




1To cite just a few examples, see Hall [1988]; Campbell and Mankiw [1989]; Campbell
and Deaton [1989]; Zeldes [1989]; Kuehlwein [1991]; Dynan [1993]; Attanasio and Weber
[1993]; Lusardi [1996]; Merrigan and Normandin [1996]; Ludvigson [forthcoming].
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7KH�HVWLPDWLRQ�RI�NH\�SDUDPHWHUV�LQ�WKH�KRXVHKROG¶V�XWLOLW\�IXQFWLRQ�KDV�EHHQ�D�ORQJVWDQGLQJ

JRDO�RI�HPSLULFDO�UHVHDUFK�RQ�FRQVXPHU�EHKDYLRU��7KHVH�SDUDPHWHUV�DUH�RI�LQWHUHVW�EHFDXVH�WKH\

IXUQLVK�D�TXDQWLWDWLYH�JDXJH�RI�WKHRUHWLFDOO\�LPSRUWDQW�FRQFHSWV��VXFK�WKH�VWUHQJWK�RI�WKH

SUHFDXWLRQDU\�VDYLQJ�PRWLYH��WKH�GHJUHH�RI�SUXGHQFH�DQG�ULVN�DYHUVLRQ��DQG�WKH�ZLOOLQJQHVV�RI

FRQVXPHUV�WR�VXEVWLWXWH�FRQVXPSWLRQ�RYHU�WLPH��

,Q�RUGHU�WR�HVWLPDWH�SDUDPHWHUV�IURP�WKH�XWLOLW\�IXQFWLRQ��D�VXLWDEOH�HPSLULFDO

VSHFLILFDWLRQ�PXVW�ILUVW�EH�FKRVHQ��$�ZLGH�UDQJH�RI�DSSOLFDWLRQV�HPSOR\�VSHFLILFDWLRQV�WKDW�UHO\

RQ�OLQHDU�DSSUR[LPDWLRQV�WR�G\QDPLF�(XOHU�HTXDWLRQV��D�YLUWXDO�FRWWDJH�LQGXVWU\�KDV�EHHQ�FUHDWHG

IURP�WKH�HVWLPDWLRQ�RI�OLQHDUL]HG�FRQVXPSWLRQ�(XOHU�HTXDWLRQV���'HVSLWH�WKH�SRSXODULW\�RI�WKLV

DSSURDFK��DQ�LPSRUWDQW�XQDQVZHUHG�TXHVWLRQ�LV�ZKHWKHU�OLQHDU�DSSUR[LPDWLRQV�RI�(XOHU�HTXDWLRQV

SURGXFH�DFFXUDWH�HVWLPDWHV�RI�NH\�SDUDPHWHUV�LQ�WKH�FRQVXPHU¶V�XWLOLW\�IXQFWLRQ�

,Q�WKLV�SDSHU��ZH�LQYHVWLJDWH�WKH�SURSHUWLHV�RI�OLQHDUL]HG�(XOHU�HTXDWLRQV�ZLWKLQ�WKH

FRQWH[W�RI�RQH�W\SH�RI�HPSLULFDO�DSSOLFDWLRQ��WKH�ODUJH�DQG�JURZLQJ�OLWHUDWXUH�RQ�SUHFDXWLRQDU\

VDYLQJ�WKDW�H[DPLQHV�KRZ�FRQVXPSWLRQ�JURZWK�DQG�VDYLQJ�EHKDYLRU�DUH�DIIHFWHG�E\�XQFHUWDLQW\�

7KLV�DSSOLFDWLRQ�W\SLFDOO\�LQYROYHV�UHJUHVVLQJ�FRQVXPSWLRQ�JURZWK�RQ�PHDVXUHV�RI�XQFHUWDLQW\�LQ

H[SHFWHG�FRQVXPSWLRQ�JURZWK��WKH�LGHD�EHLQJ�WKDW��ZLWK�SUHFDXWLRQDU\�PRWLYHV��IXWXUH

XQFHUWDLQW\�ZLOO�GHSUHVV�FXUUHQW�FRQVXPSWLRQ�DQG�UDLVH�FRQVXPSWLRQ�JURZWK��7KH�HVWLPDWLQJ

HTXDWLRQ�LV�GHULYHG�IURP�D�VHFRQG�RUGHU�7D\ORU�H[SDQVLRQ�RI�WKH�(XOHU�HTXDWLRQ�ZKLFK�LV�WKH�ILUVW

RUGHU�FRQGLWLRQ�IRU�RSWLPDO�FRQVXPSWLRQ�FKRLFH��DQG�UHODWHV�PDUJLQDO�XWLOLW\�WRGD\�WR�H[SHFWHG

PDUJLQDO�XWLOLW\�WRPRUURZ��7KH�SDUDPHWHU�HVWLPDWHV�FDQ�EH�XVHG�WR�PHDVXUH�WKH�VWUHQJWK�RI



2As we discuss below, the impetus for precautionary saving in this literature is the
existence of "prudence" in preferences, first defined by Kimball (1990). In practice, other factors
may also lead to precautionary accumulation, such as the possibility that borrowing constraints
may bind in the future (see Deaton, 1992).
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SUHFDXWLRQDU\�VDYLQJ�PRWLYHV��ZKHUH�LQ�WKH�DEVHQFH�RI�SUHFDXWLRQDU\�PRWLYHV�IXWXUH�XQFHUWDLQW\

VKRXOG�QRW�DIIHFW�FRQVXPSWLRQ�JURZWK��

7KH�HPSLULFDO�ZRUN�RQ�SUHFDXWLRQDU\�VDYLQJ�KDV�SURGXFHG�VRPH�DQRPDORXV�UHVXOWV�

:KHUHDV�VRPH�VWXGLHV�ZKLFK�KDYH�LQYHVWLJDWHG�WKH�HIIHFW�RI�LQFRPH�ULVN�RQ�WKH�OHYHO�RI

FRQVXPSWLRQ�RU�ZHDOWK�VXJJHVW�WKDW�SUHFDXWLRQDU\�PRWLYHV�PD\�H[SODLQ�D�VLJQLILFDQW�IUDFWLRQ�RI

ZHDOWK�DFFXPXODWLRQ��IRU�H[DPSOH��6NLQQHU�>����@��/XVDUGL�>����@��&DUUROO�>����@��&DUUROO�DQG

6DPZLFN�>����@���WKH�HVWLPDWHG�HIIHFWV�RI�FRQVXPSWLRQ�XQFHUWDLQW\�RQ�FRQVXPSWLRQ�JURZWK�DUH

W\SLFDOO\�VPDOO��LQGLFDWLQJ�WKDW�SUHFDXWLRQDU\�PRWLYHV�DUH�ZHDN�RU�QRQH[LVWHQW��IRU�H[DPSOH�

'\QDQ�>����@��.XHKOZHLQ�>����@���)RU�XWLOLW\�IXQFWLRQV�FKDUDFWHUL]HG�E\�GHFUHDVLQJ�DEVROXWH�ULVN

DYHUVLRQ��WKHVH�ODWWHU�UHVXOWV�DOVR�LPSO\�LPSODXVLEO\�ORZ�OHYHOV�RI�UHODWLYH�ULVN�DYHUVLRQ��0RUH

VSHFLILFDOO\��JLYHQ�WKDW�WKH�ZLWKLQ�SHULRG�XWLOLW\�IXQFWLRQ�LV�LVRHODVWLF��VXFK�WKDW� �X�&W) '
C �&
W

1&D
WKLV�OLWHUDWXUH�\LHOGV�HVWLPDWHV�RI� �WKDW�DUH�JHQHUDOO\�EHORZ������DQG�DUH�RIWHQ�LQVLJQLILFDQWO\

GLIIHUHQW�IURP�]HUR�

:H�LQYHVWLJDWH�RQH�SRVVLEOH�UHDVRQ�IRU�WKHVH�VPDOO�HVWLPDWHV�RI� ���6SHFLILFDOO\��WKH

PHWKRG�RI�HVWLPDWLQJ� ±ZKLFK�XWLOL]HV�D�VHFRQG�RUGHU�7D\ORU�H[SDQVLRQ�RI�WKH�(XOHU

HTXDWLRQ±UHOLHV�RQ�OLQHDU�RU�ORJOLQHDU�DSSUR[LPDWLRQV�RI�WKH�(XOHU�HTXDWLRQ��,I�WKH�(XOHU�HTXDWLRQ

LV�VXIILFLHQWO\�QRQOLQHDU��WKHQ�WKHVH�DSSUR[LPDWLRQV�ZLOO�EH�SRRU��LPSO\LQJ�WKDW�HVWLPDWHV�RI�

PD\�GLIIHU�IURP�WKHLU�WUXH�YDOXHV�VLPSO\�EHFDXVH�WKH�(XOHU�HTXDWLRQ�LV�DSSUR[LPDWHG��:H�UHIHU�WR

WKLV�GLYHUJHQFH�EHWZHHQ�WKH�HVWLPDWHG�DQG�WUXH�YDOXHV�DV�³DSSUR[LPDWLRQ�ELDV´���
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,Q�WKLV�SDSHU��ZH�VWXG\�KRZ�DSSUR[LPDWLRQ�ELDV�GXH�WR�OLQHDU�DSSUR[LPDWLRQ�LQIOXHQFHV

SDUDPHWHU�HVWLPDWHV��:H�WDNH�D�WZR�VWHS�DSSURDFK��)LUVW��ZH�LQYHVWLJDWH�KRZ�QRQOLQHDU�DUH�WKH

(XOHU�HTXDWLRQV��DQ�DQDO\VLV�WKDW�FDQ�EH�SHUIRUPHG�ZLWKRXW�VLPXODWLQJ�GDWD��:H�VWDUW�ZLWK�D

VWDQGDUG�LQWHUWHPSRUDO�RSWLPL]DWLRQ�SUREOHP��LQ�ZKLFK�D�ILQLWH�OLYHG�FRQVXPHU�ZLWK�LVRHODVWLF

SUHIHUHQFHV�FKRRVHV�FRQVXPSWLRQ�DQG�VDYLQJ�JLYHQ�FXUUHQW�ZHDOWK�DQG�WKH�FXUUHQW�VKRFN�WR

LQFRPH��)RU�HDFK�\HDU�RI�³OLIH�´�DQG�IRU�D�YDULHW\�RI�DVVXPSWLRQV�DERXW�WKH�SDUDPHWHUV�WKDW

JRYHUQ�SUHIHUHQFHV�DQG�WKH�LQFRPH�SURFHVV��ZH�VROYH�QXPHULFDOO\�IRU�WKH�IXQFWLRQ�WKDW�UHODWHV

FRQVXPSWLRQ�WR�ZHDOWK�DQG�WKH�LQFRPH�VWDWH��:H�FDQ�WKHQ�FRQWUDVW�WKH�DFWXDO�UHODWLRQVKLS

EHWZHHQ�H[SHFWHG�FRQVXPSWLRQ�JURZWK�DQG�XQFHUWDLQW\�LQ�FRQVXPSWLRQ�JURZWK��ZLWK�WKH

UHODWLRQVKLS�LPSOLHG�E\�WKH�VHFRQG�RUGHU�DSSUR[LPDWLRQ��7KLV�VWHS�DOORZV�XV�WR�GRFXPHQW�KRZ

PXFK�WKH�DSSUR[LPDWH�UHODWLRQVKLS�GLIIHUV�IURP�WKH�WUXH�UHODWLRQVKLS�DFURVV�D�UDQJH�RI�ZHDOWK

YDOXHV��LQFRPH�VWDWHV��DQG�SDUDPHWULF�DVVXPSWLRQV��:H�ILQG�WKDW�WKLV�GLIIHUHQFH�LV�TXLWH�ODUJH�IRU

VRPH�ZHDOWK�LQFRPH�VWDWHV�XQGHU�VRPH�VHWV�RI�SDUDPHWHUV�YDOXHV�

+RZ�PLJKW�WKH�QRQOLQHDULWLHV�ZH�ILQG�LQIOXHQFH�DFWXDO�SDUDPHWHU�HVWLPDWHV"�7KH�VHFRQG

VWHS�LQ�RXU�DQDO\VLV�LQYHVWLJDWHV�WKLV�LVVXH��,Q�SDUWLFXODU��ZH�DVN�KRZ�QRQOLQHDULWLHV�DUH�OLNHO\�WR

EH�WUDQVODWHG�LQWR�DSSUR[LPDWLRQ�ELDV�LQ�HVWLPDWHV�RI� ��7\SLFDO�HVWLPDWHV�EDVHG�RQ�OLQHDUL]HG

(XOHU�HTXDWLRQV�LQYROYH�XVLQJ�KRXVHKROG�OHYHO�GDWD�WR�UHJUHVV�FRQVXPSWLRQ�JURZWK�RYHU�D�JLYHQ

WLPH�SHULRG�RQ�D�PHDVXUH�RI�YDULDELOLW\�LQ�FRQVXPSWLRQ�JURZWK��VXFK�DV�DYHUDJH�VTXDUHG

FRQVXPSWLRQ�JURZWK��XVLQJ�HLWKHU�RUGLQDU\�OHDVW�VTXDUHV�RU�LQVWUXPHQWDO�YDULDEOHV�WHFKQLTXHV��,Q

WKH�ODWWHU�FDVH��VTXDUHG�FRQVXPSWLRQ�JURZWK�LV�RIWHQ�LQVWUXPHQWHG�XVLQJ�YDULDEOHV�VXFK�DV

HGXFDWLRQ�DQG�RFFXSDWLRQ�LQGLFDWRUV��WKH�DVVXPSWLRQ�LV�WKDW�WKHVH�IDFWRUV�SUHGLFW�YDULDELOLW\�LQ

FRQVXPSWLRQ�JURZWK�EXW�DUH�XQFRUUHODWHG�ZLWK�WKH�HUURU�WHUP��7KH�VHFRQG�VWHS�LQ�RXU�DQDO\VLV
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DOORZV�XV�WR�LQYHVWLJDWH�WKH�H[WHQW�WR�ZKLFK�WKLV�DVVXPSWLRQ�LV�OLNHO\�WR�EH�WUXH�

:H�H[DPLQH�WKH�H[WHQW�RI�ELDV�XVLQJ�ERWK�RUGLQDU\�OHDVW�VTXDUHV��2/6��DQG�LQVWUXPHQWDO

YDULDEOHV��,9��HVWLPDWRUV�E\�SHUIRUPLQJ�D�0RQWH�&DUOR�VWXG\�LQ�ZKLFK�ZH�FKRRVH�D�XWLOLW\

IXQFWLRQ��L�H��D�YDOXH�RI� ���DQG�VLPXODWH�SDQHO�GDWD�RQ�RSWLPDO�FRQVXPSWLRQ�IRU�D�ODUJH�QXPEHU

RI�³KRXVHKROGV�´�)RU�RXU�UHVXOWV�WR�EH�LQIRUPDWLYH�DERXW�WKH�H[WHQW�RI�ELDV�LQ�DFWXDO�SDUDPHWHU

HVWLPDWHV��LW�LV�LPSRUWDQW�WKDW�WKH�KHWHURJHQHLW\�DFURVV�RXU�VLPXODWHG�KRXVHKROGV�PLPLFV�WKDW

IRXQG�LQ�WUXH�GDWD��7R�GR�WKLV��ZH�XVH�LQFRPH�GDWD�IURP�WKH�3DQHO�6WXG\�RI�,QFRPH�'\QDPLFV

�36,'��WR�HVWLPDWH�WKH�SDUDPHWHUV�RI�WKH�LQFRPH�SURFHVV�IRU�KRXVHKROGV�LQ�VL[WHHQ�GLIIHUHQW

HGXFDWLRQ�RFFXSDWLRQ�JURXSV��:H�WKHQ�VROYH�IRU�WKH�DSSURSULDWH�FRQVXPSWLRQ�IXQFWLRQV�XVLQJ

HDFK�RI�WKH�VL[WHHQ�VHWV�RI�SDUDPHWHU�HVWLPDWHV��:LWK�WKHVH�FRQVXPSWLRQ�IXQFWLRQV�LQ�KDQG��LW�LV

VWUDLJKWIRUZDUG�WR�VLPXODWH�GDWD�IRU�³KRXVHKROGV´�IURP�WKH�GLIIHUHQW�HGXFDWLRQ�RFFXSDWLRQ�JURXSV

�ZLWK�WKH�IUDFWLRQ�RI�KRXVHKROGV�IURP�HDFK�JURXS�LQ�WKH�VLPXODWHG�GDWD�HTXDO�WR�WKH�IUDFWLRQ�RI

KRXVHKROGV�LQ�HDFK�JURXS�LQ�WKH�36,'���7KHVH�GDWD�DUH�XVHG�WR�LQYHVWLJDWH�WKH�SURSHUWLHV�RI�2/6

HVWLPDWHV�RI� ��DV�ZHOO�DV�,9�HVWLPDWHV�WKDW�XVH�RFFXSDWLRQ�DQG�HGXFDWLRQ�LQGLFDWRUV�DV

LQVWUXPHQWV�

2XU�UHVXOWV�LQGLFDWH�WKDW�UHJUHVVLRQV�RI�FRQVXPSWLRQ�JURZWK�RQ�FRQVXPSWLRQ�JURZWK

VTXDUHG�SURGXFH�HVWLPDWHV�RI� �WKDW�DUH�ELDVHG�GRZQ�IURP�WKH�WUXH�YDOXH��2/6�HVWLPDWHV�SURGXFH

WKH�PRVW�ELDV��ZLWK�HVWLPDWHV�RI� �WKDW�DUH�EHWZHHQ�����DQG�����RI�WKH�WUXH�YDOXH��7KH�,9

HVWLPDWHV�IDUH�VRPHZKDW�EHWWHU��EXW�DUH�VWLOO�ELDVHG�GRZQ��ZLWK�HVWLPDWHV�RI� �WKDW�DUH�W\SLFDOO\

DURXQG�����RI�WKH�WUXH�YDOXH��7KH�UHDVRQ�IRU�WKH�ELDV�LV�WKDW�WKH�LQVWUXPHQWV��L�H��WKH�RFFXSDWLRQ

DQG�HGXFDWLRQ�LQGLFDWRUV�WKDW�GHWHUPLQH�WKH�LQFRPH�SURFHVV�SDUDPHWHUV��DUH�FRUUHODWHG�ZLWK�WKH

KLJKHU�RUGHU�PRPHQWV�RI�FRQVXPSWLRQ�JURZWK�WKDW�DUH�LQ�WKH�HUURU�WHUP�RI�WKH�OLQHDUL]HG
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HTXDWLRQ�

� $QRWKHU�IHDWXUH�RI�RXU�UHVXOWV�LV�WKDW�WKH�H[WHQW�RI�ELDV�YDULHV�ZLWK�ZHDOWK��ZKHQ�WKH

VDPSOH�LV�VSOLW�EHWZHHQ�³ORZ�ZHDOWK´�DQG�³KLJK�ZHDOWK´�KRXVHKROGV��WKH�HVWLPDWHV�RI� �DUH�ELDVHG

GRZQ�PRVW�IRU�WKH�³ORZ�ZHDOWK´�JURXS��DQG�IRU�VRPH�HVWLPDWLRQ�WHFKQLTXHV�DUH�DFWXDOO\�ELDVHG

XS�IRU�WKH�³KLJK�ZHDOWK´�JURXS��'LIIHUHQFHV�LQ�HVWLPDWHV�RI� �DFURVV�ZHDOWK�JURXSV�LV�RIWHQ�WDNHQ

DV�HYLGHQFH�WKDW�SRRUHU�KRXVHKROGV�DUH�PRUH�OLTXLGLW\�FRQVWUDLQHG�WKDQ�ZHDOWKLHU�KRXVHKROGV�

2XU�UHVXOWV�LQGLFDWH�WKDW�WKHVH�GLIIHUHQFHV�PD\�DOVR�DULVH�DV�WKH�UHVXOW�RI�DSSUR[LPDWLRQ�ELDV�

6HFWLRQ�,,�GLVFXVVHV�LQ�PRUH�GHWDLO�KRZ�DSSUR[LPDWLRQV�WR�(XOHU�HTXDWLRQV�KDYH�EHHQ

XVHG�LQ�SUHYLRXV�OLWHUDWXUH��DQG�ZK\�HVWLPDWHV�EDVHG�RQ�WKHVH�DSSUR[LPDWLRQV�PD\�EH�ELDVHG�

6HFWLRQ�,,,�GHVFULEHV�RXU�PHWKRGV�IRU�FRPSXWLQJ�FRQVXPSWLRQ�IXQFWLRQV�DQG�VKRZV�WKH�UHVXOWV�RI

WKHVH�FRPSXWDWLRQV��,Q�WKLV�VHFWLRQ��ZH�LQYHVWLJDWH�WKH�H[WHQW�WR�ZKLFK�WKH�(XOHU�HTXDWLRQ�LV

QRQOLQHDU�E\�GRFXPHQWLQJ�KRZ�WKH�DSSUR[LPDWH�UHODWLRQVKLS�EHWZHHQ�FRQVXPSWLRQ�JURZWK�DQG

WKH�YDULDQFH�RI�FRQVXPSWLRQ�JURZWK�GLIIHUV�IURP�WKH�WUXH�UHODWLRQVKLS�DFURVV�ZHDOWK�YDOXHV�DQG

LQFRPH�VWDWHV��6HFWLRQ�,9�GHVFULEHV�RXU�HVWLPDWLRQ�RI�LQFRPH�SURFHVVHV�IRU�HDFK

RFFXSDWLRQ�HGXFDWLRQ�JURXS�XVLQJ�KRXVHKROG�GDWD��DQG�GLVFXVVHV�WKH�VLPXODWLRQ�UHVXOWV��6HFWLRQ

9�FRQFOXGHV�

,,��$SSUR[LPDWLRQV�WR�(XOHU�(TXDWLRQV

:H�VWDUW�ZLWK�D�VLPSOH�EXW�JHQHUDO�PRGHO�RI�FRQVXPSWLRQ��,QGLYLGXDOV�FKRRVH�FRQVXPSWLRQ�DQG

VDYLQJ�LQ�HDFK�SHULRG�VR�DV�WR�PD[LPL]H�H[SHFWHG�OLIHWLPH�XWLOLW\��:H�DVVXPH�WKDW�WKHUH�LV�RQH

DVVHW��$W��DQG�WKDW�DVVHWV�KHOG�EHWZHHQ�W�DQG�W���HDUQ�D�JURVV�UHWXUQ�RI�5W����'HFLVLRQV�DUH�PDGH

FRQGLWLRQDO�RQ�FXUUHQW�UHVRXUFHV��FDVK�RQ�KDQG��KHOG�DW�WKH�EHJLQQLQJ�RI�WKH�WLPH�SHULRG��DQG�RQ
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LQIRUPDWLRQ�DERXW�IXWXUH�LQFRPHV�DQG�LQWHUHVW�UDWHV��8WLOLW\�LV�DGGLWLYHO\�VHSDUDEOH�DQG�LV

GLVFRXQWHG�DFURVV�SHULRGV�DW�UDWH� ��6XE�XWLOLW\�IXQFWLRQV�LQ�HDFK�SHULRG�DUH�LGHQWLFDO�DQG

LVRHODVWLF�HODVWLF��7KH�PD[LPL]DWLRQ�SUREOHP�LV�VXPPDUL]HG�DV��

&DVK�RQ�KDQG��[W/$W�\W��HYROYHV�DFFRUGLQJ�WR�

ZKHUH�\W���LV�ODERU�LQFRPH�HDUQHG�LQ�WLPH�W���

)ROORZLQJ�PRVW�RI�WKH�OLWHUDWXUH�RQ�SUHFDXWLRQDU\�VDYLQJ��ZH�DVVXPH�WKDW�WKH�UHDO�LQWHUHVW

UDWH�LQ�QRW�VWRFKDVWLF�DQG�LV�IL[HG�DW�U� �5������7KH�RQO\�XQFHUWDLQW\�FRQVXPHUV�IDFH�LV�LQ�ODERU

LQFRPH��ZKLFK�IOXFWXDWHV�IURP�SHULRG�WR�SHULRG��,Q�WKLV�FDVH��WKH�(XOHU�HTXDWLRQ�DVVRFLDWHG�ZLWK

XWLOLW\�PD[LPL]DWLRQ�LV�

RU��LQ�WKH�VSHFLILF�FDVH�RI�LVRHODVWLF�HODVWLF�XWLOLW\�

%HFDXVH�PDUJLQDO�XWLOLW\�LV�QRW�OLQHDU�LQ�FRQVXPSWLRQ�LQ�HTXDWLRQ������LW�LV�QRW�SRVVLEOH�WR�GHULYH



3An alternate approximation can be obtained by assuming consumption is lognormally
distributed, implying that , where VARt is the time t)lnCt%1 ' D

&1(r&*)%1/2DVARt()lnCt%1)
variance. Under this distributional assumption, higher order moments do not enter the
approximate loglinear Euler equation. Consistent with the findings we discuss next, however,
normality tests on simulated consumption data (not reported) rejected the hypothesis that
consumption growth is lognormally distributed when the driving process (income growth) is
lognormally distributed.  

7

Et ñ
Ct%1&Ct

Ct
� '

1

D ñ
r&*
1%r � % (

1%D
2

)Et ñ ü
Ct%1&Ct

Ct
�
2

� % vt , (5)

vt ' j
4

j'3

(&1)j [ J
j&1

m'1
(m%D) (

1

j!
) ] Et ñ ü

Ct%1 & Ct

Ct
�
j

� . (6)

DQ�HTXDWLRQ�WKDW�UHODWHV�H[SHFWHG�IXWXUH�FRQVXPSWLRQ�WR�FXUUHQW�FRQVXPSWLRQ��,QVWHDG�

UHVHDUFKHUV��FRPPRQO\�OLQHDUL]H�WKH�ULJKW�KDQG�VLGH�RI�����DQG�GHULYH�DQ�HTXDWLRQ�WKDW�UHODWHV�WKH

H[SHFWHG�JURZWK�LQ�FRQVXPSWLRQ�WR�WKH�H[SHFWHG�VTXDUHG�JURZWK�LQ�FRQVXPSWLRQ��6SHFLILFDOO\�

WDNLQJ�D�VHFRQG�RUGHU�7D\ORU�DSSUR[LPDWLRQ�RI�PDUJLQDO�XWLOLW\�LQ�W���DURXQG�WKH�SRLQW�&W�

LQVHUWLQJ�LQWR������DQG�UHDUUDQJLQJ�\LHOGV�

ZKHUH��� �HTXDOV�WKH�FRHIILFLHQW�RI�UHODWLYH�SUXGHQFH �DV�GHILQHG�E\�.LPEDOO��������&
u )))(Ct)Ct

u ))(Ct)
7KH�HUURU�WHUP��YW��LV�FRPSRVHG�RI�DQ�DGGLWLYH�VHULHV�RI�PRPHQWV�RI�FRQVXPSWLRQ�JURZWK�

�

6SHFLILFDOO\�

(TXDWLRQ�����LQGLFDWHV�WKDW��LI�SUHFDXWLRQDU\�VDYLQJ�PRWLYHV�H[LVW��WKHQ�XQFHUWDLQW\��DV

PHDVXUHG�E\�WKH�FRQGLWLRQDO�H[SHFWDWLRQ�RI�VTXDUHG�IXWXUH�FRQVXPSWLRQ�JURZWK��LV�SRVLWLYHO\

UHODWHG�WR�DQWLFLSDWHG�FRQVXPSWLRQ�JURZWK��7KH�LQWXLWLRQ�XQGHUO\LQJ�WKLV�UHVXOW�LV

VWUDLJKWIRUZDUG��SUXGHQW�LQGLYLGXDOV�ZLOO�GHOD\�FRQVXPSWLRQ�XQWLO�XQFHUWDLQW\�DERXW�WKH�IXWXUH�LV



4For example, Carroll (1994) presents evidence using a normalized variance of individual
income, and Kimball’s (1990) "equivalent precautionary premium" as measures of income
uncertainty. Guiso, Jappelli, and Terlizzese (1992) provide similar evidence using a self reported
measure of earnings uncertainty drawn from the 1989 Italian Survey of Household Income and
Wealth. Note that these studies do not depend on linearized Euler equations, but instead rely on
some reduced form solution to the consumption function itself.

