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SUMMARY

The paper develops a dynamic general-equilibrium model of Schumpeterian growth which is
fueled by industrial and agricultural R&D.  The former is private and results in better production
processes, whereas the latter is government-financed (public and applied) R&D and generates
better crop varieties.  The arrival of innovations in either sector is stochastic.

The model is used to calculate the steady-state equilibrium and the growth-maximizing mix of
agricultural and industrial R&D investments.  It is also used to highlight the properties of social
rates of return (ROR) of R&D which are based on partial-equilibrium calculations.  These
measures overestimate the true agricultural social ROR and underestimate the true industrial
social ROR of R&D investments.  This systematic bias increases with the size of the R&D project
under evaluation.
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� 'LQRSRXORV ������ SURYLGHV D UHFHQW RYHUYLHZ RI 6FKXPSHWHULDQ JURZWK WKHRU\ �6FKXPSHWHU� ����� ZKLFK LV RQH

EUDQFK RI HQGRJHQRXV JURZWK WKHRU\�

� (DUO\ QHR�6FKXPSHWHULDQ PRGHOV RI JURZWK LQFOXGH 5RPHU ������� 6HJHUVWURP� $QDQW DQG 'LQRSRXORV �������

$JKLRQ DQG +RZLWW ������� DQG *URVVPDQ DQG +HOSPDQ �������

�
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,Q WKH SDVW WZR GHFDGHV� WKH HFRQRPLF SHUIRUPDQFH RI PRVW VXE�6DKDUDQ $IULFDQ FRXQWULHV KDV

EHHQ GLVDSSRLQWLQJ �-RQHV DQG .LJXHO� ������ 7KLV UHFRUG LV DWWULEXWHG LQ SDUW WR WKH QHHG IRU

IXUWKHU PDFURHFRQRPLF UHIRUPV� HYHQ LQ FRXQWULHV KDYLQJ XQGHUWDNHQ VWUXFWXUDO DGMXVWPHQW

SURJUDPV� DQG LQ SDUW GXH WR WKH IDLOXUH RI WKH DJULFXOWXUDO VHFWRU� ZKLFK IRUPV WKH GRPLQDQW

VHFWRU LQ PRVW VXE�6DKDUDQ HFRQRPLHV� 'HVSLWH WKH DGYHUVH PDFURHFRQRPLF SROLFLHV DQG SRRU

RYHUDOO SHUIRUPDQFH RI DJULFXOWXUDO VHFWRUV� D QXPEHU RI VXFFHVVHV LQ DJULFXOWXUDO UHVHDUFK DQG

GHYHORSPHQW �5	'� KDYH EHHQ TXDQWLILHG �VHH 2HKPNH DQG &UDZIRUG ������ IRU D UHYLHZ��

%DVHG RQ SDUWLDO�HTXLOLEULXP FDOFXODWLRQV UDWHV RI UHWXUQV �525V� WR LQYHVWPHQW LQ $IULFDQ

DJULFXOWXUDO UHVHDUFK ZHUH VXIILFLHQWO\ ODUJH IRU 2HKPNH DQG &UDZIRUG WR UHFRPPHQG

PDLQWDLQLQJ RU LQFUHDVLQJ VORZO\ WKH UHDO OHYHOV RI IXQGLQJ� 7KH SDWWHUQ RI VLPXOWDQHRXV

VXFFHVV LQ DJULFXOWXUDO 5	' DQG VWDJQDQW RU VORZ DJULFXOWXUDO JURZWK EHJV WKH TXHVWLRQ� +RZ

FDQ DJULFXOWXUDO 5	' EHVW EH XVHG WR VWLPXODWH EURDG�EDVHG HFRQRPLF JURZWK"

5HFHQW GHYHORSPHQWV LQ JURZWK WKHRU\� XQGHU WKH KHDGLQJ RI HQGRJHQRXV JURZWK� HPSKDVL]H

WKH SLYRWDO UROH RI HQGRJHQRXV WHFKQRORJLFDO SURJUHVV WKURXJK UHVHDUFK DQG GHYHORSPHQW

�5	'� LQYHVWPHQWV RQ ORQJ�UXQ JURZWK�� 6LQFH DJULFXOWXUH UHSUHVHQWV WKH PRVW VLJQLILFDQW

VHFWRU LQ PDQ\ GHYHORSLQJ FRXQWULHV� WKH FRPELQDWLRQ RI KLJK 525 IRU DJULFXOWXUDO

LQYHVWPHQWV DQG ORZ DJJUHJDWH HFRQRPLF JURZWK UDLVHV VHYHUDO LPSRUWDQW DQDO\WLFDO TXHVWLRQV�

:KDW LV WKH OLQN �LI DQ\� EHWZHHQ DJULFXOWXUDO 5	' DQG QDWLRQDO HFRQRPLF JURZWK" 'R WKH

FRQVXPHU DQG SURGXFHU VXUSOXV FDOFXODWLRQV XVHG WR UHSUHVHQW WKH VRFLDO EHQHILWV RI 5	' LQ

525 FRPSXWDWLRQV DGHTXDWHO\ PHDVXUH WKH DJJUHJDWH HFRQRPLF EHQHILWV RI 5	'" 'RHV WKH

SDUWLDO HTXLOLEULXP DSSURDFK� ZKLFK LV XVHG URXWLQHO\ LQ 525 FDOFXODWLRQV� LQWURGXFH DQ\

V\VWHPDWLF ELDV WR WKH PDJQLWXGH RI 525" ,I WKH FRQWULEXWLRQ RI DJULFXOWXUDO 5	' WR

HFRQRPLF JURZWK LV SRVLWLYH� DUH WKHUH DQ\ 525 EDVHG UXOHV WR LQGLFDWH ZKHWKHU WKHUH LV

RYHULQYHVWPHQW RU XQGHU LQYHVWPHQW LQ DJULFXOWXUDO 5	'"

7KH SUHVHQW SDSHU FDQ EH YLHZHG DV WKH ILUVW VWHS WRZDUG DGGUHVVLQJ WKH DERYH TXHVWLRQV� $

G\QDPLF JHQHUDO�HTXLOLEULXP PRGHO RI HFRQRPLF JURZWK LV GHYHORSHG LQ ZKLFK WRWDO IDFWRU

SURGXFWLYLW\ �7)3� JURZWK LV IXHOHG E\ WZR W\SHV RI VHFWRU�VSHFLILF 5	' LQYHVWPHQWV�

$JULFXOWXUDO 5	' DQG LQGXVWULDO 5	'� 7KH PRVW LPSRUWDQW TXDOLWDWLYH GLIIHUHQFH EHWZHHQ WKH

WZR W\SHV RI 5	' LV WKDW DJULFXOWXUDO 5	' FDQ EH LPLWDWHG LQVWDQWDQHRXVO\ DQG WKHUHIRUH LV

ILQDQFHG WKURXJK JRYHUQPHQW H[SHQGLWXUHV� ZKHUHDV LQGXVWULDO 5	' FDQQRW EH LPLWDWHG DQG

FDQ EH ILQDQFHG WKURXJK WHPSRUDU\ PRQRSRO\ SURILWV� 7KH PRGHO XVHV DQDO\WLFDO LQVLJKWV IURP

WKH QHR�6FKXPSHWHULDQ DSSURDFK WR HFRQRPLF JURZWK ZKLFK HPHUJHG LQ WKH ODWH ����V��

6HYHUDO ILQGLQJV DUH LQWHUHVWLQJ� 7KH H[SHFWHG ORQJ�UXQ JURZWK UDWH RI WKH HFRQRP\ LV DQ

LQFUHDVLQJ DQG FRQFDYH IXQFWLRQ RI ERWK DJULFXOWXUDO DQG LQGXVWULDO 5	' LQYHVWPHQWV�



�

&RQVHTXHQWO\� JLYHQ 5	' UHVRXUFH FRQVWUDLQWV� WKHUH H[LVWV D OHYHO RI DJULFXOWXUDO 5	' ZKLFK

PD[LPL]HV DJJUHJDWH H[SHFWHG ORQJ�UXQ JURZWK� 7KH PRGHO LV DOVR XWLOL]HG WR FDOFXODWH WKH

SDUWLDO HTXLOLEULXP VRFLDO 525 RI 5	' LQYHVWPHQWV LQ ERWK VHFWRUV RI WKH HFRQRP\� 7KH

PRGHO VKRZV WKDW IRU DQ\ JLYHQ OHYHO RI DJULFXOWXUDO RU LQGXVWULDO 5	' LQYHVWPHQW� WKH SDUWLDO�

HTXLOLEULXP PHWKRGRORJ\ RYHUHVWLPDWHV WKH VRFLDO 525 RI DJULFXOWXUDO 5	' LQYHVWPHQWV� DQG

XQGHUHVWLPDWHV WKH VRFLDO 525 RI LQGXVWULDO 5	'� 7KLV ELDV RI SDUWLDO HTXLOLEULXP PHWKRGV

LQFUHDVHV ZLWK WKH VL]H RI WKH SURMHFW XQGHU FRQVLGHUDWLRQ� )LQDOO\� WKH SDSHU SURYLGHV FULWHULD

IRU 5	' SURMHFW HYDOXDWLRQ EDVHG RQ QDWLRQDO JURZWK PD[LPL]DWLRQ�

7KH QH[W VHFWLRQ GHYHORSV WKH EDVLF HOHPHQWV RI WKH PRGHO� 6HFWLRQ � GHULYHV WKH VWHDG\�VWDWH

VROXWLRQ WR WKH PRGHO� 6HFWLRQ � FKDUDFWHUL]HV WKH SURSHUWLHV RI JURZWK�PD[LPL]LQJ 5	'

LQYHVWPHQWV� 6HFWLRQ � DQDO\]HV WKH HFRQRPLFV RI 525 RI 5	' LQYHVWPHQWV IURP WKH SRLQW RI

YLHZ RI WKH PRGHO GHYHORSHG� DQG VHFWLRQ � VWDWHV VHYHUDO FRQFOXVLRQV DQG VXJJHVWLRQV IRU

IXUWKHU UHVHDUFK�



�([FHSWLRQV LQFOXGH K\EULG YDULHWLHV� LPSURYHG OLYHVWRFN EUHHGV� SDWHQWHGPDWHULDOV� DQG WKRVH LQSXWV DQG HTXLSPHQW

WKDW UHTXLUH VSHFLDOL]HG SURGXFWLRQ NQRZOHGJH VXFK DV LPSURYHG WUDFWRUV RU EHWWHU UROOHUV�
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7KH HFRQRP\ FRQVLVWV RI WZR VHFWRUV� DJULFXOWXUH DQG LQGXVWU\� ZLWK HDFK VHFWRU FKDUDFWHUL]HG

