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SECTION 1 INTRODUCTION

The world witnessed th's micoat bpyaosuhst eger o wt
decaldlrepsr ecedented reform and devel opment i n
graisuséiTnengegt ri dpoovfeGhtuynge i & awnsdttweadien o f
accel erating,uirrbdang tzraitd loinz aaandonaglrti clue adis at

hi gher requirements in agricultural produc

As an indispensabl e ftgol cmatc moallsmyn m@lgay
i mportoamet in increasing agricultur al produc
promoting rur al devel opment , ahlde s@hiegese
agriculturahduomsast hymgwrydlpe dé yi s moreasteh afnor20
each value of toalaés priompan ti ecaryaevadr |sal xapnodr tr af nc
among the top of t he wor(lDQepraengarafi nBq uiop re
Manufacturinglhn2é® o ¢t cttrDahdt) orfisnhgac e mbit Br s,
pl ant protection machineyrryankaendd faigrrsitcuil n u

(Department of Equi pment. Manufacturing Ind

Theresti$l mu cthheeg ptowndmacld 1 nienrdyutsd r yengpm @ v
upgr aire growt h i n wtalse mmpaantl ydoGh tay d oot e d e e

i mprovement t hat originated from the Hous
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Openi ng arpk eatn dFeNf tolm end .a@glmawishi r depebhd capabi
tannovaadoamdw technol agdev el onpa cdamawme mgr K
techndlhagi darbmenat <Céede,sehawaeangaeraeschall en
i oo mpientngi t hweold | eadi ng ctohp &Enireagmelf rJoanpan i n C

gl obradlomestiss mar ket

TheMade I R20CBbnudldBebh hRoadpol ipcrioevsi de extraor
policy environments and opportuntriaesfbom
and evolve. Accor diMag et o n2tOi2¢by g @ 0t@ee, + Ager iof
machinery industry is expected to have a &
manuf aathnelnengy( Saat eagCounc. |l tofwiPIRIC,pr2®dwi5g e
in the domest i t hhelagrikdatc,h iswephycass lalllagr, gter act or
cottoni piekpresachl 3 @®@%WheBwmalRkedbqg mehxatriec alfl y n
agmachineries hisgleapetw htehle Hwddgoehywidrl r each
60%State Councill suwiPRIg co2tOhDeB0)d o me sarn & mar
i hig@hmdachy nmaskeths assc allaer gter acpioc teialmkelaclot t o
30 %. By h202nar kdbmebtareabihhgcmader ags oi s exp

hi gher ,ahtame %mWalc hiwielrly r each 60 %.
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Fi gabieagr i eefsi s

Public R&D:
Public Ag. Ag. Extension
Research
Ag. Input Industries:
) { ) () {
Research Innovation Production Sales Farm productivity

Industrial policy Production Subsidy Farm Subsidy

To ful Bablklgoddhsd I mprove agri,thueChunaebe pr

gover hmenwatr twemwohnol ody spalli iods ,ci es oand t e

t he agrsieculotruraal wel | as t Heh eaedrfhoerud @ uegreali nc
i assesdiimcgepo by unpacking i mptaoc t & g rtihcruol utgul
producuievitoythe data | i mit aarnfdar,m tphrep daugrtii o

howewielrl, not be i nTchliusd enda iinn lotebhj ifesca tki lielasesvircdarn

i ntldeo!l | swiecgfi ¢c components:

MAnalyzing the | inkage of RXDprnadest imeintt

Q) Esti mating the effect of public polic:
i nnovation parmdufcitrimi tvy

To ful fill st htehsiea sohjieesdttdiesbeecvt.eind-od | owi ng t
i ntroductSiexn2i,pawhi cihs bhusti omiesalbhekdr puerden

agricultural AbtéeiSeeBpoestatEeryture review
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temftfiaadt s of pulbtéhiecormeetihcaamiesmard!| i nkage
vest mentanfdi prmowaitSteaontdii tggyr e sent s dats@a r es ol
pendenss daditabltdhe pote®adthHiad md amdmeimd &dt s
ructur al i nnovation framewor k wirtdga mcioze e
e methodol ogylfhef dtlsarsa lmbssiessersctchh mat ed r es
rther discussi on afrreo np riefseecntiEpdrerriyc & Ir aan d lo
e converting channel of RE® sct&Evihhai egdt
c t7i osnu mmt hreezseesar ch ftondiongsoasd then offe

V.i ce

Resul ts reveas$i grhigito cfatn@gmwree liast i on bet ween

novation, as wel |l Thaas s R&Db eatnivd® epr o dnuncotviavtii
oductilwowewdrg,ni fi cant. Public policies h
bsi dy tcmnfsiirpros nitrdfyl apemrcievat e R&D ta firm
bl i c R&DompdlaegyBseoalt @artyo pri vate R&Df iafnmds i nn
oductiveiTthyybychase subsidies to farmers e
odudtcirveiattyi m@anamad gehi gbagrr | cdahd ud Farl o nma ¢ h i
e adpaeartst o,f btuht eeysk @ay ed atl shodi n aim &@snznevie r t e d

hapedat wotpdhivimt,e | R&Rawmdt ironn profdddtsimvi ty

ownerasnhdi psouwrfcei nvest memR&Dwi lilnnavadi mat aead
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pr odu c(tTi FvRWVit ayt i, s imotrengi bl e assets have p

i nvest ment and innovati on, while fixed ass

This papercomatkreisb stoimensFitres tt, heilvietne rt ahteu rt
economy background, CDM iamadivyseénitiamned v amie owio |
pr ocaendd®e st idmraitvee n doeitte.r nScaamdifd,ects of R&D a
and inmevyatrinomn firbre pirddmtchaeyive d gh eviuit hé r y
i ndust rdyi.f fTehrierndt p ol i edii arse nasmebinc dimrivtisan e whh ent uhl et

industry gains derived from the policy sup
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SECTION 2 BACKGROUND

Thissec pir e sbeanctksgr ound o it degprr imad li tounnr a | machi n
in Chinasandopwodwirddedfist aitdi hiss easded | t ur a
mechani zat i ®wreco2i.dlitd iTpaesent P eaegfHoa cntainnceer yo f
i nduisstartyer pr 8set2R.&d c t2Bloinshreel ated pwhl ic p
supplge andi demd2Zdpnesenins gnee®vati ohhsyste

agmachiinnedruysrtany publ i c and gghindsemmapkiys

the gener al role of public an&ept2boate sec
21 Agricul tur al Mechani zation in China

Int hppad0 yther sagricul tur al mechanizati on
brilliant i mprovementon Qoantpeheddeinis | X @1 mefchar

at he begi m2nlisreg t(abreypt ahret ment of Farm Mechani .
By reviewing the past agricultur epamec haanndi z
shed |l ights onThet cofaragervied wlptmerndad e nmeercahlalny 2
be diivnitdoked | | owi ng: f @hroResttoa gntOpaenrdi g (AP 49

1978)Adj(ux)ting and Stagnati ndge,ve@d)p iamrmda n(s4f)c

Supporting and (Ouridwe, | Yu,De& eduonp,i n2g0 0 8)
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211 St age 1. Bef @0pee nReni(mlrotdDZ 6 y

Bef OReéor Opand pmo!l i ¢c ywaawhnncceidn 197 8, China
undecohb®it dpelnd receodn o my Thestgemer nment contro
whi ch tlhemlf ftieclilemdaapionalof amdClsieeaanomi ¢ vit
was sta@ndneefdwlr a | ong ti me, as well as agr

|l 1966he 1st Nati onal Conf er ensceet otfh eAgga a
t hat agriculturabd mé dtehpd b yz2at0 ion esth.dahlle.d, 20
gover nmedtt tnroeraet as a political t ask, ratt
i mpl ementing admi nensttrraaltg tveee i mecsethstd aformaiee v e
| elveodri cméchamilTzias ipwaMer | mpractical and f
economi ¢ aindadtnedgfhelnggver nment cannot aff ol

agricultural smaghanedaandnt het declined.

212 Stage 2. Adjustil®g8amnd dMisdagnati ng (

The&Reform andppOmpleindyngt ransfecomedmiChi apst e
mardeiented economy, a’'ads gt e aftihfge &¢ hyaenaggresd oC
t hige sttahe policies and st rwhtiegign o &frradgra d c ul
the planned ,sadaandmyafpgerciteedd t he government

| rri gestbatdhguraemada i ty of agricultur al mactchiner
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a lroa i u et .Adlt.e,r 21090880), t he,“may 0 h oplod i cagn ti
respongspioldiilaiytdaydreirceud ¢ tuor changed the opera
managdmemt uni fied coll ective management to
each househol d “ofwnl faanrdme risn sgtoeta dt botef® tmeoe &k i n g
| arge farms with | owfiamsga@mec e nmMthii se cdrach gep o
i ncrease i ncomenanua ggigchuilftiucraanlt Ilpyr oduct i vit

The averdgd¢hawiezseurd, denl y decreased due to
sbhieghor sepoavetror s or hfaogrv esmelrls fl covshhe n .1 tues
most rmdt ifdueablan dAdsareaes ultdaEnrbe no u gnip tdursr t her
agricul tural mechani zati on. On the one han
i n purchasing agri ciungtudrdarlm@measdechienertyheor hat
primary pPpar mers g hovsatspe riimppd ov e nidiefddn ceaqgeal. i t
Th® b ststho heensgh gima ¢c h i noetrhye rowe nig) untsda & camigle w

i ncofme f ar mer s

213 Stage 3. Tr ansdewan h@t @gtds SeOI0 s

The achi éHoaume@tonl taReascdon Sp dliwast ysi @qriit feirc an:
i t bheaedmp | e nieonrt eyde mpa&lbot h i ncome and saving
same ti me, urhgeaowt Bneainounf aacntdur i ng anad ser vi c

|l abor pwlahismgrlabor out of agriculture. Th
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cost i n tsimale r ulh @l f aarseuebrsst fsbhuatknaomn power . Thu
perfect substitution of human | abor, the de
and private companies in agricwW@l sob®gr enachi
profowmer shi(fLiruefedrtrale. pr 2 & @ & s « rea towimaet de
enterprises.

Duritmgs period,dimber aggwivieer ntmeanh support f
only funding some <critical research instit
subsiagmaolgiyneproduci ngThaedi paorehasnggdeman
and the emergi nga9rt lvet co ficwoinmpdaundi teerrsicael  gr o wt
wi th trsadoiweieodn aeln(® @B, rtihseesemer gi ng private ¢
hi gher althteoyn ornaypi dl'y i ntroduced vasibped mo
t r acatcocrosr ding to the demand of the rural ma

instead of politi caldrurotah esr, dreavse Itchpememott.i v a

214 St age 4. Pubinidc OfudppdodytiwgdOsp)t mg n(O w

Starting from the tthicsn scfagehexpepsaeyg e
strength from*“Rd oya@prandlpmeti cg. oGDP, i ndust
and average per soralntiarsdlahugrsapcescede s ednat | ar
was exploited as tthmanobatsteaef iondg-ddhepovedgd

manufacturing setchhegri subtued sBechorienecedt |
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systdimedrma | nitnetgor aetveedd y corner of the nati on

in agricultural mechani zati on.

Theubpg ic sector onl,y poilegipdulme ais aei s gb giod
expand domestic aafreigetr ede fadvéadesd oompani
enter the @gobobhaedkdnaalaepment , oft wagteadli ngr @
weriempl| ednent e200 4 dbadw 2006 .,t he Promoti on o]
Mechani aatdil ba l11tyhea Fi vPel an for Agricul tur
(Department of Farm Mechanization (MOA), 2
The egaavment mad hkeyl adopt ati on tosysefgabhat e t
guitdheegr i cmketbeaal zati onape-ble & 5§ a t&phlacdonaognid
policies. The dbeet ad il sfaluospsoelsiu @igeé sa nwhiild e ma md
Setci PXFi gAsleswt he comprehensive agricultura
from 200D®12. The mechanmibzyattihdr aMed Wwehlt ed s h a
area which was operated by agrichedtemrade ma

mechani zation | evel has exceemed B301percen
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Figa@Tfeegra cunetcthraanlirztae i @%)Chi A2a0 1(2200 5

70%
57.17%

54.82%

60% 52.28%

49.13%
0% 4pavy, 45-85% i
39.29% <07

409, 35.93%

30%
20%
10%

0%
2005 2006 2007 2008 2009 2010 2011 2012

Source: The Statistics on China Agricultural Mechanizati

215 Imb al anRceec éiigr i ¢ uMetcuhraanli zat i on

Al t hough -malkéi megrryo i ndustry i s utnipe eced
mechani zati on | eyiencr easiangnti nheusi mbal anc
mechani zabeomegaembed brcehowamree aspect s,
i mbal ance among pamongcesop i mbani ances and
operati ®heseagmbal ances indicate the weak

al so points out the futur e( Lpio,l.ixy0&)i rectio
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Fi g8Tle ga i c unetcthraanlirztae i 0%) f or each province in 2012

100% 89%
90%  83% 81%
78%
80% 70%[69% 3%B9%B0%l 679 3%
70% . 2, 05% 61%
. 58% 58%pm 57% 56957%

60% 29% 8 W 169 49%

50% 0% 1°/ 41% 40%

40% 33% 38%80%87% 505500 0

oo 17%

10%

0%

“OQ %._Qo\}q, Q%‘\'vrb\\qo@g ~0$,{—;&{b+\0°0
~’°\”& %\g@f \f Q®$%g@‘i&?® £ ‘a"\\g@;; q,é’%@ S a?oﬁxxi@%ﬁ-\e\%sﬁ@\ &‘%@‘”“o“*‘@&@‘ﬁ@%
$
x*‘a
Source: The Statistics on China Agricultural Mechanizatic
Due to the provincial di fferences in ec

geographic feature, t he; hroevgpiveeradnle inm@mb & loave d e
Fiug3@rese the mechanization | evel for each
agricultural and industrial backlgmr ocaudnddi ttieon

geographic features al so Norftlhu ebhasst melcihmaa i
province obtain |laugei vaarmaml €i zei Wi, tBoeasy
agriculturalthegchcoktyyr abndecdamiidgmwdlon | e
morntrédan 80%. Meanwhile, more ecasoB®hanbghwgid
Zhejiang province, -l erayvdéd mdedaacalged ctud t me @i u mMe
50% to 60%. A favorableconsestumeatd enfrast
beneficial tax exemption poliiccebkt baak matt
By contrast, provinces with a significant

devel opeesdsgar eluyphe ahani zed. For exampl e, i n
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mountainous terrain has ruleednacihd mtehheg p o s

mechani zati on tlheevellowess tohiD&\Celld %, iGuChzihmar , 2 (

Fi gdTRara c unetcthraanlirztae a@Ng crops and operation stag:

mOverall mTiling m Seeding/transplanting = Harvesting

92.3

™~
<
Ty}

<

19} . —

I . I [
— I

E SOYBEAN RAPESEED POTATO

19.6

I  86.5
I  63.82
I 03.3
317
73.4
< I (4.95
> I 93.8

S S 03.21
T . 08.9
N I 82.3
42.5
I 3.2
I 68.6
I (4.0
35.44
16.9
34.2

EAT RICE

Source: The Statistics on China Agricultural Mechaniza

Mechani zastaimomg!| ev élf er eatealcsroo punveavreinet i Tehse

Figdpresents the mechanization | evel of si
2012. A eah deaojfompas , has al most entirely me
processing chain. The mechanization | evel ¢
medi-luewel, above 60 percent. While other <coc
are still i mnzaattuiroen ,i nl omeecrhanhan 40 percent

The mechanization | evel i's not equal a mc
crop. For rice, the tramglpéameécmagnistagieonsl
about 30%. The mechanization | evel in maiz

of the other stages. For amrepmpeaedt ianal ypoh
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exceeding 50%, whil eges edrie gs tainldl hsatrasgemsatiinr

22 Recent Agricul tural Machinery I ndustry

221 I nduPerrfyor mance

| n ptahset ve yemtrisentdioa®® h business iantcrome ha
averragé®e 18nB0eiad | 449 .CNYbDhdpgarotnment acfatkFamm N
( MOA) & Research Center of China Agricul tut
2016he ogwtehgr i mar db yt \neeinr dome st i cf ode naagnrd cul t
i npthtiggashgr i cul tur al i mpa roaancptosrgt p,rvioalceodme $§ st en't

govermamenstance with subsidies and favorahb

The total industrial profit gradually r o:s
increase rate fluctuated each year. From 2

By contrast, from 2013 to 2014, the total

contr itbhiitlstladt ioomrr equent fluctuation in raw
demand of the gl obal mar k et are wiodwilnyg c o
serval years to 2020, the profit rate tend

cost, especially for wages of skilled work



TablKey statistics of | dda®iby Performance
Main Business | Main Business Number of
Total Profit Total Tax
Year Income Cost Companies
(Billion CNY) (Billion CNY) | (Billion CNY) | (Billion CNY) (firm)
2015 449.42 383.99 27.65 2510
Increase rate (7.75%) (7.75%) (10.10%)
2014 417.09 356.37 25.12 8.75 2428
Increase rate 10.35%) 11.10%) 2.90%)
2013 377.98 320.76 24.4 9.44 2154
Increase rate 16.26%) 18.18%) 9.40%)
2012 325.12 271.51 23.89 11.39 2076
Increase rate (25.99%) (25.75%) (26.12%)
2011 258.05 215.91 18.94 1783

Source:Yearbook ofAgricultural Mechanizationndustry

FromnAal

( HHA 1)

intensity i

i n

conceftndustdry,

(Shapir.o, 2010)

The number Dbér icsoemp,afdrdemBlod,2 refl ecting an
increase of 5.22%, from 2011 to 26IH:.l eHow:t
domestic privately owned. These companies ¢
with | ow quality. Facing more intensive ma
Il i kely to crowd out. The productcompami &t
to survive and take a arger mar ket share.

