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1．　Zntroduction ㊥フ
The expanding world－Wide competitionin research and development

is giVing rise to numerous attempts by a range of organizations

to compare research and development expenditure among various

COuntries・　工f expenditureis calculated on an exchang‘e rate

basis，figures over the past few YearS are greatlY affected bY

fluctuating exchange rates・　Another problemis that since ex－

Change rates do not always correspond to price－1evel ratios on a

national currencY base，the resuit of conversions do not neces－

SarilY reflect the actual amount of material or services that can

be purchased with the R＆D expenditure′　thatis，the purchasing

power of the amount spent on research and development（Notel）・

Purchasing power parities have been developed as a currencY

COnVerSion rate that could adjust such pricelevel differences

between countrieS′　but theY CannOt be appliedin all cases

（hereinafter，PurChasing power parities will refer t0　0ECD

PurChasing power parities unless otherwiseindicated）・　Thereis

SOme doubt as to whether the current purchasing‘Power Parities，

Which were calculated based on consumption goods，arein fact

effective enough to be used for R＆D expenditure．　fn this report

We have clarified the key points that must be noted when using

PurChasing power parities for R＆D expenditure byitemizing R＆D

expenditure and examining the pricelevel for each expenditure

item．　We have also caiculated the real conversion rate of R＆D

expenditure between the United States andJapan to determine the

Pricelevel of each R＆D expenditureitem．

Zn this report we have used the1985　estimated purchasing power

Parities based on the Geary Khamis Method．

∠C7霊漂票霊悪霊畏悪霊慧t霊怨霊㌫霊票竃蒜慧霊霊忠霊霊
expenditureoverasetperiod，WemuStalsoconsiderdifferencesintheprlCeinnationrateamongcountries．
WeshallnottouchonthesepolntSinthisreport．
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2．　0ECD Purchasing Power Parities

After discussing changes in and calculation methods for purchas－

ing power parities，We Sha11cover the points that must belooked

at when using purchasing power parities to convert R＆D expendi－

ture．

2．1　Purchasing Power Parities

EverY five YearS OECD conducts a ma〕Or SurVeY tO Calculate pur－

Chasing power parities．　Parities usedin recent years are those

Caiculatedin1985．　The1985　surveY giVeS the purchasing power

Parity values for that year，While values for other years are

adjusted using the difference between various countries and the

United States in the price inflation rate based on the1985

purchasing power parities・　On the other hand′　the exchange rate

has fluctuated considerably over the past few years，PartlY

because of currencY SPeCulation，and for this reason，PurChasing

POWer Parities show a much more gradual move than the　＝HF ex－

Change rate（Figurel）・　Figures for ali countries at times

displaYed a substantial gap between the purchasing power parity

and the exchange rate．

戊‾7
Japan’s l992　white paper on science and techn010gY COntained

graphs showing R＆D expenditure by the ma〕Orindustrialized coun－

tries calculated using purchasing power parities（Figure　2）・

Comparing figures for the United States andJapan，We Can See

that between1970　and1986　R＆D expenditure rose much more sharply

in the United States thaninJapan・　On a purchasing power parity

COnVerSion′　R＆D expenditure by the United States in1991was

about　2・4　times as g‘reat aS that byJapan（Japan′s R＆D expendi－

tureis for the natural sciences only）．　On an exchange rate

basis，however，itis only aboutl．6　times as great．
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Figurel PurchasingPowerParitiesandExchangeRatesof

MajorCountries

－P・P・P．1985．・・”Exchange Rate

Japanese Yen／US＄

German Mark／US＄

French Franc／US＄

1978　1m　1≦汀4　1訂柁　1撒
lm l的l椚51馴7　1g柏19811謡31紙1鍋7　柑89

Source：OECD′　′Purchasing power parities and Real Expenditures’
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Fi9ure2YenConversionofR＆DExpenditureinMajorCountries

BasedonExchangeRateandPurchasingPowerParities

IMF Exchange Rate

Trilllon yen

1970　757677787980818283818586針榻899091（TIscal Year）

P．p．p．

Tri・1110n yen

1970　757677787980818283さ48566878889909ユ（PIscal Year）

Source；White paper on science＆TechnologYin1992
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2．2　Calculating OECD Purchasing Power Parities

Zn caiculations of overall GDP purchasing power parities，Price

levels of the various GDP expenditure items will affect the

PrOPOrtion of GDP of eachitem，depending on the characteristics

Of the calculation methods describedlater・ln1985　end consump－

tion bY the private sector accounted for about　60％　of GDPin each

COuntry．　The ma］Oritems of private sector consumptionincluded

f00d′　medical care，housing，Clothing，PerSOnal accessories and

education．　Government end consumption accounted for10－20％，and

gross fixed capital formation accounted for　20－30％in each coun－

trY・　Thus we can say that pricelevels of consumption g00ds

greatlyinfluences the calculation of purchasing power parities

against GDP．

For the1985　estimations′　the OECD gathered data on the prices of

about　3，000　kinds of goods and services that have a significant

effect on the cost ofliving‘（2，500　kinds of consumption g‘00ds or

SerVices，30　kinds of government programs and welfare services，

and　250　kinds of machinerY and equipment）and the monetarY Value

Of detailed GDPitems that correspond to these g00ds and services

from each countrY，and used these data as the basis for caiculat胃

ing purchasing power parities・

The Geary Khamis Hethodis the main method010gy of purchasing

POWer Parity calculationsll］［2］［3］．　The GearY Khamis Methodis

One Which aims at securing transitivityin calculations of price

ratios among countries，andits special featureis that to secure

transitivityit estimates aninternational price for each product

Or SerVice．　BroadlY SPeaking，the purchasing power parities for

each countryisindicated as a rati0　0f domestic price tointer胃

national price of the same product or service．

Belowis the GearY Khamis　光ethod caiculation formula．　＝n the

formula，i　＝　prOduct，j　＝　COuntrY，P　＝　PrOduct price（CurrenCY
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base），Q　＝PrOduct quantitY，and PPP　＝purChasing power parity・

PPPj＝∑（Pij・Qij）／∑（Pi・Q⊥j）

1

The purchasing power parityis obtained bY dividing the total

monetary value of the various productsin countrY j（∑（Pij・Qij）

CurrenCy base of country j）bY the real value of the products

（∑（Pi・Qij）Standard national currencY base）based oninternation－

al prices Tti・Theinternational price for productiis obtained

by the f011owing formula．

ni＝∑iP土j／PPPj・（Qij／∑Qij）〉

〕　　　　　　　　　　　　　〕

An international price for product i is calculated by first

Obtaining the rati0　0f the price of producti to the purchasing

POWer ParitY for each countrY，then converting this price ratio

to a weig‘hted average using the quantum weight for each country

（Qij／∑Qij）・Thus purchasing power parities depend oninterna－

tional prices，and vice versa，and are calculated bY SOlving

Simultaneous equations・

工n the actual calculations，We first calculate the prices for the

basic headings（the smallestitems whose monetary value can be

Obtained from GDP data），eaCh of which consists of similar

PrOducts．from the product prices．　We then calculate GDP pur－

Chasing power parities from the prices and monetarY Values of the

basic headings using the GearY Khamis Method．　purchasing power

Parities are calculated not just for GDP as a wh0le，but for each

GDP expenditureitem as well（Note　2）・　This has monetary value

Whichindicates real use value as reai value′　and monetary value
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Which corresponds to　∑（P・Q）as nominal vaiue（refer to columns

（1）and（2）in Tablel）・［3］

（Note2）GDPpurchasingpowerparitiescalculatedasdescribedaboveareonaUnitedStatesbasis（the

PurChasingp竺erParityofthedollarissetatexactlyonedollar）・Howeverthisisnotthecaseforthepurchas‾
lngPOWerParltyOfeachGDPitem，SOthefollowlngadditionalCalculationisrequiredtobringittoaU・S・basis・

Here，N＝Japan，andA＝UnitedStates・

Individualitem，spurchasingpowerparltyOnaU・S・dollarbasis

NominalvalueofneldsofJapaneseGDP expenditure／RealValueoffcldsofJapaneseGDPexpenditure

NominalvalueofneldsofU．S．GDPexpenditure／RealvalueoffeldsofU・S・GDPexpenditure

∑（PNi・QNi）／∑（TNi・QNi）

1　　　　　　　　　　　1

∑（PAi・QAi）／∑（TTAi・QAi）
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Tablel－1Japan’sNominaIGDP，RealGDPandPurchasingPowerParities