E\ WZR DFWLYLWLHV� PDQXIDFWXULQJ RI D ILQDO SURGXFW DQG 5	' VHUYLFHV� 0DQXIDFWXULQJ RI

DJULFXOWXUDO RU LQGXVWULDO RXWSXW XVHV D VHFWRU�VSHFLILF IDFWRU �FDOO LW FDSLWDO� DQG XQVNLOOHG ODERU

ZKLFK LV SHUIHFWO\ PRELOH LQWHUVHFWRUDOO\� 7KH PDQXIDFWXULQJ RI ILQDO JRRGV LV FKDUDFWHUL]HG

E\ FRQVWDQW UHWXUQV WR VFDOH� 5	' VHUYLFHV DUH PRGHOHG DV DQ LQWHUPHGLDWH JRRG DQG WKHLU

SURGXFWLRQ ² LQ HLWKHU DJULFXOWXUH RU LQGXVWU\ ² UHTXLUHV VNLOOHG ODERU DQG H[KLELWV GLPLQLVKLQJ

UHWXUQV� 6NLOOHG ODERU LV XVHG RQO\ LQ 5	' DFWLYLWLHV� DQG LW LV SHUIHFWO\ PRELOH DFURVV WKH WZR

VHFWRUV� 7KH PRGHO DEVWUDFWV IURP SRSXODWLRQ JURZWK� SK\VLFDO FDSLWDO DFFXPXODWLRQ DQG

XQHPSOR\PHQW RU XQGHUHPSOR\PHQW RI UHVRXUFHV�

7KH SURGXFWLRQ VWUXFWXUH RI ILQDO JRRGV LV D VSHFLDO FDVH RI WKH VSHFLILF�IDFWRUV PRGHO ZKLFK

KDV EHHQ XVHG H[WHQVLYHO\ LQ ERWK HFRQRPLF GHYHORSPHQW DQG LQWHUQDWLRQDO WUDGH� 7KH

SURGXFWLRQ VWUXFWXUH RI 5	' DFWLYLWLHV IROORZV WKH QHR�6FKXPSHWHULDQ DSSURDFK WR JURZWK DQG

HPSKDVL]HV WKH VFDUFLW\ RI KXPDQ FDSLWDO �VNLOOHG ODERU� ZKLFK LV RQH RI WKH PRVW LPSRUWDQW

LPSHGLPHQWV WR JURZWK LQ PDQ\ GHYHORSLQJ FRXQWULHV� 7KH DVVXPSWLRQ RI GLPLQLVKLQJ UHWXUQV

WR 5	' LV VXSSRUWHG HPSLULFDOO\ �7KRPSVRQ ������� $UUR\R� 'LQRSRXORV� DQG 'RQDOG �������

DQG LV QHHGHG WR DYRLG FRUQHU VROXWLRQV DQG QR�JURZWK WUDSV �6HJHUVWURP ��������

,Q WKLV HFRQRP\� 6FKXPSHWHULDQ JURZWK LV IXHOHG E\ WZR W\SHV RI HQGRJHQRXV LQQRYDWLRQ

DFWLYLWLHV� DJULFXOWXUDO DQG LQGXVWULDO 5	'� $JULFXOWXUDO 5	' LQYHVWPHQWV UHVXOW LQ WKH

GLVFRYHU\ RI EHWWHU DJULFXOWXUDO WHFKQLTXHV RI SURGXFWLRQ RU EHWWHU FURS YDULHWLHV ZKLFK

LQFUHDVH WKH \LHOG RI DJULFXOWXUDO RXWSXW� 7KH GLVFRYHU\ RI EHWWHU DJULFXOWXUDO WHFKQLTXHV RU

YDULHWLHV LV VWRFKDVWLF� DQG WKH DUULYDO RI DJULFXOWXUDO LQQRYDWLRQV LV JRYHUQHG E\ D 3RLVVRQ

SURFHVV ZKRVH LQWHQVLW\ LQFUHDVHV LQ DJULFXOWXUDO 5	' LQYHVWPHQW� ,Q RWKHU ZRUGV� KLJKHU

OHYHOV RI DJULFXOWXUDO 5	' DFFHOHUDWH WKH H[SHFWHG QXPEHU RI GLVFRYHULHV SHU XQLW RI WLPH DQG

WKXV JHQHUDWH KLJKHU ORQJ�UXQ JURZWK LQ RXWSXW� :H DOVR DVVXPH WKDW SHUIHFW FRPSHWLWLRQ

SUHYDLOV LQ WKH DJULFXOWXUDO VHFWRU LQ ERWK SURGXFW DQG IDFWRU PDUNHWV� 7KH DVVXPSWLRQ RI

SHUIHFW FRPSHWLWLRQ LQ DJULFXOWXUH HYHQ LQ WKH SUHVHQFH RI SURFHVV LQQRYDWLRQV FDQ EH MXVWLILHG

RQ VHYHUDO JURXQGV� )LUVW� PRVW DJULFXOWXUDO FURSV DUH KRPRJHQHRXV SURGXFWV� 6HFRQG� D

ODUJH YDULHW\ RI DJULFXOWXUDO LQQRYDWLRQV DUH HDVLO\ LPLWDWHG� ,PSURYHG� RSHQ�SROOLQDWHG FURS

YDULHWLHV DUH RQH H[DPSOH� DVH[XDOO\ SURSDJDWHG SODQWLQJ PDWHULDOV VXFK DV FDVVDYD DQG PDQ\

W\SHV RI SRWDWR DOVR DOORZ HDV\ WUDQVIHU IURP IDUPHU WR IDUPHU� ,PSURYHG WLOODJH SUDFWLFHV

VXFK DV EXQGV DQG WLHG ULGJHV DUH HDVLO\ FRSLHG E\ VRPHRQH ZKR KDV VHHQ WKHP� DV DUH

QXPHURXV RWKHU IDUP�PDQDJHPHQW WHFKQLTXHV� ,Q JHQHUDO DQ LQQRYDWLQJ DJULFXOWXUDO ILUP LV

XQOLNHO\ WR JDLQ PRQRSRO\ SRZHU�� 7KXV LPLWDWLRQ RI QHZ YDULHWLHV LV DOPRVW LQVWDQWDQHRXV�

7KLUG� DJULFXOWXUH LQ PRVW GHYHORSLQJ FRXQWULHV FRQVLVWV RI WKRXVDQGV RI VPDOO IDUPHUV ZKRVH

LQFRPH LV YHU\ ORZ WR ILQDQFH ULVN\ ODUJH VFDOH 5	' LQYHVWPHQWV�

7KH DVVXPSWLRQ RI SHUIHFW FRPSHWLWLRQ LQ DJULFXOWXUDO ILQDO SURGXFWV LPSOLHV WKDW HDFK



� 5RPHU ������ KDV DQ H[FHOOHQW GLVFXVVLRQ DQG DQDO\VLV RI PDUNHW VWUXFWXUH FRQVLGHUDWLRQV UHODWHG WR 5	'

LQYHVWPHQWV�

� 'LQRSRXORV ������ DVVXPHV WKDW WKHUH LV D VWRFN PDUNHW ZKLFK KHOSV FRQVXPHUV WR GLYHUVLI\ WKH DJJUHJDWH ULVN�

$JKLRQ DQG +RZLWW ������ GHVFULEH KRZ D EDQNLQJ VHFWRU FDQ UHSOLFDWH WKH UROH RI WKH VWRFN PDUNHW LQ ILQDQFLQJ

SULYDWH 5	' H[SHQGLWXUHV�

�

LQGLYLGXDO IDUPHU GRHV QRW KDYH DQ HFRQRPLF LQFHQWLYH WR HQJDJH LQ 5	' LQYHVWPHQW� 8QGHU

FRQVWDQW UHWXUQV WR VFDOH� WKH YDOXH RI ILQDO RXWSXW HTXDOV WKH FRVW RI SURGXFWLRQ DW HDFK LQVWDQW

LQ WLPH� 7KH DEVHQFH RI HFRQRPLF SURILWV LPSOLHV WKDW WKH JRYHUQPHQW KDV WR ILQDQFH

DJULFXOWXUDO 5	' LQYHVWPHQWV�� ,Q RWKHU ZRUGV� ZH PRGHO DJULFXOWXUDO 5	' DV DQ DSSOLHG EXW

SXEOLF DFWLYLW\� DQG DVVXPH WKDW WKH JRYHUQPHQW SD\V WKH ZDJH ELOO RI VNLOOHG ZRUNHUV HQJDJHG

LQ DJULFXOWXUDO 5	'� :H DVVXPH� WKHUHIRUH� WKDW WKH WUDQVIHU DQG GHYHORSPHQW RI DJULFXOWXUDO

WHFKQRORJ\ LV ILQDQFHG WKURXJK GRPHVWLF OXPS�VXP WD[HV RU IRUHLJQ DLG�

0DQ\ H[DPSOHV RI DJULFXOWXUDO 5	' LQYHVWPHQWV ILW WKH DERYH�PHQWLRQHG SURFHVV� 7UDGLWLRQDO

EUHHGLQJ SURJUDPV WKDW XVH YDULHWDO VFUHHQLQJ WULDOV DUH RQH H[DPSOH� 7KRXVDQGV RI SRWHQWLDO

YDULHWLHV PLJKW EH VFUHHQHG WR GHWHUPLQH ZKLFK JHQRW\SHV H[SUHVV GHVLUDEOH FKDUDFWHULVWLFV LQ

GLIIHUHQW HQYLURQPHQWDO VHWWLQJV� 7KH SUREDELOLW\ RI ILQGLQJ D VXLWDEOH YDULHW\ LQFUHDVHV ZLWK

WKH QXPEHU RI YDULHWLHV WHVWHG� 6LQFH WKH QXPEHU RI YDULHWLHV WHVWHG LQFUHDVHV ZLWK WKH QXPEHU

RI UHVHDUFKHUV� WKH FXUUHQW PRGHO SURYLGHV DGHTXDWH UHSUHVHQWDWLRQ RI WKLV DUHD RI DJULFXOWXUDO

UHVHDUFK� 6LPLODUO\� LW UHSUHVHQWV D YDULHW\ RI RQ�VWDWLRQ DQG RQ�IDUP WHVWLQJ DQG VFUHHQLQJ

DFWLYLWLHV� &RQFHSWXDO LQYHVWLJDWLRQV DQG UHVHDUFK DOVR KDYH EHHQ GHVFULEHG DV DFWLYLWLHV LQ

ZKLFK WKH DUULYDO RI LQQRYDWLYH LGHDV FRQWDLQ D UDQGRP FRPSRQHQW DQG DUH FRQVLVWHQW ZLWK WKH

PRGHO� ,Q DGGLWLRQ� DJULFXOWXUDO 5	' H[SHQGLWXUHV� SDUWLFXODUO\ LQ GHYHORSLQJ FRXQWULHV� DUH

ILQDQFHG SULPDULO\ E\ WKH QDWLRQDO JRYHUQPHQW� LQWHUQDWLRQDO GRQRUV� RU RWKHU SXEOLF�VHFWRU

DJHQFLHV�

3URGXFWLRQ RI WKH ILQDO LQGXVWULDO JRRG RFFXUV XQGHU FRQVWDQW UHWXUQV WR VFDOH� ,QGXVWULDO 5	'

XWLOL]HV RQO\ VNLOOHG ODERU DQG H[KLELWV LQVWDQWDQHRXV GLPLQLVKLQJ UHWXUQV� 7KH DUULYDO RI

LQGXVWULDO LQQRYDWLRQV LV JRYHUQHG E\ D 3RLVVRQ SURFHVV ZKRVH LQWHQVLW\ LV DQ LQFUHDVLQJ DQG

FRQFDYH IXQFWLRQ RI 5	' UHVRXUFHV� ,QGXVWULDO 5	' LV PRGHOHG WKURXJK VWRFKDVWLF DQG

VHTXHQWLDO 5	' UDFHV� 7KH ZLQQHU RI HDFK 5	' UDFH HQMR\V WHPSRUDU\ PDUNHW SRZHU �WKHUH

LV QR LPLWDWLRQ E\ DVVXPSWLRQ�� XQWLO LW LV UHSODFHG E\ WKH ILUP WKDW ZLQV WKH QH[W 5	' UDFH�

7KH UDQGRP WLPH LQWHUYDOV EHWZHHQ LQGXVWULDO LQQRYDWLRQV� ZKLFK IROORZ DQ H[SRQHQWLDO

GLVWULEXWLRQ� VHUYH DV PDUNHW�GHWHUPLQHG �SDWHQWV� IRU WKH ZLQQHU RI 5	' UDFHV�

&RQVHTXHQWO\� WKH RQO\ TXDOLWDWLYH GLIIHUHQFH EHWZHHQ DJULFXOWXUH DQG LQGXVWU\ LV WKH PDUNHW

VWUXFWXUH� 7KH IRUPHU LV FKDUDFWHUL]HG E\ SHUIHFW FRPSHWLWLRQ DQG SXEOLF 5	'� ZKHUHDV WKH

ODWWHU H[KLELWV WHPSRUDU\ PRQRSRO\ SRZHU DQG SULYDWH 5	'�

3ULYDWH �LQGXVWULDO� 5	' LQYHVWPHQWV DUH ILQDQFHG WKURXJK FRQVXPHU VDYLQJV� &RQVXPHUV

DOORFDWH WKHLU LQFRPH EHWZHHQ FRQVXPSWLRQ DQG VDYLQJV E\ PD[LPL]LQJ WKHLU GLVFRXQWHG

OLIHWLPH XWLOLW\� &RQVXPHU VDYLQJV DUH WKHQ FKDQQHOHG WR ILUPV HQJDJHG LQ 5	' WKURXJK D

ILQDQFLDO VHFWRU ZKLFK LV QRW PRGHOHG H[SOLFLWO\�� 7KH LQVWDQWDQHRXV LQWHUHVW UDWH HTXDOL]HV WKH

GHPDQG WR WKH VXSSO\ RI VDYLQJV DW HDFK LQVWDQW LQ WLPH�
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7KH IROORZLQJ VXEVHFWLRQV SUHVHQW WKH IRUPDO HOHPHQWV RI WKH PRGHO� ZKLFK XWLOL]HV EXLOGLQJ

EORFNV IURP 'LQRSRXORV DQG .UHLQLQ ������ DQG 'LQRSRXORV DQG 6\URSRXORV �������

$OWKRXJK WKH SULYDWH 5	' FRPSRQHQW RI WKH SUHVHQW PRGHO LV VLPLODU WR WKDW XVHG LQ WKH RWKHU

WZR VWXGLHV� WKH SURGXFWLRQ VWUXFWXUH RI ILQDO JRRGV DQG WKH PRGHOLQJ RI DJULFXOWXUDO 5	' DUH

GLIIHUHQW�

���� &RQVXPHU %HKDYLRU

7KH LQWHUWHPSRUDO XWLOLW\ IXQFWLRQ RI WKH UHSUHVHQWDWLYH FRQVXPHU LV GHILQHG WR EH�

��� 8 
 PH
	' W OQ>]�W�@GW

ZKHUH ' ! � LV WKH FRQVWDQW VXEMHFWLYH GLVFRXQW UDWH RI WKH FRQVXPHU� DQG LV WKH]�#�

LQVWDQWDQHRXV VXEXWLOLW\ IXQFWLRQ�

���

9DULDEOH ;
�
LV WKH DPRXQW RI DJULFXOWXUDO RXWSXW SURGXFHG � DQG FRQVXPHG � DW HDFK LQVWDQW LQ

WLPH� ;
�
LV WKH TXDQWLW\ RI LQGXVWULDO RXWSXW� DQG � � �� � LV D FRQVWDQW SDUDPHWHU�

6XEVFULSWV � DQG � GHQRWH YDULDEOHV DQG IXQFWLRQV LQ WKH DJULFXOWXUDO DQG LQGXVWULDO VHFWRUV�

UHVSHFWLYHO\� 7KH &REE�'RXJODV LQVWDQWDQHRXV XWLOLW\ IXQFWLRQ IDFLOLWDWHV WKH H[SRVLWLRQ RI WKH

DQDO\VLV� LW DOORZV WKH H[LVWHQFH RI D VWHDG\�VWDWH HTXLOLEULXP ZLWK GLIIHUHQW VHFWRUDO JURZWK

UDWHV E\ DEVWUDFWLQJ IURP FURVV SULFH HIIHFWV� DQG LW LV DOVR FRQYHQLHQW IRU KLJKOLJKWLQJ WKH OLQNV

EHWZHHQ SDUWLDO�HTXLOLEULXP DQG JHQHUDO�HTXLOLEULXP EDVHG FDOFXODWLRQV RI 525 RI 5	'