2006 .

Stati

st

CcsS

odatlan,d fisrtHed @G |

an@rc o iinnedruygh irgeh wisd ethgt uecke dval uat e
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from 201

ne&ahimsi

C 0 my

00249 ndb49rpoi nsspnlynreasi n

| Dwe r HHh ains 0, 1rhe 4 rLi5tD dcedpim d ta 5lsd W i e d

adebt bdngt hteo atnhea t r ust di v
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expand their mar ket share and extend busi
exampl eL,ovFoolt,ona | eiardi Qlgihreas mpa kg me7 €% mbh anred
harvester market and has established an e
distributors alllBl®&Woamr.llthh eszh€drént rtyo be a wi

success factors are better quality control

and a highly skilled workforce.

222 Gl obali zati on

Regarding internatioeas$i hg ablet eemairn satk
while import Valhpaehfad vectyeatresd Exports cor
tot al i ndust r(yDerpeavretnnueenti nof2 OFla5r m Mec hani z a1
Center of China Agricultural2OMeGpadsiciad &t i o1
farming equi pment and imagsolmxres pisfbeskrar ased
i,.yroweveni ntpju deantdlaseshagpgpoddiucdr e adhed
pattyear s, due to improved technolAbgyhabil

same,eédmeol ogy i nnovat isopne rifnopranotheede rt hper ipcreos

Compared pviithagitlhgegu! t ndalld i ikrepgdter ti | i zer
pesti ci dthagmdawshtirnye,r y i maluasttiowe lbyasr iaer f or

capital “mengdt wioarolngh aansise 8 hGehoi neeastek e Four of t he



n

ten compans emal hetCwavjme d |j oi nt ventures fro
countri es, i ncluding KulWammak@pamgn)andJ olfom
( Kor(elaBl SWor |Adc,c o2 @Y &)ysittihast adfogue f or t he (
Foreign | nvesftrmem 2109197l unsi tsrtireys of ,IC®@anmley ca&|, |
types of magrhiilmnaeireyu bteh®Enn coonu r a d esdltissitace 1995
Th'®ncour agethasndbuesnterfiiecsi al pol i cies i,ncl udi
and | ower i nNiomie<Ltompgeaos faeler @M 1t’rhe shate of
souftTapltede tot al share of c apietrale afgrkdom gf, or
Macao oj)i sTa%,waihcdhvers hi gher t hamwntelle calparnta

The share of domestic pri \ ditecet chapsttmenti.s s

Tabd2Ssumscke I ndustry I nvestment in 2015
StatCol |l e|lLegmdr sfIl ndi viiHong kl\/banr:gaForeTot
capi| capi i capit capitland Tai wafcapi

20 1:Bi | ICiNoYr; 3. 5 0.17 223 8 3061 1.26 5.2(64. |

Sh a %oe 5 5% 1. 1% 35.6% 47 . 1 % 2. 5% 8 2 %10 &

S 0 u rThkeéStatistics on China Agricultural Mechanizatio Uni t : Billion CNY

Tha glhe veefl sf or ei gaapmrnovveisdcememdar e opportunit
i ntr odlwc taiccress domestic mar ket str,athegi c s
joventure is the frnoorseti gpno pcul nEpratntnyapde e f @d v a n c

technesoffjrom develtopre . dapanr oiers tKiodai dewdcoe dar e
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China by establishing joint ventures with

For domestiabi gbmpawelksof gl obhRal lzangesn fod
i Nt easmpetbhiutts wanlisi ¢ h olPopnoersttuinci tiinedsustr-y gi an
owned owhne@dseeseicghnances to establish global n
worlleladiecghhnohogygh over.selath ewidlglu it hietrn odni s c
Sect2i. dnsktetmbwmde can be optimistic to predict

i mports/ exports value in future.

223 Future Devel opment

I n thefufubher egovernment subsidies, mac hi
food price wild.l st iangurliactuel ttuhrea It omaaclh i dneemnayn de

space f olro imedeus ttrhye. ext erddimrtaaghidmenreys ¢ i gr d e ens

i mprove product features, enl ar ge -svaalrei et i
services. From abengowagaspectskitihreglve wor k-
mat er ialle apdr i kiegher tot al cost . It require:

resourcExpeeters need to face the risk of c
wi | | ease ttahx dagtdienstoifmul ate fixed assets
from machinery rental service companies.

Thus, i mproving investment in R&D and ex
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critical factors to Iimprove bwsdgessopewho
and breakthrough in positionibregpremdlua@tcs ua ra
service for farmers to inisrena@asheenesg@yunogi vi

technique and production meitrhdbust rsyh otud dmeéet

requirement of new environmental regulatio

23 Agricul tur al Machinery Rel ated Policy

Government support has a bsingrhidttiihmasnutp pelfyf ec
demand si de Toof ttrhaen sifnodrungtarinyd.a r tes t aonr ¢ itennnt aevda t
economyndustrial policies were designed b}
incentives, publ i e€ostubdiodiness, sfurbese doezed ow
prefelramd(iHiatleey & HTaH e yf, otdlIbdwBi)pg ovi des a | i

policies of agricultural machinery industr

Tab3Rel ated Policies of Agricultural Machinery I ndu:

Publ i s
Year Nati onal Strategy
2006, 2011,
016 The 11th13th Fiveyear Plan for Agricultural Mechanization DevelopmenChina
2015 Made in China 2025
Demand Side

Tax Policies
2006 Abolishing the Regulation of the People's Republic of China on Agriculture Tax

2016 Pilot Program of Replacing Business Tax with Vahdded Tax
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2017 Relevant Policies on th&treamlining and Combination of Vahaelded Tax Rates
Subsidies
2004 Law on the Promotion of Agricultural Mechanization

2004Now Guiding Opinions on Implementation of Agricultural Machinery Purchase Subsidy

Guidelines of the Pilot ProjectBnplementation of Scrapping and Updating Subsidy

2012Now

Agricultural Machinery

Supply Side

Tax Policies
2004 Regulations on Several Issues of the Expansion of VAT Deduction Range in Northeast C
2017 Provisional Regulations on Vakfdded Tax (201%ersion)
Technology
Policies
2011 The 12" 5-year Plan of National Agricultural Mechanization Promotion
2012 Law of the PRC on the Popularization of Agricultural Technology
Export
Policies
2008 Increasing the Export Tax Rebate Rates of Value Ad@edon Labotintensive Commodities

1995Now Catalogfor Guidance of Foreign Invesent Industries

Restrictions
2014 Environmental Protection Law of the PRC (2014sien)

Source:The Nati onal People’'s Congress, The State

Ministry of Industry and Information Technology, Ministry of Business

231 Dema-Sdéel i cy

The demand psriodge o Friecy sa@mac!hiirdnedruystt re .
Agriculture tax reform, price support for
subsi cgjppalei ci es i n demand si de. Cancell at
support pfosgiideiopsct | y isrudwpptrhsodoh itmer ovir
purchasing power, thus encouraging farmers

as s(etthse NPC Standing Committee, 2006)
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Threi st ory of agrpucrucldtadsred Id ymaami néiajcre bac

a |imited geantatyomnfamardecreasing till a
all ocated 20 million CNY t &nidnupblsei ndei mztoesn psutracrl
1998 i, .2Ne0v8e)if alr Im machi nery pur crhawead asyusb sii

designed based on t hleannegxgpetrare nieb ifd y pierc i lai
from 199(8Lit,0.T2A0@MOB)Ur ni ng point in China agr.i
I n 2004, China introduced it sbefgiarns tt on astuibosni
agricul timrcdludiimmputseed and machan efougnadip unrgc h a
foagrucahtrastruct rGal @&nd LoédsnaartAdiBoThbhana 2
passed tahger ilcaove tdormmai zati on and al ubsatdede7(
purchases of farm maghodeciyng nc osuen tli arsg eo fq
Subsidies can c oV eprurucph atéoe h3p0r NoPe€ cSetnatn doifn gt hC
2004)

The ameuwimbttihody firmepal eome n & & dtdlhrea gogfens ub s i di z ¢
produpgit scikegtshfeo | | owi ng yearmpsc.ha$shebs mdyg hahaeo
doulredg ri ple each year from 70 MDépaminmemt
of Farm Mechanizati omefMOA) C&i RasdgrchkuCeu
Devel opment T(hGCAU)ev e2l0 106f) purchase subsidy |
stayedtartdwend 20 billtodReqamduysgardi aedi lar e

agricul tural scdouwsgtdyo o vikhuen G kigsnta nosf (uMhitniils t2r0y0 ¢
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of Agriculture & MiAlisad,r yt hod ddtneagacrey ®f00%
expanded to 12 <classeg wivtehy4prouobehbaodes:
prodgti siostrAgricul ture & Milnn s2dmya2c,di n€&r p al
repl acement program was added to the subsi
more advanced te¢(bephogmehdorof aFmeaace ( MO

The purchasedobwanb stihdey barri er of machiner
i ncraenads edreemealt ef or agricultueaglticpbhboadsatindi th
| n hreat isothradt egy perspective, the purchase
agricsftwctbr-esuf f aicrs etnesrgnosfd osfecur i twr,bamd s

trbes and urbanization.

232 SupSliywel i cy

From the supply side, t Herre rarsd rrimessttmoindst, i
me et the high environment al requirement 0
according to the newl gngpedreatsieadn £.nvT redo nmew
| aw aims to deald wiasheaiemi swaoemt easailvel hn
chemi(adeles NPC St andi nigi Cormba & H 2tehe 20ds4t) and
green producAtmgt hemeaméogp. al so an opport
companies with | owenéechronlaggeyneand anade fufpiga

industry.
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For encour agi ng -bmcsleidc iseusb, s i pdrdaddeudcat bi doxnv & VA
reforms are main f aclther sprtelmauscehde osmamsuif daice su |
subsidies accordi ngad,0 AT erse bgaxt oetr @abrfedt eevwopr ol
produlcaded subsidies ifpfriCthmanat@arenaocuraage
i nnovatitoemmchhrprhadggthct s, although the precond
aprodulcasssmadbsi dy i e potbtl egmakdhs tol erate
t hosebasctkeetde compani es ttroa nesnfrceouuar caegses ftuhl e m ntnoo

and generate |@Hagwel Isoc2@16wel far e

To encourage exports a@ghomakbaend bDhsesi Me ss
Finance and State Administration of Taxat.
agricul tural machinery. For pirnesstsaensc ea n dh ocratr
har vevetrer aoddeldi s | ist, wi$thatltd WCexmpoirlt oaofeb
't further eased t he maaratniesry Hmwwmag aimbhiasfs .sa, g
Chi ngseer minetmste t up any barriers to foreigr
domestic competitiompembngamtmaedrdpr, otsauacth e
compalhuretsher mampopt edstcitls|l f bemetf heée | ow t ar.i

its produchon otnh ecMlaingttr yav cMe @ afRfemmn &WT O

Thealadeded t ax mastoemen oCthitnhag which 1 s a

val ue amount &stupepdhah nsttaldhes &/ mkd from pr oc
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to consumptsitoanr ttiynge from 20mhdotammaht eypamdi2rD
which means that f i xbeed caocensiseshddeerd inofteSd damhen t

Admini stration ofThuasxatiitomnw, 12004,spa2dC®E6 )manu
i nvest more i nisf mene dZGaiscs 62 Gilh eSMted € d t ax r at
this industry drop fromStuad@tet Go d R e,Tlhtidse NP R«
policy nottiebxyr teduaéedo induced some comp
| aer gmanuf acturers to advoaatetasbept emeatad,iy

structure of company structure and focus o

The Chg cmmweeren men't al so i mpl emented’” polic
i ndi giemmawat iicens caanpda ctirti gger upBolaidei esndatst
centr al government | evel p Pool vi i cdi ee ss ui pnpcol rutd em
Natural Science Funds and Nat i onoale nkceoyu rRaegsee
fundament alFoappmlovad i o nghooweart h men tf umeées for N
Science and Technology Major Project and Te

(can be aapcphlii&&Dnagfutecro me)

At the provincial and prefecture | evel s,
i s weaker than the central government , t he
reach the multiple ai ms. The pricmampwanpespo

create job opportunities, and increase tax
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such as-uphan&tanthovation Talents policy 1in
wi || provide funds for bothntecrunt et heomg
there are policies providing tax reduction
24 The I nnovation System of Agricultural v

The pRE&MIas | ong b ederm fvadme vees|soepwt ntgelcahmdo | o gy
i nnovyataisonwe | | & haegerxit cesnksti toomehlé ni nst i t uti onal
public R&D in the United Statfeecucomesdisdrs o
and applied research, 2) sttahe WDAciuhduirta
focusing on strategic or generic researct
companies focusingndnd)apprtiendsircers eayssthem a
di sseminating (RewytCGRIMad)logs edi f séerect ur Bs
f dorot h pupbrliivca tden dRf&Dr.ent f r-lmas édh ep dhbisicec pR&D ¢
in the U. Smul tGhlhestveebsh s e d apubl i,c wRi&DE hsiylsitaetne d
to the central . a€CBhi pabdadli cgRkdée esnmpeshijfeam si bi | i
f dborasi c research as wel |l as FetchhenDBag®ot y an
t hemdsti eccaopepani es maipmplly efda awes a@mpocnhachai | e
t st mtwemed ent edmpay seensg d gSeOEsn bot h Bbasecgand

compani es/earsdulrfeoi make t hei rt brercihonwdvoagoyin oi mninot
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t hrough t ec hnobslpoiglyledtvreamntsd er and

241 PubR&EfF oAgr i cul tur al Machinery in China

Public R&D sectors for Agri caohbhla radilviMhed
i ntroee hl evelnsaatiiomall ydipme fedotutheelyg,eland

Sponsered by fundi ngsnaHreosne hd eRn& D ailrnesftiintau

estabdy ebwietdorts of multiple ministries, 1inc
Ministry of I ndustry andahdfidditmayt i on Hewc &
(MOE). These institutes focus on basic rese

f grol i cy.Blak Kk mMip®»5t0s 168 hol ars and talents
R&D institutes for agrmcelofursatudpichgner yw
in the Soviet Union or the United States.
Pr ovilnecviedl R&D ifrusntdietdu abeybte damde hp it divei nci al

goevr n mEmeéy mainly f ocus aopnp|la ptpal & iseedd rireelis @ ao fc h
each provincegaegprapgls] omirdedstesdmsecse ehl eha iars  t
or featwapwerd ex@unpnedongi prboecated at l ow |
a f e dtyte kiter o pmocmsoon . dhEired toe e i nmatl igt aurt tgetese
processingomathog®eplarfoecs of Agricultura
Al t hoaucghh per ovi nown o ®RanEs tti heuitragr i cul t aeal ma

resear chacecsdpariiftiyean ol ¢ iefcfoenrcaampaagardieys ear c h



@7

exper,ando@snidustrs 8pecil fRigdDaelilnysitni tHietielsongj i a
S h andlinagmpg owsiamee mor e chenpalr @pheodstieh & nr est of
nat.i on

The prefectuR&Domrrs tcintufpdt @sisheexvteelasp loincat i on
as welnk paosft iaggm i cul t uilalk -l caenlityierwr pose tec
instcoosest of didsédemmatchshnat,gpadsmemect o oa

extensian institute

242 Pr i \Ra&&tDeor Agricul tur al Machinery in Chi

I n thikse spuidyat ¢ sector includes not onl
owned, -cooontsrtodtleed enterprises, considering
mar ket . Private R&Demeatth, facmsngnabppmpe

efficiency and redwenognicoated ®morngtee R&DE
including First THavodr Cohn( PE@)y e, Fanhadn Kt
companies choose tedhnalamgy eac g uitshietri otnh an
maj or resources of dromeVOmghinee!l teghntohegi
foreign di r eFcD)lprionwiedsse memot e (opportunities
technol ogi es iTh e CR &bveesseb fimenhdbur seti rggnr, moovmepvaeeni e s
based only on the Chinese markets but al so

With better resource, capital and polic
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government s, SOEs ar e nmoarpea blliek eolfy itnov ehsatvi en ¢
willing to engage in R&D activity. For i n
i mproved its research capacity by acquiring

Chi ngeosveer e me abthi sheids tliohsed0tseni ti al ly focused
engineering of technology f o ofOusobysa n§o VIireatc:
Research I nstntodwwads€onge drnTiOdt )Jone ofagtrlbe bi
machimempani es|l nnl®Hdsnafimet ped Vi & dht otrheand
Aut omRb s Edrscthi t ut e befc aYneOnt eanreR&D i n sWhiattut e o
ismoregege do t hes  SOEOLEIDENME S ea@rricedinntsetdwve ue e s

transdtwomar oei esnttacvdan et erwirtihsensul Fof uine s i amc
t hGhi nese Academy of Agricul twasalc elhatcr@dni z :
resceiamrscthi owneéed in 1956, affili adgterdwatsol tMi n

restr tot dhaeggheec h wS OB rlecsteppurrchose and. ptobit

Ssubsidiary compani es, such as Modkelren fAgmr i c
process (&md neasleedcademy of Agricul.tur al Me
For dopmeiseatopani es, superior policy envi

domedémand attractothlesrcé nnnaenauyftasc tfaoisAtg i e s
the same ti me, Il ntensive compeindudbriees s
tdhse newtentransf ormoawdd esMpsintilsosé wnt rant s

came tfheeomst ruct i,orem@onadimign epa gatiui tnoemoybd id eeg r
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The entnewcelfeofseat er I Inckk wos titrriteer so douf ¢ t moorne
advanced processing techni gdurea ntadi infcpaiohvyenda c |
productivity. Newr elnt odatnit mmdabsoyl edusbet he
The Il ndustri al a'g g Il -to bheeraadpearo n e rsnh.o wk o r T
hundr & dana lol orsimedi upnreoducer suppliers a |l
manufasbolublFreWw@dl oeatLogyang tcanyindusningl i
Thwei fang i n ShwealdeodiFgotyipmmo e li no& cthog dmpamy i r

machiamedrnyst ructi on maochroengednidystupygtream

firms.
l nward foreign direscpti |lil oweemdmenest dcspl ay
positively impacting on overal/l regi onal i

advanced technol @dy | as dp mg o angdsurs&mrtryo we d t h e
technol ogitchadweogdpdng .tompddieenstaonyeioffn compar
has an oversight role in promotinglnhtehd ec
co mpteitwnt h advanced opreo duc tcsotrdipeecsdi@p ani e s

must focus on the quality afnadr pheirdghermamarek a
The outward f or ewagmk shieanse ¢\da i ic 10 & ensntgonveantie ro n

recent hffeards ng ecd metpttyjocs enhaneadi psotdughs
| aunch gl obAal omevgeparsaiso mocrq uii nssitta nocnes,. YT O h a

French G&anmrboazniyer , amd dantdabsltirsahdd a&Enualtp R&D ¢ «
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in 20T Framcem R20d FotlomZ@lu5n,c hed a maj or a
plan, takingonwerl iAKlrabdashganvd t h Mat eari Maicncg atnc
conduct researchemdatagr ithel tgdrodlal e diuigghhment

el sewlehmbe®s, n. d.)