（1985Estimati°n）in1985

Item

No．

GDP　Expend iture Itens

（り Q） ③ 包） （諺

Nominal Rea l Ratio Rat io P．p．p．

Va lue
（B illion￥）

Value
（M illionS）

（Nom lna l

Basis）

（Re可

BasIS） （￥／＄）

1 PR IVATE　F用AL，CONSUMPTlON　EXPENDITURE 184428 859779 58．3％ 60．4％ 2 18

2 FOOD，BEVERAGES　AND　TOBACCO 41390 152235 13．1％ 10．7％ 294

3 Food 33275 122019 10．5％ 8．6％ 297

4 Bread　and　Cereals 6881 25396 2．2％ 1．8％ 260

b Meat 4Z’用 114UZ 1．4品 バ路 4bb

6 F ish 7057 29963 2．2％ 2．1％ 277

7 M ilk，Cheese　and　eggs 2060 7464 0．7％ 0．5％ 299

8 O ils　and　fats 399 1203 0．1％ 0．1％ 335

9 Fruits．vegetables　and　DOtatOeS 5797 19047 1．8％ 1．3％ 302

10 Other　food 6803 27454 2．2％ 1．9％ 264

11 Jjeverages bl94 lb4Z4 1，b亢 1．1品 JZb

12 Non－a lcoho lic　beverages 1429 5231 0．5％ 0．4％ 256

13 A Icoho lic　beverages 3765 10193 1．2％ 0、7％ 363

14 Tabacco 2920 14792 0．9％ 1．0％ 234

15 CLOTH ING　AND　FOOTWEAR 11766 53675 3．7％ 3．8％ 238

16 Cloth ing inc lud ing　repairs 10555 47588 3．3％ 3．3％ 243

プ！ T．．00tWear lnC lud lng　rePa lrS lZl bUガ！ U．4％ U．4％ ZU

18 GROSS　RENT　FUEL　AND　POWER 34756 189859 11．0％ 13．3％ 157

19 Gross　rent　and　water　charges 28787 167664 9．1％ 11．8％ 133

20 Fue l and　power 5969 22195 1．9％ 1．6％ 319

2 1 HOUSEHOLD　EOUIPMENT　AND　OPERATION 10282 45558 3．3％ 3．2％ 246

22 Furniture，f loor　cover・ings　＆　repairs 943 2300 0．3％ 0．2％ 487

ZJ Housenold　textlles　＆　repalrS 14bT bダ！U U．b％ U．品 Z
24 Household　appliances　＆　repairs 2814 13591 0．9％ 1．0％ 210

25 Other　househo ld　goods　＆　serv ices 5069 23189 1．6％ 1．6％ 239

26 MED ICAL　AND　HEALTH　CARE 19012 137088 6．0％ 9．6％ 107

27 Med ica l and l）harmaceutica l Products 1231 7147 0．4％ 0．5％ 120
28 Med ica l and　health　serv ices 17781 129941 5．6％ 9．1％ 107

ZU ．1．fLAE蟻rUftT　AtVU　L；UMMUNIL；A．1．1UN 1．！411 ．／Jb49 3．b品 b∴　○ ∠8∪
30 Personal transport　equ ipment 2862 16070 0．9％ 1．1％ 187

31 Operat ion　of　transport　equ ipnent 5921 14056 1．9％ 1．0％ 598

32 Purchased　transport　serv ices 6849 32861 2．2％ 2．3％ 165

33 Conmun ication 1779 10662 0．6％ 0．7％ 154
34 EDUCATION，RECREATION　AND　CULTURE 17244 67094 5．5％ 4．7％ 290

Jb ecreat 10na l equ IPnent　and　repalrS bZb8 Zbbb’！ 1∴／％ 1」㍑ ZZZ
36 Recreat iona l and　cu ltural services 6720 31991 2．1％ 2．2％ 225

37 Books，magaZ ines　and　newspapers 1808 7604 0．6％ 0．5％ 285

38 Education 3459 1942 1．1％ 0．1％ 2224

39 M ISCELL，ANEOUS　GOODS　AND　SERV ICES 31655 136370 10．0％ 9．6％ 253

40 Restaurants，Cafes　and　hote ls 14191 45468 4．5％ 3．2％ 375
4 1 Utner　goods　and　SerV ICeS ド！4b UUUUZ b．b為 ．　品 1Ub
42 NET　PURCHASES　ABROAD 912 4251 0．3％ 0．3％ 218

43 GOVERNMENT　FINAL　CONSUMPT l0N　EXPENDITURE 30747 159431 9．7％ 11．2％ 171
44 COLL，ECTIVE　GOVERNMENT　SERV ICES 15938 80599 5．0％ 5．7％ 179

45 川D IVIDUAL　GOVERNMENT　SERV ICES 14809 78832 4．7％ 5．5％ 160
46 GROSS　F IXED　CAPITAL　FORMATlON 87624 342493 27．7％ 24．0％ 275
．／ LUl用’’比〕し‘1．1UN b4111 1ガ！4〕J ド／．1品 1J．澗 ZU丁

48 Res identia l build ings 15446 45270 4．9％ 3．2％ 403

49 Non－reSident ia l build ings 15189 58547 4．8％ 4．1％ 271

50 C iv il engineering　works 23476 93586 7．4％ 6．6％ 236

51 MACH INERY　AND　EOUIPMENT 33517 145090 10．6％ 10．2％ 246
52 Transport　equ ipment 7148 35196 2．3％ 2．5％ 211
bこj On．electr’1Ca l equlPment ド用 74411 b．丁％ b．Z％ ZTU
54 E lectr ical equipment 8376 35483 2．6％ 2．5％ 212
55 m CREASE　川　 STOCKS 2540 9372 0．8％ 0．7％ 297

56 BALANCE　OF　EXPORTS　AND IMPORTS 10775 53259 3．4％ 3．7％ 237

57 GROSS　DOMEST IC　PRODUCT 316114 1424333 100．0％ 100．0％ 222

Source：Purchasing Power Parties and Real Expenditurein OECD，OECD
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Tablel－2U・S・A・，sNominalGDP，ReaJGDPandPurchasingPowerParities
（1985Estimation）in1985

It em

No ．

G DP　Ex pen d itu re lte ms

Q） Q ） Q ） ④ ⑤

N om ina l

V a lue
（B i llion￥）

Rea l

Va lue
（M i ll io nS）

Ra t io
（No m in a l

B a s is ）

Ra t io

（R ea ！

B as IS）

P．p．p．

（￥／＄）

1 PR IVAT E　F 川 AL　C O NS UMP T l0N　EXP END IT URE 25 842 75 2 627 50 1 65 ．5％ 6 6．6％ 1

2 FOO D ， B EVE RAG ES　A ND　T OBA CC O 3 59 248 388 25 4 9．1％ 9．8％ 1

3 Fo od 2 78 108 30 282 0 7 ．0％ 7．7％ 1

4 Bre ad　an d　C e rea ls 42 395 4 069 4 1．1％ 1．0％ 1

b Me at Tb bこ川 U bb b ●－・ Z．4 為 1
6 F ish 59 70 7 024 0 ．2％ 0．2％ 1

7 M i lk ， Che e se　and　e gg s 4 6 128 4 997 5 1．2％ 1．3 ％ 1

8 O ils　a nd　fa ts 5 135 5 18 5 0．1％ 0 ．1％ 1

9 Fru its ． v eg eta b le s　and　D Ota tO eS 5 96 52 59 265 1．5 ％ 1．5％ 1

10 O the r　foo d 4 2 18 9 45 024 1 ．1％ 1．1％ 1

1 tje ver age s 4 9J lU 4．！b出 1．Z％ 1．Z品

12 N on －a lcoh o l ic　be ve rag es 1624 4 15 234 0．4 ％ 0．4％ 1

13 A Ico ho lic　b eve rag es 3 3074 324 6 1 0．8 ％ 0．8％ 1

14 T a bacc o 3 182 2 3 77 39 0．8 ％ 1．0％ 1

1 C LOT H ING　AND　F OOT WE AR 167 35 1 18 17 05 4 ．2％ 4．6％ 1
16 C lo th ing in c lu d in g　r ep a ir s 14 1847 15 5 15 4 3 ．6％ 3 ．9％ 1

ド！ Fo otw ear ln C lud lng　re Pa lrS Zb bU4 Z bb b l l　●－・ U．7％

18 G ROS S　REN T　FUE L　AND　PO WE R 5 14 75 2 44 27 87 13 ．0％ 1 1．2％ 1

19 G ro ss　ren t　and　w ate r　cha rge s 4 0 912 0 3 176 02 10 ．4％ 8．0 ％ 1

20 Fue l a nd　po we r 10 5632 12 5 18 5 2 ．7％ 3．2％ 1

2 1 HO US EHO LD　EO U IPM ENT　AND　O PER AT IO N 148 532 16 2 13 4 3 ．8％ 4．1％ 1

2 2 F ur n itu re ， f lo o「 COV er ing s　＆　repa irs 5 1159 6 075 2 1．3％ 1．5 ％ 1

ZJ H ou sen o ld　t ex t lle s　＆　repa lrS 1 b．用 b 14 J JZ ．4品 〕．4品 1
24 H ou seho ld　ap p l ian ces　＆　re pa ir s 254 08 2 574 8 0 ．6％ 0．7 ％ 1