8

UHVROYHG��VR�WKDW�FRQVXPHUV�IDFLQJ�PRUH�XQFHUWDLQW\�ZLOO�GLVSOD\�KLJKHU�FRQVXPSWLRQ�JURZWK�RQ

DYHUDJH�

(TXDWLRQ�����KDV�EHHQ�XVHG�DV�WKH�EDVLV�IRU�D�ODUJH�DQG�JURZLQJ�ERG\�RI�HPSLULFDO�ZRUN�

2QH�VHW�RI�SDSHUV�H[DPLQHV�WKH�UHODWLRQVKLS�EHWZHHQ�FRQVXPSWLRQ�JURZWK�DQG�LQFRPH�ULVN��$V

KDV�EHHQ�SRLQWHG�RXW�E\�'\QDQ���������HTXDWLRQ�����FRQFHUQV�WKH�UHODWLRQVKLS�EHWZHHQ

FRQVXPSWLRQ�JURZWK�DQG�XQFHUWDLQW\�LQ�FRQVXPSWLRQ��QRW�LQ�LQFRPH��+RZHYHU��LW�PDNHV�VHQVH�WR

HVWDEOLVK��DV�DQ�HPSLULFDO�IDFW��ZKHWKHU�RU�QRW�WKRVH�ZKR�IDFH�ULVNLHU�LQFRPH�VWUHDPV�KDYH�KLJKHU

DYHUDJH�FRQVXPSWLRQ�JURZWK�WKDQ�RWKHUV��7KHVH�SDSHUV�JHQHUDOO\�ILQG�WKDW�IXWXUH�LQFRPH

XQFHUWDLQW\�GHFUHDVHV�WKH�OHYHO�RI�FXUUHQW�FRQVXPSWLRQ��OHQGLQJ�VRPH�VXSSRUW�WR�WKH�K\SRWKHVLV

WKDW�SUHFDXWLRQDU\�PRWLYHV�UHGXFH�WKH�ZLOOLQJQHVV�RI�LQGLYLGXDOV�WR�FRQVXPH�RXW�RI�XQFHUWDLQ

IXWXUH�LQFRPH��

$Q�DOWHUQDWLYH�DSSURDFK�LV�WR�HVWLPDWH�����GLUHFWO\��7KLV�LV�GRQH�E\�'\QDQ���������ZKR

XVHV�KRXVHKROG�OHYHO�FRQVXPSWLRQ�GDWD�IURP�WKH������&RQVXPHU�([SHQGLWXUH�6XUYH\��7KLV

VXUYH\�KDV�D�VKRUW�SDQHO�HOHPHQW��ZLWK�HDFK�KRXVHKROG�VXUYH\HG�LQ�DV�PDQ\�DV���FRQVHFXWLYH

FDOHQGDU�TXDUWHUV��'\QDQ�HVWLPDWHV�����E\�UHJUHVVLQJ�DYHUDJH�FRQVXPSWLRQ�JURZWK�RYHU�WKH

SHULRG�IRU�HDFK�KRXVHKROG�RQ��WLPH��DYHUDJH�VTXDUHG�FRQVXPSWLRQ�JURZWK��6KH�XVHV�LQVWUXPHQWDO

YDULDEOHV�WR�DFFRXQW�IRU�WKH�IDFW�WKDW�WDVWH�VKLIWHUV��ZKLFK�DUH�OLNHO\�WR�EH�FRUUHODWHG�ZLWK�WKH

YDULDQFH�RI�FRQVXPSWLRQ�JURZWK��PD\�EH�LQFOXGHG�LQ�WKH�HUURU�WHUP��DQG�EHFDXVH�WKH�VKRUW�OHQJWK
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RI�WKH�SDQHO�ZLOO�PDNH�WKH�VDPSOH�PHDQ�RI�DFWXDO�VTXDUHG�FRQVXPSWLRQ�JURZWK�D�SRRU�PHDVXUH�RI

ULVN��7KH�LQVWUXPHQWV�LQFOXGH�YDULDEOHV�VXFK�DV�LQGLFDWRUV�IRU�RFFXSDWLRQ�DQG�LQGXVWU\�DQG

HGXFDWLRQ�PHDVXUHV��ZKLFK�DUH�SODXVLEO\�UHODWHG�WR�FRQVXPSWLRQ�XQFHUWDLQW\��'\QDQ¶V�IDLUO\

SUHFLVH�HVWLPDWHV�RI��WKH�FRHIILFLHQW�RQ�VTXDUHG�FRQVXPSWLRQ�JURZWK�UDQJH�IURP������WR������

LPSO\LQJ�D�FRHIILFLHQW�RI�UHODWLYH�SUXGHQFH�LQ�WKH�UDQJH�RI������WR�������DQG�D�QHJDWLYH�YDOXH�RI�

�ZKLFK�DOVR�HTXDOV�WKH�FRHIILFLHQW�RI�UHODWLYH�ULVN�DYHUVLRQ��LQ�WKH�UDQJH�RI�������DQG��������$V

'\QDQ�SRLQWV�RXW��WKLV�UDQJH�RI�YDOXHV�IRU� �LV�LPSODXVLEOH��0HUULJDQ�DQG�1RUPDQGLQ��������

XVLQJ�%ULWLVK�GDWD��DQG�.XHKOZHLQ���������XVLQJ�WKH�86�3DQHO�6WXG\�RI�,QFRPH�'\QDPLFV��DOVR

HVWLPDWH�UHODWLYHO\�ORZ�YDOXHV�IRU� ��LQ�WKH�UDQJH�RI�����WR������IRU�0HUULJDQ�DQG�1RUPDQGLQ�

.XHKOZHLQ�XVHV�2/6�HVWLPDWLRQ�DQG�REWDLQV�D�KLJKHU�YDOXH�IRU� ��HTXDO�WR�DERXW������EXW�LW�LV�QRW

VWDWLVWLFDOO\�GLIIHUHQW�IURP�]HUR�

,I�WKH�DSSUR[LPDWLRQ�HUURU��YW��LV�FRUUHODWHG�ZLWK�XQFHUWDLQW\�LQ�FRQVXPSWLRQ�JURZWK�

UHJUHVVLRQV�RI�����ZLOO�SURGXFH�ELDVHG�SDUDPHWHU�HVWLPDWHV�LI�WKH�HTXDWLRQ�LV�HVWLPDWHG�XVLQJ

RUGLQDU\�OHDVW�VTXDUHV��0RUHRYHU��LQVWUXPHQWV�WKDW�DUH�FRUUHODWHG�ZLWK�XQFHUWDLQW\�LQ

FRQVXPSWLRQ�JURZWK�PD\�EH�FRUUHODWHG�ZLWK�WKLUG�DQG�KLJKHU�RUGHU�PRPHQWV�RI�FRQVXPSWLRQ

JURZWK�WKDW�PDNH�XS�WKH�HUURU�WHUP�LQ������7R�EXLOG�LQWXLWLRQ��FRQVLGHU��IRU�H[DPSOH��WKH�ILUVW�WHUP

LQ������ZKLFK�HTXDOV�H[SHFWHG�FXEHG�FRQVXPSWLRQ�JURZWK�PXOWLSOLHG�E\����� ���� �����,I�WKRVH

ZKR�IDFH�PRUH�XQFHUWDLQW\�LQ�FRQVXPSWLRQ�JURZWK�DOVR�KDYH�FRQVXPSWLRQ�JURZWK�WKDW�LV�PRUH

VNHZHG�WR�WKH�ULJKW��WKH�ILUVW�WHUP�LQ�YW�DQG�H[SHFWHG�VTXDUHG�FRQVXPSWLRQ�JURZWK�ZLOO�EH

QHJDWLYHO\�FRUUHODWHG��,Q�WKLV�FDVH��DQG�LJQRULQJ�KLJKHU�RUGHU�PRPHQWV�LQ�YW��D�UHJUHVVLRQ�RI

FRQVXPSWLRQ�JURZWK�RQ�H[SHFWHG�VTXDUHG�FRQVXPSWLRQ�JURZWK�ZLOO�\LHOG�DQ�HVWLPDWH�RI���� ���

WKDW�LV�ELDVHG�GRZQ��$OWKRXJK�LW�LV�QRW�SRVVLEOH�WR�SURYH�DQDO\WLFDOO\�WKDW�WKH�ELDV�ZLOO�JR�LQ�RQH



5In general, there is no closed form solution to the optimization problem presented in (1)-
(2) with risky labor income. However, for specific utility functions, an analytical solution can be
derived. The most notable example is the quadratic utility case. This is not a case we want to
analyze in detail since linear marginal felicity functions preclude precautionary savings motives.
As a robustness check however, we used our numerical approach to solve for the optimal
consumption solution when utility is quadratic and the real rate of interest equals rate of time
preference, and verified that it was equivalent to the analytical solution.
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GLUHFWLRQ�RU�WKH�RWKHU��RXU�QXPHULFDO�FDOFXODWLRQV�GLVFXVVHG�EHORZ�VXSSRUW�WKH�LGHD�WKDW�ELDV�GXH

WR�DSSUR[LPDWLRQ�HUURU�ZLOO�W\SLFDOO\�\LHOG�HVWLPDWHV�RI� �WKDW�DUH�WRR�ORZ��,W�LV�LPSRUWDQW�WR

HPSKDVL]H�WKDW�WKLV�ELDV�LV�QRW�D�UHVXOW�RI�PHDVXUHPHQW�HUURU��GDWD�TXDOLW\��RU�PLVVSHFLILFDWLRQ�RI

SUHIHUHQFHV²HYHQ�LI�DOO�YDULDEOHV�ZHUH�DFFXUDWHO\�PHDVXUHG�DQG�WKH�HFRQRPHWULFLDQ�NQHZ�WKH

LQGLYLGXDO¶V�WUXH�REMHFWLYH�IXQFWLRQ��WKH�ELDV�ZRXOG�VWLOO�H[LVW²EXW�LV�LQVWHDG�VROHO\�WKH�UHVXOW�RI

DSSUR[LPDWLRQ�HUURU�

,,,��1XPHULFDO�6ROXWLRQV�WR�&RQVXPSWLRQ�)XQFWLRQV

7R�DVVHVV�WKH�H[WHQW�WR�ZKLFK�DSSUR[LPDWLRQ�HUURU�LV�D�SUREOHP��ZH�QXPHULFDOO\�FRPSXWH

FRQVXPSWLRQ�IXQFWLRQV��DQG�FRQWUDVW�WKH�³WUXH´�UHODWLRQVKLSV�EHWZHHQ�FRQVXPSWLRQ�JURZWK�

FRQVXPSWLRQ�XQFHUWDLQW\��DQG�WKH�H[SHFWHG�UHDO�LQWHUHVW�UDWH��ZLWK�WKH�UHODWLRQVKLSV�LPSOLHG�E\

WKH�OLQHDU�DSSUR[LPDWLRQV��7KLV�LV�GRQH�IRU�D�YDULHW\�RI�DVVXPSWLRQV�DERXW�WKH�VL]H�RI� �DQG�WKH

VWRFKDVWLF�SURFHVV�WKDW�JRYHUQV�WKH�HYROXWLRQ�RI�LQFRPH�

:H�VWDUW�ZLWK�WKH�PRGHO�GLVFXVVHG�DERYH���7KH�ILUVW�VWHS�LV�WR�FKRRVH�D�XWLOLW\�IXQFWLRQ

DQG�D�VWRFKDVWLF�SURFHVV�IRU�LQFRPH��:H�FKRRVH�WKH�FRPPRQO\�DVVXPHG�LVRHODVWLF�XWLOLW\

IXQFWLRQ��DQG�DVVXPH�WKDW�LQFRPH�JURZWK�IROORZV�D�ILUVW�RUGHU�PRYLQJ�DYHUDJH�SURFHVV�ZLWK�WKH

JHQHUDO�IRUP�



6It is now well known that serial correlation in income growth complicates the procedure
for solving for consumption functions, since it means that there will be two state variables (cash-
on-hand and lagged income) rather than one (see Deaton [1991), [1992)). Nonstationarity in
income further complicates matters, since it means that in practice quite a wide range of incomes
(and, therefore, state variables) may be possible. To deal with these problems, we work with
stationary ratios of variables, solving for the optimal level of consumption relative to income.
This specification is computationally more convenient than solving for the level of consumption
itself, because it reduces the range of possible values for cash-on-hand, and implies that the
second state variable in the model is the innovation to income growth, rather than the lagged
level of income. 
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ln(yt ) ' ln (yt&1 ) % µ% ,t & N,t&1 . (7)

2t (wt,,t)
&D & $I2t%1 ( [1%r] [wt&2t (wt,,t )] z &1

t%1 % 1,,t%1)
&Dz &D

t%1 dF(,t%1 ) ' 0 , (8)

7KH�FKRLFH�RI�D�ILUVW�RUGHU�PRYLQJ�DYHUDJH�SURFHVV�LV�URXJKO\�FRQVLVWHQW�ZLWK�HYLGHQFH�IURP�WKH

PLFUR�GDWD��VHH�IRU�H[DPSOH�0D&XUG\���������$ERZG�DQG�&DUG���������DQG�3LVFKNH��������

$OWKRXJK�WKHVH�VWXGLHV�JHQHUDOO\�VXJJHVW�LQGLYLGXDO�LQFRPH�FKDQJHV�IROORZ�D�0$����UDWKHU�WKDQ

0$����SURFHVV��WKH�ODWWHU�LV�D�JRRG�DSSUR[LPDWLRQ�ZKLFK�UHTXLUHV�RQH�IHZHU�VWDWH�YDULDEOHV�WR

VROYH�WKH�PRGHO��JUHDWO\�UHGXFLQJ�FRPSXWDWLRQDO�FRPSOH[LW\�

$V�VKRZQ�LQ�'HDWRQ���������WKH�UDWLR�RI�FRQVXPSWLRQ�WR�LQFRPH�DW�WLPH�W�ZLOO�EH

VWDWLRQDU\��DQG�FDQ�EH�VROYHG�IRU�DV�D�IXQFWLRQ�RI�WZR�VWDWH�YDULDEOHV��WKH�UDWLR�RI�FDVK�RQ�KDQG�WR

LQFRPH��GHQRWHG�ZW��DQG�WKH�LQFRPH�JURZWK�LQQRYDWLRQ�� W�
��/HW� W�HTXDO�WKH�UDWLR�RI�FRQVXPSWLRQ

WR�LQFRPH�LQ�W�DQG�]W�HTXDO�WKH�UDWLR�RI�LQFRPH�LQ�W�WR�ODVW�SHULRG¶V�LQFRPH��VR�WKDW�]W�HTXDOV

��7KH�(XOHU�HTXDWLRQ�FDQ�EH�H[SUHVVHG�DV�e
µ%,t&N,t&1

ZKHUH� �HTXDOV����U����� ���



7In principle, it is possible to solve for consumption functions for any number of years. In
practice, this is sometimes difficult since the range of possible values of cash-on-hand to income
(eventually) narrows as the solution moves backward in time. In all of our cases we solved for at
least 45 years, i.e., from t=16 to t=60.  
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7KH�(XOHU�HTXDWLRQV�DUH�VROYHG�YLD�EDFNZDUGV�UHFXUVLRQ��VWDUWLQJ�ZLWK�D�WHUPLQDO�WLPH