243 Pub-prcvate 1 nanboovraatiioonn col |

Pubpriicvate research col I[tahppaddatada. habebe
typically four ways of cooperation: (1) [
technical support to companielstti {)samwitdd
company provobtdiypg or processing services,
for researchjbdbuntdbyor projects

The f ol |ofwionng Ncaansjei ng Research I nstitutes
( NRI AM) , -lee wvedsne arrad hr eipnrsetsietnutt ec opnumteini icfvoart nes
resecaolclhabor ati on.

Founded in 1957, NRI AM devel opedt rtehres wor

pl anter. For now, it has obtained more tha
paten including cotton harvesteet(cNaenaniuntg h
Research I nstitute for-adgOveul tecaeht Mgehan

a pacemakteidgg chnol ogy adadmersensdedasrtcrhy , i n i ke

protection drone. Composed of departments



(CHY

ofNRI AM ctootpe e mp ainn es he iinncd usdiEhyg,ke YTO and

Zooml i on, domestic pr-iowadle @wdp d b €9 DI ip We
forelagyers | i K¥ANMMWARNBA jainndg Research I nstit
Mechani z@&t)i on, n. d.

Technol ogy transfer i s al ways t he firs

considering high mti skndfhiphRIlehMg a hrdescaesitgteeome
a eneme charge of royalti eish hl@sntge ardu nolh o u gl

China's patent protection syns$tdmenntse loldend ti ina

pr opwirdlyiags ihmewty e.noAitght he same ti me, due to
aut horities, it is difficult to define cor
burdeni af t i ardgesnke efst ®ramr scthi t ut es, give up pr o:

j uismvest more 1 n bublsiiqmearsk estt osahaemeyd ¢ 0 Mmogrett
profiltm cooperation with foreign enterprise
more on smmdi-duinzaegddi cul t urtad k immag ha deasytraigeh
exepr i encer dame seigadea n ut machinery. Réeent !l vy,
expandedi gargge farm machinerypeé&€nonahXasj cah
geographi(CcNamjnidng i Rensear ch I nanizat-bdhor nAc
As for consul ting s arswiadedny ecnltireannttss of fr oNMR I¢
manufacturi ndus\NRIlidaeMh.evri | | providei madmptert y t

prosmprecdt her sftormattelyegmreports
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Whas mondeé abooati ons in researchrgaiitthe n p
commdaki ng adstarndrag eaiorfcr aft research back
choseope®r atoe with the Sixtieth Institute of
and dimersa&farch institute] odeti gnsofr yplodnDej
drofdgricul tural Re s o uTrhcee sh aarnddw aMaer koeft , t h2e0
compl et eadorhbayetstehaer ch whisstoefttivhaer e and spray n

designed .by NRI AM

25 The Gener al Rol e of DPubl Agraadl| Pur aktkn

Al t hough the world popul ation was al most
production can stil/ me et the rapid growt
productivity growth. The tecthmel| mgyometathb
shaping ad¢€¢octulbnere 1979;l nScahdudlittzi,onl 9 6t4dh)e R
from publpird gamrce otrhe n food and agricultural
the agricultural tpPodsestei i.Thirmpeovemhén)

For pulbbéect or , f oboadsairsch f @1t iytSmatda kaal e s iar ms
the major componexnd dtuarae Hhahsdtortiackdd yl ong g
periods to achieve full benefits from the

public sector has provi deRI&D ufhodregamed hebkpur
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to solve the -theargm irdgoduelst midml o R&D. I n both

transitioning economi essysaf BhAR S )o niasd a gke yc ud

to produce a steady stream of innovation
productiv-nobychAsoantoy in agedgolERtumnmenteo
the U. S. continuous| yr ofgurnadnss ,a girniccluuldtiunrga | c rre

production and protection, K&omghieru®&&riTodoba,
For transitioning countries such as I ndia,

tbocal farmnhdgfsyshemsi mprove pr odPuecntgiaviit,y

2012)
Companies based in developed <countries
expenditure on private R&D but t heeret wmres s

to transfer technology to de(vRedglpiien ge tc oauln.t,
I n the U.S., the private sectorpub&8@csgwystem
such as on food, crop isnederidy, ng@ heTmo clad ,s, & amuc
I n I ndia, Mul tipnlaatgi oinnaplo rctoarnpto rractlieonisn agri c
and provide a | arge share of private R&D.
i mitatimurd tafnaRDIlo,nall agyomaploirRamMayomd&seFugl i e,
Thel atei olmesthwee n publ iaagracdl tpumnalateR&Mer
‘compl €mésnubss t"p & U t(eDsarvsi d , Hal I | & Toolae 200

arccompl ementary when public R&D edoddaocosat
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private R&Dsubevesuimewhenhapwbelnic R&D with
conducts rewseddcihawlkei by etnhd i prdifrwaptie es e&c tTamro
201Buglie andsToonlae i 201 4H) ne emmpmeer cab st L
mul ti | esveedt icomasls data, and find that seven
supports the comphled menms atovitugpgp“owbwbde™ng out
relation®hbBp .and Europe

Both structuregaadefeinnd mkiead gordilmaueh piunt atl h e
industries, suchanmache emcks)y. chemitchael spast
worl dwi de private R&D spending has been ri
(Pray & FugFrem 298%5)to 2000, the growth r
on food and agriculture R&D i pubdste@aosor t hne
OECD countisr ineosr;e ,whiat OECD c o uverxtpreinedsi ,t utrhee i pnr
has taken up 54% of total (Abesd oamnAt28&YIDe c s & i
ti me, the public expenditure on agricultur

crop yield déal shensi Beddoa@&Fa®Qd i Rp ROyl )DL

t hat bi otechnol ogy breakthrough, gl obal iz
intell ectual propertpyolprcateec tcihoann geersd arr eeg utl
inspiring private sectors to invest in agr

The R&D expendi tpunesageowt hvairn eshecross

indusit riles. sampl e of the U, S.undagri clwl8tOy r ame
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and chemical i nputs were once the-rtewoatneadj o
research was focused; however, by 2010s, ¢

domi nant component i OFpglvat é&.adeciregks2 @bal

agricultural technology fields, the privat
reseas®hi,n ani mals, and 84% iMKifrag me tmaalh.i ,n e

The global agricultur al i nput i nduAstries
few agricul tural i nput companies conduct m

of theinekelVantualcommrsapermnt yelsa vah rse dgmtiida nctasn t
and may r eductehleo-wy e § tamee(®f g Ini e, Hei sey, Ki
Schi mmel pf edgmenigpeRi0Olg@ )of maankle talzkg § h oWQleivrea ,,
attracted more participant, I n c reesatsneedn tc.o mpt
al so provides opportunitimar Kaemrds Chnivreesd e i fni

to win more ma(ReanysBaFagbl ebakRD¥¢5)
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SECTION 3 LITERATURE REVIEW

Si nicenovatiomlshumpet er pf Salin,argnedPit dias
technol ogi cal change and i nnovatthieo ni nmaproer tcarn
innovation to firms and economy has gott e
pol i cy malkherttroswcgimol ogi c ad ncdreevaetlionpgmeinitcsm mat i or
i ntroduce new products, ncrdase tpheoicressnar

PolicymaRé&bts fewnrbsbursea @mé @monomic growth ahd de¢

t hceo u nfthreyr ef or e, the mechani sm of R&D invest
anidnfl uence of innovation omi popaticitnmnvedygna
31 Déeéerminants of R&D I nvestment

There amwmé masdsemasung on R&Dud hMoss tiimotfe rtehset

the det enR&DnNn @axpeamdi&Du itenveenst dieer ef one, pr e\
studies il | undenhdetmeafnttiset pbosenesahrch.
The public funding is a common tool for

R&D activities Knmowlhhatgpeei ¢ At e as & e tgoosotdisc o f
The external ethebhemt oifndkenronvalleidzgeed by ¢ ompe
i nvest mbperti feotre séeécket yalt ond el oAr rtohwe (01pot6i 2n)

indicates that polnei ¢ heumdokencdmaifdobvwereer at
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t he pubi éecsaemp abafimsgoncr eRa&De | nv € Asmémto f f 20
Czarnitzki & Hussingerln2600mpamtHiuganhitdeertr hel
“‘crowdi’"agfeat of Ppambli tMatsdmsd éghly (v®attd.)tSh e
SBI'R program crowds oot opubsiadiez ®&Dcompansi
I n addihpubhi calsea@teosr out R&D ducwastly a
appreshabéeof REDrast agrai{n2tés® 9ggut mt-H@a®0Q0s fr ol
to -m0d0Os, the public share of R&D activiti
EU27, and 18. 5% fi nedamnaiitcées mpdnb aab e ® we e n
public and priagttnaBR&dt orFoir8.tthlee Wai®g, He
Huf f man, and pRFwgkewMeddde 3 )publ ic and priv
compl emamd a byt hepsestsieoarcolt ksearct i vi t y. I n add
public/ private t echnmolpoogyt omad rctpmepasmhtiepssi poof f
antdendt i rmulR&tD i n Atuhde el .s& h, Link, & Scott,
As fioftanst ri butes, the firm size, measur e
the most cloewneoln ffactnor according to the va
Vasiterapore fpect ¢$iofe fifrm sipzeiboarbryR&BIl | nv
devel oped countries, |ike U.S., ltaly, Fra
| cha, Hu n Caorhye n Levin, & Mowery, 1987; Gri f
200y mar & Saqi b, .1919M ; a disegetng, 0 @1,909f9 )f i rm si z

i mportant variablres ewirldndd syeragrveelch | 1 @ mamyno n
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t htatfee rm si ze tends to show posit hsegaairref | ue
size has neGaf€amei eBrboevert,s Qu@areadiogag 2014; KL
Saqi b, 19BIl4g s Se,g a2 (0 1a0)

Further molr ei, ntceampsi ty represents the rel a
cagl to other factors of producttmoh.cdapet amb
t o IlcaobsotwPir@us wor kscpiti@dn tceantsei ttyhactan be a pr
posi taifyelcy i ng RE&Bidhavédame &t .Agtkha wehhet g, 99 2)
requi remencadablfn taevnesri & gyetee chhidguhsami @$ so be a
farndi giemmawaRowenl | et al ., 2015)

S nce the Ceseandh Hel pmesentl®d®5) hat evi
knowl edge and technology can spill over ac
foreign threvedtfmartti,mf sdsm mied nge s tsib eom Bo&nDe hoaf
t hmajoonséennt he R&D hlei t$eroamtnuerres.hi p struct utl
essefmac taafri’'simnovati on inveXomentCheRhor aaxdan
(200@€&port thaphanmbheuwkissosahbgorf edirlgewner shi p i
positively related tad. B&aRrient esn dabtotyh ewheivlie
associ at iRb&D bienttweenesni ty and ownlkees hampd sOT ne|
(200Bnpdt hhad wareuwecsethth pws di sti nct patterns o
Japan and fishend¥.@Sga Whnd Wi lnldmarad e(dl $DXr)ei gn

and poubd dleciap i abl e e &ahb d thte aBirerazii d nlinf i @haint a
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SOE swa he only ownership type in the plann
ownership types emerged in the past two de
and the deregul ation of private and forei(

stucture has to be concerned given this hi-:c

32Thklfluence lomhoR&D i @m

R&D activity for firmandswally bsafefhesostv e wt
fiftimsnovatlTihenfirst pur pose niegwrdoons 9 ,nvieytc arerv
out research prti,meitmsnpVishthieoons ht ef metdieate r
acti vitthfei’'mmdl t i mahtiec hg omeple @docopo nomi ¢ per f or mar

i nnovation outputs are convenptatoedBalsinyg , me a

Cummi ns, Grilichesyreplatts wahd dafbeag(ieBaj
activities, R&D and patent, by estimating |
t he HRIS., GrilichesfuanhdeHauosménmrdi®dt8ihden sh ig

bet ween R&D and pattiemd ilngg prhe d enthd il o ntghi
However, fr dGmitlhe hsetsta g(glrO9gpgBa)e @t ngurnmobvenr h a

more sl oREIDfnvYvbeanment and dfikmiomnwil :hdigreg prretdwr

functwiaen obdsar vaeddPiatwvi o6 h a(@r9i8l5I)c hasoud i1 8B 8)

relevance of applying patent statistics as
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activities. Since there stilslhapfaer vanlcedws i nno
poduct s i s considered as an al tbeyr ntad k ivreg |
unpatented products into account

The sale®f new products oproducts produced hbyew processsasanindicator of
innovationare becoming more populan recent studiesi-or example, in the study of
overall Chinese industrylefferson, Huamao, Xiaojingnd Xiaoyun (2006xhose the
share of sales by new products or process as the indicator of innovation output, and find
that it isstrondy associated with R&D investment intensityd and Heshmati (2002)
alsoindicatethat knowledge capitaédimatedoy theratio of innovation sales to total sales,
increases with innovation investment, based on European CIS data.

The othenf pR&DO sies epndhainlce absor pbifve ca
introdetwe algn o R& Py ogaruen successful and no in
are achieveansfterhinoltolygey dlrt &frinsgeir v er onainic er
I n this situation, engaging R&D can still
of technology i ntr oductp eaaohisbtoyr bi oacnrde ausni dnegr sf

knowl (e@rgief f it h, Redding, & Van Reenen, 2003

33 How nnovbanpiaadlt sducti vity

I n theMwbné&noénd, Hahéy (0mBe¢d t hrough t he
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how i nneofvfgapgtcibodhuct i vity. Products inhbeati or
t wo most common types vefr,i nrheewataifdre cdu tpp wtd
di fferent paths. Nema rpkveoidlu cg tsi mewunlt cetméi hrje w nd
further | ead teec otnlo@ii icssca lea,s et henr ¢ fh@er e gi ve

s worth mentppnsintge tchaans ddqiteemce mahyaehapper
acomp!l e neefnfteacrty on the ol d products. The c¢o0mj
products may cause thmersbhatggmgt isadwvwemki dg ma
e Cc 0 ne| mi

Process imnhovatvehy affects the product.i
di r edtfslpy 0o duc trievdiutgh eby ost of al l kinds of i
and I|Adisort.hanendierfefaetic b st decrease. alTlhew cos |
compa&ms to reduce their product price and

striagseugch as reduciwmhgi cphr oifdeupctsds ep rd emmgnd f r

consumers aprdoemmgsdal ebe and finally resul

Many pr eviroeuwsopras iatdiswe i ati on between inno
t hfei’' smproductivity in economies with matur
For i nNlsacamc@it995)ze patent odoumtnsovads i bhe onp
esti mate I ts cloemv eli boaoit a@ah facttomr mproduct.
productivity elasticity of knowledge is ar

1959 tlon 1® 8t6r. ansi thieo nriemsde @dnacahmammys,k yt, Lopez,
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200®Ar ge mtainnugf act ur i ngi ¢ mirpgasscidtmtovaest ao f pr o
i nnovati bgwsoodhu cWhiavti tiys/simeoonetnt i omangt he dept
i nnovati onafnfbelcetl $ ¥t baesbstolrch eatt weoenn i nno'vati on
pr odudtaicwiuteys. Mai r esse, MohnesihowWr telmgg h iam da
techdustry, products new to firms havwves | ow
new to the industry, whilkeht hnduséebrgtion i
However, innovation does not al ways resu
stuodiansury andobhoWeS(2008r)enwdsdslatseirviaceast i
consistently associated with firm growth p
productivity. In addition,Grecdmpatrhiselgoviadur (
t hat al though systems of i nnovation and

i nnovatiom prud gudsmeshifgour countri es.