2 5 O the r　h ou seh o ld　g ood s　＆　se r v ic es 56 169 6 130 2 1．4％ 1．6 ％ 1

2 6 ME D ICA L，AN D　H EA L，T H　C Af己E 3 566 28 274 930 9 ．0％ 7 ．0％ 1

2 7 M ed ica l an d　Dha rma ce ut ica l Prod uct s 459 18 3 199 3 1．2％ 0 ．8％ 1
2 8 M ed ic a l an d　hea lth　s erv ice s 3 107 10 242 937 7．9％ 6 ．2％ 1

U ．rK ANS rU K’r　AN U　　　　　　　 L；AT lU N 4 UbZ Z’′ 4とiU 4ダ／ 上U ．J為 1Z．Z渇 1
3 0 P er sona l tra ns por t　e qu ipme nt 1504 79 158 2 12 3 ．8％ 4 ．0％ 1

3 1 O pe rat ion　of　t，ran SPO rt　equ ip me nt 18 1135 257 16 1 4 ．6％ 6 ．5％ 1

3 2 P urc has ed　tr an spo rt　se rv ic es 28 19 1 22 284 0．7％ 0 ．6％ 1

3 3 C omm un ica t io n 4 64 22 42 790 1．2％ 1．1％ 1
3 4 ED UC AT ION ， R ECR EAT ION　A ND　CUL TU RE 2 284 72 258 126 5．8％ 6 ．5％ 1

b R ec reat lOn a l eq u lP ne nt　and　re pa lrS ＝用 tU 1U4 J IZ Z ．b‰ ●－・ 1
3 6 R ec rea t io na l a nd　c u ltu ra l se r v ice s 542 55 58 24 2 1．4％ 1．5 ％ 1

3 7 B ook s ， ma gaZ in es　and　n ewsp a pe rs 225 74 27 10 9 0 ．6％ 0．7 ％ 1

3 8 E duc at ion 54 833 6 846 3 1．4％ 1．7 ％ 1

3 9 肌 SC EL，LAN EOUS　G OO DS　AND　S ERV IC ES 3 89 219 425 04 1 9 ．9％ 10．8％ 1
4 0 R est au ran ts ， Ca fe s　a nd　hot e ls 154 549 185 58 0 3 ．9％ 4．7 ％ 1

1 U tne r　g oo（］s　and　s erv IC eS Z J4 b．／U 4b l ●．・ ●　 ・． 1
4 2 N ET　PU RCHA SES　A BR OAD 13 846 140 77 0 ．4％ 0．4 ％ 1

4 3 G OV ER NM ENT　F INA L　CO NS UMP T ION　EX PEN D ITU RE 7 226 59 64 17 57 18．3％ 16．3％ 1

4 4 CO LL ECT IV E　GO VE RNM ENT　S ER V IC ES 4 839 66 43 82 60 12 ．3％ 11．1％ 1

4 5 川 D IV ID UAL　GO VE RNM ENT　S ER V ICE S 2 386 93 20 34 97 6 ．0％ 5．2 ％ 1
4 6 GR OS S　F は ED　CA P ITAL　FO RM AT ION 7 355 34 79 12 11 18 ．6％ 2 0．0 ％ 1

4 ’！ UUN ST R〕じ日U m 4 Ubこダ！J 4JU Zb U 1U ．J為 11．1％ 1
4 8 R es ident ia l bu ild ing s 189 189 223 37 1 4 ．8％ 5．7％ 1

4 9 N on－reS ide nt ia l bu ild in gs 1164 18 12 183 3 2 ．9％ 3．1％ 1

50 C iv i l e ng ine er ing　wo rks 997 66 94 05 6 2 ．5％ 2．4 ％ 1

1 MAC H 川 ER Y　A ND　EC日日PME NT 33 0 16 1 35 195 1 8．4％ 8 ．9 ％ 1
52 T rans por t　e qu ip men t 7 960 2 82 748 2．0％ 2 ．1％ 1

O n－e lec tr lCa l e qu lPm ent ZU Z 1T U Z Zbr は b．1％ b ．7品 1

54 E lect r ic a l eq u ip men t 4 838 9 434 24 1．2％ 1．1％ 1

55 IN CR EAS E IN　S TO CK S 2 4 12 3 264 64 0．6％ 0 ．7％ 1

56 BA LA NC E　O F　E XPO RTS　A ND　用 POR TS －1 1997 6 －140 3 19 －3．0％ －3 ．6％ 1

57 GR OSS　DOM EST IC　PRO D UCT 3 94 66 15 39 466 15 10 0．0％ 100 ．0％ 1

Sour・Ce：Purchasing Power Parties and Real Expenditurein OECD，OECD
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2．3　Points for Exanination

We shall examine a breakdown of R＆D expenditure from the f01low－

ing points to determine whetheritis appropriate to use purchas－

ing power parities for R＆D expenditure・

（1）　The ratios of the R＆D expenditureitems that are the same

Or Simiiar to GDP expenditureitems．

（2）　International pricelevels of R＆D expenditureitems that

are notincludedin（l）・

（3）　From（1）and（2），We Can analYZe the gap between the

priceievel of finai demand′　Whichis a calculation standard for

OECD purchasing power parities，and the pricelevel of R＆D ex－

Penditureitems．　We then calculate the conversion rate appropri－

ate to R＆D expenditure，uSing‘the calculation method for OECD

PurChasing power parities，tO tie together the pricelevels of

the various items．

3．　Conposition of R＆D Expenditureltems and price Levels

3．1　Comparison ofJapan，s R＆D Expenditure Ztems and GDP Expendi－

ture　工tens

We shall nowl00k at a breakdown of Japan，s R＆D expenditure from

the Report of the Survey on Research and Development by the

Management and Coordination Agency．　The purchasing power pari－

ties we are examiningin this report arel985　estimations，SO We

Shali i00k at1985　data・　The research expenditure by all re－

SearChinstitutionsin Japanin1985　amounted to about　8，116．4

biilion yen（natural sciences onlY），Of which personnel expendi－

ture accounted for　42・3％，raW material expenditure18．1％，eXPend－

iture for tangible fixed assets purchase18．1％，and miscel1aneous

expenditure　21・5％・　Expenditure for tangible fixed asset purchase

Can be further broken downint01and and buildings（3・5％）；ma－

Chinery，instruments and equipment（11・8％）；and other assets（2・8％）・
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Next we shall examine the differences between R＆D expenditure

items and their correspondingitems from among Japan′s GDP ex－

Penditureitems，Which are the standard for calculating purchas－

ing power parities（Note　3）・

（1）　Personnel Expenditure and Raw Haterial Expenditure

Personnei expenditure′　Which accounts for more than　40％　of R＆D

expenditure，is different in character from GDP expenditure，

Which hasits basisin g00ds and serviceS transactions．　As for

raw material expenditure，Which accounts for about18％，thereis

no specific breakdown of this expenditureitem，but a literal

interpretation of the term raw materiai expenditure would seem to

indicate that thereis no correspondingitem of GDP expenditure・

（2）　Expenditure for Tangible Fixed Asset Purchase

Expenditure for tangible fixed assets purchase can be broken doⅥl

int01and and buildings；maChinerY，instruments and equiPment；and

Other assets．

i）’lMachinerY，instruments and equiPmentY’accounted for11・8％of

Japan′s R＆D expenditure′　Whileits corresponding GDP item，

”machinery and equiPment’’within GDP gross fixed capital forma－

tion，aCCOunted forlO・6％　ofJapan’s nominal GDP（Ztem　51，C01umn

3′　Table1－1）・

（Note3）ToexplainthepositioningofR＆Dexpenditureinnationaleconomiccalculations‥COrpOratereSearCh

anddevelopmentislookeduponasakindofsupportactivityforproduction，SOgOOdsusedinresearchand

developmentareregardedasintermediategoods．Fromaneconomicviewpolnt，itmayseemincongruousto

usepurchasingpowerparltyValues，Whicharecalculatedonthebasisofend demand，forR＆Dexpenditure・

Nevertheless，ifconsumptlOnitemsclassi6edunderindividualendconsumptlOninGDPandR＆Dexpenditure

itemsarealike，WehavethekeytoestimatlnglnternationalprlCelevelsforR＆Dexpenditurebasedonpurchas－

1ngPOWerParities．Ofcourse，thereisapricedifferezICeamOuntlngtOtheintermediatemargin，butwehave

OVerlookedthisdifferenceinthispaperforthe sakeofsimplification．Inthisreport，PrlCelevelsforR＆D

expenditureitemsareexpressedaspurchasingpowerparities・
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ii）”Land and buildings一一includes expenditure for construction