LQYHVWPHQWV�

7KH LQVWDQWDQHRXV ILQDO RXWSXW GHPDQGV IRU HDFK VHFWRU DUH�

���

ZKHUH & GHQRWHV WKH DJJUHJDWH FRQVXPSWLRQ H[SHQGLWXUH DW WLPH W� DQG S
L
LV WKH SULFH RI

SURGXFW , � ��� ��� )RU VLPSOLFLW\ RI H[SRVLWLRQ� WLPH DUJXPHQWV RI YDULDEOHV DUH VXSSUHVVHG
ZKHQHYHU SRVVLEOH�

7KH VROXWLRQ WR WKH LQWHUWHPSRUDO PD[LPL]DWLRQ SUREOHP RI WKH UHSUHVHQWDWLYH FRQVXPHU

SURYLGHV WKH IROORZLQJ HTXDWLRQ RI PRWLRQ IRU DJJUHJDWH FRQVXPSWLRQ H[SHQGLWXUH &�W��

���

ZKHUH U�W� LV WKH LQVWDQWDQHRXV LQWHUHVW UDWH DW WLPH W� $W WKH VWHDG\�VWDWH HTXLOLEULXP

FRQVXPSWLRQ H[SHQGLWXUH LV FRQVWDQW RYHU WLPH� VR WKDW WKH LQVWDQWDQHRXV LQWHUHVW UDWH PXVW EH
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FRQVWDQW DQG HTXDO WR WKH VXEMHFWLYH GLVFRXQW UDWH�

��� U  '

(TXDWLRQ ��� LV D VWDQGDUG UHVXOW LQ 6FKXPSHWHULDQ JURZWK PRGHOV �H�J�� VHH 'LQRSRXORV DQG

.UHLQLQ ������� RU 'LQRSRXORV DQG 6\URSRXORV ��������

���� 3URGXFWLRQ 6WUXFWXUH DQG 5	' ,QYHVWPHQWV

7KH SURGXFWLRQ IXQFWLRQV RI ILQDO DJULFXOWXUDO DQG LQGXVWULDO RXWSXWV DUH

���

���

ZKHUH $
L
�W� LV WKH OHYHO RI WRWDO IDFWRU SURGXFWLYLW\ �7)3� DW WLPH W� /

L
DQG .

L
GHQRWH WKH

DPRXQW RI XQVNLOOHG ODERU DQG WKH VSHFLILF IDFWRU LQ VHFWRU , � ��� �� UHVSHFWLYHO\� (TXDWLRQV

��� DQG ��� VWDWH WKDW DW HDFK LQVWDQW LQ WLPH� WKH SURGXFWLRQ RI ILQDO JRRGV H[KLELWV FRQVWDQW

UHWXUQV WR VFDOH DQG WDNHV DQ LGHQWLFDO &REE�'RXJODV IRUP IRU ERWK VHFWRUV� 7KH XVH RI &REE�

'RXJODV SURGXFWLRQ IXQFWLRQV DOORZV WKH GHULYDWLRQ RI H[SOLFLW VROXWLRQV DQG HQKDQFHV WKH

LQWXLWLRQ RI WKH DQDO\VLV�

%HFDXVH ODERU LV DVVXPHG WR EH LQWHUVHFWRUDOO\ PRELOH DQG WKHUH LV QR XQHPSOR\PHQW� WKH IXOO

HPSOR\PHQW FRQGLWLRQ IRU XQVNLOOHG ODERU LV�

��� /
�
� /

�
 /

ZKHUH / LV WKH HFRQRP\
V HQGRZPHQW RI XQVNLOOHG ODERU� 2EVHUYH WKDW HTXDWLRQV ���� ���� ����

DQG ��� GHVFULEH WKH VWDQGDUG VHFWRU�VSHFLILF IDFWRUV PRGHO� 7KH VHFWRU�VSHFLILF IDFWRUV .
�
DQG

.
�
FDQ EH LQWHUSUHWHG DV ODQG DQG FDSLWDO UHVSHFWLYHO\�

7HFKQRORJLFDO LQQRYDWLRQV WDNH WKH IRUP RI GLVFUHWH DQG HTXDO MXPSV LQ WKH OHYHO RI WRWDO IDFWRU

SURGXFWLYLW\� 7KH DUULYDO RI LQQRYDWLRQV LV VWRFKDVWLF� DQG WKHLU H[SHFWHG IUHTXHQF\ GHSHQGV

SRVLWLYHO\ RQ 5	' UHVRXUFHV� 7KH IROORZLQJ SDUDJUDSKV IRUPDOL]H WKH HYROXWLRQ RI 7)3 LQ

HDFK VHFWRU�

&RQVLGHU WKH DJULFXOWXUDO VHFWRU ILUVW� DQG DVVXPH WKDW WKH 7)3 OHYHO $
�
LV JLYHQ E\

���

ZKHUH �
�
LV WKH FRQVWDQW SURSRUWLRQDO LQFUHPHQW LQ 7)3 UHVXOWLQJ IURP RQH LQQRYDWLRQ LQ

DJULFXOWXUH� DQG M�W� LV WKH WRWDO QXPEHU RI DJULFXOWXUDO LQQRYDWLRQV DW WLPH W� 7R LQWHUSUHW ����

VXSSRVH WKDW DW WLPH ]HUR M  � DQG WKHUHIRUH WKH DJULFXOWXUDO 7)3 LV $
�
���  �

�

�  �� 7KLV

LPSOLHV WKDW DJULFXOWXUDO RXWSXW LV ;
�
���  /

�

ô .
�

ô DW WLPH ]HUR� ,I WKH ILUVW DJULFXOWXUDO



� 'LQRSRXORV ������� +RXVHU ������� DQG 6HJHUVWURP ������ SURYLGH DOWHUQDWLYH VSHFLILFDWLRQV RI LQVWDQWDQHRXV

GLPLQLVKLQJ UHWXUQV WR 5	'�
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LQQRYDWLRQ RFFXUV� WKHQ DJULFXOWXUDO 7)3 LQFUHDVHV WR $
�
���  �

�

�  �
�
EHFDXVH M  � LQ ����

&HWHULV SDULEXV� DJULFXOWXUDO RXWSXW LQFUHDVHV WR ;
�
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&RQVHTXHQWO\� WKH SHUFHQWDJH LQFUHDVH LQ RXWSXW FDXVHG E\ WKH ILUVW LQQRYDWLRQ LV >;��� �

;���@�;���  �
�
� �� (TXDWLRQ ��� LPSOLHV WKDW WKH SHUFHQWDJH LQFUHDVH LQ RXWSXW LV FRQVWDQW

DQG HTXDO DIWHU HDFK LQQRYDWLRQ� )RU H[DPSOH� LI �
�
 ���� WKHQ DJULFXOWXUDO RXWSXW LQFUHDVHV

E\ �� SHUFHQW DIWHU HDFK GLVFRYHU\�

7KH HYROXWLRQ RI DJULFXOWXUDO 7)3 LV JRYHUQHG E\ WKH VWRFKDVWLF GLIIHUHQWLDO HTXDWLRQ

����

ZKHUH V
�
LV D UDQGRP YDULDEOH WKDW WDNHV WKH YDOXH RI XQLW\ ZLWK LQVWDQWDQHRXV SUREDELOLW\ 1

�
GW

DQG WKH YDOXH RI ]HUR ZLWK LQVWDQWDQHRXV SUREDELOLW\ � � 1
�
GW� (TXDWLRQ ���� GHVFULEHV D

PHPRU\ OHVV 3RLVVRQ SURFHVV ZLWK LQWHQVLW\ 1
�
� $VVXPH DOVR WKDW 1

�
LV DQ LQFUHDVLQJ DQG

FRQFDYH IXQFWLRQ RI DJULFXOWXUDO 5	' VHUYLFHV WKDW WDNHV WKH IROORZLQJ H[SOLFLW IRUP ZKHUH 5
�

LV WKH DPRXQW RI

����

DJJUHJDWH 5	' VHUYLFHV LQ DJULFXOWXUH� (TXDWLRQ ���� LPSOLHV WKDW DQG01
�
�05

�
! �

�LQVWDQWDQHRXV GLPLQLVKLQJ UHWXUQV WR 5	'�� 7KLV IXQFWLRQDO IRUP RI WKH0
�1

�
�0�5

�
� �

LQWHQVLW\ RI WKH 3RLVVRQ SURFHVV VLPSOLILHV WKH DOJHEUD� EXW PDLQWDLQV WKH EDVLF HFRQRPLF

LQWXLWLRQ��

7KH SURGXFWLRQ RI 5	' VHUYLFHV XWLOL]HV RQO\ VNLOOHG ODERU DFFRUGLQJ WR WKH IROORZLQJ IXQFWLRQ

����

ZKHUH 

�
LV WKH FRQVWDQW SURGXFWLYLW\ RI VNLOOHG ODERU LQ DJULFXOWXUDO 5	' VHUYLFHV� DQG 1

�
LV

WKH QXPEHU RI VNLOOHG ZRUNHUV HQJDJHG LQ DJULFXOWXUDO 5	'�

7KH HYROXWLRQ RI LQGXVWULDO 7)3 WDNHV D YHU\ VLPLODU IRUP WR WKDW RI DJULFXOWXUDO 7)3� ,W LV

FKDUDFWHUL]HG E\ HTXDO LQFUHPHQWV �
�
! �� E\ D 3RLVVRQ SURFHVV ZLWK LQWHQVLW\ 1

�
ZKLFK LV DQ

LQFUHDVLQJ DQG FRQFDYH IXQFWLRQ RI LQGXVWULDO 5	' VHUYLFHV 5
�
� DQG WKH DPRXQW RI 5	'

VHUYLFHV LQ LQGXVWU\ LV SURGXFHG E\ VNLOOHG ZRUNHUV ZLWK FRQVWDQW SURGXFWLYLW\ 

�
� 7KH

IROORZLQJ HTXDWLRQV GHVFULEH WKH HYROXWLRQ RI LQGXVWULDO 7)3�

����
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ZKHUH V
�
WDNHV WKH YDOXH RI XQLW\ ZLWK LQVWDQWDQHRXV SUREDELOLW\ 1

�
GW DQG WKH YDOXH RI ]HUR

ZLWK LQVWDQWDQHRXV SUREDELOLW\ � � 1
�
GW�

����

����

7KH GHVFULSWLRQ RI WKH PRGHO FORVHV ZLWK WKH IXOO HPSOR\PHQW FRQGLWLRQ RI VNLOOHG ODERU�

����

ZKHUH 1
�
LV WKH OHYHO RI DJULFXOWXUDO 5	' UHVHDUFKHUV� 1

�
LV WKH OHYHO RI LQGXVWULDO 5	'

UHVHDUFKHUV DQG 1 LV WKH IL[HG HQGRZPHQW RI VNLOOHG ODERU LQ WKH HFRQRP\�

7KH DVVXPSWLRQ RI SHUIHFW VXEVWLWXWDELOLW\ EHWZHHQ VNLOOHG DJULFXOWXUDO DQG LQGXVWULDO ODERUHUV�

ZKLOH QRW DQ H[DFW UHSUHVHQWDWLRQ RI UHDOLW\� LV D FORVHU DSSUR[LPDWLRQ WKDQ LW PD\ DSSHDU DW

ILUVW JODQFH� $W HDFK LQVWDQW LQ WLPH VRPH ZRUNHUV� IRU H[DPSOH SODQW EUHHGHUV� PD\ KDYH

WURXEOH PDNLQJ D FRPSDUDEOH FRQWULEXWLRQ WR LQGXVWULDO 5	'� +RZHYHU� D QXPEHU RI

DJULFXOWXUDO UHVHDUFKHUV��HQJLQHHUV� SDFNDJLQJ GHVLJQHUV� VRPH VRFLDO VFLHQWLVWV� ODERUDWRU\

WHFKQLFLDQV� DQG PDQ\ RWKHUV��PD\ EH HDVLO\ WUDQVIHUDEOH DPRQJ DJULFXOWXUDO DQG LQGXVWULDO

DFWLYLWLHV� )RU H[DPSOH� PDUNHWLQJ VSHFLDOLVWV LQYROYHG LQ GHWHUPLQLQJ FRQVXPHU SUHIHUHQFH

IRU EUHDG IORXUV PDGH IURP ZKHDW PL[HG ZLWK VRUJKXP FRXOG HDVLO\ DVFHUWDLQ SUHIHUHQFHV

UHJDUGLQJ FRQVXPHU HOHFWURQLFV� 0RUHRYHU� LQ WKH ORQJ UXQ� WKH SURSRUWLRQV RI VFLHQWLVWV

VSHFLDOL]HG LQ DJULFXOWXUH RU LQGXVWU\ FDQ EH FKDQJHG WKURXJK WUDLQLQJ DQG HGXFDWLRQ�
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7KH PRGHO LV UHFXUVLYH DQG WKH VWHDG\�VWDWH HTXLOLEULXP GHWHUPLQHV IRXU HQGRJHQRXV YDULDEOHV