34 The& DMSt r uclh ao & laMoi doenl

From the early 1960s, numbers of studi e
i nnovation and conppiammyompknrdfdn nhpece (til@d @ )
t heib¢tabasis for t hepdebtuvbawiinogu ss tluadg esst.r uHcet 1
R&D expenditure and prothtahe VR&D eax pevrt chi taumnn

bareatsed nputs rmefhemionbpat s on.Palkhees raensde a
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Grlichesnt(tn®®84gded the number of patents, a
measuring the new knowledge capital from R¢

Based porne vii maiesa rocshte so, & crethiedi es f ooukusigeg on
of R&D investment, innovation andDpgwatuct i
Mai resse (CDM) noordied i, n aw h iypcylBdr eéévpeecdno, p e@ugu et ,
Mairessettc¢da®9®B8licts a systematic -$shageat.i
knowl edge producti on functions andniki mg t
perimance, and i mplying the plTohsei tarviegirnealatQ(
model is formalized isn deowirs ieognu aitn oinmv. e s(tl )i
(2) the intensity o6sf wh&éx hi nhvaess tnmaednet dfeocri sfii
production function to measure how much Kk
i nvest ment ; (4) the output profdiucina mar, [
productivity.

Thi fsr avmea k has been edmepv eolycepde df eochgrudnm dr dy,
Ger many, Netherl gand,deé¢veael ogfengCbonapaindédsCl
(Griffith et al., 2006; Jefferson .€heak. K6 2
studioeds f hedorigi naloc@dvomdad el t heen d o gcehnooi ucse
vari abdxmt mtduni que fi eat whiaelBdaed f ma jrsriurd iye so f
undermgoyietri v e sbaestswoeceinatR&MD i nvest paennd ,f iirnmmso v

perfor mamececoandteanhced and | eadi ng( Ganduas t& i
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Legros, 2003; Janz,andoodmer&i Rgt earnd, nz200 3/

econoMmMvwe,s Roberts, & Xu, 2011, Howel | |, 20

Benavent e, 2006)

3.5Au g me nGDeMl oVl e h e i ved @ u n ters

Compared to | eading industrialized wecon
adjusting CDM model based on t Dar idnegv el 0 p
comprehensive change in so,citahe mewliy iicrady:

a

untry presents different nature and opp
Vironment of advanced mar ket economi es .
vel opi ng & otkha drhiaggbeor ei gn i nvestment and
vironment and refecarom,omdoeiselrinal 2@htlc)spat.i
For foreign investtheprtl edhecte®ecbholFddy,wi
novat hoeoumtCthyee ng & .Pamgt h @tOres ¢ reahbt ni do n

i nt enttrioodnuacft i tomc hnol ogy wi | | arise by tr.
i Il ddcolragba&r StlrnobaddiBtDiDolnand |1 t spasnitteinvsd Ityy

sociated with .i oo, e @&thiésp resfcfeegcagpi hi it € leises ¢

absorbin@gFwbid2d®8)emerging econpumbdedegt osru pipso

alaon esdeménsaion. The psvhibisc dpelsi,ciaee®, | $ ke
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ree stages of innovation, fal @ @ rhRe’'B mi nv e s
eral l performanceGHawal ImarX@16@)hvironmen
From the region devepopsneingu e egresgigradragnviec,
dustrialization diffefninrtarddrpo d o tnideurs t o a wal

hpeashr ee decadmsonladmiv@eH iopane mgtr oai@npeo liiscia s

signed f(oddwot misaalar and i mpl ement pol i c)
couraging innovation or startup and att
peri mental character for futulk BODbcycde

d | ocal governments have createdmmdre th

8O0lsu & Tao)n2@6d8)tidevebopesgomucal count

ich specialized in specific process or p
uster s. The empilrased rewrialenicred wdt rcilaulsitze
sulting aggl omer ati on hel ped tpor omedt ec e

grading production qguaFllietiys,hearn, d Heun h avhccGeu i |

10)
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SECTION 4 MODEL

Themirical model in this r€séponheprabi n¢
hencedDMTthle ori gi nal CDM model is formsmali ze
decision in invest in R&D activit'sewhi ¢B8)
has made deci si on; (3) knowledge productio
outipsstgenerated from R&D investment ; (4) t

as | ntphfai 'stmabor prohlde c @D Minteywor k has been i
empirical research on i nnloevvaetli odna taan do vperro d4u
(LO6OT MairesseThe&saModamelni,e 2 0wdnks extende
many aspentluding econometric methotdsegeedat

cer saagrees nefcerbeaeryr.es(elayr cfthiersm deci ded whet

effort I n R&D; (2) knowledge output’'sis th
eecnomic performance will .be affected by kn
Il n cont haarsitgitna | CDMu gnoamedl ¢ elitthnies riessear c|

extemegapdiornyg sel ecti onanaxuatnmedmn iex tmen shiod
For proxy selection and equation extbgnsi on.
new pr(armcprrsotdhneegu olterstsgiennovati on stage fc
advantages to esti mantcee.f iTrhne aspepcloincda tiisv et ackoi

| abor pr oduc @afi ivsencyo ntoominte apseurrfeor mance mor e C
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econometric met hodiss cahopplciR&dD Tomivie s mmd et ir
innovation oAtdbopmednadgiti smodyedt Hies bushead y f e
of R&D deci sion andVhragw i, drteesnrded m pgufldiletcit i m n
panelhedaptsapttour e more dynamic informati on,
cressescti ontahoer dagfdiCwM i nmo d e |

| n addiatcicao@rdii fnfgi ttto, emoa f i onfad/0 nBa)k e s o me Kk
of effort in innovation, however not all of
out puts. Thusbe eaelslti ifriGDmdsd m® i@ bit d ¢ uddee sf 1| r ms

havea nazre sitrmeintnovati on.

41St age 1 nsyR&BNt

Thifesst age esti'smaR&B ithmweedtiment Wheé |l R&&Qnes
intensity i $ otohnel yihcréwdsadelcdttdeedi nvest i n R&D.
(1) models the decision processawhichticass
t nee gt ep, Equation (2) models how much effo

Therefore, Bbpu eetxiparse s(sle)d c an

' PRWG | Yonngi &y — Ty o
vo Do onE R (D
TQWG | YORRgio & — fy oo

I n EquattyQos (hg, dependent variabl e which

invest in any R&D a¥%¥Qisiaikateandi Odbtheowi
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thresfhot lrough which the firm™Yéenmhgiesl aw i n
vector of five proxi@sevearesmgmutoi n,g abshtethhset r
correspondi ncg npwarsame toedr .t hirtee v aemwmabld dsvopr e
variables indile®ateing public R&D

wp Is a vector of control variabseshéor
corresponding parameter st.hfeFemmgeonsiak, vaw
dummi es, sal (ewi tgly eavri daln@g}fe xed/ i ntangi bl e
| ndustry ceartehieh d wstrri ya badgnredo wst uhb nraattieo n a | regi
The i ndustrywigtrlywdmhed atgg , t hmena g iwonsadir yb ys al e s
increase to prgvvmopwdarbtatt satkekses hitfe cy
i nduBhte ysubnati onal region dummies are defi
Year dummies and province, dummees duemmakso:
to capture unobser ved gpaotlhiecri easl |a nudn osbosceiravle ¢
between ffyms. tWkeileeror term.

Due t o tthter ibbh mthe ye mthetibaebl e and t he panel

a random ef f et hperlLoopgaiotteomoedsdali mad eTh&E€quandom |

effect Loghhel pmmaudelt o deal -wnvhar isaomie uwont chbes
het er ogenanagye me nitk es km | | and regional speci
effect Logit mo d e | i's not nylalre amd exatri Aadt e

these effects wildl be capt ur eleamykedfmi excetd ied
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more appr opfeiix@adde tcthamodel
Rhest atwisheli ceported ftorcemgdr € qtulae imandom

and panelr eprdeedenti ng the fraction of vari e

indicates that the panel estimator tkBediff
Lognotdel , correct prediction ratemoeidlel &also
original dat a.

Equation '62R&Dt het Ensibhtey efxyparsetsis@em, can

| YO gL d — T QOO n (2)
i

YOf0 yon
QWO 1

Whe iY®OOi s t heafrisstniRo&Ropfendi t ure toY®Os tot.
is the | atent variable describing the pote

supportoiyegit@and firm/industray pkerefportmencearnr

ashe same explanation from|Eqaurdd i.on (1), a

Tobit modetthcehsoredl redgressi on model , is
(2), duendgattihwe hear tuirreu awingdt helee p € svshea i ¢arbol eo. f
The threshold of | eft Ilcnenasdodriitnigo ni,n rtahned omo d

selected to kdeéeprevincoust eqgtuatwi étin.ceThed poor
maxi mum | i kel ithhdeo @dmoedsetli muaittohr fiinxed é&fbfrect s

choosing random( driercé, RoD9Brmodet i c will
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42St aglenkavan

The second sta@p&Donneets mehe@nbivami on ou

(4) are the

(3) and Equation

Ther €fgaraé¢ i on

di fferentmnobypés ooaf out put

iapypde peident s, can be e:

Equat inoond e(F30)n, gsf inremv

as:
e RIS TR IS T o

Whenme o Qiio® bi nar ywhviacrhi aéod weal saptpd i Bdi meWw
ot hefOjd ses. a | atent variab

i nveptai en h&y e,andd
(2) with o

predi ctoefd R&D/ eet me rftr oinmm tEegrusait ti yo n
l ag al |l owtstoytgdead ¢ o mwmer th

The r

The eo tpieme od (year)

i nnovation achievement.

R&D i nput to
tihet sapeet ati on as pbenfaoatsWréd DRI ons .

have
antdo keepi stentEquathi &n age)tlreandsosmi madfedtb
mo d. e

Eqaut i oins (A psessed
Yonngl & O — T QO &% Om 4)
Q0L £ 0T

Wher® ¢gu s ai nawwmruts vari abl e calcul ated
product s/ prtdieie'stso ssaall eess, tpor e $se nitninnogv atthieo nf iirnr
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The other wvariables and parameters keep tI
Equation n(gd)gatakocnor(dli) and (2), at MTeab d 6 m e |

modebs sel ect ed -zhearsoe dc oonnt itnhue®arsgmt t ri but es o

43St age @Pr dFduent i vity

I n t hset dgegradductsi onkf @nemi onnovation outy
Two equations are included in this stage. I
of t wo kinds of i ntnhger eetvii el Fo sttt Aagmed | omo M 6
predicted prsahlalgi fiind gR &Dh eii g vaelsd a $eeghuhaetdi ¢ o .
Thus, Eqarndebodm)y ¢53 as:

YOp I D @oTGg ol OEEE O | YORNET I @ — T (5)
Yy O YG o ODwdoTGgoill OEeEO | YoRaNET H ©y — Ty (6)

Whe FYEOpi s t hse Ti€i&tm mat génkbyatheed met hod
(GMN. 0 @0 G d0dn®:t ¢¢§ bare the innovation outputs
( 3) and (4) pwewirfilbd@haigs i mbe predic&ld pro
i nvest menai tahereie fia@n cal cul atedhdeetnhE&quat.i
variables keep the usamegusxphAamandom afsf @ate
to estimateandERmG)t sadmt{S)Yics are udgédced to

random effect model and pooled OLS model
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SECTION 5 DATA AND KEY VARIAB LES

Thissecttiaon be sepapastte dwirtstt g pf easseonutr ctehse od a
empi ri calSeans.l8esiotnai,ndgasons of | ¢ htolsies dep
papenrst ¢ hdotdr iodiDivee Imod e |l wi | IS elcdbi.didad4l wesssheed i n
summar y scft ad @ pped n cceTnhti hvda,reikapbllaensa.t i on and var
public policy supPeartti.s3narbe otelptrpys/ e teesd viam i
selections and summary statisti c/andadf Tfaibd ras
8shawe summary statistics of the continuou
var i.abAtest Bec &ifaahWPefex pr essdef hni ti on and dat a

vari abl e.

51Dat a Resour ce

This thesisutilizes the Annual Reportof Industrial Firms (ASIF) datacompiledby
the StateStatisticalBureauof Chinafor the 20032007 period.The ASIF dataconsistsof
all stateowned,privately-owned and foreign-ownedfirms with annualsalesof at least
five million RMB. TheASIF firms producedmorethan90%of industrialoutputandmore
than95% of exportsin China(Brandt,Van Biesebroeck& Zhang,2012) The ASIF data

includethe majority information of productionand salesfor eachcompanysuchastotal
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salesrevenue R&D expendituresalesrevenuefrom new productandnew processeghe
numberof employeesyearsof establishmentjrm location,andsoon.

Il n additi onalt htecs i AsSlaH sdoa tuas, d stp @it dhaettra bdaast ea
fram®tate I ntellectualthRnopelt Repbdbftceoef (3l
Technol ogy( A@atdi stthhecsSt ati sti c on China A
(SCAM)Such data soubwpwpeeswinltl nlype tdhies cios s €d p C
Sec thi. @B etcothi..Bn

The national industry cLasdifroae, p20d4hart
i hhpeashr ee dheec aadgersi.cul t ur ayli nma d hoisnl gyra yr evirnnsdi USSH
of compahhestfhiwdasapi t inthe s hPYF b acsoedtehen 200 3
i ndustry clhasisgude crau menailcoanlgo twhietnh | BS§ or mat i
address and acroempuesregdo name U dltchéeapf i rm | D may
dueme ngaenralc quissi Un @ @i rtchu ms t atniceemf or masi on
utilized to identify a company. On average,
tgear mavta ¢ h isbod sed ty huemi qu e ,faintdimeetihDesr 4. 1 per
empl oyedditthiea mdlor mBBbwehl., 20160b)

Based on the ASIF datwerctlealt)feoR & Do winnvge skteny
me asur edi nowe sbtontehnats dweeslila i e@snpoefn d 0 tt 8r & ot al S
revenue; 2) ¢t onérneccneailv esdu pfproormt centr al and/

fi'sminnovation intensitydmeasanddbpbobypctobalr
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fism)ed) firm productivity measured by tot
based on detailed production information
i nformation such eamplfayere ss,i ziend unsutnrbye,r foifr m

establ Thamdafinition of e da b heenamiSieacddi @ ni s |

52Dependent Variabl es

Five dependame¢ ivinleadhalkbleost ages structural
The dependenthevdrirsdi esgtaggrewhet her a firm h
R&D or not and R&D intensity calculated by
sal es Irevtemal es & bf e nsdmi sntnaogvea, t ia onee apsudlt y}c owrheest h e r
a firm appl i tleaannsya |pedse ebnyp rcapdrdca ss®s t ot al s al
The dependent he & wgasbh [teH e vdetilfa ntproo d u c(t T VR )t y
t hate swaismathgeeln dryal i zed mé¢ GMMYJ . of moments

l contrast to thewbergi hhe &€O0OMumodet ed nu
used to represent innovation outputs, this
or products with new processes rand ntnloev ap at
Firm patents are widely used in previous CI
di sadvantages in using patents to measur e

own patents. Most firms glke amprewved i kkdmeo wlin
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just imitate successful products in the mart
property rights is weak. Therefore, firms
noal | il nnovation amoea/reades aarve nret eemtna bmeee t

the State Intellectual Property Of fparet (S |
of innovation that Kbenaknppbént{88bDbaA) t haac
ratio of new products is a more robust mea
amount of both internal and external knowl
and convert i nnovati ons alndrsn mp rtchdeu ce x pd raoncag
definitthdatfiroonmal Bureau of  Siteaw i srta@ mtdsc tosf
proeesmsrse expectsedgandi dapeiowveménol ogor, desi
pr oceisnci@ng.anlwotrime n ti intgm@ant o daugt ¢ avéhs £he Wwo
t fek rm i s not necessarily new to the mar ket
Patent applicatiwars dcaotld efoeere gad el infhigdram a b ¢
St altret el | ect ualSIPra&npme rnteyr gxfdfuittcbe IShat i st i cs ¢
Firms dqatSaamiygodietvieinoprdat hpyny Hhoiwel dolalnelagu
at Pekingl HomevlielrAsci2tbyl @ e hg t o tihree ,mal S hpenrgc e
patents in SIPO database can Thha smathemsdd tfom
on orelw y appkepademtihse invention patents a
model mpadg a&mndisnBe cnaouvseel alkgetsg meg,pr oxi mat el y 36

to get ama tiaapye rotvieann ewel yu seep ppéhmeeedac h year f o
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comp.any

