-- HewlettPackard initiatd R&D work in India.

1994- Oracle opeadIndia Development Center in Bangalore.
1997- GE Capital International Services (GECIS) starts haffike services operation, providing services such
finance and accounting, call centers, insurance claims processing, analytics, customer training sitesT ser
1998- Microsoft staréd operations with a software development center in Hyderabad.

1998-Motorola investd $3.5 million to set up a design center in Gurgaon, Hary&iso announced the
establishment of a software development center in Bangalore

1998- Intel India Development Center started in Bangalore.

1998- IBM set up its research lab in Delhi.

1998- SAP Labs staed itsoperations in India.

1998- Oracle establisltesecond development center in Hyderabad.

2000- GECIS gew rapidly to becomehe largest ITenabled services provider in India.

200%- Accenture establisitethe Bombay technology development center.

200%- Dell R&D center started.

2003- Yahoo Inc started R&D unit in Bangalore, its first software development center outside.the US
2004- Google stagd R&D center in Bangalore, its first R&D center outside the US.

2005 | B Md"%esearch lab started in Bangalore.

2006- Cisco establisiiglobalization enter in Bangalore

2008- Accenture formally opened itechnology Lab in Bandare, its fourth such facilityOther sites are im the

United States anBrance (Source: Jacob et al Reuters 2009)

Period from 2006 to 2012

After manyyears of selimposedcontiol, mainly motivated by the posblonial tendency to
develop indigenous technology, finally Indiashained mainstream global technologfter

the economic liberalization of 1991 | n d i a @esearginsttutiong like Indian Space
Research Institufddefense Research and Developmé@antre for Development of Advance
Computing and many other have achieved internal standard in terms of research capability
(Herstattet al, 2008). Indian Government is playing significant role in bringing dynamism to
the every functioning of the NIS. There has been a strong emphasis on physical infrastructure
to provide critical support to the various endeavors in various emerging streams of
technology including Biotechnology, ICTs, Nanotechnology and so on (Chatugas).

In 2003 government of India declared a new S&T policy (S&T policy 2@&3[ policy

2013 is the latest additionyhe aim othe S&T policy of 2003 wago integrate S&T with the

society so that it can play a pivotal and valuable role in overalesdalevelopment. The
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S&T policy outlines a number of policy objectives relating to S&T governance and
investment. It basically emphasized @&@&T infrastructure development in academic
institutions It includesnew funding mechanisms fdruman resourcedevelopment basic
research, scientifiand industrialR&D expansion indigenous resources and traditional
knowledgedevelopment and intellectual propertgeneration managemenand protection
(Dahlman & Utz 2005, S&T policy 2003). The policy recoguizea India has a sound
innovation infrastructure including research laboratories, higher educational institutions,
skilled human resources, and basic research strengths in different areas of S&T. Although,
the report is a bold initiative to develop S&T infragture, but there are many serious
lacunas where the implementation issues. For example, even though the plad, facdse
evenreiteratel in the new policy documents of 2018¢ industry partnershipas not been
increased R&D expenditure more than 2ment of GDP by the Tenth Fiaxear Planhas

not implementedDahlman & Utz 2005).

Government of India has also realized the role of FDI in national ecorféDiyflows are
usually preferred over any other forms of external finance bed#ddisis non-delt creating,
nontvolatile and their returns depend on the performance of the projects financed by the
investors. FDI also facilitates international trade and transfer of knowledge, skills and
technology. In a world of increased competition and rapid teofieal change, their
complimentary and catalytic role can be very valualpidian government is very liberal for
foreign firms to start their R&D operation in India. Approvals are easily given for wholly
owned foreign subsidiaries or joint ventures. PRatéirly in software sector, most
development units are situated in Software Technology Parks are entitled to get tax breaks
and other facilities including duty free imports. Government policy support firms by giving
some or other forms of concession, faample net tax break etc. India has one of the most
favorable tax regimes for the firms conducting their manufacturing and R&D. A firm can get
tax benefits in the form of direct, indirect and some other government incentives. Till the year
200910, the besfits were limited to manufacturing companies in certain specified sectors.
As a result the flow of foreign R&D is mainly concentrated in the high technology areas like
software, electronics, telecommunication, automotive, pharmaceuticals, hardwarecmd so
However, from 200940 benefits are given to all manufacturing companies. The super
deduction has been enhanced to 200 percent from the earlier limits of 150 percent. During the
starting up stage, firms entitled to get a super deduction of 200 pesmntse firms would
have high amount of capital expenditure, in the form of investments in the R&D facilities and
24