ZKLFK DUH FRQVWDQW RYHU WLPH� 7KH DJJUHJDWH FRQVXPSWLRQ H[SHQGLWXUH� &� LQGXVWULDO 5	'

VHUYLFHV� 5
�
� WKH ZDJH RI XQVNLOOHG ZRUNHUV� Z� DQG WKH ZDJH RI VNLOOHG ZRUNHUV� Z

V
� 6NLOOHG

ODERU LV XVHG DV D QXPHUDLUH LQ WKH PRGHO� DQG WKHUHIRUH Z
V
 �� 7KLV VHFWLRQ GHWHUPLQHV WKH

VWHDG\�VWDWH YDOXHV RI WKH WKUHH UHPDLQLQJ HQGRJHQRXV YDULDEOHV RI WKH PRGHO� &� Z� DQG 5��

IRU D JLYHQ OHYHO RI DJULFXOWXUDO 5	' VHUYLFHV� ��5
�

%HFDXVH WHPSRUDU\ PRQRSRO\ SURILWV IXHO WKH SDFH RI LQGXVWULDO LQQRYDWLRQV� ZH VWDUW ZLWK WKH

GHULYDWLRQ RI WKH ]HUR�SURILW HTXLOLEULXP FRQGLWLRQ LQ SULYDWH 5	' LQYHVWPHQWV� 'HQRWH ZLWK

WKH XQLW FRVW IXQFWLRQ WKDW FRUUHVSRQGV WR � %HFDXVH ;� H[KLELWV FRQVWDQW5
�
�#� ;

�

 /

ô

� .
ô

�

UHWXUQV WR VFDOH� 5� LV D IXQFWLRQ RI WKH ZDJH RI XQVNLOOHG ZRUNHUV DQG WKH UHQWDO RI WKH VHFWRU�

VSHFLILF IDFWRU� 7KH LQVWDQWDQHRXV SURILWV RI WKH VROH ZLQQHU RI WKH MWK UDFH LQ WKH LQGXVWULDO

VHFWRU DUH

����

ZKLFK VWDWHV WKDW WKH PD[LPXP LQVWDQWDQHRXV SURILWV DUH SURSRUWLRQDO WR DJJUHJDWH FRQVXPSWLRQ

ZKHUH S� LV WKH SULFH RI WKH SURGXFW DQG ;� LV WKH TXDQWLW\ GHPDQGHG� 7KH ZLQQHU RI WKH MWK

UDFH GLVFRYHUV D EHWWHU SURFHVV LQQRYDWLRQ WKDW UHGXFHV LWV PDUJLQDO FRVWV WR 5����
M ZKLFK LV

VWULFWO\ OHVV WKDQ WKH PDUJLQDO FRVW RI WKH ZLQQHU RI WKH SUHYLRXV UDFH �5����
M���� %\ FKDUJLQJ D

SULFH VOLJKWO\ OHVV WKDQ WKH PDUJLQDO FRVWV RI WKH H[LVWLQJ PRQRSROLVW� WKH ILUP ZLWK WKH VWDWH�RI�

WKH�DUW WHFKQRORJ\ FDQ FDSWXUH WKH WRWDO PDUNHW� :H DVVXPH WKDW HYHQ LI WKH SULFH RI WKH VWDWH�

RI�WKH�DUW SURGXFW HTXDOV WKH PDUJLQDO FRVWV RI WKH H[LVWLQJ PRQRSROLVW FRQVXPHUV EX\ WKH

SURGXFW SURGXFHG E\ WKH ODWHVW WHFKQRORJ\� DOWKRXJK LQ SULQFLSOH WKH\ DUH LQGLIIHUHQW� 7KH

PD[LPXP OHYHO RI LQVWDQWDQHRXV SURILWV LV REWDLQHG E\ VHWWLQJ LQ �����S
�

 5

�
��

M	�

�

����

ZKLFK VWDWHV WKDW WKH PD[LPXP LQVWDQWDQHRXV SURILWV DUH SURSRUWLRQDO WR DJJUHJDWH FRQVXPSWLRQ

H[SHQGLWXUH�

7KH IORZ RI LQVWDQWDQHRXV SURILWV VHUYHV DV DQ LQFHQWLYH IRU ILUPV WR HQJDJH LQ LQGXVWULDO 5	'

LQYHVWPHQWV� /HW 9 GHQRWH WKH H[SHFWHG GLVFRXQWHG SURILWV IRU D ILUP LQ D W\SLFDO 5	' UDFH�

,Q WKH VWHDG\�VWDWH HTXLOLEULXP� ZH KDYH

����
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7KH WHUP LQ VTXDUH EUDFNHWV LV WKH IORZ RI LQVWDQWDQHRXV SURILWV GLVFRXQWHG WR WLPH ]HUR ZKHQ

WKH LQQRYDWLRQ RFFXUV ZKHUH U�W�  ' LV WKH LQVWDQWDQHRXV VWHDG\�VWDWH LQWHUHVW UDWH� 7KH
GXUDWLRQ RI WHPSRUDU\ PRQRSRO\ SURILWV ODVWV XQWLO WLPH \ ZKHQ WKH QH[W LQQRYDWLRQ RFFXUV�

9DULDEOH \ LV H[SRQHQWLDOO\ GLVWULEXWHG ZLWK SDUDPHWHU 1� ZKLFK LV WKH LQWHQVLW\ RI WKH 3RLVVRQ

SURFHVV WKDW JRYHUQV WKH DUULYDO RI LQGXVWULDO LQQRYDWLRQV� 7KHUHIRUH LV WKH SUREDELOLW\1
�
H
	\1

�

WKDW WKH QH[W LQQRYDWLRQ RFFXUV DW WLPH \� 7KH RXWHU LQWHJUDO LV WKH H[SHFWDWLRQ RSHUDWRU RYHU

YDULDEOH \�

3HUIRUPLQJ WKH LQWHJUDWLRQ LQ ����� ZH REWDLQ D VLPSOH H[SUHVVLRQ IRU WKH H[SHFWHG GLVFRXQWHG

SURILWV RI D VXFFHVVIXO LQQRYDWRU GXULQJ DQ DUELWUDU\ 5	' UDFH

����

$ VXFFHVVIXO LQQRYDWRU GLVFRXQWV WKH IORZ RI LQVWDQWDQHRXV SURILWV %� XVLQJ WKH LQVWDQWDQHRXV

PDUNHW LQWHUHVW UDWH U�W�  ' SOXV WKH LQVWDQWDQHRXV SUREDELOLW\ WKDW WKH QH[W LQQRYDWLRQ RFFXUV
ZKLFK WHUPLQDWHV LWV WHPSRUDU\ PRQRSRO\ SRZHU�

/HW 5�P GHQRWH ILUP P
V RXWSXW RI LQGXVWULDO 5	' VHUYLFHV� 7KHQ LV WKH5
�

 M

P

5
�P

LQGXVWU\�ZLGH DPRXQW RI 5	' VHUYLFHV� $VVXPH WKDW ILUP P
V UHODWLYH LQVWDQWDQHRXV

SUREDELOLW\ RI VXFFHVV LV HTXDO WR LWV VKDUH RI LQGXVWULDO 5	' VHUYLFHV GXULQJ DQ DUELWUDU\ UDFH�

1�P�1�  5�P�5�� )LQDOO\� VXSSRVH WKDW HDFK ILUP LQ DQ 5	' UDFH EHKDYHV FRPSHWLWLYHO\ DQG

WUHDWV WKH LQGXVWU\�ZLGH OHYHO RI 5	' VHUYLFHV� 5�� DV JLYHQ ZKHQ LW FKRRVHV LWV RZQ 5	'

OHYHO� 5�P� 7KHVH DVVXPSWLRQV LPSO\ WKDW ILUP P
V LQVWDQWDQHRXV SUREDELOLW\ RI VXFFHVV LV

1�PGW ZKHUH 1�P  >5�P����5��@�

7KH H[SHFWHG GLVFRXQWHG SURILWV RI ILUP P GXULQJ DQ DUELWUDU\ 5	' UDFH DUH

����

7KH ILUVW WHUP LQ ���� HTXDOV WKH H[SHFWHG GLVFRXQWHG EHQHILWV IRU ILUP P� $W HDFK LQVWDQW LQ

WLPH GXULQJ D W\SLFDO UDFH� ILUP P REWDLQV 9 ZLWK LQVWDQWDQHRXV SUREDELOLW\ 1�PGW� 7KH VHFRQG

WHUP LQ ���� HTXDOV WKH LQVWDQWDQHRXV 5	' FRVWV RI ILUP P� ,W KLUHV 1�P  5�P�
� ZRUNHUV

DQG SD\V HDFK ZRUNHU WKH SUHYDLOLQJ ZDJH� ZKLFK LV QRUPDOL]HG WR RQH� IRU DQ LQILQLWHVLPDO

SHULRG RI WLPH GW�

(DFK ILUP LQ DQ DUELWUDU\ 5	' UDFH PD[LPL]HV ���� ZLWK UHVSHFW WR 5�P� WDNLQJ 5� DV JLYHQ�

7KXV WKHUH DUH H[WHUQDO GHFUHDVLQJ UHWXUQV WR 5	'� DQG WKH VL]H RI HDFK ILUP LV LQGHWHUPLQDWH�

+RZHYHU� IUHH HQWU\ LQWR HDFK 5	' UDFH GULYHV ���� WR ]HUR DQG GHWHUPLQHV WKH LQGXVWU\�ZLGH

OHYHO RI 5	' LQYHVWPHQW 5��
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6XEVWLWXWLQJ ���� DQG %� IURP ���� LQWR ����� ZH REWDLQ WKH ILUVW VWHDG\�VWDWH HTXLOLEULXP

FRQGLWLRQ�

����

(TXDWLRQ ���� GHILQHV D SRVLWLYHO\ VORSHG OLQH LQ WKH 5�� & VSDFH� +LJKHU YDOXHV RI DJJUHJDWH

FRQVXPSWLRQ H[SHQGLWXUH LQFUHDVH LQVWDQWDQHRXV PRQRSRO\ SURILWV DQG H[SHFWHG GLVFRXQWHG

SURILWV DV ZHOO� 7R PDLQWDLQ ]HUR H[SHFWHG GLVFRXQWHG SURILWV� KLJKHU YDOXHV RI 5	'