SHULRG�7��ZKLFK�ZH�VHW�WR������:H�FKRRVH�D�JULG�RI�����YDOXHV�RI�Z7���DQG�VROYH�IRU�D�VHW�RI

FRUUHVSRQGLQJ�YDOXHV�RI� 7��$OWKRXJK�LW�ZLOO�JHQHUDOO\�EH�WKH�FDVH�WKDW� �LV�D�IXQFWLRQ�RI�WKH

LQFRPH�LQQRYDWLRQ� �DV�ZHOO�DV�WKH�FDVK�RQ�KDQG�WR�LQFRPH�UDWLR�Z��WKLV�LV�QRW�WUXH�RI�WKH�WHUPLQDO

SHULRG��DVVXPLQJ�WKDW�WKH�FRQVXPHU�GLHV�ZLWK�QR�QHW�DVVHWV��WKHQ�FRQVXPSWLRQ�LQ�WKH�ODVW�SHULRG

RI�OLIH��SHULRG�7��HTXDOV�FDVK�RQ�KDQG��VR�WKDW� 7�HTXDOV�Z7�IRU�DOO�YDOXHV�RI� 7��*LYHQ�WKLV

VROXWLRQ�IRU� 7��RQH�FDQ�VROYH�IRU�WKH�YDOXHV�RI� 7���WKDW�VDWLVI\�WKH�(XOHU�HTXDWLRQ�IRU�D�JULG�RI

SRVVLEOH�YDOXHV�RI�Z7���DQG� 7����6ROXWLRQV�IRU�HDUOLHU�SHULRGV�FDQ�EH�IRXQG�E\�ZRUNLQJ�EDFNZDUGV�

L�H��VROYLQJ�IRU� W�DV�D�IXQFWLRQ�RI�ZW�DQG� W��JLYHQ�WKH�VROXWLRQV�IRU� W����5DWKHU�WKDQ�DVVXPLQJ�WKDW

WKH�HUURU� W�KDV�D�FRQWLQXRXV�GLVWULEXWLRQ��ZH�VSHFLI\�WKH�GLVWULEXWLRQ�DV�D�GLVFUHWH����SRLQW

DSSUR[LPDWLRQ�WR�D�QRUPDO�GLVWULEXWLRQ��ZKLFK�FRQVLGHUDEO\�VSHHGV�FRPSXWDWLRQ�WLPH��

)LJXUH���VKRZV�UHVXOWV�IURP�ZKDW�ZH�FDOO�RXU�³EDVHOLQH�FDVH�´�,Q�WKLV�FDVH��ZH�KDYH�VHW

WKH�SDUDPHWHUV�RI�WKH�LQFRPH�HTXDWLRQ�����WR���HTXDO�WR������ �HTXDO�WR�������DQG�WKH�VWDQGDUG

GHYLDWLRQ�RI�� ��GHQRWHG� ��WR������7KH�SDUDPHWHUV�YDOXHV�IRU���DQG� �DUH�IURP�0D&XUG\�������

DQG�3LVFKNH���������$OWKRXJK�WKHLU�HVWLPDWH�RI� �LV������ZH�XVH�D�ORZHU�YDOXH�RI�����VLQFH�DW�OHDVW

SDUW�RI�WKH�HVWLPDWHG�HUURU�YDULDQFH�LV�OLNHO\�WR�EH�WKH�UHVXOW�RI�WKH�SUHVHQFH�RI�VXEVWDQWLDO

PHDVXUHPHQW�HUURU�LQ�UHFRUGHG�LQFRPH��7KH�EDVHOLQH�LQWHUHVW�UDWH�U�LV�VHW�WR������WKH�UDWH�RI�WLPH

SUHIHUHQFH�� ��LV�VHW�WR������DQG�WKH�SDUDPHWHU� �RI�WKH�LVRHODVWLF�XWLOLW\�IXQFWLRQ�LV�VHW�WR���

)LJXUH���VKRZV�FKDUDFWHULVWLFV�RI�WKH�FRQVXPSWLRQ�IXQFWLRQ�IRU�SHULRG�W ����7KH�WRS�OHIW�



8�)LJXUH���LV�GUDZQ�RQO\�IRU�WKH�UDQJH�RI�FDVK�RQ�KDQG�WR�LQFRPH�IURP����WR����DOWKRXJK
QRWKLQJ�SUHYHQWV�FDVK�RQ�KDQG�IURP�EHLQJ�QHJDWLYH��VLPXODWLRQ�UHVXOWV�LQGLFDWH�WKDW�LW�XVXDOO\�LV
QRW��DQG�WKH�JUDSK�IRFXVVHV�DWWHQWLRQ�RQ�WKH�YDOXHV�RI�FDVK�RQ�KDQG�WKDW�DUH�PRVW�UHOHYDQW�
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E [2t%1 zt%1 |wt,,t ]&2t(wt,,t )

2t(wt,,t )
, (9)

KDQG�SDQHO�JUDSKV�WKH�UDWLR�RI�FRQVXPSWLRQ�WR�LQFRPH�DJDLQVW�WKH�FDVK�RQ�KDQG�WR�LQFRPH���1RWH

WKDW�DV�PDQ\�DV�WHQ�IXQFWLRQV�FRXOG�EH�JUDSKHG��RQH�IRU�HDFK�RI�WKH�WHQ�SRVVLEOH�YDOXHV�RI� W��7R

DYRLG�FOXWWHU��ZH�JUDSK�RQO\�WKUHH��7KH�OLQH�PDUNHG�³N ���GHQRWHV�WKH�JUDSK�IRU�WKH�ORZHVW�YDOXH

RI� ��³N ���LV�WKH�ILIWK�ORZHVW�YDOXH��DQG�³N ����LV�WKH�KLJKHVW��$V�H[SHFWHG��FRQVXPSWLRQ�LV�DQ

LQFUHDVLQJ�IXQFWLRQ�RI�FDVK�RQ�KDQG��)XUWKHUPRUH��KLJK�UHDOL]DWLRQV�RI� �UHVXOW�LQ�ORZHU�YDOXHV�RI

WKH�UDWLR�RI�FRQVXPSWLRQ�WR�FDVK�RQ�KDQG��7KLV�GRHV�QRW�LPSO\�WKDW�JRRG�VKRFNV�WR�LQFRPH�ORZHU

FRQVXPSWLRQ��EXW�LQGLFDWHV�WKDW�JRRG�VKRFNV�UDLVH�FDVK�RQ�KDQG�E\�PRUH�WKDQ�WKH\�UDLVH

FRQVXPSWLRQ�

7KH�WRS�ULJKW�KDQG�SDQHO�JUDSKV�WKH�UHODWLRQVKLS�EHWZHHQ�H[SHFWHG�FRQVXPSWLRQ�JURZWK

DQG�WKH�FDVK�RQ�KDQG�WR�LQFRPH�UDWLR��1RWH�WKDW�FRQVXPSWLRQ�JURZWK �FDQ�DOVR�EH(Ct%1 & Ct ) /Ct

H[SUHVVHG�DV� ��7KH�JUDSK�VKRZV�FRQVXPSWLRQ�JURZWK�H[SHFWHG�DV�RI�WLPH�W��(2t%1 zt%1 & 2t ) /2t

ZKLFK�LV�HDVLO\�FRPSXWHG�IRU�HDFK�RI�WKH�SRVVLEOH�YDOXHV�RI�ZW�DQG� W���,Q�WKH�VDPH�ZD\��ZH�FDQ

FRPSXWH�H[SHFWHG�VTXDUHG�FRQVXPSWLRQ�JURZWK��ZKLFK�LV�VKRZQ�SORWWHG�DJDLQVW�FDVK�RQ�KDQG�WR

LQFRPH�LQ�WKH�ORZHU�OHIW�KDQG�SDQHO�RI�)LJXUH����

7KHVH�WZR�JUDSKV�LQGLFDWH�WKDW�D�FRQVXPHU�ZLWK�ORZ�FDVK�RQ�KDQG��UHODWLYH�WR�LQFRPH�

ZLOO�KDYH�ERWK�KLJKHU�H[SHFWHG�FRQVXPSWLRQ�JURZWK��DQG�KLJKHU�H[SHFWHG�VTXDUHG�FRQVXPSWLRQ

JURZWK��7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKH�ILQGLQJV�RI�&DUUROO������D��DQG�&DUUROO�DQG�.LPEDOO



97KHUH�DUH�DFWXDOO\�WHQ�GLIIHUHQW�IXQFWLRQV�UHODWLQJ�WKHVH�WZR�YDULDEOHV��RQH�IRU�HDFK�YDOXH
RI� ��DQG�WKUHH�RI�WKHVH�DUH�JUDSKHG��+RZHYHU��WKH\�DUH�VXIILFLHQWO\�VLPLODU�WKDW�WKH\�DUH�QRW
YLVXDOO\�GLVFHUQDEOH�RQ�WKH�JUDSK��VR�WKDW�WKH\�DSSHDU�WR�OLH�RQ�D�VLQJOH�OLQH�
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��������EHFDXVH�SRRU�FRQVXPHUV�KDYH�D�OHVVHU�DELOLW\�WR�VPRRWK�VKRFNV�WR�LQFRPH��WKH

FRQGLWLRQDO�YDULDQFH�RI�WKHLU�FRQVXPSWLRQ�JURZWK�ZLOO�EH�KLJKHU�WKDQ�WKDW�IRU�ZHDOWKLHU

KRXVHKROGV��DQG�SUHFDXWLRQDU\�PRWLYHV�ZRUN�WR�GHSUHVV�FRQVXPSWLRQ�DQG�LQFUHDVH�LWV�UDWH�RI

JURZWK��

$QRWKHU�IHDWXUH�RI�)LJXUH���LV�WKDW�IRU�DQ\�JLYHQ�FDVK�RQ�KDQG�WR�LQFRPH�UDWLR�

FRQVXPSWLRQ�JURZWK�LV�KLJKHU�IRU�ORZHU�YDOXHV�RI� W��7KLV�RUGHULQJ�RI�WKH�FRQVXPSWLRQ�IXQFWLRQV

LV�GXH�WR�WKH�H[LVWHQFH�RI�WUDQVLWRU\�QRLVH�LQ�LQGLYLGXDO�LQFRPH��%HFDXVH�D�QHJDWLYH�VKRFN�WR

LQFRPH�WRGD\�LPSOLHV�KLJKHU�LQFRPH�WRPRUURZ��LQGLYLGXDOV�LQFUHDVH�WKH�DPRXQW�RI�FRQVXPSWLRQ

UHODWLYH�WR�LQFRPH�RXW�RI�DQ\�JLYHQ�OHYHO�RI�FDVK�RQ�KDQG��WKHUHE\�VPRRWKLQJ�RXW�WUDQVLWRU\

FKDQJHV�LQ�LQFRPH�E\�DFFXPXODWLQJ�DQG�GH�DFFXPXODWLQJ�DVVHWV��+RZHYHU��LQGLYLGXDOV�DOVR

H[SHFW�KLJKHU�FRQVXPSWLRQ�WRPRUURZ��VR�WKH�H[SHFWHG�UDWH�RI�JURZWK�RI�FRQVXPSWLRQ�LQFUHDVHV�

*LYHQ�WKH�RSWLPDO�VROXWLRQ�IRU�WKH�ILUVW�DQG�VHFRQG�FRQGLWLRQDO�PRPHQWV�RI�FRQVXPSWLRQ

JURZWK��ZH�DUH�QRZ�LQ�D�SRVLWLRQ�WR�FRPSDUH�WKHLU�UHODWLRQVKLS�ZLWK�WKDW�LPSOLHG�E\�WKH�7D\ORU

H[SDQVLRQ������7KLV�FRPSDULVRQ�LV�PDGH�LQ�WKH�ERWWRP�ULJKW�SDQHO�RI�)LJXUH����ZKLFK�JUDSKV�WKH

UHODWLRQVKLS�EHWZHHQ�H[SHFWHG�FRQVXPSWLRQ�JURZWK�DQG�H[SHFWHG�VTXDUHG�FRQVXPSWLRQ�JURZWK��

7KH�FRQVXPSWLRQ�JURZWK�HTXDWLRQ�LPSOLHG�E\�WKH�7D\ORU�H[SDQVLRQ������LQGLFDWHV�WKH�IXQFWLRQ

JUDSKHG�³VKRXOG´�KDYH�DQ�LQWHUFHSW�HTXDO�WR� �DQG�D�VORSH�RI�  ��JLYHQ�WKH1

D
[

r&*
1%r

] (D%1)/2

EDVHOLQH�SDUDPHWHUV��7KLV�OLQHDUL]HG�HTXDWLRQ�LV�DOVR�VKRZQ��7R�VLPSOLI\�QRWDWLRQ�LQ�ZKDW

IROORZV��ZH�GHQRWH�WKH�VORSH�RI�WKH�OLQHDUL]HG�HTXDWLRQ�DV� ��DQG�WKH�VORSH�RI�WKH�WUXH(D%1)/2

FRQVXPSWLRQ�JURZWK�HTXDWLRQ�DV�� ��DOWKRXJK�LW�VKRXOG�EH�NHSW�LQ�PLQG�WKDW� �LV�QRW�D(D(%1)/2



10Note that asset ranges are not fixed from year to year and shrink as one works
backwards in time. This implies that the figure for year t-12 has a much smaller asset range than
in figure t-57, and there is less variation in both expected consumption growth and expected
consumption growth squared than there is later in life (e.g. in year t-57). Thus, the figures are not
entirely comparable since the axes vary with the range of cash-on-hand.
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IL[HG�QXPEHU��DQG�YDULHV�ZLWK�WKH�FDVK�RQ�KDQG�WR�LQFRPH�UDWLR��

$�FRPSDULVRQ�RI�WKH�WZR�OLQHV�LQGLFDWHV�WKDW�WKH�OLQHDUL]HG�DQG�WUXH�HTXDWLRQV�DUH�TXLWH

GLIIHUHQW��,Q�SDUWLFXODU��WKH�ILJXUH�VKRZV�WKDW�WKH�VORSH�RI�WKH�WUXH�HTXDWLRQ�LV�ORZHU�WKDQ�WKH�VORSH

RI�WKH�OLQHDUL]HG�HTXDWLRQ��)LJXUH���UHSURGXFHV�WKH�ORZHU�ULJKW�KDQG�SDQHO�RI�)LJXUH���IRU�D�ODUJH

QXPEHU�RI�WLPH�SHULRGV��DQG�SURYLGHV�HYLGHQFH�WKDW�WKLV�UHVXOW�LV�QRW�D�SHFXOLDULW\�RI�WKH�\HDU

FKRVHQ��,Q�DGGLWLRQ��WKH�UHODWLRQVKLSV�LQ�)LJXUH���DUH�JUDSKHG�RYHU�D�ZLGHU�UDQJH�RI�FDVK�RQ�KDQG

WR�LQFRPH�UDWLRV�WKDQ�LQ�)LJXUH����:KHQ�H[SHFWHG�FRQVXPSWLRQ�JURZWK�VTXDUHG�LV�YHU\�VPDOO�

FDVK�RQ�KDQG�LV�YHU\�ODUJH��DQG�GLIIHUHQFH�EHWZHHQ�WKH�WUXH�HTXDWLRQ�DQG�WKH�OLQHDUL]HG�HTXDWLRQ

LV�VPDOO��7KLV�LV�PRVW�DSSDUHQW�LQ�WKH�ILJXUHV�IRU�\HDUV�ODWHU�LQ�OLIH��\HDUV�W����WKURXJK�W����IRU

H[DPSOH��EHFDXVH�WKH�DVVHW�UDQJH�IRU�WKRVH�\HDUV�LV�ODUJH��WDNLQJ�RQ�ERWK�YHU\�VPDOO�DQG�YHU\

ODUJH�YDOXHV���

7ZR�IHDWXUHV�RI�)LJXUH���DUH�LPSRUWDQW��)LUVW��WKH�GLYHUJHQFH�EHWZHHQ�WKH�VORSHV�RI�WKH

OLQHDUL]HG�DQG�WUXH�IXQFWLRQV�YDULHV�ZLWK�ZHDOWK��6SHFLILFDOO\��WKH�GLYHUJHQFH�LV�ODUJHU�IRU�KLJKHU

YDOXHV�RI�H[SHFWHG�FRQVXPSWLRQ�JURZWK�DQG�FRQVXPSWLRQ�JURZWK�VTXDUHG��WKLV�LPSOLHV�WKDW�WKH

GLYHUJHQFH�LQ�VORSHV�LV�JUHDWHVW�IRU�OHVV�ZHDOWK\�FRQVXPHUV��IRU�ZKRP�H[SHFWHG�FRQVXPSWLRQ

JURZWK�LV�KLJKHVW���,W�LV�WKHUHIRUH�QRW�EH�VXUSULVLQJ�WR�ILQG�WKDW�HVWLPDWHV�RI� �GLIIHU�DFURVV�JURXSV

RI�LQGLYLGXDOV�ZKHQ�WKH�VDPSOH�LV�VSOLW�EDVHG�RQ�ZHDOWK�RU�RFFXSDWLRQ��DV�LQ�'\QDQ��������DQG

0HUULJDQ�DQG�1RUPDQGLQ���������7KHVH�VWXGLHV�FRQVLGHU�WKH�SRVVLELOLW\�WKDW�OLTXLGLW\�FRQVWUDLQWV

PD\�ELDV�HVWLPDWHV�RI� �GRZQZDUG�IRU�OHVV�ZHDOWK\�FRQVXPHUV��DQG��FRQVLVWHQW�ZLWK�WKLV



11 The density is computed nonparametrically, using a quartic kernel with a bandwidth of
1.
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K\SRWKHVLV��WKH\�UHSRUW�ORZHU�YDOXHV�IRU�OHVV�ZHDOWK\�KRXVHKROGV��1RWH�WKDW�WKHVH�ILQGLQJV�DUH

DOVR�FRQVLVWHQW�ZLWK�WKH�GLUHFWLRQ�RI�ELDV�VKRZQ�LQ�)LJXUH����LQGLFDWLQJ�WKDW�HYHQ�ZLWKRXW

OLTXLGLW\�FRQVWUDLQWV��SRRUHU�KRXVHKROGV�FDQ�EH�H[SHFWHG�WR�DSSHDU�OHVV�SUXGHQW�VLPSO\�EHFDXVH

WKH�OLQHDUL]HG�(XOHU�HTXDWLRQV�RI�OHVV�ZHDOWK\�LQGLYLGXDOV�ZLOO�EH�VXEMHFW�WR�JUHDWHU�GRZQZDUG

DSSUR[LPDWLRQ�ELDV��2XU�VLPXODWLRQ�UHVXOWV��GLVFXVVHG�EHORZ��FRQILUP�WKLV�SUHGLFWLRQ�E\�VKRZLQJ

WKDW�HVWLPDWHV�RI� �GLIIHU�DFURVV�JURXSV�RI�LQGLYLGXDOV�ZKHQ�WKH�VDPSOH�LV�VSOLW�E\�ZHDOWK��

$�VHFRQG�IHDWXUH�RI�)LJXUH���LV�WKDW�WKH�GLYHUJHQFH�EHWZHHQ�WKH�OLQHDUL]HG�DQG�WUXH

FRQVXPSWLRQ�JURZWK�HTXDWLRQV�LV�VPDOOHU�IRU�WLPH�SHULRGV�WKDW�DUH�IDUWKHU�EDFN�IURP�WKH�WHUPLQDO

\HDU�7��+RZHYHU��WKHUH�LV�QR�HYLGHQFH�WKDW�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�OLQHDUL]HG�DQG�WUXH

HTXDWLRQV�GLVDSSHDU�

+RZ�ODUJH�DUH�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�VORSHV�RI�WKH�OLQHDUL]HG�DQG�WUXH�HTXDWLRQV"�7R

SURYLGH�VXPPDU\�HYLGHQFH��ZH�FRPSXWHG�WKH�VORSHV�RI�WKH�WUXH�HTXDWLRQV��VKRZQ�LQ�)LJXUH���

DQG�WKHQ�FRQVWUXFWHG�ZHLJKWHG�DYHUDJHV�RI�WKH�WUXH�VORSH�� ������WR�WKH�OLQHDUL]HG�VORSH

� �������7KH�ZHLJKWV�DUH�FRQVWUXFWHG�WR�UHIOHFW�WKH�GLVWULEXWLRQ�RI�WKH�FDVK�RQ�KDQG�WR�LQFRPH

UDWLR�IRU�HDFK�\HDU�WKDW�LV�LPSOLHG�E\�WKH�PRGHO��6SHFLILFDOO\��ZH�VLPXODWHG�LQFRPH�VHULHV�IRU

�����FRQVXPHUV��XVLQJ�WKH�EDVHOLQH�SDUDPHWHUV�IRU�WKH�LQFRPH�SURFHVV���DQG�XVHG�WKH�SROLF\

IXQFWLRQV�IRU�FRQVXPSWLRQ�WR�FDOFXODWH�VHULHV�IRU�FRQVXPSWLRQ�DQG�FDVK�RQ�KDQG�IRU�HDFK

FRQVXPHU��7KH�VLPXODWHG�GDWD�LV�XVHG�WR�HVWLPDWH�WKH�MRLQW�GHQVLW\�RI��Z� ��IRU�HDFK�\HDU����7KLV

GHQVLW\�IXQFWLRQ�LV�XVHG�WR�FRPSXWH�WKH�ZHLJKWHG�DYHUDJH�RI�WKH�UDWLR�RI�WKH�WUXH�WR�OLQHDUL]HG

VORSH��
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7KH�UHVXOWV�IRU�WKH�EDVHOLQH�FDVH�DUH�VKRZQ�LQ�WKH�ILUVW�FROXPQ�RI�7DEOH����7KH�WRS�SDQHO

