_+_

PIE

A

aniuulduLASUINg
Jae duninsad

FguITgatuanysal

v %4 %4 = | >4 1

1A59n15 “gﬂwauaimumfa [SDULUUAIDEIGILND

Y
14 4

N15ILANULATYFAIEATUAZHIAN”
(Household Panel Data for Socio-Economic Research)

LEUDND
A11UNUNMNUETUEYUNISIY (8n7.)

lng
WgaUUR ANUALLENYS
AugIeAsauaialng Thai Family Research Project

NsN§IAN 2560



Jruytauil RDG5940038

FguTeatuauysal

1ATINT5 “§IUYaYaTTAUATITIULUUAIREN NG
N1539LATULATYFANANTHAZHIAY”

(Household Panel Data for Socio-Economic Research)
YALATINIG “WRAILIBIARUGIATETNILAZAIANYBIRTIEOULNY”
AN INY

AudI8AsaUASIINY Thai Family Research Project (TFRP)

Y

1. ungauUR ANUASLEDYS o183

2. wendaaing Uguadygute HinlATeN133dY

3. wNAngUgl Yguasygude mtdeauitudaya

4. wENMEan1Iad Anz Wantidgaunagu

5. wEWaMalnn suzwaniIsva WanthigausunsIvsautaya
6. WNENININGTeYsh Uuvayrematiun WandganuniaauIy

atuayulagdinaunamuaiuayun1sIY (8n7.)

(AuiusIeulveline and.livnludesiudleaualy)



AnRNssuUsZAIA

mu%’a%uﬁléf%’uLﬁunuaﬁuaﬂgu%'1ﬂﬁwﬁmmuaﬁuayuﬂamumﬁﬁa (@n72.) uag
suIAswsUsEnalng (5Un.) agldyalassmsiauiesdninuiinsugiauasdenuves
p¥saulng AuziiToveraun Professor Robert Townsend friailasinis Townsend
Thai Project LLazﬁmﬁqquéﬁﬁamam%’ﬂwa (Thai Family Research Project, TFRP)

va o a 6

ANLHITETOUBUAN SA.AT.LEMNY Inagalsad eSn1suRumine durenisiilneg

Y 9
(% 5§ a

Loz Aungnitud Infinaua ferurenisdrdinnunemuaiuayuniside AUsnuiae
TasennsiilideAniuiieidunuinidunisdniunuveayalasenis lunmsa uaz
YBUBUANANENTIUNITAAUNANINITITEV899AlAT911T A5.Inu1d Invyga s89
Hennen1sainnunemuatiuayunsIde, a3l fverin goruignisan1iuidewnsugie
the Ban1nal sumswissenalne, n3.8aun TannuR eRnsesinmssuimauwisssna
lng, a3.8a51 Audaad gorwienisdieulevigvifvaganuduiusdiueid d1inau
nowuafuayunIde, asdwus Waneans Uniuns aadiideiiensimuussmelne
LarAMIUT lUATUASTING S89fSuren TnsEnTIsAIvailelmTugAouazdenn Al
ToLauakurluNITAIMUALLINIINITUTISIAN1I§IUTRYS Townsend Thai Data 11lag
nABASEEEIAINTANTUlATINTS

weNaNt AEEITEvRvRUANTINIINYRIAUEITuATOUATIIMENNINUAIUsRAn LGS
Uaqiu Mjuinuasidumdmanlunisiivuazu3msianistoya Townsend Thai Data 11
agsilesuazeniu JadudwdAgivihlinidedusgarslulamnes

€
(3

AMEUNIY



Y Aa

unaguNuINg

Y

1ATINTITEFINTBYATEAUATUITDULUUMIBE N UNBNTIFLIUATYTANAAT AL

<

deny Wudiunilavasgalasanisimuiesdanuinuasegiatasdiauvesasisoulng

Q

1NI989 '1LﬂumaqmﬁﬂﬁuauaivmﬂiaLsau Feilinn gusvasAdAey Lwamﬁﬁﬂm%%mmmﬂuasi

o

d 1 =

vpeAsSaulny @ mamauﬂamammuawammw Fatu 39ANT o’]L‘fJ‘lJﬁLi’muGl’e]\‘iaUUﬁuu

v [ v A Y 1 ’o’ = . P J 1 v [
FIUVDYATEAUATUIOUAIDYNGITI8ADU (Monthly micro data) Fediolain Wudeyasyeiu

Y

1 ! d

ASITBURUUMIBE13EIAI UGS (high frequency panels) Aifinsiivedeseiiouway

guunanlulssinaiaaimun

[y

n13d1sadeyaseiuaTITaumagig1Tewoudnvinduly 4 Yanin Janinanys

Jinazlans Jminasasiny wardmiayisud lneden 1 suneiusingedlugiudeya

'
a aa 1w

SES wasdtinauatiAnien® Niinsgudninnisd1siregesieiliesnyny Nellivelianunse

q

Ansesiideulosteya SES unzdiaya Townsend Thai Data ¢ uazmdsaniuidlddnidon
1 fuaf ar 4 wiuu lngiiansuanladenisiiuanintindeusenitanyuiiusngg 1l
arulndifsstuiiorsguanintatoanicu Tnssm madnateyasziuatidoudiedie
840U (monthly micro data) Usgnausie 16 nyunu lnsdidiuiuasiseudimaneluud

azvyUuldiiy 45 asaseu (enadurwmytiudduiulii 45 afusewiesindiuiu

Y

=

U gJ’ [ gj a o 1= U =) = = U A ! o 1
ﬂi'ﬂLiE]‘LW]Q%NﬂiUﬁQJ‘UWu‘Uﬂwuuwﬂ’m'lthﬁﬂ 45 ATILIDU) I@Fﬂ,u‘ﬂLLiﬂiJﬂi’]Li@uﬂﬁﬂJW]@U']\‘i

N v

VNW,JG] 682 ASILTOU LLaviuﬂmuu (19 UN']UIU mi’;Liauﬂaumamamaaawmm 670

ASITOU 1‘145’&]U?J‘1/IN']U§J’] VIﬂJﬂ’]uﬁ’]ll’]iﬂLﬂUSUBJJuaﬁNﬂWUMﬂQNG]’JEJEJ’NI@@?UVJﬂﬂﬁ’] bIBUNN

&
LABU

U8 Townsend Thai Data lnas1eesRaiuilvanmuasugeansegissioliios uaz
funumsianisesniuuuleuienaesegiakasdnuralan (Townsend, 2011) $18971ua0y

Tl naueunanumiigitesiutoya Townsend Thai Data 311U 5 unAw loun

1. Benjamin Moll, Robert M. Townsend, Victor Zhorin. "Economic Development,
Flow of Funds and the Equilibrium Interaction of Financial Frictions.",
Proceedings of the National Academy of Sciences of the United States of
America, June 13, 2017, Vol.114, No.24, P6176-6184.



Samphantharak, Krislert and Robert M. Townsend. "Risk and Return in Village
Economies." revised 201 7. (Forthcoming in American Economic Journal:
Microeconomics).

Samphantharak, Krislert, Scott Schuh and Robert M. Townsend. "Integrated
Household Surveys: An Assessment of U.S. Methods and an Innovation"
Working Paper, 2017. (Forthcoming in Economic Inquiry)

unAnuEes “dodrdndrunisiduuazmisdnduladudusznounisvesniaiteu
ne”, @193 Uil 2 Jan 2017, aBRIDGE articles

unAMIGes “guassAven ANz uuUsE fuflanysaflusususuunvesing”,
YSINGA A3, 30 Jan 2017, aBRIDGEd articles



Abstract

This project supports the monthly micro survey, which is the main part of the
Townsend Thai Data. This survey interviewed the sampled households every month
since August 1998. There has been no attrition during the last 12 months. This report
presents 5 articles related to the Townsend Thai Data as examples of the
applications of the data. We are confident that the Townsend Thai Data will be
beneficial for both researchers and policy makers to create academic researches and

design effective policies.
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vngeuaulaseaziBoaiiufufefuusy iAuazfinives Thai Family Research
Project (TFRP) @158 usiiuifinléannnifada Chronicles from the Field: The
Townsend Thai Project, Townsend, Robert M; Sombat Sakunthasathien; and Rob
Jordan. MIT Press, April 2013. (ISBN: 9780262019071)
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Tassadsuazunumwdindivasiia Thai Family Research Project (TFRP)

Tassmsgudoyasziuaiiieunvuiegudiitensideduasugeanfuazdanm
THusnsnisifivuazusmsianisteyavesdinau Thai Family Research Project (TFRP) @
Budsndunafvuaruimsianisteyaszduaiadounuufegadimeidiou (monthly
micro data) #slfiAvetssaideaduiainit 20 U Tnefsuinveulassnisavidug
UszanunuuazuimsianslassmsifielimssidunudulumeanuiEouos

3.1 Tasea319909¥iu Thai Family Research Project (TFRP)

NNTIIHLITY

AE1UN15IATINITY Mvualdinang kaiRdnn1slasanis g3nnisiiedeya wag
3 supervisors SINUTEYUMUHUTEELYY 1T, UNUIUTZHLNATG 6 LADU UATUNUIY
seovdu 3 \fou

1A398519n115U511599N15 1Asenisiaiuansususeanidu 2 du laun

o w ]

o AMUMNNUAIUNAN
o v lﬁgj lﬁl

o  AMUNIUNUNNIAFUY

3.1.1 dausufiuiininauiy

1. UWHUNUBHLIULEEAANTT Usenauluiie vty 1 8n51/3awin, duiermn
fiur 1 §n91/3amin uay winsnuAddeya 1 Sn91/Fanin Feliniseviind il

- MTUALNLOUReEU ST

- waunneesseulriuntnauduniual

- wuztndnuduneaiiuasISau

- JALRSEULUUABUNY

- FawTeugunsaiin fu 1

- maw%uﬁuuwaaumuﬁauysfﬁ

- avenugnasyuiluwuugeuay

- asdiatoya uazAddeyaseu 1

- IndeluvaeuauLazgUteANaUA TN UEIUNANS

- ddlurunasionansndudinaudiunats nniuil 25 veudteu

- depudeyandudriineudunadliifuduioy

- seuNsduNwal Teyansusouseweuimun ldiiu 45 Ju

2. wilneudunteal S1uu 7-10 Sas/AnTe danseuthilunsfudunivainiiiou
F19819989UAas 391N 1nURDISURATDUIILIUASIS DULALINUILLUUABUNINS Y
Fon¥e dall
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AN519 3.1: D1UIUAT I OUBLALITUIUBLUVADUDY UIANNIINIA

JIAIN WU | WUUEBUNN | WUUEBUDNN | WUUEBUaIYN | Wuuaauany LUUdEDUDTU
ATISOU Roster Weekly Monthly Form Soil & Water
azPunT | 160 160 320 170 170 50
U3sug 171 171 360 190 190 50
any3 177 177 360 190 190 50
FRaZIAY 161 161 330 170 170 50

3.1.2 drnaudrunaedienily

1.

wHUNULUUERUY Usznaulusie nnauiily shuau 2 $hsn Jeilnszaning
Fall
Suluanu
IRV UADUA
WUSMRAYYLUUAR AN
UsTqlddauazdnds
Ramuuuudeunundunsendsiuluay Feesuinveusiuiunuuasuantlunsas
U Fall
o LUUABUNIN Monthly ~ 730 Y9/ifiou
wuuaeUnu Weekly ~ 1,460 Y9/t
WUUABUAY Form ~ 670 YA/\fau
WUUABUDY Roster ~ 730 99/3 1oy
wuuaBuaTY Soil & Water ~ 30 Y9/ 3 Whiou

©O O O o

ununuAddayasau 2 Ysenaulume wilnenumiludiu 3-5 8051 lned

' [%
Y a v A

ASEMND Fisil
Sulunuuaziuvasuay
Addeyairnalusunsudniaguainlasanig
darulua wazuuvasuaunduniouguleys
WUUABUAINIIUIU 670 ATIITOU

ununuUIULisudaya Usenaulusag winauhlusuau 3-5 e Tnedl
ASYAT fadl

Sulunuuasiuugeuaiy

Wisuiiieuteyamelusunsudniaguainiasenis
Wonuavuiludeyalvinswnuwuuaeuaiy

induuugeuaunaunsauluau

WUUEDUININUIUN 670 ASITOU
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'
v o/

wnuneuIansenasuazdayanaly Uszneuluse winnuinludway 1-2
091 Tnediasgwthd fodl

Fafuuazsrusamenansiily
undgnudeyadssuudanisgiudeyamelusunsudniaguaniasenise
dewangiudayaainszuuianisgiudeyamelusunsudsaguantasinise
thidrgudeyaseuil 1 anditnauitudl vis 4 Swiaidey
thidgruteyaseudl 2 nununauAd

dwangudayadmiununla

IANTTLUUNAUILNIUYDILATINGG

devangulayayn Raw Data

3.1.3 d11n9udIunNaeEgunsIa

1.

nuian1sdaya Micro Data Usenaulusie Supervisor - Micro 1 8057 Fad
msgnting il

fvuslunudmiuusunauiiieade

43579 query dmsunsIdAtoya Weekly

@519 query dmsunsiaidrdaya Monthly

4519 query dmsunsradindoya Form

43579 query dmunTITATDYA Roster
ATIRFRUANENTUSYRITRYATIATIS O
poniuirosinnudeasdeiuntinnudunval luiluiidunvel Welnlitoyad
gndfes Asufiau aduiiudl ey

n3mADUATIgNAesaTaLa AL query Tiad1sdunnitou
pyveuseldeauazmNdusvestoyane 3 seutoyanisdunival
MrunseUdeloya Raw Data kA Prof. Townsend %n9 12 seuteyanisduniuel

nuian1sdaya Soil & Water Usznaulusie Supervisor - Micro 1 8991 Fad
msgnting fail

fvualusnudmiuusunauiietes

a%19 query dwidunmiaiiadoya fiu-ih

poaatiugunal wavatiuayugunsalinan Au-h

dainpanminnde iiaasou Uinugailuaiesieinm
ATRdeUAIduTuSYaayaluLsazanl

I L%

ponfiufinesdnaudeasdeiunineuinafiu-ih ynand ilelilédeyadigniios
AsUdY aduiud vnifou

ejwi’m’fﬁ Tuaniiinen fiu, Aufivty, 11, 1fitey wazUSinaingu
Wiguiigutayaanuduiusvastaya

MvuAseudstaya Raw Data Tiln Prof. Townsend %n9 12 soudeyanisdunivel



PufnraUszaunuiuf Ustneulude Supervisor - Field 1 8751 34l
nsgnting fail

Anausuaug Awuzidmunsldwuvaeuany Timine

viluyn Ay AunsiBeuduntval iileairsanuduine mnudetiolilavesaiaseou
TtutesZeudelWlitoyadsdnundedu
wifusenfiufiinuniriFeustathiauoynifion

JuiindoyaiBenssan wag ethnography Tufiuiidunivel
atuayuioyaannnisdunivel wazaAsgUszaIunuIEnINATISuduA Wiy
15915

3.1.4 drdnaudiunanshenudanisiusunsunazgiudaya

1.

uNUNUAATEULLATgIudaYa Usznaulusig Data Manager 1 8m31 Uay
Programmer 1 §n51 Falansewting sl

vualuy

gua Ugasnw aunsel Sidalvstia reufiawmes

aua U395 ssuunisianisgiudeya

a519 Ungesnw Wsunsudusaguuedlasanis

Andalusins drsosgiutona

pradagunsairoufiines adtinmudunans uavduiuiinieauy
Backup diff yniAau

Backup full n 6 Ao

Backup 7l nn 1Y

findta uarousy TWaunsudisaguradasinigy Tifundney

uNUNIUINANazaIRdaya Usenaulume Data Manager 1 8m31, Senior Data

Archivist 1 8757 ua Junior Data Archivist 1 8ns1 Sailnnsewiidl il
Murualuau

wdasgrudeya Tatuayu fuguuuuidnddeld wu STATA

4319 code dmTunsIvdeutoyasening luga wazlans Tabulation

A missing Wiudeya

Javinenarsusznaunsliveyausiayyn

1 ypdieyaivhauarenud Usznousne deya 24 seunsdunteal fignyinns
wlaannsingluidunwdinge nieuenarsusenaunslidoya
Mvunseudeloya Clean Data WA Prof. Townsend %n¢ 24 soudayanis
dunwel

uwunsuulataya Usznaulufe ninauuta 1-2 $n91 Ssdiasewend fedl
Sulunuuazgudeyad miunuula
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- wlatayaluguteyarnnruineluniwdingy

- ihdsdulunuiaggudeyadmiuanunda

- wadeyadiuidusonisdun szy wazdrwiidunstufinvesidunual
- wagudeyadmTuaiuila Usse 5,000 A1/YA

3.2 NM1IALEUIIUVDEINGIU Thai Family Research Project (TFRP)
msanfiualunnagass neuszinsdrnanardniuleya Jalitunounsu i
ANUUNLIIUARE) AamplUil

3.2.1 MSAINTIMUUFBUIY

funuardosdawdeuenansaag vaswuuasununewiluld Wevhnisduniuel
wazifutoyarsdluiui Insuuvaeuammzuisosnidu 5 du fe
1. Baseline 1ufayafiugruresniiFouranun 1dunwalunfiusnvesnisdunisal
AsATou dllasuSounaunuisedunival Baseline fou
2. Monthly udeyafilifamumsivasuudamesaiizouduneion
3. Form Wunuuiilituiindeyalvaiiiluaiabeu viedeyafonssuvesnsausou dealde
AULLUU Monthly Wagliuu Baseline
4. Weekly unisinnudoyadilddreluasasouluneduan
5. Roster iunvuagudeyaluudazifiou dmiuuuvasunmursyaidedddoyauisedig
Annuegredeiiles ddldnsivaeutoyaluvazdunval

3.2.2 M3NuRULazdaassnnuiuneallivunzauiuasaou

MEIDINNITASEURUUAD UL udatu Tasense sxdmdenasadeuliun
wiinaudunval Tnsfindnmudunsaifedliinefinfuasadoutuunnou lidugdites
vidarilouthufiu ileadanuiulalifuaiauFouindeyailiiulasenisazlignilame
melugusunionytiuiug uasursaionvasiinmsaduaiadouiidunvalfuestaiie
ANNTIUTU AMgFBInsUiueateya 1wy ueasiFeudugniinnundengiuifediugn
va1u vnafiFousasveunieliveuntnnuiflongsuidedu iJudu Fsfeainisuinm
fuvhmihfdteadufuosneluiiy

3.2.3 N13ATIVEBUAUYNABIVBILUUFIUNY

1. dninauiiui

ARTIINALHYILILABIDURUUFBUD U ALENUTENDUAULUY Roster (WUU
ayumsivdsunlasneaiusounnineu) lilensiaaeualugnasdlunsasteyauas

v o & o v oy ¥ < a o ¢ v A

Anuduiusvesvesanilulule Funsrauazddisiesiazidendunivalaiaiiou
wuugulunnuyiruierilinsuanuwdsusdaslunimsinvemydiutue) e
WolnduiunukdninauiazAdnudidgiudeyanislusunsudndeya
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Tnslannzvedlasinsdaaziinsnsiadanugniesvestoyannduusauasu e
Toyagnuuiintugiudeyasuasunnasusoundn §nsia/geienvzasne query usn
FIATIVHOUANLANTUSTEN IR UazvaulwnveslayaLazIndg uloyauas
wuugeunuddinmudIunatasaly

2. dnaudIunang

wilnnuddeyaandinaudiunaissinnsiinteyaaniuugeun Ny
walulusunsudndoyauuuieafudusou 2 uasvhnaulsuiieudeyatis 2 a
niuiiuay supervisors 9891MN199599@eUToYaLTIAN cross check aruseied
vosdoya wazgaianatntesq lunimsiuii 4 fanindnass waraavineniinauad
ufauaazsiinuareindoyaieanua lulds tabulation Jsderdunisduan
NSTUIUNTATIERULBYD

3. NUNUATIVABULUUADUDM

AN Y a v [ 1

Tuwpazdwminaziimninfvaudwminazaulazintiedndminas auuiy

Y
¥ a

Tughunansaedliu supervisor $1uru 3 AU wazninauadudeya n 2 A 1osain
wuvasunmdivelng #uus Srurunn deyafidudindmnainaynideulidnas
Hunsnmauvuasuauesnaidesausfnuenaiouduimiiadidoutus
dedunganudululdvesteya Snisdoyalugiudeyafifiuuniunnidiou n1s
fan1sfienntu 21ngUnsaliidmdsamnn Ju Kedudnauagfiuaiu supervisors
dpsiianudsrnginuuuuasunuuagnslilusun s ssgninnoufinnes
W3 fu

3.2.4 Mynaszuugutoya
1. MmsasasruuAgveya

Uagtudunsidtdoyauwuveanlaintu Wesmnnsiiiteyaseulativzdedduas

WASUNTNYINTINUIUNIN TIADIITIVUTEUIULINLALIAT I UNISNAADUTLUUDNNDAUADS

a 1 AV Yo o o w = @ 4 ¥ ! I & A
aﬂmwﬂizmmmlmummmﬂm NelATINIGA "NLMU'J’]@’JT\]%I“(NU‘U?SNWQJﬁ’JueLMiyJIHW‘u‘VI

1NN @UsTUUNISTUASIaNsanazinuladndnszes wlounusuusudgmig

walulaglmunzauigunu

2. Msaseszuviniudoya

- Wnnnlusunsudnveyaainlusunsuuszend Visual Basic 6
- Prudayanlddnfiudayaluiui MS-Access 97,2000
- prudayanlddniudayaludinnuaiunanssan SQL SERVER 7;2000
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3. ninURRITTUUTIUYRYA
TugausNINTANUANUTUTUNTURAEFINTOYATINIY 6 YU NFRINAVINTT
nAFUTTUUANYsalLaIdunFeguaTEuY 1 v uaziniaunlusinsudn 1 vinuwiniu

4. M3vFuUsmasunlussuuguteya
ndoyatiesiuaziiuiy alusunsuildWauiuazdaiugiudeyatudusuniun
] = a @ 1Y X Y = o & v Y A
WA 15 U wazidnatuayuaingasialusunsuuseendtug wad JsdndudesuSudeu
v o o XA 9 = | ) v
platform Tviuaisuiesessumaluladlnly lueurandulnatiseld

3.2.5 Msagdayaidiszuugudoya

1. MmsdmniinauAgteya
Savannisuseniasuatasaluuasfnseanmiisnuanudnwiiiesutnigeu

UndnerfidesnisrelafaundudnSeuniasoinisilnnuiundasnise e

2. wilnnupddeya
- Tuwuindmangnisiinaulaueunanglininauadveyaveinsisounnuies
dunwel

a6 Y

- 1uﬁwﬁ'mmai’auﬂmaﬁwﬂfmmﬂmama 6 ﬂULLauWUﬂQWUL‘UiEJ‘UL‘VlEJ‘Ule@lla 2 AY

3. M3fddaya

nsRgdeyatis 2 seufiunisfgdeyarnlusunsunasuuuaeuauadetuuanss
funsaiiantuiiaddoya Iﬂaiamm%ﬁéamwum dunwal Wenudefiamanaianusaudly
leviudt uardagnindandsdinnudunaaiiofdteyannninnuauduiidniey uas
Winuisuteyasiely iletisandeiismannduinanninaudddeyals

ﬂmmmwulumiﬂmamamiﬂ,‘mmmLUuwmmiﬂwauamwmm WAMYITUUNSAY
Joya 2 sauuummiamammﬁuammwm@mﬂmsmﬂmmﬂ LLaJLumaszmwmauamm Wy
1uqamil,imul,wwuﬂqﬂ Huifies orviliAnmuadldlunseds

3.3 Joyananansameuwnsld

1. Mydsieguteyaludadlde

Tassnsdesiinisdndsdoyaiivhnisnsiateyaiateauysainfeuianisinng
azondeyalsiunans1aise Robert M. Townsend wialdSudidsainniamansiansd
Robert M. Townsend Tngmsaiviniiu

2. dnuaizastoyananunsaHewnsla

b4 o

TayaUamedoansn s azaglusunuunmsIneesdwminlu wavdeyalagnyin

Y
1%

AUATDINLASIII TRV LAEAZINELNTNILNIG MIT wag UTCC laglullaqiu daya

Y
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LY v A Y 1

A a Y a ' v o 9] o |
VlL‘lJ@LNSLLagﬂLﬁUiﬂqim@aqﬁqimgLLa']UigﬂE]U'l‘U@'JEJ GEJ@Z{IJaig@UﬂT]LiEJULLUUG]'JE)EJWQGH']T]EJ‘U

Tutwnyuun (rural annual data) Teyasyauasisounlng19g1518Uluaiilias (urban

annual data) kazdayaseauniiisaudiiegag1seisau (monthly micro data)

1.

foyasziuninFeunuuiegisietluwnuun (ural annual data) Tuseus
U 1997 fls ¥ 2015

foyaszduaiauFousiedsinaetlumiies (uban annual data) tfudaued
2005 fi¥7 2015

foyasziuntadousiogagiseiiiou (monthly micro data) usausd 1997
fi¥ 2014

Ineaulaanunsainsevedeyalalnelifidldaned http:/riped.utcc.acth/data-
services/fedr/ ¥3991a data@riped.utcc.ac.th

M5 3.2: PueiIseuiegnTgeungnduvalluseu 12 ey

dnuaiteu U

L FUNT anys | ysug AvAziNY Eety Wwwne | neluanngu | a$adeu

e NALNY
damay 2559 161 177 171 161 670 638 0 0
fiugeu 2559 161 177 171 161 670 638 0 0
AaAU 2559 161 177 171 161 670 638 0 0
WHAINIEU 2559 161 177 171 161 670 638 0 0
SuaAN 2559 161 177 171 161 670 638 0 0
UNIIAN 2560 161 177 171 161 670 638 0 0
QﬂJﬂ’]Wﬂé 2560 161 177 171 161 670 638 0 0
HuAu 2560 161 177 171 161 670 638 0 0
Lwgu 2560 161 177 171 161 670 638 0 0
NOBNIAU 2560 161 177 171 161 670 638 0 0
Jguieu 2560 161 177 171 161 670 638 0 0
N3NH1AN 2560 161 177 171 161 670 638 0 0
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nslduseleviaindaya Townsend Thai Data

Uoya Townsend Thai Data dralniiinlasen1sidenelayalasenis “wauiee

AusATEgRakazdinuvatnITeaulve” Jausenaulumelasiniseine fell

1579 4.1: lasamsideneldyalasinmaiauiesianudiasugiawasdinuvesniusoulne

FolAIN15/AaNTTU (FINLASINIg)

WYLLIAN

UUsEH (U)

1. 1A59N159ud0LaTEAUATITOURU UMDY
WaNTILAULATYTAIARTIaZEIRAY
Wnihlasans: Auaudd Anueziagys

19
(1d.A. 59 —31n.a.60)

11.5 d1uum
(S sUn.)

2. lasanisnislasunuasvesnlnueinauly
YUUN Y
Wnhlasang: as.atiud nansindg

19
(15 d.A. 59 - 14 @.A. 60)

556,600 U

3. 1A59N19575UAsULUaILASIAS19NSHANA Y
AN5LNEATVDIASUTBUTUIUUN: UNSEURN

19
(15 n.A. 60 — 15 3.8, 61)

456,500 v

Sﬁaiﬂa Townsend Thai Data”
PANUNLATING: AF.LY1IUT NYTSH

19
(14d.A 60-30%.8 61)

4. TASINIS “UNUINVDIENINAS IS DURADNNT 633,600 U

WawaunmmMausuluowan”

LY b4 & 3 Y
WIRUIIATINT: AT.LUOUNS LfﬂﬂL‘1/\|’E]\‘1‘1{\|‘J

[

sgrudoyase

[ o

4.1 1A59M157 uaFaFeuLLUiBE1sTiaNTATeduAsYgAEaTuA
GGH

Julassmsiivdeyaniaseulu 4 Swda 2 9lina fie azunswazanyslunia
Nae WazyIsug asasinslunansusenidsanie Tnefdouniioutossafiy
670 A%1 a1 Yagtiu Yoy Townsend Thai Data Wuteyailldiuniseensulusefuuunva
Iilunin Busulfanauideihiiioys Townsend Thai Data TUlddu T#¥un1sifiasily
Nsansszsulanegsseriies Tnlutaanan 20 Yikihuan dnideinlanldlidoua Townsend
Thai Data a31909AAu3lmifuasugeansiduduauun @fedrafudulalumde
Financial Systems in Developing Economies 489 Robert M. Townsend)

Sniis SefinaeidfeiiAnainnislideya Townsend Thai Data neluszesiiainis
Fiflunuvedlazins sausidouduna 2558 - nsngies 2560 fualuil

1. Robert M. Townsend. The Theory and
Measurement of the Townsend Thai of Economic
Perspectives. Vol. 3, No. 30. Fall 2016. P199-220.

2. Benjamin Moll, Robert M. Townsend, Victor Zhorin. "Economic Development,

"Village and Larger Economies:

Project.", Journal

Flow of Funds and the Equilibrium Interaction of Financial Frictions.",

18




19

Proceedings of the National Academy of Sciences of the United States of
America, June 13, 2017, Vol.114, No.24, P6176-6184.

3. Samphantharak, Krislert and Robert M. Townsend. "Risk and Return in Village
Economies." revised 201 7. (Forthcoming in American Economic Journal:
Microeconomics).

4. Samphantharak, Scott Schuh and Robert M. Townsend. "Integrated Household
Surveys: An Assessment of U.S. Methods and an Innovation" Krislert Working

Paper, 2017. (Forthcoming in Economic Inquiry)

wazunasluguiuvatugedsldmeunsiumaivlsdvesantiisoinsvgiate
%ammaﬁ (aBridge Article) an 4 unAy ﬁﬂ‘if

1. UnauiFes “gmﬁﬁaaﬁaizﬁuﬂ%'aﬁamwuéhaEJ"N%"}']Lﬁamﬁﬁmmaqﬁmmiﬁm
\WswgAauazdInd: Townsend Thai Data”, Nguahaa dUNUSITNY Loz I52Y1A
Alauney, issue 14/2015, 18 Dec 2015, aBRIDGEd articles

2. uvANuIFes “UniFEuannomumttig’, T5EA flaunes uay Andwed Souding,
issue 1/2016, 16 Jan 2016, aBRIDGEd articles

3. unAnmNGes “dedrAnsunsgBunaznisdnduladuguszneunmsvesniaden
Ine”, 9111 Uauiand, aBRIDGEd articles

4. unAUFes “guassrvasnsiausruuUssiuiauysallugururuunvedle”,
U NSA ATIAA, 30 Jan 2017, aBRIDGE articles

uenanil lasan1siiudoya Townsend Thai Data §srialfiAinnisdosan
Tassmideneldyalassnigs 8n 3 Tasanns 1éud Tassmsnsiasuulaswesansenay
Turuuvlne, TassnsnsiasuuvaslassaiamuansiunisinensvesasiFoulusuun:
UNSEUAINTBYA Townsend Thai Data kaglAsINITUNUIMYBIANINATITOULAZNITONEN
ponsemIiaugaamidussulusuian Geayldnanidurdedald

4.2 Tasen1sn1sslasunlasvasnnugnaulusuunine
lasenisfiazindeya Townsend Thai Monthly Micro Data lsia1nlasenisiiu

LHG %ﬂL*‘ﬁJuﬁi’J’ayJaLLUUﬁaaejﬁﬂﬂwiwaLﬁauﬁammmm%”gﬁaﬂuﬁmi’mzL%qmi’] any3 yssueg
warATAzINY FatU 15ENnsaliteyailiieAnwinenisildsunlasveniiseunieglunis
d159ald mnldduwirnueInauves aav. Auteyailisasnuidndiuauanluyiiuves

o a0 = 1 1 v %) v d‘ a 4! a0
A15da159AUTELI 60% U3eUINNINTUwRaLTITA (BNUNRLTUNIIFINA1USEU
50%) WidnAIUALAUT LU TUNanadlY 3 399IR enunaAsazinudslllainTusg19TnLa Y
1N Wemwudadinvesianfudazasiseunnagaieldainueinauisiaznuil Anade

Y] ld' Gl % =l ] 1 o ¥ 1 d! d! 1
wuuliseguegn 0.55 vseadiseudlngvesmsdimalaldiiaiuinniiasmiduyisa
Y93N15815390gneliANgINIU Ael AzliniseudiunilinvanesnainaueInaule
waghinduiundnusenaudiunduaiiasnlurusndndiumilidmneganeldaueinau
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vionduiiungarusinauluauifigindn dedurgluauusndinswesaeinguiieosls
vilupungunilsdseenananueinauldluvuzidnngunisdmnagnelfaueinay
af13eunuvlnuifianudssfiazanvionduiinlugaueinaudn sansoliteya
Townsend Thai Anwiludszifufiiinudfaymanils dudu lasinissdesnisine
foriioasauazaniunisaivesaiueinausiuiansidsuulasmesninueinuluguunly
1913810891581 593 Ae TR YA WU n1suslaa seld wasnSnddu wasmavnves
msmnsenduidnluganuenauvesniiseulusuun ielinsdnnuuandaseninangy
flanunsasenananuenaulduasnauiidmnaganeldnuenay

4.3 Tassn1smsisunladiassadianisnandiunisinensvasndadouluruun: unSeu
mm’faga Townsend Thai Data

Tasannsil ﬁfﬂ%’mﬂ%’%aﬂaizﬁ%ﬂ%’aﬁauLLUUé’aaﬂN%ﬁ'}aLﬁau (monthly panel
data) 910 Townsend Thai Data Lfie@nwinsiUasunladdasiadan1snandudinensves
afuFeununInslu 4 Smia ldud fminanys azdans (E5ud wazelaziny sedeyad
ﬁmwwiaLﬁmmamuLLazﬁmmazLﬁamqﬂ MATeTuTzwasoulifud winunnisuay
watnvesnsrndulaidonUszinndudnensin Weu 20 Vinuuasadouwneasinels
WHIWIUNAUIAINTIUIYAIUNITNENAI9TTN LD NNAAFUANAYATUUULANIZDEN
(specialization) 11NTU WIONIBIUALNTLINEALLEIEIEIZNITNANFURLAWASLUY
warnwane (diversification) 43 uenaInd tn3vedasAnwrunuimluninuuandiswes
dnwzATITaU (household heterogeneity) LLazwmmmmﬂ%’gﬁﬁmaﬁamiLUﬁauLLUaa
1ASIESNISHARFUAILNEAT mam'ﬁ5&1114@1%ﬂﬂfﬁ]zﬁa'amhaiﬁﬂﬁwwumuIHUﬂaaﬁmwsa
sonuuuulsusiinavaussneniudein1sresndadeununsnsliedieiiuszdnsanly
DUNAR

4.4 1ASINITUNUINVRENMNATISBUADNITHAILIAMAINAIAIIIUTUBUAA

Tassnsifunsfinunanuduiusssrinaguuudnuasreseidouiunisamunes
a¥aseuluiinuaznadmiszarnans Tnefinsideilsdamuitlandoiaueuusuniuloviesy
Tunmawdsunnumioudesnuanvesiidausanu lnedsnsinwazliismaasugiaty
g1uteya Townsend Thai Data LundnuazUszneufugiudeyaussnnsannunasdus 7
{Aeates uonntuiaedsdoyaain Townsend Thai Data Sstlvifsnnuduiusszuing
FUIURUAINGU (remittances) waganvuzvatninsaull lag atiud nianslndg (2559)
wuhefuFeulvuunisnanlagndslidusuuiudanduinniign vilidiuiaiazeuly
fog1vesszmalneiinig pool resource TutFanamils Fseraidudenarsvesnalnnig
InassminensvesaiFouiielflunisamuivaindnioiinuesnseuats

ety Tassnsiazasalunaldaasvgaaniuansdinisinasminensaely
AFNIaulusUuuuve overlapping generation resource transfer e uuuanialy
nsAnwfianInNduRUS ST nIanvazlastasavensisoukazn saamuBwinugluin
Snits aragUdoyaadfideinunauazidmatnsaindeyanfidouiifanu ieuansnin
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ANUFUTUSTEMI N vauelAsaensIseu Msdaassnsnensluaiusou uaznisawmuly
Win Fesudamadniineimuinisveunniasinuslaesou 1wy Azguam n1sAne [usu

[

viatl slassmsiamnesdnuiasugiouasdersmeaniadeulne faflamgmis
sraaasetielnideiifinnudeinglulssduiiiedostunsiamunuseme wazaunso
Usegndldgrudiona Townsend Thai Data l¢ognsiiussansnin Snstadeulesfuiaiodng
tnifeluisUssmaiiifoyayailuldesnauniviarsmnounthi Suasinlugnisadisesd
audlvilg luduasvgioardauvosaiibeulnefiindu uagiefignagdisliie
ansnoonuuuulenielaeedenuideddniiinunin auiaussansnmgeansdoussine
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NSO NI USEBIFUNUS Townsend Thai Data

5.1 ANSNEBNINAIUIILAINNITM Townsend Thai Data

e PIER Discussion Paper

ABOUTUS PUBLICATIONS NEWSAEVENTS | COLLABORATION

THA! INFLATION DYNAM:

PIER DISCUSSION GLOBALIZED ECONOMY
PAPER

o

nsssn vt

a0

oare Tone AR

e aBridge Article

PIER
ABOUT US PUBLICATIONS PUEY UNOPRAKORN INSTITUTE NEWS L EVENTS | COLLABORATION
FOR LCONOMIC RESEARCH

HOME  INTRODUCTION ~ DATA  PROJECTS  PUBLICATIONS ~ PEOPLE  EVENTS  CONTACT

UPDATE
B muwou B foyeswan

dmtuntforioruetvaen
drhemnametumumsite mld
rlnasnnn Dnelétiyn Townsend
Thai Data

nema > dndedoieusinzonen b
s

wopdmen >> thime

Been >> vindmn

ey

sudeyvndon wndsumnnenny
“uuetdems o

Wnsnerdemiou
ATt AL
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Robert M. Townsend
Sombat Sakunthasathien §
RobJordan f

5.2 Mawmungiudayauasszuugiudayaiiian1sidsuaswaun ludinuseaiuay

23

lnggalasanis “Wauesranudiasvgianasdnuvasaianseulng ” ladaviniuled
103lATIN5T Federdudosmemdnlunismeunsuszuduiusgudoyanieliyalasinise
wndnideuasyananiluniaulaldussleviaindeya Townsend Thai Data lneiladins

v v L tﬂ’l
voldUaya Ml

#1579 5.1: adian1sveldUayaain FEDR: http:/riped.utcc.ac.th/fedr

Toya Y gueld | dueld | eveld

Joya TRHG Ueya
U 2560 U 2559 U 2558

Townsend Thai Annual Data (Rural Survey) 1997-2015

Townsend Thai Annual Data (Urban Survey) 2005-2015 22 Ay 11 AU 4 AU

Townsend Thai Monthly Data Woudt 1-196

Monthly Survey Household Financial Accounting Wit 0-160 22 AU 3 AU .