equipment (India emerging as a major centre for R&D projects for global multinationals
September 21, 2011Recently, Indian government is dily to introduce new taxation rules
known as Osafe harbor rulesé to reduce |itdi
pricing norms. The new regulation is based on the Rangachary Committee reports. The step
has been welcomed by many MNB&e(v transfer pricing rules by early next month, August

15, 2013) The current benefits will be continued and are likely to attract more investments in
R&D in India. Until December 31, 2004, India's patent protection was allowed exclusive
rights only to processethrough which the products were produced, rather than to the
products. From January 1, 2005 onwards Indian patent laws allowed product patent, to meet
the requirements for membership in iNerld Trade Organization (WTO). India transitioned

to a producipatent regime and institutional change provides an opportunity for antesirly

of the premise that produpttent regimes promote innovatigHaley & Haley, 2012).

Indian entity assignedpatents from 20062012

An upwardsurge of patenting has been eb&d during this period. However patents granted
to the foreignbodieswas more than the Indian entities. There were about Jddnts
grantedto 3,647 Indian assignees. This also shows the collaboration among the assaginees
increased in this periothen the earlier phases. There were about 13,502 inventors obtained
from these Indian entity assigned patehtsr v e nidcation @istribution showghe largest
number of innovators was from Hyderabad, Andhra Pradesh, this follows Mumbai and
Bangalore. Irthis period there is a major shift the locations ofinventors. During the earlier
period the mainareas of activity weren Mumbai In this phase the major location of
inventors wasshifted to Hyderabad anBangalore The number of inventors and their

location is shown inifure 9Q
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Figure 9 Location of inventors of Indian entity assignedpatents during 20062012

Unassigned / Individually assigned patents from 262812

The 538 individually assigned patents are attributed ¥65lassignees drl,229 inventors.
Most of the inventors from individually assigned patents are from Mu(ité)followed by
Bangalore(99) and Delhi(52). The locationsof inventors from unassigned or individually
assigned patentge shown in figure 10’he majorareasof activities aran the IPC code G06
(Computing, Calculating Countingpllowed by Medical or Veterinary Sciencedygiene
(AB1).
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Figure 10 Location of inventors of unassigned / individually assigned patenfsom 20062012

Foreign Assigned Patents frorB0062012

During the last seven years there is an exponeagiaith of patenting by foreign entities in
India. There are about 8,428 patents assigned to 8,533 entities. Like other period th show
very limited collaboratios evenamong the foreign eities. There are about 29,580 inventor
producetheseforeign entity assigned patentsocation wise Bangalore and iteighboring
area had the highest concentration of inventorgth altogether6,732 inventorsThere are
about 985 inventors from Delhi anits neighboring areas, 818 from Pune, 778 from
Hyderabad and so offigure 11) The highestnumber of inventors isrom Bangalore
becausg Bangalore is Indian innovationentersparticularly in software and ICT. These
regions have become specialized hurbglobal valuechains providingknowledgeintensive
goods and serviceWVith this knowledge intensive workd)i$ regionhasrapidly moved up
the global value chaiand has emerged as one of the largest and fagtesting software
clusters outside the U% is not only a hub for softwaneelated industries but also houses

several highech cluster¢e.g.defense aer onauti cs) and is consid
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