Of researchinstitutions andland purchase．　Of these，eXPendi－

ture for construction of research institutions is inciuded in

gross fixed capital formation within GDP・　rf we exclude expendi－

ture forland purchase，‖1and and buildings”Corresponds to

．一non－reSidential building construction．，expenditure（Ztem　49，

Tablel－1）within GDP gross fixed capital formation・

iii）　Conversely，the fields of　…residential building construc－

tionH and　一，civil eng‘ineering．．，Which areincludedin calculations

for purchasing power parities concerning fixed assets，have

little connection with research and development．

iv）　Fromi）andii）above′　We Can See thatif we excludeiand

PurChase expenditure，eXPenditure for tangible fixed assets

PurChase generallY COrreSPOnds to GDP gross fixed capital forma－

tion．　Expenditure for tangible fixed assets purchase accounts

for18．1％　of R＆D expenditure，While gross fixed capital formation

accounts for　27．7％　of GDP（＝tem　46，C0lumn　3，Tablel－1）・　So the

PerCentage Of fixed asset expenditure within R＆D expenditureis

lower than the purchasing power parity calculation・

（3）　Miscellaneous Expenditure

’’拡iscelianeous expenditure”includes expenditure on suchitems as

light and heat，COmmunication，tranSPOrt，books and magazines，

land rent and conferences．　Of these，eXpenditure onlight and

heat，COmmunication，tranSPOrt，b00ks and maga2：ines，Official

trip5，1and rent and conferences are regarded as corresponding to

GDP expenditure．　Thus manyitems within．lmiscellaneous expendi－

turell correspond toindividual end consumption・　On the other

hand′　GDP expenditureitems connected with general life′　SuCh as

f00d′　Clothing，medical care′　education and entertainment are

rarely usedin research and development．　tn research and deve1－

OPment，thereis considerable expenditurein suchinfrastructure

items aslight，heat and water，and transport and communications．
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This relationshipis shownin Figure　3・

3．2　Price Levels of Personnel Expenditure and Raw Haterials

3．2．1　Personnel Expenditure for Researchers

Personnel expenditurein research and development does not corre－

SPOnd to any purchasing power paritYitem（Note　4）・　How′　then，

Can We COmPare the pricelevel of personnel expenditure，Which

accounts for more than　40％　of R＆D expenditure′　amOng different

COuntries．　Thereis scope for detailed discussion′　but here we

Shalllook at a simple method of comparison・

For this，We Can COnSider the’’rati0　0f the annual averag‘e per－

SOnnel expenditure per researcher11index・　The average personnei

expenditure can be obtained from the personnel expenditure relat－

ed to research and development and the total number of research－

‾erS．

くず

（N。缶 PersonnelexpenditurethroughoutJapanroughlyequatestoemployeeincomeonthedistributionside
inGDP．Ontheotherhand，purChasingpowerparitybasesprlCeCalculationontheexpenditureside・There－

foretheprlCelevelofpersonnelexpenditureisnotdirectlyrepresentedbypurchasingpowerparlty・

IfwerepresenttheprlCeratioofpersonnelexpenditureontheanalogyofthevariouspurchasingpowerparlty

items，thepurchasingpowerparltyOfindividualconsumptlOnindicatestheprlCelevelofresearchers，costof

living・Thatis，WeCanthinkofitasindicatlngtheprlCelevelofpersonnelexpenditureforresearchers・Howev－

er，WemuStbecarefulwhentakingthisview．TheprlCelevelofperSOnnelexpenditurewearediscussinghereis

theprlCelevelofexpenditurethatariseswhencompaniesanduniversi［iesemployresearchers，andnotthe

PrlCelevelofgeneralspendingbyresearchers．Researchersarelikelytoreceivedifferentstandardsoftreat一

mentindifferentcountries．Thisideaholdstrueonlywhenresearchersineverycountryspendtheentire

amountoftheirwages，andthespendingisofthesamequalityandquantity・Inreality，however，thelifestyles

andlivingstandardsofresearchersinthevariouscountriesdiffer，SOthequalityandquantltyOfspendingis

different．ThehouseholdsavlngSrateisalsodifferen［．WehavethereforeavoidedusingpurchasirlgPOWer

Paritiesofindividualconsumptionforpersonnelexpenditure・
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Figure3　CorrespondingT8blesforR＆DExpenditureandPurchasin9
PowerP8rities

The figure shows the corresponding relationship between the

R＆D expenditureitems and the Purchasing power paritYitems

that represent their pricelevels・　Personnel expenditure

COrreSPOnds to the personnel expenditure Ratio and not purchasing
power parities．
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ff we take the United States andJapan as an example，Japan，s

average personnel expenditure（Yen base）／the United States

average personnel expenditure（d01lar base）show the personnel

expenditure ratio（Note　5）・

（Note5）HerewehaveassumedthattheratiobetweentheUnitedStatesandJapanbrpersonnelexpenditure
fortheresearchwork－forceperunitrepresentsthepurchasingpowerparityofpersonnelexpenditure．Setting

thenumberofhoursworkedbyresearchersinoneyearasaunlt，We thenworkedoutpersonnelexpenditure

perresearcher．Statistically，reSearChanddevelopmentpersonnelexpenditureisnotJuStPerSOnnelexpenditure

forresearchers，butpersonnelexpenditureforallpeopleengagedinresearchanddevelopment，including

researchassistantsandtechnicians．Therefore，Strict】yspeakirLg，tOOb［aintheaverageamourltOfpersonnel

expendi［ureperperson，ilisbettertohaveasthedenominatorthetotalmmberofpersonsengagedinresearch

anddevclopment，nOtJuStthenumberofresearchers．However，Sincewedonothavedataonthenumberof

perSOnSengagedinresearchanddevelopmentintheUnitedStates，hereweshallusethenumberofresearch－

ers．ThefollowlngpOintsstillrequlreCOnSideration．

First，aSforhavingthenumberofperSOnSengagedinR＆Dastheresearchanddevelopmentwork－forceunit

（thenumberofpersonミengagedinR＆Dissetasthedenominator）；bycalculatingwiththenumberofre－
SearChersasthedenomlnatOr，aSWearedoinghere，WeareaSSumlngthattheratioofthenumberofpersons

engagedinR＆DtothenumberofresearchersisidenticalinboththeUnitedStatesandJapan．

Second，eVenifweusethenumberofresearchersasthedenominator，thereisaproblemastowhetherwecan

representpersonnelexpenditureforresearchersintheUnitedStatesandJapanbyasimpleaveragevalue・If

therearem互iordifferencesbetweentheUnitedStatesandJapanintheage，genderandfielddistribution

amongresearchers，Certainstatisticalconsiderationstoaccommodatethesedifferenceswillbenecessary・We

alsobelievethatdifferencesinthepromotionandsalarystructurebasedoncapabilityandseniorltywillgive
risetodifferencesinwagedistributionamongresearchers．

Third，PurChasingpowerparityisanindexwhichshowsthedifferenceinprlCeOfaproductorserviceofexactly

thesamequality，andthereissomedoubtastowhetherwecanregardJapaneseresearchersandAmerican

researchersashavingthesamevalue．Thatis，iftheresearchersofone countryaremorecapablethanre－

SearChersoftheother，thenitisquitenaturalforthemorecapableresearcherstoreceivehigherwages．com－
paredtoproducts，reSearChershaveamuchlowerlevelofmobilityacrossnationalboundaries，SOgaPSbetween

COuntriescanexist．hourcalculations，however，Wehavenotworriedaboutanyqualitativecomparison，rather，

WehaveassumedthatJapaneseandAmericanresearchersareatthesamelevel．
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However，there are quite strong restrictions regardinginforma－

tion about personnel expenditurein the United States，SO We have

not been abie to obtain comprehensive and reliable data・　A U・S・

National Science Foundation（NSF）report cOntains a breakdown of

research and development expenditure bYindustryin1983［4］・

According to this，WageS Of R＆D personnel accounted for　45・6％　of

the total research and development expenditure bYindustrYin

1983．　From this′　We have estimated that personnel expenditurein

the natural science fields at universities，national research

institutions and all other research and development establish－

ments in the United States in1983　amounted to　38，729，620，000

d01lars．　The full－time equivaient（FTE）number of natural

SCience researchers in the United States in the same Year WaS

630，153，SO from this，PerSOnnel expenditure per researcherin

the natural science fieids amounted to　61，461dollars（Note　6）・

（Note6）Weobtainedthefigureforpersonnelexpenditureinthenaturalsciencefieldswithintheoverall
researchanddevelopmentexpenditureofallresearchinstitutionsintheUnitedStatesbyassumlngthatthe”the

PerCentagethatresearchanddevelopmentexpenditureinthenaturalsciencefieldsaccountsforwithinthe

OVerallresearchanddevelopmentexpenditurebyallresearchinstitutionsf’andthe’’ratiobetweenthepercent－

agethatpersonnelexpenditureaccountsforwithintheoverallresearchanddevelopmentexpenditureofindus－

tryandthepercentagethatpersonnelexpenditureaccountsforwithintheresearchanddevelopmentexpendi－

tureonlyinthenaturalscienceneldsatresearchinstitutions”obtainedforJapanarethesamebrtheUnited