Monthly Survey Household Financial Accounting Woul 0-172 1 AU - -

velideya Tulamednliieivesiuyalasanig

5.3 A153RaUsUN15L Townsend Thai Micro Data

N159mousuN15LY Townsend Thai Micro Data % & viosUseyueaud
UAINeIaedaln-unIneraenenisAtne (UC-UTCC Research Center) 1A15 21

[

Y
u7
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uAangdovenisaine Tuiuil 6 nuanius 2560 WewamnypainsinAdesidnyanlid
AuIAuLdlakaratunsadiveya Townsend Thai Monthly Micro Data waz Uty
ﬂ%"aL%Mﬁ%’@ﬁﬁ%ﬂﬂgﬁu%’a;ﬂaé’]’mdnmaiéﬁﬂiamigm%’amuaﬂ’mﬁﬂ%hL‘%aul,ﬁamﬁﬁ'sﬁm
wiswshauardsaululdlumadouasimunlounsldogngniowndedu Sedinguitmane
Huannasdunine ds nide ledimunnsdisl

10:00 am  Introduction to Townsend Thai Survey Data
(.n5.01ud N1IgVElnAg)

10:30 am  Introduction to the Household Financial Account
(8.93.U5 WA ATIFNR)

11:00 am  Construction of the Household Financial Account: Assumptions
and Key Concepts
(2.95.07%7 VIeInl, 9.A5.USINIA FASIFAA)

1:00 pm  Data Training and Case Study Workshop
(.n5.8tud A1IgNSInAg, 0.n5.0197 Ylnniand, 2.05.U5 NeA 63
3@, Neanesh + )

U 5.1: pnAangsunsaneusun1sld Townsend Thai Micro Data
ATAN 1 4 UC-UTCC Research Center iUyl 6 NUAMUS 2560

5.4 A15REUNUIIVINTTTEAVUIUINIA 1298 “Finance and Development: Data,
Research, and Policy Design” $¥%3193uil 8-9 fquieu 2560 o vineUszyuinssula
2115 2 VU 2 suUATsHvisUsEIAlne

antuideiasugiathe Sennsal sunmswisUssmalne Sy ddnaunasmuy
atuayunsITe unInerdevenisinlng wag Massachusetts Institute of Technology
AUFUNUNITINITIZAUUIUIYIA TURIUD “Finance and Development: Data, Research,
and Policy Design” sgwineiudl 8 - 9 fiqusu 2560 o WesUszrudmsila 01a1s 2 $u 2
suiATusssmalne Tnedinguszasdiiietiauenanuidouasuunfnvesiiniduduinng
Tunagsirauszma TudsuifuiiAsadestunsimunasvgiauarunumuesnianisiiu Tag
whisenuddueansiiuieyadmsunuidesuasugmansuazdany Seasiidauranlo
sasuauleeansnsnoonuuuulaunglfesnaiiszanam Tnefidmumsdsieluil
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ARUANIT
June 8, 2017
8.30-9.00  Registration
9.00-9.15 Welcoming Remarks
by Veerathai Santiprabhob, Governor of the Bank of Thailand
9.15-9.25 Opening Remarks
by Patamawadee Pochanukul, Associate Director of Research Strategy of
the Thai Research Fund
Session 1: Measuring Household and SME Finance
9.25-9.35  Session Opening Remarks
by Sauwanee Thairungroj, President of University of the Thai Chamber of
Commerce
9.35-10.15 Chronicles from the Field: 20th Anniversary of the Thai Family Research
Project and Townsend Thai Data
Robert Townsend, Massachusetts Institute of Technology
Sombat Sakunthasathien, Thai Family Research Project
10.15-10.30 Coffee Break
10.30-10.55 Application of Townsend Thai Data: Case Studies
Naraphong Srivisal, Chulalongkorn University
10.55-11.20 Measuring Household Finance in Thailand
Suparit Suwanik, Bank of Thailand
11.20-12.00 Payment Diaries: Innovative Measurement of Household Behavior
Scott Schuh, Federal Reserve Bank of Boston
12.00-12.30 Panel Discussion Moderator:
Krislert Samphantharak, University of California, San Diego
12.30-13.45 Lunch
Session 2: Harnessing Geographic Data for Finance and Policy
13.45-14.15 Geographic Data Visualization
Xiaowen Yang, Massachusetts Institute of Technology
14.15-14.45 Bank Branch Expansion vs International Capital Flows: Integrating Local
Spatial Markets with Macro Aggregates
Yan Ji, Hong Kong University of Science and Technology
14.45-15.00 Coffee Break
15.00-15.30 The Geography of Household Finance in Thailand: Access, Vulnerability
And Policy Responses
Sommarat Chantarat, Bank of Thailand
15.30-16.00 Panel Discussion Moderator:
Yunyong Thaicharoen, Bank of Thailand
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June 9, 2017
Session 3: Research-Based Policy Design
9.00-9.40 Child Development: The Role of Parenting Beliefs
Flavio Cunha, Rice University
9.40-10.20 From Perry Preschool to RIECE Thailand: A Research-Based Large-Scale
Implementation
Weerachart Kilenthong, University of the Thai Chamber of Commerce
10.20-10.35 Coffee Break
10.35-11.15 The Use of Data for Policy and Research at Central Banks: Perspectives
from Financial Markets at the New York Fed
Antoine Martin, Federal Reserve Bank of New York
11.15-11.45 Panel Discussion Moderator:
Piti Disyatat, Bank of Thailand
11.45-12.30 Financial System Design: Principles for Policy and Regulation
Robert Townsend, Massachusetts Institute of Technology
12.30-13.30 Lunch

JUN 5.2: ANAINTIUNTINFUNUIVINTIEAUUIUIIR 308 “Finance and

Development: Data, Research, and Policy Design” Juh 8-9 ﬁqmau 2560
a ¥eeUseNsinssnla 91A13 2 9 2 surAsurislssinalne

55 ﬂ’]‘iﬁﬂiﬂ’]ﬂ\i’lﬂiﬂ‘i\iﬂ’]i Townsend Thai Project AINRUIUUNBUDN

Laaumm’lﬂu 2559 912138917 Kyoto University, Sophia University, Tokyo City
University waz Aichi University finsouagidnituiiluminanyd ioynneiusatiu ua
fnudunival Sniafuguandiuazimiilasing lnedfnguszasdiitednuidstaded
Tasamsanansadrnateyalsiduszazenuld Weazhsuuuuvedassnsluldlunisaiis
finunisdrnaiifles Okinawa Ussmadiu



unil 6
unaguuasdatauaunue

TasanmsifegrudoyaszduaiaBounvuiegsdniionsidoiuasvgmaniuas
sy WudruniawesyalasansimuiesdanuifmuasugionazdinuvensiSoulne
tnidedndudesendedeyasziuniaibeu delingussasdddquitensdnuFinaudueg
vosndadoulne fredeyaiireilowuardannin fufu Sedanuaniufisasfeaivayy
pufoyaseiuaiaFousiogisdimeiitou (monthly micro data) siieléih WWudoyasedy
ﬂ%’aL’%@ULLUU&TU@EJN%W%W?@@ (high frequency panels) ifinnsiivegsnaiilouas
guigaluUssimafidaian

Uoya Townsend Thai Data laassesranusiniauasugenaniog oo wag
HunuImnsan15eeNRULULEUIENNETEEAIEnshazdIaNnalan (Townsend, 2011) 18914
atuiliaweunanuiiietesiuteya Townsend Thai Data 143U 5 UNAY bakA

1. Benjamin Moll, Robert M. Townsend, Victor Zhorin. "Economic Development,
Flow of Funds and the Equilibrium Interaction of Financial Frictions.",
Proceedings of the National Academy of Sciences of the United States of
America, June 13, 2017, Vol.114, No.24, P6176-6184.

2. Samphantharak, Krislert and Robert M. Townsend. "Risk and Return in Village
Economies." revised 201 7. (Forthcoming in American Economic Journal:
Microeconomics).

3. Samphantharak, Krislert, Scott Schuh and Robert M. Townsend. "Integrated
Household Surveys: An Assessment of U.S. Methods and an Innovation"
Working Paper, 2017. (Forthcoming in Economic Inquiry)

4. unanuizes “fedrinsunisiduuaznsdnduladugusznounisvensiteu
ne”, @193 YIasdud, 2 Jan 2017, aBRIDGE articles

5. UNANNITDS “Qﬂaiimaamsﬁ’mmszwﬂﬁzﬁ’uﬁamgsaﬁuﬁmwuuwmlm”,
UFINGA A33@1a, 30 Jan 2017, aBRIDGEd articles

wenanill paeiideladunaiudinisfsunlasniiintuduaiisounasnszesiig
nlddfiunaiiutoya wazdanuinisuasuudadulszbuieg Tuyuueswenneinide
wianfasgreluiuimadessulminideriiudus eeinimuinazaiiesdnnuiineaty
AIseulngdely
1. maddguidassasanimasugnaniiiseu
v W = o A - o ¢ Y a
Jwinanys sglalunmsinvesaiiseungndunivaluuiinisiieunla
Tlumeid Janmenudueg vy Fadunnanninddu a1a1s Uruseu fin1s
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UFuuse Ugnasralud dinsdennuiiionisinensiiuiiy dn1susenaugsianiduun
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Trsenilld uarunduiignraudsduanlifaazannsodisenillfifatu

AR ULUANTDIBNTNVDIAS T OU

Janinanys esainanmgienansidedonisvinaiu vils ¥1dudiu
naidsnadno@nidiundn uain1sildsunvaswilnvesaiunasls anndufaevinls
[ I3 q' < ) 1Y q' 49! I~ o d‘
F13lwe auavya Adsuundusinlsoey windududiwiunin Weswingaive
goglrunlssnuiulasaiaindinisils ey wazduiugdesnfndauown
lssuuddaanunsasentuanlnladnuatsseulaelidemmuiunuglnday

JawiarSaviny asaSeudmlvaidsundasarnnisiundn sndunisiils
saguavdudUgnduiiuunIu e ndsnavenainditn wazduyuidadenis
HARNANTI Sﬂﬁﬁmi@uaﬁﬁaaﬂdw ausainanelusuinssnuduseloasy
WALLNNTUALY
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3. mawdsuuasdosnsinuveaniabou

Jandnanys audnluasusouynaulasunisAneInINan1IEN19NI5RUY0Y
uiazasudouintududlennanaiiFeudseldinnty

Jaminrdaziny mesnunsAnuivesasdnluafiSousinsasuudadly
Tunsiituiiesannilsafeufisesiussdunisfinudugs Geduiisen) oglndngtu
1ty FuRuiinsuFeurniouarativayuliignuauldsunisineludugay usdes
wumadhsisunediosdsdaldanegs uazszogmalna

Janinasliansi n1sfnwasgavesynsnatunisluainsaulidseiinig
WasuwUasnntin ﬁauimyj%ﬁwL%aﬂﬂiﬁﬂmazﬁuﬁﬁwﬁuwiwﬁu

Fov¥ay3sud drunisfnwigeaavosaundnluafideufingaduluuia
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We use a variety of different datasets from Thailand to study not
only the extremes of micro and macro variables but also within-
country flow of funds and labor migration. We develop a gen-
eral equilibrium model that encompasses regional variation in the
type of financial friction and calibrate it to measured variation in
regional aggregates. The model predicts substantial capital and
labor flows from rural to urban areas even though these differ only
in the underlying financial regime. Predictions for micro variables
not used directly provide a model validation. Finally, we estimate
the impact of a policy of counterfactual, regional isolationism.

regional flow of funds | financial frictions | Thailand | big data |
isolationist policies

ifferent regions within a given country interact in capi-

tal, labor, and product markets. This is reflected in cross-
regional flows of these factors and goods. Regions also differ
from each other locally in a number of dimensions. One of these
is the financial environment, that is, the specific financial obsta-
cles faced by local residents. In this paper we ask whether this
regional heterogeneity in financial obstacles is in itself enough to
generate the flows of factor inputs across space consistent with
the data and the observed uneven geographic concentration in
economic activity. We use a structural model with detailed micro
data, aggregated but intermediate-level “meso” data, and macro
data and find the answer to these questions to be yes: Differ-
ences in financial regimes across regions have the potential to
explain these observed phenomena. This is a first-order result
that has important implications for the debate on populism and
contemporary pressures for regional isolation. Urban or indus-
trialized areas might contemplate restrictions on interregional
labor migration with the belief this might be helpful to local res-
idents, raising local wages. However, if isolationist policies and
the maligning of banks and capital markets also bring restrictions
on the interregional flow of capital, then the overall impact can
be substantial drops in average income, consumption, and wealth
and large increases in local inequality.

Our paper also makes a timely contribution to research meth-
ods, in particular to the use of big data to uncover new findings
and guide policy. Although big data are frequently thought of as
the use of large administrative datasets, they include other types
of data and refer to studies in which there is both a complexity
and variety of data that need to be linked, connected, and corre-
lated (1). The term “big theory” is used as a counterweight (2).
We use a theoretical model here as a way to organize data, and
this combination of big theory and big data yields the surprising
implications regarding the factor flows just mentioned.*

Ours is one of the few papers in the economics literature that
incorporates a micro-founded model of frictional lending with
cross-regional heterogeneity and does so in a general equilib-
rium environment. More specifically, the research we report here
uses micro data to document that a moral hazard (MH) regime
is found to prevail in urban and industrialized areas and a lim-
ited commitment (LC) regime in rural and agrarian areas. This

6176-6184 | PNAS | June 13,2017 | vol. 114 | no. 24

micro theory/data combination in conjunction with meso theory
and data on flows and concentration of economic activity allows
us to discover that regional heterogeneity in the financial envi-
ronment is an important determinant of how different regions
within countries interact and how they respond to policy. The
same mechanism may potentially be relevant for understanding
factor flows across countries.

In the United States there has been a surge of interest in local
economies given the now-evident heterogeneity across them in
the run-up to the financial crisis as well as in the response pat-
terns thereafter.t Unfortunately, though, we do not have in the
United States some of the details needed, down to individual
actors. In the emerging-market application of this paper, Thai-
land, we have integrated financial accounts (income statements,
balance sheets, and cash flows) at the household and small and
medium enterprise level for stratified random samples of some
communities (3). From these monthly data, we have community-
level income and product accounts (National Income and Prod-
uct Accounts) as well as the flows: balance of payments and
flow of funds accounts (4). Provinces were selected for variation
in their level of development, two in the relatively poor agrar-
ian northeast and two in the developed and industrialized cen-
tral region near Bangkok. We have annual data from stratified

Significance

Variation in the type of financial frictions faced by house-
holds and firms is an overlooked dimension of regional het-
erogeneity that has the potential to explain cross-regional
factor flows and differences in concentration of economic
activity. Our research combines a theoretical model with a
complexity and variety of data from Thailand. The theoretical
model features variation in financial regimes, moral hazard,
and limited commitment, inferred from the data. In a counter-
factual experiment we explore the effects of protecting wages
in urban areas from incoming migrants and protecting rural
areas from capital outflow. Economic life in cities would suf-
fer enormously, as would rural and national productivity, with
an increase in overall inequality.
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random samples of rural villages and urban neighborhoods that
are representative within each provinc-f:.]t In sum, we use data on
many different variables from a variety of different sources to
motivate and discipline our theory—theory motivated by big data.

The theory is a micro-founded and totally integrated micro-
macro model. Households make decisions about what occupa-
tion to enter, namely, whether to earn a wage or to run an
enterprise of some size, and face various possible obstacles
in the financing of business and in insurance to smooth con-
sumption. Financial service providers compete in offering con-
tracts to clients, pooling risk like mutual funds and intermedi-
ating funds from savers to borrowers. There are two difficulties
here, which we overcome. The first is to solve a rich contract-
ing problem involving occupational choice and production deci-
sions for heterogeneous households that differ in their wealth
while respecting incentive and LC constraints that differ across
regions. Our technical innovation is to show how to integrate
this contracting problem in general equilibrium by inverting the
Pareto frontier between households and intermediaries, thereby
replacing promised utility as the relevant state variable by house-
hold wealth. The second difficulty is finding a steady state
with market-determined prices, equilibrium wages, and interest
rates, again in the context of heterogeneity in financial obstacles
across communities and, within each type of community, hetero-
geneity in wealth (endogenously determined by forward-looking
agents) and in latent talent (following an exogenous stochastic
process).

We impose as in the data that there is an MH problem for
households and firms in the central region of Thailand, and in
urban areas, and an LC, capital constraint in the northeast region
and in rural areas. In our primary calibration, the model predicts
that 23% of capital in industrialized areas is imported from rural,
agrarian areas, accounting for 40% of the wealth owned by these
rural households. At the same time, there are huge flows of labor
in the same direction: 75% of labor in the urbanized areas comes
from this migration and rural agricultural areas lose 85%. These
findings can be summarized to say that the urban/industrialized
areas use 79% of the economy’s capital and 65% of its labor even
though such areas are only 30% of the population.

Calibrating the model is a nontrivial endeavor, given the com-
plexity of both the model and the data. Some of the values
for parameters of preferences and technology come from micro
studies using the Thai data and are similar to those used in
other studies for other countries. A remaining set of parameters
is calibrated to try to match key variables in the most accu-
rate data we have, from the financial accounts of select com-
munities, comparing the agrarian northeast to more industrial-
ized central provinces: aggregate income, consumption, capital
used in production, and wealth, all of which are higher in the
central region than in the northeast, often by several orders of
magnitude. As a check on what we do, and to take advantage
of the additional data, we use the annual data and stratify by
urban versus rural status, within a province and also averag-
ing up across provinces. This shows again the concentration of
activity in urban areas. The calibrated model is able to match
reasonably well these patterns of concentration. It thus predicts
flows of capital and labor from rural villages to towns within
provinces, and at the same time from the agrarian provinces to
industrialized provinces, depending on the ratio of urban to rural
populations.

We take great pains to try to further validate the model, again
taking advantage of the data. At the micro level we see that net

*In addition we use a comprehensive archive of secondary data, namely, a Community
Development Department village-level Census (CDD), Population Census, Labor Force
Survey, and the Socio-Economic Survey income and expenditure data (SES), and much
of these data are mounted on a Geographic Information System platform.

Moll et al.

savings differences across regions are consistent with micro facts
in the data; over the relevant range, credit is increasing with
assets in the cross-section in the northeast region and constant or
decreasing with assets in the central region. There is much more
persistence of capital over time in rural areas than in urban areas.
These two facts are consistent with the micro data and indeed
were some key findings used to motivate the variation in financial
obstacles across regions and urban/rural status in the first place.
We also emphasize predictions for new moments/facts. We pre-
dict that the growth of net worth is more concentrated in the
central region, and this is consistent with the data. Predictions
for distribution of firm size by capital are also consistent with the
data, in that the MH regime has a skewed right tail, as do urban
areas relative to rural areas.

In a counterfactual policy experiment we explore the effects of
imposing wedges from policies that have the intent of “protect-
ing” regions from cross-regional flows of capital and labor.? As
an extreme case we shut down completely these resources flows
and move to regional autarky. This is associated with house-
holds in rural and less developed areas experiencing increases
on average in consumption, income, and wealth and increases in
labor and capital used locally. Local inequality also decreases.
However, there would be decreases in the wage (and in the
interest rates) and drops in local productivity. For urban and
industrialized areas it is the reverse: Despite rises in wages (and
interest rates), there would be notably sharp drops in income,
consumption, and wealth. Local inequality also increases sub-
stantially. Finally, an exercise shows that if we had instead
imposed financial frictions without looking at the data we
would be getting different and misleading answers to our policy
question.

The working-paper version (5) discusses in more detail our
contribution relative to the existing economics literature. There
we also report in more detail on our methods and the evidence
we have regarding variation in financial obstacles across regions
and interregional flow of funds.

Micro/Meso Data Motivate Key Model Ingredients

Micro Data and Financial Obstacles. Here we briefly describe a
series of studies using data from the Townsend Thai project
that document that even within a given economy individuals face
different types of financial frictions depending on location and
urban/rural status. In particular, several studies using a variety
of data, variables, and approaches reach the same conclusion,
namely that MH problems are more pronounced in the central
region and in urban areas whereas LC is the dominant constraint
in the northeast region and in rural areas. For want of space we
spare the reader a detailed description of the Townsend Thai
project and its data, although this is available in SI Appendix, sec-
tion A and in ref. 6.

Several studies make use of these data to infer financial
obstacles on the ground. The working-paper version (5) de-
scribes these in detail, and we here only provide a brief summary.
Paulson et al. (7) estimate the financial/information regime in
place in an occupation choice model and find that MH fits best
in the more urbanized central region whereas LC or a mixed
regime fits best in the more rural northeast region. Karaivanov
and Townsend (8) estimate the regime for households running
businesses and find that an MH constrained financial regime fits
best in urban areas and a more limited savings regime in rural
areas. Finally, Ahlin and Townsend (9), with alternative data on
joint liability loans, find that information seems to be a problem
in the central area, with LC in the northeast.

§0ur analysis is concerned with a closed economy, so there are no international capital
flows in either the presence or absence of these wedges.
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Meso Data and Factor Flows. Direct and indirect evidence suggests
large flows of capital and labor.

Capital. We have some measurements within Thailand of the
flow of funds across regions, the meso-level variables we referred
to earlier. Ref. 4 shows how to use the integrated household
financial statements for the monthly data of ref. 3 to construct the
production, income allocation, and savings—investment accounts
at the village and tambon (county) level. The balance of pay-
ment accounts then follow. Sisaket, the most rural area of this
sample, has been running a balance of payments surplus, hence
with capital outflows. In contrast, Buriram is running consistent
deficits, and although they are in a relatively agrarian province
the selected sample of former villages has become a newly urban
area. Although Chachoengsao in the central region runs a sur-
plus on average, the decline in income due to a shrimp disease
was accompanied with an externally financed capital inflow and
investment, as households switched to new occupations with-
out dropping consumption. More generally, these flows rela-
tive to income across the villages are quite high relative to
cross-country data (61% in Buriram, for example). The within-
province urban/rural data show that credit from commercial
banks is higher in urban areas, more so than the increase in
capital used in production. Looking at other secondary data,
we know from an SES survey that 24 to 34% of the popu-
lation receive remittances and among these households remit-
tances constitute 25 to 27% of their income (ref. 10, p. 71, based
on ref. 11).

Labor. The Thai Community Development Department (CDD)
data show that the fraction of households with migrant laborers
increased from 22 to 34% from 1986 to 1998. Migration can be
from rural to urban areas within a province, for example as it
was early on, and the number and fraction of migrants leaving
their region have increased over time. By 1985-1990 the largest
flows were from northeast to central region and to Bangkok. By
one estimate in 1990 the regional population as a percent of total
population varied from 11 to 35% or, put the other way around,
migrants to total population vary from 65 to 89% (figure 3.6 in
ref. 10, based on ref. 12).

Model

We consider an economy populated by a continuum of house-
holds of measure one indexed by i € [0, 1]. As we explain in more
detail below, a fraction ¥ of households live in urban areas and
are subject to MH and the remaining fraction 1 — ¥ live in rural
areas and are subject to LC. Time is discrete. In each period ¢, a
household experiences two idiosyncratic shocks: an ability shock,
zit, and an additional “residual productivity” shock, €;;. House-
holds also differ in their wealth a;;. They receive an income
stream y;, that potentially depends on all of (a, zi, €i¢). House-
holds have preferences over consumption, c;:, and effort, e;;:

o0
vio= Eo Z /Btu(cih €it).
t=0
Households can access the capital market of the economy
only via a continuum of identical intermediaries. They contract
with an intermediary according to an optimal contract specified
below.

Households have some initial wealth a;o and an income stream
{yi}io, (determined below). When households contract with
an intermediary, they give their entire initial wealth and income
stream to that intermediary. The intermediary pools the assets
and incomes of all of the households with which it contracts,
invests them at a risk-free interest rate 7, and transfers some
consumption to the households. The intermediary keeps track
of each household’s wealth (for accounting purposes), which
evolves as

ait+1 = Yir — Cit + (1 + 7r¢) aie. [1]

6178 | www.pnas.org/cgi/doi/10.1073/pnas.1707055114

The intermediary can ensure households, partially or completely,
against the realization of the idiosyncratic residual productiv-
ity shock €;; (i.e., some, if not all, of this risk is shared across
households). In contrast, we assume that ability z;; is not insur-
able at all (more on this below). In each period, the optimal con-
tract specifies what consumption c;; each household gets, which
in turn determines the level of assets a;4+1 the household car-
ries into the next period. These can depend on €; but not z;.
The optimal contract maximizes the intermediary’s total equity
value, which equals the expected present discounted value of
profits from contracting with households. We assume there is
free entry into intermediation initially. We do not allow inter-
mediaries to compete ex post in a way that would undercut the
households’ long-run commitment to the financial contract. That
is, intermediaries cannot try to pick off household types that are
associated with a currently high equity value for the intermedi-
ary. In the steady-state equilibrium this competition makes the
total equity value of each intermediary zero. As we show below,
this implies that the contract equivalently maximizes each house-
hold’s expected utility. Depending on the region the household
lives in, the optimal contract offered by a representative regional
intermediary is subject to one of two frictions, either MH or LC.

When making these decisions the regional intermediaries take
as given current and future time profiles of wages w; and inter-
est rates 7, respectively, and compete with each other in com-
petitive labor and capital markets. Throughout the paper we
assume that the economy is in a stationary equilibrium so that
these factor prices are constant over time at fixed values w and
r. This assumption is made mainly for simplicity. Our setup can
be extended to the case where aggregates vary deterministically
over time at the expense of some extra notation.

Household's Problem. Households can either be entrepreneurs
or workers. We denote by z; =1 the choice of being an
entrepreneur and by z;; =0 that of being a worker. First, con-
sider entrepreneurs. An entrepreneur hires labor ¢;; at a wage w
and rents capital k;; at a rental rate . + J, where ¢ is the depre-
ciation rate, and produces some output. His observed productiv-
ity has two components: a component, z;:, that is known by the
entrepreneur in advance at the time he decides how much capital
and labor to hire and a residual component, €, that is realized
afterward. We will call the first component “entrepreneurial”
ability and the second “residual productivity.” The evolution of
entrepreneurial talent is exogenous and given by some station-
ary transition process 1 (zit+1|2i¢). Residual productivity instead
depends on an entrepreneur’s effort, e;, which is potentially
unobserved, depending on the financial regime. More precisely,
his effort determines the distribution p(ei|e;: ) from which resid-
ual productivity is drawn, with higher effort making good real-
izations more likely. We assume that intermediaries can ensure
residual productivity €. In contrast, even if entrepreneurial abil-
ity, z, is observed, it is not contractible and hence cannot be
ensured. An entrepreneur’s output is given by

Zitgitf(kitzéit)7

where f(k, £) is a span-of-control production function.

Next, consider workers. A worker sells efficiency units of labor
i in the labor market at wage w;. Efficiency units are observed
but are stochastic and depend on the worker’s true underlying
effort, with distribution p(ei|e:).Y The worker’s true underly-
ing effort is potentially unobserved, depending on the financial

Y The assumption that the distribution of workers’ efficiency units p(-|ej;) is the same
as that of entrepreneurs’ residual productivity is made solely for simplicity, and we
could easily allow workers and entrepreneurs to draw from different distributions at
the expense of some extra notation.
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regime. A worker’s ability is fixed over time and identical across
workers, normalized to unity.

Putting everything together, the income stream of a house-
hold is

yit = Tit|zicitf (kie, bir) — weliy — (re + 0)kie] + (1 — Zie)weg e

As specified above, each household’s wealth (deposited with the
intermediary) accumulates according to Eq. 1.

The timing is illustrated in Fig. 1 and is as follows. The house-
hold comes into the period with previously determined savings
a;; and a draw of entrepreneurial talent z;. Then, within period
t, the contract between household and intermediary assigns
occupational choice z;:, effort, e;;, and—if the chosen occupation
is entrepreneurship—capital and labor hired, k;; and ¢;;, respec-
tively. All these choices are conditional on talent z; and assets
carried over from the last period, a;;. Next, residual productiv-
ity, i, is realized, which depends on effort through the con-
ditional distribution p(ey|e;). Finally, the contract assigns the
household’s consumption and savings, that is, functions c (i)
and a;+1(4). The household’s effort choice e; may be unob-
served depending on the regime we study. All other actions of
the household are observed. For instance, there are no hidden
savings.

We now write the problem of a household that contracts with
the intermediary in recursive form. The two state variables are
wealth, a, and entrepreneurial ability, z. Recall that z evolves
according to some exogenous Markov process p(z'|z). It will
be convenient below to denote the household’s expected con-
tinuationvalue by E, v(a’,2') = Y, v(a’, ) pu(z|z), where the
expectation is over z’. A contract between a household of type
(a, z) and an intermediary solves

v(a,2) =  max zg:p(ale) {ule(e), ]

+ BE.vla'(e), 2]}
s.t. Zp(de) {c(e)+d(e)} [2]

= Zp(e\e) {z]zef (k,£) — wl — (r + 0)k] + (1 — z)we}

+(1+r)a

and also is subject to regime-specific constraints specified below.

The contract maximizes a household’s expected utility subject
to a break-even constraint for the intermediary. Note that the
budget constraint in Eq. 2 averages over realizations of ¢; it does
not have to hold separately for every realization of e. This is
because the contract between the household and the interme-
diary has an insurance aspect. Such an insurance arrangement
can be “decentralized” in various ways. The intermediary could
simply make state-contingent transfers to the household. Alter-
natively, intermediaries can be interpreted as banks that offer
savings accounts with state-contingent interest payments to
households.

In contrast to residual productivity e, talent z is assumed to
not be insurable. Before the realization of ¢, the contract speci-
fies consumption and savings that are contingent on ¢, ¢(¢), and
a’(¢). In contrast, consumption and savings cannot be contingent

Value function v(a, z) recorded
Tit (€it, kity lir) Eit (cit(€it), Qirr1(€it))

A

At 24t

|

Timing.
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on next period’s talent realization z’.# As we explain above, one
reason for introducing uninsurable talent shocks (besides real-
ism) is to guarantee the existence of a stationary distribution in
the presence of MH.

The contract between intermediaries and households is sub-
ject to one of two frictions: private information in the form of
MH or LC. Each friction corresponds to a regime-specific con-
straint that is added to the dynamic program Eq. 2. For sake
of simplicity and to isolate the economic mechanisms at work,
the only thing that varies across the two regimes is the financial
friction. It would be easy to incorporate some differences, say
in the stochastic processes for ability z and residual productiv-
ity € at the expense of some extra notation. Most studies in the
existing macro development literature work with collateral con-
straints that are either explicitly or implicitly motivated as aris-
ing from an LC problem. In contrast, there are relatively fewer
studies that model financial frictions as arising from an asym-
metric information problem like in our MH regime. Notable
exceptions are refs. 13—15. We specify our two financial regimes
in turn.

Urban Areas: MH. In this regime, effort e is unobserved. Because
the distribution of residual productivity, p(e|e), depends on
effort, this gives rise to a standard MH problem: Full insurance
against residual productivity shocks would induce the household
to shirk, that is, to exert suboptimal effort. The contract takes this
into account in terms of an incentive-compatibility constraint:

> p(ele) {ule(e), €] + BE, v[a'(e), 2]}
> Zp(dé) {ulc(e), ] + BE,v[d'(e), 2']} Ve,e.  [3]

This constraint ensures that the value to the household of choos-
ing the effort level assigned by the contract, e, is at least as large
as that of any other effort, é. The optimal dynamic contract in
the presence of MH solves Eq. 2 subject to the additional con-
straint Eq. 3. As already mentioned, to fix ideas, we would like to
think of this regime as representing the prevalent form of finan-
cial contracts in urban and industrialized areas.

Relative to existing theories of firm dynamics with MH, our
formulation in Eq. 3 is special in that only entrepreneurial effort
is unobserved. In contrast, capital stocks can be observed and
a change in an entrepreneur’s capital stock does not change his
incentive to shirk. More precisely, the distribution of relative out-
put obtained from two different effort levels does not depend on
the level of capital. This is a result of two assumptions: that out-
put depends on residual productivity € in a multiplicative fashion
and that the distribution of residual productivity p(e|e) does not
depend on capital (i.e., it is not given by p(e|e, k)). We focus on
this instructive special case because—as we will show below—it
illustrates in a transparent fashion that MH does not necessarily
result in capital misallocation but that it can nevertheless have
negative effects on aggregate productivity, gross domestic prod-
uct (GDP), and welfare.

The existing literature on optimal contracting subject to MH
typically makes use of an alternative formulation for problems
like the one used here. In particular, the relevant dynamic pro-
gramming problem is typically written with “promised utility”
as a state variable and features a “promise-keeping” constraint

#The above dynamic program could be modified to allow for talent to be insured as
follows: Allow agents to trade in assets whose payoff is contingent on the realization
of next period's talent z’. On the left-hand side of the budget constraint in Eq. 2,
instead of a’(e), we would write a’(e, z’) and sum these over future states z’ using
the probabilities n(z’|2) so that z’ does not appear as a state variable next period,
because its realization is completely insured and that insurance is embedded in the
resource constraint.
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(16, 17). We here instead develop an alternative approach: We
invert the Pareto frontier between households and intermedi-
aries, thereby replacing promised utility as the relevant state
variable by household wealth. This formulation has two advan-
tages. First, the contracting problem in terms of wealth “commu-
nicates” more seamlessly with the rest of the model, in particular
when we later embed the contracting problem in general equi-
librium, which features a market-clearing condition in terms of
wealth. Second, our alternative formulation can be mapped to
the data more directly: Our ultimate interest is in flow of funds
across households and regions, which is more naturally thought
of in terms of wealth rather than promised utilities.

SI Appendix, section D lays out our approach and its connec-
tion to the more standard formulation in detail. We here briefly
summarize it. Consider first a special case with no ability (z)
shocks and only residual productivity (¢) shocks. For this case
Proposition 1 in SI Appendix, section D shows that the two formu-
lations are equivalent if the Pareto frontier between households
and intermediaries is monotone. In this case, one can invert the
Pareto frontier and use a change of variables to express the prob-
lem in terms of household wealth rather than promised utility. In
this sense, the insurance arrangement regarding e-shocks is opti-
mal (taking all paths of interest rates and wages as fixed). Next,
consider the case with both z-shocks and e-shocks. This case is
then simply the problem just described but with uninsurable abil-
ity shocks “added on top.” That is, in this case it is no longer
true that we solve a fully optimal contracting problem. This is
because we rule out insurance against z-shocks by assumption,
whereas an optimal dynamic contract would allow for such insur-
ance. In contrast, the insurance arrangements regarding e-shocks
are optimal as shown by the equivalence with an optimal dynamic
contract in the absence of z-shocks.

Given this equivalence between the two formulations, it is also
easy to motivate why we assume that idiosyncratic shocks are
partly uninsurable. Dynamic MH economies in which all shocks
can be insured against often do not feature a stationary distribu-
tion of promised utilities (see e.g., refs. 18 and 19). In our for-
mulation this would correspond to nonexistence of a stationary
wealth distribution. Uninsurable shocks aid with ensuring sta-
tionarity and, indeed, our numerical results indicate that a sta-
tionary wealth distribution always exists. Besides realism, ensur-
ing stationarity is another reason for making the assumption that
ability shocks are uninsurable.

When solving the problem Eq. 2 to Eq. 3 numerically, we allow
for lotteries in the optimal contract to “convexify” the constraint
set as in ref. 19. See SI Appendix, section E for the statement of
the problem, Eq. 2 to Eq. 3 with lotteries.

Rural Areas: LC. In this regime, effort e is observed. Therefore,
there is no MH problem and the contract consequently provides
perfect insurance against residual productivity shocks, . Instead
we assume that the friction takes the form of a simple collateral
constraint:

E<Xa, A>1. [4]
This form of constraint has been frequently used in the litera-
ture on financial frictions (see, e.g., refs. 7 and 20-25). It can be
motivated as an LC constraint. The exact form of the constraint
is chosen for simplicity. Some readers may find it more natural if
the constraint were to depend on talent k¥ < A(z)a as well. This
would be relatively easy to incorporate, but others have shown
that this affects results mainly quantitatively but not qualitatively
(24, 26). The assumption that talent z is stochastic but cannot be
insured makes sure that collateral constraints bind for some indi-
viduals at all points in time. If instead talent were fixed over time,
for example, individuals would save themselves out of collateral
constraints over time (27).
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The optimal contract in the presence of LC solves Eq. 2 subject
to the additional constraint Eq. 4.

Factor Demands and Supplies. Households, via the intermediaries
they contract with, interact in competitive labor and capital mar-
kets, taking as given the sequences of wages and interest rates.
Denote by k;(a, z) and ¢;(a, z) the common optimal capital and
labor demands of households with current state (a, z) in regime
j € {MH, LC}. A worker supplies ¢ efficiency units of labor to
the labor market, so labor supply of a cohort (a, ) is

ni(a,z) = [1 — zj(a, 2)] Zp(s\ej(a, z))e. [5]

5

Note that we multiply by the indicator for being a worker, 1 — z,
so as to only pick up the efficiency units of labor by the fraction of
the cohort who decide to be workers. Finally, individual capital
supply is simply a household’s wealth, a.

Equilibrium. We use the saving policy functions a’(¢) and the
transition probabilities p(2'|2) to construct transition probabil-
ities Pr(a’, 2’|a, z; ) in the two regimes j € {MH, LC}. In the
computations we discretize the state space for wealth, a, and
talent, z, so this is a simple Markov transition matrix. Given
these transition probabilities and initial distributions g;0(a, 2),
we then obtain the sequence {g;,:(a, 2) }72, from

giwri(a', ") =Pr(d’, 2'|a, 2,5)gj 1 (a, 2). (6]

Note that we cannot guarantee that the process for wealth and
ability in Eq. 6 has a unique and stable stationary distribution.
Whereas the process is stationary in the z-dimension (recall that
the process for z, u(z’|z), is exogenous and a simple stationary
Markov chain), the process may be nonstationary or degener-
ate in the a-dimension. That is, there is the possibility that the
wealth distribution either fans out forever or collapses to a point
mass. Similarly, there may be multiple stationary equilibria. In
the examples we have computed, these issues do, however, not
seem to be a problem and Eq. 6 always converges, and from dif-
ferent initial distributions.

Once we have found a stationary distribution of states from
Eq. 6, we check that markets clear and otherwise iterate. Denote
the stationary distributions of ability and wealth in regime
j by Gj(a,z). Then, the labor and capital market clearing
conditions are

ﬁ/EMH(a,z)dGMH(a,z) +(1 —19)/£Lc(a7z)dG’Lc(a,z)
:ﬂ/nMH(a,z)dGMH(a,z)—|—(1—ﬁ)/nLc(a,z)dGLc(a,z),
19/kMH(a,z)dGMH(a,z)Jr(lfﬂ)/kLc(a,z)dGLc(a,z)

= 19/adGMH(a7 z)+ (11— 19)/adGLc(a, z).

The equilibrium factor prices w and r are found using the algo-
rithm outlined in appendix A.1 of ref. 23.

Note that, in equilibrium, the demands and supplies of both
capital and labor are equated in a frictionless manner and that
this requirement determines the allocation of factors across re-
gions. That is, we assume that there are no frictions to the move-
ment of capital or labor across regions. In a counterfactual policy
experiment, described later in this paper, we examine the effect
of going from such an integrated equilibrium to the opposite
extreme, namely autarky.

Calibration. Due to space constraints, we relegated the discussion
of functional form choices and calibration of parameter values to
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Table 1. Macro and meso aggregates in the baseline economy
Aggregate
Variable economy  MH/urban LC/rural
National and sectoral aggregates
Income, % of FB 0.78 1.37 0.52
Capital, % of FB 0.82 1.88 0.40
Labor, % of FB 0.92 1.65 0.60
TFP, % of FB 0.88 0.78 1.04
Consumption, % of FB 0.87 1.05 0.79
Wealth, % of FB 0.82 1.45 0.55
Intersectoral capital and labor flows
Labor inflow, % of workforce 0.75 —0.86
Capital inflow, % of stock 0.23 —0.39

FB, first-best.

SI Appendix, section F. Our calibration targets various regional
aggregates, namely income, consumption, capital, wealth, and
the rate of entrepreneurship in both rural and urban areas (S/
Appendix, Table 5).

Flow of Funds and the Equilibrium Interaction of Financial
Frictions

Interregional Flow of Funds. At these calibrated parameter values
we compute the model’s steady state. See SI Appendix, section E
for details on the computations. We feature in Table 1 the vari-
ables for each of the two regions separately, the overall economy-
wide average, using population weights, and especially the flow
of capital and labor across regions. As is evident in Table 1 the
(urban) MH area has higher values of income, capital, labor, con-
sumption, and wealth than the (rural) LC area.! All variables are
expressed as ratios to the corresponding first-best values, each
line, one at time. The first-best economy eliminates the LC and
MH constraints in rural and urban areas, respectively, so they are
identical and thus have the same variable values—region labels
lose any meaning in the first-best because one region is just a
clone of the other one. In contrast, with the financial obstacles
included, we see in Table 1 the additional implication that the
urban area consistently has values higher than those of the rural
area (i.e., more activity is concentrated there than in the first-
best, and less in the rural area). The top part of the table is thus
a tell-tale indicator of the relatively dramatic interregional flows
at the bottom of the table. Urban areas are importing 23% of the
overall capital used and 75% of the labor. Likewise, rural areas
are exporting 39% of their capital and 86% of their labor. This is
consistent with the direct and indirect evidence reported above.
Equivalently urban areas are 79% of the economy’s capital and
65% of its labor even though they account for only 30% of the
population.™

I Table 1 also reports numbers for aggregate and regional total factor productivity (TFP),
a commonly reported statistic in the macro-development literature. Aggregate TFP is
computed as TFP = Y /(K¥ L' ") where Y is aggregate output, K is the aggregate capi-
tal stock, L is aggregate labor, and v = ﬁ Regional TFP is computed in an analogous
fashion. Somewhat surprisingly, regional TFP in the LC region is 104% of first-best TFP.
This is due to a better selection of entrepreneurs in terms of their productivity. This is
despite one force that lowers productivity under LC, namely, talented entrepreneurs
who are constrained by wealth. However, a force for lower productivity in the MH
region is the lower effort due to that MH. Of course, the distribution of firm-level TFP
is masked by the aggregation. More detailed results are available upon request.

**Our preferred interpretation of the labor flows from rural to urban areas is as tempo-
rary migration, which is a particularly widespread phenomenon in developing coun-
tries (see e.g., ref. 28). This interpretation is consistent with our assumption that indi-
viduals are subject to the financial regime of their region of origin rather than their
workplace [e.g., individuals from the LC (rural) area are subject to LC and perfect risk-
sharing of residual productivity even though they work in the MH area (city)l. An
interesting extension would be to examine the feedback from temporary migration
to participation in risk-sharing arrangements back in the village, as in ref. 28.

Moll et al.

There are of course many other factors that distinguish cities
from villages and industrialized from agricultural areas, and we
listed some of these in the Introduction. Although we consider
these other factors to be of great importance for explaining inter-
regional flow of funds, we purposely exclude them from our the-
ory and focus on differences in financial regimes only, in effect
conducting an experiment that makes use of the model structure
and answers the following question: How large are the capital
and labor flows that arise from regional differences in financial
regime alone? Our framework generates a number of observed
rural-urban patterns by letting only the financial regime dif-
fer across these regions. In our model, without regional dif-
ferences in the financial regimes, urban and rural areas would
be identical with no factor flows occurring between the two
regions.

To explain why this is happening we proceed in steps, first
looking at the interest rate then the occupation choices and
related variables in each region (at the equilibrium interest
rate and wage and, of course, at our calibrated parameter
values).

Determination of the Equilibrium Interest Rate. The interest rate is
depressed relative to the rate of time preference in both regions,
but as we shall now see there are pressures for it to be far lower in
the LC rural area, if the domestic economy were not open across
regions.

Fig. 2 graphically examines the aggregate demand for and sup-
ply of capital at various parametric interest rates, as if the regions
were open to the rest of the world, and thus illustrates the deter-
mination of the equilibrium interest rate (as in ref. 29) for each
region separately, where the curves cross, as if it were a closed
economy (no regional or international capital flows).