LQYHVWPHQW DUH UHTXLUHG�

7KH IXOO HPSOR\PHQW FRQGLWLRQ IRU VNLOOHG ODERU SURYLGHV DQRWKHU VWHDG\�VWDWH HTXLOLEULXP

FRQGLWLRQ

����

ZKLFK VWDWHV WKDW VNLOOHG ODERU FDQ EH DOORFDWHG EHWZHHQ DJULFXOWXUDO 5	'� 1�  5��
�� DQG

LQGXVWULDO 5	'� 1�  5��
�� (TXDWLRQ ���� GHILQHV D QHJDWLYHO\ VORSHG OLQH LQ WKH 5�� 5�

VSDFH� ,Q DGGLWLRQ� VLQFH WKH JRYHUQPHQW FKRRVHV WKH QXPEHU RI DJULFXOWXUDO 5	' UHVHDUFKHUV

1� DQG WKHUHIRUH 5�� HTXDWLRQ ���� GHWHUPLQHV WKH OHYHO RI 5� IRU DQ\ JLYHQ OHYHO RI 5��

7KH WKLUG VWHDG\�VWDWH HTXDWLRQ LV GHULYHG IURP WKH IXOO HPSOR\PHQW FRQGLWLRQ IRU XQVNLOOHG

ODERU� :H DVVXPH WKDW IDFWRU PDUNHWV DUH SHUIHFWO\ FRPSHWLWLYH� DQG WKHUHIRUH WKH GHPDQG IRU

PDQXIDFWXULQJ ODERU LV GHWHUPLQHG WKURXJK FRVW PLQLPL]DWLRQ� ,Q WKH DJULFXOWXUDO VHFWRU� WKLV

LPSOLHV WKDW WKH YDOXH RI PDUJLQDO SURGXFW RI XQVNLOOHG ODERU HTXDOV WKH ZDJH� L�H�� Z  

�&��/�� )ROORZLQJ WKH VDPH UHDVRQLQJ� FRVW PLQLPL]DWLRQ LQ LQGXVWU\ LPSOLHV WKDW Z  �� �

��&��/�� 6XEVWLWXWLQJ /� DQG /� LQWR WKH IXOO HPSOR\PHQW FRQGLWLRQ IRU XQVNLOOHG ODERU ���� ZH

REWDLQ�

����

ZKLFK HVWDEOLVKHV WKH ILQDO VWHDG\�VWDWH HTXLOLEULXP FRQGLWLRQ� (TXDWLRQ ���� VWDWHV WKDW

LQFUHDVHV LQ DJJUHJDWH FRQVXPSWLRQ H[SHQGLWXUH LQFUHDVH WKH GHPDQG IRU XQVNLOOHG ODERU� DQG

WKHUHIRUH LQFUHDVH WKH UHODWLYH ZDJH RI XQVNLOOHG ZRUNHUV�

)RU DQ\ JLYHQ OHYHO RI DJULFXOWXUDO 5	'� 5�� HTXDWLRQV ����� ���� DQG ���� IRUP D GLDJRQDO

V\VWHP GHWHUPLQLQJ WKH VWHDG\�VWDWH YDOXHV RI DJJUHJDWH FRQVXPSWLRQ H[SHQGLWXUH� &� WKH ZDJH

RI XQVNLOOHG ZRUNHUV� Z� DQG WKH OHYHO RI LQGXVWULDO 5	'� 5�� ,QGHHG� H[SOLFLW VROXWLRQV FDQ

EH REWDLQHG IRU DOO WKHVH YDULDEOHV DQG FRPSDUDWLYH VWHDG\�VWDWH DQDO\VLV FDQ EH GRQH UHDGLO\�

)RU H[DPSOH� FRQVLGHU WKH HIIHFWV RI DQ LQFUHDVH LQ DJULFXOWXUDO 5	' OHYHO 5�� (TXDWLRQ ����

LPSOLHV WKDW LQGXVWULDO 5	' GHFOLQHV� HTXDWLRQ ���� JHQHUDWHV D UHGXFWLRQ LQ DJJUHJDWH

FRQVXPSWLRQ H[SHQGLWXUH� ZKLFK LQGXFHV D UHGXFWLRQ LQ WKH UHODWLYH ZDJH RI XQVNLOOHG ZRUNHUV



��

�HTXDWLRQ ������

:KDW DUH WKH FKDUDFWHULVWLFV RI WKH VWHDG\�VWDWH HTXLOLEULXP ZLWK SRVLWLYH DJULFXOWXUDO DQG

LQGXVWULDO 5	' LQYHVWPHQWV" ,Q WKH VWHDG\�VWDWH HTXLOLEULXP� DJJUHJDWH FRQVXPSWLRQ

H[SHQGLWXUH DQG WKH DOORFDWLRQ RI UHVRXUFHV DFURVV VHFWRUV LV FRQVWDQW RYHU WLPH� 1HZ DQG

EHWWHU WHFKQLTXHV RI SURGXFWLRQ DUH GLVFRYHUHG LQGHILQLWHO\ LQ ERWK DJULFXOWXUH DQG LQGXVWU\�

7KH UDQGRP WLPH LQWHUYDOV EHWZHHQ FRQVHFXWLYH LQQRYDWLRQV LQ HDFK VHFWRU DUH H[SRQHQWLDOO\

GLVWULEXWHG� 3ULFHV RI ILQDO JRRGV H[SUHVVHG LQ XQLWV RI VNLOOHG ODERU GHFOLQH RYHU WLPH�

7HPSRUDU\ PRQRSRO\ SURILWV IXHO LQGXVWULDO LQQRYDWLRQ� ZKHUHDV JRYHUQPHQW�ILQDQFHG 5	'

JHQHUDWHV EHWWHU FURS YDULHWLHV RU EHWWHU SURGXFWLRQ WHFKQLTXHV LQ DJULFXOWXUH�
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$Q LQWHUHVWLQJ DSSOLFDWLRQ RI WKH G\QDPLF JHQHUDO�HTXLOLEULXP PRGHO RI 6FKXPSHWHULDQ JURZWK

LV WR GHWHUPLQH WKH DOORFDWLRQ RI VNLOOHG ZRUNHUV WKDW PD[LPL]HV DJJUHJDWH ORQJ�UXQ JURZWK�

/RQJ�UXQ 6FKXPSHWHULDQ JURZWK HTXDOV WKH H[SHFWHG FKDQJH LQ WKH UHSUHVHQWDWLYH FRQVXPHU
V

LQVWDQWDQHRXV XWLOLW\�

ZKHUH ( VWDQGV IRU �H[SHFWHG�� OQ GHQRWHV WKH QDWXUDO ORJDULWKP� DQG ]�#� LV GHILQHG LQ ����

7KH ORQJ�UXQ DJJUHJDWH JURZWK LV D ZHLJKWHG VXP RI DJULFXOWXUDO DQG LQGXVWULDO ORQJ�UXQ

JURZWK UDWHV� ZKHUH WKH ZHLJKWV DUH WKH SURSRUWLRQV RI WRWDO H[SHQGLWXUH VSHQW LQ HDFK VHFWRU�

7KH GHILQLWLRQ RI WKH SURGXFWLRQ IXQFWLRQ LPSOLHV WKDW (OQ;
L
 �OQ�

L
�(�M

L
� � ôOQ�.

L
/
L
� ZKHUH M

L

HTXDOV WKH QXPEHU RI LQQRYDWLRQV LQ VHFWRU , WKDW KDYH RFFXUUHG IURP WLPH ]HUR WR WLPH W� ,Q

WKH VWHDG\�VWDWH HTXLOLEULXP� .
L
DQG /

L
DUH FRQVWDQW RYHU WLPH� DQG M

L
LV D UDQGRP YDULDEOH

JRYHUQHG E\ D 3RLVVRQ GLVWULEXWLRQ ZLWK LQWHQVLW\ 1
L
� &RQVHTXHQWO\� WKH H[SHFWHG QXPEHU RI

LQQRYDWLRQV LQ VHFWRU , IURP WLPH ]HUR WR W LV VLPSO\ (�M
L
�  W1

L
� $V D UHVXOW� WKH H[SHFWHG

JURZWK UDWH RI RXWSXW LQ VHFWRU , LV 0>(OQ;
L
@�0W  �OQ�

L
�1

L
� DQG WKH ORQJ�UXQ 6FKXPSHWHULDQ

JURZWK UDWH RI WKH HFRQRP\ LV

���� *�5
�
�5

�
�  ��OQ�

�
�1

�
�5

�
� � ������OQ�

�
�1

�
�5

�
�

ZKHUH 1
�
�5

�
�  5

�
����5

�
� DQG 1

�
�5

�
�  5

�
����5

�
� DUH WKH LQWHQVLWLHV RI WKH WZR LQGHSHQGHQW

3RLVVRQ SURFHVVHV� ([SUHVVLRQ ���� VWDWHV WKDW WKH DJJUHJDWH ORQJ�UXQ JURZWK UDWH LV D FRQFDYH

DQG LQFUHDVLQJ IXQFWLRQ RI ERWK DJULFXOWXUDO DQG LQGXVWULDO 5	' LQYHVWPHQWV�

7KH JRYHUQPHQW
V PD[LPL]DWLRQ SUREOHP FDQ EH VWDWHG DV IROORZV�

����

7KH FRQVWUDLQW LQ ���� LV WKH IXOO HPSOR\PHQW RI VNLOOHG ODERU FRQGLWLRQ ����� )RUPLQJ WKH

/DJUDQJLDQ� ZH FDQ REWDLQ FORVHG IRUP VROXWLRQV IRU WKH JURZWK�PD[LPL]LQJ OHYHOV RI 5
�
DQG

5
�
�

����

����

ZKHUH 
  >

�
��OQ�

�
��


�
������OQ�

�
�@ô� ([SUHVVLRQV 


�
��OQ�

�
� DQG 


�
������OQ�

�
� FRUUHVSRQG WR

WKH PD[LPXP PDUJLQDO FRQWULEXWLRQV RI ODERU HQJDJHG LQ DJULFXOWXUDO DQG LQGXVWULDO 5	'�

UHVSHFWLYHO\� WR DJJUHJDWH JURZWK� ,I 
! �� WKHQ RQH FDQ GHILQH DJULFXOWXUH DV WKH JURZWK�

LQWHQVLYH VHFWRU VLQFH WKH SRWHQWLDO FRQWULEXWLRQ RI UHVHDUFK VFLHQWLVWV WR HFRQRPLF JURZWK LV



��

� � 

�
1 ! 
 !

�

��

�
1

JUHDWHVW LQ WKLV VHFWRU� LI 
� �� WKHQ LQGXVWU\ LV WKH JURZWK�LQWHQVLYH VHFWRU� DQG LI 
  ��

WKHQ ERWK VHFWRUV DUH HTXDOO\ JURZWK�LQWHQVLYH�

(TXDWLRQV ���� DQG ���� LPSO\ WKDW DQG LI 
 GRHV QRW WDNH H[WUHPH YDOXHV�Ø5
�
! � Ø5

�
! �

EXW VDWLVILHV WKH IROORZLQJ FRQGLWLRQ�

����

&RQGLWLRQ ���� LV UHDGLO\ VDWLVILHG IRU ODUJH YDOXHV RI VNLOOHG ODERU HQGRZPHQWV 1� )RU YDOXHV

RI 
 JUHDWHU RU HTXDO WR � � 

�
1� WKH JRYHUQPHQW VHWV DQG EHFDXVH DJULFXOWXUHØ5

�
!� Ø5

�

 �

KDV KLJK JURZWK SRWHQWLDO UHODWLYH WR LQGXVWU\� 6LPLODUO\� LI � � 

�
1 � ��
� WKHQ DQGØ5

�
! �

EHFDXVH WKH JRYHUQPHQW FKRRVHV QRW WR ILQDQFH DQ\ DJULFXOWXUDO 5	'� ,I 
  ��Ø5
�
 �

HTXDWLRQV ���� DQG ���� LPSO\ WKDW �Ø5
�


Ø5
�

)LJXUH � LOOXVWUDWHV WKH VROXWLRQ WR ���� DQG WKH GHWHUPLQDWLRQ RI RWKHU HQGRJHQRXV YDULDEOHV RI

WKH PRGHO� 3DQHO � VKRZV WKH VROXWLRQ WR ���� LQ WKH 5
�
� 5

�
VSDFH� 7KH QHJDWLYHO\ VORSHG OLQH

11 LV WKH IXOO HPSOR\PHQW RI VNLOOHG ODERU FRQGLWLRQ� %HFDXVH *�5
�
� 5

�
� LV D FRQWLQXRXV�

LQFUHDVLQJ DQG FRQFDYH IXQFWLRQ RI 5
�
DQG 5

�
� WKHUH H[LVW ZHOO�EHKDYHG LVR�JURZWK FXUYHV� WZR

RI ZKLFK DUH SORWWHG RQ SDQHO �� 7KH WDQJHQF\ EHWZHHQ LVR�JURZWK FXUYH DQG OLQHØ*�5
�
�5

�
�

11 GHWHUPLQHV WKH JURZWK�PD[LPL]LQJ OHYHOV ZKLFK DUH JLYHQ E\ HTXDWLRQV ����Ø5
�
DQG Ø5

�

DQG ����� 7KH SRVLWLYHO\�VORSHG OLQH 99 LQ SDQHO � VKRZV WKH ]HUR�SURILW FRQGLWLRQ IRU

LQGXVWULDO 5	' �HTXDWLRQ ��� LQ WKH 5
�
� & VSDFH� $V D UHVXOW� GHWHUPLQHV WKH VWHDG\�VWDWHØ5

�

JURZWK�PD[LPL]LQJ FRQVXPSWLRQ OHYHO LQ SDQHO �� 3DQHO � LOOXVWUDWHV WKH GHWHUPLQDWLRQ RIØ&

WKH XQVNLOOHG ODERU ZDJH UDWH WKURXJK WKH SRVLWLYHO\�VORSHG OLQH Z�&�� ZKLFK LV WKH JUDSK RIØZ

HTXDWLRQ ���� RQ WKH &� Z VSDFH�

)LJXUH � FOHDUO\ GHPRQVWUDWHV WKH UROH RI LQVWDQWDQHRXV GLPLQLVKLQJ UHWXUQV LQ 5	'� ,I 1
L
�5

L
�

LV OLQHDU LQ 5
L
IRU ,  �� � �L�H�� FRQVWDQW UHWXUQV RI VFDOH LQ 5	'�� WKHQ WKH LVR�JURZWK FXUYHV

EHFRPH VWUDLJKW OLQHV LQ WKH 5
�
� 5

�
VSDFH� DQG WKH PD[LPXP ORQJ�UXQ JURZWK HTXLOLEULXP

RFFXUV DW D FRUQHU LI 
 g �� ZLWK LI 
� �� DQG LI 
! ��Ø5
�

 � Ø5

�

 �

6WDQGDUG FRPSDUDWLYH VWHDG\�VWDWH DQDO\VLV LPSOLHV WKDW HFRQRPLHV ZLWK KLJK HQGRZPHQWV RI

VNLOOHG ODERU 1 H[SHULHQFH KLJKHU UDWHV RI DJJUHJDWH JURZWK DQG KDYH KLJKHU OHYHOV RI ERWK

DJULFXOWXUDO DQG LQGXVWULDO 5	' LQYHVWPHQWV� +RZHYHU� LI 
! �� WKHQ DV 1 LQFUHDVHV WKH

UDWLR LQFUHDVHV� LI 
  �� WKHQ KLJKHU YDOXHV RI 1 PDLQWDLQ WKH UDWLR RI DJULFXOWXUDO WRØ5
�
�Ø5

�

LQGXVWULDO 5	' OHYHOV HTXDO WR XQLW\� DQG LI 
� �� DQ LQFUHDVH LQ 1 UHGXFHV WKH UDWLR �Ø5
�
�Ø5

�



��

)LJXUH �� *URZWK�0D[LPL]LQJ 6WHDG\�6WDWH (TXLOLEULXP
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7KH VRFLDO 525 LV WKH LQWHUHVW UDWH WKDW HTXDOL]HV WKH GLVFRXQWHG VRFLDO EHQHILWV DQG FRVWV RI