States．Wealsoassumedthat，Similarly，thepercentageofresearchersinthenaturalsciencefieldsatallre－

SearChinstitutionsisthesameintheUnitedStatesasitisinJapan．
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ZnJapan，aCCOrding to a surveY bY the Management and Coordina－

tion Agency，PerSOnnel expenditure（natural sciences onlY）bY a11

researchinstitutionsin1983　amounted t0　2，895，104′000′000　yen，

and the FTE number of researchers was　305，422（Note　7）・　There－

fore personnel expenditure per researcherin the natural science

fields amounted to　9，479，045　yen・

＝f we adjust these figures using the real wageindex and the

COnSumer Priceindex′in1985　personnel expenditure per research－

er was　66（474　d011arsin the United States andlOr3191054　Yenin

Japan・　Thusif we compare the annual average personnel expendi－

ture per researcherinJapan andin the United States，itis the

equivalent of one d011ar t0155．2　Yen．

3・2・2　Raw班aterials and Land and Buildings

ttis not clear exactly what the raw materials usedin research

and development are．　We can think of metal and silicon for use

in ZC deveiopment，mice and other animals used in bi010giCal

experiments，and the various reagents usedin chemical experi一

ments・　However the economic character of such a diverse range of

things and theirinternational pricelevels are not ciear．　They

are usedin research so we can generally assume that most have a

high degree of purity・　And their specifications wili differ

depending on the user・　From this we can think of them as sophis－

ticatedindustrial g00ds（although mice are notindustriai g00ds，

We Can Say that theY are teChn01ogy－intensive creatures that are

Subject to sophisticated qualitY COntrOl）・　We therefore cannot

regard them simpIY aS raW materials forindustrial g00ds．　ftis

difficult to uncover the keY tO SPeCifYing the pricelevei of the

raw mater⊥als．

（Note7）ThenumberofresearchersbrtheUnitedSta［eswasworkedoutonthefu11－timeequivalentbasis，SO

WehadtodothesametoworkouHhenumberofresearchersinJapan．HerewehavefollowedtheOECD

CalculationsandhalvedthenumberofresearchersatJapaneseuniversities．
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R＆D expenditureincludes expenditure to purchaseland for re－

searchinstitutions and experimental stations′　howeverr since the

use vaiue of theland will not dropin the future′itisillogi－

cal toinclude expenditure forland purchasein research and

development costs without some forTn Of adjustment・

3．3　Results of Chapter　3　Exa皿inations

The f0110wing are the major points coming from the discussions

above．

（1）　Thereis a considerabie differencein whatisinciudedin

PurChasing power paritYitems and R＆D expenditureitems′　SO

PurChasing power paritY does not accurately reflect theinterna－

tional pricelevel of R＆D expenditure・

1）Among the R＆D expenditureitems，PerSOnnei expenditure（42％

Of overall R＆D expenditure）and raw material expenditure（18％）do

not have anY COrreSPOnding purchasing power parityitems・

2）　＝n contrast t01）above，aithough thereis virtuallY nOth－

ingin R＆D expenditure that corresponds to residentiai building

COnStruCtion，Civil engineering and manY eXPenditureitems within

individual consumption（f00d′　medical care，etc・）′　theseitems

areincludedin purchasing power parity calculations・

3）　Even when R＆D expenditureitems and purchasing power paritY

expenditureitems do correspond，the weight giVen tO the corre－

SPOndingitems varies substantiallY・　One example of this is

expenditure for purchasing tangible fixed assets，Whichis about

18％　of R＆D expenditure，and gross fixed capital formation，．Which

is about　28％　of GDP．

（2）We estimated the price ratio between the United States and

Japan for personnei expenditure within R＆D expenditure・　We

Calculated that the annual average personnel expenditure per

researcherin the United States andJapanin1985　was the equiva－

1ent of one dollar to155．2　yen・
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4・　Calculating the Real Conversion Rate for R＆D Expenditurein

the United States andinJapan

4．1　Basic　工dea

（1）　Outl土ne

We calculated the U・S・d011ar toJapanese Yen COnVerSion rate for

R＆D expenditure to represent the results of analYSisin Chapter　3

in broad terms．　To c011ect data and calculate simiiar conversion

rates among other countries would be verY time－COnSumingr SO for

the time being we have focused on R＆D expenditurein the United

States andJapanr both of which account for a significant propor－

tion of the worid′s R＆D expenditure．

Taking advantage of the fact that the OECD purchasing power

Parities are classifiedint0　56itemsr We multiplied the purchas－

ing‘POWer ParitY for eachitem（Note　8）bYits percentage of

OVeral1R＆D expenditurein fiscal1985．　The sum total of these

Calcuiationsis the real conversion rate for R＆D expenditure・

For personnei expenditure reiated to research and development，We

used the rati0　0f the average personnel expenditure per research－

er and not the purchasing power paritY．

There are hardly any examples of purchasing power paritY Calcula－

tions for specific fields such as these．

dP
ン　ノ伝′

（Note8） 二ギ．iー∴．‥∴≡工
ノ

ト　‾ヽ

．・、．、．

Valuewhichrepresents［heresearchanddevelopmentprlCelevelandwhichis

usedincalculatingtherealconversionrateisnotthepurchasingpowerparity，buttheratioofthenominal

Valuetotherealvalue，Whichisclosetpthepurchasingpowerparityvalue（theratioofthenominalvaluetothe
realvalueisthepurchasingpowerparltyeXPreSSedininternatlOnalprlCeS；Wehavereferredtoitastheratioof

thenominalvaluetotherealvalueandrepresenteditbytheletterKinthisreporttodistinguishitfrompur－

ChasingPOWerparityexpressedonadollarbase）・Iftherealvalue（dollarbase）ofeachGDPitem＝R，and

thenpmlnalvalue（nat10nalcurrencybase）ofeachGDPitem＝N，thenK＝N／R・Thewords’’real”and

’Tnomlnal”herehaveadifferentmeaningfromthoseusedwhenlookingateconomicindicatorsoveranextended

PeriodoftimeinwhichtherealValueisfoundbydividingthenominalValuebytheprlCeinnationrate・Avalue

forKisfoundforeachitem（refertoexamplesland2inTable2）．

ThevalueofKisclosetothepurchasingpowerparlty・InthesecalculationsKisapostulate・
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（2）　工mportant Po⊥nts

i）These calculations assume that the value for each purchasing

power paritYitem represents the pricelevel ofits corresponding

R＆D expenditureitem・　Purchasing power parityis based on the

price of products and the sale proceedsin each countrY，SOif we

attempt to calculate the purchasing・POWer Parities for R＆D ex－

penditure among different countries using the same method′We are

in effect calculating purchasing power parities bY Obtaining

international prices based on data about the price of and sale

proceeds from products and services usedin research and develop一

mentin each countrY・　Zn realitYr howeverTitis not easY tO

surveY Pricelevels for products and services usedin research

and developmentin each country・

Therefore we decided to represent the pricelevels of R＆D

expenditure by the value of purchasing power parities that corre－

spond to R＆D expenditureitems・We thought thatif we used the

suitabie figures from among those for the　56　GDPitems rather

than the purchasing power parity value for GDP as a wh01er we

WOuld obtain appropriate results for R＆D expenditure・　Howeverr

even though GDPisitemized′　theseitems do not completelY rePre－

sent the pricelevels of R＆D expenditure・　工t must be said that

PurChasing power paritY Values we have used here are not accurate

indicators of pricelevelsI S0　0f the figures for pricelevels

which can be used at presentr we chose those that most closely

resembie pricelevels for R＆D expenditure・

ii）　Since nothingin purchasing power parities corresponds to

PerSOnnel expenditure，We uSed the rati0　0f personnel expenditure

Per reSearCher between the United States and Japan　（Note　9）・

（Note9）Ifweconsiderresearchactivitiescarriedoutbyresearcherstobeakindofproduct，thenitfollows

thatpersonnelexpenditureperreSearCherrepresentsproductprlCe・Theratioofpersonnelexpenditureper

researcherintheUnitedStatesandJapanrepresentstheproductprlCeratiobetweenthetwocountries・In

prlnCiple，theproductprlCeratioisthepurchasingpowerparitybetweenthetwocountriesforaspecific

product・Sofbrpersonnelexpenditure，Wehaveaddedtheratiooftheannualaveragepersonnelexpenditure
perresearcherintheUnitedStatesandinJapantotheweightedaverage・
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Table2TheRati°OfPricestohternationalPricesofGDPltems