Fig. 24 plots capital demand and supply for the MH regime
(solid lines) and contrasts them with demand and supply in
the “first-best” economy without MH (dashed lines). For each
value of the interest rate, the wage is recalculated so as to
clear the labor market. Fig. 2B repeats the same exercise for
the LC regime. The first-best demand and supply (the dashed
lines) are the same in the two panels and serve as a benchmark
to assess the differential effects of the two frictions on the in-
terest rate.

Consider first the MH economy in Fig. 24. Relative to the first-
best, MH depresses capital demand for all relevant values of the
interest rate. This is because MH results in entrepreneurs and
workers exerting suboptimal effort, which depresses the marginal
productivity of capital. The effect of MH on capital supply is
ambiguous and differs according to the value of the interest
rate. It turns out that this ambiguity is the result of a direct
effect and a counteracting general equilibrium effect operating
through wages. For a given fixed wage, MH always decreases cap-
ital supply (i.e., capital supply shifts to the left). This is due to a
well-known result: the inverse Euler equation of ref. 30, which
states that the optimal contract under MH discourages saving
whenever the incentive compatibility constraint Eq. 3 binds and
hence results in individuals’ being saving-constrained (see also
refs. 31 and 32). Lemma 1 in SI Appendix, section B derives
the appropriate variant of this result for our framework and dis-
cusses the intuition in more detail. However, counteracting this
negative effect on capital supply is a positive general equilib-
rium effect: Labor demand, and hence the wage, falls relative
to the first-best, resulting in more entry into entrepreneurship,
higher aggregate profits, and higher savings. The overall effect
is ambiguous, and in our computations capital supply shifts to
the right for some values of the interest rate and to the left for
others.

Contrast this with the LC economy in Fig. 2B. Under LC, cap-
ital demand shifts to the left whereas capital supply shifts to
the right. The drop in capital demand is a direct effect of the
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Fig. 2.

constraint Eq. 4, and it is considerably larger than the demand
drop under MH. That capital supply shifts to the right is due to
increased self-financing of entrepreneurs (refs. 23 and 26, among
others). As a result, the interest rate drops considerably relative
to the first-best, and more so than under MH. Obviously, the
size of this drop depends on the parameter A\, which governs how
binding the LC problem is. The value we use in Fig. 2 is the one
we calibrate, 1.80, but our findings are qualitatively unchanged
for many different values of .

The finding that the equilibrium interest rate is lower under
LC than under MH is present in all our numerical experiments
and under a big variety of alternative parameterizations we
have tried.

This is not surprising, given that Fig. 2 suggests that there are
some strong forces pushing in this direction. Foremost among
these is that, under MH, individuals are savings-constrained,
which, all else equal, pushes up the interest rate; in con-
trast, LC results in higher savings due to self-financing, which
pushes down interest rates. Also going in this direction is that
in practice LC results in a greater drop in capital demand
than MH.

The bottom line from this analysis of the interest rate is
that when the two regions are opened to capital (and labor)
movements, capital flows toward what would have been the
higher interest rate region, namely the MH urban area.** Labor
is complementary with capital and so the wage would have
been higher in the MH urban area, too, if it were not for
labor flows.

T11n particular, and as discussed in S/ Appendix, section F, the value for A can be mapped
to data on external finance to GDP ratios. That the interest rate under LC is lower
than that under MH is true for all values of X that are consistent with external finance
to GDP ratios for low- and middle-income countries. In contrast, it is easy to see that
for unrealistically large values of X the LC interest rate will necessarily be higher than
that under MH. This is because as A — oo the equilibrium under LC approaches the
first-best (the intersection of the dashed lines), which features an interest rate that is
strictly larger than that under MH.

¥ Note that we assume throughout that, although there may be cross-regional factor
flows, the economy is closed to the rest of the world. Of course, in reality the Thai
economy is not a closed economy. An extreme alternative would be to model a small
open economy where individuals can borrow and lend at a fixed world interest rate
of r* =1/B — 1. Under this alternative assumption, the LC (rural) area would expe-
rience massive capital outflows, and in particular ones that are larger than the ones
for the MH (urban) area. In reality, the Thai economy is likely somewhere interme-
diate between these two extremes, so that the insights from the closed economy
carry over.

6182 | www.pnas.org/cgi/doi/10.1073/pnas.1707055114

B
0.06
0.04
£ 002
4
»
o
(9]
§ 0
-0.02 ! - - -Demand, First-Best
" —— Demand, Limited Commitment
1 - - -Supply, First-Best
-0.04 v . — Supply, Limited Commitment

4 6 8 10 12 14
Aggregate Capital Stock

16 18 20

Determination of equilibrium interest rate: moral hazard (A); limited commitment (B).

Are Different Financial Regimes Necessary? In the working-paper
version (5), we also show that if we had followed much of the
macro development literature on financial frictions, and just
assumed those frictions, rather than imposing what we “see on
the ground” (i.e., infer from micro data), then we would not
be able to simultaneously match salient features of both the
meso and micro data. It is key that the type of financial regime
varies, as opposed to urban/industrialized and rural/agrarian
areas’ being subject to the same financial regime but with dif-
fering tightness of the financial constraint. To make this point,
we conduct the following experiment. We suppose that, instead
of MH, the central area is subject to the same form of LC as the
northeast area but with a higher, more liberal maximum lever-
age ratio. We show that to do as well as our benchmark economy
in terms of matching observed factor flows, we have to raise the
central leverage ratio to well beyond reasonable levels (close to
infinity).

Back to the Micro Data

The model has implications not only for meso variables such
as regional variables and interregional resource flows but also
for micro-level data. We first check on model-generated output
for some of the micro facts that led to our choices of financial
regimes, and then to “out-of-sample” predictions, looking at vari-
ables we have not heretofore explored.

First, in terms of adopted financial regimes we see in S/
Appendix, Fig. 6 that borrowing is increasing in wealth for the LC
regimes, at least at lower to midrange values for wealth (before
a wealth effect on leisure kicks in, resulting in lower effort, firm
productivity, and, indeed, entrepreneurship, as in SI Appendix,
Fig. 7). For the MH regime, there is no relation between wealth
and borrowing in this range (i.e., the relationship is nonincreas-
ing). Consistent with this, Paulson and Townsend (33) found
strictly increasing patterns in the northeast and decreasing pat-
terns in the central regional data.

Another implication of the model, displayed in SI Appendix,
Fig. 8, is the high degree of persistence of capital in the LC regime
relative to the MH regime. Karaivanov and Townsend (8) found
that the high degree of persistence in the rural data (figure 3 in ref.
8) was the main reason the overall financial regime was estimated
to be borrowing with constraints if not savings only, whereas the
MH regime was the best fit statistically in urban areas.

Next, in terms of out-of-sample predictions for micro data, we
see in Fig. 3 that the model-generated firm size distribution in
the urban area has more mass in the right tail, as is true in the
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data, in contrast with the rural area.’ Finally, we examined the
distributions of the growth rates of net worth and found that, as
in the data, there is more dispersion in wealth growth rates in
rural areas than in urban ones.

Counterfactual: Moving to Autarky

In this section we conduct a counterfactual policy experiment
using our structural model. We start with our integrated econ-
omy with realistic regions and calibrated parameter values and
then introduce wedges, reflecting either frictions or policies, that
restrict cross-sectional factor flows. For simplicity we consider
the extreme case of putting each region in autarky. We show
that there are interesting implications for macro and regional
aggregates and inequality. Table 2 plots our main variables of
interest at the macro and meso levels for an economy in which
each region is in autarky. Comparing these with the correspond-
ing numbers in our integrated baseline economy in Table 1, we
can assess the effects of a hypothetical move to autarky.

58The plots use the 2005-2011 waves of the Townsend Thai Data from four provinces
(Lopburi, Chachoengsao, Buriram, and Sisaket), which we described in detail in the
data section above. Firm size is defined as the sum of agricultural and business assets,
and we drop households who report zero holdings of each category, leaving us with
601 urban and 659 rural households. We chose assets as a measure of a firm’s size
rather than employment (as is perhaps more standard), because of the prevalence of
self-employed individuals (i.e., few paid employees) in the Townsend Thai data. For
comparison with the rural data, the urban data are winsorized at 1 million baht.
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Shutting down resources flows and moving to regional autarky
has interesting implications for regional aggregates, inequality,
factor prices, and TFP. In particular, a move to autarky would be
associated with households in rural areas experiencing increases
on average in consumption, income, and wealth; increases in
labor and capital used locally but decreases in the wage (and
in the interest rates); and drops in TFP. The reason that rural
aggregate TFP decreases is simple: Because rural capital and
labor can no longer be used in urban areas, the supply of these
factors is roughly 80% higher than in the integrated baseline
economy. Although regional income in rural areas increases it

Table 2. Moving to autarky

Aggregate

Variable economy MH/urban LC/rural

Income, % of FB 0.78 (0.78) 0.69 (1.37) 0.82 (0.52)
Capital, % of FB 0.74 (0.82) 0.75 (1.88) 0.74 (0.40)
Labor, % of FB 0.95 (0.92) 0.66 (1.65) 1.08 (0.60)
TFP, % of FB 0.91 (0.88) 1.00 (0.78) 0.89 (1.04)
Consumption, % 0.82 (0.87) 0.83 (1.05) 0.82 (0.79)

of FB

Wealth, % of FB 0.74 (0.82) 0.75 (1.45) 0.74 (0.55)
Wage, % of FB 1.10 (0.92) 0.76 (0.92)

Interest rate 0.027 (—0.009) —0.029 (—0.009)

For comparison the numbers in parentheses reproduce the corresponding
numbers for the integrated economy from Table 1. FB, first-best.
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increases by considerably less than 80% and therefore aggregate
TFP falls. Put differently, rural areas absorb the increased fac-
tor supplies by allocating them to somewhat less-efficient firms.
Local inequality also decreases. For urban areas it is the reverse,
although notably the movements in each of these variables is
much more extreme. Local inequality increases substantially. At
the national level, results are mixed: Although aggregate con-
sumption, wealth, and capital decrease, labor supply, income,
and TFP all increase. National inequality increases, particularly
at the bottom of the distribution (which drives an increase in the
Gini coefficient).

Our counterfactual experiment is interesting from the point of
view of recent discussions about urban—rural migration. In par-
ticular, urban or industrialized areas might contemplate restric-
tions on interregional labor migration with the belief that this
might be helpful to local residents, raising local wages. How-
ever, the results of our counterfactual experiment suggest that
this may backfire: If isolationist policies also bring restrictions on
the interregional flow of capital, then the overall impact can be
substantial drops in average income, consumption, and wealth
and large increases in local inequality.

Conclusion

More research is needed that takes seriously the microfinancial
underpinnings for macro models that use micro data to help
pin down these underpinnings, that looks into the possibility
that financial obstacles might vary by geography, and that builds
micro-founded macro models accordingly. We have done this for
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Supporting Information Appendix
A. More Details on Townsend Thai Data

All studies we describe in Section 1 use data from the Townsend Thai project which first started collecting data in 1997. The
initial sample in 1997 was a stratified clustered selection of villages, four randomly selected villages in each tambon (a small
sub-county), 16 tambons chosen at random with a province, and four provinces deliberately selected based on a pre-existing
socio-economic income and expenditure survey, the Thai SES survey, to take advantage of existing government data. Two
provinces were selected in the relatively poor agrarian Northeast and two in the developed Central region near Bangkok, to
make sure we had cross-sectional variety of stages of development. Within each village, households were selected at random
from rosters held by the Headman. In addition to the household survey, with 2,880 households, there are instruments for the
headman in each of the 192 villages, 161 village-level institutions, 262 Bank for Agriculture and Agricultural Cooperatives
(BAACQC) joint liability groups, and 1,920 soil samples. The first collection of data was in April/May of 1997. With the
unanticipated Thai financial crisis, and the goal of assessing the impact of this seemingly aggregate shock, we began in 1998
the first of many subsequent rural annual resurveys in 4 tambons (16 villages) in each of the original four provinces, chosen at
random. The scale then expanded to more provinces, so as to be more nationally representative: Two provinces in the South in
2003 and two in the North in 2004. An urban baseline and subsequent annual resurveys were added beginning in 2006, in order
to be able to compare urban neighborhoods to villages within each of the selected provinces. Finally, an intense monthly rural
survey began in August of 1998 in a subsample of the original 1997 baseline, 16 villages and 960 households, half in the Central
region and half in the Northeast, to get the details on labor supply, use of cash, crop production, and many other features that
are only possible to get accurately with frequent recall, high frequency data. For additional information on the Townsend Thai
Data, see (1).

B. More Details on Moral Hazard vs. Limited Commitment

This Appendix summarizes additional implications of moral hazard for individual choices and contrasts them with those of
limited commitment. We relegated these to an Appendix because many of these, particularly for limited commitment, are
already well understood from the existing literature.

Saving Behavior. We first present some analytic results that characterize differences in individual saving behavior in the two
regimes. These are variants of well-known results in the literature.

Lemma 1 Let u(c,e) = U(c) — V(e). Solutions to the optimal contracting problem under moral hazard Eq. (2)-Eq. (3), satisfy

e,t
U'(cit+1

U'(c) = AL+ reg1)Ex s (E , 1)) B

where E, + and E. + denote the time t expectation over future values of z and €.

This is a variant of the inverse Euler equation derived in (2), (3) and (4) among others. With a degenerate distribution for
ability, z, our equation collapses to the standard inverse Euler equation. The reason our equation differs from the latter is that
we have assumed that ability, z, is not insurable in the sense that asset payoffs are not contingent on the realization of z. Our
equation is therefore a “hybrid" of an Euler equation in an incomplete markets setting and the inverse Euler equation under
moral hazard.

If the incentive compatibility constraint Eq. (3) is binding, marginal utilities are not equalized across realizations of . One
well known implication of Eq. (5) is that in this case*

U'(cit) < B(L+ re1)Es ¢Ee iU’ (Cit41)- (6]

The implication of this inequality is that when the incentive constraint binds, individuals are saving constrained. It is important
to note that such saving constraints are a feature of the optimal contract.S The intuition is that under moral hazard there is
an additional marginal cost of saving an extra dollar from period ¢ to period ¢ + 1: in period ¢ + 1 an individual works less
in response to any given compensation schedule. Therefore the optimal contract discourages savings whenever the incentive
compatibility constraint Eq. (3) binds.

With limited commitment, the Euler equation is instead

U'(cit) = BE.¢ [U/(Cit+l)(1 + 1) + Viz+1)\]
where v;¢4+1 is the Lagrange multiplier on the collateral constraint Eq. (4). If this constraint binds, then
U'(cit) > B(L+ rep1)Ez U (civgr). [7]

Contrasting Eq. (6) for moral hazard and Eq. (7) for limited commitment, we can see that in the moral hazard regime
individuals are savings constrained and in the limited commitment regime, they are instead borrowing constrained. I' Finally,
note that under limited commitment only the savings of entrepreneurs are distorted because only they face the collateral
constraint Eq. (4). In contrast, under moral hazard the savings decision of both entrepreneurs and workers is distorted because
both face the incentive compatibility constraint Eq. (3). As discussed in the main text, this is reflected in the equilibrium
interest rate. Individual savings behavior is one prediction in which the two regimes differ dramatically.
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Proof of Lemma 1:  The Lagrangean for Eq. (2) to Eq. (3) is

L= Zpe\ {U(cle)) = V(e) + BE.v[a (¢), ']}

T+ l(l +r)a+ Y plele) falzef(k,€) — wl — (r + 6K + (1 - )we} — 3 plele) {e(e) + a'(&-)}]

+Z e,é,x [Zp c(€)) = V(e) + BE.v[a’(e), 2]} — Zpe\ {U(c(e)) = V(&) + BEv[a ()z’]}]
The first-order conditions with respect to c(¢) and a’(¢) are

vp(ele) = p(ele)U' (c()) + Y ule,é,z)[p(ele) — p(ele)]U (c(e))

e,é,x

Up(ele) = plele)BEva(a’(2),2) + Y (e, e, 2)[plele) — plelé)]E-rva(a'(6), ')

e,é,x

Rearranging

<
=
o
2
m
&
=
< | =

[p@e) + Y (e, 7)[plele) - p(g@]] 8]

% -z lp(ae) + 3 ule e, )lp(ele) —p<s|é>1] 9
Summing Eq. (8) over ¢,

plele) _
2 ) =

€

<=

The envelope condition is

va(a,z) =91 +r)=(14r) <Z UIj((i(?))> [10]

From Eq. (8) and Eq. (9)
U'(c(e)) = BE.iv.(d (g),2") [11]
Combining Eq. (10) and Eq. (11) yields Eq. (5).0

C. Accounting: The Intermediary and Capital Accumulation

The purpose of this section is to spell out in detail how capital accumulation works in our economy. For simplicity we impose
from the get-go that the economy is in a stationary equilibrium so that the interest rate is constant at value r. The intermediary
has two sources of income: it contracts with households and may obtain some income from that activity; it also owns and
accumulates capital and rents that capital to households. The intermediary’s total income stream in period t is

1
/ (yir — cit)di + RKy — I [12]
0

where y;; is the income stream generated by household i, ¢;; is the consumption assigned to household ¢ under the optimal
contract, R is the rental rate of capital, K; is the capital stock and I; is investment. Capital accumulates according to

Kt+1 =1; + (1 —5)Kt

where § is the depreciation rate. The intermediary maximizes the PDV of the income stream in Eq. (12):

]

1 1
VO_;M/(% Cit) dH-Z 1+ )(RKt Iy)

:=Qo

Using standard arguments, this value equals Vo = Qo + (1 + r) Ko and the rental rate of capital equals R = r + § to prevent
arbitrage. The same relation also holds at all other times ¢

1+r

s=t

‘/;:Qt+(1+T)Kt, Qt :Zﬁ/ (yis_Cis)di
0
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The interpretation is that Q; is the equity value of contracting with households, (1 + r) K is the equity value from owning and
renting out capital and the total equity value V4 is the sum of the two (the presence of the term rK; is due to an awkward
timing issue in discrete time — in continuous time we would simply have V; = Q¢ + K¢). We assume that there is free entry into
the intermediary market. Free entry implies that the intermediary’s total equity value Vi equals zero at each point in time:

Note that the intermediary’s contracting problem can conveniently be broken up into a continuum of sub-problems, namely
those of contracting with each individual household i. In particular

oo

1
. Yis — Cis
Q= / girdi, git = Eq sy [14]
o Z (]_ + 7')5 t

s=t

The variable ¢;: has the interpretation of the equity value that the intermediary attaches to contracting with a particular
household i. As we show below, it is convenient to formulate the problem as that of maximizing ¢;;. It is also useful to keep
track of each household’s wealth a;;. As explained above, given a;o, it evolves according to Eq. (1). In present value form

e}

Yis Cis
= E - 4+ (1+ it-
" =t (I4+7)s—? ( r)ai

From the definition of ¢;; in Eq. (14) therefore
0=qi+ (1 -+ T)Cbit [15]

This says that the sum of the equity value of the intermediary ¢;: and the net worth of the household it contracts with a;:
has to be zero (the presence of the term ra;; is again due to an awkward discrete-time timing issue — in continuous time the
analogue of condition Eq. (15) is simply ¢it + a;x = 0). That is, whatever is the intermediary’s gain is the household’s loss.
Note that, while aggregate Q; is fixed in a stationary equilibrium, the individual g;+’s move around over time depending on the
sequence of idiosyncratic shocks experienced by households. Eq. (15) also implies another useful property. From the zero-profit

condition Eq. (13), we have
1
/ aitdi = Kt
0

i.e. total household wealth in the economy must equal the total capital stock. When solving for the economy’s equilibrium in
practice, this is the capital market clearing condition we impose.

D. From Promised Utility to Wealth: Inverting the Pareto Frontier

We here show how our formulation of the contracting problem under moral hazard with wealth as the relevant state variable,
Eq. (2) to Eq. (3), is related to a more familiar formulation of an optimal dynamic contracting problem under private information
with promised utility as the state variable. In particular, we show that there is optimal insurance against residual productivity
shocks, ¢, (in a sense defined precisely momentarily) but no insurance against ability shocks, z. Our key result is Proposition 1
below which shows that, for the special case in which there are only residual productivity shocks and ability is deterministic,™”
our formulation is equivalent to an optimal dynamic contracting problem. That is, there is optimal insurance against residual
productivity shocks (subject to incentive compatibility) in this special case. The more general formulation Eq. (2) to Eq. (3) is
then simply this special case with uninsurable ability shocks “added on top".

Equivalence for Special Case with only Residual Productivity () but no Ability (z) Shocks.

Standard Formulation with Promised Utility.  As we showed in Section C the intermediary’s problem can be conveniently broken
into a continuum of sub-problem, namely to maximize the equity value ¢;: from contracting with a particular household i. We
here consider this problem for one particular household i. For simplicity, we drop the i subscript. The problem is:

oo

ys — Cs
q =E: Z W (16]

s=t

subject to providing promised utility of at least W; to the household

E: Z ﬂTﬁtU(Cn 67—) > Wy

T=t

and an incentive compatibility constraint for the household. Assume that there are only residual productivity shocks (¢) and
that entrepreneurial ability (z) is deterministic and fixed over time. Without loss of generality, set z = 1. To simplify notation,
define by Y (e, e) an household’s income given optimal choices for capital, labor and occupation

Y(e,e) = max {zlef(k,l) —wl — (r + 0)k] + (1 — x)we}.
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If Wy = W is promised to the household, the intermediary’s value ¢ = Q(W4) satisfies the Bellman equation

QW)= max Zp<s|e> Yo —c@+a+nTWEN} st
Zp gle) {u ), e] + BW' (e } Zp elé) {u[c &+ BW'( )} Ve, é P1]
Zpd {u ), €] + BW'( )}:W

Equivalence: As explained in Section C, the intermediary’s equity value g; and the net worth of the household it contracts
with satisfy Eq. (15): whatever is the intermediary’s gain is the household’s loss. The key idea is to use this relation to establish
a useful equivalence result.

Proposition 1 Suppose the Pareto frontier Q(W) is decreasing at all values of promised utility, W, that are used as continuation
values at some point in time. Then the following dynamic program is equivalent to Eq. (P1)

vla) = ercle)a (&) Zp€| {u[c e] + Bufa ]} s.t.
2 plele) {ulele)sel + Pold @1} 2 3_p(eld) {ule0)e + Sola' )]} e P2
Zp(g|e) o) +a'(e)} = Zp ¢) + (1 +7)a

Proof: The proof has two steps.

Step 1: write down dual to Eq. (P1). Because the Pareto frontier Q(W) is decreasing at the W under consideration, we can write
the last constraint of Eq. (P1) (promise-keeping) with a (weak) inequality rather than an inequality. This does not change the
allocation chosen under the optimal contract.’” The dual to Eq. (P1) is then to maximize

Vig) = Zp ) {ule(e),e] + BV[¢ ()]} st.

e C(6)74 (¢)
Zp e+ BVId ()]} > Zp L€+ BV[q (e)]} Ve,é P
Zp<s|e> {Y(ee)—cle)+(1+ m*lq'(s)} >q.

where ¢ = Q(W). Because Q(W) is decreasing, its inverse V(q) is also decreasing. We can therefore replace the inequality in
the last constraint of Eq. (P1’) with an equality.

Step 2: express dual in terms of asset position rather than profits. The second step is a simple change of variables. In particular, we
use the present-value budget constraint Eq. (15) to express the problem in terms of assets rather than the PDV of intermediary
profits. To this end, let

g=—a(l+7), ¢(e)=—d ()1 +7). [17]
Substituting Eq. (17) into Eq. (P1’) and defining v(a) = V[—(1 + r)a], yields Eq. (P2) and proves the desired result.C]

General Case: Comparison of Our Formulation with Optimal Contract. Optimal Contracting Problem. Consider the
following problem: maximize intermediary profits

Etzn 1—|—r

subject to providing promised utility of at least W; to the household

E; ZﬂTﬁtu(CT,eT) > W

T=t

and an incentive compatibility constraint for the household. If W; = W is promised to the household and its current ability
shock is z; = z, the intermediary’s value ¢ = Q(W4, z¢) satisfies the Bellman equation

Q(W,z) = max Zp(s|e) {Y(s, ze) —c(e)+ (1 +7) "EL QW' (e), 2 ]} s.t.

e,c(e),W'(e)
Zp6| {ule(e), el + W' ()} > Zp L&+ W ()} Ve, e 3
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where
Y(e, z,e) = max {x]zef(k,€) —wl — (r +0)k] + (1 — z)we}

Compare this formulation to the one used in the main text, Eq. (2) ~Eq. (3). Note that under the optimal contract Eq. (P3),
utility W (e) cannot depend on 2’. That is, the principal absorbs all the gains or losses from z shocks. In contrast, in the
formulation in the main text, Eq. (2)-Eq. (3), it is the reverse: the agent’s utility varies with 2’ and its wealth does not. Since
agent wealth is a negative scalar multiple of the principal’s utility (profits) this means that the principal’s welfare is made
independent of 2’. Exactly the reverse as in Eq. (P3). To see this even more clearly, shut down residual productivity shocks,
e = 1 with probability one. Then the formulation in the main text, Eq. (2)-Eq. (3) is an income fluctuations problem, like (5),
(6) or other Bewley models. But Eq. (P3) is just perfect insurance, with a risk neutral principal.

E. Numerical Solution: Optimal Contract with Lotteries

When solving the optimal contract under moral hazard Eq. (2)-Eq. (3) numerically, we allow for lotteries as in (7). This
section formulates the associated dynamic program.

Simplification ~ Capital, labor and occupational choice only enter the problem in Eq. (2) through the budget constraint in
Eq. (2). We can make use of this fact to reduce the number of choice variables in Eq. (2) from six (e, z, k, £, c(€), a’(€)) to three

(e,c(e),ad (g)).

Entrepreneurs solve the following profit maximization problem.

(z, e;w,r) = max gle)zf(k, ) — (r+ o)k —wl, £&e)= Zp(de)e.

’

Note in particular that capital k£ and labor ¢ are chosen before residual productivity e is realized (see the timeline in Figure 1).
With the functional form assumption in Eq. (27), the first-order conditions are

azE(e)k® N =146, ~zE(e)k T =w

These can be solved for the optimal factor demands given effort, e, talent, z and factor prices w and r.

* _ 1 (% 1i;17 Y\ T—a—~
K (e zmw,r) = @@= (25) 7 (2)

oo
ez = (@)= (55) T (1)
Realized (as opposed to expected) profits are
(e, 2, e;w,r) = zek(e, 2w, ) Ue, 2w, )7 — wl(e, z;w,7) — (r + 8)k(e, 2w, )

Substituting back in from the factor demands, realized profits are

T(e, 2, e w, ) = (5(56) —a—w) (28(e)) 2= ( o )1_;_7 (%) e (18]

and expected profits are

I _ —1 6] 1—3—7 ’y) T—a—~
f(z,e;w,r) = (1—a— == X 19
(reiwm) = (1 —a—y) ()= (=25) 7 (2 it
The optimal occupational choice satisfies (note that agents choose an occupation before ¢ is realized):

z(z,e;w, r) = arg max {a,‘l:[(z, e;w,r)+ (1 — x)wé(e)}

Given a realization of £, those who choose to be entrepreneurs realize profits of Eq. (18) and those who choose to be workers
realize a labor income of we. Therefore, realized (as opposed to expected) surplus is

S(e,z,e;w,r) = x(z, e;w,m)(e, 2, e;w, ) + (1 — x(e, 2; w, ) )we.

Using these simplifications, the budget constraint in Eq. (2) can then be written as
Zp(a\e) {c(a) + a'(e)} = Zp(€|e)S(57 z,e;w,r) + (14 7)a. [20]
€ £
As already noted, the advantage of this formulation is that it features three rather than six choice variables.
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Linear Programming Representation A contract between the intermediary and a household specifies a probability distribution
over the vector
(C7 57 67 a/)

given (a,z). Denote this probability distribution by 7(c,¢,e,a’|a,z). The associated dynamic program then is a linear
programming problem where the choice variables are the probabilities 7(c, ¢, e, a’|a, 2):

v(a,z) = e EH;EZ)/(‘G . Z n(c,e,e,d’|a, 2) {u(c7 e) + BEuv(d/, z/)} s.t. [21]
c,e,e,a’

Z 7(c,e,e,a'|a, 2) {a' + c} = Z 7(c,e,e,a'|a, 2)S(e, e, z;w,r) + (1 + r)a. [22]

c,e,e,a’ c,e,e,a’

Z 7(c,e,e,a'|a, 2) {u(c, e) —l—ﬂEv(a’,z')} > Z 7(c,¢,e,a’|a, z)p(?i) {u(c, é) —l—ﬂEv(a/,z')} Ve, é

c,e,a’ c,e,a’

Z7r(c,a7e,a'|a7 z) = p(ele) Z n(c,e,e,a’la, 2), Ve, e [23]

c,a’ c,e,a’
Eq. (22) is the analogue of Eq. (20). The set of constraints Eq. (23) are the Bayes consistency constraints.**

Bounds on Consumption Grid ~ To solve the optimal contracting problem, we follow (8) and (7) and constrain all variables to
lie on discrete grids. In order for the discretized dynamic programming problem to be a good approximation to our original
problem, it turns out to be important to work with relatively fine grids, particularly for consumption. To achieve this with a
limited number of grid points, we choose as tight an upper bound on the consumption grid as possible and adjust it when
prices change. In particular, given (w,r), the upper bound is chosen as

c(w,r) =ra+ maX{H(EH, Z, & w,r), wsH},

for any given (w,r), where a,a and so on are the lower and upper bounds on the grids for wealth and other variables, and
where the profit function II is defined in Eq. (18). These are the minimum and maximum levels of consumption that can be
sustained if the agent were to choose a’(¢) = a in Eq. (2). Note that this bound is tighter than what is typically chosen in the
literature. After solving the dynamic programming problem, we verify that consumption never hits the upper bound. Table 1
lists our choices of grids.

Table 1. Variable Grids supply.5® The production function is Cobb-Douglas

ezf(k,l) = ezk™0". [27]
Variable grid size grid range
Wealth, a 30 [0, 200] We assume that a + v < 1 so that entrepreneurs have a
Ability, = 15 [z.2] limited span of control and positive profits. We assume the
Consumption, ¢ 30 [0'00021751(iw7r)] following transition process p(z2’|z) for entrepreneurial ability
Eg;crlter;cy, € z [TO ;61]] following (10) and (11): with probability p a household keeps
: — its current ability z; with probability 1 — p it draws a new
entrepreneurial ability from a discretized version of a truncated
Pareto distribution whose CDF isTY
F. Calibration o 1—(2/2)¢
z = )
This Appendix discusses the functional forms and our calibra- ) 1—(2/2)¢

tion. where z and z are the lower and upper bounds on ability. We

further assume that residual productivity takes two possible

L H 1
Functional forms ~ We assume that utility is separable and  values € € {€”,e"} and that the probability of the good draw

isoelastic $50ur numerical results were computed using the separable utility function in Eq. (26). Itis well-

known that in moral hazard problems, the functional form of the utility function can be important,
in particular whether it is separable. To explore this, we have also computed results for the case
where the utility function takes the non-separable form proposed by (9), i.e. there is no wealth effect.
_ This matters for some results but not for others. For example, the occupational choice patterns in
=X 1+ 1/%7 ’ the MH regime are now different because there is no longer a wealth effect making rich individuals
[26] less likely to exert effort and hence less likely to be entrepreneurs. It should also be relatively

easy to compute results for alternative (say CES) production functions, and talent and residual

and that effort7 e, can take values in some bounded interval productivity distributions, but we do not have any strong reasons to believe that these would yield

[e,€]. The parameter o is the inverse of the intertemporal ifferentresults.

.. . . . . The probability distribution of = conditional on z is therefore (2’|2) = pd(z" — 2) + (1 —
elasticity of substitution and also the coefficient of relative /"7 e 5", ) s the Dirac delta function centered at = and (=) — (=) is the

risk aversion. The parameter ¢ is the Frisch elasticity of labor  PDF corresponding to w.

Cl—a‘ €1+1/4p
u(c,e) =U(c) —V(e), Ule)= , V(e
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depends on effort as follows:

H 1 e—¢
p(le) = (1-)5 +65—=.
The parameter 6 € (0, 1) controls the sensitivity of the residual
productivity distribution with respect to effort (and recall that
e and € are the lower and upper bounds on effort). Note that
under full insurance against €, what matters for the incentive
of a household as agent to exert effort is only 6 relative to the
disutility parameter x. That is, since x scales the marginal
cost of effort, and 6 scales the marginal benefit, what matters Fig. 2. Urbanization Across Thai Provinces
is the ratio x/0.

Calibrated Parameter Values Table 2 summarizes the parame-
ter values we use in our numerical experiments. We split the
parameter values into two groups, corresponding to panels A
and B in the table. Those in the first group (panel A) are taken
from other studies. Those in the second group (panel B) are
internally calibrated with a mean squared error metric against
regional aggregates, as we describe below. This division has
in part to do with the confidence we can place in earlier esti-
mates in the literature and our desire to calibrate ourselves
key parameters that have to do with the damage caused by
the various financial frictions. We also wanted to limit the
number of free parameters to no more than the moments in
the data we try to fit.””

Consider first the parameters in panel A. The preference
parameters f3, ¢ are set to standard values in the literature. !’
The coefficients on capital and labor are 0.3 and 0.4, coming
from those in (14) and (17). This implies returns to scale
equal to a4+ = 0.7 which is close to values considered in the
literature.¥#* The one-year depreciation rate is set at § = 0.08.

Two other parameters that are given here, z and ¢, are nor-
malizations that take on meaning when their counterpart is cal-
ibrated below. Specifically the lower bound on entrepreneurial
talent is set to z = 1 and the upper bound on talent is cali-
brated below; likewise we set the value of the high residual
productivity draw to e = 2, and the lower productivity draw
is calibrated below. Finally we set the population fraction in
urban areas to ¥ = .3. This number comes from the Housing
and Population Census of Thailand for the year 2000 which
reports an urban population share of .31 and we rounded this
number consistent with grids on the fraction ¥ we have been .
using.

This aggregate number naturally masks a fair amount of
heterogeneity in urban population shares across geographic
areas. Figure 2 plots the percent of the population living in
urban areas for different Thai provinces. Urbanization rates
are lowest in provinces in the country’s Northeast. But note
that even in provinces with very low urbanization rates, some
percentage of individuals live in urban areas, i.e. there is no
province in which zero percent of the population live in urban
areas. Conversely, there is only one province (Bangkok) which
is 100 percent urban. For context see Figure 3 of the Townsend
Thai surveys denoting in detail for the province of Lopburi
both urban and rural areas selected.

Legend

D Poly_Region
pct of urban pop
7:15

16-20

P 225
B -0
| ER

***Note that our model is highly nonlinear so counting parameters and equations is not the correct

metric (as it would be for a set of linear equations). We were nevertheless worried about overfitting.
T Perhaps the most challenging among these is the Frisch elasticity ¢. For instance (19) argues that
arange of 1/2 to 4 covers most values that either micro- and macroeconomists would consider
reasonable (¢ = 4 corresponds to the value in (20)). (18) find even lower values in direct use of
the monthly labor data.
e Eor example, (10) and (11) set returns to scale equal to 0.79.
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Table 2. Parameter Values in Benchmark Economy

A. Parameters based on estimates from Thailand (and other studies)

Parameter Value Description Source
B 1.09-1 discount factor set to deliver Thai
%) 1 Frisch elasticity of effort supply KT, PTK, BCTY
« 0.3 exponent on capital in production function PT1, PT2, BBT
ol 0.4 exponent on labor in production function PT1, PT2
1) 0.08 depreciation rate ST
[ 0.3 fraction of population in urban areas Thai Population Census

B. Parameters Calibrated to Meso Data

Parameter Value

Description

o 2.30
X 0.89
0 0.44
el 0.19
p 0.82
¢ 117
z 4.71
A 1.80

inverse of intertemporal elasticity of substitution
disutility of labor

sensitivity of residual productivity to effort

value of low residual productivity draw
persistence of entrepreneurial talent

tail param. of talent distribution

upper bound on entrepreneurial talent
tightness of collateral constraints

Notes: The table uses the following abbreviations for sources. PTK: (12), KT: (13), PT1: (14),

PT2: (15), ST: (16), BBT: (17), BCTY: (18).

Fig. 3. Urban and Rural Areas selected in Lopburi Province

LOPBURI

@ Urban Surveyed Village
©  Rural Suveyed Village

www.pnas.org/cgi/doi/10.1073/pnas. XXXXXXXXXX

Table 3. Moments Targeted in Calibration

Moment Data  Model
Aggregate rural income 0.254  0.382
Aggregate urban consumption 0.747  0.599
Aggregate rural consumption 0.430 0.451

Aggregate urban capital used in production  2.644  3.711
Aggregate rural capital used in production 1.323 0.787
Aggregate rural wealth rel to urban wealth 0.291 0.382
Urban entrepreneurship rate 0.58 0.507
Rural entrepreneurship rate 0.69 0.519

Notes: The first five moments are expressed as ratios to annual income
in urban areas. The moments in the data are computed from the
monthly data of the Townsend Thai project.

For our own calibration here we use a method of moments
type estimation, that is find parameter values which minimize
a weighted normalized difference between certain key regional
aggregates in the model and the data. These are summarized
in Table 3. We here provide a brief overview. More detail,
including the objective function our procedure minimizes can
be found at the end of this Appendix. The data for income,
(nondurable) consumption, capital and wealth come from the
monthly data of the Townsend Thai project, where we have
complete financial accounts, as described earlier. The dif-
ference between capital and wealth (net worth) is that the
former is machinery and equipment used in agricultural and
business, excluding land whereas the latter covers all assets
and all liabilities. We distinguish the central developed region
from the less developed Northeast. Roughly, the variables
in the data are anywhere from 75% to 4 times larger in the
Central region (reported more precisely below). The means we
analyze are time and household averages. Of course there are
outliers which influence the means so we have winsorized all
variables at the 95% level, except for capital, which has more
extreme values, so we winsorized at the 90% level. As already
discussed in the context of Figure 2, urbanization is higher in
the Central region than in the Northeast. In the calibration
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www.pnas.org/cgi/doi/10.1073/pnas.XXXXXXXXXX

below we therefore use the Central region as a stand-in for
urban areas and the Northeast as a stand-in for rural areas.

Of course neither the Central and Northeast regions are
purely urban or rural and each province instead contains both
urban and rural areas (see Figure 2). We have therefore also
checked the numbers in the annual data of Townsend Thai data
where we can split the sample according to whether households
live in urban or rural areas (and not just according to province).
The overall patterns are similar, though the urban-to-rural
ratios are less amplified, with income, capital and wealth being
between 34% and 68% higher in urban areas. These types of
differentials also appear for income and consumption in the
Socio-Economic Survey (SES).

The numbers for income, capital, and consumption in Table
3 are in nominal Thai baht and we convert to model units
by normalizing by income in the Central (moral hazard) re-
gion, as we do in the model simulation. We also try to match
only relative wealth, the ratio of Northeast (rural) to Central
(urban) since we remain worried about the levels which as
noted include land, something the model does not have. The
percentage of entrepreneurs is from the annual urban vs rural
resurveys (21) and requires no normalization. The percent-
ages are high, and surprisingly higher in rural areas relative
to urban (though rural includes farms). To summarize this
discussion and calibration, and to report precise values, the
eight moments we attempt to match are in Table 3.

A quick summary of the fitted values against the targets
should include the fact that the ratio of rural to urban income
is about 1/4 in the data and 1/3 in the model.5%% Consumption
in rural areas is close when comparing the model to the data, in
urban areas less so. The capital to income ratio in the model is
high relative to the data in the Central region and lower in the
Northeast. Yet we do reasonably well with the relative wealth
ratio, despite putting lower weight on this moment. We are
somewhat underpredicting the level of enterprise, especially
in rural areas (as anticipated). With the exception capital
used in production, the model generated moments tend to
understate the differentials in the monthly data, specifically
for income, consumption, and wealth, but these same model
model generated models are of a similar order of magnitude to
the differentials in income and consumption in the urban/rural
annual data (where wealth is unfortunately not well measured).

The best fitting parameter values are those in panel B of
Table 2. The value for risk aversion o = 2.3 is in a reasonable
range, in particular it is within the range estimated by (22)
for Thailand. As noted earlier, under full insurance against ¢
only the ratio of labor disutility to the productivity of effort
matters, namely ¥ = x/60 matters and our calibrated value of
0.89/0.44 = 2.02 lies in the range usually considered in the
literature. 99

Next consider the parameters governing the ability and
residual productivity processes. The persistence of en-
trepreneurial talent is calibrated at p = 0.82. This is consistent
with empirical estimates (Gourio, 2008; Collard-Wexler, Asker
and DeLoecker, 2011), and similar to the parameter value
used by Midrigan and Xu (2014) (0.74, see their Table 2).
We calibrate the tail parameter of the talent distribution to

§§§The model has a hard time getting close and we backed off setting the weight on this to one in our
calibration as it was driving other results.

1HHTThe macroeconomics literature typically assumes that 6 = 1 so that effort translates one for one

into efficiency units of labor. In this case x = x and only this utility shifter has to be calibrated.
See for example (20) and (19) who use a similar value for x as we do.

Moll et al.

¢ = 1.17 which is only slightly higher than what would corre-
spond to Zipf’s law if the Pareto distribution were unbounded.
The upper bound of talent z is 4.7 times the lower bound z.
This talent range is in line with that typically considered in
the literature (for example see 10, 11, although their Pareto
distributions feature thinner tails).