VKRZV�WKH�DYHUDJH�YDOXH�RI�WKH�WUXH�VORSH��� �������GLYLGHG�E\�� ������IRU�D�VHOHFWLRQ�RI�\HDUV�

&RQVLVWHQW�ZLWK�)LJXUH����WKLV�UDWLR�LQFUHDVHV�DV�RQH�PRYHV�EDFNZDUGV�IURP�WKH�HQG�RI�OLIH�

LPSO\LQJ�WKDW�WKH�OLQHDU�DSSUR[LPDWLRQ�LV�EHWWHU�LQ�HDUOLHU�WLPH�SHULRGV��+RZHYHU��PRVW�RI�WKLV

FKDQJH�LQ�WKH�UDWLR�WDNHV�SODFH�LQ�WKH�ODVW����WLPH�SHULRGV��EHWZHHQ�W ���DQG�W ���WKH�UDWLR

GHFOLQHV�E\�RQO\�������7KH�ORZHU�SDQHO�RI�7DEOH���VKRZV�WKH�YDOXHV�RI� � �LPSOLHG�E\�WKH�UHVXOWV

LQ�WKH�WRS�SDQHO��WKH�YDOXH�RI� �LQGLFDWHG�E\�WKH��DYHUDJH��VORSH�RI�WKH�WUXH�FRQVXPSWLRQ�JURZWK

HTXDWLRQ�LV�EHWZHHQ�����DQG�����RI�LWV�WUXH�YDOXH��

+RZ�VHQVLWLYH�DUH�RXU�UHVXOWV�WR�FKDQJHV�LQ�WKH�EDVHOLQH�VHW�RI�SDUDPHWHUV"�)LJXUH��

VKRZV�UHVXOWV�WKDW�FRUUHVSRQG�WR�WKRVH�LQ�WKH�ERWWRP�ULJKW�SDQHO�RI�)LJXUH����ZLWK�W �����EXW�ZLWK

FKDQJHV�IURP�WKH�EDVHOLQH�FDVH��7DEOH���SURYLGHV�VXPPDU\�VWDWLVWLFV�IRU�HDFK�RI�WKH�FDVHV�IRU�D

VHOHFWLRQ�RI�\HDUV��7KH�UHVXOWV�RI�)LJXUH���DQG�7DEOH���DUH�VXPPDUL]HG�DV�IROORZV��)LUVW��WKH

OLQHDUL]HG�(XOHU�HTXDWLRQ�LV�D�EHWWHU�DSSUR[LPDWLRQ�IRU�ORZHU�YDOXHV�RI� ��WKH�VWDQGDUG�GHYLDWLRQ

RI� ��ZKHQ� �LV�UHGXFHG�IURP�����WR�������WKH�UDWLR�RI�WKH�WUXH�VORSH�WR�WKDW�LPSOLHG�E\�HTXDWLRQ

����ULVHV�UHODWLYH�WR�WKH�EDVHOLQH�FDVH��)RU�H[DPSOH��IRU�W ����WKH�UDWLR�HTXDOV������IRU�WKH�EDVHOLQH

FDVH�DQG������IRU�WKH�FDVH�ZLWK� �HTXDO�WR�������LPSO\LQJ�DQ�LQFUHDVH� � �IURP������WR�������$Q

LPSOLFDWLRQ�LV�WKDW�HVWLPDWHV�RI� �EDVHG�RQ�WKH�OLQHDUL]HG�(XOHU�HTXDWLRQ�PD\�LQGLFDWH�WKDW�SHRSOH

ZLWK�ULVNLHU�LQFRPH�VWUHDPV�DUH�OHVV�SUXGHQW��DQG�OHVV�ULVN�DYHUVH��WKDQ�WKRVH�ZLWK�OHVV�ULVN\

LQFRPH�VWUHDPV��HYHQ�LI�LQ�IDFW�WKHUH�LV�QR�GLIIHUHQFH�DFURVV�WKH�JURXSV��%LDV�GXH�WR

DSSUR[LPDWLRQ�HUURU�PD\�PDNH�LW�GLIILFXOW�WR�WHVW�ZKHWKHU�ULVN�DYHUVLRQ�DIIHFWV�KRZ�LQGLYLGXDOV

VHOHFW�LQWR�GLIIHUHQW�RFFXSDWLRQV�

6HFRQG��UHGXFWLRQV�LQ� ��WKH�PRYLQJ�DYHUDJH�SDUDPHWHU��LQFUHDVH�WKH�GLYHUJHQFH�EHWZHHQ



18

WKH�VORSHV�RI�WKH�OLQHDUL]HG�DQG�WUXH�HTXDWLRQV��:KHQ� �LV�ORZHUHG�IURP�����WR������WKH�UDWLR�RI

WKH�VORSHV��LQ�W ����IDOOV�IURP������LQ�WKH�EDVHOLQH�WR�������'HFUHDVHV�LQ� �LPSO\�WKDW�LQFRPH

LQQRYDWLRQV�DUH�PRUH�SHUVLVWHQW��VR�WKDW�D�JLYHQ�VKRFN�WUDQVODWHV�LQWR�D�ODUJHU�FKDQJH�LQ�OLIH�WLPH

ZHDOWK��,W�LV�WKHUHIRUH�QRW�VXUSULVLQJ�WKDW�GHFOLQHV�LQ� �KDYH�HIIHFWV�VLPLODU�WR�LQFUHDVHV�LQ� ��

7KH�WKLUG�FROXPQ�RI�7DEOH���VKRZV�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�SDUDPHWHU� ��:KHQ� �LV

LQFUHDVHG�IURP���WR���WKH�DPRXQW�RI�ELDV�ULVHV��)RU�H[DPSOH��WKH�DYHUDJH�UDWLR�RI�WKH�WUXH�VORSH�WR

WKH�OLQHDUL]HG��VORSH�IDOOV�IURP�������IRU�W ����WR�������1RWH�WKLV�LPSOLHV�WKH�YDOXH�RI� �ZKLFK

ZRXOG�EH�LQIHUUHG�IURP�WKH�WUXH�HTXDWLRQ�LV�RQO\������SHUFHQW�RI�WKH�WUXH�YDOXH��7KXV��WKH�H[WHQW

WR�ZKLFK�WKH�GHJUHH�RI�SUXGHQFH�LV�XQGHUVWDWHG��LQ�SHUFHQWDJH�WHUPV��LV�SRVLWLYHO\�UHODWHG�WR�WKH

WUXH�GHJUHH�RI�SUXGHQFH��

7KH�ILQDO�WZR�FROXPQV�VKRZ�WKH�HIIHFWV�RI�FKDQJLQJ�WKH�SDUDPHWHUV�U�DQG����7KH�UHVXOWV

LQGLFDWH�WKDW�LQFUHDVLQJ�WKH�UDWH�RI�LQWHUHVW��DQG�NHHSLQJ�WKH�GLVFRXQW�UDWH�FRQVWDQW��VR�WKDW

FRQVXPHUV�DUH�PRUH�³SDWLHQW´��KDV�OLWWOH�HIIHFW�RQ�WKH�H[WHQW�RI�ELDV�LQ�WKH�VORSH��/LNHZLVH�

FKDQJLQJ���KDV�OLWWOH�HIIHFW��

7KH�UHVXOWV�LQ�WKLV�VHFWLRQ�VKRZ�WKDW�(XOHU�HTXDWLRQV�DUH�TXLWH�QRQOLQHDU��LPSO\LQJ�WKDW�

IRU�VRPH�ZHDOWK�YDOXHV�DQG�LQFRPH�VWDWHV��WKH�WUXH�UHODWLRQVKLS�EHWZHHQ�FRQVXPSWLRQ�JURZWK�DQG

XQFHUWDLQW\�LQ�FRQVXPSWLRQ�JURZWK�ZLOO�GLIIHU�FRQVLGHUDEO\�IURP�WKH�OLQHDUL]HG�UHODWLRQVKLS�

,9��$SSUR[LPDWLRQ�%LDV�LQ�(PSLULFDO�(VWLPDWHV

7KLV�VHFWLRQ�H[DPLQHV�ZKHWKHU�HUURUV�FDXVHG�E\�OLQHDU�DSSUR[LPDWLRQ�WR�(XOHU�HTXDWLRQV

UHVXOW�LQ�ELDVHG�SDUDPHWHU�HVWLPDWHV�RI� ��XVLQJ�FRPPRQO\�HPSOR\HG�HVWLPDWLRQ�WHFKQLTXHV��7KH

VWDQGDUG�PHWKRG�XVHG�LQ�WKH�OLWHUDWXUH�GLVFXVVHG�LQ�6HFWLRQ�,,�LV�WR�FRQVWUXFW�PHDVXUHV�RI
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cgit ' $0 % $1 cg 2
it % ,it . (10)

FRQVXPSWLRQ�JURZWK�IRU�KRXVHKROG�,�LQ�\HDU�W��GHQRWHG� ��DQG�PHDVXUHV�RI�YDULDELOLW\�LQcgit

FRQVXPSWLRQ�JURZWK���GHQRWHG� � using panel data on households, and then regresscg 2
it

consumption growth on variability in consumption growth:

As discussed above, the consumption growth equation based on the linearized Euler equation

implies that $0 equals , and that $1 equals (D+1)/2. Equation (10) is typically estimated
( r&*)

(1%r)D
using OLS or IV techniques. The use of instrumental variables makes a great deal of sense, if for

no other reason than to eliminate biases caused by measurement error in consumption. However,

the discussion in Section II indicates that it may be extremely difficult to find instruments that

are not correlated with the error term in (10), even in the absence of measurement error.

Equation (6) indicates that the error term includes higher order moments of consumption growth.

Valid instruments must consist of variables that are correlated with variability in consumption

growth, but are not correlated with these higher-order moments. It is difficult to think of

theoretically justifiable reasons why some variables would be correlated with the second

moment but not with higher-order moments. Nevertheless, the extent of bias found in practice

will depend on the extent to which the instruments are correlated with the error term, a factor

that will, in turn, depend on which instruments are used. 

The most common instruments employed in practice are variables such as occupation,

education, and industry indicators (e.g., Dynan [1993]). The use of these variables is motivated

by the idea that education and occupation influence the time-series properties of individual’s

income, so that (for example) more highly educated people may have higher income growth over

their lifetimes, and self-employed managers may face more income risk than others. These



12In principle, it is possible to use information on industry, in addition to occupation and
education, for each individual in the PSID. Placing households into categories that are as fine as
those like occupation/education/industry resulted in cell sizes that are too small for empirical
work. Thus, we chose to focus on groups defined by occupation/education which have larger cell
sizes.
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differences in income patterns will affect consumption decisions, and are likely to produce

differences in variability in consumption growth. However, if (for example) individuals in

different occupations and educations have different amounts of skewness in consumption

growth, then these variables are not valid instruments, and even IV estimates of the parameters

will be biased.

We assess whether this problem is important in practice by conducting a Monte Carlo

analysis. Our approach is to generate simulated data on consumption for "households" who share

common preferences and face the same interest rate, but have different values of the parameters

for the process that generates income. In order to match heterogeneity in income parameters to

heterogeneity found in real data, we use information on income from the Panel Study of Income

Dynamics to estimate income equations for individuals in 16 different education/occupation

groups.12  We solve for up to 40 years of consumption functions using each of the 16 sets of

parameters, and then simulate consumption data for households in each of the groups. The

simulated data is used to estimate equation (10), above, using both OLS and IV techniques.

The first step in our analysis was to estimate the parameters of the income equation (7)

for the different education and occupation groups. We used the 1972-1992 waves of the PSID,

and selected a sample of male heads of households between the ages of 25 and 55, inclusive,

who reported labor income for at least 3 contiguous years. Further details on sample selection

are in Appendix A.



13These groups were professionals with less than 12 years of education, and managers
with less than 12 years of education.
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In each year, individuals were coded as being in one of the six occupations listed in Table

2. We then constructed a single non-time-varying occupation for each individual, that consisted

of the occupation worked in the majority of years. (Ties were broken by assigning individuals to

the "higher" of the occupations using the order in Table 2; for example, a person who spent 3

years as a manager and 3 years as a professional would be coded as a professional.) Individuals

were also assigned to one of three education categories: less than 12 years of school, exactly 12

years of school, and more than 12 years of school. Individuals from two occupation/education

cells were excluded from the analysis, since there were too few people.13 The final data set

consisted of 43,067 observations on 5,567 individuals. The distribution of individuals across

occupation/education cells is shown in Table 2. Cell sizes ranged from 78, for professionals with

exactly 12 years of education, to 719, for craftsmen with 12 years of education. 

These data were used to estimate the parameters µ, N, and F for each of the

occupation/education groups. We followed the estimation methods discussed in Abowd and Card

(1989); details are provided in Appendix A.  The estimates for each cell are shown in Table 2.

The estimates of µ are what might be expected: within each occupation group, those with more

education have higher earnings growth. Within each education group, craftsmen and operatives

had the lowest growth. Somewhat surprisingly, laborers and service workers have higher values

of µ than do craftsmen and operatives. The parameter N also varies across groups; the general

pattern is for those with more education to have lower values of N, indicating more persistence

in shocks. Less skilled clerical and sales workers, and laborers and service workers, display



14Several authors have pointed out that these measures are likely to be inflated by
substantial measurement error in recorded income (for example, Deaton [1991]; Attanasio et al,
[Forthcoming]). We also follow these authors in not reducing the size of the moving average
parameter, even though this would logically follow in order to increase the role of the permanent
component in income; the variance of the permanent component is already a large fraction of
overall earnings variance, and a larger value seems implausible.
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much less persistence. The parameter estimates of F seemed too high to be plausible, and we

halved them for the purposes of the simulations.14 The halved values are reported in Table 2.

There is remarkably little variation in F across the cells. The range is from .137, for clerical and

sales workers with less than 12 years of school, to .220, for laborers and service workers with

more than 12 years of education. Values of F cluster between .16 and .19 for nine of the sixteen

cells. There is no clear tendency for F to increase or decrease with education.

These parameters were used to solve for consumption functions for each of the cells. We

assumed that the remaining parameters were constant across groups (with D=3, r=.03, and

*=.05,) and solved for 40 years of consumption functions. We then simulated data on income

and consumption for 300,000 "households" for these 40 years, assuming that each individual

started with cash-on-hand equal to income. The numbers of households in each

occupation/education cell was set so that the distribution of households across cells in the

simulated data matched that in the PSID. We discarded the first five years of data, because we

did not want our results to be influenced by our assumptions about initial assets, and the last five

years, when individuals are drawing down assets in anticipation of "death." The number of years

per household was reduced by one more year after first-differencing consumption, leaving

8,700,000 household/year observations in our simulated data set. 

Differences in the income parameters across occupation/education groups produce



15It is common in empirical work to exclude interaction terms between the indicators in
the instrument set.

23

differences in consumption patterns in the simulated data. Table 2 shows averages of

consumption growth and consumption growth squared for each cell of our simulated data.

Average consumption growth ranges from 0.0016 (for clerical and sales workers with 12 years

of education) to 0.796 (for highly educated professionals). These two groups also had the lowest

and highest average risk in consumption growth. 

To estimate the parameters of (10), we use Monte Carlo simulations to create 300

samples of 1000 households per sample, and used these samples to generate 300 sets of

parameter estimates. Two versions of (10) were estimated. "Model A" refers to a regression of

consumption growth between year t-1 and t on squared consumption growth between the same

period. The data are kept in panel form, with multiple observations per household. In "Model B,"

consumption growth and consumption growth squared were averaged over time for each

household. This latter model is more similar to that estimated by Dynan (1993), who averages

consumption growth and squared consumption growth over 4 quarters of the Consumer

Expenditure Survey. 

Both Model A and Model B were estimated using OLS, and using IV with three

instrument sets. The first instrument set includes a set of dummies for each of the 16

occupation/education groups. The second set includes 6 occupation and 3 education dummies.15

The third set is the same as the second, only it adds the lagged value of the ratio of assets to

income. For model A, this is the value of the asset to income ratio at t-1; for Model B, it is the

value in the first year of the sample. The rationale for including this as an instrument is that



16Dynan (1993) included the amount of interest and dividend income earned by the
household during the 12 months prior to the survey as a proxy for liquid asset holdings.
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consumers with more liquid assets may be better able to smooth consumption, and will have

lower variability in consumption growth.16

As a final exercise, we split the samples for each model into two equally sized groups of

consumers: those with "high" and "low" values of lagged ratio of income to assets. As discussed

above, lower estimates of D for households with lower assets are taken as evidence of liquidity

constraints. However, it is likely that approximation biases in the estimates also varies with

wealth, and it is useful to see if the estimates of D vary across groups when, by construction, all

households have the same value of D and no liquidity constraints exist. 

Our primary interest is whether the slope parameter $1  differs from the values implied by

the linearized equation, i.e. $1=(D+1)/2=2. The OLS results, summarized in the top panel of

Table 3, indicate that the estimated values of $1 are in most cases biased down. Model A, using

the full sample, yields estimates of $1 with an average of .968 and a standard deviation of .389.

The top left panel of Figure 4 shows a histogram for the 300 OLS estimates of $1, and indicates

that although there are many cases in which $1 is lower than .5, in no case does it exceed 1.7.

The estimate of D implied by the average estimate of $1 is .936, less than one third of the true

value of 3. The results for Model B (full sample) indicate even more bias. The average estimate

of $1 equal to .688 implies an estimate of D of .376, only 12.5% of the true value.

The OLS estimates also perform badly when the sample is split by wealth. For Model A,

the average estimate of $1 for the low-wealth sample is .864, lower than for the full sample. (The

histogram of estimates for this case is shown in Figure 5.) Estimates for the high-wealth sample
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are actually biased up: they all exceed 2, and imply on average a value of D equal to 3.9. The

results for Model B are also yield estimates of D for the low-wealth sample that are lower than

for the high-wealth sample, although for both groups there is downward bias.

Do IV estimators perform better than OLS estimators? Results using the three different

instrument sets are in the second through fourth panels of Table 3, with histograms for each

column of the table in Figures 4 though 9. The results can be easily summarized: First, the three

sets of instruments produce very similar results. All of the instrument sets are good predictors of

variability in consumption growth. Furthermore, within each model and sample, the instrument

set makes little difference to the parameter estimates. Second, the IV estimates of $1 are

generally larger than the OLS estimates. However, they are still biased down. For example, in

Model A, the average IV estimate of $1 (using the first instrument set) is 1.408, in contrast to the

average OLS estimate of .968. The IV results imply an  estimate of D equal to 1.81, which is

60% of the true value. (Note that because the variables in the first two instrument sets do not

vary over time, the full sample IV estimates for Model A and Model B are identical.) Third, the

use of instrumental variables reduces, but does not eliminate, differences in the estimates of $1

across the wealth groups. Using the first instrument set, the values of D implied by the results are

1.77 for the low wealth group, and 2.10 for the high wealth group. 

A common method of cross-checking the plausibility of a set of instruments is to test any

overidentifying restrictions that have been made (for example, Dynan [1993]). We computed

chi-square tests of the null that the overidentifying restrictions are valid. The number of

rejections of the null were not frequent: they ranged from only 1 out of 300, to 45 out of 300

tests. We also examined whether the instruments are correlated with the third (noncentral)
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moment in consumption growth. As discussed above, linearization of the Euler equation implies

that cubed consumption growth is one of the components of the error term in (10). When using

the full samples for Models A and B, the hypothesis that the instruments explained none of the

variation in cubed consumption growth was rejected in at least 235 out of 300 cases. In

particular, the estimation output of Model A (where there is a time series element to the sample)

using instrument set 3 (which includes lagged cash-on-hand) shows that, although lagged cash-

on-hand is a good predictor of expected consumption growth squared, it is also a good predictor

of expected cubed consumption growth, a term that is included in the regression error of the

linearized equation. Consequently, that specification produces rejections of the hypothesis that

the instruments do not explain the variation in cubed consumption growth almost 100 percent of

the time, yet the OID tests are rejected only 144 times out of 300 in the full sample. The results

demonstrate that an inability to reject over identifying restrictions does not guarantee the validity

of a set of instruments. 