inU・S．A・andJapan（K）

lt em

N o．

C a lc u Ia t ion　o f （K ）

GD P　Exp en d itu re lten s

（り Q ） Q ） 包）

J apa ガ s　 K U ．S．A ．’s　K R e fer enc eRe fe r enc e

O m ina l V a lue Nom ina l Va lu e OE CD C a lcu la tもd

ea l Va lu e in Rea l V a Iue in p．p ．P p ．p ．P
T ab le　ト 1

① ／②　 （￥／S）

T ab le l－2

（9 ／②　 （＄／＄）

￥／＄ ￥／＄

（（9 ／ ② ）

1 PR IVAT E　F INA L　CON SUM PT ION　E XP END IT URE 2 14 ．5 0 ．984 2 18 2 18 ．1

2 FOO D ， BE 間 R AG ES　AN D　T OBA CC O 27 1．9 0 ．92 5 29 4 2 93 ．8

3 Fo od 2 72 ．7 0 ．9 18 29 7 29 6．9

4 Bre ad　an d　C er ea ls 270 ．9 1．04 2 26 0 260 ．1

b Mea t J TZ ．J U ．8U l 4b b 4 b4 ．

6 F ish 2 35 ．5 0．8 50 27 7 27 7．1

7 M i lk ， C hee se　and　e gg s 276 ．0 0 ．92 3 29 9 299 ．0

8 O ils　an d　fat s 3 3 1．7 0．9 90 33 5 334 ．9

9 F ru its　 ve ge tab le s　a nd　po ta toe s 304 ．4 1．0 07 30 2 30 2．4

10 Ot her　f ood 2 47 ．8 0 ．93 7 264 264 ．4

11 t5eve ra geS JJb ．’／ 1．U こ14 ● JZ b．’！

12 No nTa lc oho lic　b eve ra ge s 273 ．2 1．0 66 25 6 25 6．2

13 A Icoho lic　be ver age s 3 69 ．4 1．0 19 36 3 3 62 ．5

14 T aba cco 197 ．4 0 ．84 3 234 234 ．1

15 CL OTH IN G　A ND　FO OT WEAR 2 19 ．2 0．9 21 23 8 23 ．

16 C lot h in g inc lud ing　r ep a ir s 2 2 1．8 0 ．9 14 24 3 2 42 ．6

1丁 Foot Wea r lnC lud lng　r eP a lr S 198 ．9 U ．Ub l ！ Z U．！．1

18 Gf己OSS　R ENT　F UE L　A N 〕P OW ER 183 ．1 1．16 3 15 7 157 ．5

19 G ros s　re n t　a nd　wat er　ch a rge s 17 1．7 1．28 8 133 133 ．3

2 0 Fue l an d　pow er 2 68 ．9 0 ．844 3 19 3 18 ．7

2 1 けO US EHO LD　E　U IPト柑N T　A ND　O Pm AT ION 2 25 ．7 0 ．9 16 24 6 246 ．4

2 2 Furn itu re ， f loo r　c ov er ing s　＆　repa irs 4 10 ．0 0 ．84 2 4 8 7 4 86 ．9

Z J H ou Sen O ld　t ext lle s　＆　r eP a lrS Z Z ． 1．1U Z ZU4 ZU4 ．1

2 4 Ho u seho ld　ap p H anc es　＆　r epa ir s 2 07 ．0 0 ．98 7 2 10 209 ．8

2 5 O the r　hou seh o ld　go od s　＆　ser v ic es 2 18 ．6 0 ．9 16 23 9 238 ．6

2 6 M ED ICA L，A ND　HE ALT H　C AR E 138 ．7 1．29 7 10 7 106 ．9

2 7 M ed ica l a nd　Dh arma ce ut ica l Pr oduc ts 172 ．2 1．43 5 12 0 120 ．0

2 8 M ed ica l a nd　he a lt h　se rv ice s 136 ．8 1．27 9 10 7 107 ．0

U ’H LA NSfJUltT　AN l） UUM MUN lL；A’1．1UN ZJb ．4 U．胼 b U U Z．！ ．

3 0 Per sona l tra ns por t　e qu ipn en t 178 ．1 0．9 5 1 18 7 187 ．2

3 1 O pe rat ion　o f　t ran spo rt　e qu ipm ent 42 1．2 0．7 04 59 8 598 ．0

3 2 Purc ha sed　t ran spo rt　se rv ice s 208 ．4 1．2 65 16 5 164 ．8

3 3 Co mn un ic a t ion 166 ．9 1．0 85 15 4 153 ．8

3 4 ED UC AT 10N ， R EC REAT IO N　AND　C ULT UR E 257 ．0 0．8 85 29 0 290 ．4

J b R ec rea t lO na l e qu IPm ent　a nd　re pa lrS ZUb ．．／ U．リ調 Z Z ZZ l．．／

3 6 Re cr eat io na i an d　c u ltu ra l s er v ice s 2 10 ．1 0 ．93 2 22 5 225 ．5

3 7 Bo ok s ， rna ga Z ine s　a nd　ne w spa pe rs 2 37 ．8 0 ．83 3 28 5 285 ．5

3 8 Ed uc at io n 17 8 1．2 0．80 1 2 22 4 2 223 ．9

3 9 M ISC ELL，A ⅣEO US　G OOD S　A ND　S E椚 IC ES 2 32 ．1 0 ．9 16 25 3 253 ．5

4 0 Re sta ur・a n tS ， Ca fes　an d　ho te ls 312 ．1 0 ．8 33 37 5 374 ．8

4 1 U trle r　gO O ds　and　s erV ICe S 1UZ ．1 U∴用U lU b lU b．

4 2 NE T　PURC flAS ES　A BRO AD 2 14 ．5 0 ．984 2 18 2 18 ．1

4 3 G OV ER NME NT　F INA L　CO NSU MPT IO N　EX PEND ITU f己E 192 ．9 1．126 17 1 17 1．3

4 4 CO LL ECT IV E　G OV ERNM m T　S ER V IC ES 197 ．7 1．104 17 9 17 9．1

4 5 川 D IV IDU AL　G OVE RNM ENT　S E胼 IC ES 187 ．9 1．17 3 16 0 160 ．2

4 6 G RO SS　F IXED　C AP ITAL　FO RM AT l0N 255 ．8 0 ．93 0 27 5 27 5．2

4 ’！ UU　　　　　 ’rlU N Z ．／4 ．1 U．U ZJ ZU ．！ ZU ．！．U

48 Re s id ent ia l bu i Id ings 34 1．2 0 ．84 7 40 3 4 02 ．8

4 9 No nT reS id ent ia l bu ild in g s 2 59 ．4 0 ．95 6 27 1 27 1．5

50 C iv i l en g ine er ing　wo rk s 2 50 ．8 1．06 1 23 6 23 6．5

5 1 MA CH INER Y　A ND　EO U IPME NT 23 1．0 0．938 246 246 ．

52 Tr ans por t　eq u ip men t 20 3 ．1 0 ．96 2 2 11 2 11．1

bこ3 No n－e lec t r lC a l equ lP men t Z4 1．8 U ．机 b Z．／U Z－！U ．U

54 E lect r ic a l e qu ipne nt 2 36．1 1．114 2 12 2 11．8

55 1N C REAS E IN　ST OC KS 2 7 1．0 0．9 12 297 297 ．3

56 B AL ANC E　O F　EX POR TS　AND　用 PO RT S 202 ．3 0 ．85 5 23 7 23 6．6

57 ，GR OS S　DOM EST IC　P ROD UCT 2 2 1，9 1．00 0 22 2 22 1．9

Kis obtained by dividing the nominal value of each GDPiten byits real value．
Source：Purchasing Power Parties and Real Expenditurein OECD，OECD
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Expenditure for raw materials usedin research and developmentis

not included in the calculations．

iii）　These calculations showJapan′s real R＆D expenditure by

determining a suitable conversion rate for research and develop－

ment．　However，aS mentioned above′　the calculation methodis not

the same as that used in OECD purchasing power parities′　SO tO

avoid misunderstanding，We do not refer to the conversion rates

as purchasing power parities for R＆D expenditure．Instead′　We

have calledit the reai conversion rate for R＆D expenditurein

the United States andJapan．

4．2　Calculation Xethod

4菅乙ht。。 Average of Purchasing power Parities

The basic idea behind these calculations is that the structure of

the OECD purchasing power parities can show the purchasing power

Parities of the different groupingS by combining the purchasing

POWer Parity of each item within the grouping，SO if we can

estimate the purchasing power paritY Which corresponds to each

R＆D expenditureitem，We are abie to calculate the purchasing

POWer parities for R＆D expenditure as a wh01e by bringing them to

their weighted averages・

Of the valueslistedin the OECD reference（［1］of the bibliogra－

PhY），if we bring the’lrati0　0f the nominal value（national

CurrenCy base）to the real value（dollar base）（expressed as K；

Note　8）”for any GDPitem toits weighted average′　giving‘Weight

to the real value，We Can Obtain a value for K for all GDP items

（Tabie　2）・　Through this method we can obtain K for Japan’s

OVerall R＆D expenditure bY bringing‘K which corresponds to the

R＆D expenditureitems to a weighted average，giVing weight to the

real value of each of Japan，s R＆D expenditureitems・　This
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Weighted averagingis carried out for bothJapan and the United