Finally, for our benchmark numerical results, we calibrated
the key parameter A governing the tightness of the collateral
constraints, equation Eq. (4), to A = 1.80. In our limited
commitment economy, this results in an external finance to
GDP ratio of 2.057 which is close to the values of the 2011
external finance to GDP ratios of Thailand (1.963) and China
(2.033).17

Objective Function for Calibration. We here describe in more
detail the procedure we use to arrive at the parameter val-
ues summarized in panel B of Table 2. We denote by
0 = (0,x,0,e%,p,¢, 2, \) the 8 x 1 vector or parameter values,
by m the vector of moments in the data and by d(©) the
vector of corresponding model-generated moments. We choose
6= arg min F(©)QF(0) where F(O) d®) —m
28]
where Q is a 8 x 8 positive definite weighting matrix. The
reason for rescaling d(0©) —m by m is so as to make sure that
different units across moments do not affect things too much.*®
For the weighting matrix (2, we choose a diagonal matrix with
diagonal elements (w1, ..., ws) so that Eq. (28) becomes

8

i di(©) ?
e — 3 . . 2 _ . 7/ J—
O = arg rrgn E wi F3(0©)° = Eﬁl w; ( i 1>

i=1

Our eight target moments are ordered as in Table 3. As
discussed in the main text, we use the following weights

([ GDP*\ _

oMH

e (GDPMH> =1
cLC

ws =w (GDPMH> =1
KMH

e <GDPMH> =1
KLC

we T <GDPMH> =1

wikc

we = w (WMH) =0.5

w7 = w (%Entr.MH) =1

ws = w (%Entr.Lc) =1

The minimized objective F(©)'QF(0) equals 0.3107 and the
resulting moments d(©) and their counterparts in the data m
are reported in Table 3.

17 These numbers are from (23). External finance is defined to be the sum of private credit, private
bond market capitalization, and stock market capitalization. This definition follows (10). See also

their footnote 9.
d(©)—m

VId(©)m]|

18We have also experimented with F(©) = with very similar results.
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We have chosen a standard macro calibration as is typical
in the literature. We could potentially have done GMM esti-
mation on one of our samples only. Though this would have
allowed bootstrap standard errors of moments in the data, it
would have masked the variation across alternative data sets
we have featured. As one of our recurrent themes is big data,
a more narrow focus seems inappropriate. Studies using mul-
tiple data sets typically put zero covariances in cross sample
block-off-diagonal variables. The other part of GMM, deriva-
tives of model generated moments with respect to parameter
variation is reported in part in (24) though at a different set
of benchmark parameter values. The important bottom line
is that patterns in model-generated data are robust.

G. Supplementary Figures

Fig. 4. Borrowing and Lending
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1. Introduction

This paper provides a theoretical framework for understanding the allocation, risk,
and return on productive real capital assets across activities and sectors in an economy
characterized by idiosyncratic and aggregate risk and thin formal markets for real and
financial assets. We apply our framework to households running farm and non-farm
business enterprises in rural and semi-urban Thai villages with extensive family
networks, taking advantage of unusual panel data, a monthly household survey over 156

months that measures income, assets, consumption, gifts, and loans.

Our framework allows us to quantify and decompose the risk faced by households
running these business enterprises into two components: (1) aggregate, non-diversifiable
risk, and (2) idiosyncratic, potentially diversifiable, risk. In particular, we are able to
estimate the risk premia for the aggregate and the idiosyncratic risk components
separately. We find that these two risk premia are quite different from each other,
specifically, much higher for the aggregate risk than for the idiosyncratic risk. The
distinction thus matters for backing out accurate measures of underlying productivity,
risk-adjusted net returns, i.e., what remains after subtracting risk premia from expected,

average returns.

Many households in our data face relatively more idiosyncratic risk but this risk
carries a low risk premium. For these households, although the quantity of idiosyncratic
risk can be high, not much of it is borne by the household as it is diversified away to a
considerable degree. Thus these households have low risk premia and, with not much to
subtract, net returns are relatively close to unadjusted returns. In contrast, other
households in the data bear considerably more aggregate risk than idiosyncratic risk. As
this aggregate risk cannot be diversified away, it bears a high risk premium. Thus
unadjusted returns for such households can seem quite high, but the net returns after

subtracting the risk premia, i.e., the measures of their latent productivity, are low.



This in turn has important policy implications. To the extent that a community
faces aggregate risk, there is little more that could be done within the community itself to
alleviate that risk. Aggregate risk is not entirely exogenous, however. Under our
framework, aggregate risk is chosen optimally as sectors and activities within and across
households, but beyond that there is little the community can do ex post. On the other
hand, idiosyncratic risk is in principle diversifiable, hence one can think about potential
policy improvements, e.g., improved ex ante insurance products within the community or
ex post government transfers. Therefore, the distinction between aggregate and

idiosyncratic risk is important for policies that are geared toward risk sharing.

Other policies addressing credit constraints, financial access, and occupation
choice also hang on the distinction between aggregate and idiosyncratic risk. The
relatively poor households in the village economies of our sample are engaged in
production activities with high expected returns. Thus they might appear to be credit
constrained in the usual, stereotypical sense. But these poor households face high
aggregate risk, and also idiosyncratic risk. Adjusting for each of these risks appropriately,
with differential risk premia, we find that poor households in the more developed region
of the country have net returns which are actually lower than the relatively wealthy in
that region. So poor households in the developed region seem constrained after all but in
a different sense: they are not constrained within their chosen sectors and activities but
rather are constrained away from the activities with the highest returns net of risk premia
that are available for richer households. Further, the returns of the relatively poor in the
less developed, agrarian region are not different from those of the relatively wealthy in
that region, after adjusting for risk premia. Thus poor households are not credit

constrained in the usual sense, either.

Our framework and the results are made clear by a comparison of two extreme

benchmarks. A full risk-sharing benchmark, not with ex ante asset trades but with ex post



transfers of consumption goods contingent on output, delivers the prediction that only
aggregate covariate risk contributes to the risk premium. In contrast, an autarky
benchmark would predict that aggregate and idiosyncratic risks should enter the risk
premium with the same weight because total risk faced by the household business is
simply the sum of the risk from each component. In the data, the risk sharing benchmark
picks up a large part, though not all, of the variation in risk premia. There is a residual,
smaller part due to idiosyncratic risk, but otherwise it is substantially diversified away.
More specifically, a financial autarky model that would simply adjust for total risk, that
is, with equal weight on aggregate and idiosyncratic risk factors, is rejected in the data.
Intermediate models which allow substantial though less than perfect risk sharing fit the

data best.

This finding, derived entirely from production and rate of return data, is highly
reminiscent of findings in the literature on risk sharing using consumption and income
data (Townsend 1994). The full risk sharing benchmark is typically rejected, and so are
the borrowing-lending or buffer stock financial regimes. The best fitting models typically
lie between these extremes, sometimes closer the former than the latter. Here we take a
direct look at this issue: we use the consumption as well as gifts and lending data from
the same sample of households and establish a consistent picture of what we are seeing
on production and consumption sides. Idiosyncratic shocks to rates of return are
positively correlated with gifts-out and lending as the full insurance benchmark would
suggest. Still, in consumption risk sharing regressions, these same idiosyncratic shocks
do nevertheless move consumption, with positive but quantitatively small coefficients. So
indeed households do bear some of the idiosyncratic risk and that is why there remains
risk premium for idiosyncratic risk. Yet, the idiosyncratic risk premium is small relative
to risk premium associated with aggregate shocks which in the data move both
production and consumption. To the best of our knowledge, little previous work has
analyzed risk sharing of the same households in the same sample using data from both

consumption and production sides.



What we study in this paper is related to recent, important literatures in
development, macroeconomics, and finance that focus on rates of return. In development
economics, there is relatively sparse cross-referencing between risk and return concepts.
Although there is literature on risk and the vulnerability of poor households as well as
studies on returns on household enterprises as a source of household income, many of
them do not explicitly consider risk premium as a part of the return. For example, there is
existing literature showing that the impact on revenue of additional investments can be
high, particularly with respect to small investments (for example, De Mel, McKenzie, and
Woodruff 2008; Evenson and Gollin 2003; McKenzie and Woodruff 2008; and Udry and
Anagol 2006). In a recent paper, Beaman, Karlan, Thuysbaert, and Udry (2015)
demonstrate that the return to agricultural investment varies across farmers, farmers are
aware of this heterogeneity, and farmers with particularly high returns self-select into
borrowing. Related, the evidence from traditional microcredit, targeting micro
enterprises, is mixed: some studies with randomized control trials find an increase in
investment in self-employment activity while others do not.! In this paper, we add to this
list an important consideration that measured rates of return may reflect a risk premium.
We find that poor households, usually a natural target for policy intervention as they have
high return and low investment, seem to engage in riskier production activities.
Therefore, targeting without information on risk may blunt, if not seemingly eliminate
real gains, in taking an average over individuals who vary in true underlying productivity
(some are constrained and productive while others are not). Put differently, to the extent
we can identify subgroups and their exposure to different kinds of risk, we would be
better able to target the ones with genuinely high returns. In this respect, our study is
among few exiting studies that explicitly connects risk and return together. Rosenzweig
and Binswanger (1993) test for the existence of a positive association between the average

returns to individual production assets and their sensitivity to weather variability.

I For a summary of recent randomized interventions on microcredit, see Banerjee, Karlan, and Zinman
(2015).



Morduch (1995) finds that poor households in villages in India have limited ability to
smooth consumption ex post and tend to choose production activities with lower yields to
give them smoother ex ante income; our study in contrast finds that Thai households with
lower initial wealth are more involved with risky activities, both aggregate and
idiosyncratic, and for that reason have higher average returns. More recently, Karlan,
Osei, Osei-Akoto, and Udry (2013), argue that risk is a constraint to agricultural

investment in Ghana.

Likewise, in macroeconomics, Hsieh and Klenow (2009), Restuccia and Rogerson
(2008), and Bartelsman, Haltiwanger, and Scarpetta (2013) study misallocation of
resources. The essential idea is that an optimal allocation of capital (and other factor
inputs) requires the equalization of marginal products. Deviations from this outcome
represent a misallocation of resources and translate into sub-optimal aggregate outcomes.
Typically, however, the literature does not examine the underlying causes. An important
recent exception is David, Hopenhayn, and Venkateswaran (2014) in which firm’s
informational frictions drive capital decisions. Similarly, Midrigan and Xu (2013), Moll
(2014), Buera and Shin (2013), and Asker, Collard-Wexler, and De Loecker (2012) study
the role of financial frictions and capital adjustment costs, respectively. However, studies
often take risk and return on the production side of the economy as exogenous. We add to
these studies the role of risk aversion, the various types of risk faced by firms, and
evidence that people can and do choose among potential projects based on a risk-return
trade-off. For us, the market is crucial, but in our case informal markets are the
mechanism allowing mitigation of much of the idiosyncratic risk. In turn, adjustments of
the measured rates of return to get at underlying productivity require different risk

premium, varying with idiosyncratic versus aggregate risk.

Our study also contributes to the standard empirical consumption-based asset
pricing in macroeconomics and finance literature that typically relies on countrywide

aggregate consumption to explain asset risk and return of financial assets. Our study is



applied locally to collections of closely connected villages in which almost everyone is in
a family network, allowing us to link asset returns of the households with panel data of
relevant market participants, including household specific data on consumption, gifts, and
loans.? In addition, households in our sampled villages infrequently trade their fixed
business assets (machinery, livestock, and land).> However, they have extensive family
networks and engage actively in gifts and loans. This makes the economic mechanism in
these village economies with informal markets and institutions close to complete market
mechanism in the standard capital asset pricing model, resulting in identical predicted
outcome despite different institutional settings. Finally, there are studies of risk and return
to private enterprises in the finance literature, but these are mainly in developed country
contexts. For example, Moskowitz and Vissing-Jorgensen (2002) and Kartashova (2014)
analyze private equity premium by comparing the rates of return on private equity in the
US with the returns to public equity, arguing that private firms are seemingly more poorly
diversified. Heaton and Lucas (2000) show that entrepreneurial risk is important for
portfolio choice. In our village economies, at least, the limits to diversification at the
household level are mitigated by risk sharing through informal networks of family in the
community. Though it may be a stretch to imagine this is happening in advanced
economies, the point remains that in any given setting informal networks could

potentially rationalize apparent risk return anomalies.

The paper proceeds as follows. Section 2 presents the two benchmark, the end-
points, as it were that we use to study risk and return in village economies. The more
realistic intermediate case lies between these two extremes. Section 3 describes the data

from the Townsend Thai Monthly Survey that we use in our empirical work. Section 4

2 Campbell (2003) provides a review of the development of the consumption-based model. Cochrane
(2001) discusses how the traditional capital asset pricing model (CAPM) and the consumption-based model
are interrelated. For the literature on limited market participation in the developed economy context, see
Mankiw and Zeldes (1991), Vissing-Jorgensen (2002), and Vissing-Jorgensen and Attanasio (2003).

3 The returns to the relatively illiquid real productive assets are mainly from the output they produce. There
are a few financial assets (such as deposits at financial institutions). The returns to these tradable liquid
financial assets are from interest, dividends, or capital gains (and losses), but these assets and their returns
are small in the data and are not driving the conclusion.



presents the first set of our main empirical results on the relationship between expected
return and aggregate risk. As robustness checks, we extend our analysis to incorporate
human capital, time-varying risks, and time-varying stochastic discounts. We find that
expected returns are positively associated with aggregate risks in our village economies.
Section 5 quantifies idiosyncratic risk and analyzes its effect on risk premium and
expected returns, as well. The main point is the contributions of the aggregate and the
idiosyncratic risk premia to the total risk premia as distinct from the contribution of
aggregate risk and idiosyncratic risk to total risk. This is the second set of empirical
results. Section 6 presents our third set of empirical results by demonstrating that the
empirical findings from the production and asset return data in this paper are consistent
with those from the consumption and income data, as in earlier literature, by directly
analyzing our panel data where both production and consumption are measured. Section
7 distinguishes the risk premium from the productivity of household enterprises,
computing the household’s rate of return net of the risk premium. Section 8 presents our
fourth and final set of empirical findings that there is heterogeneity across households in
their exposure to aggregate and idiosyncratic risks. Section 9 concludes and discuss

policy implications.

2. Theoretical Framework

We start with an economy consisting of J households, indexed by j = 1, 2,..., J.
There are I production activities, indexed by i = 1, 2,..., I, that utilize capital as the only

input. Each production technology delivers the same consumption good. Let k, ; be the

assets assigned to production activity i and operated by household j as of the end of the
previous period. This is one of the key choices, whether chosen as if by the community as
a whole, as in the first model below, or done at the household level, as in the second
model. The technologies are fixed but the assignment of capital is endogenous. Let

f;j(k; ;) be the output, net of depreciation, realized at the beginning of the current period.



The fluctuation and the pairwise comovement of the marginal returns, under a particular
4 Lk
dk;, .

)

capital allocation k, ;, is denote = f!.(k,;) - Because the returns are random, a
variance-covariance matrix represents these marginal returns. We feature endogenous
determination of the various portfolios that can be formed by assigning assets to various
households and to various activities. Varying the weights of the assets in a
portfolio creates a feasible set of all possible returns that could be achieved by available
current assets. Note that some of the elements in this set could have zero weight for some
of the assets, i.e., it is not necessary to have all of the assets included in a particular
portfolio. Also note that this feasibility set is derived from the production technology

alone, without any assumptions on preferences or optimization.

We present two polar benchmarks in this section. For expositional clarity, we
begin with the first benchmark economy where full risk-sharing delivers Pareto optimal
allocations of risk for the community as a whole. We show how technologies introduced
in the underlying environment above are linked together when risks are pooled efficiently
over all households and production technologies. Then, we discuss the second, opposite
benchmark that considers an economy where each household absorbs risk in isolation.
The household is still making choices, however, on the composition of its portfolio. Note

that the underlying technologies are the same in both benchmarks.*

2.1 A Full Risk-Sharing Benchmark: A Pareto Optimal Allocation of Risk

First we consider a benchmark case in which all households in the economy are

able to completely pool and share risk from their production. Let k,, be the total assets of

the aggregate economy, M, and F,, be the total output produced from all assets in the

4 In the language of the Lucas tree model, households are not endowed with Lucas trees. Instead, the social
planner or each household selects a portfolio of activities that maximizes its utility, choosing which type
and how many of each type of tree (activity-specific asset) to own, and receives the fruit (return) from that
tree.



J I
aggregate economy. F,, = F(k)= 22 fij(k; ;) where K is a vector of capital allocation

j=1 i=1

in the economy, &, ;, for all activities i and all households ;.

To determine an efficient, Pareto optimal allocation of assets across households
and activities, and consumption to the households, we consider a social planning problem
that maximizes a Pareto-weighted sum of expected utilities subject to resource
constraints. At the beginning of each period, each household ; starts with initial resources
that consist of two components. The first component is the assets held from the previous

/
period, summing over all production activities, k; = Zki’j.The second component is the
i=1

sum of the associated outputs (net of depreciation), i fij(k; ;) . The household j may
i=1

give out or receive gifts and transfers with other households, as in a risk-sharing

syndicate.> The household then invests a part of this interim wealth in the form of assets

carried to the next period. For this social planning problem, the planner retains full

control over the projects, assigns them to households, chooses the net current gifts and

transfers to each household j, and chooses the assets to be allocated to each activity run

by each household in the following period, k. Effectively, the planner determines the

1 1
current period consumption for each household j, ¢, = 2 ( fijk )+ k ) - 2 ki, +7,;.
i=1

i=1

The value function of the social planning problem is

V(W;A)= mgx(z /ljuj(

1
kij i\ j=1 =1

it i

(fi,j(ki,j)"‘ ki ) - 214 kit ] + ¢E[V(W’;A)]]

5 Generally, households could make state-contingent lending and borrowing contracts, which could be
incorporated into the gift term in this setup. For an example of this arrangement, see Udry (1994).
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subject to the aggregate resource constraint, i.e., aggregate consumption plus aggregate

J J
savings, in the form of next-period capital, equals wealth, Z c;+ Z ki =W, and the non-
j=1 j=1

negativity constraint of capital, k; j’ >0, that is no project capital can go negative, i.e.,
households cannot short assets. Current state W denotes the aggregate wealth of the

J
whole economy at the beginning of the current period, that is, W = 2 ( fi(k )+ kl.’j) .

1
j=1 =l

Here the parameter ¢ is a common preference discount factor; the parameter A is a time-

and state-invariant vector of the Pareto weights for the households, A, wherej =1, 2, .. J;
and the function u;(-) is the within-period utility function of a risk-averse household j,

which is strictly concave, continuously differentiable, increasing without satiation, and
with infinite derivative at zero. Note that we are allowing in this general set up
differential risk aversion. The solutions to this planning problem for fixed Pareto weights
correspond to a particular Pareto optimal allocation, and all of the optima can be traced

out as the Pareto weights are varied.

For a given A, the first-order conditions are that

[T,1: Au,(c))=u for all ;

Je

(k! 1:=2u,.(c,)+OE[ Vyy (W) + £/, (k! )) | <O for all i and j, with equality for &/, >0,

JoJe
where 1 is the shadow price of consumption in the current period. Note that the first

equation, i.e., equalized weighted marginal utilities, is the key equation in the study of
consumption risk sharing, and it is an integral part of our framework here. The second

equation is a standard Euler equation for investment. Finally, for each k/, >0 , the

technologies actually chosen, the first-order conditions imply

11



| OE[V £ )] E[Ww W)
u

A (c;) (1+f’7-/'(ki~i)}:E[m Ri,j]’ (1)

where m’ = W, (W) and R}, =1+ fi{j(ki,,.i) :

u

We focus in part on equation (1) but the other equations are also a key part of the

system. Equation (1) has some important properties. First, m” , the stochastic discount

factor or the intertemporal marginal rate of substitution, is common across households
and across assets. The model also implies that equation (1) holds for each of the assets
actively allocated to production activity i and run by household j, for any i and any j. This
equation is equivalent to the pricing equation derived in the Consumption-based Capital
Asset Pricing Model (CCAPM) in the finance literature. However, it is important to
reiterate that although our empirical counterpart will be similar to what is derived in the
capital asset pricing literature, the mechanism that delivers the predicted allocation
outcome is different. In the asset pricing literature, households (investors) trade their
assets ex ante. Optimally allocated assets deliver the returns that the households in turn
use to finance their consumption, or reinvest, ultimately maximizing their utility.
Although asset reallocations across households are possible in our model environment,
households do not typically trade their assets ex ante in some markets. The rate of return
on an asset is simply the real yield from holding it. Given asset holdings and given
returns, transfers among households in the economy then give an optimal consumption
allocation, i.e., the consumption allocation under the full risk-sharing regime where the

marginal rates of intertemporal substitution are equalized across households. These inter-

6 For the derivation of this equation from consumer-investor’s maximization problem, see Lucas (1978) and
Cochrane (2001), for example.
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household transfers could be through formal securities or through informal financial

markets, namely, gifts and transfers within social networks.”

Finally, as in the standard asset pricing literature, we decompose expected return
into a risk-free rate and a risk premium. Since E[m'R’ 1= E[m’]E[Rl.”j]+cov(m’,Ri’, i)
cov(m’,R} ;)

equation (1) can be rewritten as E[R/ ]=y’+p, v, , where B, .= )
’ | | var(m

var(m”)
,=———,and y’'=
Vo, Elm’] and ¥y

Note that .. could be interpreted as the quantity of the

1
E[m"]’ "
risk of the assets used in activity i by household ; that cannot be diversified, i.e., the risk
implied by the comovement of the asset return and the aggregate return. Note that the
sign is negative since high returns mean low marginal utility. Since this risk cannot be
diversified away, even in the full risk-sharing environment, it must be compensated by a
risk premium, which is a product of the quantity of risk and the price of the risk. The

price of the risk is in turn equal to the normalized volatility of the aggregate economy,

’

v .. Finally, y” is the risk-free rate, Rf' , since by definition the covariance of the risk-

free rate and the aggregate economy return is zero.

The intuition behind this optimal allocation is straightforward. An optimal
allocation of assets is a portfolio that delivers an aggregate consumption for the economy
that maximizes the Pareto-weighted expected utility of the households. This optimal
consumption allocation is stochastic, and its distribution is derived from the distribution

of underlying assets in the optimal allocation. Since households are risk averse, the

7 The Pareto weights, A i J=12,...,J are implicit parameters in equation (1) as they are arguments in

the value function. Intuitively, the marginal rates of substitution are common across households in any
particular optimum but can vary across the many optima, as if moving along a (potentially nonlinear)
contract curve. Our general analysis only requires that the risk sharing community be at one fixed social
optimum, not at any particular optimal allocation per se. However, when preferences aggregate in a
Gorman sense, then the Pareto weights can be dropped from the analysis, and it is as if a social planner
were a “stand-in representative consumer” allocating assets among its various “selves”.
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optimal aggregate consumption represents a tradeoff between expected return and risk. In
the full risk-sharing environment, idiosyncratic risks are diversified away, and this
optimal aggregate consumption consists of only the aggregate nondiversifiable
component. Note that some of the optimal asset holdings could be zero if they are not
needed for the construction of the portfolio that delivers this optimal aggregate
consumption. However, for all of the assets that are positively allocated, an optimal
allocation implies that the stochastic intertemporal rates of substitution are equalized, i.e.,
the marginal utility from the expected returns, net of disutility from risk, from the next
period are equal across these assets. This equalized intertemporal rate of substitution
condition across assets implies that the assets with lower expected return are held in this
optimal portfolio because they are less risky than other assets. Since the only remaining
risk in the full risk-sharing economy is the covariate risk, an optimal allocation implies
the positive relationship between the expected return of the asset and its covariate,

nondiversifiable risk, as represented by the asset’s beta.®

2.2 A Financial Autarky Benchmark

The second, opposite benchmark case is an economy where households are in
financial autarky and so by definition there is no risk sharing across households. The
underlying environment, in terms of preferences, technologies, and initial conditions, is
of course the same as in the full risk sharing benchmark. In particular, production
technologies deliver returns that are still correlated across households and production

activities. However, housecholds absorb the risk in isolation from the rest of the

8 Our prediction from the full-risk sharing benchmark should be viewed as a necessary condition for the full
risk sharing, but not a sufficient one. For example, if a household is endowed with a production technology
that has returns comoving with the aggregate returns, there will be a positive relationship between expected
return and household beta, even when this household is in autarky. However, we have a second necessary
condition for optimality: not only is the risk premium determined by comovement with the aggregate, but it
is not determined by the idiosyncratic risk as well. This is closely parallel to the consumption risk sharing
literature: not only does consumption move with the aggregate but it also does not move with the
idiosyncratic income risk.
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community so that net incoming (or outgoing) transfers, 7, , are zero for all j. In this

benchmark, the value function of each household j is
1 1

(fi,j(ki,j)"' ki ) -2k, j +OELV, (Wj,)]j
=1

i=1

0=

l

1
subject to the resource constraint of the household,Wi:Z( fi,j(k,.,j)+k,.,j),and the

i=1

nonnegativity constraint of asset holding, &/, 20.

Operationally, the Euler equation for asset allocation is of the same form as
previous equation (1) for all activities 7 in which household j chooses to hold and operate.

However, in this environment, the stochastic discount factor would be m; , specific to

household ;j and not equalized to m, common across all households in the economy as in
the full risk sharing benchmark. Since risk cannot be shared across households, the total
fluctuation of the rate of return on asset for each household consists of both the
household’s idiosyncratic component and the comovement with the economy-wide
return, the latter just another source of risk. Alternatively speaking, since there is no risk
sharing, each household cannot and does not need to differentiate its idiosyncratic and
aggregate risk, as both components of fluctuation in the rate of return are viewed and
treated identically by the household. In financial autarky, their contribution to the

household risk premium would be the same.
2.3 Intermediate Cases

Between the full risk sharing benchmark and financial autarky benchmarks lie various
possible intermediate models. These make clear the ways in risk idiosyncratic income
could impact consumption and thus how idiosyncratic risk can end up in the risk

premium. We do not disown either of the previous two benchmarks above: the full risk
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sharing benchmarks makes clear the standard ideal while the financial autarky benchmark
makes clear that even if a household were acting in isolation there would remain risk
premia, and with correlated returns, and both idiosyncratic and aggregate risk would
typically enter into these premia. We view our paper as quantifying how close the villages
in our sample are to these extremes, as with the early, seminal work on consumption risk

sharing, and we anticipate subsequent efforts to fit structural models.’

2.4 Empirical Implementation

For our empirical implementation, we impose two additional assumptions onto
the production technology and preferences that deliver a linear relationship between

expected return and risk.! The first assumption is a linear production technology:

_ . . . / _ _ . .
fi;j(k. ;)=r, k. ;, which implies that f; (k,;))=r,; and R ;=1+r, ;. This assumption can

be derived from a more general constant return to scale production function where
optimal inputs are chosen sequentially. Following Angeletos (2007) and Moll (2014),
capital is predetermined at the beginning of the period. Technologies are then subject to
productivity realizations and prices of input and output are determined. Finally
households make input (such as labor) decisions and get output. This yields a linear

technology mapping predetermined capital into output, an A, k,;, model where

productivity shocks and prices are embedded in the technology parameter A, ; . It is as if

9 Among these one would include iceberg-like transactions costs on transfer, as in Schulholfer-Wohl (2011),
where the divergence between the pre-transfer income and the ideal target necessitates a transfer, and the
constrained optimal allocation reflects both that difference and the transfer costs. Another model would be
moral hazard, in which the household puts in unobserved effort in production directly or effort in diverting
output for private hidden use, and thus the constrained optimal solution would dictate the household retain
some “skin in the game”. The magnitude of this exposure to idiosyncratic risk is a function of the cost of
effort and the variance of the idiosyncratic component. It can be difficult to derive closed form solutions in
these models.

10 Note that we can also arrive at a linear relationship between expected return and risk with other sets of
assumptions, including those with (1) two-period quadratic utility; (2) two periods, exponential utility and
normal returns; (3) infinite horizon, quadratic utility and i.i.d. returns; or (4) log utility. It is also a linear
approximation of the models with continuous time limit and normal distributions. See chapter 9 of
Cochrane (2001) for detail.
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there were a single input, capital, and we focus on this technology henceforth, that is, a
single factor production function in capital with random returns. The second assumption

is that the value function of the social planning problem can be well approximated as

quadratic in the total assets of the economy, V(W)z—g(W—W*)Z. The derivation in

Appendix A shows that under these additional assumptions, our model implies

E[R1- R, = B,(E[R,1-R}), 2)

s

where R is the return to household j’s portfolio; g7 =1

R, k’ J 1

1
i
=1

k;;; j=1 i=l
B; is the beta for the return on household ;’s assets with respect to the aggregate market

return,

_ cov(R;,,R))

J var(R;,)

3)

3. Data and the Village Environment

The data used in this study are from the Townsend Thai Monthly Survey, an on-
going intensive monthly survey initiated in 1998 in four provinces of Thailand.
Chachoengsao and Lopburi provinces are semi-urban provinces in a more developed
central region near the capital city, Bangkok. Buriram and Srisaket provinces on the other
hand are rural and located in the less developed northeastern region by the border of
Cambodia. In each of the four provinces, the survey is conducted in four villages, chosen

at random within a given township.!!

T Given that all four villages in the same province in our data are located in the same township, we use the
term province and township interchangeably in this paper. For details on the Townsend Thai Monthly
Survey, see Samphantharak and Townsend (2010).
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The analysis presented in this paper is based on 156 months from January 1999 to
December 2011, which coincides with 13 calendar years. During this time, there were
salient aggregate shocks and a plethora of repeated idiosyncratic shocks in these village
economies. For example, seasonal variation in the amount and timing of rainfall and
temperature can be crucial in rice cultivation. Shrimp ponds were hit with both diseases
as well as restrictions on exports to the EU. At the micro level, milk cows varied in their
productivity, i.e., the flow was quite irregular over time for a given animal and over the

heard.

We include in this study only the households that were present in the survey
throughout the 156 months. Since we compute our returns on assets from net income
generated from cultivation, livestock, fish and shrimp farming, and non-agricultural
business, we also include in this study only the households that generated income from
farm and non-farm business activities for at least 10 months during the 156-month period
(on average about one month per year). In other words, we drop the households whose
income was mainly exclusively from wage earnings. In the end, there are 541 households
in the sample: 129 from (the sampled township in) Chachoengsao and 140 from Lopburi
provinces in the central region, and 131 from Buriram and 141 from Srisaket provinces in
the northeast. Table A.1 in the appendix presents descriptive statistics of household
characteristics. Table A.2 shows the revenue (gross of cost of production) of the

occupations in the sample.

We use a township as the aggregate market for empirical analysis in this paper for
two reasons. First, the four villages from the same province in our sample are from the
same township and therefore located close to each other. There are likely economic
transactions across these villages. Second, one of the salient features of the households in
the Townsend Thai Monthly Survey is the pervasive kinship network with extended
families. Table A.3 in the appendix shows that almost all households in our sample have

at least one relative living in the same township.
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We use a household as our unit of analysis and consider the return on the
household’s total assets instead of the return on specific assets. As noted earlier, we
consider the total assets as a portfolio that is composed of multiple individual asset
classes (including both financial and fixed assets), and apply the predictions from our
framework to study the risk and return of this portfolio. It is difficult and arbitrary to
assign the percentage use of each asset in each distinct activity. Imposing additional
assumptions on the data to disaggregate assets into subcategories would likely induce
measurement errors that could bias our empirical analysis.!> The rate of return on assets
(ROA) is calculated as household’s accrued net income divided by household’s total asset
(net of liabilities) over the period from which that the income was generated, i.e., one
month in this paper. This is a conventional financial accounting measure of performance
of productive assets. We use the real accrued net income and the real value of household’s
total assets in the ROA calculation. The real variables were computed using the monthly
Consumer Price Index (CPI) at the regional level from the Bank of Thailand. The rate is
then annualized (multiplied by twelve). We assume that the real risk-free rate is zero for
all of the periods and for all of the townships.!> Table A.4 in the appendix presents
descriptive statistics of the ROA. The median of the annualized average ROA was 0.38%
for Chachoengsao and 1.46% for Lopburi in the central region, and 0.28% for Buriram,

and 1.99% for Srisaket in the northeast. Excluding land and building structure from total

12 For example, a household that grows rice and also owns a retail shop could use a pick-up truck for both
production activities. Similarly, we do not distinguish well the use of assets for production activity versus
consumption activity. This could lead to a downward bias of our estimates on return to assets, as some of
the assets that we include in the calculation were not used in production. Samphantharak and Townsend
(2012) provide an exercise that classifies total assets into subcategories based on additional assumptions on
production and consumption of the households, and analyze the sensitivity of the rate of return. The ROA
measure we use here is shown there to be robust.

13 The rationale for the zero risk-free rate is based on the assumption that households have access to storage
technology. If the nominal return on stored inventory is the same as inflation rate (which is likely in the
case for food crop storage), then the real rate of return is zero. We also perform a robustness check with
different risk-free rates. The overall conclusion does not change, which is what we expect because the shift
in both excess asset return and excess market return does not affect the covariance between these two
variables. Note that in the earlier versions of this paper, we also used alternative calculations of ROA in the
analysis, namely, ROA computed only from fixed assets (i.e., excluding financial assets) and nominal ROA
(i.e., not adjusted for inflation). Again, the main conclusions did not change. We also used ROA computed
from total assets without subtracting liabilities; the overall conclusions were robust (which is sensible,
given that liability to asset ratios for most households are relatively small).
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assets, the median ROA is 1.27 for Chachoengsao and 4.55 for Lopburi in the Central
region, and 1.11 for Buriram and 4.23 for Srisaket in the Northeast. Appendix C describes
detailed definition and construction of income, assets, and rate of return, and provides a

discussion on measurement error of the variables.
4. Aggregate Risk and Return on Assets
Baseline Specification

In the first stage of our empirical analysis, we compute the asset beta of each

household’s portfolio of assets to get household beta, j3;, for all household j. We define a

township as the aggregate economy and use township average real returns on assets as

aggregate return, R,, , computed as the total net income in the township divided by the

township’s total assets. To avoid the effect of each household’s return on the township
return, for each household we do not include the household’s own net income and assets
in the calculation of its corresponding township return, i.e., we compute and use instead a
leave-out mean. As shown in equation (3), an asset beta of household j is defined as

B cov(R},,R?)

; ——, which is the key ratio of moments we need. Operationally, it is
' var(R;,)

identical and conveniently computed as a regression coefficient from a simple regression

of R, on R}, ,.Specifically, in the first stage, for each household j we estimate 3, from a

time-series regression

R]’.J =a;+ ﬁjR,’V, JTE,. 4)

In the second stage, we study the expected return and beta relationship derived earlier in
equation (2). With the assumption that the real return on risk-free asset is zero, we

compute the expected rate of return on assets of household j, E[R]]. Empirically, the

expected return is computed as a simple time-series average of monthly rates of return,
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T

’
z Rj,t
=1

R =

, Where T is the number of months (156 months in the baseline specification).

We run a cross-sectional regression of household’s average asset returns on the betas
estimated earlier in equation (4) across all households in each township, one township at

a time.
R =a+yB, +n,. )

With the assumption that the real risk-free rate is zero, the null hypotheses from equation

(5) are that w = E[R;,] and that the constant term ¢ is zero. Note that we report the

regression coefficient with the standard error corrected for generated regressor and

heteroskedasticity, following Shanken (1992) and Cochrane (2001).

The results in Panel A of Table 1 show that the regression coefficient on
households’ beta is positive for all of the regressions except for the township in Buriram.

We then look at a stronger null hypothesis that = E[R;, ] comparing the magnitude of

the estimated regression coefficient ¥ with the township expected return, estimated by

T
2R,

=1
T

the time-series average R;, = . The table also provides each township’s aggregate

expected return. For the two townships in the central region (Chachoengsao and
Lopburi), the regression coefficients are not statistically different from the township
average return (at 10% level of significance), consistent with the prediction from our
model. However, the coefficients are different from the township average return for the

township in Srisaket. The zero constant implication is also satisfied.

[Table 1]
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To illustrate our results graphically, Figure 1 plots the beta of household j on the
horizontal axis against the expected return on household j’s assets on the vertical axis for
each of the four townships. In general, the figures show a positive relationship between
households’ beta and expected returns. Thus a major implication of the model is
capturing a substantial part of the data. In particular, higher risk, as measured by the co-
movement of household ROA and township ROA, is associated with higher average

return. The positive ¥ implication from the model is pervasive in the data at various
levels of aggregation. The more stringent test of ¥ = R, is more difficult to satisfy.'4

Note that this baseline specification is subject to some critiques. We now perform

robustness checks that address these issues below.

[Figure 1]

Time-Varying Risk

Similar to the traditional CAPM in the finance literature, our empirical strategy
assumes that household betas are time-invariant. This assumption allows us to estimate
household betas from time-series regressions. In reality, household betas could be time-
varying. Our sample consists of households engaged in multiple occupations over the
period of 13 years. It is likely that the composition of household occupations (and hence
assets and their associated risks) of some of our sampled households had changed during

this period. Similarly, the expected aggregate returns E[R;,] could change over time as

well, not least from changes in conditioning factors.

14 One may argue that kinship networks are local and operate better at the village or network levels than at
the township level. We present a similar analysis at the village and network levels in Appendix D, with the
results shown in Tables A.5 and A.6. Overall conclusions remain for most, but not all, of the villages and
networks, suggesting that networks may extend beyond the boundary of villages.
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We explore this issue by conducting our empirical analysis on the subsamples of

60 months (5 years) at a time. Specifically, we first estimate household’s 3, and expected

return using the time-series data from month 5 to month 64 (years 1-5) for all households.
We then perform a similar exercise using the time-series data from month 17 to month 76

(years 2-6), and so on until the five-year window ends in month 160 (years 9-13). With

all of the estimated /§j,s and expected return from all of the nine subperiods for all

households j, we finally estimate equation (2) using the pooled household-subperiod
data.!> Panel B of Table 1 presents the second-stage regression results. The table shows
that the main prediction of our model still holds, i.e., higher beta is associated with higher
expected (average) return. Note that allowing for time-varying risk (beta), the prediction
from the model is also satisfied for Buriram. However, the null hypothesis that the
constant term is equal to risk-free rate (assumed to be zero in this paper) is rejected in all

of the four provinces.
Aggregate Human Capital

The model presented earlier in this paper implies that a household’s beta captures
all of the aggregate, non-diversifiable risk faced by the household. It is possible that there
is omitted variable bias in the estimation of beta if the average return on township total
assets is not the only determinant of the aggregate risk. Aggregate wealth, W, in the
economy-wide resource constraint likely comes from other assets in addition to tangible
capital held by the households in the economy. As shown in Table A.2, labor income
contributes a large share of household income in our sample. Omitting human capital
from the resource constraint implies that the economy-wide average return on physical
assets (both financial and non-financial) might not capture the aggregate non-

diversifiable risk of the economy. We address this issue by performing a robustness

15 This empirical strategy is similar to the empirical CAPM literature by Black, Jensen, and Scholes (1972).
The difference is that instead of moving the window month by month, we move the window 12 months (1
year) at a time.
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check. Specifically we compute an additional household beta with respect to return to
aggregate human capital, proxied by the change in aggregate labor income of all

households in the economy.!6 In particular, the first-stage time-series regression becomes

R, =a;+BiR/ +BR, +¢€,,
where R;/, represents the return to aggregate physical (non-human) asset and R;;, is the

return to aggregate human capital. The second-stage cross-sectional regression is
D’ _ apa y Ay
Ri=o+y B/ +y'B +n,.

[Table 2]

We then extend our previous empirical analysis to include human capital. The first
four columns of Table 2 show that the regression coefficient of beta with respect to
human capital is not statistically significant in our sample. However, after controlling for
the township return to human capital, the regression coefficients of beta with respect to
total tangible capital (financial, inventory, and fixed assets) remain positive and

significant in all of the four townships.!”
Time-Varying Stochastic Discount Factor
Similar to the traditional CAPM in the finance literature, parameters that

determine stochastic discount factors are assumed to be time-invariant when we take the

full risk-sharing benchmark to the empirical analysis. In theory, however, they are

16 This approximation strategy is used in the finance literature by Jagannathan and Wang (1996). Their
strategy is based on a simplified ad hoc assumption that labor income, L, follows an autoregressive process
L =(+g)L,_ +¢, Therefore, human capital, /, defined as the discounted present value of the labor

L, where r is the discount rate on human capital, and both r

r-g
and g are taken as constants. In this case, the realized capital-gain part of the rate of return on human
capital (not corrected for additional investment in human capital made during the period) will be the growth
of the stock of human capital, which is also the realized growth rate in per capita labor income.

income stream, is approximated by g —
t

17 However, the coefficients on human capital are not significant. This could be due to human capital being
measured imprecisely.
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determined by the shadow price of consumption goods, which likely moves over time as
the aggregate consumption of the economy changes. In order to capture this time-varying
stochastic discount factor, we provide a further robustness check following a strategy
introduced by Lettau and Ludvigson (2001a and 2001b) who show that these time-
varying parameters are functions of aggregate consumption-wealth ratio. The log
consumption-wealth ratio, cay, in turn depends on three observable variables, namely log
consumption, c¢; log physical (non-human) wealth, a; and log labor earnings, y. For each

household, we compute five betas with respect to: (1) the aggregate return on tangible

ra

capital, R}/ ,; (2) the aggregate return on human capital (as computed in the previous
analysis), Ry ;(3) the predicted value of c/a\yt; (4) the interaction between R,/ and c/a\y,;

and (5) the interaction between R}, and @l 18

R;’, =a;+ ﬁ;’R,'W”l + ﬁj Ry, + ﬁ;'”y cay, + ,Bj‘.'“y “ (cayl Ry, ) + ﬂj‘f"y R (cayl Ry, ) +eE;, (6)

In the final stage we run a cross-sectional regression of households’ average

return on the five betas estimated in equation (6). Namely,
D’ _ apa y Ay cay Acay cay-a Acay-a cayy Acay-y
Rj—OC+l// ﬂj +l// ﬂj+l// ﬂj +l// ﬂj +l// ﬁj "‘77‘,» (7)

The results are shown in the last four columns of Table 2. Overall, with the additional
factors in this robustness check, the regression coefficient of market non-human, physical
assets, the main variable from our model, remains positive and significant for all of the

four townships.
5. Idiosyncratic Risk and Return on Assets

The empirical work thus far has abstracted from the presence of idiosyncratic risk

and focused on the implications from the full risk-sharing benchmark. However, there are

18 Appendix E provides more information on the estimation procedure of log consumption-wealth ratio.
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reasons why idiosyncratic risk may matter. With any of the departure from complete risk
sharing, the expected return on assets may contain a risk premium that compensates for
residual exposure to idiosyncratic risk.!® We wish to know if this is true for the
households in our sample, and if so, how large that residual exposure is, quantitatively. In
addition, as mentioned earlier, households may be endowed with production technology
that generates the positive relationship between expected return and beta, even in autarky
without risk sharing. We seek to disentangle this by first estimating idiosyncratic risk in
equations (4) and (6) presented earlier and then quantify the contribution of idiosyncratic

risk to the total return in equations (9) to (11) below.