The most commonf mepmsadememabist ypaodutbttivi
capital [ghedt oo meneagiubreewdr awbacks. Labor pr
t he i nt enefiftonedo,fe higsa btaifa 'stmotf al output to | a
ldo@adi nclude capiomapi it at easf 6yt ,| nort htee cshanm e
way, eoapidual utshd yrtanfei’'emotut put to phyFsPi cal ¢
takes multiple inputs, i ncluding capital, e
al meastuhes pparotduocft i vi bgextphat neanibgbll abapi t g
or materThils itnlpadtiseesauste sp nloFdRt @tnidv per f or man
Various estimation approaches arlen egnr eryald,
generalized method of moments h(eGMM)r refl fadri 0
error ter(mMroeMdrantoi e Bond, 1991 ;prAorveildianngo bé
esmmati on t areptpme mtimerteaa ¢  ap p rQdadcehy daenvde | Poapk
(1992kr eHiog et,heasei al ubast or pr &iiMcti vity est

The summar ydepgeandeahlti €esh eore ddabriom 2005 tc
2007, 13.39 percent companies decided to i
intensity Qnsl2y0g &r pemtmeani es have atvelreagset o
number of patents applied is 0.097 every y
sales to total sales is 3.8%90Phd agv drhaege

mac hiinedruyst ry from 2005 to 2007.
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Tabd4Seu mmar y st ateipetnidorsi taoldf | € s @f0rQopmo 10D db)

Continuous Variables Mean Std. Dev.
R&D investment intensity (%) 0.002 0.028
The $areof sales by new products/process (%) 0.038 0.158
Number of patents applied 0.097 0.980
Total factor productivity 9.909 1.736
Binary Variable Percentage
R&D investment decisiofil/0) 13.39%
Having at least one patent or not (1/0) 2.72%
Receiveproductionbased subsidy or not (1/0) 8.47%

SourceCalculated by Author from ASIF data

53 Policy Variabl es

Th€hi ngswer pmeomMitstt eong podticybtsoeptproatti ona
economy and accelerate indusntrtimd mpmufaadt
i ndutslticeeymandl pr ovi ncsnalt gonv g irngnedivii ceassttme n t
imnfrasti ket urae 4 wahyar bhoitg hadasgoest bdt h publ i c
pri weaetseeandh i nnoVaotnpeaoteldeati@act uri ngs it me@ust
agr i esud cdduaa g h abteeidn g fIf axspomdéyel, oped a | ong
TheChi nesoev er nememitoye@cpol i ci esagfrorcruddtlaltr eed
manuf adtnudruisga gdhpsasst i ci de, fertilizelToand a
capture the pdbdegrciyc wslutpwroa lt ,mhababhii sn etrhye siinsd uisn

the foll owi sagip ¢ lhwanei ggrlroeudpase subsi dies to f
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Ssubsidi etsurtal amgadtktiunery companies, and publ

531 Purchasing Subsidies for Farmers

The Chgiorveesresinan toe df fifnrearmebai di es to suppor
pur chasi ngmaacghriinceurl.fr wima I1DP9DPt heo RPOOBMhSsidn @S
were restrictandaé¢veanl p wiaapggmnanbnu tperdkoduci ng
provimcésding Heilongjiang, Ji |l in, Liaonin
Xinj@lain,g. 20708) pol ilcy aéasepige @ diulail ,1.32n® 0280Midn c e
“Law on Promotion of Awghicbltclbuealk!| Meolahi ni
and all owance fowapur €heasebs NP Cs (Bh samdlii ;@0 4£)o m
Thlaw signi fithat hpbmoolssadidnigdi es and expand
to every provincet isacfnosspldoevi hnags i ynega rssu.b sTihdiise
nati onal and. Dpartoavi o i plur ¢ raeeien gf r Dunb sAigdrii ecsu
Mechani zat,wbhclbtiasi soildpar tcronenpti | efd Bar m Me
( MOA) and Research Center of China Agricul
(20.16)

Purchasing psobsdenedr s, , apthlgedtciusi@rmuvriacle
organi gagniohiscantp uirrcdegrsteicwuedst ur Ehemagidn aifea g/ ¢
subsidy variables from the central and pr

pr ovi ncesTheea cphu rycehaara.e iianh bosniecyp r each year i s
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every company i il htthd oddmevi mrgo tiarbd e. shows t
purchase subsidy from centr al government d
CNY to 2.016 billion CNY. nTheal pdnaonhase gu
moder ate speed, rising from 985.37 millio
purchase subsidy iIis uneven among provinces
it pai d momajgartgiiremd poiorvg tdhe a,s Hemm&ah hudi | i n

For purchase subsi dy ¢ c¢ omo pdreovad |Inogpiead pfrionvai nn

able to provide more budget on purchase su

TabbRurchasiee(sst etns $ ariNdr ) for machi necentmailep sovfirroan at

gover ime@mOoaRBOO 7

2005 2006 2007

From From From From From From

central provincial central provincial central provincial

government| governmerg | government| governmerg | government| governmerg
Beijing 78 2,042 300 2,80¢ 826 5,328
Tianjin 50 2,473 235 2,00¢ 600 2,142
Hebei 1, 71¢ 1,736 4, 2 3. 2,832 9, 23! 4,391
Shanxi 626 2,493 1,801 2,267 5,201 2,382
Inner

1,67! 2,278 4, 14 1,75C¢C 9, 581 3,586

Mongolia
Liaoning 1, 351 1,000 2,501 3, 88¢ 8, 301 4, 736
Jilin 2,20 494 3,281 575 21, 1¢C 420
Heilongjang| 1, 50( 20,37 2,50( 15,20 8,30( 18,81
Shanghai 50 2,641 216 6,577 610 9,992
Jiangsu 1, 23: 11,19 3,42° 13,28 7, 701 17, 66
Zhejiang 350 12,65 1,301 8,374 4,201 7,975
Anhui 2,50 1,244 3,851 1,331 11, 1¢ 1,922
Fujian - 185 971 138 2,38 312
Jiangxi 1,501 906 3,081 1,22¢ 9, 40! 1,851
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Shandong 1, 39! 8,193 2,721 5,757 9, 43! 8,371
Henan 1, 431 4,007 2,501 5,99¢ 9,101 7,706
Hubei 2, 70 1,700 3,441 2,60C 9, 001 2,392
Hunan 2,101 882 4, 60 1,564 11, 7¢€ 1,240
Guangdong 315 6, 360 1,151 9, 06 ¢ 7, 461 6,934
Guangxi 598 1,044 1,79 2,32z 5,201 2,568
Hainan 300 320 500 539 1,55.: 396
Chongging 600 2,703 1,801 4, 18¢C 4, 30! 2,200
Sichuan 1, 96« 2,342 3,75! 2,96¢ 10, 3¢C 7,496
Guizhou 750 1,819 1,801 2,264 5,201 3,810
Yunnan 600 696 1,801 1,88C¢C 5,801 799
Tibet - - - - - -
Shaanxi 1,001 2,330 2,221 2,431 6, 801 2,376
Gansu 466 702 1,801 1, 43¢ 5,101 1,280
Qinghai 300 100 520 569 1,301 375
Ningxia 430 885 728 1, 347 1,57! 987
Xinjiang 1,391 2,747 2,71( 2,411 9,101 4,096
Total 31,18 98,53 65,6€ 109,5 201,6 134,5.

Source:Annual Report of Agricultural Technology Statistldsit: ten thousand CNY

532 Gover nfmemdu Subendi Agri cul t uFiarimsMachi ner

I n general, manufacturing firms in China
one pertaining to producti on (athodwetlhbe  02t0Ohlebr
Both production and R&D related subsidies
producti omn ma@@ier payr f Gong, & GoO6rg, 2008; GOt
2016T™hi s thesis only f-boosseed onulidiiediperso dtus
machi nery fdiartmas obne cparuosdeu rcagviad n asd s svéne tosu r
R&D sulasmnedllees f ol |l owing reasonbastsedpsaber di

rat heR&Bhlaamed subsi diFegsahesptbeisded.exami ne
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public subsidies on ntohfel 'senloy oimn rco \patrif @m m@auwun
R&D basbdadheiegshl v tR&Ded etdi winty and rel ati\
Therefore, the relati ocnsmhernpf of mRkd®e miad s d idfefe
Produbtaisen s ubisn driafesis’'®emapnos si bi liirk yn awatiimwe
actilby mpesaecpbmg'aencyonomi ¢ performance and r el
Secodmttla on gover nme-+hte \R&IDb sairceie dd se stsorl biki pmb |
avai Takmlbg.i ¢ R&Darseu besn Idya easuvt ehiel glrloevi nci al | €
|l i sted compani & ®,a dwahritrechw i dnoewn ttacbd ggpinadly s me
(Boeing, 2016 ; Guan & Yam,6)50Imfnar Pi sGaodj s6
produlcad eoch sprbessEtdeyd iTdAr dmbP2@0B.40 @0 cent o
compani espredwehrtdvissaudo ai dy, and dwuwesrealges uprso duy

all companies is 1659.46 thousand CNY.

533 Publ i c R&DancthsR&D uaxspendi ture

Durit hppapswo decadeaggrChg aimpadldysup R&D i nves
al | i nRIwksltird eR&D i netsistemtéiiensnpfapgpdament al
|l eading technological advancemedustir,ny inmdu
agriculioeRE) meacsh carjroedf out bywom di fferer

Chi na, i hol sdrpgoM™M AgMiinciuslttruyr eo f( MORAhnol og
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Mi ni stry of Eldhuicsa titihoehsugklIOE] r i abl es measuri
invest mapacianyt ceaameimppubl i ¢ R&D iprudtl ii tcu tRek
expenditure on agricultural mechanwaati on.
compi | etdhfeh n drelporft Agri cul t ur al pTuebcl hinsohl eodg yb

MOT and.Th&Ae mated publ i ¢ s R&BIbeyy ptehbed dw euirgeh t

national total R&D expenditur e Dbtacs emda toino ntahl
indust.ryreabtgsi ze the I imitation of wusing t
Agriall tTec hnol ,cagyb n3tya tsiMOtAi uedsea t ceidd brud t i ncl

uni ver si tigosv earriadmécneRgBrtaddmpani es. These t wc
R&D i nstiat st gshthaleeaof R&D i n agricultur al

Figupeobi des t hevahfacmral pdhulnidd ngnstitut e:

machinery from 2005 to 2015. I n the ten ye
increased at amazing speed, al most tshiex tin
empi ahabdyfsitshj st pbapannual funding rose 50%

I n addi tépnoviTdadhbd et he number of public RE&
machinery for each pr oviimcdsnfuraobne 2 0ddkcam ge 2 |
multtc i n thilkteenyearmetesevenly distributed o0\
provinces (ilni KNeE LGQhaiomnai a g®SE HEh il man g $ maoly) as S

Yunnan) hawmeacrhaomeragr nstitutes.
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Fi gbArnuwanldifng of public institutes of agricultural
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Guangxi
Hainan

Chongging

[EnY

1

[

Sichuan

Guizhou

(&)]

Yunnan 4
Tibet
Shaanxi
Gansu
Qinghai
Ningxia

w Rk, O N oo o P v FPF o r s

5
1
0
1
8
1
0
6
7
0
1
3

A P O N o 0o P o P b R, o,

Xinjiang

Total 167 161 158

Source:Annual Report of Agricultural Technology Statistics

54 Fir mlimcdhusRery or Mancabl es

Previous ¢$hamesdatia hsource offered insi
(Howel | , 2 0ilF6na ,c o2n0tlr@oel  dvraa b adbd €@ si nf or mat i on
t hfel 's mf esat luihfleiesange, si ze, ,aalded i greadwti mtraatge
intehsiagdition, to better distinguish the
dummi es are created according Wbat hes mampoe
devel opméunammizesnnear e tchdalkiarmede xipnrteoss t he i n
pol-orciyent e da g gnldounsétHa tad b h 2016 a, 20160Db

l ndustry comatrtwebiendwanioayl lhesr ate and subne:
dummiTdhse. i ndustry grdwhyr ardafeoei nidsu smherays usrael e s

tot al psraojveiesh ¢t ealt i ng the | ife cycle effect:
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region dummies are defined by the geograph
The summary statistics of key comtrienuous
presentedand t(Tladl eategori&Avegreaari aleldexasiset
empl ay7e8el . 12 t housand CNY, whil e aareayhge i n
49. 68 thousand per employee. 100% domestic
ownership structuretobtakbeg 82 Wahéampa,sc enir e
57.48% of companies concentrated in East

17. 35%.

TabdSeummary statistiicsmoandhiendost ry notddsd0ipdolvad) abl

Variable Mean Std. Dev.
Firm size measured lifie number of employees 244.884 1158.506
Firm age (year) 14.047 15.434
The anualgrowth rate of firm sales revenue (%) 0.492 3.414
Fixed assets per employee (Ten thousaNy) 78.112 190.436
Intangible assetger employed @&n thousandNY) 4,968 23.261
Productionbased subsidy to companig®n thousandNY) 165.95 3776.163

Source:Calculated by Author from ASIF data

Tab8Saummary statistfcsesmoadntthendastégpmct@EOilgsppd ovad) abl

Variable Percentage

Located in the developmentzone(1/0)
Nationatlevel development zon@hb) 2.01%
Locatlevel development zon@o) 8.38%
Ownership type
i 100% domestigorivateowned(1/0) 82.96%
i 100% SOE(1/0) 6.00%
i 100% foreignoverseawned 5.47%
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Jointventurewith privatecapitalbeingmajority share(1/0) 2.60%
Jointventurewith SEO capital beinghajority share(1/0) 1.67%
Jointventurewith foreign/oversea capithkeingmajority share(1/0) 1.30%
Economic regiors
North China(1/0) 6.31%
North-East Ching1/0) 7.51%
East Ching1/0) 57.48%
SouthChina(1/0) 5.63%
Central Ching1/0) 17.35%
SouthWest Ching(1/0) 2.94%
North-West Ching1/0) 2.78%
Source:Calculated by Author from ASIF data
I n this part, I presented the dat a
and independent variables with summa
dependent wvariables | thoersiegCibivih Iintd |
been discussed. I n addition, the rea
and publveael R&Dbb an $ad doilensistenlee echeaf, i i ti on

sources formareadh sw9edi aml dabl e
Tab9Vear i abl e Names and Definitions
) Data o
Variable name Descriptions
sources
Firm R&D investmentiecision ASIF 1if rminvests in R&D in year t, and O otherwise.
Firm R&D intensity (%) ASIF The ratio of R&D expenditure to total sales
Number of patents applied SIPO Number of nely appliedpatent
) SIPO 1 if the firm appliedfor invention patent in year t, and
Having at least oneewpatent or not ]
otherwise
The dare of sales by new ASIF ]
The atio of new productprocessales to total sales
products/process (%)
ASIF Companies total factor productivity calculatedtbg GMM

Total factor productivity

Receive productiofrased subsidy o ASIF

not

method

1 if thefirm receivedproductionbasedsubsides O not

resou

St a

ry
reaseear
sons w

a



Purchase subsidy from central SCAM
government (1@housandCNY)
Purchase subsidy from local SCAM
government (1@housandCNY)

) o ATS
Public R&Dinstitutes
) o ATS
Annual funding for R&D institutes
Firm size (empdyee number) ASIF
Firm size squared ASIF
Firm age (year) ASIF
Firm age squared ASIF

The anual growth rate of firm sales ASIF
revenue (%)

_ ~ ASIF
The anual growth rate of industrial

sales revenue (%)

Fixed assets per employee (housand ASIF
CNY)

Intangible assets per employee (1 ASIF
thousandCNY)

Development zone dummies

_ ASIF
Nationatlevel development zone
ASIF
Localtlevel development zone
Ownership Structure dummies ASIF

— 100% domestic private owned
— 100% SOE
— 100% foreign/oversea owned

Jointventure with private capita
beingthe majority share
Jointventure with SEO capita

beingthe majority share
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The purchasing subsidy from central government
province by year

The purchasing subsidy frothe provincialgovernment by
province by year

Number of public R&D institution for agricultura
mechanization by province

weighted yearly total public R&D expenditure by share
provincial industry sales to nationwide total sales
Number ofemployesin one company

Squared of firm size

The age of firm measured by year

Squared of firm's age

Take the difference firm saled tand t1, then divided by
firm sales at t year

Take the difference of total industry sales in each provi
at tand t1, then divided by provincial industry sales a

year
The mtio of thefirm's total fixed assets to employee numt

The ratio of the firm's total intangible assets to employt

number

1 if firm located in nationalevel developing(economic
zone, 0 not
1 if firm located in provinciatlevel or prefecturdevel

developing(economic) zone, 0 not

1 if domestic private investment take 100% share, O
(Contrast group)

1 if nationalinvestment tak&00% share, 0 not

1 if foreign or oversea (Hongkorg/Macao/Taiwan)
investment take 100% share, 0 not

1 if joint venture whictshare of domestic private capital ir
total investment is the majority, O not

1 if joint venture whichshare of the statecapital in total

investment is the majority, O not
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Jointventure with foreig/oversea 1 if joint venture whicrshare of foreign/overseas capital i
capital beinghe majority share total investment is the majority, O not
Economic region dummies ASIF

North China 1 if province code= 11 to 15, 0 other

North-East China 1 if province code= 21 to 23, 0 other

East China 1 if province code= 31 to 37, 0 other

South China 1 if province code= 41 to 43, 0 other

Central China 1 if province code= 44 to 46, 0 other

SouthWest China 1 if province code= 50 to 54,dther

North-West China 1 if province code= 61 to 65, 0 other
Year dummy ASIF 1 if theobservatioris in t year, 0 other
Province dummy ASIF 1 if the company located ihe province, 0 other

Note: ASIFrefers tothe Annual Report of Industrial Firms
SIPOrefersto the Statelntellectual Property Office
ATS refers tothe Annual Report of Agricultural Technology Statistics

SCAM refersto the Statistic on China Agricultural Mechanization
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SECTION 6 EMPIRICAL ANALYSIS

This sectionpresents and discusses the estimation redafigting the relationship
between R&D investment, innovaticemdproductivity at the firm levell first present the
descriptive statistics isection6.1. The estimation results for each stagetted CDM
structural innovation model are presented in Tdl8el5 and discussed iSection6.2

Section6.3 discussekey findings along with the study limitations

6.1 Descriptive Analysis

Descriptive anal ysi at apged toe alsss eatni ae @ eorna | bl e
positive RBRDghaihdodt it n@e®yvati on out puathe, and
indepeadptheest i s used to compare the means
| fhper al ue is | owedi thaas Ot DieB¢danthedief fi sr ean sa

t hmee ambwo groups.