States・　We can obtain the real conversion rate by obtaining the

rati0　0f K for the overali R＆D expenditurein Japan andin the

United States．

Thisis shovm bY the f0110wing formulae．

The amount of the R＆D expenditureitemsis Xl′　Ⅹ2，・・・Ⅹm・

The rati00f R＆D expenditureitemsis Wl′　W2，・・・Wm（m＝number of

items）・

The ratio of nominal value to real value of the purchasing power

ParitYitems that correspond to R＆D expenditureitemsis Kl′　K2，

●●・Km・

The rati0　0f nominal value to real value of the overail R＆D

expenditureis Ko．

We bring K toits weighted average by the real vaiue of R＆D

expenditure（Ⅹ／K），SO：

Kl（Ⅹ1／Kl）＋K2（Ⅹ2／K2）＋　‥・Km（Ⅹm／Km）

KC　＝

（Ⅹ1／Kl）＋（x2／K2）＋・・・（Ⅹm／Km）

Ⅹ1＋Ⅹ2　＋・・・Xm

（Ⅹ1／Kl）＋（x2／K2）＋・・・（Ⅹm／Km）

Thus far we have represented each R＆D expenditureitemin the

form of a percentage of overall R＆D expenditure′　SO We Shall

Change the formula・　The amount of each expenditureitemis

represented by Xl＝∑Ⅹi・Wl；therefore we shallincorporate this

l

into the above formula．
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Wl＋W2　＋・・・Wm

Ko‘＝

（Wl／Kl）＋（W2／K2）＋・・・（1㌦／Km）

（Formulal）

Furthermore′if，aS mentionedin Note　2，the K forJapan′s over－

all R＆D expenditureis KNT and the K for the United States，

OVera11R＆D expenditureis KA，then the real conversion rate

STPPP（yen／d011ar）is obtained bY dividing theJapanese figure

（KN）bY the American figure（KA）・

STPPP＝KN／KA（Formula2）

4・2・2　Assumptions Regarding Price Levels for R＆D Expenditure

工te皿S

From the points mentionedin Chapter　3　about personnel expendi－

ture′　raW materiais，maChinery′instruments and equiPment，land and

buildings，and other expenditure′　We have made the f0110wing

assumptions regarding pricelevels in the United States and

Japan・

Assumptionl：　The rati0　0f personnel expenditure per researcher

represents the purchasing power parities between the United

States andJapan．

Assumption　2：Itis difficult to estimate the pricelevels for

raw materials so this has been excluded from calculations．

Assumption　3：　The purchasing power parities for machinery and

equiPment Within gross fixed capital formation represent the

Pricelevelsofmachinery，instrumentsandequiPment；andthepurchas－

ing power parities for non－reSidential buildings within gross

fixed capital formation represent the pricelevels of land and

building．
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Assumption　4；　Manyitems falling under miscelianeous expenditure

（items of R＆D expenditure other than personnei expenditure，raW

materiai expenditure′　and expenditure for tangible fixed assets

PurChase）correspond toindividual consumption・　However，pur－

Chasing power parity items within individual consumption are

quite diverse，and some have verYlittle connection with R＆D

expenditure・　Therefore′　items of individual consumption that

havelittle connection with researc′h and development should be

excluded・　Specifical1y′　f00d′　medical care and entertainment

have nothing to do with research and deveiopment and should

therefore be excluded．　Horeover，Only a part of clothing and

miscellaneous g00ds and services should be takeninto account．

From these we combine the purchasing power parities of theindi－

Viduai consumptionitems that correspond to miscellaneous ex－

Penditureitems to calculate the appropriate purchasing power

Parities，and these represent the priceleveis of misce11aneous

expenditure．

4．2．3　Ca

芝：：
1ation Pormula

（1）　We f0110wing variabieS（Kis obtained by

dividing the nominal value of each GDPitem byits real value；

Note　8）・

Variables which represent pricelevels of expenditureitems：

Rati0　0f personnel expenditure per researcher　－一一　KS

K of correctedindividual consumption on the basis of research

and development characteristics　　　　　　　　　－－－　KZC

K of gross fixed capitai formation（non－reSidential buildings）

一一一　KFCON

K of gross fixed capitai formation（machinery and equipment）

一一一　KPM

K of gross fixed capital formation（major headings）一一一KFA
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Percentage of overail expenditure：

Personai expenditure　　　　　　　　　　　　　　　　　　－－－　WP

Raw materials　　　　　　　　　　　　　　　　　　　　　　　　　　　　一一一　Ⅶ

Expenditure for tangible fixed assets purchase：

Land and buildings

Hachinery，instruments and equiPment

Other assets

Miscellaneous expenditure

（The sum of theseitemsisl）

WCON

W旺A

胃一一　WX

一一一　WO

（2）　The following formuia give the K forJapan’s overall R＆D

expenditure（KN）・

KN＝（1－W虻）／（WP／KS＋WO／KiC＋WCON／KFCON＋WHA／KFH＋WX／KFA）

（3）　Using‘the same formula，We Can Obtain the K for the United

States’OVerall R＆D expenditure（KA）（NotelO）・

（4）　We can obtain the real conversion rate for research and

deveiopment using Formula　2・

（5）　Annuai Real Conversion Rate

We f0110wed the OECD method of estimating purchasing power pari－

ties for the YearS after1985・　OECD estimates the annual value

bY multipIYing the1985　purchasing power parity values bY the

Priceinflation rate of each countrY・In this report，We have

multipiied the1985　real conversion rate by the ratio of the GDP

deflatorsinJapan and the United States（the rati0　0f the figure

Obtained after dividing the value of theJapanese deflator based

On1985　by that of the United States）・

（NotelO）ThebreakdownofR＆DexpenditurewhichformthebasisofcalculationsfortheUnitedStatesis

itselfbasedonavailabledata．ThesedataclassifyR＆DexpenditurebyUnitedStatesindustryintopersonnel

expenditure，raWmaterialexpenditureandindirectexpenses．Weestimatedthebreakdownofindirectex－

PeTISeS（expendi［urefortangibleassetspurchaseandmiscellaneousexpefldi［ure）byusingthesameralioas

Japan’sR＆Dexpenditureitems．
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4．3　Calculation Results

Tabie　3　shows the various K values，and Table　4　shows the real

COnVerSion rates・　The conversion rate for1985　as calculated bY

usis185・5　yen／d01lar，and thisis a16．4％　higher value for the

yen than the OECD，s purchasing power parities against overall GDP

Of　222　yen／d011ar．

We converted R＆D expenditure bY the United Statesinto yen by

using the reai conversion rates obtained here（Figure　4）・　For

COmParison，We haveincluded conversions of United States R＆D

expenditureinto Yen based on purchasing power parities andIMF

exchange rates，and also R＆D expenditure bYJapan（natural

SCiences onlY）．

5．　Conclusion

（1）　Purchasing power parityis premised on the final demand

StruCture Of the overall economY，While on the other hand′　R＆D

expenditureis centered on personnel expenditure for researchers

and expenditure for the purchase of fixed assets usedin re－

SearCh・　Therefore，the calculation base for purchasing power

Paritiesis not entirelY Suitable for research and development・

At the verYleastr we should be well aware that using purchasing・

POWer Parities for research and development will contain a con－

Siderable error．

（2）　We calcuiated the real conversion rate for R＆D expenditure

between the United States andJapan based on the structure of R＆D

expenditure・　Our calculations put the value of the yenin the

real conversion rate for R＆D expenditure about16％　higher thanin

PurChasing power parities．　Thisis not a precise caiculation for

data waslimited．rough assumptions were made regarding price

levels of R＆D expenditureT and′in particulart raw materiai
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Table3－1CaJculatingTableforKofJapan’sR＆DExpenditure

Factors　for　calculation　of　K　　　　　　　　　 ／Year 1985
Reference：PPP　for　GDP （￥／＄） 222
KlL：：K　of　corrected indlVidual consumption　on　the ZIU．4

basis　of　R＆D　characteristics
KFCON：K　of　gross　fixed　capital formation（non－reSidential 259．4

buildings）
KFM：K　of　gross　fixed　capitaIformation（machinery　＆　equipment） 231
KFA：K of　gross　fixed capitalformation（major　headings） 255．8
KS：比atlO　Or　perSOnneleXPenditure　per　researcher 1bb．Z
WP：Personnelexpenditure 42．3％
WM：Raw　material expenditure 18．1％
Expenditure　for　tangible　fixed　asset　purchase 18．1％
WCON：Land．buildings 3．5％
WMA：Machinery，instruments，equipment 11．8％
WX：Uther　assets Z．梢
WO：Miscellaneous　expenditure 21．5％
1－WM：Total except　raw　naterialexpenditure 81．9％
KN：K　of Japan’s　total R＆D　expenditure 181．9