We follow Fama and Macbeth (1973) and compute idiosyncratic risk from the
variance of the residuals from each of the household’s time-series regressions in the first
step, i.e., the residuals from equation (4).2° This strategy is consistent with the
decomposition of total risk, as measured by the variance of the return on assets, into

aggregate (non-diversifiable) and idiosyncratic (diversifiable) components. Since

equations (4) could be rewritten in a matrix form as R/, =X, B, +¢,,, we have
var(R)) = E[B/Q,,B;1+ var(e,) (8)
where Q, is the variance-covariance matrix of the aggregate variables and f3; is a vector

of the regression coefficients from equation (4). The first term of the right hand side of

equation (8) is therefore the aggregate risk while the second term is the variance of the

residual. We denote this variance of the residual, O'f , henceforth simply referred as

household sigma, as our measure of household specific idiosyncratic risk because it

summarizes the volatility of the returns that are not captured by aggregate factor

19 In finance literature, Merton (1987) shows that under-diversified investors demand a return compensation
for bearing idiosyncratic risk. Using the exponential GARCH models to estimate expected idiosyncratic
volatilities, Fu (2009) finds a significant and positive relation between the estimated conditional
idiosyncratic volatilities and expected returns.

20 In addition to Fama and MacBeth (1973), a recent study by Calvet, Campbell, and Sodini (2007) also
uses the same risk decomposition strategy as the one in this paper.
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(aggregate return on assets). We emphasize that this is a household-by-household

calculation.

[Table 3]

Table 3 presents the decomposition of the total risk faced by the median
household in each of the provinces in our sample, based on equation (8). Panel A of the
table presents the contribution of idiosyncratic risk to the total risk and the total risk
premium, using the beta estimated earlier from the simple specification in equation (4).
Similarly, Panel B uses the betas from the robustness specification in equation (6). The
results shows that a large part of the volatility of the return to enterprise assets comes
from the idiosyncratic component, in all four townships. The orders of magnitude are
large, with the idiosyncratic component capturing at least 80-90% of the risk
decomposition of the median households in three out of four provinces (the exception
being Srisaket). Likewise, the aggregate component can be as low as 2% to 20% in these
three provinces. Of course this finding per se is not inconsistent with the model, which
allows for idiosyncratic risk in the technologies. Indeed it is good in the sense that it
allows us to study the impact of aggregate risk, which one might presume from these
numbers to be small, and of idiosyncratic risk, which one might presume to be large.
Note that we can quantify the magnitude of idiosyncratic risk that was diversified from
our estimates of risk and risk premium decomposition. Table 3 also shows that median
households in all provinces except for Srisaket diversified over 90% of their idiosyncratic
risk while in Srisaket, the median household was still able to share almost 80% of their
idiosyncratic risk. These decompositions are for each and every household and we thus

report as well the interquartile range in each line.?!

21 There are some households that appear to be overcompensated for either idiosyncratic or aggregate risk
and have a contribution of either risk above 100% of the total risk premia.
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We take the first step and add household sigma computed from regressions (4)

and (6), Gf, as an additional explanatory variable to equations (5) and (7), respectively.
D’ a Aa o /\2
Ri=o+y Bl +y°c;+n,, (9a)

Ej/ — a+waﬁ7 +l’/yﬁjv +l’/cayﬁ;ay +lllcay-aﬁ;‘ay»a +Wcay<yﬁ;‘ay'y +l//06j2 +T’j (9b)

The results in Table 4 show that, in both baseline and robustness specifications, higher
idiosyncratic risks as measured by household sigma are associated with higher average
returns in all of the four townships.?> Note, however, that the coefficients for the beta
with respect to the market return on physical assets still remain positive and significant in

three of the townships, with Buriram as the only exception.
[Table 4]

Indeed, though both aggregate and idiosyncratic risk are positively correlated with
higher expected return, the “prices” of these risks, i.e., their contribution to risk premia, is
now shown to be different. We compute aggregate and idiosyncratic risk premia from
equations (9a) and (9b) as empirically estimated in Table 4. Specifically, for the simple

specification, we have:

Aggregate Risk Premium = y“ 8¢ (10a)
Idiosyncratic Risk Premium = w° Gf , (11a)

and for the robustness specification, we have:

— o~ — —

Aggregate Risk Premium= y* B +y” B +y " B +y " i +y ' B (10b)

o~ o~

Idiosyncratic Risk Premium = y° Gf (11b)

22 Though this violates the exclusion restriction of the full risk sharing benchmark, we are now in a position
to compute risk premium for each type of risk and compare.
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In the financial autarky benchmark, households would not differentiate the
idiosyncratic component and the aggregate component of the total fluctuation of the rate
of return. In this case, the risk premia from both components should be proportional to
the contribution of each component’s contribution to the total fluctuation. Panels A.2 and
B.2 of Table 3 present the results from the decomposition of total risk premium of each
household (the sum of the aggregate risk premium and idiosyncratic risk premium) for
the simple and the robustness specifications, respectively. The results show that, with the
exception of Buriram, the contribution of the idiosyncratic risk premia to the total risk
premia is lower than the contribution of idiosyncratic risk to the total risk (as discussed
earlier in Panels A.1 and B.1 of the same table). Specifically, for the robustness
specification, although idiosyncratic risk accounts for 86.5% and 89.1% of the total risk
of the median households in Chachoengsao and Lopburi, it contributes to only 23.6% and
52.9% of the total risk premium. Likewise, for the median household in Srisaket,
idiosyncratic risk accounts for 57.2% of the total risk while its premium contributes for
only 16.7% of the total risk premium. We also perform a nonparametric statistical test for
the difference in medians and find that the median percentage contribution of
idiosyncratic risk to the total risk is statistically different from the median percentage
contribution of idiosyncratic risk premium to the total risk premium at 1% level of
significance in all provinces except for Buriram.?* The pattern for lower and upper
quartiles is also similar to the median. Finally, it is important to note that omitted
variables could lead to a positive relationship between expected return and sigma if a
component of aggregate risk were mistakenly in sigma. However, this would work
against us. Our empirical results suggest the impact of sigma is largely diversified,

anyway.

In sum, we cannot treat aggregate and idiosyncratic risks identically when we

analyze the risk and return of household enterprises in developing economies. A

23 One possible explanation for Buriram is that it is the place with the most transition of occupations
(toward higher return) and we have shorter period to use our method. See Pawasuttipaisit and Townsend
(2010).
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household with high total risk (high variance) may have lower risk premium than another
household if the higher risk is idiosyncratic and diversifiable. Likewise, a household with
low total risk (low variance) could require a higher risk premium if most of the risk is

covariate and non diversifiable.?*

6. Risk Sharing: Connecting the Production Approach to the Consumption
Approach

Reassuringly, our main findings on the production side are largely consistent with
earlier studies on the consumption side that idiosyncratic risk is considerably shared
across households in these villages. Using consumption data from the same sample as in
this paper, Chiappori, Samphantharak, Schulhofer-Wohl, and Townsend (2013 and 2014)
use variation in aggregate shocks to estimate the degree of heterogeneity in risk tolerance
among the households and find evidence for full risk sharing. Likewise, Karaivanov and
Townsend (2014) find that the consumption and income data of those in family networks
is consistent with full risk sharing, though tied with moral hazard as best fitting models.
Kinnan and Townsend (2012) show that households linked to one another by gifts and
loans, and hence indirectly if not directly connected to outside financial institutions,
achieve full risk sharing; in contrast, isolated households, especially the poor, are
vulnerable to idiosyncratic income risk. Our larger point is that idiosyncratic risk in most
of these studies is partially, though not necessarily completely, insured and this is
consistent with what we are finding in this paper with the data on risk premia from the

production side.

24 To illustrate this point, let us consider two households, A and B, from Lopburi province in our sample.
During the period of this study, A’s main occupation was livestock farming while B grew beans and
sunflowers. However, 99% of the variance of the rate of return on A’s assets was from the idiosyncratic
component while in contrast idiosyncratic risk contributed to only 63% for B. Consequently, we find that
the risk premium for A, facing mostly diversified risk was only 0.008 (annualized) percentage point while
for B with more aggregate risk it was 1.394, despite B’s less volatile return. This example, though
deliberately dramatic, is not an outlier. Below we return to an analysis of risk premia and associated
characteristics of enterprises that deliver statistically significant variation.
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Regarding the actual mechanisms used for smoothing, i.e., financing a deficit or
saving a surplus, households may buy and sell their assets (though this is rare) or use crop
storage inventory (more common). They can also borrow or lend money formally through
financial institutions or informally through village moneylenders, friends, or relatives.
Samphantharak and Townsend (2010) provide quantification for these various smoothing
mechanisms using the same Thai data and document the role of gifts among social
networks.?> Our conceptual framework in this paper both combines the production and
consumption sides, as the first-order conditions have made clear, and features the role of

gifts as the primary smoothing mechanism.

[Table 5]

We perform further analyses that directly connect production and smoothing
mechanism. For each household, we compute the residual from equation (8) as month by
month idiosyncratic shocks. Then, as reported in Table 5, we regress household’s net gifts
(i.e., gift outflows minus gift inflows) on these idiosyncratic shocks, controlling for
common township-time dummies (capturing aggregate shocks) and household fixed
effects (capturing diverse Pareto weights). Since gifts could also be disguised in the form
of state-contingent loans (as in Udry 1994), we also regress household’s net lending (i.e,
lending minus borrowing), as well as household’s net gifts plus net lending, on the same
set of explanatory variables. The coefficients are all statistically significant at the 1%
level. Finally, we also run the standard risk-sharing regressions with the consumption
data (Townsend 1994). Controlling for aggregate shocks and household fixed effects, we
regress monthly consumption on the same idiosyncratic shocks and find a low but

significant coefficient, significant at 5% level.

25 The risk sharing implications of networks have been studied in other economies as well. For example,
using data from the randomized evaluation of PROGRESA program in Mexico, Angelucci, De Giorgi, and
Rasul (2011) find that members of an extended family share risk with each other but not with households
without relatives in the village. They also find that connected households achieve almost perfect insurance
against idiosyncratic risk. Recently, Attanasio, Meghir, and Mommaerts (2015) study group risk sharing in
extended family networks in the US. They find that majority of shocks to household income are potentially
insurable within family networks but they find, in contrast, little evidence that the extended family provides
insurance for such idiosyncratic shocks.

31



To summarize, the results in Table 5 show that once we control for province-
month fixed effects, which capture the provincial aggregate shocks, household
consumption is positively correlated with household-specific, idiosyncratic shocks. Thus
risk sharing is imperfect and households do bear some of their idiosyncratic risk. This is
consistent with the fact that idiosyncratic risk is showing up in the idiosyncratic risk
premium on the production side. On the other hand, the coefficient is small, and small in
comparison with coefficients on the other regressions. Most of the movement in
idiosyncratic shocks is absorbed by net gifts and lending across the households. Table 5
can be interpreted to show, via a kind of normalized covariance decomposition, that on
average 40.66/45.52 = 89% of idiosyncratic shocks to rates of return are covered by gifts
and net lending, with the residual onto consumption. Thus the results are quite consistent

with the earlier Table 3.

Finally, we note that the consumption, gift, and lending-borrowing data used in
the analysis in this section are from different modules of the questionnaire than what we
use in the calculation of ROA. Consistency in the empirical findings reassures us that the
main conclusions in this paper are unlikely driven by measurement error in the data. Of
course there remains the possibility of measurement error inflating the variance of the
idiosyncratic shocks, but attenuation bias would hit all of the regressions. Thus the
relative comparison of coefficients across regressions remains of interest, confirming the

role of social networks as a key institution in these villages.
7. Returns Net of Risk Premia

In the development and macroeconomics literatures mentioned earlier in the
introduction, rates of return on assets are usually used as a measure of performance, the

productivity of a firm or a household enterprise. These returns to assets however typically

do not take into account that different household enterprises are involved in different
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risks and so that higher average returns could result from compensation for higher risk

and not productivity.2°

The framework in this paper gives us a practical way to compute the risk premia
that contribute to the return on assets and hence the residual return, after adjusting for the
premium, as in the example just given. In the conventional CAPM context, Jensen (1967)

argues that intercepts o, in equations (6) can be interpreted as the abnormal return of an

asset, and financial analysts use Jensen’s alpha as a measure of performance of an asset

or a fund manager. We follow this tradition, thinking of o/, as how well household j

manages its assets in generating income in excess of risk-free rate adjusting for measured

risk premia.

[Figure 2]

Figure 2 shows the histograms comparing the return on assets that is not adjusted
for risks with the return adjusted for both aggregate and idiosyncratic (based on the
robustness specification). Though risk adjusted returns are naturally shifted to the left,
other aspects of the distribution also change. The modes receive high mass consistently in
the risk-adjusted returns. Further in two provinces the adjusted returns have more mass in
the left tail, and in the other two provinces, in the right tail. The overall point is that the
distributions of the rate of return do change when we adjust for risks, as evident from the
differences in the skewness and the kurtosis of the returns. Table A.7 in the appendix

presents selected descriptive statistics of household alpha.

26A comparison of two farming households in Srisaket province, C and D, from our sample illustrates this
argument. Their main crops were rice and cassava, respectively. During the period of our study, the average
annualized monthly real rate of return on assets for C was 9.06% while it was only at 3.93% for D.
However, C’s higher return was largely due to the higher risk and the types of risk it faced. First, C was
engaged in production activity whose return fluctuated more than D: the variance of the rate of return for C
was 2.26 times higher than that of D. Second, while 70% of the total risk faced by C was idiosyncratic and
could be (partially) diversified away, the diversifiable risk component accounted for 89% for D. As a result,
the risk premium of C was 8.25 percentage points while it was only 1.11 percentage points for D. In the
end, C actually had a lower return net of risk, i.e., after subtracting risk premia, a net of 0.81%, in
comparison to D at 2.82%.
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8. Household Characteristics Associated with Risk Exposure and Return on Assets

Figure 3 presents a scatter plot displaying for each household its aggregate risk
premium and idiosyncratic risk premium. The figure shows that some households in our
sample were exposed to both high aggregate and idiosyncratic risks (those in the upper-
right corner) while many faced little of both risks (those in the lower-left corner). Still,
there are a large number of households that were mainly exposed to one type of risk, but

not the other (those in the upper-left and in the lower-right corners).?’”

[Figure 3]

Table 6 presents correlations in the data, with different measures of return and risk
of assets as the dependent variable and household’s initial wealth and other demographic
characteristics on the right hand side. Specifically, Panel A presents regression results
when we us the simple measured rate of return on assets (not adjusted for risk) as the
dependent variable. In three out of four provinces, we find that poor households (as
measured by initial wealth) tend to have higher average return on assets. This result might
prompt us to conclude that households in these provinces are financially constrained.
However, the results in Panel B reveal a different story. Once adjusted for risk, poorer
households in the central region tend to have a lower return on assets while there is no

relationship between wealth and return on assets for the two provinces in the northeast.

The explanation for these findings is shown in Panels C and D where we examine
the relationship between household characteristics and household beta (aggregate risk

with respect to the market return on physical assets) and household sigma (idiosyncratic

27 Figure 3 also presents two salient findings from our sample. First, there is a positive correlation between
aggregate risk premium and idiosyncratic risk premium (the correlation coefficient is 0.49 and statistically
significant at 1%). Second, there is a large portion of our sampled households with low risk (those near the
origin in Figure 3). In particular, there is variation in aggregate risk premium while the idiosyncratic part is
near zero. This produces a cluster of points on the horizon axis.
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risk). The results highlight the heterogeneity in the risk exposure of households in our
sample. Controlling for household demography, poorer households tend to be more
involved with risky activities, both aggregate (in 3 out of 4 provinces) and idiosyncratic
(in all 4 provinces). We also find that households with younger, less educated, and male
head tend to have more exposure to both aggregate and idiosyncratic risks (although

specific results vary across provinces).

[Table 6]

One might well ask, what is the mechanism that households choose to make their
income smooth or risky? We further explore the sources of this household risk exposure
(results not shown here). Using the data on the shares of household total revenue from
each production activity as well as the data on each household’s main occupation
(cultivation, livestock, fish and shrimp farming, and non-farm business), we find that
cultivation is associated with the highest aggregate and idiosyncratic risk (these are
statistically significant at 1%). Cultivation is common in our sample (hence aggregate
risk), but at the same time there is heterogeneity in the variability of returns within
cultivation (hence idiosyncratic risk). Finally, we find that poorer households are more
likely to participate in cultivation (again, statistically significant at 1%). Note also that
this finding is unlikely driven by the difference in risk preferences between rich and poor
households as Chiappori, Samphantharak, Schulhofer-Wohl, and Townsend (2013 and
2014), using data from the same household survey as this paper, find that risk aversion
was not correlated with household wealth. This is related to the underlying force of the
full risk sharing benchmark, under which production and consumption activities are

separated.
The result shows how easily one could misinterpret data, if one did not adjust for

risk. One might have impression that relatively poor households have high returns on

assets (as shown in Panel A for all of the provinces except for Lopburi) and thus suffer
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from financial constraints. The results here show that the reason why these poor
households have a higher simple rate of return to their business enterprises is from the
fact that they take more risk in their production activities and get compensated
accordingly. Controlling for risks, household enterprises of the poor in the northeast are
not productively different those of the rich, while the poor in the central region tend to
have lower return on assets that the rich. Thus some poor households in our sample, those
of the central region, do seem constrained, but not in the usual, stereotypical sense. Poor
households seem limited in their choices of production activities, as if constrained away
from the activities that have high return net of risk premia and are available largely for
richer households. Our findings suggest that there exist obstacles for the poor to leave
their current occupation rather than funding the current one. Our finding is similar to
Rampini and Viswanathan (2016) who find that household risk management is
incomplete and increasing in household net worth and income.?® The limitation of poor
households to diversify idiosyncratic income risk is in contrast to Morduch (1995), who
finds that poor households in villages in India that have limited ability to smooth
consumption ex post and tend to choose production activities that give them smoother

Income ex ante.

9. Conclusion and Policy Implications

We study the risk and return of farm and non-farm business enterprises in village
economies. Using data from the Townsend Thai Monthly Survey, we find that although
idiosyncratic risk is the dominant factor in the total risk, it is diversified away to a large

extent, and so bears a low risk premium. In contract, aggregate risk cannot be diversified

28 Qur findings do not necessarily contradict existing literature that analyzes the gross rate of return,
unadjusted for risk premia, and financial constraints. If all households are in the same occupation or a
sector that has identical aggregate risk, and if idiosyncratic risk is fully diversified, then actual net returns,
adjusted for risk, are simply a downward shifted version of the unadjusted returns. Some on the right tail of
this distribution may have high net returns and thus may be constrained. More generally, however,
with different occupations and differential exposure to risk, high returns on the right tail of the distribution
may be simply the compensation for high risk. Likewise, high rates of growth of net worth for poor
households with high rates of return does not necessarily indicate the presence of financial constraints, as
those with high expected returns, however risky, will on average as a group, experience high growth.
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away and likewise it captures a much larger share of the total risk premia. Our results,
using data on the rates of return from production side, are parallel to those in the
consumption risk sharing literature that uses income and consumption as key variables.
We also provide an analysis that jointly makes use of production and consumption panel
data, at the level of individual households over time. Our study has important policy
implications: when comparing business across sectors or production across different
activities, the adjustments for aggregate and idiosyncratic risks can vary and there is

potentially little association between high returns and underlying productivity.
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Appendix

Appendix A: Derivation of Empirical Specification

Due to the first assumption on linear production technology, equation (1) also holds for any of the
portfolios constructed by any combinations of the assets k; ;for all 7 and all j. If we consider a

household as our unit of observation, equation (1) implies that 1:E[m'R;] , where

Z O:JRI,J

R = ; =-—=7— In other words, R]'. is the weighted average return to the portfolio of the assets
Z ei J
i=1

operated by household j, where the weights are the shares of each asset in household j ’s portfolio.
This insight allows us to study the risk and return of a household’s portfolio of assets instead of
the risk and return of each individual asset. This implication is especially important in the
empirical study where the classification of asset types and the income stream from each asset is
problematic, as one asset may be used in various production activities or various types of assets
are used jointly in a certain production activity.

The second assumption that the value function of the social planning problem can be well
approximated as quadratic in the total assets of the economy implies that at W,

J 1
VW<W'>=—n(W’—W*)=—n[22R@k{] *]=—n(R;4k;4—W*), (A1)

i=1
J I
2R,

J I
where R;, = % and kj, = Z Z k!, . The first-order conditions from the value
M j=1 =1
function (A1) imply
m/:_¢n(R1,Wk;W _W) ¢TIW ¢T7kM R/
H H H
m’=a—-DbR;,, (A2)

where a and b are implicitly defined. Next, combining equation (A2) with the Euler equation
derived earlier,

cov(a—DbRy,,R],) var(a—bR;,)

E[R 1=y -
[ z,j] Y Var(a—bR;,,) E[a—bR/’w]
R R’ ’
E[R,”J]zy,-l-COV( M, z,])‘ bV&I‘(RM,)
var(R;,) a-—bE[R],]
E[R 1=7"+Bw . )

which is a linear relationship between the expected return of an asset, E [R;,, j], its nondiversifiable

risk as measured by the comovement with the aggregate return, 3.

; » and the price of the

nondiversifiable risk, ¥ . Note again that equation (A3) holds for any assets or portfolios of
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assets, including the market portfolio, M, and the risk-free asset, /. Since ﬁM =1 and ﬁf =0,
equation (A3) also implies that ¥”= R} and y = E[R;, ]— R} . In other words, the price of the

aggregate, nondiversifiable risk is equal to the expected return on the market portfolio in excess
of the risk-free rate. This condition, presented in equation (A3), is equivalent to the relationship
between risk and expected return derived in the traditional Capital Asset Pricing Model (CAPM)
in asset pricing literature. Finally, as discussed earlier, equation (A3) also holds for any of the
portfolios constructed by any combinations of the assets for any i and any j because the
production technologies are assumed to be linear in capital. In other words, for each household j,
we can derive equation (2) as

E[R/]- R, = B,(E[R,1-R}). ©)
where R; is the return to household j’s portfolio and 3 ; 1s the beta for the return on household j’s

assets with respect to the aggregate market return,
cov(R},,R?)
7 var(R,)
Also, note that common quadratic utility functions do Gorman aggregate and we can drop the

reference to Pareto weights. Also, the quadratic utility function is not the only setting that delivers
this result.

3)

Appendix B: Descriptive Statistics

[Tables A.1-A.4]

Appendix C: Construction of Income, Assets, and Rate of Return

Net Income: Income is accrued household enterprise income, which is the difference between the
enterprise total revenue and the associated cost of inputs used in generating that revenue.
Revenue is realized at the time of sale or disposal. Associated cost could be incurred earlier, in the
periods before the sale or disposal of outputs. Total revenue includes the value of all outputs the
household produces for sale (in cash, in kind, or on credit), own consumption (imputed value), or
given away. Revenue also includes rental income from fixed assets. Revenue does not include
wages earned outside the household or gifts and transfers received by the household. Cost
includes the value of inputs used in the production of the outputs, regardless of the method of
their acquisition, i.e., purchase (in cash, in kind, or on credit) or gifts from others or transfers
from government. Costs includes the wage paid to labor provided by non-household members as
well as imputed compensation to the labor provided by household members.?® Cost includes all
utility expenses of the household regardless of the purposes of their uses and also includes
depreciation of fixed assets.

Total Assets: Assets include all assets, i.e., fixed assets, inventories, and financial assets. Fixed
assets are surveyed in the Agricultural Assets, Business Assets, Livestock, Household Assets, and
Land Modules of the survey. In the Agricultural Assets Module, fixed assets include walking
tractor, large four-wheel tractor, small four-wheel tractor, aerator, machine to put in seeds and
pesticides, machine to mix fertilizer and soil, sprinkler, threshing machine, rice mill, water pump,
rice storage building, other crop storage building, large chicken coop, other buildings for

2 For the detailed procedure how we impute the compensation to household's own labor, See
Samphantharak and Townsend (2010).
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livestock, and other buildings. In the Household Assets Module, assets include car, pick-up truck,
long-tail boat with motor, large fishing boat, bicycle, air conditioner, regular telephone, cellular
telephone, refrigerator, sewing machine, washing machine, electric iron, gas stove, electric
cooking pot, sofa, television, stereo, and VCR.3? Due to the variety in non-agricultural businesses,
in the Business Module, we do not list the specific name of the assets, but instead ask the
household to report the fixed assets they use in their business enterprises. In the Land Module,
assets include land and building at acquisition value, the value of land and building improvement,
and the appreciation of land when major events occurred (such as an addition of new public
roads). In all of the modules, assets that are not explicitly listed but have value more than 2,000
baht are also asked and included. We also adjust the value of fixed assets with monthly
depreciation. Inventories include raw material, work in progress, finished goods for cultivation,
fish and shrimp farming, livestock activities (such as milk and eggs), and manufacturing non-
farm businesses. For merchandizing non-farm businesses, inventories are mainly goods for resale.
Animals from the Livestock Inventory Module, which include young meat cow, mature meat cow,
young daily cow, mature dairy cow, young buffalo, mature buffalo, young pig, mature pig,
chicken, and duck, are accounted as either inventories or fixed assets, based on their nature.
Financial assets include cash, deposits at financial institutions, other lending, and net ROSCA
position. These line items are computed from the Savings Module, the Lending Module, and the
ROSCA Module. The stock of cash is not asked directly but can be imputed from questions about
each and every transaction that each households had since the last interview. Finally, the total
asset used in the calculation of rate of return is net of liabilities. We use the information from the
Borrowing Module to calculate the household’s stock of total liabilities.

Rate of Return: The rate of return on assets (ROA) is defined as household’s accrued net income
divided by household’s average total assets (net of total liabilities) over the period from which
that the income was generated, i.e., one month in this paper. The average total asset is the sum of
total assets at the beginning of the month and total assets at the end of the month, divided by two.

Discussion on Measurement Errors

For the aggregate risk, the positive relationship between beta and expected (or mean) return could
be driven by measurement errors if the measurement errors of household ROAs are positively
correlated with the measurement errors of the aggregate ROA. However, for most production
activities, we use direct answers on revenue from those production activities from each household
to compute that household’s ROA. Constructing price indices from these data reveals that prices
in a given month can vary considerably over households. This may be due in part to the fact that
we did not try to distinguish within village versus farm gate prices, i.e., we have revenue and
price at the point of sale, wherever that might be. Actual and imputed wages also vary
enormously over households at a point in time. There are also likely measurement errors in
idiosyncratic returns but detailed studies of rice production show that yields can be explained
beyond rainfall by measured differences in soil moisture, soil type, elevation, and timing of rain,
which are all household specific, and hence much of the heterogeneity across households is real
and not necessary measurement error (Tazhibayeva and Townsend 2012). Of course some
measurement errors are intrinsic to any survey. However, as we will discuss later in this paper,
our findings from the analyses that use the data from the production modules of the survey are
largely consistent with the findings from the consumption, gifts, and loan modules of the same
survey. This independence across modules reassure us that the main conclusions in this paper are
unlikely driven by measurement error in the data.

30 Note that we decide to include all household assets in our calculation. This is mainly because some of
these assets were used by the households in their production activities as well and it would be arbitrary to
include certain household assets while excluding others. However, the value of these assets was relatively
small compared to the value of total assets (which was largely determined by land and other fixed assets).
See Samphantharak and Townsend (2012) for the sensitivity analysis of ROA on household assets.
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Appendix D: Alternative Definitions of the Aggregate Economy

One may argue that kinship networks are local and operate better at the village or network levels
than at the township level. Table A.5 reports the second-stage regression results when we use
villages as aggregates. Despite the smaller number of observations, the results show that the
regression coefficient of household beta is significantly positive at 10% (or lower) level of
significance for 9 of the 16 villages in our sample, with the only exception of all four villages in
Buriram province, two villages in Lopburi, and one village in Chachoengsao. The result also

shows that we cannot reject the null hypothesis that ¥ = Ry at 10% level of significance for 5

out of those 9 villages in the sample (Village 7 in Chachoengsao; Village 4 in Lopburi; and
Villages 6, 9, and 10 in Srisaket).

[Tables A.5]

We also perform a similar analysis at the network level. In order to analyze the risk and return at
the network level, we construct kinship network maps for the households in the Townsend Thai
Monthly Survey. Specifically, for each of the relatives of the household head and the spouse
(parents and siblings of the head, parents and siblings of the spouse, and their children) who was
still alive and lived within the village, the survey recorded which building structure as recorded in
the initial census he or she lived. With this information, we constructed a kinship network map for
each village by drawing a link between two households that were family-related related. We
present in Table A.6 the regressions using network as our definition of aggregate economy. We
present only the results for the networks with more than 15 households. There are nine of them.
All are from different villages (four from Lopburi in the central region; two from Buriram and
three from Srisaket in the northeast). Table A.6 shows that the regression coefficient of household
beta is significantly positive for 5 of the 9 networks. For 2 of the 9 networks, we however cannot
reject the null hypothesis that the regression coefficient is equal to the network’s average return
(Networks 602 and 902 in Srisaket).

[Tables A.6]

Appendix E: Time-Varying Stochastic Discount Factor

To show that the consumption-wealth ratio summarizes the expectation of future returns, Lettau
and Ludvigson (2001a) start from the resource constraint in period ¢ analogous to what presented
in Section 2 of this paper, W,,, =(1+r,,,)W,-C,) , where w, , C, , and r,,,,, are wealth,

consumption, and market rate of return in period ¢. Following Campbell and Mankiw (1989), the
log-linear approximation of this constraint yields ¢, —w, = E, {2 P, (T vy — Ac, H)}, where
s=1

py=——— Or the steady-state investment to wealth ratio. Define

cay,=c,—w, =c,—0a, —(1-w)y,, where a is the share of physical wealth in total wealth. Since
we do not observe the share of non-human wealth, @ ,we cannot directly compute the log
consumption to wealth ratio, cay, . Instead, we follow Lettau and Ludvigson (2001a) and obtain

e~

the value of cay, fromcay, = ¢, —wa, — 0y, —&,where the starred variables are the observed
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quantities from our data and the hatted values are the estimated coefficients from the township
time-series regression ¢, =4 +a, +0y, +¢€,.

Appendix F: Risk-Adjust Return

[Table A.7]
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Table 1 Risk and Return Regressions: Township as Market

Dependent Variable: Household’s Mean Return on Assets
Panel A: Constant Beta Panel B: Time-Varying Beta
Region: Central Northeast Central Northeast
Township (Province): Chachoengsao Lopburi Buriram Srisaket Chachoengsao Lopburi Buriram Srisaket
©) ) 3) “4) O] (6) (7 ®)
Beta 2.135%** 2.465%** 0.432 2.335%** 1.250%** 2.307%%* 0.530** 1.888***
(0.386) (0.518) (0.455) (0.663) (0.169) (0.326) (0.265) (0.48)
Constant -0.535 -0.503 -0.122 -0.847 -0.325% -0.631%** -0.782%** -1.114%%*
(0.412) (0.561) (0.364) (0.668) (0.176) (0.235) (0.162) (0.304)
Observations 129 140 131 141 1,161 1,260 1,179 1,269
R-squared 0.467 0.210 0.017 0.297 0.330 0.204 0.019 0.260
Township Returns:
Monthly Average 1.68 2.49 0.15 0.80 1.19 2.40 -0.07 1.04
Standard Deviation 0.07 0.10 0.10 0.10 0.75 1.47 0.54 0.75

Remarks For columns (1)-(4), unit of observations is household. Beta is computed from a simple time-series regression of household’s adjusted ROA on township’s
ROA over the 156 months from January 1999 to December 2011. Household’s mean adjusted ROA is the time-series average of household adjusted ROA over the same
156 months. For columns (5)-(8), unit of observation is household-time window. Each time window consists of 60 months. The window shifts 12 months (1 year) at a
time. There are 9 moving windows in total for each household. Beta is computed from a simple time-series regression of household’s adjusted ROA on township’s ROA
in each corresponding time window. Household’s mean adjusted ROA is the time-series average of household adjusted ROA over the corresponding time window.
Robust standard errors corrected for generated regressors (Shanken 1992) are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.



Table 2 Risk and Return Regressions with Human Capital and Time-Varying Stochastic Discount Factor: Township as Market

Dependent Variable:
Region:
Township (Province):

Beta with respect to

return on market physical capital (ra)

Beta with respect to

return on market human capital (rh)

Beta with respect to

residual log consumption (cay)

Beta with respect to
the interaction cay*ra
Beta with respect to
the interaction cay*rh
Constant

Observations
R-squared

Chachoengsao

Household’s Mean Return on Assets

Northeast Central
Buriram Srisaket Chachoengsao  Lopburi
3) “) (5) (6)
0.564%** 1.813%** 1.094%** 2.005%**
(0.271) (0.49) (0.148) (0.334)
-0.0524 0.149 -0.00542 0.0375
(0.181) (0.363) (0.061) (0.185)

-0.00441 0.00246
(0.055) (0.17)

-0.00533 -0.0304

(0.065) (0.216)

0.00134 -0.000574

(0.035) (0.162)

-0.757%** -1.080%*** -0.156 -0.464**

(0.164) (0.310) (0.178) (0.223)
1,179 1,269 1,161 1,260
0.021 0.270 0.315 0.203

Northeast
Buriram Srisaket
(7 (®)

0.392 1.893%**
(0.242) (0.45)
-0.0310 0.179
(0.171) (0.354)
0.0333 0.0789
(0.149) (0.324)
-0.131 -0.101
(0.168) (0.351)
0.0109 -0.0130
(0.142) (0.315)

-0.589%** -1.164%**
(0.162) (0.268)
1,179 1,269
0.049 0.306

Remarks Unit of observation is household-time window. For Columns (1)-(4), beta’s are computed from a multivariate time-series regression of household’s
monthly adjusted ROA on township’s monthly return on market physical capital (ra) and township’s return on human capital (ry), which is proxied by the
monthly growth rate of township’s total labor income. Regressions are performed on moving windows of 60 months. The window then shifts 12 months (1 year)

at a time and there are 9 moving windows in total for each household. Household’s mean adjusted ROA is the time-series average of household adjusted ROA

over the corresponding time window. For Columns (5)-(8), similar analysis is performed, with additional explanatory variables. Residual log consumption is the
residual computed from time-series regression of township’s monthly log food consumption on township’s total physical asset at the beginning of the month and
township’s total labor income during that month. Interaction terms are then defined accordingly. Robust standard errors corrected for generated regressors
(Shanken 1992) are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.



Table 3 Contribution of Idiosyncratic Risk to Total Risk and Total Risk Premium

Region:
Township (Province):

Contribution to Total Risk (Variance)
Contribution to Total Risk Premium
Percentage of Diversified Idiosyncratic Risk

Contribution to Total Risk (Variance)
Contribution to Total Risk Premium
Percentage of Diversified Idiosyncratic Risk

Number of Observations

Central
Chachoengsao

p25 p50 p75 p25
93.9%  98.1% 99.7% 92.3%
4.7%  21.6% 45.4% 41.7%
98.6%  99.6% 100.0%  92.4%
774%  84.9% 89.0% 80.2%
6.3% 32.6% 56.6% 21.2%
79.4%  93.4% 100.3%  69.6%

129 129 129 140

Lopburi Buriram
p50 p75 p25 p50

Panel A: Baseline Specification
97.6% 99.5% 84.0%  94.0%

61.5% 88.7%  105.6% 118.7%
96.3% 99.9%  111.2% 135.2%

Panel B: Robustness Specification
88.0% 91.6% 73.4%  79.7%
54.9% 1022%  35.4% 88.4%

94.9% 110.2%  75.5% 112.7%

140 140 131 131

Northeast
p75 p25
98.2% 43.8%
152.8% 13.3%
172.2%  67.4%
87.1% 40.9%
147.0% 9.1%
153.6%  63.4%
131 141

Srisaket
p50

65.9%
28.8%
82.0%

55.0%
19.5%
79.9%

141

p75

88.9%
53.9%
90.0%

68.9%
33.3%
89.4%

141

Remarks Unit of observation is household. Panel A presents the results from a baseline specification, as shown in equation (4), using the empirical results from
Columns (1)-(4) of Table 1. Panel B presents the results from a full robustness specification, as shown in equation (6), using the empirical results from Columns (5)-(8)
of Table 2. The numbers for each household are the average across estimates from nine different time-shifting windows.



Table 4 Aggregate Risk, Idiosyncratic Risk, and Rate of Return: Township as Market

Panel A: Baseline Specification

Dependent Variable: Household’s Mean ROA
Region: Central Northeast
Township (Province): Chachoengsao Lopburi Buriram Srisaket
@) ) 3) “)
Beta with respect to 0.903 %k 1.518%%* -0.181 1.334%:%:%
return on market physical capital (ra) (0.311) (0.305) (0.349) (0.354)
Beta with respect to
return on market human capital (rh)
Beta with respect to
residual log consumption (cay)
Beta with respect to
the interaction cay*ra
Beta with respect to
the interaction cay*rh
Sigma 0.216%** 0.184%**  0.131%**  (0.205%**
(0.0499) (0.0362) (0.0432) (0.0361)
Constant -1.999*** 3 32%** ] 576%** D T45%**
(0.433) (0.695) (0.509) (0.589)
Observations 129 140 131 141
R-squared 0.558 0.280 0.114 0.459

Remarks Unit of observation is household-time window. Beta’s are computed from a multivariate time-series regression of household’s monthly adjusted ROA
on township’s monthly return on market physical capital (ra) and township’s return on human capital (rh), and township’s residual log consumption (cay).
Township’s return on human capital (ry) is proxied by the monthly growth rate of township’s total labor income. Township’s residual log consumption is the
residual computed from time-series regression of township’s monthly log food consumption on township’s total physical asset at the beginning of the month and
township’s total labor income during that month. Interaction terms are then defined accordingly. Sigma is the variance of error terms from regressions used to
estimate beta’s for each household-time window. Robust standard errors corrected for generated regressors are reported in parentheses. *** p<0.01, ** p<0.05, *

p<0.1.