5	'� 7KLV LV WKH PRVW SRSXODU PHDVXUH RI WKH SHUIRUPDQFH RI 5	' SURMHFWV� DQG

VXPPDUL]HV WKH WLPH SDWK RI VRFLDO QHW EHQHILWV RI DQ 5	' SURMHFW LQ D VLQJOH QXPEHU� 7KH

KLJKHU WKH 525 RI 5	'� WKH PRVW GHVLUDEOH LV WKH 5	' SURMHFW� 7KH 525V RI YDULRXV 5	'

SURMHFWV DUH FRPSDUHG WR WKH RSSRUWXQLW\ FRVWV RI UHVRXUFHV GHYRWHG WR 5	' WR GHWHUPLQH

ZKHWKHU WKHUH LV XQGHU LQYHVWPHQW RU RYHULQYHVWPHQW LQ 5	' DFWLYLWLHV�

7KH H[WHQVLYH OLWHUDWXUH LQ DJULFXOWXUDO DQG LQGXVWULDO HFRQRPLFV LQFOXGHV FDOFXODWLRQV RI WKH

VRFLDO 525 RI 5	' IRU D YDULHW\ RI SURGXFWV DQG FRXQWULHV� (FKHYHUULD ������ UHSRUWV VRFLDO

525V WR LQYHVWPHQWV LQ DJULFXOWXUDO WHFKQRORJ\� 2HKPNH ������ XSGDWHV WKLV WDEOH IRU

LQYHVWPHQWV LQ $IULFDQ DJULFXOWXUDO WHFKQRORJ\� )RU $IULFD� WKH UDQJH RI WKHVH VRFLDO 525V LV

IURP � WR ��� SHUFHQW ZLWK WKH DYHUDJH 525 DERXW �� SHUFHQW� ZKLFK LV VLPLODU WR DJULFXOWXUDO

525V LQ WKH UHVW RI WKH ZRUOG� 1DGLUL ������ 7DEOH �� UHSRUWV VRFLDO 525V RI LQGXVWULDO 5	'

ZKLFK VSDQ WKH UDQJH EHWZHHQ �� SHUFHQW DQG ��� SHUFHQW ZLWK DQ DYHUDJH RI DERXW �� SHUFHQW�

7KHVH VWXGLHV VXJJHVW WKDW WKH VRFLDO 525V RI 5	' DUH KLJK UHODWLYH WR UHWXUQV RI SK\VLFDO�

FDSLWDO LQYHVWPHQWV� DQG WKDW WKH YDULDELOLW\ RI WKH 525 LV DOVR KLJK� ,Q DGGLWLRQ� WKH DERYH

VWXGLHV URXWLQHO\ XVH SDUWLDO�HTXLOLEULXP DSSDUDWXV WR FDOFXODWH WKH VRFLDO 525 DQG DEVWUDFW

IURP XQFHUWDLQW\ LVVXHV DVVRFLDWHG ZLWK ULVN\ 5	' LQYHVWPHQWV�

7KH ZLGHVSUHDG XVH RI VRFLDO 525 RI 5	' UDLVHV VHYHUDO LQWHUHVWLQJ TXHVWLRQV� ,V WKHUH DQ\

UHODWLRQVKLS EHWZHHQ DJJUHJDWH ORQJ�UXQ HFRQRPLF JURZWK DQG VHFWRUDO VRFLDO 525" ,V WKHUH

DQ\ V\VWHPDWLF ELDV LQ WKH PDJQLWXGH RI SDUWLDO�HTXLOLEULXP EDVHG VRFLDO 525 RI DJULFXOWXUDO RU

LQGXVWULDO 5	'" +RZ GRHV XQFHUWDLQW\ DIIHFW WKH 525 FDOFXODWLRQV LQ HDFK VHFWRU" &DQ ZH

XVH 525�EDVHG FULWHULD WR GHWHFW XQGHU LQYHVWPHQW RU RYHULQYHVWPHQW LQ DJULFXOWXUDO �RU

LQGXVWULDO� 5	'" 7KH G\QDPLF JHQHUDO�HTXLOLEULXP PRGHO RI 6FKXPSHWHULDQ JURZWK LV

HTXLSSHG WR SURYLGH DQVZHUV WR WKH DERYH TXHVWLRQV� $Q 5	' SURMHFW LV ZHOO GHILQHG LQ WKH

PRGHO DQG FRQVLVWV RI D QHZ SURFHVV LQQRYDWLRQ�

���� ([�SRVW 5HWXUQV WR 5HVHDUFK

6XSSRVH WKDW DQ DJULFXOWXUDO HFRQRPLVW ZHUH WR HYDOXDWH WKH VRFLDO 525 RI DQ DJULFXOWXUDO

5	' SURMHFW LQ DQ HFRQRP\ GHVFULEHG E\ WKH PRGHO� $VVXPH WKDW WKH HFRQRP\ LV LQ D VWHDG\�

VWDWH HTXLOLEULXP ZLWK 1
�
 5

�
�


�
DJULFXOWXUDO UHVHDUFKHUV HQJDJHG LQ SXEOLF 5	'� 7KH

DJULFXOWXUDO 5	' DFWLYLW\ FDQ EH LQWHUSUHWHG DV DQ DWWHPSW WR DGDSW H[LVWLQJ FURS YDULHWLHV IURP

DEURDG WR FRQGLWLRQV LQ WKH KRPH FRXQWU\� DQ DWWHPSW WR LPSURYH ORFDO YDULHWLHV� RU DQ DWWHPSW

WR GHYHORS SURFHVV LQQRYDWLRQV LQ SRVW�KDUYHVW KDQGOLQJ� VWRULQJ� SURFHVVLQJ� DQG UHWDLOLQJ�

$EVWUDFWLQJ IURP REVHUYDELOLW\ LVVXHV� WKH ILUVW VWHS RI FDOFXODWLQJ WKH VRFLDO 525 RI

DJULFXOWXUDO 5	' LV WR FRQVWUXFW WKH GHPDQG DQG VXSSO\ FXUYHV IRU WKH ILQDO JRRG ;
�
�

(TXDWLRQ ��� GHILQHV WKH LQYHUVH GHPDQG FXUYH IRU DJULFXOWXUDO RXWSXW
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ZKHUH �& LV WKH YDOXH RI LQFRPH VSHQW RQ DJULFXOWXUH� 6XEVWLWXWLQJ ��� LQWR ���� XWLOL]LQJ

FRQGLWLRQ Z  S
�
�0;

�
�0/

�
� DQG WKH GHILQLWLRQ RI WKH SURGXFWLRQ IXQFWLRQ� ZH FDQ ZULWH WKH

LQYHUVH VXSSO\ FXUYH RI DJULFXOWXUDO RXWSXW DV

����

ZKHUH Z GHQRWHV WKH ZDJH UDWH RI XQVNLOOHG ZRUNHUV� .
�
LV WKH VHFWRU�VSHFLILF LQSXW LQ

DJULFXOWXUH� DQG M LV WKH QXPEHU RI SURFHVV LQQRYDWLRQV WKDW KDYH DOUHDG\ RFFXUUHG�

)LJXUH � LOOXVWUDWHV WKH LQLWLDO HTXLOLEULXP� &XUYH '' FRUUHVSRQGV WR HTXDWLRQ ���� IRU D IL[HG

YDOXH RI LQFRPH &� DQG OLQH �6� LV WKH JUDSK RI HTXDWLRQ ���� IRU JLYHQ Z� .
�
DQG M� 7KH

LQLWLDO HTXLOLEULXP LV VKRZQ E\ WKH LQWHUVHFWLRQ RI VXSSO\ �6� DQG GHPDQG '' DW SRLQW (�

ZKLFK GHILQHV WKH IROORZLQJ HTXLOLEULXP YDOXHV IRU SULFH DQG TXDQWLW\

����

����

6XSSRVH QRZ LQYHQWLRQ M�� RFFXUV� WKHQ WKH VXSSO\ FXUYH VKLIWV FORFNZLVH EHFDXVH WKH OHYHO RI

WHFKQRORJ\ LQFUHDVHV IURP WR � $VVXPLQJ WKDW Z DQG & UHPDLQ IL[HG� WKH LQYHUVH�
M

� �
M��

�

GHPDQG FXUYH LV QRW DIIHFWHG DQG WKH QHZ HTXLOLEULXP FRUUHVSRQGV WR SRLQW (� ZKLFK GHILQHV

WKH QHZ YDOXHV RI SULFH DQG TXDQWLW\

����

����

7KH SDUWLDO HTXLOLEULXP LPSDFW RI D QHZ LQQRYDWLRQ LV WR ORZHU WKH SULFH DQG WR LQFUHDVH WKH

TXDQWLW\ RI WKH ILQDO DJULFXOWXUDO SURGXFW�
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)LJXUH �� 7KH 3DUWLDO�(TXLOLEULXP (IIHFW RI DQ $JULFXOWXUDO 3URFHVV ,QQRYDWLRQ

7KH LQVWDQWDQHRXV VRFLDO EHQHILWV RI WKH QHZ LQQRYDWLRQ FDQ EH DSSUR[LPDWHG E\ D SDUWLDO�

HTXLOLEULXP PHDVXUH RI VRFLDO VXUSOXV� WKH DUHD RI WULDQJOH �(�(�� 8VLQJ VWUDLJKWIRUZDUG

JHRPHWU\ DQG HTXDWLRQV ���� WKURXJK ����� WKH LQVWDQWDQHRXV VRFLDO EHQHILWV RI WKH QHZ

GLVFRYHU\ FDQ EH UHDGLO\ FDOFXODWHG�

����



� 7KLV FRXOG EH HDVLO\ PRGLILHG E\ DGGLQJ D WHUP VXFK DV H ��VZKHUH � LV WKH LQVWDQWDQHRXV GHFOLQH LQ EHQHILWV� 7KLV

IRUPXODWLRQ DGGV PDWKHPDWLFDO FRPSOH[LW\ WR WKH PRGHO ZLWKRXW SURYLGLQJ DQ\ DGGLWLRQDO LQVLJKWV²LI VRFLDO EHQHILWV

GHFD\ RYHU WLPH� WKH RSWLPDO LQYHVWPHQW DQG WKH 525 LQ UHVHDUFK DUH ORZHU�
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7KH VRFLDO EHQHILWV LQFUHDVH LQ WKH VKDUH RI DJULFXOWXUDO H[SHQGLWXUH �� WKH PDJQLWXGH RI WKH
LQQRYDWLRQ �

�
� DQG WKH VWHDG\�VWDWH LQFRPH &� )ROORZLQJ DQ LGHQWLFDO PHWKRGRORJ\� RQH FDQ

FDOFXODWH WKH LQVWDQWDQHRXV VRFLDO EHQHILWV GXH WR D EHWWHU SURFHVV LQQRYDWLRQ LQ WKH LQGXVWULDO
VHFWRU�

����

$VVXPH WKRXJK WKDW WKH DJULFXOWXUDO HFRQRPLVW KDV REVHUYHG WKH GXUDWLRQ �VD\ W
�
� RI WKH 5	'

SKDVH RI WKH SURMHFW� 7KHQ WKH KLVWRULFDO VRFLDO 525 LV WKH YDOXH RI , ZKLFK VROYHV WKH
IROORZLQJ HTXDWLRQ�

����

(TXDWLRQ ���� VWDWHV WKDW D W\SLFDO DJULFXOWXUDO 5	' SURMHFW VWDUWV DW WLPH ]HUR� IRU
QRUPDOL]DWLRQ SXUSRVHV� WKH GLVFRYHU\ RI WKH QHZ FURS RFFXUV DW WLPH W