As the | itefatiBr esrhroevwsi,ewoimpani es that me
and engaged in R&D activities are expecte
benefit from innovation, and in return, hi

TablG®®upponrntboerheot@ampar ed wi whiicraowngsatne & s
not hing in R&D, companiae shitghhaetr ipnrvoebsatbeid iitn

| easgatoeret application (8.8% ypat éN.tBW)4, va .|
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0.054), and a hodhetr salteo oM hlke tpot al sal
The new products/ process sales of R&D inve
t hani moes t2Ov s 6§ IMe anwhi | e, R&D engaged comp
| arger firmssi 2480gBEm5%ge (18. 95 vs. 13.

intangi ble assets (111028%68.0)4.02), and hi

Tabl®ompar icoop awifitehs an B&®i t hofas o mda 20005 (pool ed)

Mean t-test
Invest in R&D Notinvestin t-statistic p- value
R&D
Firm size 871.548 148.010 -12.376 0.000
Firm age 18.952 13.288 -7.161 0.000
Firm sales growth rate 0.649 0.468 -1.026 0.305
Fixed assets intensity 78.432 78.062 -0.038 0.970
Intangible assets intensity 11.120 4.017 -5.945 0.000
Achieve new inventiorpatents 0.088 0.018 -8.409 0.000
or not
Number of new applied 0.386 0.054 -6.589 0.000
invention patents
Sales with new products/proce:  46208.540 1679.868 -10.411 0.000
The ratio of New 0.118 0.026 -11.484 0.000
products/process sales to total
saleg(%)
Total factor productivity (TFP) 10.650 9.795 -9.673 0.000
Num. of Obs. 3234

Frotnhlei t eraviueecoddi,onR&D i nvestdmeabstimiaemé ens
amount of iIinnorvavaobhnhooubdpupuheshdekeer mi ne
Tablland Ta&bfl feeorneevi deoacsupport .Cbhbmp atgly ot he

compani e ewhnicdivati on aobioempame ets,ewhiew ap
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patenft®6hisgher 81) Avts .t9h €8 8scaomep atniimes, wi t h new
salag®. 27% higher in TFHRA nt haadnd i¢ttdieopna nic®s NnWwietr
pat éetbdvimare new pr o@Avcst,3185)a,l esh i(Wdllelr as a
of sales with new products (15.2% vs. 3.5%)
salheasahi gpeobability of appl yi ng aleavw gpeart en
average mamédtr € 6 f Weh.atBoifGsb)adtlalnddb ot h show th

compani es with tiummo bt if@arreaustdpzaeg & ra gfei.r m' s

Tabl¥omparison wift lcwiatphhonuite sn@wtfemda mrt 220005/ (pool ed)

Mean t-test
Achieved Not achieved
invention invention t-statistic p- value
patent patent

Firm size 1,382.668 213.058 -9.468 0.000
Firm age 17.761 13.943 -2.291 0.022
Firm sales growth rate 0.313 0.497 0.499 0.618
Fixed assets intensity 62.613 78.545 0.774 0.439
Intangible assets intensity 8.926 4.857 -1.619 0.106
Ratio of New products/process 0.152 0.035 -6.897 0.000
sales to total sales
New products/process sales 91,002.660 5,310.037 -9.547 0.000
Total factorproductivity (TFP) 10.809 9.884 -4.949 0.000
Num. of Obs. 3234

TablZompari son wift ltwoatrpdornuite snew pr o d waot tSBOQEN50 c(epso Isad e

Mean t-test
Have new Not have new o
t-statistic p.value
sales sales
Firm size 609.634 192.814 -6.812 0.000
Firm age 18.228 13.450 -5.850 0.000

Firm sales growth rate 0.466 0.496 0.168 0.867
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Fixed assets intensity 66.944 79.706 1.260 0.208
Intangible assets intensity 10.004 4.249 -4.667 0.000
Achieve new inventiorpatents 0.067 0.022 -5.253 0.000
or not

Number of new applied 0.366 0.060 -5.897 0.000
invention patents

Total factor productivitf TFP) 10.363 9.844 -5.646 0.000
Num. of Obs. 3234

6.2 Esti mati on Resul t s

This part utilizes the thregtage innovation model to furthestimate the potential
positive causal linkage of innovation inputs, outputs, and productivity. T&blecludes
t wo equations of Stage 1 (innovation funct
R&D activitiesor not estimated by a random effect (R
investment intensity, estimated by a random effect Tobit model. Tdskows theesuls
of estimatingtwo equations of Stage 2 (knowledge production functionyyhich two
independent variables wereusedh e f i r m’ s p aanRHIdgit modes &and mat e d
firm s intensity of new pr stichated byan®EBTbbitpr oc e s
model . Lastly, the firm’ s i§é&stmatedyracaddomat i vi t
effect model in Tabla5.

Generally, the firm and industry control variables follow the expectatowever
innovation output is not signdantly associated with TFP in productivity function, which

was notasexpectedFor firm and industry controlgositive coefficient ofirm size with



(74

a negativecoefficient of its squared terrexpresseaninver se “U” shape r e
widelyoninnovatb n i nput , out put and fastheproxgofgpr od u c 1
C 0 mp aapsrdtian experience, is consistently insignificant, except in new product and
process sale#n addition ownership dummies hawemplicated effestin each equation.

For strengths of public support, different approaches stifigrent consequences
The productiorbased subsidy has consistently positive effects for each equeltiereas
the influenceof demaneside policies, like purchase subsidy more ambiguous tham
supplyside subsidyWhat is more public R&D supportplays“c o mp |l ement ar y”
“substitut es” R @Apenditureand inevatiprr outpulie eumber of
institutes have a positive effect on R&D investment and innovation outputs, while
oppostely effectson TFP. The government funding for public institutesy has anegative

influence on innovation.

621 The Deter R&kDahnsest ment

Table 13 presents the result of twR&D equations, one fdr i r da@sionon R&D
investmentand another fothe intensityof R&D investment The results ofthe random
effect (RE) Logit model for innovation decision function (Equatiorrl)eepresenteads
both coefficientandaverage marginal effectfhe marginal effect of RH obit modelin
Equation 2 is avege marginal effectef the original dependent variable rather than latent

variable. Average marginal effects for continuous variables measure the instantaneous rate
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of change. For dummy variables, the marginal effects are calculated as the discrete change

when dummy change from O to Rredictedprobability of R&D investment is generated

from Equation 1 and predicted R&D investment intensiyuld be generated from

Equation 2These predicted values will be usadhe second and third stages.

Rho statistis for Equation 1 and 2 both report significant && evel, indicating

random effect model works better than pm®ledmodel. In additionthefixed effect logit

model is not able to include timevariant independent variablé#&/hat is morefor the

Tobit mode| the maximum likelihood estimator (MLE) witlixed effects is biased and

inconsisten{Greene, 2004)Thus,therandom effect estimator is the more appropriate in

this research.

Tabl3etermiRa&abDtisnwdst ment

Dependent Variable

Equation (1)
R&D Decision

Equation (2)
R&D Intensity

(Specification) (RE Logit Model) (Tobit Model)
Marginal Marginal
Coef Coet
Effect Effect
Production Subsidy Dummy 1.253 0.063 *** 0.025 *** 0.002 ***
(0.320) (0.016) (0.008) (0.001)
Purchase Subsidfentral gov) 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000)
Purchase Subsidy.ocal gov) 0.000 -0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000)
Num. of Ag. Machinery R&D
Institutes 0.546 0.027 = 0.004 0.000
(0.279) (0.014) (0.007) (0.001)
Public R&D Expenditure 0.000 0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000)
Firm size 0.004 = 0.000 *** 0.000 ** 0.000 ***



Firm size squared

Firm age

Firm age squared

Firm sales growt

Industry sales growth rate

Fixed assets intensity

Intangible assets intensity

Development zonéNationatlevel)

Development zoné_ocaklevel)

Ownership Dummies
o Pure SOE

0 Pure Foreign/Oversea owne
0 Jointventure (Domestic
private capital majaty share
d Jointventure
(State capitainajoiity share
d Jointventure(Foreign/
Oversea capitalmajoiity sharg

Region
0 North China

o North-East China

0 East China

(0.000)
-0.000
(0.000)
0.029
(0.036)
0.000
(0.001)
0.121
(0.066)
0.033
(0.247)
0.000
(0.001)
0.011
(0.004)
0.921
(0.817)
-0.721
(0.488)

-0.888
(0.560)
-0.474
(0.646)
-0.644
(0.712)
0.9
(0.857)
2.15
(0.934)

2.837
(2.473)
-1.365
(3.375)
-4.414
(3.376)

*kk

*kk

*%*

(0.000)
-0.000
(0.000)
0.001
(0.002)
-0.000
(0.000)
0.006
(0.003)
0.002
(0.012)
-0.000
(0.000)
0.001
(0.000)
0.046
(0.041)
-0.036
(0.024)

-0.039
(0.022)
-0.022
(0.029)
-0.030
(0.030)
0.052
(0.056)
0.146
(0.077)

0.268
(0.230)
-0.117
(0.302)
-0.291
(0.293)

*kk

*kk

(0.000)
-0.000
(0.000)
-0.001
(0.001)
0.000
(0.000)
-0.002
(0.000)
0.009
(0.007)
0.000
(0.000)
0.000
(0.000)
0.040
(0.018)
-0.015
(0.011)

-0.007
(0.012)
-0.023
(0.015)
-0.019
(0.017)
0.013
(0.019)
0.032
(0.020)

0.152
(0.055)
0.024
(0.083)
-0.024
(0.083)

*%

*%

(0.000)
-0.000
(0.000)
-0.000
(0.000)
0.000
(0.000)
-0.000
(0.000)
0.001
(0.001)
0.000
(0.000)
0.000
(0.000)
0.004
(0.002)
-0.001
(0.001)

-0.001
(0.001)
-0.002
(0.001)
-0.002
(0.001)
0.002
(0.002)
0.004
(0.003)

0.053
(0.035)
0.003
(0.010)
-0.002
(0.009)

(76)

*kk

*kk
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0 Central China -3.705 -0.262 -0.005 -0.001
(3.699) (0.306) (0.092) (0.010)
0 SouthWest China -3.512 -0.253 0.016 0.002
(4.446) (0.340) (0.1112) (0.013)
0 NorthrWest China 0.453 0.042 0.041 0.006
(2.529) (0.235) (0.058) (0.008)
Time Dummies Yes Yes
Province Dummies Yes Yes
Num. obs. 3215 3234
Rho 0.730 0.499
Correct Predicted Rate 88.16%

Notes: *** p < 0.01, ** p < 0.05, * p < 0.10. The binary dependent variable of Equation (1) equals 1 if t
companyis engagdin R&D, and 0 otherwise. Margin (1) reports the average marginal effedtsefor
probabilityof applying new inventiopatents from Equation (1). Margin (2) reports the average margina
effects for impact on actual dependent varialiRé®is the percentge of total variance contributed by the
panellevel variance component (Rho > 0 indicates that the panel estimator is different from the poole:
estimator).

As expected, theproductionbased subsidiesncreaseboth the probability and
intensity of R&D investment atl% significancdevel. From marginal effect, companies
which received production subsidies are 6.3% more likely to participate in R&D than those
did not.However, R&D investment intensity stibsidized companies is only 0.2% higher
than nonsubsdized companies. It indicates that the production subsidy is economically
insignificant in terms of encouraging®® intensity.This result partially conforms to the
empirical result of the positive impact of productio@ised subsidy on a wide range of
industries in China(Howell, 2016b) In contrast, thepurchase subsidy for farmers, a
demandside policy, has no significant effect on probability and intensity of research,
despite the fact that purchase subsidies did helpntmuragethe demand of agro

machinery and expanding domestic market.
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As for public R&D, themargiral effect shows the posite correlatiorbetween public
institutes number and the probability of R&D investment for finvisle no effect reported
on R&D intensity. Infact, companies ar@.7% more likely to invest in R&D, ithe
provincehas one more public R&D institutes. Gividre frequent publiprivate research
collaboration irtheagramachinery industry, which is discussed in Part 3.1, this finding is
not surprising.

In terms of firm characteristics from literature review, firm size is one of the most
common and critical fdors affecting the propensity of firms to conducted research. As
expected, firm size and thequaredterm are highly correlatedvith both research
propensity decision and research intensity. The positive effects of firmepmsenthe
probability of béng involvedin researchandthe intensity of D investment increases
with firm size. However, theegativeeffect of squared firm size indicates innovation
probability and intensitareadiminishingreturn Thus, the relationshipetween firm size
and innovation probabilityfollows an InvertedU-shaped curve, as well as innovation
intensity. It is similar to the precedent result of finkevel innovation studies in the
pharmaceuticahdustry of ChingDanbo Guo, 2008)

Besides the firm size, other firmontrok, such asintangible asset intensity (per
employee) also have @ositive and significant effect on innovation inpitievertheless
fixed assets intensity (per employee) shows no sign of significant influences on innovation

functions. An intangible asset is an asset which has physical substance, such as
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copyrights, trademarks, franchisemdpatents.Fi r m s i nt angi bl e ass:¢
representhe intellectualproperty achieved, the experience of R&D activitiasd the

strategic importance of innovativeness from thet hdirm operation Therefore, the

positive effects of intangible assets intensigicate that the more one company has
achieved from past R&D activities and more heavily its strategy emphasizes innovation,

the more likelyandintensively it will invest in R&D for thgresent

An interestingresult is that thé 1 r galessgrowth rate has a positive influeoce
investmentdecision, while, inversely on investment intenséy1% level significant It
shows that past sales gritwwill increaseéhec o mp aposgibilgytoinvestin R&D while
decreamg theinvestment intensityfFromthe scaleof its impact, every 1% increasetbe
f 1 r growth rate will only result i9.006% increase of R&D investment probability and
a neglectabladecrease in R&D intensity. As for industry totales growth, there is no
clearevidence to show th#tteexternalmarket environment, such as industry growth rates,
will directly lead to different innovation behavior.

The contrast group ofwmership dummy ipuredomestic privatowned companies.
Among the ownership dummies) R&D decisionmaking function, the investment
probability of joint ventures with foreign/oversaad 4.6% higher thatihe contrast group
andthe probability of pure SE is 3.9% lowerFor R&D investment intensity, theverage

intensity of pureforeign/oversea owned is slightly lower thidwe contrast group. These

firm s own e arsedeiived franutime share ef investment sources. For instance,
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for joint ventureswith foreign/overseasthe share of foreign or ne@hina mainland
(Hongkong, Macao or Taiwan) capital is tieminant largerthan any resources share.
Therefore, it can also be considered gsr@xy for FDI strength.lt comforts with the

previous studiesvhich indicatedthe same pattern th&treignfundedfirms have more

i nnovation competiti ve ofdebBl¢Chduigr&®ing 2004 Fs,pi | | o
2008; Howell, 2016a; Wenging, 2003)

Development zone dummies and general geogecaglninmies are used to represent
regional effects. In this research, the contrast group of development zone dusrtitees
companies which are not located in any kind of development zones, and the contrast group
of geographic dummies is South China. Fromatmpn 2, the average R&D investment
intensity is comparatively higher for companies locatetthe countrylevel development

zone In addition, the R&D intensity of North China is much higher than in other regions.

6.22 The | nflR&dmrc el mdovati on

When we talk about innovation, new products development is not the only variety of
innovation activities in fact, innovation involves a much wider variety of activities,
including better quality control methods, as well a®ew product design and process
optimization. To estimate the innovation outpuhereare two variablesintroduced to
measure innovation. They are whether a company developed its own invention patents or

not andthe shareof new product sales to total sales. The results of RE Logit niodel
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Equation (3 ar eepresentedas both coefficientand average marginal effects. The
marginal effect of RE Tobit model in Equation (4) is average marginal effects on the
original dependent variable rather than latent variaBtedicted probability opatent
possessions generated from Equation (3) and predicteelv products sales rais

generated from Equation (4). These predicted values will beimigleglthird stages.