Panel B: Robustness Specification

Household’s Mean ROA
Central Northeast
Chachoengsao Lopburi Buriram Srisaket
(6)) (6) (7 ®)
0.487%** 1.105%** 0.0137 1.331%**
(0.194) (0.341) (0.248) (0.442)
0.00598 0.06 -0.0411 0.0799
(0.054) (0.18) (0.168) (0.335)
-0.0117 -0.00401 0.0106 0.0376
(0.049) (0.168) (0.145) (0.321)
-0.0117 0.0245 -0.0686 -0.0560
(0.056) (0.214) (0.162) (0.344)
-0.00166 -0.000644  0.00392 -0.0127
(0.034) (0.162) (0.141) (0.314)
0.00428***  0.00467*** 0.00389%*** 0.00367%**
(0.000689)  (0.000400) (0.000435) (0.000296)
-0.489%** -1.535%*%  _1.356%** -1.491%**
(0.171) (0.214) (0.151) (0.237)
1,161 1,260 1,179 1,269
0.433 0.330 0.196 0.446



Table 5 Idiosyncratic Income, Consumption, Gift, and Lending

Dependent Variable: Net Gift Outflow
Idiosyncratic Income 13.02%#*
(4.795)
Province-Month Fixed Effects Yes
Household Fixed Effects Yes
Observations 81,664
R-squared 0.011
Number of Households 541

Net Lending

27.67%**
(7.507)
Yes
Yes
81,712
0.009
541

Net Gift Outflow
Plus Net Lending
40.66%**
(9.000)

Yes
Yes
81,664
0.009
541

Consumption

4.857**
(2.081)
Yes
Yes
81,712
0.014
541

Remarks: Unit of observation is household-month. Net gift outflow is defined as gift outflow minus gift inflow. Net
lending is defined as lending minus borrowing. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, *

p<0.1



Table 6 Determinants of Rate of Returns and Risks

Region Central Northeast Central Northeast
Province Chachoengsao Lopburi Buriram Srisaket Chachoengsao Lopburi Buriram Srisaket
Panel A: Simple Rate of Return Panel B: Risk-Adjusted Rate of Return
Total Initial Wealth -0.0140%* 0.534%** -0.594%* -2.149%** 0.0287*** 0.711%** -0.323 -0.109
(0.00694) (0.0791) (0.255) (0.323) (0.00806) (0.0691) (0.262) (0.192)
Household Size -0.0868 -0.729%** -0.0651 -0.144 0.182 -0.872%** -0.239 -0.577***
(0.177) (0.249) (0.169) (0.228) (0.123) (0.205) (0.1406) (0.166)
Age of Household Head -0.0417** 0.00155 0.00627 0.00231 0.0217 0.0338* 0.0257** 0.0550%**
(0.0201) (0.0211) (0.0142) (0.0209) (0.0133) (0.0174) (0.0125) (0.0148)
Education of Household Head -0.115 -0.469%** 0.128 -0.492%** 0.209* -0.368*** 0.0896 -0.252%*
(0.136) (0.120) (0.0823) (0.133) (0.108) (0.106) (0.0746) (0.108)
Household Head Gender (Male=1) 0.590 -0.597 -0.997%* 1.710%** -1.580%** -0.291 -0.685* -0.0355
(0.444) (0.510) (0.415) (0.510) (0.345) (0.369) (0.386) (0.401)
Constant 4.434%* 4.472%%* 0.101 4.636%*** -2.320% -0.815 -1.911%* -2.299*
(1.815) (1.766) (1.103) (1.791) (1.204) (1.494) (0.964) (1.233)
R-squared 0.014 0.078 0.022 0.084 0.026 0.128 0.027 0.080
Panel C: Aggregate Risk Panel D: Idiosyncratic Risk
Total Initial Wealth -0.0261*** -0.00532 -0.178%** -0.831*** -6.902%** -34.73%** -68.39%** -239.2%**
(0.00397) (0.0148) (0.0572) (0.0935) (1.087) (7.917) (17.98) (35.16)
Household Size -0.141%** 0.0543 0.0622 0.224%** -51.43%%%* 23.16 43.24%%* 27.56
(0.0695) (0.0491) (0.0444) (0.05206) (19.67) (17.68) (18.51) (26.59)
Age of Household Head -0.0482%**  -0.0152%** -0.00635 -0.0115%* -9.930%** -1.943 -4.848%*** -0.827***
(0.0108) (0.00479) (0.00432) (0.00540) (2.391) (1.529) (1.549) (2.270)
Education of Household Head -0.266%** -0.0172 0.000534 0. 111%** -49.46%** -8.927 9.993 -21.49*
(0.0529) (0.0158) (0.0187) (0.0225) (10.47) (5.995) (6.210) (11.86)
Household Head Gender (Male=1)  1.766*** 0.0687 0.304*** 0.789%** 319.9%** -109.6 -63.05 153.8%**
(0.212) (0.122) (0.0936) (0.117) (48.73) (77.08) (46.39) (58.81)
Constant 4.888%** 1.574%%%* 0.847%** 2.326%%* 1,081 %*** 648.4%%* 505.1%** 1,038***
(0.918) (0.366) (0.313) (0.429) (216.8) (141.2) (105.9) (190.6)
R-squared 0.080 0.164 0.043 0.169 0.072 0.050 0.041 0.109
Observations 1,082 1,195 1,100 1,172 1,082 1,195 1,100 1,172

Remarks Unit of observation is household-round (shifting time window). For each housechold, beta and sigma are estimated from the regression in equation (6). Beta is
the regression coefficient with respect to aggregate return on physical assets. Sigma is the variance of the error terms from the regression. Household size is the number
of household members aged 15-64. Age of household head was as of the end of December 1998. Initial wealth is in million baht. All regressions include village fixed
effects. Robust standard errors are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.



Table A.1 Descriptive Statistics of Household Characteristics

Number of
Observations
Region
Township (Province)
As of December 1998

Household size 129
Male 129
Female 129
Male, age 15-64 129
Female, age 15-64 129

Average age 129

Maximum years of education 129

Total Assets (Baht) 129

156-Month Average (January 1999-December 2011):

Monthly Income (Baht) 129

Total Assets (Baht) 129
Fixed Assets (% of Total Assets) 129

Total Liability (Baht) 129

Liability to Asset Ratio 129

Region
Township (Province)
As of December 1998:

Household size 131
Male 131
Female 131
Male, age 15-64 131
Female, age 15-64 131

Average age 131

Maximum years of education 131

Total Assets (Baht) 131

156-Month Average (January 1999-December 2011):

Monthly Income (Baht) 131

Total Assets (Baht) 131
Fixed Assets (% of Total Assets) 131

Total Liability (Baht) 131

Liability to Asset Ratio 131

Percentiles Number of
25th 50th 75th Observations
Central
Chachoengsao
3.0 4.0 6.0 140
1.0 2.0 3.0 140
1.0 2.0 3.0 140
1.0 1.0 2.0 140
1.0 1.0 2.0 140
29.3 36.3 44.5 140
6.0 9.0 12.0 140
380,465 1,109,228 3,636,334 140
7,561 13,696 23,637 140
857,892 1,745,109 4,275,229 140
37% 61% 80% 140
8,470 31,455 105,216 140
0% 2% 6% 140
Northeast
Buriram
3.0 4.0 5.0 141
1.0 2.0 3.0 141
1.0 2.0 3.0 141
1.0 1.0 2.0 141
1.0 1.0 2.0 141
20.9 27.6 393 141
4.0 6.0 8.3 141
356,201 572,491 947314 141
2,073 3,677 5,584 141
503,434 741,882 1,114,981 141
39% 57% 69% 141
24,316 56,805 109,264 141
3% 8% 17% 141

Percentiles
25th 50th
Lopburi
3.0 4.0
1.0 2.0
1.0 2.0
1.0 1.0
1.0 1.0
25.6 32.3
42 6.0
336,056 1,074,082
5,836 10,486
653,339 1,645,757
40% 59%
34,595 121,412
4% 8%
Srisaket
4.0 5.0
2.0 2.0
2.0 2.0
1.0 1.0
1.0 1.0
25.2 32.0
5.3 7.0
156,313 387,634
2,160 3,672
317,444 577,064
35% 63%
23,471 42,932
4% 9%

75th

5.0
3.0
3.0
2.0
2.0
42.0
9.0

2,387,329

20,765

3,052,390

1%
285,300
16%

6.0
3.0
3.0
2.0
2.0
36.3
10.3
881,455

5,276
1,048,213
75%
75,531
17%

Remarks The unit of observations is household. Average age and maximum years of education across household members within a given household. Assets,
liabilities, and income are in nominal value. Fixed assets include equipment, machinery, building, and land.



Table A.2 Revenue from Production Activities (% by Township)

Region: Central Northeast
Township (Province): Chachoengsao Lopburi Buriram Srisaket
Production Activities
Cultivation 13.2% 39.4% 13.5% 33.7%
Livestock 21.0% 22.8% 1.0% 1.1%
Fish and Shrimp 17.6% 0.0% 0.3% 1.6%
Non-farm Business 28.8% 19.7% 59.2% 28.6%
Wage Earning 18.4% 15.2% 22.6% 27.9%
Number of Sampled Households 129 140 131 141

Remarks The unit of observations is township. The percentage of revenue is the revenue of each production activity from all
households in our sample divided by the total revenue from all activities in the township. The revenues are computed from all of the

156 months (January 1999 to December 2011).

Table A.3 Descriptive Statistics of Networks in Village and Township

Region Central Northeast
Township (Province) Chachoengsao Lopburi Buriram Srisaket
Number of Observations 129 140 131 141
% of Households with relatives living in the same...
Village 50.4% 76.4% 80.9% 87.9%
Township 87.8% 88.4% 97.1% 94.0%

Remarks The unit of observation is household. Relatives are defined as parents of household head, parents of household head's
spouse, siblings of household head or of household head's spouse, or children of household head. Network variables are computed as

of August 1998 (the initial baseline survey, i.e. Month 0).



Table A.4 Descriptive Statistics of Return on Assets: Quartiles by Township

Number of Percentiles Number of Percentiles
Observations 25th 50th 75th Observations 25th 50th 75th
Region: Central
Province (Township): Chachoengsao Lopburi
Mean 129 -1.72 0.38 3.99 140 -1.67 1.46 4.53
Standard Deviation 129 4.38 7.56 16.61 140 10.16 16.51 24.77
Coefficient of Variation 129 2.02 3.14 5.46 140 3.27 4.65 8.85
Region: Northeast
Province (Township): Buriram Srisaket
Mean 131 -1.32 0.28 1.56 141 0.21 1.99 4.29
Standard Deviation 131 8.38 13.92 22.59 141 10.16 16.78 26.87
Coefficient of Variation 131 4.03 8.70 17.48 141 4.03 5.92 11.52

Remarks Unit of observations is households. ROA is rate of return on household’s total asset, computed by household’s net income (net of
compensation to household labor) divided by household’s average total assets over the month. ROA is real return, adjusted by regional Consumer
Price Index from the Bank of Thailand, and reported in annualized percentage. Mean, standard deviation, and coefficient of variation of ROA are
computed from monthly ROA for each household over 156 months (January 1999 to December 2011). The percentiles are across households in
each township.



Table A.5 Risk and Return Regressions: Village as Market
Dependent Variable: Household’s Mean ROA
Province: Chachoengsao Lopburi
Village: 02 04 07 08 01 03 04 06
Beta 2.473%%* 3.232%%* 6.741%%* 0.720 2.163 3.185 4.399%#** 4.884#**
(0) (1 2 (D “4) A3) (1 (1
Constant -1.105 -0.333 -0.739 1.162 -0.827 0.312 0.257 -1.629
(0.899) (0.756) (0.821) (0.984) (1.434) (0.873) (0.572) (1.503)
Observations 35 36 27 31 34 29 37 40
R-squared 0.449 0.702 0.446 0.036 0.012 0.126 0.472 0.337
Village Returns:
Monthly Average 1.09 1.48 4.13 0.73 2.03 2.49 2.48 2.85
Standard Deviation 0.14 0.08 0.50 0.12 0.17 0.34 0.14 0.33
Province: Buriram Srisaket
Village: 02 10 13 14 01 06 09 10
Beta 0.827 0.547 0.217 0.697 2.759%** 3.680%*** 1.557** 1.902*
(1 2 (1 (D (1 2 (1 (1
Constant -0.628 0.346 0.684 -0.541 -2.407** -0.558 0.735 -1.748
0.417) (1.197) (0.831) (0.688) (1.172) (1.661) (1.001) (1.907)
Observations 34 28 34 35 38 42 39 22
R-squared 0.022 0.010 0.003 0.014 0.510 0.387 0.114 0.149
Village Returns:
Monthly Average -0.14 1.56 0.36 -0.52 -0.57 1.88 0.87 0.95
Standard Deviation 0.11 0.14 0.23 0.17 0.16 0.12 0.13 0.15

Remarks Unit of observations is household. Beta is computed from a simple time-series regression of household adjusted ROA on village ROA over the 156 months
from January 1999 to December 2011. Household’s mean adjusted ROA is the time-series average of household adjusted ROA over the same 156 months. Standard
errors corrected for generated regressors (Shanken 1992) are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.



Table A.6 Risk and Return Regressions: Network as Market

Dependent Variable:
Region:

Province:

Village:

Network:

Beta

Constant

Observations

R-squared

Network Returns:
Monthly Average
Standard Deviation

Region:
Province:
Village:
Network:
Beta

Constant

Observations

R-squared

Network Returns:
Monthly Average
Standard Deviation

01
03
-3.088
(4.302)
0.433
(1.448)
16
0.012

2.03
0.20

Buriram
13
03
1.373
(0.988)
-0.249
(0.694)
23
0.184

0.38
0.20

Household’s Mean ROA
Central
Lopburi
03
03
3.265
(4.033)
1.523
(1.244)
18
0.041
2.46
0.41
Northeast
14 01
03 03
0.728 2.842%**
(1.046) (0.722)
-0.460 -2.205*
(0.794) (1.226)
27 23
0.015 0.365
-0.52 -0.58
0.16 0.14

04
06
7.366%**
(2.383)
0.123
(0.865)
20
0.464

2.52
0.13

Srisaket
06
02
3.832%*
(1.484)
-0.452
(1.845)
37
0.374

1.88
0.13

06
01
5.189%%
(0.881)
-1.655
(1.799)
33
0.345

2.85
0.35

09
02
1.540%*
(0.618)
0.554
(1.025)
36
0.134

0.87
0.13

Remarks Unit of observations is household. Beta is computed from a simple time-series regression of household’s adjusted
ROA on network’s ROA over the 156 months from January 1999 to December 2011. Household’s mean adjusted ROA is the
time-series average of household adjusted ROA over the same 156 months. Standard errors corrected for generated

regressors (Shanken 1992) are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.



Table A.7 Descriptive Statistics of Household Alpha: Township as Market

Province Number of Standard . Percentiles
Observations Mean Deviation Skewness Kurtosis 25th 50th 75th
Panel A: Return on Assets, Not Adjusted for Risks
Central
Chachoengsao 129 1.90 6.51 1.14 4.64 -1.72 0.38 3.99
Lopburi 140 1.37 6.31 -0.93 5.46 -1.67 1.46 3.16
Northeast
Buriram 131 0.30 3.49 0.24 4.79 -1.32 0.28 1.39
Srisaket 141 2.83 5.87 0.75 5.53 0.21 1.99 4.29
Panel B: Return on Assets, Adjusted for Aggregate Risks
Central
Chachoengsao 129 0.68 5.52 0.44 5.17 -1.75 -0.15 2.59
Lopburi 140 0.28 5.81 -1.47 7.05 -1.98 1.00 3.16
Northeast
Buriram 131 -0.28 3.60 -0.02 4.54 -1.94 -0.27 1.39
Srisaket 141 -0.11 4.84 0.24 5.76 -1.43 -0.08 1.18
Panel C: Return on Assets, Adjusted for Aggregate and Idiosyncratic Risks
Central
Chachoengsao 129 -0.49 4.52 -0.305 6.09 -2.21 -0.42 1.469
Lopburi 140 -1.54 5.27 -1.87 8.12 -3.49 -0.12 1.493
Northeast
Buriram 131 -1.36 3.52 -0.73 4.38 -2.75 -0.75 0.54
Srisaket 141 -1.49 4.16 -0.677 5.70 -2.55 -0.72 0.313

Remarks Unit of observations is households. Panel A reports descriptive statistics of rate of return without adjusting for
any risk (but adjusted for household’s own labor). Panel B report rate of return adjusted for aggregate risks, where risk
premium is computed from market’s mean ROA (ra), market return on human capital (ry), residual consumption (cay),
and their interactions cay*ra and cay*rh, as defined in equation (7) in the text. Panel C report rate of return adjusted for
aggregate risks, where risk premium is computed from market’s mean ROA (ra), market return on human capital (ry),
residual consumption (cay), and their interactions cay*ra and cay*rh, as well as idiosyncratic risk from sigma, as defined
by equation (9b) in the text. For each household, the return in Panels B and C is averaged across 9 shifting time

windows. *** p<0.01.
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1. Introduction

During recent decades, interest in the study of household finance has grown rapidly. Campbell
(2006) first advanced the case for treating household finance as a distinct field of study in
economics. The global Financial Crisis of 2008-09 strengthened that case due to the subprime
housing debacle in many industrial economies and its persistent impact on household balance
sheets. In particular, the extent and nature of increased leverage and risk in household
mortgages and their effects on the real (housing industry) and financial (shadow banking)
sectors of the economy were not well known or understood prior to the crisis. Consequently,
there is now a focus on household decisionmaking, how households got into this trouble, what

transpired in the crisis, and the difficulties encountered thereafter.!

A hindrance to research and understanding of household economic behavior (real and
financial) has been the lack of sufficient data. Relative to other countries, the United States has a
large amount of high-quality data on household economic behavior; these data will be
examined closely in this paper. Even the U.S. data, however, were inadequate to inform
economic agents and policymakers sufficiently to avoid the Financial Crisis. Many efforts are
underway to acquire and develop additional needed data; these efforts include the
Eurosystem’s Household Finance and Consumption Survey (HFCS), which was inspired partly
by the U.S. Survey of Consumer Finances.? Other efforts, such as the National Academy of
Science’s call for a substantially revised Consumer Expenditure Survey, aim to reform existing

datasets (Dillman and House 2013).

! For example, Mian and Sufi (2011) study the aggregate impact of the home-equity-based borrowing channel and
find that a large portion of total new defaults between 2006 and 2008 were from homeowners who had borrowed
aggressively against the rising value of their houses. In a panel analysis of 30 countries, Mian, Sufi, and Verner (2017)
find that an increase in the household debt-to-GDP ratio predicts lower GDP growth and high unemployment.
Outside the United States, a study by Agarwal and Qian (2014) shows a negative consumption response by
Singaporean households to a decrease in access to home equity, with the result concentrated in credit card spending
and stronger among individuals with limited access to credit markets or with a high precautionary saving motive.

2 For more information on the HFCS, see https://www.ecb.europa.eu/pub/economic-research/research-
networks/html/researcher hfcn.en.html.
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U.S. household survey data exhibit several characteristics that limit their effectiveness. The U.S.
statistical system (public and private) is decentralized, with each data source specializing in a
part of household activity. Although there are often good reasons for specialization, the result is
a general lack of comprehensive measurement of household activity. Many datasets are cross-
sectional, which limits their ability to track the behavior of specific households over time, and
are gathered infrequently. When data sources are combined in an effort to provide a more
comprehensive view of household behavior, the combination of the specialized data sources can
create imperfect, if not misleading, views of household economic conditions, due to differences
in sampling, measurement, and linkages between microeconomic and aggregate data.’ These
imperfections make it difficult to ascertain from the data the extent and nature of important
developments, such as adjustments affecting household balance sheets in the wake of Financial

Crisis, increases in income inequality, and intergenerational dynamics of household net worth.

Data on household behavior in other countries also exhibit limitations, but there are signs of
improvement in response to major economic developments. Most notably, the Financial Crisis
reaffirmed the view that household finance is at the center of development economics because
financial access is thought to be one of the key factors that could help poor and vulnerable
households become more productive and resilient in the face of economic shocks. In addition,
there have been payment innovations such as M-Pesa in Kenya, an electronic money issued by a
cell phone company, Safaricom, that in many respects is now on par with currency there as a
medium of exchange (Jack, Suri, and Townsend 2010). The often-expressed hope in developing
economies is that a deeper, more developed financial system can be built on top of such an

improved payments system, with some progress evident in countries such as Pakistan.* These

3 Carroll, Crossley, and Sabelhaus (2015) contains numerous studies showing the various practical and theoretical
tradeoffs inherent in attempting to use survey data to build economic aggregates, tradeoffs that can make comparing
results from different surveys extremely challenging. For instance, Crossley and Winter (2015) note the difficulties
survey designers can have even in defining the term “household,” which can significantly affect the comparability of
survey results. Similarly, surveys with a short reference period may underestimate infrequent purchases, while
surveys with a long reference period may suffer from recall issues. Two surveys with different reference periods may
have comparability issues.

4 See Ahmed et al. (2015) for more information on the rise of branchless banking in Pakistan.



developments bring us back to the need for better data on payments, household behavior, and a
micro-founded view of the macro economy in developing countries. Fortunately, more
countries are producing data from household surveys that are doing a better job of measuring

these developments.

We believe an important step forward in understanding household behavior is the development
of more reliable and effective measures of household economic activity, both real and financial.
Therefore, an overarching goal of this paper is to describe a comprehensive vision for practical
implementation of household surveys that are integrated with financial statements and
payments data, leaving no gaps in measurement and strengthening the theoretical and applied
linkages among measures. The main contributions of this paper are: 1) to assess how well
integrated U.S. household surveys are with elements of financial statements for households;
and 2) to demonstrate how a diary of U.S. consumer payment choices can be used to construct a
new statement of liquidity flows that advances the current state of the art in measuring stock-

flow dynamics and thus takes a step closer to realizing the overarching vision of the paper.

Samphantharak and Townsend (2010, henceforth ST) describes the baseline conceptual
framework for the design of an integrated survey that has been implemented in the field for
almost 20 years and that allows construction of a complete set of household financial statements
that is comprehensive and fully integrated. Essentially, ST creates a set of financial accounts
akin to those of corporate firms: this set comprises a balance sheet, income statement, and
statement of cash flows. The concept is of a household with projects, that is, a collection of
assets that earn income from farm and non-farm production activities. This idea of assets
earning income also extends to households engaged in wage or salaried labor, meaning those
that essentially generate income from their human capital. A key element of this analysis is that
all aspects of household situations and behaviors are measured: income, in order to measure the
productivity of physical and human capital; assets and liabilities, to measure wealth; and cash

flow, to distinguish liquidity from income and profitability. A key to this measurement is that



the accounts are required, by construction, to be consistent with one another, thereby

eliminating the possibility of gaps. Few surveys feature this dynamic integration.

To illustrate how this works, and as a first step in the paper, we use the ST framework to assess
the degree of integration in leading U.S. household surveys. For each survey considered, we
tabulate and juxtapose the data of each in the form of corporate financial statements applied to
the representative U.S. household. We first construct for each survey a harmonized balance
sheet, income statement, and statement of cash flows for a recent time period that matches the
survey dates—around 2012—as closely as possible. To ensure maximum accuracy, we have
invited assistance from representatives associated with each survey; and to encourage further
refinement of this effort, we make our programs available to interested researchers. Then, we
use the estimated U.S. household financial statements to characterize the degree of integration
by two distinct measures. Integration by coverage reflects the extent to which a survey contains
estimates of each line item in the financial statements. All the surveys cover roughly half the
income statement items, although most specialize in income or expenditures. However, the
coverage of the balance-sheet items varies widely across surveys. Integration by dynamics reflects
the extent to which the statement of cash flows accurately measures the law of motion between
stocks (shown in the balance sheet) and flows (shown in the income statement). None of the
surveys can provide truly direct statements of cash flows, and all of them make large errors

relative to indirect estimates of changes in assets and liabilities.

Our assessment of integration in U.S. household surveys is merely a factual statement of results
and is not intended to be a criticism of the surveys or a call for reforming them. We recognize
and accept the specialty nature of U.S. surveys, which has the benefit of allowing gains from
specialization and achievement of each survey’s original goals. For example, the Panel Study on
Income Dynamics (PSID) was originally designed to measure poverty and to contribute to its
reduction in conjunction with President Johnson’s Great Society programs; the Consumer
Expenditure Survey (CE) was designed to gather data for developing accurate price indices; and

the Survey of Consumer Finances (SCF) to measure wealth. Although some of these surveys



have evolved over the years, particularly the PSID, others retain their original mandate. Yet the
specialization and persistence of the U.S. surveys does leave gaps in measurement that can only
be overcome by comprehensive integration of the surveys with financial statements. Ironically,
because the PSID and SCF are so highly regarded, they are adopted as the gold standard
elsewhere in the world, for example, in China and Europe, thus propagating essentially the

same gaps in these other surveys as in their U.S. counterparts.

A second step of this paper is to use the Federal Reserve Bank of Boston’s 2012 Diary of
Consumer Payment Choice (DCPC) to demonstrate how consumer payment diary surveys can
improve the dynamic integration of surveys.5 The DCPC directly measures several, but not all,
components of the law of motion governing the stock-flow relationship between assets and
liabilities (balance-sheet items) and income and expenditures (income-statement items). Because
the 2012 DCPC is focused on consumer payments authorized by payment instruments (cash,
check, debit or credit card, online banking, and such), it focuses on liquid assets used as
payment instruments, including the currency held and used by U.S. consumers. In this respect,
the DCPC is similar to the Townsend Thai Monthly Survey (TTMS), which underlies the ST
methodology, where currency is the main household asset and payment instrument in rural
Thailand. To provide a bridge to our key next step, we compare and contrast the household

financial statements constructed with TTMS with those constructed with the DCPC.

The central innovation of this paper is the construction of a new, more detailed analysis of cash
flows at the level of liquid asset accounts, where currency, checking accounts, and other liquid
assets are distinguished and treated separately. By tracking consumer expenditures that are
authorized by payment instruments tied to specific types of liquid asset accounts, the DCPC
matches expenditures to the sources of money and credit that fund them. This matching cannot

be done feasibly by surveys that track consumer expenditures at the level of individual

5 Separately, Schuh (2017) reports that the DCPC produces estimates of U.S. consumer expenditures that greatly
exceed those from the Consumer Expenditure Survey (and diary) and that approximately match National Income
and Product Account estimates of comparably defined measures of consumption and disposable income.



products (the Consumer Expenditure Survey) or at the level of aggregated expenditure

categories (“food away from home”).

Linking all the liquidity accounts to one another and to the expenditures (or investments) they
fund makes it possible to better assess the changing landscape of payments taking place in the
United States and industrialized countries as well as in emerging-market and low-income
countries.® This then links back to the need for data to better inform public policy and to
provide consumers with the information they need to improve household decisionmaking and
economic behavior. More informative financial accounts come from considering payments, and
vice versa: better payments data come from integrated financial accounts. Development of
household economic data from dynamically integrated household surveys that include
payment diaries might be particularly beneficial for developing countries, where household
economic data are scarce, there are few pre-established surveys with prior missions, and
payment systems and financial industries are changing rapidly. Of course, payments systems
are also changing in the United States. The 2015 DCPC took a small step toward integrating
payments and employing the ST framework, as described below. We provide a framework and

guidance for policymakers to implement this longer-run vision.

The remainder of the paper proceeds as follows. Section 2 provides an overview of the main
U.S. household surveys. Section 3 reviews the ST methodology and explains how it will be used
in our analyses. Section 4 assesses the degrees of integration in U.S. household surveys, by
coverage and dynamics. Section 5 compares and contrasts the TTMS and DCPC survey data.
Section 6 describes the innovation made possible by the interaction of ST’s methods with the

DCPC. Section 7 concludes.

¢ For information about Federal Reserve efforts to stimulate innovations in the U.S. payment system, see
https://fedpaymentsimprovement.org/.
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2. Overview of U.S. Household Surveys

This section describes the main surveys included in this study, which are used to collect data on

U.S. household economic conditions (henceforth, “household surveys”), plus the TTMS.

Summary descriptions of these surveys appear in Table 1 in order of chronology based on

continuous fielding. Five sponsors produce these U.S. surveys:

University of Michigan, Institute for Social Research (ISIR) — The Michigan ISIR

sponsors two surveys. First, the biennial Panel Study on Income Dynamics (PSID),

which is “the longest running longitudinal household survey in the world” and that
includes data on wealth and expenditures as well as other socio-economic and health

factors.” Second, the biennial (even-numbered years) Health and Retirement Survey

(HRS), which “has been a leading source for information on the health and well-being
of adults over age 50 in the United States” for more than 20 years; the HRS includes the

biennial Consumption and Activities Mail Survey (CAMS) for tracking household

expenditures in “off” years (odd-numbered).?

U.S. Bureau of Labor Statistics (BLS) — The BLS sponsors the Consumer Expenditure

Survey (CE), comprising “two surveys—the quarterly Interview Survey and the Diary

Survey—that provide information on the buying habits of American consumers,
including data on their expenditures, income, and consumer unit (families and single
consumers) characteristics.”® “As in the past, the regular revision of the Consumer Price
Index (CPI) remains a primary reason for undertaking the Bureau’s extensive Consumer
Expenditure Survey. Results of the CE are used to select new ‘market baskets” of goods
and services for the index, to determine the relative importance of components, and to

derive cost weights for the market baskets.”

7 For more information about the PSID, see https://psidonline.isr.umich.edu/.

8 For more information about the HRS, see http://hrsonline.isr.umich.edu/.
9 For more information about the CE, see http://www.bls.gov/cex/ and http://www.bls.gov/cex/csxovr.htm. The CE

dates

back to the 1800s but was not implemented annually until 1980; for details, see

https://www.bls.gov/cex/ceturnsthirty.htm.
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e Federal Reserve Board — The Board sponsors the Survey of Consumer Finances (SCF),

“normally a triennial cross-sectional survey of U.S. families. The survey data include
information on families’ balance sheets, pensions, income, and demographic
characteristics. Information is also included from related surveys of pension providers
and the earlier such surveys conducted by the Federal Reserve Board.” The SCF collects
some consumer expenditures directly.!

e U.S. Census Bureau — The Census Bureau sponsors the Survey of Income and Program

Participation (SIPP), “the premier source of information for income and program
participation. SIPP collects data and measures change for many topics including:
economic well-being, family dynamics, education, assets, health insurance, childcare,
and food security.”!!

e Federal Reserve Bank of Boston — The Boston Fed’s Consumer Payments Research

Center (CPRC) sponsors the annual Survey of Consumer Payment Choice (SCPC) and

the occasional Diary of Consumer Payment Choice (DCPC), both of which measure

consumer adoption of payment instruments and deposit accounts and the use of
instruments. Originally, the SCPC and DCPC were not integrated like the CE but were
developed independently; they are now being integrated. The SCPC collects only the
number of payments, while the DCPC also tracks the dollar values. Both provide data
on cash and (in later years) checking accounts plus revolving credit. The SCPC contains

very limited information about household balance sheets.

These surveys were selected because of their quality and breadth of coverage of U.S. household
financial conditions, including relatively large numbers of detailed questions pertaining to the
line items of household financial statements (assets, liabilities, income, or expenditures). None
of the surveys contains all relevant financial conditions because none was designed to do so.
Thus, no single survey is fully integrated with financial accounting statements and no single

survey alone can provide complete estimates of household financial conditions. When

10 For more information about the SCF, see http://www.federalreserve.gov/econresdata/scf/scfindex.htm.
11 For more information about the SIPP, see http://www.census.gov/sipp/.
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combined, however, these U.S. household estimates come closer than any single dataset
available today to providing a comprehensive assessment of U.S. household financial
conditions. These surveys were also chosen because, except for the HRS, they are representative
of U.S. consumers. > However, the surveys are implemented with different samples of
households (or consumers) and, in some instances, substantively different survey questions, so

their estimates are not necessarily comparable.

We reiterate that each survey has its own particular purposes or goals and that none is intended
to provide a comprehensive, integrated set of household financial conditions as described in ST.
The CE, for example, is primarily intended to produce data on a wide range of consumption
expenditures that aid in the construction of the CPI. In contrast, the SCF primarily tracks details
of assets and liabilities plus income from all sources but does not track all consumer
expenditures. The PSID aims to estimate most income and expenditures but also focuses on
collecting data on social factors and health, a practice that might be beneficial for every survey
and data source. In any case, the PSID’s breadth limits the amount of detail it can obtain on
income and expenditures, so it does not obtain a comprehensive estimate of balance-sheet
items. For all of these reasons, the analysis in the next section does not expect or presume to
find an individual integrated financial survey, nor does it recommend that any of these surveys

change what it is currently doing.

Table 1 summarizes the key characteristics of the selected U.S. household surveys in terms of
their basic features, survey methodologies, and sampling methodologies. Surveys are listed in

columns in chronological order (left-to-right) based on their initial years of continuous

12 The HRS includes consumers ages 50 years and older and thus includes households with relatively high income
and assets, making it more representative of all U.S. consumers than other surveys that focus on subsets of the
population, such as low-income consumers. Two non-representative surveys merit analogous analysis but are not
included here because they focus on selected low- and moderate-income (LMI) U.S. consumers. One is the U.S.
Financial Diaries (USFD), produced jointly by the Center for Financial Services Innovation (CFSI) and the NYU
Wagner Financial Access Initiative. For more information, see http://www.usfinancialdiaries.org/. Another is the
National Asset Scorecard for Communities of Color (NASCC), which is very similar to the PSID. For more
information, see https://socialequity.duke.edu/research/wealth, Darity et al. (2015), and Chang et al. (2015).
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production. The oldest is the PSID, which dates back to the 1960s, while the newest, the SCPC
and DCPC, are less than a decade old. Most of the surveys are conducted relatively
infrequently, ranging from quarterly (the CE and SIPP) to triennially (the SCF). Although
implemented daily for one or two months, the official DCPC has been implemented only three
times in five years. The date of statistical calculations refers to the period used to estimate the
elements of the household financial statements, as discussed later in the paper. The rows of the
table are grouped into sections related to the survey methodology and the sampling
methodology. For further comparison, the table also shows corresponding information about

the TTMS.

Survey methodologies vary widely across the surveys along several dimensions. One obvious
distinction is the mode: survey (PSID, CE-S, SCF, HRS, SIPP, and SCPC) versus diary (CE-D,
DCPC) or “diary survey.” This distinction is complicated by the fact that modes also vary for
each type of survey or diary, including paper surveys, paper diaries (or memory aids), online
surveys—with or without assistance —and interviews; some surveys use mixed-mode strategies.
A key differentiating factor among surveys is whether they collect data based on respondents’
recall, where the recall period can vary in length from a period of one week to one year, or
based on respondents’ recording the data, where the recording period is typically one day.
Recall-based surveys are more susceptible to memory errors and aggregation errors (over time
and variable types). Some sponsors field their own survey (Michigan ISIR), while others
outsource to vendors (for example, the SCF uses NORC, formerly called the National Opinion

Research Center).

The sampling methodologies are relatively similar across surveys. All surveys aim to provide
estimates that are representative of some U.S. population measure, except the HRS, which is
limited to older households. The main reporting unit varies across surveys from individual
consumers to entire households, with some surveys obtaining information about the household
from just one member—an important choice that can significantly affect the results of the

survey. The surveys also differ in whether the samples are drawn as independent cross-sections
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or as longitudinal panels. The precision of survey estimates varies widely because sample sizes

range from 2,000 to 52,000 reporting units.

Estimates of economic and financial activity for consumers and households are influenced
heavily by at least two major types of factors: 1) heterogeneity in the survey specifications,
sampling methodologies, and data collection methodologies; and 2) variation across surveys in
the content, scope, and nature of questions about real and financial economic activity.
Therefore, the reader should not expect estimates of income, expenditures, or wealth from the
surveys to coincide. Instead, there might be large discrepancies in estimates of these economic
and financial activities even if the conceptual measures are similar. Differences in target
populations can naturally produce large differences in economic and financial measures. But
even more subtle survey design differences, such as recall versus recording, can produce large
differences in the estimated measures. With regard to survey content and questions, even minor
differences in wording can elicit differences in measured concepts between surveys. Similarly,
the level of aggregation—collecting data on just the total or on the sum of the parts of the total
(and then adding them up)—can have dramatic effects on estimates of the total values across

surveys.

3. The Samphantharak-Townsend Framework

This section provides a brief overview of the Samphantharak and Townsend (2010), or ST,
framework for defining and measuring the integration of household surveys with corporate

financial statements.

3.1 Conceptual Framework
There are three main financial statements in the ST “household as corporate finance”

framework."® The first statement is the balance sheet or the statement of financial position,

13 This conception of households as analogous to corporate firms raises some interesting issues. First, one may think
of firms as registered corporate entities. But the financial accounts also apply to firms that are proprietorships, so
formality or legality is not the issue, per se. More substantive complications remain. The first is how to treat
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which reports all assets and liabilities at a point in time. The difference between assets and
liabilities is net worth. In the terminology of corporate financial accounts, net worth is the
household’s equity in the household enterprise. The second financial statement is the income
statement, which measures flows of revenues and expenses as well as the disposition of net
profit into consumption and savings over a period of time. Finally, the statement of cash flows
measures money, cash, or other liquid assets flowing into and out of the household as part of
the payments system. In practice, cash flows are simply the outflows of cash for the acquisition
of inputs of production, as well as for investment and consumption expenditures, and the

inflows from sales of product, liquidation of assets, and financing.

The balance sheet is a stock report, while the income statement and the statement of cash flows
are flow reports. There is a close connection between the balance sheet and the income
statement through the connection between stocks and flows, as summarized in Figure 1.
Specifically, profits from production or from salary and other income can be saved or
consumed. Consumption is analogous to paying out a dividend to the owner. Positive savings
show up as an increase in (real or financial) assets and wealth, reflected in the balance sheet at
the end of the period. Likewise, negative savings show up as a decrease in assets and wealth.
Indeed, the change in wealth in the balance sheet between two points in time is essentially net

savings.!4

membership in a household, not only with respect to changes due to births and deaths of family members but also
with respect to changes due to marriages, divorces, and migration. For that matter, even within the family there may
be individual ownership of assets and liabilities, traceable in principle when the distinction is clear to the family
members, but often it is not. Or, in the other direction, seemingly separate families may in fact be closely related, not
just by blood or marriage but also by financial transactions and behavior. This is the case for family and extended
networks, as typically occurs in developing economies, but also in some advanced economies, such as Spain.

14 There are two further qualifications. First, there is an adjustment for net incoming unilateral transfers (for example,
gifts and remittances), which are not thought to be part of the return on investment projects per se but rather a
financing device or even good will. These are not uncommon for households. Second, the balance sheet can change
with asset appreciation or depreciation if these capital gains or losses are recognized in the income statement. Thus, it
is easy to measure savings poorly if appreciation and depreciation change the balance sheet and income statements if
one does not consider active flows of funds. Appreciation and depreciation can contribute substantially to increases
and decreases in income, especially for those with substantial financial portfolios, as is the case for some older
households.
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[FIGURE 1 ABOUT HERE]

Income in corporate financial statements is typically accrued income, based on the idea that
expenses of production are not subtracted until revenues from sales resulting from that
production are recognized.' The essential idea behind this notion of accrued income is that one
wants to measure the ultimate return on a project in order to compare that return to
alternatives; that is, one wants to measure the opportunity cost in order to see whether the
project is warranted, in order to answer the obvious question: do the economic activities the
household has adopted “make sense”? Essentially, accrued income is supposed to measure
productivity. However, since the accrual basis of accounting does not necessarily recognize
revenues or expenses when cash flows in or out of the enterprise, it cannot give analysts a full
understanding of the enterprise’s liquidity. For example, a project may be productive with a
reasonably high rate of return, but it may become illiquid due to cash-flows fluctuations and the
household may even go bankrupt. This example illustrates one of the reasons why the

statement of cash flows is needed to obtain a comprehensive understanding.

To summarize, the reconciled financial statements must exhibit the following accounting
identities: (1) in the balance sheet, the household’s total assets must be identical to its total
liabilities plus total wealth or net worth, (2) the increase in household wealth in the balance
sheet over the period must be identical to the household’s savings (adjusted for unilateral

transfers); that is, it must be identical to a household’s net income from the income statement

15 Accrual-basis accounting, where revenues (income) are reported when they are earned and expenses
(expenditures) are reported when revenues are reported, may be a more accurate representation of a company’s net
profits or financial condition (and a household’s financial condition) than cash-basis accounting. Accrual-basis
estimates would involve a substantial change. ST does this for the TTMS data, and the contrast of cash basis with
accrual basis has been quite useful in research, as noted earlier. Note that the differences between cash basis and
accrual basis become less relevant with annual data (in comparison to monthly or quarterly) since cash received and
revenues recognized are likely reported in the same period (although some differences persist in the Thai data).
Likewise, in such cases, cash outflows and expenses likely take place in the same period. These two accounting
approaches are also less relevant for non-business households, whose incomes are less likely to involve inventories
and trade credits. Another reason a small difference likely exists between cash and accrued income in the U.S. data is
that a large portion of income earned by households in the United States is from wages, whose receipt mostly
corresponds to the period when labor services are provided (the main caveat is the complication on how pensions are
treated, as mentioned above).
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minus consumption, and (3) the increase in the household’s cash holdings in the balance sheet
must be identical to the household’s net cash inflow in the statement of cash flows, summing

over all sources. Both sides of every accounting identity are measured.

One benefit of imposing accounting identities is that we avoid the common problem that a
variable generated from one set of questionnaire responses yields a different value when
computed from an alternative set of responses. For example, Kochar (2000) finds that household
savings in the Living Standard and Measurement Study (LSMS) surveys computed as
“household income minus consumption” is different from household savings computed from

7”7

“change in household assets.” This discrepancy could come from various problems in
questionnaire design. For example, some of the assets might be omitted from total assets, some
assets might be financed by liabilities rather than savings, or income and savings might be
defined inconsistently. Indeed, as mentioned above, one can use these two different measures of

savings, which may differ as indicated, as a consistency check within a survey or diary fielding,

with follow-up questions in the case of discrepancies.

ST applied this vision of integrated surveys to the Townsend-Thai Monthly Survey (TTMS).
Transactions in the monthly data are like journal entries for an accountant, allowing the analyst
to create complete financial accounts. As details of the transaction partners are also recorded,
one can map networks within the village and also geographic patterns. Figure 2 illustrates the
procedure for creating a household’s balance sheet, income statement, and statement of cash

flows from a panel household survey. More information about the TTMS appears in Section 5.

[FIGURE 2 ABOUT HERE]

3.2 Details of the Statement of Cash Flows

Because the dynamic accounting of linkages between stocks and flows is central to this paper,
we provide a more detailed discussion of this topic. The statement of cash flows (CF) provides

an accounting of cash received and cash paid during a particular period of time, thereby
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providing an assessment of the operating, financing, and investing activities of the firm (or

household).

The first step in constructing a cash-flows statement is to define the term “cash.” Despite the
label, it is important to remember from the outset that currency is typically only part of this. For
advanced industrial economies such as the United States, standard corporate financial
statements tend to focus cash flow on the concept of “cash and cash equivalents” (CCE):

e Cash - Currency (coins, notes, and bills) ' and liquid deposits at banks and other
financial institutions, including demand deposits, other checkable deposits, and savings
accounts. This measure is similar to the broad measure of money known as M2."

¢ Cash Equivalents — Short-term investments with a maturity of three months or less that
can be converted into cash quickly, easily, and inexpensively (high liquidity, low risk).
None of the surveys identify cash equivalents separately from similar investments of
longer maturity. Examples include 3-month Treasury bills versus 1-year Treasury bonds
and 3-month versus 6-month certificates of deposit).'®

The assessment of U.S. surveys will focus on CCE for the statement of cash flows. For the TTMS
and DCPC, however, the statement of cash flows will focus only on currency because Thai
households transact primarily in currency (Thai baht) and the 2012 DCPC is a payment diary

that does not track the entire balance sheet and has only one liquid asset (currency in U.S.