In summary, Monte Carlo analysis demonstrates that OLS estimation of consumption

growth on uncertainty in consumption growth is likely to produce estimates of D that are biased

down, and that IV estimation may eliminate some, but not all, of this bias. Recently, there has

been a growing interest in investigating the extent to which linearizing consumption Euler

equations might influence researcher’s ability to recover parameters, and it is useful to compare

our results to those of others. 

Carroll (1997b) addresses this issue by simulating a model of individual consumer

behavior, solved for three alternative values of the interest rate, the rate of time preference, the

mean rate of permanent income growth, and the variances of permanent and transitory



17This requirement places a restriction on the values of key parameters--such as the
standard deviation of income growth, the rate of time preference relative to the real interest rate,
and the coefficient of relative prudence. This restriction makes the buffer stock model
considerably less general than the model considered here. 
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components of income growth. He creates household groups of equal population which vary

according to these parameter values, and then performs instrumental variables regressions of

consumption growth on consumption growth squared using dummy variables that indicate group

membership as instruments. In general, he finds a far greater degree of approximation bias in D

than we find, and both the magnitude and direction of bias he finds is highly dependent on the

empirical specification he analyzes. This may be due in part to the fact that he considers a

different model of consumer behavior than that which we investigate, one often referred to as a

"buffer stock" model. It differs from the present framework by imposing an impatience

requirement: households prefer to do most of their consuming early in life.17 

Other researchers have investigated the extent of bias in D in models that also differ from

ours, but find results that are closer to those we present. Laibson (1997) investigates a standard

buffer stock consumption model of the type considered by Carroll (1997a) and Deaton (1991)

and finds that the value of D implied by the linearized regression is about 80 percent of its true

value.  Laibson, Repetto and Tobacman (1998) find that D is biased up by about 7 percent. While

these results are closer in magnitude to our own, it is not surprising that they vary to some degree

from our findings because there are meaningful differences between the model we consider and

those that Laibson (1997) and Laibson, Repetto and Tobacman (1998) investigate; both of those

studies investigate buffer stock behavior and so impose the impatience restriction. In addition,

those studies assume an first order autoregressive process for the level of income, rather than an



18The differences in results between ours and Carroll’s may also be attributable to the
different estimators we consider. We have argued above that bias in the actual estimators will be
a function of both the estimation technique and the particular choice of instruments, implying
that LW�LV�LPSRUWDQW�WKDW�KHWHURJHQHLW\�DFURVV�VLPXODWHG�KRXVHKROGV�PLPLF�WKDW�IRXQG�LQ�WUXH�GDWD.
Indeed, Carroll’s results are quite sensitive to which set of group dummies he uses as
instruments. But because his instruments are not observed and are not benchmarked on the data,
it is difficult to know how the biases he finds may be translated into biases in practice. By
contrast, the Laibson, Repetto and Tobacman study follows an approach more similar to ours by
creating group dummies that are benchmarked to data and used in actual empirical studies: they
create three education groups by estimating their income process using the PSID over education
groups. This may explain why our results are in the same ball park as those of Laibson, and
Laibson, Repetto, and Tobacman despite the fact that we investigate different models of
consumer behavior.
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MA(1) for the first difference of income.18

V. Conclusion

This paper investigates nonlinearities in dynamic Euler equations. We also study the extent to

which nonlinearities may induce bias in parameter estimates obtained when the estimating

equation is a linear approximation to the nonlinear equation. We find that, for some wealth and

income states, the Euler equation is sufficiently nonlinear that linearized approximations are

poor and may imply a value for the coefficient of relative prudence (or risk aversion) that is

lower than the true value. Simulation results confirm the prediction that ordinary least squares

regressions of consumption growth on uncertainty in consumption growth are likely to produce a

downward bias in the estimate of D. Moreover, the degree of bias varies with wealth, with less

wealthy households displaying more downward bias. In addition, our results indicate that

researchers may be able to eliminate some, but not all, of the bias that would arise in ordinary

least squares estimation by instrumenting for consumption risk using education/occupation
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dummies.

Our findings help to resolve some puzzles in literature on consumption behavior. For

example, much of the empirical literature on precautionary saving suggests that income risk is an

important factor in determining how much wealth consumers hold or how much they save,

indicating that precautionary motives may be important. Yet studies which use linearized Euler

equations often find that uncertainty in consumption growth has very little impact on

consumption growth, suggesting that precautionary motives may be weak. Our results indicate

that approximation error is likely to result in measures of the degree of prudence that are biased

down. The analysis may also help explain why estimates of parameters of the utility function

(using micro-level data) often differ across sub-samples of the population, split according to

wealth or the degree of income uncertainty. Bias associated with the use of linear approximation

varies with wealth and income risk, so that what would appear to be genuine differences in

behavior across sub-groups may be an artifact of approximation error.
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vit ' ) ln(yi t) & µ ' ,it & N,i t&1 (A1)

$SSHQGL[�$��(VWLPDWLRQ�RI�LQFRPH�SDUDPHWHUV�

���'DWD�GHILQLWLRQV�DQG�VDPSOH�VHOHFWLRQ

7KH�VDPSOH�ZDV�GUDZQ�IURP�WKH�����������ZDYHV�RI�WKH�3DQHO�6WXG\�RI�,QFRPH�'\QDPLFV��)RU
DQ�REVHUYDWLRQ�WR�EH�LQFOXGHG�LQ�WKH�VDPSOH��DQ�LQGLYLGXDO�KDG�WR�EH�D�PDOH�KHDG�RI�KRXVHKROG
EHWZHHQ�WKH�DJHV�RI����DQG�����LQFOXVLYH��LQ�WKH�VXUYH\�\HDU��7KH�LQGLYLGXDO�DOVR�KDG�WR�KDYH
SRVLWLYH�ODERU�LQFRPH��DQQXDO�ZRUN�KRXUV�WKDW�ZHUH�SRVLWLYH�EXW�QR�JUHDWHU�WKDQ��������KDYH�QRQ�
PLVVLQJ�RFFXSDWLRQ�DQG�HGXFDWLRQ�LQIRUPDWLRQ��DQG�KDYH�DYHUDJH�KRXUO\�ODERU�HDUQLQJV��L�H�
DQQXDO�ODERU�HDUQLQJV�DQQXDO�KRXUV��WKDW�ZHUH�JUHDWHU�WKDQ�RU�HTXDO�WR����DQG�OHVV�WKDQ�RU�HTXDO
WR��������0RQH\�YDOXHV�DUH�LQ������GROODUV���$IWHU�WKHVH�H[FOXVLRQV�ZHUH�PDGH��LQGLYLGXDOV�ZHUH
NHSW�LI�WKH\�ZHUH�LQ�WKH�VDPSOH�IRU�DW�OHDVW�WKUHH�FRQWLJXRXV�\HDUV��7KH�ILQDO�VDPSOH�KDG�43,067
observations on 5,567 individuals

7KH�LQFRPH�PHDVXUH�XVHG�IRU�WKH�DQDO\VLV�ZDV�WRWDO�ODERU�LQFRPH��/DERU�LQFRPH�LV�D�YDULDEOH
FRQVWUXFWHG�E\�WKH�36,'��DQG�HTXDOV�LQFOXGHV�LQFRPH�IURP�ZDJHV�DQG�VDODULHV��ERQXVHV�
RYHUWLPH��FRPPLVVLRQV��D�SURIHVVLRQDO�WUDGH�RU�SUDFWLFH��WKH�ODERU�FRPSRQHQWV�RI�IDUP�DQG
EXVLQHVV�LQFRPH��DQG�LQFRPH�IURP�URRPHUV�DQG�ERDUGHUV�DQG�PDUNHW�JDUGHQV�

7KH�RFFXSDWLRQ�PHDVXUH�LV�EDVHG�RQ�WKH�TXHVWLRQ�RQ�³RFFXSDWLRQ�RQ�WKH�PDLQ�MRE�´�2FFXSDWLRQ
ZDV�JLYHQ�D���GLJLW�FRGH�LQ�WKH�HDUO\�\HDUV�RI�WKH�VXUYH\��L�H��SUH��������DQG�WKH�FRGLQJ�ZDV�WKHQ
DOWHUHG�WR�D���GLJLW�DQG�WKHQ�WR�D���GLJLW�FRGH��7KH�RFFXSDWLRQ�PHDVXUHV�IURP�WKH�ODWHU�\HDUV�ZHUH
UHFRGHG�WR�EH�FRQVLVWHQW�ZLWK�WKH�HDUOLHU���GLJLW�PHDVXUH��WKH�SRVVLEOH�RFFXSDWLRQ�FDWHJRULHV�DUH
LQ�7DEOH����:H�WKHQ�GHILQHG�RXU�PHDVXUH�RI�RFFXSDWLRQ�WR�EH�WKH�³PDMRU�RFFXSDWLRQ�´��L�H��WKH
RFFXSDWLRQ�LQ�ZKLFK�WKH�SHUVRQ�ZRUNHG�WKH�PRVW�QXPEHU�RI�\HDUV��7LHV�ZHUH�EURNHQ�E\
DOORFDWLQJ�SHRSOH�WR�WKH�³KLJKHU´�RI�WKH�RFFXSDWLRQV�IRU�ZKLFK�WKHUH�ZDV�D�WLH��ZKHUH�³KLJKHU´
RFFXSDWLRQV�DUH�OLVWHG�HDUOLHU�LQ�7DEOH����7KHUH�LV�D�PRGHUDWH�DPRXQW�RI�RFFXSDWLRQDO�FKDQJH��RI
WKH�������SHRSOH�UHSUHVHQWHG�LQ�WKH�VDPSOH��������SHUFHQW�QHYHU�FKDQJHG�RFFXSDWLRQ��VR�WKDW
PDMRU�RFFXSDWLRQ�DOZD\V�HTXDOHG�FXUUHQW�RFFXSDWLRQ���+RZHYHU��RQO\�����KDG�PRUH�WKDQ��
FKDQJHV�LQ�RFFXSDWLRQ��DQG�IRU�PDQ\�RI�WKHVH�WKH�FKDQJHV�ZHUH�EDFN�DQG�IRUWK�EHWZHHQ�RQO\��
RFFXSDWLRQV��:LWKLQ�HDFK�RFFXSDWLRQ�JURXS��ZH�FODVVLILHG�SHRSOH�DFFRUGLQJ�WR�ZKHWKHU�WKH\�KDG
OHVV�WKDQ����\HDUV�RI�VFKRROLQJ�����\HDUV�RI�VFKRROLQJ��L�H��D�KLJK�VFKRRO�GHJUHH���DQG�PRUH�WKDQ
���\HDUV�RI�VFKRROLQJ��7KH�VDPSOH�VL]H�GLG�QRW�SHUPLW�FODVVLI\LQJ�SHRSOH�LQWR�ILQHU�HGXFDWLRQDO
FDWHJRULHV�

���(VWLPDWLRQ�PHWKRGV

7KH�PRGHO�ZH�HVWLPDWHG�IRU�WKH�LQGLYLGXDOV�LQ�HDFK�RFFXSDWLRQ�HGXFDWLRQ�JURXS�ZDV�
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var(vit ) ' F2 (1%N) (A2)

cov (vit,vi t&1 ) ' &NF2 . (A3)

ZKHUH�LW�LV�DVVXPHG�WKDW�WKH�VKRFNV� �DUH�QRW�FRUUHODWHG�DFURVV�WLPH�IRU�LQGLYLGXDOV��KDYH�D�]HUR,it

PHDQ��DQG�D�FRQVWDQW�YDULDQFH�RI� ���(TXDWLRQ��$����WRJHWKHU�ZLWK�WKHVH�DVVXPSWLRQV��LPSOLHV
WKDW�

DQG

:H�XVHG�WKH�IROORZLQJ�VWUDWHJ\�WR�HVWLPDWH�WKH�SDUDPHWHUV���� ��DQG� ��)LUVW��IROORZLQJ�$ERZG
DQG�&DUG���������ZKR�ZRUNHG�ZLWK�H[SHULHQFH�DGMXVWHG�ZDJH�PHDVXUHV��ZH�ILUVW�UHJUHVVHG�WKH
FKDQJH�LQ�WKH�ORJDULWKP�RI�ODERU�LQFRPH�RQ�D�VHW�RI�DJH�GXPPLHV�WR�VZHHS�RXW�DJH�HIIHFWV���6LQFH
DOO�LQGLYLGXDOV�LQ�WKH�JURXS�DUH�LQ�WKH�VDPH�HGXFDWLRQ�FDWHJRU\��WKH�DJH�HIIHFWV�DUH�FORVH�WR�EHLQJ
WKH�VDPH�DV�H[SHULHQFH�HIIHFWV���:H�PHDVXUHG�WKH�JURZWK�WHUP���DV�WKH�LQWHUFHSW�SOXV�WKH�DJH
HIIHFW�IRU����\HDU�ROGV��L�H��WKH�DYHUDJH�FKDQJH�LQ�WKH�ORJDULWKP�RI�LQFRPH�DW�DJH�����$Q
DOWHUQDWLYH�ZRXOG�KDYH�EHHQ�WR�PHDVXUH���DV�WKH�PHDQ�YDOXH�RI� ��'RLQJ�VR�ZRXOG�KDYH) ln(yit)

SURGXFHG�PHDVXUHV�RI���DERXW�KDOI�WKH�YDOXH�RI�WKH�PHDVXUHV�ZH�XVHG��EXW�ZLWK�WKH�VDPH�UDQNLQJ
RI�JURZWK�DFURVV�GLIIHUHQW�RFFXSDWLRQ�HGXFDWLRQ�JURXSV�

6HFRQG��ZH�XVHG�WKH�UHVLGXDOV�IURP�WKH�UHJUHVVLRQ�GHVFULEHG�DERYH�WR�FRQVWUXFW�HVWLPDWHV�RI
DQG� ��WKHVH�HVWLPDWHV�DUH�VLPSO\�WKH�DYHUDJHG�VTXDUHG�UHVLGXDO��DQG�WKHvar (vit) cov (vit,vi t&1)