Tabl4Ef fects of R&D, aRddnfd yirmSduwpsptorrt 6convovat soon Firm

Equation (3) Equation (4)
Dependent Variable Have Patents New Products Sales Rate
(Specification) (RE Logit Model) (Tobit Model)
Marginal Marginal
Coef Coef
Effect Effect
Predicted RD intensity 35.135 *** 0.194 ** 1.548 ** 0.187 **
(13.130) (0.082) (0.685) (0.083)
Production Subsidy Dummy 2.224 * 0.012 * 0.224 *** 0.027 ***
(1.256) (0.007) (0.050) (0.006)
Purchase SubsidyCentral goy 0.000 -0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000)
Purchase SubsidylLocal goy 0.000 0.000 0.000 ** 0.000 **
(0.000) (0.000) (0.000) (0.000)
Numof Ag. Machinery R&D
Institutes 0.248 0.001 0.195 *** 0.024 ***
(0.229) (0.001) (0.044) (0.005)
Public RRD Expenditure -0.001 -0.000 -0.000 ** -0.000 **
(0.001) (0.000) (0.000) (0.000)
Firm size 0.003 *** 0.000 ** 0.000 *** 0.000 ***
(0.001) (0.000) (0.000) (0.000)
Firm size squared -0.000 ** -0.000 ** -0.000 *** -0.000 ***
(0.000) (0.000) (0.000) (0.000)
Firm age -0.049 -0.000 -0.014 ** -0.002 **
(0.149) (0.001) (0.006) (0.001)
Firm age squared 0.000 0.000 0.000 ** 0.000 **
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(0.003) (0.000) (0.000) (0.000)
Firm sales growth rate -0.026 -0.000 -0.013 -0.002
(0.109) (0.001) (0.010) (0.001)
Industry sales growth rate 0.640 0.004 -0.078 * -0.009 *
(1.009) (0.006) (0.045) (0.005)
Fixed assets intensity -0.009 -0.000 0.000 -0.000
(0.008) (0.000) (0.000) (0.000)
Intangibleassets intensity 0.018 0.000 0.001 0.000
(0.016) (0.000) (0.001) (0.000)
Development zonéNationatlevel) 1.593 0.009 0.067 0.008
(2.332) (0.013) (0.132) (0.016)
Development zon@.ocatlevel) 0.000 0.000 -0.171 ** -0.021 **
) () (0.083) (0.010)
Ownership Dummies
0 Pure SOE 2.012 0.011 0.065 0.008
(2.205) (0.013) (0.080) (0.011)
0 Pure Foreign/Oversea owng  0.559 0.003 -0.028 -0.003
(2.065) (0.011) (0.101) (0.011)
0 Jointventure (Domestic -2.841 -0.011 0.092 0.012
private capital majaty share (3.027) (0.009) (0.097) (0.014)
0 Jointventure 11.669 =**=* 0.152 *** 0.260 * 0.041
(State capital majoritghare (2.200) (0.045) (0.149) (0.031)
0 Jointventure(Foreign/ 7.014 ** 0.058 0.258 * 0.041
oversea capital majily sharg (2.769) (0.043) (0.148) (0.031)
Region
0 North China -3.349 -0.018 2.208 0.869
(2.932) (0.015) (90.793) (10.439)
0 North-EastChina -6.452 -0.028 ** 0.091 0.007
(3.995) (0.014) (90.793) (6.179)
0 East China -1.021 -0.006 0.807 0.122
(1.976) (0.012) (90.793) (8.366)
0 Central China -0.841 -0.005 0.045 0.003
(2.128) (0.013) (90.794) (6.088)
0 SouthWest China -4.277 -0.022 -0.762 -0.023
(4.045) (0.017) (90.795) (5.442)
0 North-West China 0.000 0.000 1.487 0.384
() () (90.793) (10.034)
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Time Dummies Yes Yes -
Province Dummies No Yes

Num. obs. 2360 2360

Rho 0.969 *** 0.728 =

Correct Predicted Rate 71.21%

Notes: *** p < 0.01, ** p <0.05, *p < 0.10. The binagependent variable of Equation (3) equals 1 if the firm applied new inverdient
this year, and 0 otherwise. Margin (3) reports the average marginal effectsgootibbility of applying new inventioqpatents from Equation
(3). Margin (4) reports thaverage marginal effects for impact on actual dependent variihless the percentage of total variance

contributed by thepanellevel variance component (Rho > 0 indicates that the panel estimator is different from the pooled estimator).

In this stag, the predictedvalues of R&D investment intensity from Equation (2)e
injected into both Equation (3) and (4) wittbaeyearl a g . | t -to-bakielsd " tfi amre
firms into consideration.The effects of innovation inpu{R&D intensity) are both
statisti@lly and economically significant on both kinds of innovation output in Equation
(3) and (4) The marginal effect of Equation (3) reports that the probability of applying new
patents will increase 0.194% as 1% increase of innovation inpunslarly, every 1%
increase in R&D investment intensity will result in 0.187% increase in the shaaeof
with new productsThis resultwill be further discussed iSection6.3.1

In terms of policy encouragement, productlmsed subsidy plays posiive role in
converting innovation investment into knowledge outcohine marginakffect shows the
probability of applying new patents for tlseibsidizedfirm is 1.2% higher than firms
without subsidy. Similarly, for ahareof sales with new productthe subsidizedirm is
2.7% higher than norsubsidized firm. In additiorpurchase subsidies from tpeovincial
government are beneficial for knowledge productbnew products sales, but no effects

on patents However, it seems not economically significdor the effect of purchase
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subsidy on innovation output.

Besides, public R&D activities display a complicated rdre.Equation (4), the
numberof research institutess strongly associated with new products sales through
“spill over ” e f.flnefiont locaiedd previnde,l eachubli®k R&D institute
increase leads to 2.4% growth in share of sales with new productaniparison,
provincial public expenditure in R&D is faitl to affect private knowledge production
positively. From past study, theubstituion effect between public and private R&D
investment may be an explanation for this refDhvid et al., 2000)In arother word
strong public R&D expenditure may crowd out private investment and discourage the
efficiency of knowledge production.

Keepng consistency witlthe preceding stagdirm size shows @ositive effecton
innovation outputswhile its squared term is negatiire Equation (3) and (4). Thus, it
expresses an inverséd shaped relationship with patents possession and new products
sales rateBy contrast, firm age hasnegativeeffect only onnew products saleas well
asits squared term, presentiag)-shapedelationship with innovation output. It indicates
thatwith the company experience increasitigg companymay meet choke point in its
R&D development especially for new products and process sales rate

As for the ownership influence aspgatobability of applying new patents for joints

venture with statecapitalis 15.2% higher than the contrast group, whighthe pure

domestic private owned compaiisresult follows the pattern from some research about
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the specialrelationshipbetweenownership and innovation in Chintt will be further
discussed irSection6.3. Additionally, joint ventures with foreigor HMT capital and
joints venture with stateapital also express significant coefficient in botypes of
innovation outpwt Howeverthe marginal effects are insignificant.

In terms of regional effects, the probability of applying new patents of caagpen
North-East China is 2.8% lower than South China. The negative coefficient of local zone
dummy shows that companies in girevincialor prefecturdeveldevelopment zorshave

weaker abilities to convert R&D inputs to knowledge output.

6.23 Esti mat ahef &f f ect of Il nnovation on Firm

In terms of the third and final stage, Tald®& shows the result othef i r m’ s
productivity functions, estimated by random effect regressions. TFP is used to measure the
part of production growthhat cannot be explained by labor, capital, or other inputs.
Equation (5) and Equation (6) both includes the predicted probability of patent possession
and the predicted value of new products/process sales rate from Stage 2. In addition,

Equation (6) also inaldes the predicted probability of R&D investment from Stage 1.

Tabl®Ef fse®R&D nnovatainanPBiebsicn cFi rm Productivity

Equation (5) Equation (6)
Dependent Variable TFP1 TFP2
(Specification) RE Regression) RE Regression)
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Coef. Coet
Predicted RD intensity 9.331 ***
(2.025)
Predicted Patent ownership -0.009 -0.539
(1.477) (1.474)
Predicted New Products Sales Rate 0.095 -0.157
(0.090) (0.105)
Production Subsidy Dummy 0.193 ** 0.193 **
(0.095) (0.094)
Purchase SubsidyCentral goy 0.000 ** 0.000 **
(0.000) (0.000)
Purchase Subsid{L.ocal gov 0.000 0.000
(0.000) (0.000)
Num of RD Institutes -0.089 -0.142 **
(0.072) (0.073)
Public RD Expenditure 0.000 0.000
(0.000) (0.000)
Firm size 0.001 **=* 0.000 ***
(0.000) (0.000)
Firm size squared -0.000 *** -0.000 **
(0.000) (0.000)
Firm age 0.011 0.017
(0.013) (0.013)
Firm age squared 0.000 0.000
(0.000) (0.000)
Firm saleggrowth rate 0.010 0.010 *
(0.006) (0.006)
Industry sales growth rate 0.050 0.085
(0.062) (0.062)
Fixed assets intensity 0.004 *** 0.004 ***
(0.000) (0.000)
Intangible assets intensity -0.001 -0.001
(0.001) (0.001)
Developmentone ( National level) 0.253 0.089
(0.265) (0.266)
Development zondLocal-level) 0.178 0.260
(0.161) (0.161)

Ownership Dummies
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0 Pure SOE -0.733 *** -0.698 ***
(0.160) (0.160)
0 Pure Foreign/Oversea owned 0.424 ** 0.532 ***
(0.194) (0.194)
4 Jointventure 0.273 0.320
(Domestic private capital majity sharé (0.197) (0.196)
d Jointventure 0.172 0.129
(Stage capital majay sharg (0.303) (0.302)
d Jointventure 0.544 0.302
(Foreign/oversea capital maiyrsharg (0.365) (0.367)
Region
0 North China 1.453 * 0.661
(0.880) (0.894)
0 North-East China 1.371 1.954 *
(1.017) (1.019)
0 East China 2.887 *** 3.775 ***
(0.962) (0.977)
0 Central China 2.700 ** 3.332
(1.088) (1.091)
0 SouthWest China 3.239 ** 3.666 ***
(1.316) (1.312)
0 North-West China 1.344 1.468 *
(0.887) (0.884)
Time Dummies Yes Yes
Province Dummies Yes Yes
Num. obs. 1933 1933
Rho 0.739 0.741 **=

Notes: *** p < 0.01, ** p< 0.05, * p < 0.10. Rho is the percentage of total variance contributed by thégvahehriance

component (Rho > 0 indicates that the panel estimator is different from the pooled estimator).

The result denies the systemic association betweaanovation outputs and
productivity, which does naxactlyfollow the expectation from thigeraturereview. It

shows that neither dhe two innovation outputs (probability of apply patents, and new
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products sales ratdjom Equation 5 and 6 showsssignificant relationship with TFP.
However, Equation 6 shows that the predicted value of R&D intensity is significantly
associated with TFP. Previous studies have provided some insightpossible
explanationsincluding longer timeto-build, neglectingof organizational and marketing
innovations, and the complementary effects between different innovakivese possible
explanations will be discussed$®ction6.3.

The difference of Equation (5) and (6) are expressed in the effgrtvate R&D
invesiment decision and public R&D institutes. Equation (5) does not inpitideteR&D
investment decision, and there is no sign of sigmificantrelationship between public
R&D institutes number and TFP. In comparispnivate R&D decision is includedn
Equation (6).In this situationprivateR&D decision shows thsignificantpositive effect
on TFP at 1% significance levétvery 1% percent increase time probability of private
R&D investmentwill result in TFP growth by 0.093However, thepublic institutes
number is oppositely associated with THERach public institutefor agremachinery
research will lead to 0.148ecreases n firm' s TFP. Thihe r esul
substituion effect between public and private R&D may exist in #gromachinery
industry. t also indicateshere may beother potential channels to converting R&D
investment to TFAMorethan patents and new produdtswvill also befurther discussed in
Section6.3.

In terms of policy interventigrthe positive contribution of prodt-based subsidy to
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thef i rm’”s producti vi ty equationdntboth Hquatioo (B)iamd$ea b | e i
TFP of subsidized companies is 0.193 higher than-swmsidized companies. This
evidence follows the expectation from thteraturereview. As for demaneside policy,
purchase subsidy from central government éxasouragedurther growth ofthef i r m’ s
productivity.

For firm and industry control, the firm size keeps displaying an fegiés curve in
productivity function. In additionfirm saks growth and fix assets intensityefound to
be highly significant variables, offerirgpositiveinfluence on TFP. This result indicates
that firms whichhavea stronger ability to deploy its fixed assets will have higiesrage
TFP than low capitaintensive companies. The positive relationship between firm sales
growth rate and TFRepresented that the success of past growtlalslencourage present
productivity.

In terms of differences in various ownerships, pure foreign ownesmipure SOE
showed to be significant. The average TFP of pure foreigivensea®wned companies
markedly exceedspure domestic private owned, 0.42 higher in Equation (5) and 0.53
higher in Equation (6)As mentioned in thereviousstage, the advanced textogy will
be introduced to industry along with inward FDI. By contrés¢,average TFP of pure
SOEs is significantly lower than pure domestic private companies by around 0.7

For regional effects, théevelopment zondummies express no significanfexft on

TFP. However, there are significant difference between different geographic regions
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Average TFP of companies in East, Central, and Sd(gkt Chinais much higher than
the contrast group iboth Equation 5and 6. Other threeregions also show sigficant

positive effectsHowever the effects in these regionst consistent itwo equatiors.

63 Di scussion and Limitati on

I n thiwd Idaritn,t elr pseev e raglkdr tdarstc r fi ibmgprai gs f r
anal ySest6i.o2n Thi sompmedt s empiri cal resul ts,
|l iterature. |t wi || al so i ncileasthel possi DI

i mprovements for future research.

6.3.1 ThEf f eocft R&D nmnw at iPpodaotdi vity

Figesmmary of R&P ehVest ment

é ) R&D Intensity on Productivity (+):
Marginal effect of R&D Intensity + Improve the absorbing capability of
on Innovation (+): technology transfer

. . Innovation on Productivity (no effect):
On probability of applying new « Longer time to take effect

patents is 0.194 i .
» Exclude other aspects of innovation
On new products/process sales (organizational and marketing)
is 0.187 - Complementary relation between product

innovation and process innovation

R&D Innovation TFP
Investment Output

In Section6.2, the empirical resdprovide evidence to support the assumption that
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R&D investmentby firms is strongly associated with innovation outputhe marginal
effectof privateR&D intensity on new products sales rate is 0.I8Ye previous studies
in China also provide the effect of R&D omovation Theelasticity of R&D toinnovation
in overall Chinese industrys 0.202 while the elasticity a Chinese pharmaceutical
industry is higher(0.325 (Danbo Guo, 2008; Jefferson et al., 2068bm the recent paper
from Howell (2016b)about Chinese manufacturing industry, he points out that the impact
of R&D intensity on innovation investment is higHer high-tech (0750) and lowtech
(0.694) indusies and lower fomediumlow (0.293) and mediurhigh (0.277)ndustries
Comparing theeffect of R&D on innovationamong countries previous studies
confirm the differences of effect strengtiimongdifferent countries and different industries.
From thereseach on four European countries, the impact of R&D intensity is lower on
process innovation in tHgK, andit is higher on produdhnovationin France(Griffith et
al., 2006) Compaing two studes in Spain withthe same datasethe Technological
Innovation Panel (PITEGdundthe effect of R&D intensitpn energy industrinnovation
is higher than food industry innovatiolm. addition, R&D intensity shows various levels
of influene on different forms of innovation. For instand@pstaCampi et al. (2014)
reportthat theelagicity of R&D with respect to process innovation is highly elastic (1.497),
while the elasticity on producisnovdionis less elastic (0.395).
As forthe effect of R&D orthef i r m’ s p r eethgrical resultin this paper h

showsa strongassociatiorbetween R&D intensitand TFP inthe agriaultural machinery
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industry, conformig to alargeliterature For examplelichtenberg (1992jound thatthe
increase irproductivitydueto af i r R&D snvestment isaroundsix timesgreaterthan
the return to investment in equipment and structiésatis more, R&D will effect TFP
through two channels encouragingndigenousnnovationandincreagng the absorptive
capacity oftechnology transfefGriffith, Redding, & Reenen, 2004yhesetwo channed

will be further explained ilsection6.3.2.

6.3.2 ThEf f e Rt& Dofand | onRvwatuicamn vity

From estimatd results, neither of the innovation variables show a significant
relationship with TFP irequations(5) and (6). However, Equation 6 shows that the
predicted value of R&D intensity is significantly assodiatgth TFP.Thefollowing are
the possible explanations from previous studies.

First, previous studigsointout thatR&D has twowayst o ef f ect f i r m’” s ¢
One is theconventionalrole of developinginnovation, another is promoting absorptive
capacity (technology transferiffith et al., 2004)More R&Dwill developthef i r m’ s
ability to understand and absorb new knowleag@ch speed technology introductioat
the firm (Griffith et al., 2003)Other thanendogenousinnovation technologytransfer is
another way to improve productivityThe positive effect of R&D intensity and
insignificance of innovation result on TFP indicates that technology introduction may have

great irfluence for agremachinery industry and it should also be taken into consideration
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in future research.