16 Currency could also refer to foreign currency, such as Euros, or even private virtual currency, such as bitcoin, but
we abstract from these because the holdings of these currencies by U.S. households are small and their liquidity is
less than that of sovereign currency.

17 Recent innovations in the U.S. payment system include nonbank financial companies that take deposits and make
payments, such as PayPal and general purpose reloadable (GPR) prepaid cards, such as Green Dot, NetSpend, and
Blue Bird. In some cases, these nonbank and/or nonfinancial companies act as an agent between banks and
households and deposit the money they receive into bank accounts. However, tracking the actual location of these
assets is difficult and is attempted only in the CPC due to its focus on payments. For most households, bank deposits
are the main type of cash, but nonbank deposits are becoming more common for some households, especially
unbanked and lower-income households.

18 Some cash-flows statements focus on “current assets,” which is CCE plus other assets that can reasonably be
expected to be converted into cash (or cash equivalents) within about a year. Some current assets are primarily
attributable to business activity, which is not in the scope of U.S. financial surveys or covered well by them and is
therefore excluded. These assets include accounts receivable, inventories, marketable securities, prepaid expenses,
and other liquid assets. In theory, these items apply to household finance, but it would require significant changes in
the scope and methodology of the U.S. surveys to include them.
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dollars, which is a payment instrument).!” Most U.S. surveys do not collect data on currency,

which is a relatively small portion of liquidity for most U.S. households, and only the SCPC and

DCPC do so comprehensively.

Once cash is defined, cash flows for that defined concept (CCE) can be calculated to account for

the operating, investing, and financing activities of the firm (or household).?’ In particular, the

statement of CF includes three main parts:

CF from production (or operating activities) — These are net cash flows from operating
activities of the firm (or household). The direct method shows cash inflows from
operations and cash payments for expenses, by major classes of revenue and expense.
Equivalently, the indirect method converts net income from an accrual basis to a cash
basis, using changes in balance-sheet items.

CF from investing activities (consumption and investment) — These are net cash flows
from investing activities of the firm (or household). Cash outflows are primarily for
investment in capital and for the purchase of securities that are not CCE. Cash inflows
are the converse, including sales of capital and non-CCE securities. Individual items are
listed in gross amounts (inflows minus outflows), by activity. As applied to the
household, these are consumption expenditures (on nondurable goods and services) and
capital expenditures (on durable goods).

CF from financing — These are net cash flows from transactions considered to be the
financing activity of the firm (or household). Cash inflows occur when resources are
obtained from owners or investors, such as by issuance of equity or debt securities. Cash
outflows are the converse, in the form of payment to owners and investors or to

creditors. As with CF from investing, individual items are listed in gross amounts.

19 ST also included deposits at financial institutions and rotating savings and credit association (ROSCA) positions in
their balance sheets. However, these assets are not used much as a medium of exchange and they change very little
over time, and they were excluded from the definition of “cash.” Nevertheless, the ST statements of cash flows
include adjustments for changes in these other liquid assets.

20 The material in this section draws heavily from Imdieke and Smith (1987).
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Another type of transaction sometimes associated with the statement of CF is direct exchange,
which occurs when non-cash (not CCE) assets or liabilities are traded without implications for
cash. Often these exchanges are difficult to classify as either investing or financing activity
because they may have elements of both. For that reason, accountants do not agree on whether
to include direct exchanges in the statement of CF or to report them in a separate statement. For

this paper, we do not include them in statement of CF.

In theory, the statement of CF provides an exact linkage between flows in the income statement
and changes in stocks on the balance sheet. To verify this, the statement of CF compares
measured cash flows with the measured changes in assets and liabilities from the balance sheet.
Total CF is simply the sum of component flows,
CF, =CF’ +CF’ +Cth ,
where superscript p denotes production (operating activity), V denotes investing activity, and
f denotes financing activity. If all financial-statement items are measured accurately and

constructed comprehensively, this estimate from the statement of CF should exactly match the

change in the stock of cash from the balance sheet,
CF =AM =A"-A",,
where AC denotes the asset value (end-of-period t) of cash and cash equivalents (superscript

C). If these CF identities were to hold exactly using data from a survey, then that survey would
be fully dynamically integrated with financial statements. In practice, however, measurement of
financial-statement items is neither exact (due to measurement error) nor comprehensive in
actual surveys (due to failure to include all items), so we expect to observe errors in the CF
identities above (that is, we expect to see less-than-full dynamic integration). One logical

measure of the degree to which survey estimates are integrated across time (dynamically) is

_ C
CF error =100 x {CF‘—AA} ,

Cc
-1
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which is expressed as a percentage of lagged cash. Smaller CF errors (in absolute value) are

interpreted as indicating better dynamic integration of a survey.?!

This analytical linkage between cash flows (also on the income statement if the cash basis rather
than the accrual basis is used) and the stock of cash (balance-sheet items) can be disaggregated
into the linkages between individual liquid assets (stocks) in CCE and the gross flows among
them. Henceforth, our language assumes the cash basis is used, but our analysis remains valid
for the accrual basis, since the real difference between the cash and accrual bases is only the
labeling of the transaction; for example, goods sold create an account receivable that is not
necessarily cash and does not appear on the statement of cash flows if the latter does not
recognize accounts receivable as CCE. Nevertheless, the sale would be recognized as creating an

increase in an asset (an accounts receivable item).

To see the point about disaggregation, let Ai denote the end-of-period dollar value of a liquid

asset in CCE from the balance sheet, where subscript k denotes the account/type of liquid asset

(currency, demand deposits, and such) and subscript t denotes the discrete time period (such as
month, quarter, or year). Liabilities, L,,, are defined analogously and primarily represent

various types of loans; in principle, liabilities can be viewed as negative-valued assets.?

Let D,y denote the dollar value of deposits into account k on day d (nearly continuous), and

W, the analogous withdrawals.? Gross cash flows in period t are the sums across all daily

flows into and out of an asset type:

21 This interpretation of the error is likely to be valid for a point in time, as in our analysis later in the paper.
However, the error could be small in absolute value at any point in time by chance, so a better measure over time
might be the average absolute error.

22 Assets and liabilities are owned by individual consumers, denoted by subscript i, who are members of a household,
denoted by subscript h. Agent identifiers are suppressed for simplicity because the following discussion assumes
aggregation occurs across all agents eventually.

2 The day-specific flows are net of intra-day deposits and withdrawals, so this accounting could occur even more
frequently (hourly or even by the minute) to obtain further insight into cash flows.
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Ng NS
Dy = de1 Dy and W, = Zdzlwkdt .

Asset deposits include primarily income of all types (including any capital gains and losses
from holding CCE), transfers of another type of asset (or liability) into the account, or unilateral
gifts received. Asset withdrawals include primarily payments for goods and services
(consumption expenditures or capital goods investment), transfers to another type of asset, or

unilateral gifts given. Again, liability flows are defined analogously.

Individual assets are governed by the following law of motion between periods t—1 and t:
Al = Ag,t—l + Dyt — Wit
AAit = Dyt — Wie-
Individual liabilities are governed by an analogous law of motion where the liability “return” is

primarily interest paid.

Finally, the disaggregated cash flows for each CCE type of asset include some that net to zero

when aggregated across all account k accounts. For example, if a consumer withdraws $100 in

currency (k =1) from a checking account (k:2), then D, =W,, . For this reason, it is

informative to track the flows among types of asset (and liability) accounts when analyzing the
cash-flows behavior of households. For some types of asset accounts, such as a checking
account, withdrawals can be made with multiple payment instruments, such as checks, debit
cards, and various electronic bank account payments. Thus, the gross flows between accounts

can be further disaggregated by the type of payment instrument used to authorize the flow.?

4. Assessment of Integration in U.S. Household Surveys

This section evaluates the content and structure of the main U.S. household surveys, excluding

the SCPC and DCPC, which are not designed to be general surveys of household finance, in

24 This discussion and conceptualization applies even if a survey does not have disaggregated data. Some notion of
cash is implicitly being used. That said, one can imagine how errors could arise, in particular, discrepancies between
the income statement and balance sheet.
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relation to corporate financial statements. As noted earlier, no U.S. survey is fully integrated
with financial statements in a manner consistent with the ST framework. However, all of the
U.S. surveys contain questions that provide estimates of many of the relevant stocks and flows
in financial statements. Therefore, the ST framework can be used to organize the survey data
into estimates of a representative (average) U.S. household’s financial statements: a balance
sheet, income statement, and statement of cash flows. The remainder of this section presents

those estimates for each survey and analyzes the results.

The tables in this section report estimates of U.S. financial statements from the surveys. Each
statement contains nominal dollar-value estimates for the line-item elements from each survey,
aggregated to the U.S. average per household, with the sampling weights provided by the
survey programs.? Selected aggregate measures are supplemented with medians. The line
items (rows) of each financial statement reflect our best effort to combine survey concepts into
reasonably homogeneous measures.? Where necessary and feasible, some survey concepts fall
into the “other” categories; tables are footnoted extensively to clarify these details. To the extent
possible, all economic concepts from each survey are included in the statements. However, the
question wording and concept definitions can vary significantly across surveys, so detailed
estimates fall short of perfect harmonization. To ensure proper handling, we have provided our
preliminary results and software programs to managers or principal investigators of each

survey and offered them the opportunity to evaluate and correct our analysis.?”

% This conversion is necessary because of differences in the sampling units. For surveys that do not use households
as the reporting unit, we sum across all reporting units to get the U.S. total and then divide by a common estimate of
the number of households from the March Current Population Survey (CPS).

20 This classification naturally involves some discretion as to the grouping and especially the level of aggregation. The
latter affects the quantitative measure of integration later, but can be made higher or lower for alternative analyses.

2 We again thank the staff members of each survey program who did so. This comparison is painstaking and difficult
for one survey, much less several, and it is a challenge even for the survey managers. Thus, we view our results in
this section as preliminary and welcome further development and improvement of the analysis. To this end, we are
making underlying data and software programs available to the public, and we invite other researchers to refine and
expand our analysis.
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Juxtaposing estimates of the financial statements for each survey provides two benefits. First,
and independently of the ST methodology, the financial statements provide valuable
information about the relative magnitudes of real and financial economic conditions estimated
by each survey. Differences between survey estimates can be large in absolute and relative
terms because of the absence of perfect harmonization, as noted above. The aggregate estimates
may also diverge due to significant differences in survey or sampling methodologies, described
in Section 2, or due to differences in the coverage of statement line items, described below. In
any case, the comparison of estimates reveals the relative strengths and weaknesses of each

survey in measuring household economic conditions.

Second, juxtaposing the estimates facilitates an easy and quantitative assessment of how well
each survey’s questions integrate with the elements of the household financial statements. The
degree of integration can be evaluated by at least two standards: 1) the coverage of items in the
statements; and 2) the dynamic interaction between stock and flow concepts. With regard to
coverage, we can further quantify two types of coverage: 1) the percentage of detailed line items
estimated by the survey; and 2) the aggregate dollar values of the estimates. As an example of
the first of these coverage measures, suppose that a balance-sheet concept had 10 detailed items
and one survey estimated eight of them while another estimated only two of them. Then, the
first survey has broader coverage (80 percent versus 20 percent). However, line-item coverage is
not necessarily an accurate indicator of value coverage. If a survey had two estimates of the 10
balance-sheet items, and if each one were an estimate of the aggregate of five of the detailed
items (for example, short-term assets and long-term assets), then the survey might produce a
very high percentage of the total value of assets even though it didn’t include an estimate of
each of the 10 items. Still, estimating the aggregate value of five items without estimating each
individual item is prone to producing biased estimates due to the adverse effects of recall and
reporting errors. The juxtaposed estimates reveal the extent to which this kind of aggregation

effect appears in the survey estimates.
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4.1 Balance Sheets and Income Statements
Balance sheets constructed from the U.S. surveys appear in Tables 2-a (assets) and 2-b

(liabilities). The asset and liability estimates are reported as current market values to the best of
our ability, although it is not always possible to be certain of the type of valuation reported by
respondents. Assets are divided into financial and nonfinancial categories, with financial assets
further divided into highly liquid current assets (short-term) and assets with other terms and
liquidity (long-term). For financial assets, surveys usually obtain market values explicitly or by
assumption; where they distinguish between face value and market value (for example, for a U.S.
government saving bond) the latter is reported. For nonfinancial assets, the valuation issue is
almost the same, except the potential distinction is between market value and book value.? For
housing assets, the surveys generally ask for the current (market) value of homes, but we
cannot be sure they do not report the purchase price, which is a book value. For business assets,
all surveys ask for a current (market) value, although the form of the question varies and may
use analogous terms (for example, “sale price”). Liabilities are the current outstanding balances
for debt, not the original loan amounts. Liabilities are divided into categories of revolving debt,
characterized by an indefinite option to roll over the liability, and non-revolving debt. Because
the maturity of debt is generally not known from the surveys and the term varies by debt
contract within a category, the nonhousing debt categories are listed in rough order of liquidity

from most to least liquid.

All the surveys report an estimate of total assets in Table 2-a. U.S. households own average
assets worth as much as $632,246, according to the SCF, less half that amount, $226,314, in the
CE survey. The HRS estimate of $556,295 is close to the SCF estimate, despite being limited to
older consumers. The breakdown of asset types is similar for all the surveys. Financial assets
generally account for less than half of asset values, 29 to 41 percent, despite variation in the

number and type of detailed asset categories. Tangible (physical) assets represent the majority

2 There are some tradeoffs between using book value and market value. For illiquid assets (of any type) that are
rarely traded, market value is not readily available. Subjective assessments of value are prone to have measurement
errors. In such cases, conservative accounting practices value the assets at historical cost. In contrast, mark-to-market
requirements may be more appropriate when markets are thick and volatility is not excessive.
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of asset values. Within financial assets, cash accounts for roughly $30,000 for all but the SIPP,
where it accounts for roughly $12,000, and most is held in bank accounts. Only the SCF contains
an estimate of currency, but even that is not a direct estimate of actual currency holdings of the
household.? Overall, estimates of balance-sheet assets are relatively comprehensive for all
surveys, as shown by their similar aggregate values and by the breadth of coverage across
detailed asset categories. The SCF is the most comprehensive, with asset estimates in every
category except short-term assets other than bank accounts (checking and saving); the PSID,
HRS, and SIPP are almost as comprehensive as the SCF. The CE is much less comprehensive

and has considerably lower asset values.

All the surveys also report an estimate of total liabilities. U.S. households have average
liabilities ranging across the surveys between $61,979 and $112,306, much lower than the value
of total assets and exhibiting less variation than across surveys. Housing debt is by far the
largest portion of liabilities, ranging from $58,143 to $87,228 in all surveys where it is reported.
The HRS asks specifically only about housing-related debt, with a catch-all question for other
loans. The SIPP does not permit an exact estimate for housing-related debt, but the “other
loans” category most likely includes some housing-related debt. While estimates of balance-
sheet liabilities are somewhat comprehensive for most surveys, they are not as comprehensive
as the estimates of assets. The aggregate values vary less and there is less line-item coverage
across detailed categories of liabilities. Once again, the SCF is the most comprehensive, with
liability estimates in nearly every category. The PSID is almost as comprehensive as the SCF.
The other surveys are less comprehensive, although in different ways. Given the estimates of
total assets and total liabilities, household net worth ranges from $152,646 in the CE to $519,940
in the SCF.

2 Respondents to the SCF report actual currency holdings only if they choose to do so in an optional response about
other assets, and this category also includes “cash” that is not currency, like prepaid cards. The SCF estimate is very
small relative to the amount reported in Greene, Schuh, and Stavins (2016) from the SCPC, which indicates average
total cash holdings per consumer of $207 (excluding large holdings, which represent the top 2 percent but are not
estimated precisely).
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Income statements constructed from the U.S. surveys appear in Table 3. Income is divided into
two main categories: compensation of employees (the most common source of U.S. household
income) and other income. The latter includes income from all types of businesses owned and
operated by households. Expenditures also are divided into two main categories: production
costs and taxes. As explained above, the production costs of households are expenditures
associated with businesses operated directly by a U.S. household; these businesses include sole
proprietorships, partnerships, and certain Limited Liability Corporations (LLC).** Unlike in
Thailand, where most households operate a business (typically agricultural), only a minority of
U.S. households have a business.3! For the minority of U.S. households with a business, it would
be natural to apply corporate financial accounting to income (revenues) and expenses, as in ST.
However, none of the surveys provides sufficient information about household business
activity, so we use the simpler approximation of revenues as “income” to accommodate the
majority of U.S. households without a business. Furthermore, all income-statement estimates
are reported on a cash basis of accounting, so revenues and expenses are reported for the period
when the cash is received (income) or paid out (expenditures), because this method is the

primary way data are collected in the U.S. surveys.

All of the surveys report an estimate of total income (revenues). U.S. households received
average total income of $61,431 to $83,863 per year. Estimates of labor income are even more
similar across surveys, ranging only between $42,377 and $53,623, essentially all of which is
wages and salaries. Estimates of other income types vary more, ranging between $9,816 and
$37,402, but account for less than one-quarter of total income, except for the HRS estimates,
which represent 45 percent of total income. Overall, income estimates are the most
comprehensive and consistent portion of the household financial statements across surveys,

most likely because employment compensation is widespread among U.S. households and the

3%  For more information about these business structures and their tax implications, see
https://www.irs.gov/businesses/small-businesses-self-employed/business-structures.

31 The number of sole proprietorships and partnerships was equal to about 24 percent of U.S. households in 2012, and
about 6 percent of U.S. employment is self-employment as of 2016. The actual share of households with one of these
businesses depends on the type of business and the composition of households, but we lack sufficient data to make

exact calculations.
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data are relatively easy to collect. Estimates of income other than employment compensation are

less uniform across the surveys due to the unavailability of some detailed line-item categories.

Although three surveys (the PSID, CES, and SCF) have estimates of business income, none of
them provides much information about household business expenditures. They ask few, if any,
questions about household business activity (aside from the mere existence of a home business).
No survey has an estimate of production costs for household businesses. Only three surveys
with business income have estimates of taxes (these estimates average less than $5,000 per
household), and only the CE reports employment taxes. Tax expenditures are those paid
directly by households and do not include taxes deducted by employers or paid by third parties
on behalf of households.

Given their estimates of total income and total expenditures, all of the surveys provide
estimates of net income (income less expenditures), which range from $60,971 (CE) to $81,856
(SCF), as shown at the bottom of in Table 3. The HRS does not collect expenses, so its net
income equals total income. Net income is similar to income in the other surveys because
expenditures are relatively small (taxes only). Household net income is treated as retained
earnings that are distributed to household members for consumption and investment

expenditures, which are recorded in the statement of cash flows (described below).

4.2 Quantifying Integration by Coverage

We wish to characterize the degree to which surveys are integrated with household financial
statements in terms of coverage. We propose to develop the criteria for measuring this kind of
integration by quantifying the extent to which a particular household financial survey covers
(includes) the breadth of the line items in standard balance sheets and income statements. There
are at least two dimensions along which integration by item coverage could be measured using
the estimates from the preceding subsection. One is the fraction of detailed line items for which
a survey provides estimates (“line-item coverage”). Another is the fraction of the total dollar
value of all line items estimated by a survey (“value coverage”). The two measures are

independent and not necessarily highly correlated. A survey could cover most items in the
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financial statements but underestimate them significantly; likewise, a survey might cover only a
small number of items but obtain very high-value estimates if the items covered include mainly
the highest-valued items. The latter situation may occur when a survey only collects data on
two aggregate subcategories (such as short-term and long-term assets) but collects none on the

detailed line items within each subcategory.

We construct the measure of line-item coverage as follows. We define the range of each
financial statement as the number of the most detailed line items (rows) from the tables earlier
in this section. Then, we count the number of line items (rows) for which each survey provides a
dollar-value estimate. The coverage estimate of integration is the proportion of line items
estimated relative to the total number of line items. We call this the “item-coverage ratio,” and
we construct two separate ratios, one for the balance sheet and one for the income statement.
This measure reflects only the extensive margin of coverage because it does not account for the
magnitude of the dollar values in each line item; thus, it may not give a complete reflection of

coverage for total assets, liabilities, income, or expenditures.

We construct the measure of value coverage analogously, as follows. We use the nominal dollar
values for each individual line item in the statements to construct the aggregate total values
(sum of all individual items) for each statement and divide the aggregate value by the best
available per-household estimate of the relevant metric for the U.S. population. For the balance
sheet, we use total assets and total liabilities from the Flow of Funds accounts as the
denominator. For the income statement, we use personal income from the National Income and
Product Accounts (NIPA). The “value-coverage ratio” represents survey coverage of the
intensive margin of coverage. The difference between the two types of ratios reflects the extent
to which a survey’s coverage of financial statements is more integrated in its intensive or
extensive coverage of financial statements. To the extent that one wishes to construct accurate
estimates of aggregate U.S. household financial conditions, the dollar-value ratio may be more

important.
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Figure 3 provides scatter plots of the item-coverage ratio (blue diamonds) and value-coverage
ratio (red squares) for the balance sheet and income statement. The feasible range of both ratios
is [0, 1], with the upper end indicating that a survey has estimates of every single item in the
corresponding financial statement. Recall that the ratios are independent and may not be highly
correlated. Thus, the item-coverage ratio does not necessarily reflect how well a survey
produces aggregate estimates of the data, and the value-coverage ratio does not necessarily
reflect how well a survey covers the number of line items in the financial statements. Also, we
make one important adjustment to the income statement ratios to adjust for the application to
households. As shown in the next subsection, household consumption and durable goods
investment are listed in the statement of cash flows rather than the income statement. However,
for the purpose of quantifying the overall coverage of household income and total household
expenditures, both business-related expenditures and household consumption or investment
expenditures, we include all types of expenditures in constructing the coverage ratios for the

income statements.

None of the U.S. surveys is completely integrated (ratio of 1.0) with aggregate financial
conditions for either statement, as can be seen from Figure 3. In fact, no survey has either type
of coverage ratio that is greater than 0.6 for both financial statements. However, four of the five
balance-sheet ratios are greater than 0.5 (except CE) and four of the five income-statement ratios
are about 0.5 (except SIPP). The key differences across surveys occur in both types of coverage
ratios for the balance sheets. The SCF has nearly complete value coverage of the balance sheet
(above 0.9 by value) and the HRS has a value ratio about 0.8 (by value). Most surveys have
item-coverage ratios of about half of the balance-sheet line items except the SCF, which covers
the vast majority of line items. Variation across surveys is less in the item-coverage ratios for

income statements.

4.3 Quantifying Integration by Dynamics

We also wish to characterize the degree to which surveys are integrated with household
financial statements in terms of dynamics. Our proposed criterion for measuring this kind of

integration is a quantification of the extent to which the estimated stock-flow identity holds in
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the survey estimates of household financial statements. The statement of cash flows is well
suited to quantifying this measure of integration because it provides the linkage between the
income statement (flows of income and expenditures) and changes in the balance sheet (stocks of
assets and liabilities), assuming all stocks and flows are measured exactly and comprehensively.
As explained in Section 3, however, the cash-flows error that arises in practice quantifies how
well the balance sheet and income statement are integrated over time. Cash-flows errors
represent consequences of incomplete item coverage of financial statements, as well as various

forms of mismeasurement of the items in the financial statements.

Table 4 reports estimates of the statements of cash flows for each survey. Starting with net
income (from the income statement), the estimated change in cash flows is the sum of three
types of cash flows: from production, from consumption and investment, and from financing.
To construct these statements, we have to estimate the elements of the cash flows from
financing using estimated changes in the relevant assets and liabilities from the prior-period
balance sheet. This methodology produces a cash-flows estimate that is a residual difference
between net income and net cash flows, rather than a direct measure of the gross cash flows in
and out of the balance sheet, because the latter are not available from the U.S. surveys. For
comparison, we estimate the change in cash holdings directly from the current and prior-period

balance sheets.32

The degree of dynamic integration is defined as the difference (error) between the estimated
cash flows variables and the change in cash holdings estimated from the current and prior
period balance sheets, expressed in dollar terms and as a percentage of the lagged stock of cash.
We call this the “internal” cash-flows error because it is calculated using only the survey’s
estimates of stocks and flows. However, cash holdings from any particular survey may differ
from the actual aggregate U.S. estimate of cash holdings (from the Flow of Funds), so these

errors may not accurately represent the true degree of integration. Therefore, we also include

32 The duration of the preceding period varies according to the frequency of the surveys, from one quarter (CE) to
three years (SCF).
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the change in household cash holdings from the Flow of Funds (same for each survey) and
construct errors in the survey cash-flows estimates relative to the actual Flow of Funds cash to

give a better measure of dynamic integration. We call this the “external” cash-flows error.

As measured by their ability to track stock-flow identities in the statements of cash flows, the
U.S. surveys exhibit relatively weak dynamic integration, and the degree of integration varies
widely across surveys. The absolute value of the internal cash-flows error ranges from $6,290
(CE) to $47,404 (SCF). Note that these errors are just one estimate in a time-series of errors that
could be estimated, and other errors might be smaller in absolute value during other periods.
However, the sheer magnitude of these internal errors suggests significant gaps in tracking
household financial conditions over time, even within the self-contained estimates of a
particular survey.® The cash-flows errors are reported in percentage terms relative to the two
benchmarks: 1) the lagged cash stock from the survey’s balance sheet (internal error); and 2) the
lagged cash stock from the Flow of Funds aggregate benchmark data (external error). The
internal errors are relatively large, ranging from about 13 percent to 37 percent of lagged cash
(CE and SCF, respectively). The survey estimates of cash flows are generally less than the
external benchmark: all but one of the external cash-flows errors are even larger in absolute

value, ranging from about 11 percent to 61 percent of lagged cash.

5. The TTMS and DCPC

Moving beyond the U.S. household surveys, we now focus on two other surveys that offer
improved integration with financial statements and reflect better measurement of certain
aspects of household economic conditions. The TTMS and DCPC are quite different in most
regards. The TTMS is a comprehensive survey of household economic conditions, including

home businesses; it is administered to Thai households, which are relatively low-income, less-

3 In principle, it would be interesting to compare the coverage ratios with the cash-flows errors to quantify the
relationship between them. However, with only one point-in-time estimate of coverage and dynamic integration for
a handful of surveys, such an analysis would be premature. With more data on cash-flows errors over time, it might
be feasible to conduct such an analysis.
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developed, and located in rural geographic regions. In contrast, the DCPC is a relatively narrow
consumer survey that is administered to U.S. consumers and is focused on payment choices.
Nevertheless, the TTMS and DCPC both embody certain elements of improved integration with
financial statements. The TTMS is heavily focused on the most basic and liquid M1 portions of
“cash” (or current assets). The DCPC includes currency and is unique in this respect among the
U.S. surveys that we analyze here. The DCPC also features other means of payment, for
example, payments that use deposit accounts, although it does not track the level of these

deposits.

This section compares and contrasts the TTMS and DCPC surveys. First, we present estimated
balance sheets and income statements for each survey and discuss their degrees of integration
by item coverage. Next, for each survey, we describe the methodology for measuring cash
flows. Finally, we assess its degree of integration by dynamics, emphasizing its relatively high
integration compared with the U.S. surveys. For this section, we combine survey responses
from the DCPC with responses from the SCPC because both surveys are needed to estimate the
financial statements as thoroughly as possible. For simplicity, we refer to the combined DCPC

and SCPC estimates “CPC.”

5.1 Balance Sheets and Income Statements

Balance sheets and income statements constructed from the TTMS and CPC surveys appear in
Table 5 and Table 6, respectively. These statements are designed and organized similarly to the
analogous statements from the U.S. surveys, with a few exceptions. In these tables, the TTMS
and CPC data represent exactly the same time period (October 2012), and the TTMS estimates
have been converted to U.S. dollars using the Thai baht exchange rate for October 2012. Unlike
the U.S. survey entries, the entries are not annualized because both the TTMS and the DCPC are

designed to be monthly surveys.

In general, the TTMS and CPC financial statements are not really comparable due to the relative

magnitudes of their respective economies. The average asset value (Table 5) for TIMS
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households includes several types of business assets, and is $89,082, and the average asset value
for CPC households is $301,425; this measure does not include any business assets. This
difference is magnified by the fact that the CPC estimate is well below the highest estimate in
the U.S. surveys (Table 2a) because it does not include any current assets beyond currency and
approximates tangible assets only roughly. The average liability value is only $5,317 for TTMS
households but, at $120,689, is more than 20 times larger for the CPC because there are
relatively few borrowing options for Thai households. The disparity between the Thai and U.S.
economies is even more evident from the income statements, shown in Table 6, where the
average CPC household income is roughly three and one-half time larger than the average
TTMS household income ($5,921 versus $1,643), and nearly five times larger net of expenditures
($4,081 versus $830).

One similarity between the TTMS and CPC financial statements is the predominance of
currency among current asset holdings. The average TTMS household is estimated to have
$30,874 in currency and less than $5,000 in other current assets (mostly bank accounts). The
average CPC household has $836 in currency, which is the only type of current asset data
collected. Although currency holdings are much lower in U.S. households than in Thai
households, the other U.S. surveys (except the SIPP) estimate bank account holdings of about
the same magnitude as Thai cash holdings, which are roughly $30,000, as shown in Table 2a.
The improved 2015-2016 CPC also contains bank account balances (see below). The accuracy of
the data on currency holding in Thai households could be improved, and we come back to this

later.

In addition to differences in their respective economies, the TTMS and CPC survey instruments
are sufficiently different to inhibit meaningful comparisons. The TTMS aims to collect data on
all aspects of Thai household economic behavior, an aim that produces extensive estimates of
the line items in the financial statements despite lower economic development. In contrast, the

CPC strives to measure payments activity comprehensively and does not aim to cover financial-
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statement line items widely. For these reasons, comparisons of line-item coverage ratios

between these surveys are not meaningful, nor are comparisons with the U.S. surveys.

5.2 Measuring Cash (Currency) Flows

5.2.1 TTMS Survey Instruments
ST apply this household financial accounting framework to households in the Townsend Thai

Monthly Surveys (TTMS) and create the accounts from a baseline 1998 comprehensive survey
and then month-by-month interviews, currently up to month 205 and counting: that is, they
have 17 years of monthly data. There was an initial enumeration of all structures and all
households living in a village (or in an urban neighborhood), a census including who is eating
and sleeping in what structure, and a description of family relationships across the individuals
in these structures. The initial survey was an extensive baseline, measuring not only initial
assets and liabilities, but also contracts and relationships, for example, borrowing and labor
arrangements. There are month-by-month follow-up interviews with separate modules for
assets and liabilities and for revenues and expenses of various production activities. Every
transaction is measured in principle, subject to recall, for example, recall of purchases, sales,
gifts, and labor supply. A key to implementing this large survey is the creation of rosters, lists of
individuals in the household, debts not yet repaid, plots of land under cultivation, and so on, so

that enumerators know which questions to ask.

The TTMS asks households for every transaction, such as a purchase, whether it was done in
cash (currency), in kind, or as a gift. Again, the period of recall in the survey is the previous
month (more exactly, the time since the last interview, which is roughly 30 days). Interviewers
do not observe or ask about initial levels of cash holding, but they do try to measure these flows
by assuming that the initial cash holding at the beginning of the survey was high enough so that
households never run out of cash; that is, cash levels can go to zero but are never negative. Cash
holding does hit the zero bound when households purchase a durable or investment good with

cash, which is reassuring.
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In contrast with this finding, ST infer that on average households hold relatively large cash
positions. This leads to two related concerns. First, consumption expenditures in cash may be
underestimated. In this case, double-entry bookkeeping hits with a vengeance in the sense that
there could be two errors: an underestimate of cash consumption and an overestimate of cash
on the balance sheet. Second, households may choose to underreport deposits into and
withdrawals from savings accounts, although they typically do confirm many transactions,
large and small. In this case, two items on the balance sheet, although offsetting, may be

mismeasured.

In addition, because currency is not only a means of payment but also a store of value, it
constitutes a relatively large portion of a household’s wealth, on average. Therefore, households
are understandably reluctant to report to enumerators how much currency they are holding. A
second problem is the frequency of interviews, hence 30-day periods of recall. One potential
remedy would have been to have households keep diaries of daily transactions for the entire
month, or to use intensive diaries for shorter time intervals per respondent (as the DCPC does)
to obtain a measure of aggregate activity. Initial attempts to implement a diary in real time at
the request of the households themselves show great promise in dealing with this second
problem. We may not know the initial balance (still hidden), but the changes in balances due to
better-measured monthly transactions are more accurate. This is a step toward the degree of

accuracy of the CPC surveys described below.

At the time of the conception and initiation of the TTMS in 1997, the use of payment devices
other than cash was rare in these rural areas. Over time, there has been an increase in card
dissemination and small levels of use. The TTMS was modified to incorporate cards into the
survey, but measurement has been difficult due to many complex issues, including question
design, accounting methods, tracking card payments, reconciling end-of-month statements,
separating interest from principal, rolling over debt, and so on. The remainder of the paper

describes the Boston Fed’s DCPC, an approach that might have improved the TTMS, and then
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shows how the integrated financial accounts can be extended with the DCPC data to include

multiple means of payment.

5.2.2 CPC Survey Instruments
The 2012 SCPC and 2012 DCPC are related but independent instruments that were

implemented around October 2012 with a common sample of respondents from the RAND
Corporation’s American Life Panel (ALP). The SCPC is an approximately 30-minute online
questionnaire that collects data on consumer adoption and use of bank accounts and payment
instruments. The DCPC is a three-day mixed-mode survey with daily recording of payments in
a paper memory aid (or other form) plus three daily online questionnaires to input memory-aid
data plus answer additional questions based on recall within the day. In 2012, most respondents
took the SCPC before their randomly assigned three-day period during October, but some
respondents completed the SCPC after the DCPC. The order did not affect survey responses

because the instruments are independent.

Cash holdings (stock) data are collected by the SCPC and DCPC, which are related but
distinctly different types of survey instruments, as described in Section 2. The SCPC obtains
estimates of cash held by respondents on their person (“pocket, purse, or wallet”) or on their
property (home, car, or elsewhere).3* The 2012 DCPC obtained estimates of currency (no coins)
held by respondents on their person on each of the four nights of the diary, asking the
respondent to report amounts by denomination of the bills ($1, $2, $5, $10, $20, $50, and $100)
and in total (summed for them in the online questionnaire).? In October 2012, U.S. holdings of

currency on person were on average $56 per person with a median value of $22.

3 Measuring cash in “pocket, purse, or wallet” is an approximate method of identifying actual “transactions
balances” of cash. Although it does not ask the respondent for these balances directly, it is a relatively objective and
easy method of collecting these data. An alternative approach is to ask for “transactions balances” directly, as in the
Survey of Household Income and Wealth in Italy
(http://www.eui.eu/Research/Library/ResearchGuides/Economics/Statistics/DataPortal/SHIW.aspx). The SCPC also
estimates U.S. consumer holdings of cash balances “on their property” (house, car, etc.), and some of this cash may be
intended (eventually) for use in transactions as well. However, it is unclear whether respondents have an appropriate
understanding of transactions balances or provide accurate estimates of them.

% See Fulford, Greene, and Murdock (2015) for an analysis of $1 bills and Greene and Schuh (2014) for an analysis of
$100 bills.
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Cash flows—deposits and withdrawals (payments)—are collected by the SCPC and DCPC as
well. With regard to cash withdrawals made for expenditures (payments), the SCPC obtains
estimates of the number of cash payments “in a typical period [week, month, year],” whereas
the DCPC more precisely obtains estimates of the number and value of each cash payment
(expenditure) made during a three-day period. Both the SCPC and the DCPC collect data on the
number and value of cash withdrawals from bank accounts and other sources. However,
because cash withdrawals are relatively rare for most consumers, the DCPC does not obtain
estimates that are as comprehensive for individual consumers as does the SCPC, which asks for
“typical” currency withdrawals during a longer time period than three days. Only the DCPC
tracks currency deposits to bank accounts and other sources plus other unusual currency

activity (conversion of currency to/from other assets, exchanging coins for bills, and such).

Two additional differences between the SCPC and DCPC have important implications for their
cash data. First, while both surveys ask respondents to record their cash holdings at the time of
the survey, the SCPC allows respondents to estimate their holdings, while the DCPC requires
respondents to count their cash on person (bills only, no coins) by reporting the number of bills
of each denomination, and the online DCPC questionnaire assists respondents in summing the
value of their cash holdings. As a result, the SCPC cash holdings data exhibit more rounding (to
the nearest $5, $10, or $20) and approximation than the DCPC data. Second, the SCPC collects
data on cash payments based on respondents’” recall of their typical behavior, while the DCPC
collects data that respondents record in essentially real time at the point of payment. Recall-
based estimates of payments are likely to be inferior to recorded estimates due to potential
errors from memory loss and time aggregation. For more information about the DCPC and its

advantages in measuring consumer expenditures, see Schuh (2017).

5.2.3 Measurement by Recall versus Recording
By way of summarizing the material in this paper so far, we describe the main advantage of

TTMS over the U.S. surveys and the innovation in the DCPC relative to the TTMS. The main

advantage of TTMS is that it aims to achieve complete integration with household financial

36



statements by line-item coverage and by stock-flow dynamics. To see this point, consider the
following illustrative system of equations that reflects the subset of TTMS financial statement
estimates for the cash-flows dynamics of M1 liquid assets:

AAy, = Dy — Wy + 11

Ay = Dyr = Wt + 13

Ay = Ay +Ag,

where the two assets, K ={1, 2}, are currency (1) and demand deposits (2) and 7 denotes a
composite measurement error. An overhead circumflex (“hat”) denotes a variable that is
estimated directly by the survey (TTMS). The exception is that the TTMS does not directly

collect cash holdings every period, unlike the DCPC. Instead, the TTMS makes an estimate of the

initial stocks, (Ai,O’ Az,o)/ and then uses these stock-flow identities to impute the estimates of

cash stocks in subsequent periods, denoted by an overhead tilde (~). In the imputation
procedure, the TTMS enforces the constraints imposed by the principles of integration, such as

Ay = 0, and makes judgmental adjustments where necessary.

Conceptually, the TTMS is fully integrated. It achieves complete integration by line-item

coverage because it estimates all items of the balance sheet (An, AZt) and cash-flows statement

(D1¢, Dyy, Wiy, Wyy). As a result, the TTMS would also achieve complete integration by dynamics,
provided it covered 100 percent of the dollar values of the items; in this case, the stock-flow
dynamics would hold without error. However, it is essentially impossible for a survey to reach
complete value coverage, due to sampling errors, among other challenges. For this reason, the
TTMS imputes the periodic stock of currency using a judgmental estimate of the starting value
of currency holdings for each household and adjusts it periodically if the stock-flow law of
motion produces an invalid level estimate. Of course, the TTMS cannot claim to achieve full
integration by dynamics or by item coverage in terms of dollar value, as TTMS estimates likely
have measurement errors, as all surveys do. Nevertheless, the TTMS is generally much more

integrated than the U.S. surveys analyzed earlier, which have much less than full integration by
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coverage (item or value) and relatively large errors in cash-flows dynamics. The links between

the income statement and the balance sheet were not incorporated into these U.S. surveys.

In particular, one type of measurement error likely occurring in the TTMS cash-flows estimates
arises from recall-based low-frequency (monthly) estimates of cash flows. As noted, recall errors
may occur from memory loss due to time aggregation over the days of the month or over the
number of cash deposits and withdrawals (payments). To see this, note that monthly currency

withdrawals,
_ D K
Wlt _Zd:lZK:lwlkdt g

are the sum over all opportunities and days, where 28< D, <31 and K, >0. Like most U.S.

surveys, the TTMS obtains an aggregate recall-based estimate of monthly cash withdrawals,

—~

W,, , from deposits to currency, without measuring each individual cash withdrawal, W, . The

same measurement issue holds for currency deposits, which are less frequent and thus may be

measured with less error.

By comparison, daily payment diaries like the DCPC represent an innovation in the

measurement of stock-flow dynamics by recording high-frequency (daily) cash flows. For

e~

example, the DCPC obtains an estimate of each individual cash withdrawal, W, , by type, so

the DCPC estimate of aggregate monthly cash withdrawals is the sum of individual

withdrawals estimates,
_— D, K vor
Wlt = Zd:l kzlwlkdt 4
denoted by an overhead line. Therefore, if high-frequency (daily) recorded estimates of cash

flows are more accurate than low-frequency (monthly) recall-based estimates, then we expect

’V\llt _Wl* < 'V\llt _W1:

that

7
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at least on average, if not period-by-period as well. Consequently, the DCPC estimates of the
stock-flow law of motion for currency,
AAyr = Dye — Wi + pag,

are likely to be a better measure than those from the TTMS for the reasons enumerated above:
1) DCPC estimates of monthly currency flows are sums of individual opportunity-day flows. 2)
DCPC estimates of currency holdings are obtained each period, not derived from an initial
condition (estimate) using the estimated flows. In this sense, the DCPC estimates improve the
integration of surveys with financial statements and offer the opportunity for enhanced analysis

of household behavior, as demonstrated below.

5.3 Statements of Cash Flows
The statements of cash flows constructed from the TTMS and CPC surveys appear in Table 7. In

most respects, these cash-flows statements are designed analogously to the statements of cash
flows from the U.S. surveys (Table 4), and the elements are defined similarly to those in the
balance sheets and income statements for TTMS and SCPC/DCPC (Tables 5-6). One exception is
that the TTMS and DCPC represent cash flows and balance-sheet changes for one exact month
(October 2012) rather than annual (or lower-frequency) flows. Also, bear in mind that the TTMS
cash flows from financing equal the actual changes in the balance-sheet stocks. Therefore, the
estimated change in currency from the cash-flows statement equals the change from the balance
sheet by definition; hence, the cash-flows error is exactly zero because the stock-flow principle
of motion is an identity, a significant step forward. Thus, the TTMS appears fully integrated by
dynamics, but this integration is “artificially” high because it is derived rather than estimated

directly.