TabIe3－2CalculatingTableforKoftheUnitedStates

R＆DExpend旺ure

Factors　for　calcu lation　of　K　　　　　　　　　 ／Year・ 1985
Reference：PPP　for　GDP （￥／＄） 1．0000
KlL：：K　or　corrected lndlvldual consumpt10n　On　the U．Ub．／’！

basis　of　R＆D　characteristics
KFCON：K　of　gross　fixed　capital formation（non－reSidential 0．9555

buildings）

KFM K　of　gross　fixed　capital formation（machinery　＆　equipment）0．9380
KFA K of　gross　fixed capital fornation（major headings） 0．9296
KS：比at10　0r　perSOnnel expenditure　per　researcher 1．UUUU
WP Personnel Expenditure 45．6％
WM Raw　Material Expenditure 17．0％
Expenditure　for　Tangible　Fixed Asset　Purchase 17．1％
WCON：Land．Buildings 3．3％
WMA：Machinery，instruments，equipment 11．1％
WX：Uther　Assets ●．．
WO：Miscellaneous　Expenditure 20．3％
1－WM：Total Except　Raw　Material Expenditure 83．0％
K A：K　of　the　U．S．total R＆D expend iture 0．98033

KN＝（1－WM）／（WP／KS＋WO／KICiWCON／KFCONiWMA／KFM十WX／KFA）
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TabIe4　RealConversionRateforR＆D，Purchasing

PowerParitiesandExchangeRate

什en／US＄）

Y e a r

R e a l C o n － P u r c h a s in g E x c h a n g e
V e r S io n　R a t e P o w e r　 P a r i － R a t e

f o r　fは D t ie s

1 9 7 0 2 1 1 ．7 2 5 6 3 5 8 ．1
1 9 7 1 2 1 0 ．2 2 5 7 3 4 9 ．3

1 9 7 2 2 1 4 ．7 2 5 9 3 0 3 ．2

1 9 7 3 2 3 2 ．6 2 7 4 2 7 1 ．7
1 9 7 4 2 5 3 ．0 3 0 4 2 9 2 ．1
1 9 －！b Z 4 4 ．U 封用 Z U b ．U
1 9 7 6 2 4 8 ．0 3 0 0 2 9 6 ．6
19 7 7 2 4 6 ．5 2 9 8 2 6 8 ．5

1 9 7 8 2 3 9 ．8 2 9 1 2 1 0 ．4

19 7 9 2 2 5 ．7 2 7 5 2 1 9 ．1
1 9 8 0 2 1 8 ．3 2 6 2 2 2 6 ．7

1 3 8 1 Z U 4 ．9 Z 4 ’！ Z　 ．
1 9 8 2 19 5 ．2 2 3 6 2 4 9 ．1

1 9 8 3 19 0 ．9 2 3 0 2 3 7 ．5

1 9 8 4 1 8 8 ．2 2 2 5 2 3 7 ．5

1 9 8 5 18 5 ．5 2 2 2 2 3 8 ．5
1 9 8 6 1 8 3 ．6 2 2 1 1 6 8 ．5

tダ！ 1プ！．リ Z l b 1 4 4 ．6
1 9 8 8 1 7 2 ．9 2 0 9 1 2 8 ．2

1 9 8 9 1 7 0 ．0 2 0 5 1 3 8 ．0

1 9 9 0 1 6 6 ．4 2 0 0 1 4 4 ．8

1 9 9 1 1 6 4 ．9 1 9 7 1 3 4 ．7
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Figure4　YenConversionofR＆DExpenditurebyUnitedStates

（S01idlineis the yen conversion of U・S・R＆D

Trilli。ny。n eXPenditure based on the real conversion rate）
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（Real Conver－　　　（P．p．p．　　　　　　（Exchallge
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expenditure was notincludedin calculations・　Nevertheless，Our

estimation that the value of the yenin the real conversion rate

for R＆D expenditureis higher thanin purchasing power parities

PrObablY h01ds true・

（3）　The significance of our calculating the real conversion rate

is that we have presented a method of measuring the real quantity

Of research and developmentin each countrY・

The basicidea of purchasing power parityis to grasp economic

activities on a real quantity base and not as a nominal value・

Inline with this view′　the real conversion ratein this research

applies purchasing power parity methods to the various research

and development fields・　工f these calculations can be carried for

each countrY，We Shall be able to ascertain real quantities for

their respective research and development，and this，in turn′

will influence discussions on international science and techn010－

gy p01icy．　This kind of calculation methodis considered to be

extremeiy effective when the exchange rateis fluctuating．wildlY・

＝tis also thought to be of benefitin analyzing R＆D expenditure

in developing COuntries and the countries of the former communist

bloc′　Where pricelevels and research and deveiopment structures

are quite different．

This calculation methodis not simplylimited to research and

developmentr but can also be applied to calculating the real

COnVerSion ratesin other specific fields．　Provided we know the

breakdown of expenditureitems and rough price levelsr we are

able to calculate the real conversion rate．

6．　Points Requiring Further Discussion

（1）　Examination of statistical values

fn this report we have caiculated the real conversion rate for
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R＆D expenditure assuming‘Certain R＆D expenditure characteristics

On the basis of purchasing power parities．　A more accurate

Calculation would require detailed data on R＆D expenditure and

analysis of eachitem，s pricelevelinJapan and overseas・　The

f0110wing are the key points requiring‘eXamination・

i）　A breakdown of R＆D expenditure；PerSOnnei expenditure for

researchers，Whichis thelargest expenditureitem；and especial－

1Y the precise number of researchers and people engaged in re－

SearCh and their wag‘eleveisin the United States．

ii）　The capabilitY一　Or SenioritY－based wage structure covering

researchersin each countrY，and a calculation of theinterna－

tional average personnel expenditure・

iii）　The pricelevels of raw materiai expenditure・

（2）　Anaiysis of expenditure bYindividual data

Zn addition to the examination of statistical values at（1）

above，We Can COnSider analyses of expenditure at individual

researchinstitutions or of theinternational price marginin

research－related equiPment and material．

（3）　Examination of estimated purchasing‘Power Parities for1990

（4）　Examination of the real conversion rate for countries other

than the United States andJapan

（5）　From the above′　We Can eXPeCt aCCurate Calculations of the

real conversion rate for various countries．　And we can tie in

the calculation results to the various analYSeS COVering re－

SearCh and development・　For example，analy2：ing theinstitutional

factorsin each country which maY influence the R＆D expenditure

items，Or uSing the results as basic data for research on the

effect of research and development on the economY・
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ReferenceTablel：R8tioofU・S．R＆DExpenditureltems

U．S．R＆D　Expenditure 1983　U．S．Sta－1985　U．S．Esti－

Items tistical Value mated　Value
Personne l Expenditures 45．6％ 45．6％
Materials ド！．UX rr．U
Indirect　Cost 37．4％ 37．4％

Tangible　Fixed　Assets　Exp． 17．1％
（Land，Buildings，etc） 3．3％
（Machinery　＆lnstruments　etc） 11．1％
（Others） 2．6％

Uther　Expenses ZU．調
Total 100．0％ 100．0％

＊
　
＊
　
＊
　
＊
　
＊

NSF reference：

1985　figures marked with an asterisk　＊　are estimated fron

the ratio ofJapan’s R＆D expenditureitems．These are a breakdown

Ofindirect expenditure so they are notincludedin the total．

ReferenceTable2：YenConversionofR＆DExpenditurebythe

UnitedStates（jnmultipJeswithJapan’sR＆D

expendituresetatl）

Year

Yen　Conver－ Yen　Conver－ Yen　Conver一 （Reference）
S ion　on　R eal SlOn　On Sion　on　Ex一 Jap an’S

Convers ion　Rt PPP　Bas is Change　Rate R＆D　Exp．

1970 4．63 5．60 7．83 1
1971 4．17 5．09 6．92 1

1972 3．85 4．65 5．44 1
1973 3．61 4．25 4．21 1
1974 3．43 4．13 3．96 1
19Tb 3．ZU 4．UU 3．測 1
1976 3．29 3．98 3．93 1
1977 3．26 3．94 3．55 1
1978 3．23 3．92 2．84 1

1979 3．05 3．72 2．96 1
1980 2．92 3．50 3．03 1
19bI Z．．J4 3．31 Z．Ub 1
1982 2．66 3．21 3．39 1
1983 2．62 3．15 3．26 1
1984 2．65 3．17 3．35 1

1985 2．60 3．11 3．34 1
1986 2．61 3．14 2．39 1
1測．！ ．．／ Z．99 Z．
1988 2．36 2．86 1．75 1
1989 2．19 2．64 1．78 1
1990 2．00 2．4 1 1．74 1

1991 1．97 2．35 1．61 1
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