�
� DQG WKH LQVWDQWDQHRXV

VRFLDO EHQHILWV %
�
ODVW IRU HYHU VWDUWLQJ DW WLPH W

�
�� 7KH OHIW�KDQG�VLGH RI ���� FDOFXODWHV WKH

GLVFRXQWHG FRVWV RI 5	' H[SHQGLWXUHV 1
�
 5

�
�


�
ZKHUH 1

�
LV WKH QXPEHU RI VNLOOHG ZRUNHUV

HDUQLQJ D ZDJH HTXDO WR XQLW\ �GXH WR QRUPDOL]DWLRQ�� 7KH ULJKW�KDQG�VLGH RI ���� HTXDOV WKH
GLVFRXQWHG VRFLDO EHQHILWV� 6ROYLQJ IRU WKH GLVFRXQW IDFWRU , IURP HTXDWLRQ ����� ZH REWDLQ WKH
KLVWRULFDO VRFLDO 525 RI DJULFXOWXUDO 5	'�

����

(TXDWLRQ ���� LV D FRQWLQXRXV WLPH DSSUR[LPDWLRQ WR WKH VWDQGDUG SDUWLDO�HTXLOLEULXP IRUPXODH�
ZKHUH %

�


�
�5

�
LV WKH LQVWDQWDQHRXV VRFLDO EHQHILW SHU GROODU RI 5	' FRVWV� 1RWLFH WKDW WKH

KLVWRULFDO 525 LQFUHDVHV LQ WKH OHYHO RI LQVWDQWDQHRXV VRFLDO EHQHILWV DQG WKH SURGXFWLYLW\ RI
5	' UHVHDUFKHUV DQG GHFUHDVHV LQ WKH GXUDWLRQ RI WKH 5	' SURMHFW DQG WKH 5	' FRVWV
�FDSWXUHG E\ 5

�
��

2QH FDQ DSSO\ IRUPXOD ���� E\ DSSUR[LPDWLQJ %
�
ZLWK WKH DYHUDJH \HDUO\ VRFLDO EHQHILWV RI DQ

LQQRYDWLRQ� DQG 5
�
�


�
ZLWK WKH DYHUDJH 5	' FRVWV� )RU H[DPSOH� 6FKZDUW]� 6WHUXV� DQG

2HKPNH ������ 7DEOH �� SURYLGH LQIRUPDWLRQ RQ FRVWV DQG EHQHILWV RI FRZSHD 5	' LQYHVWPHQW
LQ 6HQHJDO� $FFRUGLQJ WR WKHLU WDEOH� WKH DYHUDJH \HDUO\ VRFLDO EHQHILWV FRUUHVSRQG WR %

�
 

���������� �IRU VFHQDULR ��� WKH 5	' FRVWV SHU \HDU DUH 5
�
�


�
 �������� DQG W

�
LV LQ WKH

UDQJH EHWZHHQ � DQG � \HDUV� 7KH KLVWRULFDO VRFLDO 525 LV �� SHUFHQW LI W
�
 �� LW LQFUHDVHV WR

�� SHUFHQW LI W
�
 �� DQG GURSV GRZQ WR �� SHUFHQW LI W

�
 �� 6FKZDUW]� 6WHUQV� DQG 2HKPNH
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������ UHSRUW D �� SHUFHQW UDWH RI UHWXUQ RI 5	' IRU WKLV FDVH�

7KLV H[DPSOH VXJJHVWV WKDW WKH KLVWRULFDO VRFLDO 525V DUH YHU\ VHQVLWLYH WR WKH GXUDWLRQ RI WKH
5	' SKDVH� 7KH PDJQLWXGH RI WKLV SUREOHP LV DPSOLILHG E\ WKH SUHVHQFH RI WLPLQJ XQFHUWDLQW\
EHWZHHQ LQQRYDWLRQV� 8QFHUWDLQW\ LQ W

�
LPSOLHV D KLJK YDULDQFH RI KLVWRULFDO 525V RI 5	'

LQYHVWPHQWV� 7KLV SURSHUW\ EHFRPHV DSSDUHQW LQ YDULRXV VXUYH\V RI VWXGLHV WKDW KDYH
FDOFXODWHG VRFLDO 525V� +RZHYHU� WKH KLJK YDULDELOLW\ RI KLVWRULFDO 525V GLPLQLVKHV WKHLU
GHVLUDELOLW\ DQG XVHIXOQHVV IRU SROLF\ SXUSRVHV� EHFDXVH FDVH VWXGLHV VKRXOG EH XVHG WR LQIHU
SHUIRUPDQFH RI IXWXUH 5	' LQYHVWPHQWV�

���� ([�DQWH 5HWXUQV WR 5HVHDUFK

([�DQWH UHWXUQV DUH PHDVXUHG E\ WKH H[SHFWHG VRFLDO 525 WR DJULFXOWXUDO 5	'� ,Q WKH PRGHO

GHYHORSHG� WKH WLPH LQWHUYDOV EHWZHHQ FRQVHFXWLYH DJULFXOWXUDO LQQRYDWLRQV W
�
DUH H[SRQHQWLDOO\

GLVWULEXWHG ZLWK SDUDPHWHU �
�
 �� � 5

�
��5

�
ZKLFK HTXDOV WKH H[SHFWHG WLPH EHWZHHQ WZR

LQQRYDWLRQV DW WKH VWHDG\�VWDWH HTXLOLEULXP� 7KH H[SHFWHG VRFLDO 525 LV WKH LQWHUHVW UDWH , WKDW

HTXDOL]HV WKH H[SHFWHG VRFLDO GLVFRXQWHG FRVWV RI DQ LQQRYDWLRQ WR LWV H[SHFWHG VRFLDO GLVFRXQWHG

EHQHILWV� ,Q WKH SDUWLDO�HTXLOLEULXP IUDPHZRUN� WKLV 525 LV GHILQHG E\ WKH IROORZLQJ HTXDWLRQ�

����

ZKHUH WKH WHUPV LQ VTXDUH EUDFNHWV DUH WKH OHIW�KDQG�VLGH DQG WKH ULJKW�KDQG�VLGH RI HTXDWLRQ

����� 7KH SUREDELOLW\ WKDW WKH GLVFRYHU\ RI D QHZ YDULHW\ RFFXUV DW WLPH W
�
LV JLYHQ E\ ��

�
H
	�

�
W
�

DQG WKH RXWHU LQWHJUDOV DUH WKH H[SHFWDWLRQ RSHUDWLRQV RYHU YDULDEOH W
�
� ZKLFK LV H[SRQHQWLDOO\

GLVWULEXWHG ZLWK SDUDPHWHU �
�
� 3HUIRUPLQJ WKH LQWHJUDWLRQ RSHUDWLRQ LQ ���� DQG VROYLQJ IRU ,�

ZH REWDLQ WKH H[SHFWHG 525 WR DJULFXOWXUDO 5	'�

����

6LPLODUO\� WKH H[SHFWHG VRFLDO 525 WR LQGXVWULDO 5	' FDQ EH FDOFXODWHG DV

����

,Q RXU HFRQRP\� WKH H[SHFWHG 525V DUH LQYDULDQW RYHU WLPH DQG GHFOLQH LQ 5	' UHVRXUFHV 5
L

IRU ,  �� �� ,I LQQRYDWLRQV IROORZ D 3RLVVRQ GLVWULEXWLRQ ZLWK SDUDPHWHU ���
L
 1

L
� WKHQ WKH

H[SHFWHG 525 FDQ EH UHDGLO\ FDOFXODWHG E\ GLYLGLQJ WKH DYHUDJH LQVWDQWDQHRXV VRFLDO EHQHILWV

SHU 5	' GROODU VSHQW �L�H� %
L
��5

L
�


L
� � E\ WKH DYHUDJH GXUDWLRQ RI DQ 5	' SURMHFW ZKLFK



��

HTXDOV �
L
LQ RXU FDVH� 7KHVH DYHUDJHV UHTXLUH LQIRUPDWLRQ RQ PDQ\ 5	' SURMHFWV LQ WKH VDPH

VHFWRU�

���� 3DUWLDO�HTXLOLEULXP %LDV

(YHQ LI RQH ZHUH WR FDOFXODWH WKH H[SHFWHG 525 RI 5	' LQYHVWPHQWV FRUUHFWO\ XVLQJ IRUPXODV

���� DQG ����� WKHUH LV VWLOO ELDV LQ WKHLU PDJQLWXGHV� 7KLV ELDV LV V\VWHPDWLF DQG LW LV UHODWHG WR

WKH IDFW WKDW SDUWLDO�HTXLOLEULXP�EDVHG FDOFXODWLRQV DEVWUDFW IURP WKH UHODWLRQ EHWZHHQ DJJUHJDWH

FRQVXPSWLRQ DQG 5	' VHUYLFHV� )LJXUH � VKRZV WKDW DJJUHJDWH FRQVXPSWLRQ H[SHQGLWXUH

H[SUHVVHG LQ XQLWV RI VNLOOHG ODERU LV D GHFUHDVLQJ IXQFWLRQ RI DJULFXOWXUDO 5	'� 5
�
� DQG DQ

LQFUHDVLQJ IXQFWLRQ RI LQGXVWULDO 5	'� 5
�
� 7KH HFRQRPLF LQWXLWLRQ IRU WKLV UHODWLRQVKLS LV

UHODWHG WR HTXDWLRQV ���� DQG ����� $Q LQFUHDVH LQ & LQFUHDVHV WKH SURILWDELOLW\ RI LQGXVWULDO

5	' DQG FRQVHTXHQWO\ LW LQFUHDVHV WKH GHPDQG IRU LQGXVWULDO UHVHDUFKHUV� 5
�
� $Q LQFUHDVH LQ

5
�
UHGXFHV WKH QXPEHU RI DJULFXOWXUDO UHVHDUFKHUV� 5

�
� WKURXJK WKH IXOO HPSOR\PHQW RI ODERU

FRQGLWLRQ ����� %\ DVVXPSWLRQ� DJULFXOWXUDO 5	' LV QRW OLQNHG GLUHFWO\ WR DJJUHJDWH

H[SHQGLWXUH EDVHG RQ SURILWDELOLW\ FRQVLGHUDWLRQV� LW LV UHODWHG LQYHUVHO\ WR DJJUHJDWH

H[SHQGLWXUH WKURXJK WKH ODERU PDUNHW FRQVWUDLQW�

)LJXUHV �D DQG �E VKRZ WKH H[SHFWHG VRFLDO 525 DV IXQFWLRQV RI 5	' VHUYLFHV LQ HDFK VHFWRU�

7KH VROLG GRZQZDUG VORSLQJ OLQHV DUH WKH SDUWLDO�HTXLOLEULXP H[SHFWHG 525V ZKLFK WDNH & DV

JLYHQ� 7KH GDVKHG GRZQZDUG VORSLQJ OLQHV DUH WKH JHQHUDO�HTXLOLEULXP H[SHFWHG 525V LQ HDFK

VHFWRU� (TXDWLRQ ���� LPSOLHV WKDW DQ LQFUHDVH LQ 5
�
� ZKLFK UHGXFHV &� GLPLQLVKHV WKH

LQVWDQWDQHRXV EHQHILWV WR DJULFXOWXUDO 5	'� 6LPLODUO\� D UHGXFWLRQ LQ 5
�
LQFUHDVHV 5

�
DQG &�

DQG WKXV DXJPHQWV WKH LQVWDQWDQHRXV EHQHILWV RI LQGXVWULDO UHVHDUFK� 3DUWLDO�HTXLOLEULXP

FDOFXODWLRQV KROGLQJ & FRQVWDQW PLVV WKHVH HIIHFWV� )LJXUHV �D DQG �E DOVR VKRZ WKH JURZWK�

PD[LPL]LQJ H[SHFWHG 525 IRU WKH FDVH 
! � ZLWK DJULFXOWXUH EHLQJ WKH JURZWK�LQWHQVLYH

VHFWRU� 3URMHFWV WKDW KDYH VRFLDO H[SHFWHG 525 KLJKHU WKDQ RU VKRXOG EH5Ø25
�

5Ø25
�

XQGHUWDNHQ� ,W VKRXOG EH HPSKDVL]HG WKDW VLQFH WKHUH LV QR V\VWHPDWLF UHODWLRQVKLS EHWZHHQ

� LW LV LPSRVVLEOH WR WHOO ZKLFK JURZWK�PD[LPL]LQJ 525 LV KLJKHU� 2I FRXUVH� LQØ5
�
DQG Ø5

�

WKH FDVH RI �
�
 �

�
� �  ô DQG 


�
 


�
� WKHQ DQG � &RQVHTXHQWO\�Ø5

�


Ø5

�
5Ø25

�

 5Ø25

�

DOWKRXJK VRFLDO VHFWRUDO 525V PLJKW EH XVHIXO WR WKH UDQNLQJ RI 5	' SURMHFWV ZLWKLQ D VHFWRU�

WKH\ FDQQRW EH XVHG WR SURYLGH SROLF\ UHFRPPHQGDWLRQV IRU DJJUHJDWH JURZWK SHUIRUPDQFH�

7KH HFRQRPLF LQWXLWLRQ IRU WKH XSZDUG ELDV LQ WKH H[SHFWHG 525 RI DJULFXOWXUDO 5	' WKDW WKH

SDUWLDO�HTXLOLEULXP FDOFXODWLRQV JHQHUDWH LV YHU\ VLPSOH� %HFDXVH LQGXVWULDO 5	' LV EDVHG RQ

SURILWDELOLW\ FRQVLGHUDWLRQV� WKHUH LV D GLUHFW UHODWLRQVKLS EHWZHHQ WKH UHZDUG WR 5	' �ZKLFK

LQFUHDVHV LQ &� DQG 5	' VHUYLFHV 5
�
� $JULFXOWXUDO 5	' LV QRW UHODWHG GLUHFWO\ WR LQFRPH

EHFDXVH LW LV ILQDQFHG E\ WKH JRYHUQPHQW� $V D UHVXOW� DQ LQFUHDVH LQ 5
�
UDLVHV & DQG UHGXFHV

5
�
EHFDXVH RI WKH VNLOOHG ODERU HPSOR\PHQW FRQVWUDLQW� 7KXV� WKHUH LV D JHQHUDO�HTXLOLEULXP

LQYHUVH UHODWLRQVKLS EHWZHHQ LQFRPH & DQG DJULFXOWXUDO 5	'� 7KLV JHQHUDO�HTXLOLEULXP ELDV

LQFUHDVHV ZLWK WKH VL]H RI WKH 5	' SURMHFW XQGHUWDNHQ�

7KH PDJQLWXGH RI WKH ELDV LQ GHYHORSLQJ�FRXQWU\ DJULFXOWXUH LV SUREDEO\ VPDOO� 3DUGH\ DQG

5RVHERRP ������ VKRZ WKDW IRU PRVW GHYHORSLQJ FRXQWULHV� H[SHQGLWXUH RQ DJULFXOWXUDO



��

UHVHDUFK LV OHVV WKDQ �� RI DJULFXOWXUDO SURGXFW YDOXH� +RZHYHU� WKH HIIHFW RI KLULQJ

DGGLWLRQDO DJULFXOWXUDO VFLHQWLVWV �HYHQ DW EHORZ�PDUNHW UDWHV� RQ VNLOOHG ZDJHV DQG LQGXVWULDO

5	' UHPDLQV DQ LQWHUHVWLQJ HPSLULFDO TXHVWLRQ�

)LJXUH �D� $JULFXOWXUDO ([SHFWHG 525



��

)LJXUH �E� ,QGXVWULDO ([SHFWHG 525



��

�� &21&/86,216

7KH SUHVHQW SDSHU GHYHORSHG D G\QDPLF JHQHUDO�HTXLOLEULXP PRGHO RI 6FKXPSHWHULDQ JURZWK

ZLWK LQGXVWULDO DQG DJULFXOWXUDO 5	' LQYHVWPHQWV� $JULFXOWXUDO 5	' LV JRYHUQPHQW�ILQDQFHG

DQG JHQHUDWHV EHWWHU SURGXFWLRQ WHFKQLTXHV� ,QGXVWULDO 5	' LV IXHOHG E\ WHPSRUDU\ PRQRSRO\

SURILWV DQG UHVXOWV LQ EHWWHU SURGXFWLRQ WHFKQLTXHV� 7KH SURSHUWLHV RI JURZWK�PD[LPL]LQJ

VHFWRUDO 5	' LQYHVWPHQWV ZHUH DQDO\]HG� 7KH UHODWLYH JURZWK�LQWHQVLW\ RI WKH WZR VHFWRUV

GHWHUPLQHV WKH RSWLPDO DOORFDWLRQ RI 5	' LQYHVWPHQWV DFURVV WKH WZR VHFWRUV� DQG HFRQRPLHV

ZLWK KLJKHU OHYHOV RI VNLOOHG ODERU �UHTXLUHG IRU 5	' LQYHVWPHQWV� H[SHULHQFH KLJKHU ORQJ�UXQ

JURZWK UDWHV�

$ VHFRQG DSSOLFDWLRQ RI WKH PRGHO ZDV WKH DQDO\VLV RI SDUWLDO�HTXLOLEULXP EDVHG VRFLDO UDWHV RI

UHWXUQ RI LQGXVWULDO DQG DJULFXOWXUDO 5	'� $ GLVWLQFWLRQ ZDV PDGH EHWZHHQ KLVWRULFDO DQG

H[SHFWHG VRFLDO 525V� WKH ODWWHU EHLQJ WKH FRUUHFW PHDVXUHV LQ WKH SUHVHQFH RI XQFHUWDLQW\ LQ

WKH WLPLQJ RI LQQRYDWLRQV� ,W ZDV DOVR IRXQG WKDW WKH SDUWLDO�HTXLOLEULXP IUDPHZRUN LQWURGXFHV

DQ XSZDUG ELDV WR DJULFXOWXUDO VRFLDO 525 DQG D GRZQZDUG ELDV WR LQGXVWULDO VRFLDO 525� 7KH

H[WHQW RI WKLV ELDV LQFUHDVHV ZLWK WKH PDJQLWXGH RI 5	' SURMHFWV DQG GHSHQGV RQ WKH SULYDWH YV

SXEOLF QDWXUH RI 5	' LQYHVWPHQW LQ HDFK VHFWRU� $V D UHVXOW RI WKLV ELDV� WKH RSWLPDO

DOORFDWLRQ RI 5	' UHVRXUFHV DFURVV VHFWRUV FDQQRW EH GHWHUPLQHG IURP SDUWLDO�HTXLOLEULXP

525 PHDVXUHV�

7KH IXQFWLRQDO IRUPV RI SURGXFWLRQ DQG WDVWH VWUXFWXUHV RI WKH PRGHO FDQ EH JHQHUDOL]HG DW WKH

H[SHQVH RI PRUH FRPSOLFDWHG DOJHEUD DQG WKH ORVV RI VRPH HFRQRPLF LQWXLWLRQ� 'LIIHUHQW

SROLF\ REMHFWLYHV FDQ EH UHDGLO\ LQWURGXFHG LQWR WKH EDVLF PRGHO� )RU H[DPSOH� IROORZLQJ

'LQRSRXORV ������� ZHOIDUH PD[LPL]DWLRQ FDQ EH KDQGOHG HDVLO\� 0RUH UHDOLVWLF GLVWRUWLRQV
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ILQDQFLDO DQG SURGXFW PDUNHW LPSHUIHFWLRQV� )LQDOO\� IROORZLQJ 'LQRSRXORV DQG 6\URSRXORV

������ DQG 'LQRSRXORV� 2HKPNH� DQG 6HJHUVWURP� ������� WKH UROH RI WUDGH DQG WUDGH SROLFLHV

FRXOG EH DQDO\]HG DV ZHOO� 7KH DERYH PHQWLRQHG LPSRUWDQW H[WHQVLRQV DZDLW IXUWKHU UHVHDUFK�
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'LQRSRXORV� (� DQG 0� .UHLQLQ� ����� 6FKXPSHWHULDQ *URZWK DQG ,QWHUQDWLRQDO
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(FKHYHUULD� 5� ����� $VVHVVLQJ WKH ,PSDFW RI $JULFXOWXUDO 5HVHDUFK� ,Q 0HWKRGV IRU
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5HVHDUFK� HG� 5� (FKHYHUULD� ,61$5� 1HZ -HUVH\� 5XWJHUV 8QLYHUVLW\�

*URVVPDQ� *� DQG (� +HOSPDQ� ����� ,QQRYDWLRQ DQG *URZWK LQ WKH *OREDO (FRQRP\� 0,7

3UHVV�

-RQHV� &� DQG 0� .LJXHO� ����� $IULFD
V 4XHVW IRU 3URVSHULW\� +DV $GMXVWPHQW +HOSHG"

)LQDQFH DQG 'HYHORSPHQW ����� ����

1DGLUL� ,� ����� ,QQRYDWLRQV DQG 7HFKQRORJLFDO 6SLOORYHUV� 1%(5 :RUNLQJ 3DSHU 1R�
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2HKPNH� -� ����� $FKLHYHPHQWV RI $IULFDQ $JULFXOWXUDO 5HVHDUFK� 6WDII 3DSHU� (DVW

/DQVLQJ� 0LFKLJDQ 6WDWH 8QLYHUVLW\� 'HSDUWPHQW RI $JULFXOWXUDO (FRQRPLFV�

2HKPNH� -� DQG (� &UDZIRUG� ����� 7KH ,PSDFW RI $JULFXOWXUDO 7HFKQRORJ\ LQ 6XE�6DKDUDQ

$IULFD� $ 6\QWKHVLV RI 6\PSRVLXP )LQGLQJV� 068 ,QWHUQDWLRQDO 'HYHORSPHQW 3DSHU

1R� ��� (DVW /DQVLQJ� 0LFKLJDQ 6WDWH 8QLYHUVLW\� 'HSDUWPHQW RI $JULFXOWXUDO

(FRQRPLFV�
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IDP 13 ........... Sources and Effects of Instability in the World Rice Market
by  T. S. Jayne.  1993.  104 pp.  $11.00 (CDIE reference
pending)

IDP 14 ........... The Impact of Agricultural Technology in Sub-Saharan
Africa:  A Synthesis of Symposium Findings by James F.
Oehmke and Eric C. Crawford.  1993.  33 pp.  $7.00 (CDIE
reference PN-ABP-321)
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pending).

IDP 19 ........... Effects of Market Reform on Access to Food by Low-
Income Households: Evidence from Four Countries in
Eastern and Southern Africa by T.S. Jayne, L. Rubey, D.
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pending)
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Implications by Valerie Kelly, Bocar Diagana, Thomas
Reardon, Matar Gaye, and Eric Crawford.  1996.  140 pp. 
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IDWP 44 ........ Food Security II Cooperative Agreement:  Project Fact
Sheets (1994 Version) by MSU Food Security II Research
Team.  1994.  104 pp.  $11.00 (CDIE reference pending)

IDWP 45 ........ The Potential Returns to Oilseeds Research in Uganda: 
The Case of Groundnuts and Sesame by Rita Laker-Ojok. 
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IDP 2 ............. A Simulation Study of Constraints on Traditional Farming
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Experience of CIMMYT and Some National Agricultural
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Economic and Institutional Analysis by Vincent Barrett,
Gregory Lassiter, David Wilcock, Doyle Baker, and Eric
Crawford.  1982.  132 pp. (CDIE reference PN-AAM-262)

IDP 5 ............. Socio-Economic Determinants of Food Consumption and
Production in Rural Sierra Leone:  Application of an
Agricultural Household Model with Several Commodities by
John Strauss.  1983.  91 pp.  (CDIE reference PN-AAM-
031)

IDP 6 ............. Applications of Decision Theory and the Measurement of
Attitudes Towards Risk in Farm Management Research in
Industrialized and Third World Settings by Beverly Fleisher
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AAU-740)

IDP 7 ............. Private Decisions and Public Policy:  The Price Dilemma in
Food Systems in Developing Countries by Peter Timmer.
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IDP 8 ............. Rice Marketing in Senegal River Valley:  Research Findings
and Policy Reform Options by Michael L. Morris.  1987.  89
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IDP 9 ............. Small Scale Industries in Developing Countries:  Empirical
Evidence and Policy Implications by Carl Liedholm and
Donald Mead.  1987.  141 pp.  (CDIE reference PN-AAX-
734)

IDP 10 ........... Maintaining the Momentum in Post-Green Revolution
Agriculture:  A Micro-Level Perspective from Asia by Derek
Byerlee.  1987.  57 pp.  (CDIE reference PN-AAZ-093)

IDP 11 ........... The Economics of Smallholder Maize Production in
Zimbabwe:  Implications for Food Security by David D.
Rohrbach.  1989.  100 pp.  (CDIE reference PN-ABD- 549)
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IDWP 1 .......... Farming Systems Research (FSR) in Honduras, 1977-81:  A
Case Study by Daniel Galt, Alvaro Diaz, Mario Contreras,
Frank Peairs, Joshua Posner, and Franklin Rosales.  1982.
48 pp.  (CDIE reference PN-AAM-827)

IDWP 2 .......... Credit Agricole et Credit Informal dans la Region Orientale de
Haute-Volta:  Analyse Economique, Performance
Institutionnelle et Implications en Matiere de Politique de
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IDWP 3 .......... Employment and Construction:  Multicountry Estimates of
Costs and Substitutions Elasticities for Small Dwellings  by
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IDWP 4 .......... Sub-Contracting in Rural Areas of Thailand by Donald C.
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IDWP 5 .......... Microcomputers and Programmable Calculators for
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Weber, James Pease, Warren Vincent, Eric W. Crawford,
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AAN-441)
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IDWP 7 .......... Employment and Housing in Lima, Peru by Paul Strassmann.
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IDWP 8 .......... Faire Face a la Crise Alimentaire de l'Afrique by Carl K.
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IDWP 9 .......... Software Directories for Microcomputers:  An Annotated
Bibliography by Thomas C. Stilwell.  1983.  14 pp.  (CDIE
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IDWP 10 ........ Instructional Aids for Teaching How to Use the TI-59
Programmable Calculator by Ralph E. Hepp.  1983.  133 pp.
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IDWP 11 ........ Programmable Calculator (TI-59) Programs for Marketing
and Price Analysis in Third World Countries by Michael L.
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