DYHUDJH�RI�WKH�UHVLGXDO�WLPHV�LWV�ODJJHG�YDOXH��7KHVH�ZHUH�VXEVWLWXWHG�LQWR��$���DQG��$���
UHVSHFWLYHO\��DQG�ZH�WKHQ�VROYHG�IRU� ��DQG� ��7KH�VWDQGDUG�HUURUV�RI�WKHVH�HVWLPDWHV�ZHUH
REWDLQHG�XVLQJ�WKH�GHOWD�PHWKRG��$V�GLVFXVVHG�LQ�WKH�WH[W��ZH�XVHG�YDOXHV�RI� �WKDW�DUH�KDOI�RI
WKRVH�HVWLPDWHG��RQ�WKH�JURXQGV�WKDW�WKH�HVWLPDWHV�VHHP�LPSODXVLEO\�KLJK��DQG�DUH�OLNHO\�WR�UHIOHFW
PHDVXUHPHQW�HUURU��0HDVXUHPHQW�HUURU�LQ�LQFRPH�WKDW�LV�L�L�G��VKRXOG�SURGXFH�HVWLPDWHV�RI� �WKDW
DUH�DOVR�WRR�KLJK��L�H��LQFRPH�LQQRYDWLRQV�ZLOO�DSSHDU�WR�EH�OHVV�SHUVLVWHQW�WKDQ�WKH\�DFWXDOO\�DUH�
:H�H[SHULPHQWHG�ZLWK�HVWLPDWLQJ� ��DQG� �XQGHU�WKH�DVVXPSWLRQ�WKDW�LQFRPH�KDV�DQ�L�L�G�
PHDVXUHPHQW�HUURU�FRPSRQHQW�ZLWK�D�YDULDQFH�WKDW�LV�����WKH�YDOXH�RI� ���7KLV�UHVXOWHG�LQ
SODXVLEOH�HVWLPDWHV�RI� ����EXW�YDOXHV�RI� �WKDW�ZHUH�H[WUHPHO\�ORZ�DQG��LQ�RQH�FDVH��IRU
SURIHVVLRQDOV�ZLWK����\HDUV�RI�VFKRRO��QHJDWLYH��:H�GHFLGHG�WKDW�WKH�PRVW�VHQVLEOH�VWUDWHJ\�ZDV
WR�XVH�RXU�RULJLQDO�HVWLPDWHV��KDOYLQJ�WKH�HVWLPDWH�RI� �
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7KH�HVWLPDWHV�DQG�VWDQGDUG�HUURUV�RI�WKH�SDUDPHWHU�HVWLPDWHG�DUH�OLVWHG�LQ�WKH�IROORZLQJ�7DEOH�
ZLWK�VWDQGDUG�HUURUV�LQ�SDUHQWKHVHV��

�

3URIHVVLRQDO��WHFKQLFDO�DQG�NLQGUHG
��������\HDUV�RI�HGXFDWLRQ
�����PRUH�WKDQ����\HDUV�RI�HGXFDWLRQ

0DQDJHUV��VHOI�HPSOR\HG�DQG�HPSOR\HHV�
��������\HDUV�RI�HGXFDWLRQ
�����PRUH�WKDQ����\HDUV�RI�HGXFDWLRQ

&OHULFDO�DQG�VDOHV
�����OHVV�WKDQ����\HDUV�RI�HGXFDWLRQ
��������\HDUV�RI�HGXFDWLRQ
�����PRUH�WKDQ����\HDUV�RI�HGXFDWLRQ

&UDIWVPHQ�DQG�NLQGUHG
�����OHVV�WKDQ����\HDUV�RI�HGXFDWLRQ
��������\HDUV�RI�HGXFDWLRQ
�����PRUH�WKDQ����\HDUV�RI�HGXFDWLRQ

2SHUDWLYHV��WUDQVSRUW�DQG�QRQ�WUDQVSRUW�
�����OHVV�WKDQ����\HDUV�RI�HGXFDWLRQ
��������\HDUV�RI�HGXFDWLRQ
�����PRUH�WKDQ����\HDUV�RI�HGXFDWLRQ

/DERUHUV�DQG�VHUYLFH�ZRUNHUV
�����OHVV�WKDQ����\HDUV�RI�HGXFDWLRQ
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Table 1 : Comparisons of linearized and true consumption growth functions

Time period Baseline F = .125 N=.30 D = 4 r = .05 µ = .01

Weighted averages of ratio of true slope to linearized slope (i.e. (D*+1)/(D+1) 

18
21
24
27
30
33
36
39
42
45
48
51
54
57

0.865 
0.860 
0.858 
0.857 
0.858 
0.857 
0.852 
0.854 
0.846 
0.840 
0.830 
0.821 
0.808 
0.763 

0.943 
0.944 
0.944 
0.945 
0.947 
0.947 
0.950 
0.945 
0.940 
0.930 
0.915 
0.899 
0.882 
0.839 

0.799 
0.796 
0.799 
0.796 
0.793 
0.796 
0.796 
0.788 
0.788 
0.774 
0.757 
0.737 
0.643 
0.680

0.771 
0.775 
0.777 
0.770 
0.770 
0.766 
0.765 
0.750 
0.745 
0.735 
0.731 
0.704 
0.673 
0.643 

0.840 
0.840 
0.837 
0.837 
0.836 
0.835 
0.831 
0.830 
0.830 
0.824 
0.817 
0.809 
0.799 
0.762

0.869 
0.870 
0.866 
0.866 
0.867 
0.865 
0.861 
0.858 
0.853 
0.847 
0.838 
0.828 
0.814 
0.787 

Ratio of D* to D

18
21
24
27
30
33
36
39
42
45
48
51
54
57

0.820 
0.813 
0.810 
0.809 
0.811 
0.809 
0.803 
0.805 
0.795 
0.786 
0.773 
0.761 
0.745 
0.685 

0.924 
0.926 
0.925 
0.926 
0.930 
0.929 
0.933 
0.927 
0.920 
0.906 
0.887 
0.865 
0.843 
0.786 

0.732 
0.729 
0.731 
0.728 
0.725 
0.728 
0.729 
0.717 
0.717 
0.699 
0.676 
0.649 
0.525 
0.574 

0.714 
0.718 
0.721 
0.713 
0.713 
0.708 
0.706 
0.687 
0.681 
0.668 
0.664 
0.630 
0.591 
0.554 

0.787 
0.787 
0.783 
0.783 
0.781 
0.780 
0.774 
0.773 
0.773 
0.765 
0.756 
0.746 
0.732 
0.682 

0.826 
0.826 
0.821 
0.821 
0.822 
0.820 
0.814 
0.811 
0.804 
0.796 
0.784 
0.771 
0.752 
0.716 

Notes: The parameters for the baseline case are: F=.20, D=3, N=.44,  r=.03 and µ=.02. The
method of computing weighted averages is described in the text. The results are from a model
with T=60.
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Table 2: Descriptive statistics and parametric assumptions 
(9,000,000 obervations on 300,000 "individuals", 30 years per individual) 

<12 years
school

12 years school >12 years school

Professional, technical and kindred
     µ
     F
     N 
     % sample
     Mean and (Std.dev.) of )ln(cit)
     Mean and (Std.dev.) of [)ln(cit)]

2

Managers (self-employed and employees)
     µ
     F
     N 
     % sample
     Mean and (Std.dev.) of )ln(cit)
     Mean and (Std.dev.) of [)ln(cit)]

2

Clerical and sales
     µ
     F
     N 
     % sample
     Mean and (Std.dev.) of )ln(cit)
     Mean and (Std.dev.) of [)ln(cit)]

2

Craftsmen and kindred
     µ
     F
     N 
     % sample
     Mean and (Std.dev.) of )ln(cit)
     Mean and (Std.dev.) of [)ln(cit)]

2

Operatives (transport and non-transport)
     µ
     F
     N 
     % sample
     Mean and (Std.dev.) of )ln(cit)
     Mean and (Std.dev.) of [)ln(cit)]

2

Laborers and service workers
     µ
     F
     N 
     % sample
     Mean and (Std.dev.) of )ln(cit)
     Mean and (Std.dev.) of [)ln(cit)]

2

.

.

.

.

.

.

.

.

.

.

.

.

0.038
0.137
0.407
0.93

.0250 (.129)

.0172 (.057)

0.024
0.196
0.329
6.29

.0324 (.144)

.0216 (.029)

0.020
0.171
0.432
6.93

.0191 (.115)

.0137 (.018)

0.046
0.182
0.563
5.39

.0342 (.147)

.0228 (.065)

0.047
0.153
0.159
1.40

.0497 (.173)

.0325 (.051)

0.027
0.176
0.342
3.95

.0294 (.137)

.0196 (.026)

0.038
0.150
0.809
3.22

.0016 (.064)

.0041 (.012)

0.025
0.170
0.341
12.92

.0264 (.132)

.0180 (.024)

0.025
0.170
0.366
9.83

.0254 (.129)

.0173 (.032)

0.048
0.210
0.464
5.80

.0492 (.174)

.0325 (.087)

0.082
0.147
0.288
14.46

.0796 (.225)

.0571 (.298)

0.056
0.165
0.397
9.90

.0507 (.129)

.0338 (.112)

0.053
0.188
0.314
5.89

.0581 (.187)

.0383 (.071)

0.034
0.171
0.273
6.48

.0374 (.152)

.0245 (.034)

0.047
0.177
0.299
3.25

.0495 (.173)

.0326 (.062)

0.050
0.220
0.263
3.36

.0631 (.197)

.0247 (.062)
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Table 3: Monte Carlo results

Model A
cgit ' $0%$1 cg 2

it % ,it

Model B

1

Tj
T

t'1

cgit ' $0%$1
1

Tj
T

t'1

cg 2
it % vi

full
samp.

low
wealth

high
wealth

full
samp.

low
wealth

high
wealth

Obs per regression
# samples drawn

OLS estimates
Average estimate of $0
Average estimate of $1
Standard deviation of
estimate of $1

# rejections of $1=(D+1)/2 

IV , Instrument Set 1: 15
occupation/education
dummies
Average estimate of $0
Average estimate of $1
Standard deviation of
estimate of $1

# rejections of $1=(D+1)/2
# times OID test is rejected
# rejections instruments are
jointly insignificant
#rejections instruments are
jointly insignifcant in a
regression of consumption
growth cubed on instruments

29,000
300

0.0145
0.968
0.389

300

0.0016
1.408
0.128

300
25
300

250

14,500
300

0.0223
0.864
0.349

300

0.0026
1.383
0.147

300
18
297

183

14,500
300

-0.0201
2.461
0.036

300

-0.0014
1.551
0.174

245
18
300

300

1,000
300

0.0225
0.688
0.233

300

0.0016
1.408
0.128

300
13
300

265

500
300

0.0345
0.514
0.188

300

0.0026
1.383
0.151

300
1
296

117

500
300

0.0038
1.299
0.232

299

-0.0003
1.494
0.189

265
44
300

216
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Table 3 (continued)

Model A
cgit ' $0%$1 cg 2

it % ,it

Model B

1

Tj
T

t'1

cgit ' $0%$1
1

Tj
T

t'1

cg 2
it % vi

full
samp.

low
wealth

high
wealth

full
samp.

low
wealth

high
wealth

IV, Instrument Set 2: 6
occupation and 3 education
dummies
Average estimate of $0
Average estimate of $1
Standard deviation of estimate of
$1

# rejections of $1=(D+1)/2  
  (5% level)
# times OID test is rejected   (5%
level)
# rejections instruments are  
jointly insignificant
#rejections instruments are  
jointly insignifcant in a regression
of consumption growth cubed on
instruments

IV, Instrument Set 3: 6 occ, 3 ed
dummies and lagged
assets/income
Average estimate of $0
Average estimate of $1
Standard deviation of estimate of
$1

# rejections of $1=(D+1)/2  
  (5% level)
# times OID test is rejected (5%
level)
# rejections instruments are    
jointly insignificant
#rejections instruments are   
jointly insignifcant in      
regression of consumption      
growth cubed on instruments

0.0018
1.401
0.130

300

27

300

271

0.0046
1.304
0.159

300

144

300

299

0.0031
1.371
0.151

300

11

298

216

0.0095
1.203
0.181

300

101

300

300

-0.0016
1.559
0.189

222

24

300

300

-0.0016
1.559
0.189

220

20

300

300

0.0018
1.401
0.130

300

27

300

235

0.0017
1.403
0.130

300

21

300

255

0.0029
1.375
0.153

300

4

298

110

0.0029
1.375
0.155

300

5

298

113

-0.005
1.503
0.190

258

34

300

215

-0.0004
1.501
0.190

259

28

300

209



39

0 1 2 3 0 1 2 3
.8

1

1.2

1.4

.01

.012

.014

.016

.018

0 1 2 3

.025

.015

.02

.025

.01 .012 .014 .016 .018

.015

.02

.03

co
ns

um
pt

io
n/

in
co

m
e

cash-on-hand/income

cash-on-hand/incomecash-on-hand/income

E
[c

on
su

m
pt

io
n 

gr
ow

th
]

E
[c

on
su

m
pt

io
n 

gr
ow

th
 s

qu
ar

ed
]

E
[c

on
su

m
pt

io
n 

gr
ow

th
]

E[consumption growth squared]

k=1

k=5

k=10
k=1

k=1

k=10

k=10

linearized equation

true equation

Figure 1: Baseline case, t=30, income states 1, 5 and 10
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Figure 2: Baseline case, k=5, selected years



41

baseline

0
.2
.4
.6
.8

0
.2
.4
.6
.8

0 .1 .2 .3 0 .1 .2 .3 0 .1 .2 .3

=.01:=.05r=4D

=.125F =.30N

Figure 3: Deviations from baseline case, t=30, state=5
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Figure 4: Distribution of OLS and IV estimates of $1, Model A, full  sample
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Figure 5: Distribution of OLS and IV estimates of $1, Model A, low-wealth  sample
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Figure 6: Distribution of OLS and IV estimates of $1, Model A, high wealth sample
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Figure 7: Distribution of OLS and IV estimates of $1, Model B, full sample
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Figure 8: Distribution of OLS and IV estimates of $1, Model B, low wealth sample
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Figure 9: Distribution of OLS and IV estimates of $1, Model B, high wealth sample