Second, it may taka longertime to showthe significantproductivity impactafter
investing R&Dresources into a comparfyomeinnovations requirsubstantiatime lags
to beincorporate them into the production process and increase produddagyresearch
indicates that translating new technolagty economic significance will happen long after
R&D resources animhnovation(Sun, 2010)iInHu er go and J aresearandfr e u
panel of Spanish firms, process innovation aaoura malium ratethreeyearlong TFP
increase.

Third, innovation is not limited within product or process progré€sganizational
innovation or marketing innovation will also result in TFP growRlolder, Leeuwen,
Mohnen, and Raymond (2008)gues that organizational innovation has teongest
effects onproductivty and when combined with organizational innovation, prodaat]
process innovatigrshows goositiveeffect onproductvity. Organizational change also
found in productivity growthat the firm-level in a study of UK industries(Crespi,
Criscuolo, & Haskel, 2007However, organizational innovation and marketing innovation
are not included in this research due to the data limitation. Thus, it is possible to lead an
omittedvariable bias, then drive product innovation insignificance on TFP.

Fourth, Mohnen and Hall (2013 a weo | | thedvidedceof complementarity
between different forms of innovation in various countries. In aforementioned péyaer,

both of innovation appear togethéhe coefficient of product innovation and process

NS
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innovation turn outnhonsignificant (Griffith et al.,, 2006; J Mairesse & Robin, 2009;
Musolesi & Huiban, 2010)n this researchhowever it is not able teeparatehe effect of
product and process innovation. If they are separable, the complementarity can be tested
by checking whether it shows higher performance when jointly using two or more

innovation variablegMohnen & Hall, 2013)

6.3.3 Ef fsed t Rrloal u cbtai sénd d ieadbEa cHt a g e

Figusemmary of preédiuseécodon subsid

Production Subsidy

(+) (+)
(+)
D, {) (
R&D Innovation TFP
Investment Output

In this research, the productimased subsidy, as a proxy of suppige support from
thegovernmenthas consistentlghownpositive effects in each stageR&D investment
innovation,and firm productivity In agremachinery industry, the subsidized companies
are more likely to invest in R&D, have higher R&D investment intensity, actievare
innovation outcomes, and have higher average TFP than unsubsidized companies.

Therecent research éfowell (2016b)xa | fonsedonthe effects oproductionbased

subsidies—the major policies inChi na’ s “ pi estiategy gon wmmovanoa r 7
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process and f inrovefals mapufactuling andustrieble fgund that the
productionbasedsubsidies can promotfiems’ R&D expendiures and newproductssales
howeverthisresulsin af 1 r lowerfficiency and economic performandée possible
expectation is thathi t mmiec Ki ng wi nthe policymakers ard \eiling to
encourage the statlcked firms eventuallgonverting into successful innovators, then
generate a | arge soci al wel fare bHowedf it €
(2016b) further doubted this expectation and found tht#te TFP gais of subsidized
companiesare significantly smaller than unsubsidized companies which also become
innovatorsCompar atively, this thesis reveals ths
strategydohawe posi ti ve effects on i efficiencyatidastn pr o
in the agremachinery industry during thehorttime period covered.

Other researasof public subsidiesnostlyfocus on the effect of R&D subsidies on
private R&D and innovatiorBomestudiedound the positive effestoninnovation in the
various counies including the U.S(Audretsch et al., 2002)reland (Gag & Strobl,
2007) and GermanyCzarnitzki & Hottenrott, 2011)

Comparatively some studiesag doubt on the positive effect$ public subsidies on
innovatian. The study oliga -Vicente, AlonseBorrego, Forcadell, and Gala (2014)
mentioned that onthird of the studies opublic subsidies shows a crowding out effect or
no significant effectSo me st u d i dunding prog@m onrR&D express serious

skepticismBr andt and &dHusLlang, Pfag, 8lwasg) and Jin (20X&und
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public agricultral research crowded out private research.

634 The Rol e of Public Research

Fig8%emmary of &pwellfiectR&D

Complementary effect Public R&D Substitution effect

No. of Public institutes (+) (=) No. of Public institutes

) ()
No. of Public Institutes
institutes, ~ funding

) § {
R&D Investment Innovation TFP
Decision Output Intensity

The result of thitshssudsidamet difecit ndinchatyoInph &
effect of Thmbmb eruR&Mrcti ncamd c hirneesreyar ch ni mst it
provihmee posi tive ’'idmEpmgsaicdansont of i gbmetiluec tsirzes ea
public R&D dexemse mdoitt uaned neither variable a
researuthes nasnd texpenditure have no . uwBhpact o
resear charien spoeastsgdotense It wet 8 har e noefw sparliogdsu cftrso
tot al sales while public expenditure in n
Wherf issRi& D i ntensitlyeosef €oofontpeunbtiliecd | matsi t ut e
anegaitmpaclitF.Hhissiggtelstahiempac¢t public research
through its positive i mpact on private R&D

Tha mpa®tubd iR&Daphassietfifveec t acnadmppl | eanyednd as 0 n
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privatei R&Di.ndihng i s di ffer edut eftr camh.t b(b2 Of 1ilr
found crowding outnurmudar icf sgonsiidsagig tifoo \nalass t
effects of pulRI&QOCA WRIKDe ttsoc hpretvaale., 2002; Di
Pottel sbeRagthtee rDideh ke a200P0p30si t e ef fveadtes Ra&fD pg wnb
Equatd mdwréowdi"’egf eats in terms @fi einhkprweskiand
Lar sen, andp @iomtt i mne2®@XxPIl anati on that whe.l

some technology niches, it wildl |l ead to bl

6.35 I nver ReeldatU onship of Firm Size on CDM mc

Fig9%8emmary odfefffSercm si ze

) @ [
R&D Investment Innovation Output TFP
(+)
(+-) concave (+-)
concave concave
Firm Size

From the empirical analysis, it shows consistent inverted U effect of firm sR&bn

investment innovation output, as well as productivity in agnachinery industryThe

i mpacts of firm s si ze me a slimnishidgrduns.t he num
The pastiteraturealsorevealghat firm size is one of theey-drivenfactorsaffecting

the f idecisionsn R&D investmengas well as its intensityror exampleShefer and
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Frenkel (D05)displaythat large firms are more liketp invest andendto invest more in
R&D than small firms. Moreover, for firm productivity, some studies also find that larger
firms tend tobe more efficient than sma#lized firms(Diaz & Séachez, 2008; Van
Biesebroeck, 2005)
However, the effect of firm size on innovatiearies in different industrieand
countriesCompared with th€hineseagromachinery industry in this papehe precedent
result ofthe pharmaceuticaindustry in China(Danbo Guo, 2008)ndicates the similar
inverted Ushaped relationship between innovation and firm. Siheassociatiorbetween
innovation and firm sizehoweverjs U-shapedl md di lt @ @fn, et calmpda(r200 1)
the i mpact ofi hi eims stilgree eo NN@R&dDe g cane@t i ves
effect in Finland, positi veée aef fneoctsigmaws ciar
i n S wS®oe studieprovide an explanatiorbecausdechnology regime and market
structure are different among countriesthe effect of firm size oninnovation and
productivitywill not beconsistenf Acs & Audrevstcha &9Bé&rn&nde:
I n addition, empiricahadefderesnti assadrci @ ¢
firm size with innovati ohpeirnfpourtharnicex awmpt ieg
from the origCnéapof€DMdti malFdyanhc®98)t he possib
in research easexwBtbeb@iethnumber of empl oy

no significant relationship between firm s
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6.3.6 Ownerahdplnvest demptacSources

Fi gabRummary of the eddsecdaaspiotfalf oared gt/ dtvercsapita

Foreign/Overseas capital
100% foreign owned (-)

on Intensity + 0 .
Foreign Joint venture (+) ( ) 100% foreign owned
on Decision
) () {
R&D Investment Innovation QOutput TFP

“Wﬁm venture /
100% SOEs (-) (+) (=) 100% SOEs

on Decision on patents

State capital

Generally, the resul t s cofmptatriesd rmwe ¢ éha rdoohme
companhesjyentnur es with( Horgegkagmg,ovMaa®®a,s or
more | ikely to iweadturiers-c &f Dthadbt tedapg il dtt y
tachieve .Whnbeat henpure f oo mp gmiveey difFBehaes o0
t heyl eisassdd R&D i nveBY meopun s BOEsSHirien eAP
and |l ess |ikellyw tgeniem\waéd sditfifrevikRerBcerssphii tpal s
from di ffereprtcemptceat ed efdmirtod ucththieR& D,y .i
technol ogy ésmprielilgonv edri rE®¢and n¥@E a mevimit d d e n
driinfgact egat tengbove result.

Forhe tecsmiollwgwae rprdvibus studies abouEhinese industry
indicatedthat foreignfunded firms have more innovation competitiveneasd higher
productivityt hr ou g h “ s p,isucH aseveese €ngiredrifigeskilteglabor turnqver

and so forth(Cheung & Ping, 2004; Fu, 2008; Howell, 2016a; Wenging, 2008¢
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spillover effect happens not only in transitioniagpnomies but alsm well-developed
countriesFor instance, the work @ranstetter (200§)oints outhat knowledge spillovers

in the U.S. happeneaboth outward investment to Japanese firms and inward investment
from Japanese firms.

In addition to the "spillover" effect, to get the domestic marketing strategy support,
technology transfer is likely to be the return to achieve better multinationpéiaimn.
Therefore, foreign joinventuresin China are likely tdhaveR&D investmentgiven the
techncal support from forggn and oversea®By comparisonfor pure foreign/overseas
owned companiesnultinational corporationarry outmost ofthe researchesat home
countries. In addition, he level of intellectual propertyrights protection strongly
determines FDI strength than many other policies for some cou(@&®um, 1996)
Awokuse and Yin (2010also found the positive effects of the strength of intellectual
property rights on the surge in FDI in Chiffdnerefore, due talow level of intellectual
property rights, théoreign-ownedcompanies hze lower R&D investment intensity during
the timeperiod of this paper. TFP of foreiggtwned companiess still higher than domestic
private companies throughe spillover effect.

In terms ofthe SOE reformit is aseriesof policies designed to jievenatetraditional
SOEs,beginning withdecentralizationintroducing market competition, and remastering
the managerial and incentive systefnesm the 1980s(Zhang, Zhang, & Zhao, 2001}

further policies aim tamprove the performanceof medium orlarge SOEs, through
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encouragig emerging andcquistion, converting to joint stock companies, and laying off
redundant laboréZhu, 1999) The combination of state and nonstate capitatarious
ownership type can represent the underlying process of SOE réfeffason, Albert,
Guan, & Yu, 2003)The sareof state asseteflectsthe assetstructureof SOEs Jefferson
et al. (2003)eveal thastateowned jointventureshave higherR&D outcomeghanwholly
SOEs andlomestic private companies, whiMholly SOE has the lowest efficiency (TFP),
aswell as efficiency growth than companiesotiier ownership type$rom 1995 to 1999.
The emgrical result of agremachinery industry in this papeonforms to the above
findings. Stateownedjoint ventures can be considered asplmeersin SOE reform and
achieved more innovation outcomes. Intcast, wholly SOEs are lagger in SOE reform,
less likely to invest in R&D, and have lower TFP than domestic private companies.
As a result, to further encage R&D investment and innovation, improve fikevel
TFP, policymakers need tfmcus on intellectual property rights, FDéncouragment

policies, and further SOE reform.
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6.3.7 Dev el opoméhrp act

Fi gafSasmmar y onfe rDoeiwvecd fofpect s

Developing zone

National-level (+) l(-) provincial/prefecture level

D, {
R&D Investment Share of sales by TFP
Intensity new products
Compani es -lienvedatzioonneasl tend to invest i n
compani ed evel showmdeaskness | R&Donmnwnertiomeg nt

i nnovati,oncoomptapruetds wi t h ¢ o mmpya nzioéensei wtdhi,a&tht @ s e
oppesitt the peoxlpiecgtreastviianrc,i al / prefecture | ev
performimégaeinces f amhaegma o lv ia rthal rs.yn

Al t hdegk | op ma nwei dzeolnye si naptl eamelnttibeeda 8 | sut t o
nodasucceasss fpuol i cymakers expected, elsepveecli al |
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| arger than f or ei gmucchoulnawverp airn st, e rivthd baef ia:
“‘Devel opment’sZane¢ebBeveom the success of pi
Shenzhen at the | atepedmi7Pppladghle d@g@b nncegt
| ocal governmenthanhdwd ol aastted smmrcH %080ss 6 0

(Lu & TabtDevzZ20®OPment" combhendeévewrth | agging
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reforms, | eads to wastefuly dewall ogdebetrsn mem
(Wei,. 2015)
Policies of provincial/ prefecturne hekevelo

futuneée guides of efficient-up esnooueagaeard

convenient R&®dnadobéttbor at madwmst ri al service

In ¢ o n cSedienb ppesents and discusdeg effects of public policies on agro
machinery companies arttie relationship between R&D investment, innovatiand
productivity. The descriptive statisticae listedn Section6.1. The estimation results for
theinnovation model are presented angblainedn Section6.2 Then,Section6.3further
interprets ad discusseghe key findings of the empirical analysis, present tip@ssible

directions in future policies desigand fill in existing gaps in previous researches.
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SECTION 7 CONCLUSIONS AND POLICY IMP LICATIONS

This paper i nvest i RaD eamdhbeatkihgem&8&Di ver s
i nnovatipmodudteicnuistiyft miveededdadm i n the agri
industry fromhtehe aA3lmBIChmda@mor i sesti mate a
l inks R&D i nv e sotumeprutt,s panodowtdyhreso nmo d e | s
tr adietsitoanb | iGehdd ciyosf (al 9t7y9pe of ten referred
(Crépon et Tale. f 0ol19D8)i ng conchpisi iona!l aaraldy
this research.

Firsthe deteemansgbmblydareiR&D i nvestment d
t he 1 ntveisntmemsi ty,; the determinants consi st
sal es gr owt h rataen,tt yipet aonfgi ® We e rasshsiept.s , Un s u
i nvest ment I's st r on g loytputs.sTeieomargimat effett oM R&D h |1 n n
intensityon the probability of applying for new patents is 0,194 mar gi n&al t B f ec
sheaorfe sales with new products/ process with

i nnovation outputs s hafwi 'spao odiugrniifviidtagnotnTihref |

of this result, including the role of R&D
t he -tlioomeg | ag between filing for patents and
producti on, and perhaps al smairketh@gomina®iv

measures from the analysi s, and neglected
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forms.

Second, i n terms of public support, di f
produlcaded subsidy has comsiocnt eR&DyYy I poesbt
i nnovation output s, and firm productivity.
farmers to puirgm@acmres  matcehntn.erRur chase subsi
has positive effects on neew spubodiucy sf rscamh e
gover nment is positivelwmomassopubated WE&Dh p’
“‘compl emantarbystridlug.e The companies | ocated
public R&D institutes are wihl ghgare omveasl
by new produchsipvecesd@sve pr ¢ @ tAcstainvioatay
fundings to,iptubdhacws nmagatuitwees ef fects on pr

Third, firm attributes also indicate fac
and firm productivity. T haen dr e | nantoivoart si hoinp si nt
i nnovation out put s ansdh apreodd uccd ni svili & tye ratirlreyd. i tn |
fi'smowner ship, estimated by shares of <capi
i nnovation, and pr oHurcdafiorimsy, anad svphiilclho v éhre
drifveostCormpared to other vemesref wowmhmerf Dhiep
capi tabhl glhmeebabi |l ity ,ammdoirnev eisntnoivnhatR&Dn out pu
domi natwantjwrienehaenmvati on outcomes, pur e

pure Foreign/ Oversea owned companies are h
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hi gher intangi bl e assets per empl oyee are
Similarly, theixedmassswetés peghempl oyee ten:i

All these empirical results offer potent
competidfi v@dnieasgsr i cul t ur al machinery industr

Given the evidence on tshbéesicpest antenobal
i nvest ment , stimulating innovation output s
need to explore mosebagdyepsvi vei psoduodt if @on
effect of other direatrisgppomphiplodasayi 6 ol @
WTO agreement and dissatisfactory of the U

I n terms of public R&D, Public and privai
areas. “daeeichnolecsgynr ch shaulyd plie polRe&Dp 0ir mp
while | eaving more applied research and pr

Joiwéentures with fonat gohevaevees gaotsa & piivtea le f

R&D i nveasdmeaovtati on pr oducatsi oann. iSmpnocret aFnxl c
transfer technology to domestic i ndustry,
maxi mize the benefits of spillovers from F
spill over s f osrl nf dreeheegsma pedIEPEsn i rkasfejovenated

traditioral SOEst h r otuhgelm t r o dbupcrtii voant ea noglanpciotualasgi ng t he
conwvénnot jsdioctk c.dmeparifeos e, policymakers nee

SOEs refor m.
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To i mprove iateogubaedascsleapemel dystem of
property protection is necessary. |t <can
by reducing the high risk of infringement,
in |l egaésprdbeeloost fixed asset s, publ ic f
potentially efficient and powerful tools f

Il n a word, this research attempts to i

i nvest memnh,
works coul d

considering

P

ounpoavatiand firm pitedettdat ay &

extend the innovation framewor

more types of innovation, by
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