Cash flows in Thai and U.S. households differ in both magnitude and type. Net income is
naturally much larger, $5,767 versus $729, in U.S. households. Adjustments to net income for
accrual-based income in the statements of cash flows are modest for Thai households that have
business income (a total increase of $130), and not measured for U.S. households ($0), so the
difference in cash flows from production are still large, $5,767 versus $859. However, cash flows

for consumption and investment by U.S. households are very large, estimated at $6,767, relative
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to net income but much smaller relative to income, estimated at $327, for Thai households.
Similarly, U.S. cash flows from financing are larger, $259 versus $13, and more diverse, notably
with respect to credit cards (which were not included in the 2012 TTMS). The estimated changes
in currency from cash flows are roughly similar, $-741 versus $544, despite larger differences in
net income and other flows. Finally, the cash-flows error analysis is not relevant or comparable.
The TTMS error is zero ($0) by definition because the balance-sheet changes are restricted to
equal the cash flows. In contrast, the DCPC error is a legitimate derivation from estimates of all
components of the stock-flow relationship. However, the error, $905, is relatively large, 135
percent of lagged currency, because the DCPC was not designed or implemented in a way that
would ensure full dynamic integration. Instead, the DCPC calculations illustrate the potential
advantage of a payment diary in tracking the gross flows of currency and the stock-flow

dynamics in financial statements.

6. An Innovation toward Better Integration

This section introduces an innovation to cash-flow accounting that demonstrates a second
advantage of the DCPC for moving another step toward complete ST integration of surveys and
financial statements. The previous section explained how payment diaries like the DCPC
produce better estimates of cash flows and stocks than monthly surveys do. In addition,
payment diaries can produce estimates of cash flows that directly link individual asset and
liability accounts to cash flows via the payment instrument, rather than just linking aggregate
categories of assets and liabilities to aggregate categories of cash flows. The remainder of this
section describes the linkage between the balance sheet and payment instruments and then
presents a new analysis of cash flows by account, before concluding with a preview of further

innovations in the 2015 DCPC.

6.1 Payment Instruments and Balance-Sheet Accounts
Table 8 depicts the linkage between payment instruments and their associated balance-sheet

accounts: assets and liabilities. Payments are funded (settled) by one of two broad types of

accounts: money (asset) and credit (liability). Money includes transactions balances, or M1
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(currency plus checking accounts), plus certain non-transaction balances, which are part of M2.
The latter are savings, but in some cases can support a limited number of payments directly
from or to the account (account-to-account, or A2A, transfers). Payments funded by money are
usually settled instantly (with cash) or with delays of at most a couple days. Alternatively,
credit accounts fund payments that are settled much later; non-revolving credit accounts
(charge cards) require consumers to repay their debt during a certain period (typically a
month), while revolving credit accounts (credit cards) offer consumers the option of rolling over
some of the debt (up to a credit limit) to the future indefinitely in exchange for incurring interest
charges. Monetary assets and unused credit limits are the liquidity that fund payments that are

tracked by instrument in the DCPC.%

[TABLE 8 ABOUT HERE]

The linkage between payment instruments and balance-sheet accounts merits additional
discussion before moving ahead. Table 8 reveals that in U.S. household balance sheets the
linkage is not one-to-one, due to the proliferation of accounts and payment instruments in the
U.S. monetary and payment system. This linkage complexity is most evident in the variety of
instruments that can access various types of deposit accounts (including saving accounts in
M2). In particular, debit cards, various types of checks, and electronic banking methods (OBBP
and BANP) all can be used to authorize payment or transfer from different types of accounts. In
addition, the linkages depicted in Table 8 reflect aggregation of individual accounts within a
type of account that the overall pattern does not reveal. For example, the 2012 SCPC indicates
that 38 percent of U.S. consumers have more than one demand deposit (checking) account
(DDA), and 57 percent of consumers with multiple DDAs have multiple debit cards, typically
one (per account holder) for each DDA. Consequently, the linkages between accounts and

instruments can be disaggregated further to match specific accounts and instruments within the

36 Note that deposits into an asset account are similar to reductions in loan accounts, although one is an asset and the
other a liability. Likewise, withdrawals from an asset account are similar to increases in loan accounts. But there is a
substantive difference in that asset accounts require deposits before being used, whereas liability accounts can be
unfunded initially and repaid later.
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categories of Table 8. For example, a consumer (or household) may own two DDAs with a debit
card for each; thus, it would be necessary to link DDA #1 to debit card #1, and similarly for the
other account and card. The 2012 DCPC accurately measures the linkages between types of
accounts and types of instruments (such as DDAs and debit cards), but it does not measure the

linkages between specific individual accounts and specific individual instruments.

6.2 Cash Flows by Account

Given the linkage between accounts and instruments, the DCPC can also link balance-sheet
accounts (or types of cash stocks) to household expenditures on consumer nondurable goods
and services (or types of withdrawal flows).”” Theoretically, a payment diary could link balance-
sheet accounts for household capital goods to payments for investment in durable goods, but
the 2012 DCPC did not track these concepts. In any case, the payment instrument plays the
pivotal role because, for each payment, it directly links the balance sheet—that is, the asset or
liability funding the payment—to consumer expenditures broadly defined (more broadly than

narrow consumption) for each payment transaction.

Our major innovation of this paper is the “Statement of Account Flows,” which is constructed
using the DCPC and appears in Table 9. The rows in this new type of financial statement are
generally formatted as in a statement of cash flows, but separately for each payment account.
For example, the first column is the statement of currency flows, which records the inflows and
outflows of currency for each type of transaction, starting with currency inflow from production
activities (monthly basis) in Row A and followed by currency outflow from consumption and
investment activities in Row B (separating consumption expenditure in Row B1 from capital
expenditure in Row B2). Next, Row C and its subsidiary rows report the net currency flows
from financing activities and its components: deposits (inflows; the C1 rows) of currency from
each other account (DDA, nonfinancial deposit accounts (NFDA), foreign currency, long-term

financial assets (LTFA), revolving debt, and other debt) and withdrawals (outflows; the C2

371f designed properly, a payments diary also could link balance-sheet accounts to the expenditures of household
businesses, but we omit these from the discussion because the DCPC instructed respondents to exclude household
business payments.
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rows) of currency to each of those accounts. The remaining rows compare the changes in
currency balances from the statement of currency flows above (Row D) with those estimated
from the balance sheet (Row E), plus an estimate of the error (in value and percentage of prior-

period balance, Rows F and G, respectively).

Similarly to the statement of currency flows in the first column, the remaining columns of the
table represent information for the flows of DDA, NFDA, foreign currency, LTFA, revolving
debt, and other debt, with the final column reporting the row sum. This provides the link from
aggregate cash to each of the payments mechanisms. Importantly, note that the total net flows
concept in Row C appears in the last column (“All”) as exactly zero by construction, since what

goes into one payment account comes from another.

[TABLE 9 ABOUT HERE]

Total average account balances of U.S. consumers declined $1,004 in October 2012, according to
the DCPC, as average consumption, at $6,771, exceeded total account flows from production
activities, which were $5,767. This change in account balances tabulated from account flows
resulted from much larger gross inflows and outflows, as withdrawals, at $8,524, exceeded
deposits, which were $7,520. However, the decline in account balances estimated from the
statement of account flows was considerably smaller in absolute value than the corresponding
change estimated from balance-sheet stocks, which was $8,816. Therefore, the statement of
account balances suggests that the DCPC is likely incomplete and may have considerable
measurement errors, despite its conceptual promise for better integration by dynamics. One
obvious area of incompleteness in the statement of account flows is that deposits of income to
DDAs are not measured directly, but rather assumed to equal the difference between net

income and currency deposits to income.

3 Furthermore, the income of individual consumers (2012 DCPC respondents) is not estimated directly. We use the
2012 SCPC estimate of household income for the respondent (reported in categorical form rather than in exact dollar
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The statement of account flows exhibits at least two interesting results with economic
implications that may be useful for future research to link real (consumption) and nominal
(financial) household choices. First, 99 percent of consumption, at $6,771, is funded by
payments from DDAs (65.3 percent), from credit cards (18.4 percent), and from currency (15.3
percent). This result reflects heterogeneity in consumer payment choices, which may have
implications for payment systems and for household budgeting and management of liquidity.
Second, the gross-flow magnitudes are not small relative to income and consumption, which
raises questions about the efficiency of the monetary system and relates to the classic literature
on money demand: Why are U.S. households holding relatively large amounts of their liquid
assets in payment accounts (just as Thai households hold so much in currency)? Also, it is still
not entirely clear why consumers make such large transfers between currency and DDA, two
assets that have the same monetary nature (M1) and are essentially equivalent for the settling of
exchange. Evidence from the Survey of Consumer Payment Choice indicates that many U.S.
consumers still rate the characteristics of currency (cost, speed, convenience, recordkeeping, and
such) high relative to other payment instruments, and merchant acceptance of instruments is
still not universal. Nevertheless, these large transfers between currency and DDA likely involve
costs that may be reduced by the use of electronic money. All together, the account flows
provide new data with advantages that potentially offer greater insight than existing data and
research do into household financial decisionmaking and the optimal design of the payments

system more generally.

6.3 Improvements to the 2015 DCPC

While the 2012 DCPC introduced an innovation to the measurement of currency flows that has
enhanced the degree of integration for one type of asset (currency), its coverage of financial
statements has been relatively low, due to its limited mission and purpose. However,

expanding the DCPC to measure the stocks of other assets from which consumers make

amounts) and other data in the SCPC, DCPC, and SCF to impute income for the DCPC respondents. This
shortcoming was partially addressed in the 2015 DCPC (see Section 6.3 below).
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payments not only increases coverage and integration but also provides important information
for studying payment choices. For example, the analysis of the demand for currency and
payment cards (debit and credit) by Briglevics and Schuh (2014) was limited by the lack of data
on checking account balances. Also, the results in Schuh (2017) demonstrating the close
correspondence between payments and personal income were produced without the benefit of

direct measurement of the receipt of income by DCPC respondents.

Consequently, in 2015 the Boston Fed undertook to make major improvements to the SCPC and
DCPC that substantially improved their integration with household integrated financial
statements and the ST methodology. Improvements to the coverage of balance sheets included
adding:
e Additional short-term liquid assets other than currency, including balances held in
checking (DDA) and nonbank deposit accounts, such as prepaid cards, PayPal, etc.
[SCPC and DCPC]

¢ Collection of outstanding debt balances from credit card bill payments. [DCPC only]
Improvements to coverage of income and cash-flows statements included adding:

e More intentional and detailed classification of expenditures based on official National
Income and Product Account (NIPA) definitions of consumption, which increases the
precision of the distinction between consumption and non-consumption expenditures.
[DCPC only]

e Collection of the actual dollar values, types, and frequencies of personal income receipts,
which will permit direct comparison of aggregate DCPC income with NIPA income.®
[DCPC only]

e Increased precision and information about the timing and nature of bill payments,

which will improve the classification of expenditures and expand the capability to link

% The 2012 DCPC only asked for the days on which income was received by the respondent, not the dollar amount of
income of individual respondents. The 2012 and 2015 SCPC asked for total household income in dollar ranges.
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payments to assets, and especially to liabilities (such as outstanding debt other than

credit card debt).

Data from the 2015 and 2016 DCPC are in the process of being analyzed and prepared for

publication in the near future.

6.4 Lessons for Survey Design
For all of the household financial surveys covered in this paper, and for any other similar

survey, there is a relatively clear and straightforward path to developing complete integration

with household financial statements. At least two main steps would need to be taken:

1.

Obtain complete item coverage. All of the surveys are missing some line items from the
balance sheet, income statement, or statement of cash flows. Adding survey questions to
obtain estimates for each of these line items would provide complete item coverage. Of
course, the coverage of a line item is not sufficient for full integration because errors may
arise from sampling, question design, and other factors. Also, further disaggregation of
the line items of the financial statements reported earlier may be required to achieve
accurate aggregate estimates. Nevertheless, conditional on accurate estimation,
comprehensive coverage of line items is a necessary step toward full integration. The
surveys should also take into consideration innovations in financial instrument and
payment methods, as they provide alternatives or replacements.

Ensure exact stock-flow identities. All surveys could improve the accuracy of their
estimation of the dynamic identities inherent in the statement of cash flows. The use of
high-frequency payment diaries appears to be one promising method for achieving this
improvement. Provided the estimation of stocks (assets and liabilities) is relatively
accurate, it is the estimation of aggregate flows (income and expenditures) over
relatively long periods of time (minimum one month, but up to one year or more) that is
the key survey methodology issue. Survey methods other than high-frequency payment
diaries may yield improved estimates of aggregate flows, but it is not apparent which

are the most successful. Further research is needed on this matter.
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These two items are necessary for improving the integration of household financial surveys
with household financial statements; they may also have interaction effects: for example, the
omission of an asset from the balance sheet prevents improvements in the statement of cash
flows. However, there may be other development issues to address as well, such as further

improvements in the survey sampling frames.

7. Extensions and Conclusions

While the development issues necessary for integration are reasonably clear and
straightforward, countervailing factors may inhibit comprehensive integration. One factor may
be the lack of motivation, mandate, scope, or directive by the survey sponsors. Relatedly, the
expansion of one survey may begin to overlap the coverage of another, which might be
problematic for sponsors. For example, the SCF and CE each have relative strengths that, when
combined, might move the collective dataset much closer to full integration of the accounts, but
expansion of one or both of these surveys would create significant and costly duplication and
would likely trigger a call for streamlining. Finally, an obvious inhibiting factor is the lack of
sufficient budgetary resources to expand the survey and diary program, although budgetary

resources are jointly determined with the previously mentioned factors.

The preceding discussion is equally relevant for the CPC survey and diary. Like all surveys, the
2012 SCPC and DCPC have advantages and disadvantages relative to the other surveys.
However, one promising feature of the CPC survey and diary is that they have considerable
room for quality improvements to the questionnaires that do not require additional budgetary
resources, alternative sampling methods, or broader scope of operation and directive. The
Boston Fed implemented the following improvements in the SCPC and DCPC during the fall of
2015, and the results will be forthcoming in future research.
e Separately identifying the payer (consumer) and payee rather than defining merchant
categories that combine payee and type of expenditure, a separation that enables a far

richer understanding of the purposes and reasons for the expenditure (including
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whether or not the expenditure was expected and the source of funding for unexpected
expenses).

Improvements to the statement of cash flows include additional information on how
households finance their expenditures, and also provide additional real-time error-
checking of online questionnaire responses, using stock-flow identities among assets,

income, and expenditures.

These improvements highlight the fact that payment diaries link individual expenditure entries

of the income statement with their associated assets and liabilities in the balance sheet and the

detailed statement of cash flows in ways that have not been realized in other studies, including

ST. However, the improvements are modest relative to the additional innovations that would be

required to achieve complete integration, so much more research and data collection are

needed.

The CE also is undergoing a redesign and improvement effort in response to recommendations

from a National Academy of Sciences review panel, as described in National Research Council

(2013). The report recommends considering three new prototype designs:

Design A — Detailed expenditures through self-administration. This method would
improve respondent reporting of expenditures and reduce respondent burden in data
collection.

Design B — A comprehensive picture of income and expenditures. This method would
use technology, financial records, financial software, and budget balancing to improve
estimates of the income statement.

Design C — Dividing tasks among multiple integrated samples. This method would
improve estimation of income-statement items through better use of sampling

methodology.

While these improvements are valuable and promising, the NAS report does not appear to

discuss or advocate the concept of integration beyond improvements to estimation of the

income-statement line items.
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A detailed discussion of research coming from the TTMS, SCPC, DCPC, and the other U.S.
surveys is outside the scope of this paper. Many excellent contributions make use of each of the
various surveys, and some use combinations of them. At the same time, analysts are limited in
what they do without the integration of the accounts; indeed, a literature review would be
useful to enumerate these strengths and limitations and to illustrate what might be done with

improved data. Of course, this would take us well beyond the current endeavor.

Relatedly, although we have aggregated up to a common “representative” set of financial
accounts, one would often like to disaggregate to some degree and go back to the underlying
data organized by the accounts. Given the recent interest in the observed heterogeneous
outcomes across U.S. communities in the lead-up and fall-out from the Financial Crisis, it would
be natural to disaggregate by geography (ZIP code, SMSA, commuting zone, county, state).
Unfortunately many of the surveys were not designed to be representative at this level or lack
sufficient observations to provide statistical significance. Indeed, one ends up taking one piece
of data from one survey, another from another, and so on. But the available data are not
organized systematically under the conceptual framework of integrated financial accounts.

This, too, would seem to be a worthwhile endeavor that is beyond the scope of the current

paper.

In the broader introduction to this paper and in the measurement efforts in the last few sections,
we stressed the importance of payments data that could make it possible to distinguish among
the payment instruments, align with more conventional measures of cash flow, and be used to
calculate changes in balance-sheet items and income statements. Again, we have not had space
in this paper to describe this connection in more detail. Suffice it to note that innovation in
financial markets and monetary policy all point to issues related to the still-important use of
currency and issues related to the potential of alternative media of exchange based on new asset
accounts. Indeed some papers in the literature already note that the impact of monetary policy

as previously conducted was a function of the industrial organization of banks at a local level.

49



In particular, the willingness and ability of households to substitute across cash and demand
deposits was found to be crucial in gauging the impact of policy. Better data on payments is

thus central to understanding the impact of monetary policy moving forward.

Although we have presented standard accounting practices, the measurement provided by the
accounts should be consistent with the measurement suggested by theoretical models. For
example, if there were complete markets for contingent claims, then future income flows would
be conceptualized as discounted future income adding to contemporary wealth. Contingent
assets lose value when the expected states of the world on which their value depends do not
occur, but they gain in value if the contracted state is realized. Wealth or net worth would move
only with aggregate shocks. With incomplete markets and contracts, it is easier to envision
wealth as the buffer stock or pension fund used to deal with this uninsured uncertainty. In any
event, there needs to be a review of the contracts and implicit understandings a household has
entered into and scrutiny, in turn, of how to treat these in the accounts. This, as well, remains

the subject of another paper.
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TABLE 1

Overview of U.S. Surveys and Diaries and TTMS

PSID CE-S/D SCF SIPP HRS/CAMS S/D-CPC TTMS
Sponsor University of BLS Federal Reserve Census Bureau University of Boston Fed MIT
Michigan Board Michigan
Vendor University of Census Bureau NORC/University of Census Bureau University of RAND/University of Thai Family
Michigan Chicago Michigan Southern California Research Project
Frequency Biennial Monthly Triennial Quarterly Biennial Yearly/irregular Monthly
Period 1968-present 1980-present 1983:Q1-present 1983:Q4-present 2008-present 2012, 2015 1998-present
Statistical 2011, 2013 2011, 2012 2009, 2012 2010, 2011 2010, 2012 2011, 2012 2012

Calculations

Questionnaires

Observation U.S. Family unit U.S. Consumer U.S. Primary U.S Households U.S. Households U.S. Consumers and Thai Households
unit units economic units households
Mode(s) Interview Interview, diary Interview Interview Interview, mail Interview, diary Interview
Data collection Recall Recording, recall Recall Recall Recall Recording (1 day), Recall
recall (1 year)

Measurement Past year Daily expenditures “Average” week for Past month, past 4 Past year Daily payments Past month
period (diary), or past year expenditures, past months, or past (DCPC), or “typical”

(survey) year for income year week, month, year

(SCPC)
Sampling
Target Total U.S. Non- Total U.S. Non- Total U.S. Non- Total U.S. U.S. ages 50+ Non- Age 18+ Non- Rural and Semi-
Population institutional institutional institutional institutional institutional Urban Households
Sampling Survey Research U.S. Census Bureau NORC National U.S. Census Bureau  Panel of adults born RAND ALP, Initial Village
Frame Center National Master Address Sampling Frame and Master Address 1931-1941 USC UAS, Census
Sampling Frame File IRS data File GfK Knowledge
Networks

Sample size ~10,000 ~7,000 ~6,000 14,000-52,000 9,000-15,000 ~2,000 ~800
Longitudinal 4 consecutive 14 days None 2.5-4 years Fixed 3-day waves tied to 1998-present
panel quarters SCPC annual panel

CE-S: http://www.bls.gov/CE/capi/2015/cecapihome.htm
CE-D: http://www.bls.gov/CE/ced/2013/cedhome.htm

TTMS: http://townsend-thai.mit.edu/about/

SIPP: http://www.census.gov/programs-surveys/sipp/about.html

PSID: https://psidonline.isr.umich.edu/

SCPC: http://www.bostonfed.org/economic/cprc/scpc/

DCPC: https://www.bostonfed.org/economic/cprc/data-resources.htm

SCF:

https://www.federalreserve.gov/econresdata/scf/scfindex.htm

HRS/CAMS: https://hrs.isr.umich.edu/about



http://www.bls.gov/cex/capi/2015/cecapihome.htm
http://www.bls.gov/cex/ced/2013/cedhome.htm
http://townsend-thai.mit.edu/about/
http://www.census.gov/programs-surveys/sipp/about.html
https://psidonline.isr.umich.edu/
http://www.bostonfed.org/economic/cprc/scpc/
https://www.bostonfed.org/economic/cprc/data-resources.htm
https://www.federalreserve.gov/econresdata/scf/scfindex.htm
https://hrs.isr.umich.edu/about?_ga=1.3889273.815530058.1469808919

TABLE 2-a
U.S. Surveys: Balance Sheets - Assets, various dates

PSID CES SCF HRS SIPP
Assets 422,616 226,314 632,246 556,295 351,702
Median 151,000 170,600 240,000 67,113
Financial assets 163,376 65,537 262,168 205,461 160,651
(% of assets) (39) (29) (41) (37) (46)
CURRENT ASSETS.....ccccooniireieiniennns 95,883 65,115 140,176 125,898 102,642
Cash. ..o 29,850 30,849 30,354 34,733 12,434

CUITENCY...ecvviee e 12
Government-backed currency........... 12
Private virtual currency .........c.........

Bank accounts..........ccccoeeveiiienieienennn 29,850 30,849 30,342 34,733 536
Checking accounts..........cccceevereennnn. 17,239 12,660 536
Savings aCcCouNts........c.coevververeerrenne 13,610 17,682

Other deposit accounts...........ccccvevvenee. 0 11,898

Other current assets.........coceevvereienenns 66,033 34,266 109,822 91,165 90,208

Certificates of deposit..........cc.ccovernenen. 4,994 9,354

BONAS.....oiiiieeceee 408 8,227 14,860 3,376

Mutual funds/hedge funds................... 40,964 18,830

Publicly traded equity.........ccccoovevvnene. 56,335 33,858 48,874 66,951

Life iINSUranCe.........coovvevveeiireieicnienes 9,698 6,763 68,002

LONG-TERM INVESTMENTS.............. 67,493 422 121,992 79,563 58,009
Retirement accounts...........ccccceoveeereneene 67,493 97,007 79,563 54,759
ANNUITIES. ... 5,490
Trusts/managed investment accounts..... 13,773
Loans to people outside the HH............. 422 5,722 361
Other important assets...........c.ceeeeerenen. 2,889

Tangible (physical) assets 259,240 160,777 362,445 336,951 191,051
(% of assets) (61) (71) (57) (61) (54)

BUSINESS.....oeveieivirieisicniecicee s 51,404 108,760 55,006 25,921

HOUSING @SSELS....veveviiierieiiiie e 188,992 160,777 234,187 264,500 154,795
Primary residence..........ccooceevveenercrennn. 149,211 149,760 170,159 190,818 147,855
Other real estate...........cccocereivrereienenenns 39,781 11,017 64,028 73,682 6,940

VENICIES......oviiiieccce e 18,844 19,498 17,445 10,335

Unknown assets 7,633 13,883
(% of assets) 1) 2

SOURCES: Panel Study of Income Dynamics (PSID) 2013, Consumer Expenditure Survey (CE) 2012, Survey of Consumer Finances (SCF) 2013,
Health and Retirement Survey (HRS) 2012, and Survey of Income and Program Participation (SIPP) 2011. See Section 2 for more details.

NOTES: Table entries are average dollar values for the survey's unit of observation, approximately a household. Assets and liabilites are stocks dated
as of the time of the survey, generally the end of the year. Sampling weights provided by each survey were used in calculating the average values in
accordance with the survey's data documentation. A more detailed data appendix and the Stata programs used to construct the tables are available at
https://www.bostonfed.org/about-the-boston-fed/business-areas/consumer-payments-research-center.aspx.



TABLE 2-b
U.S. Surveys: Balance Sheets - Liabilities, various dates

PSID CES SCF HRS SIPP
Liabilities 82,288 73,668 112,306 64,614 61,979
Median 18,800 23,000 5,600 3,750
Revolving Debt 2,671 4,512 2,185 2,661
(% of liabilities) (3) (6) (2) (4)
Credit cards / charge cards...........cccceeuenee. 2,671 4,447 2,096
Revolving store accounts.............cccceeeeee. 65 89
Non-revolving Debt 79,617 69,156 110,121 64,614 59,318
(% of liabilities) 97) (94) (98) (100) (96)
HOUSING. ..o 67,506 58,143 87,223 58,584
Mortgages for primary residence............ 54,856 52,559 63,889 48,984
Mortgages for investment real estate or
second home 12,650 3,086 19,598 4,440
HELOC/HEL.......coviiiiiiiieeni e 2,498 3,556
Loans for improvement...........c.ccceueunene. 180 5,160
Loans on vehicles..........cccoevvienennenenn, 4,310 3,926 4,508 3,707
Education [0ans..........ccocccvereieninnnnenn, 6,507 5,788
BUSINESS 10aNS........cccoiiiiieireeee 10,317 5,338
Investment loans (e.g., margin loans)........ 289 102
Unsecured personal loans.............cccceeveee.
Loans against pension plan.............cccc.c.... 288
Payday loans / pawn shops.........ccccceevenene.
Other 10anS........covveveenereieneee e 1,294 7,087 1,708 6,030 50,171
Net worth (equity) 340,328 152,646 519,940 491,681 289,723

Cumulative net gifts received
Cumulative savings

SOURCES: Panel Study of Income Dynamics (PSID) 2013, Consumer Expenditure Survey (CE) 2012, Survey of Consumer Finances (SCF) 2013,
Health and Retirement Survey (HRS) 2012, and Survey of Income and Program Participation (SIPP) 2011. See Section 2 for more details.

NOTES: Table entries are average dollar values for the survey's unit of observation, approximately a household. Assets and liabilites are stocks dated
as of the time of the survey, generally the end of the year. Sampling weights provided by each survey were used in calculating the average values in
accordance with the survey's data documentation. A more detailed data appendix and the Stata programs used to construct the tables are available at
https://mww.bostonfed.org/about-the-boston-fed/business-areas/consumer-payments-research-center.aspx.



TABLE 3
U.S. Surveys: Income Statements, various dates

PSID CES SCF HRS SIPP
Income 67,187 65,316 83,863 79,779 61,431
Median 44,500 46,774 45,000 46,300 45,396
Labor Income 53,623 51,543 53,192 42,377 48,767
(% of total income) (80) (79) (63) (53) (79)
Wages and salaries..........ccooevverieverivininnns 53,473 51,543 53,192
Professional practice or trade.................... 113
Other Labor Earnings.........cccoveeveivevverennens 37
Production Income 3,748 3,075 11,347 1,144
(% of total income) (6) (5) (14) (2)
Business income (self-employment).......... 2,472 2,926 11,347
RENE. ..o 1,276 149 1,144
Other income 9,816 10,698 19,324 37,402 18,176
(% of total income) (15) (16) (23) 47 (30)
Interest, dividends, etC.........cccccooeiveiennnn. 2,206 1,204 6,682 18,093
Government transfer receipts........cc.ccc...... 1,302 5,812 10,670 12,415 7,294
Other transfer receipts, from business....... 131 423
Other transfer receipts, from persons......... 380 372
All other INCOME.......ccvvvviiiiiieiseieninns 6,177 3,302 1,600 6,471 10,882
Expenditures 1,837 4,345 2,007 0 22,487
Production Costs
(% of total expenditures)
Depreciation.........cccoeveeevennsieseeie e
Capital [0SSeS.......ceeeieiiveieie e
BUSINESS EXPENSES.....ccvvrvvirrerieieierienieneenns
Cost of Labor Provision..........cc.ccccoeevvennn.
Cost of Other Production Activities..........
Taxes 1,837 4,345 2,007 2,798
(% of total expenditures) (100) (100) (100)
Employment taxes.........ccooeeveenencienenn. 2,508 585
Other taXeS......cvevveeeririereseeeeeee e 1,837 1,837 2,007 2,213
Net income 65,350 60,971 81,856 79,779 38,944

SOURCES: Panel Study of Income Dynamics (PSID) 2013, Consumer Expenditure Survey (CE) 2012, Survey of Consumer Finances (SCF) 2013,
Health and Retirement Survey (HRS) 2012, and Survey of Income and Program Participation (SIPP) 2011. See Section 2 for more details.

NOTES: Table entries are average dollar values for the survey's unit of observation, approximately a household. Income and expenses are reported for
the prior 12 months, or annualized where necessary. Sampling weights provided by each survey were used in calculating the average values in
accordance with the survey's data documentation. A more detailed data appendix and the Stata programs used to construct the tables are available at
https://mww.bostonfed.org/about-the-boston-fed/business-areas/consumer-payments-research-center.aspx.



TABLE 4
U.S. Surveys: Statements of Cash Flows

(Cash defined as Current Assets) PSID CES SCF HRS SIPP
2010-2012  2011-2012 2010-2013 2010-2012 2010-2011
Net income (+) 65,350 60,971 81,856 79,779 38,944
Adjustments:
Depreciation (+) 0 0 0 0 0
Change in Account Receivables (-) 0 0 0 0 0
Change in Account Payables (+) 0 0 0 0 0
Change in Inventory (-) 0 0 0 0 0
Change in Other (not Cash) Current Assets (-) 0 0 0 0 0
Consumption of Household Produced Outputs (-) 0 0 0 0 0
Cash flows from Production 65,350 60,971 81,856 79,779 38,944
Consumption expenditure (-) -43,766 -44,849 -28,850 -45,073 -22,487
Capital (durable goods) expenditure (-) 0 0 0 0 0
Cash flows from Consumption and Investment -43,766 -44 849 -28,850 -45,073 -22,487
Transfers to/from Long-Term Investments -362 0 1,231 0 0
Lending (-) 0 -151 1,359 50 4,452
Borrowing (+) 4,230 8,089 -4,349 -3,757 -8,988
Net Gifts Received (+) 0 0 0 0 0
Cash flows from Financing 3,868 7,938 -1,759 -3,707 -4,536
Change in Cash Holding (from Statement of Cash Flows) 25,452 24,060 51,247 31,000 11,921
Change in Cash Holding (from Statement of Balance Sheet) 3,091 17,770 3,843 1,678 -18,622
Cash flows error 22,362 6,290 47,404 29,322 30,543
Internal Error 25% 13% 37% 24% 25%
External Error 30% 8% 61% 39% 42%

SOURCES: Panel Study of Income Dynamics (PSID) 2010-2013, Consumer Expenditure Survey (CE) 2011-2012, Survey of Consumer Finances (SCF) 2010-2013,
Health and Retirement Survey (HRS) 2010-2012, and Survey of Income and Program Participation (SIPP) 2010-2011. See Section 2 for more details.

NOTES: Table entries are average dollar values for the survey's unit of observation, approximately a household. Cash flows are at a yearly rate and are constructed
with the most recent prior data available. Sampling weights provided by each survey were used in calculating the average values. A more detailed data appendix and
the Stata programs used to construct the tables are available at https://www.bostonfed.org/about-the-boston-fed/business-areas/consumer-payments-research-
center.aspx.



TABLES
TTMS and SCPC/DCPC: Balance Sheets, October 2012

DCPC/ DCPC/
TTMS SCPC TTMS SCPC
Assets 89,082 301,425 Liabilities 5,317 120,689
Median 146,053 Median 42,935
Financial assets 35,553 836 Revolving Debt 5,306
(% of assets) (40) ()] (% of liabilities) (@)
CURRENT ASSETS.......ccovivivieieinns 35,321 836 Credit cards / charge cards.................... 5,306
Cash. .o 35,332 836 Revolving store accounts......................
CUITENCY...cvvierevieiiee e 30,874 836 Non-revolving Debt 5,317 115,383
Government-backed currency...... 30,874 836 (% of liabilities) (96)
Bank accounts..........cccceeveiveiiennennn, 4,458 HOUSING....cvveeeiee e 67,278
Other current assets..........cceeververnennn. -11 Mortgages for primary residence....... 67,278
Certificates of deposit..................... Mortgages for investment real estate .
Net ROSCA position............ccco.e... -11 HELOC/HEL.......ccovvvvieiiiiieeciecienns
Accounts receivable.............c....... 0 Loans for improvement.....................
BONS....coiieiiiie e Accounts payable..........ccocoieiiiininnnn 1,480
Mutual funds/hedge funds.............. Loans on vehicles..........ccoooveiieienenne
Publicly traded equity..................... Education [0ans..........cccccoovvierieiennnnn
Life insurance...........ccooeeveeeeienenne. Business 10ans.........ccccooveeeieneicieniee.
LONG-TERM INVESTMENTS........ 232 Investment loans (e.g., margin loans)....
Retirement accounts...........ccccceeveeee. Unsecured personal loans......................
ANNUILIES. ... Loans against pension plan..................
Trusts/managed investment accounts Payday loans / pawn shops...........cccc.....
Other lending........cccoovvvvivivevierieinn, 232 Other 10ans........ccccvvveverierescse e 3,837 48,105
Tangible (physical) assets 53,529 148,421
(% of assets) (60) (49) Net worth (equity) 83,765 180,736
BUSINESS @SSELS....ccvvivieveeeeie e 334 Cumulative net gifts received
Agricultural assets..........ccoovevvevreriennenn 1,243 Cumulative savings 56,779
Housing/household assets..................... 4,582 148,421
Primary residence.........c.ccoevevvervenenn. 148,421
INVENLOMIES.....ccveeiieeciee e, 8,394
LiVEStOCK. ....vveicieieieee e 290
Other nonfinancial assets...........c.cc....... 38,687
Unknown assets 152,168
(% of assets) (50)

continued In next column

NOTES: Thai Baht converted to U.S. Dollars at a rate of 30.68 Baht per Dollar. Values are stocks as of the time of the survey, which for the CPC is between the beginning
of September and the end of October. TTMS entries are at the household level. CPC entries are either at the household level or converted to a household level by
multiplying consumer values by 2.045. A more detailed appendix and the Stata programs used to construct the tables are available at https://www.bostonfed.org/about-the-
boston-fed/business-areas/consumer-payments-research-center.aspx.

SOURCES: Townsend Thai Monthly Survey (TTMS), Survey of Consumer Payment Choice (SCPC).



Table 6
TTMS and SCPC/DCPC: Income Statements, October 2012

SCPC/ SCPC/
TTMS DCPC TTMS DCPC
Income 1,643 5,921 Expenditures 813 1,840
Median 4,413 Production Costs 813
Censored income 4,789 (% of total expenditures) (100)
Labor Income 252 BUSINESS. ... 251
(% of total income) (15) Agricultural activities..........cc.cceoerennne. 529
Production Income 1,368 CUlIVAtION.......cceiiiiiceece e 133
(% of total income) (83) Livestock 292
BUSINESS. ... 326 Capital 10SSeS.......ccoveeeieieieieaiee 1
Agricultural activities..........ccoceeeerenene 1,042 Depreciation...........cccoeviviiieniiinnnne 12
CUltivation..........cccooeviienieece e 536 Other eXpensesS.......ccooveevereeriereeneenne. 280
LiVESLOCK. .....eiieiieiei e 392 Fish and shrimp..........ccocooiiiiinnnnn 104
Produce.......ccccoovieiineie e 390 Labor provision...........cccoeeeienenennnne. 32
Capital gains.........ccocveverieieinnennne 2 Other production activities.................... 1
Fish and shrimp.........cccooeieiiicinnnne 114 Taxes 1,840
Other income 23 (% of total expenditures) (100)
(% of total income) 1)
Continued in next column Net income 830 4,081

NOTES: Thai Baht converted to U.S. Dollars at a rate of 30.68 Baht per Dollar. Values are stocks as of the time of the survey, which for the CPC is between the beginning
of September and the end of October. TTMS entries are at the household level. CPC entries are either at the household level or converted to a household level by
multiplying consumer values by 2.045. CPC household income is originally reported in buckets; precise estimates are imputed with the help of SCF data. A more detailed
appendix and the Stata programs used to construct the tables are available at https://www.bostonfed.org/about-the-boston-fed/business-areas/consumer-payments-research-

center.aspx.
SOURCES: Townsend Thai Monthly Survey (TTMS), Diary of Consumer Payment Choice (DCPC), Survey of Consumer Payment Choice (SCPC)



TABLE 7
TTMS and DCPC: Statements of Cash Flows, October 2012

(Cash defined as Currency) TTMS DCPC
Net income (annual basis) (+) 8,750 69,207
Net income (monthly basis) (+) 729 5,767
Adjustments:
Depreciation (+) 94 0
Change in Account Receivables (-) -37 0
Change in Account Payables (+) 0 0
Change in Inventory (-) 80 0
Consumption of Household Produced Outputs (-) -6 0
Net Capital Gains (+) -1
Cash flows from Production 859 5,767
Consumption expenditure (-) -245 -6,767
Capital (durable goods) expenditure (-) =17 0
Cash flows from Consumption and Investment -327 -6,767
Change in Demand Deposits (-) -67 -421
Change in NFDA deposits (-) na 59
Change in Foreign Currency (-) na -2
Change in Credit Card Balance (-) na 1,292
Change in Long-term Assets (-) 76 -669
Change in Other Debts (-) 4 na
Cash flows from Financing 13 259
Change in Currency Balance (from Statement of Cash Flows) 544 -741
Change in Currency Balance (from Statement of Balance Sheet) 544 164
Cash flows error 0 905
Internal Error na 135%

NOTES: Thai Baht converted to U.S. Dollars at a rate of 30.68 Baht per Dollar. VValues are stocks as of the time of the survey, which
for the CPC is between the beginning of September and the end of October. TTMS entries are at the household level. CPC entries are
either at the household level or converted to a household level by multiplying consumer values by 2.045. CPC household income is
originally reported in buckets; precise estimates are imputed with the help of SCF data. A more detailed appendix and the Stata
programs used to construct the tables are available at https://www.bostonfed.org/about-the-boston-fed/business-areas/consumer-
payments-research-center.aspx.

SOURCES: Townsend Thai Monthly Survey (TTMS), Diary of Consumer Payment Choice (DCPC), Survey of Consumer Payment
Choice (SCPC)



TABLE 8
Payment Instruments and their Balance Sheet Accounts

Balance Sheet Accounts

Payment Instruments

Assets (money)

Currency

U.S. currency
Foreign currency

Private currency (e.g., Bitcoin)

Traveler’s check

Traveler’s check

Checking accounts owned by consumers

(demand and other checkable deposits)

Checks (personal or certified)
Debit card

OBBP

BANP

Checking accounts owned or managed by
financial institutions or non-financial
payment service providers (but may have

pass-through deposit insurance for

Cashier’s check
Prepaid card

Money order

consumers)
Savings accounts owned by consumers Checks
(“non-transactions” accounts in the non- | Debit card
M1 part of M2 with direct payment OBBP
capability) BANP
Liabilities (credit)
Revolving credit Credit card
Non-revolving credit Charge card
Text/SMS

Source: Authors’ analysis and Greene, Schuh, and Stavins (2016).




TABLE 9
DCPC Statement of Account Flows, October 2012

Flows associated with accounts

Currency DDA Foreign LTEA Revolving  Other Al
currency debt debt

A. Production (inflows) 388 5,379 na na na na na 5,767
B. Consumption and investment (outflows) -1,038 -4,422 -58 na - -1,249 na -6,771
B.1 Consumption expenditure -1,038 -4,422 -58 na - -1,249 na -6,771
B.2 Capital (durable goods) expenditure na na na na - na na na

C. Financing -91 -536 -1 2 na -43 669 0
C.1 Deposits (inflows) 498 564 20 2 na na 669 1,753
From currency - 564 15 2 na na 8 589
From demand deposits 455 - 2 na na na 643 1,100
From non-financial deposit accounts 21 na - na na na 0 21
From foreign currency 0 na na - na na na 0
From long-term financial assets na na na na - na na 0
From revolving accounts 22 na 3 na na - 18 43
From other debt na na na na na na - 0
Addendum: Total deposits (inflows) 886 5,943 20 2 na na 669 7,520

C.2 Withdrawals (outflows) -589 -1,100 -21 0 na -43 na -1,753

To currency - -455 -21 0 na -22 na -498

To demand deposits -564 - na na na na na -564

To non-financial deposit accounts -15 -2 - na na -3 na -20

To foreign currency -2 na na - na na na -2

To long-term assets na na na na - na na 0

To revolving accounts na na na na na - na 0

To other debt -8 -643 0 na na -18 - -669
Addendum: Total withdrawals (outflows) -1,627 -5,522 -79 na na -1,292 na -8,524

D. Change in account balance (from Statement of Account Flows) -741 421 -59 2 na -1,292 669 -1,004
E. Change in account balance (from Balance Sheets) 164 na na na -4,501 -673 9,489 -8,816
F. Flow error 905 na na na na -619 -8,820 7,812
G. Error (% lagged account balance) 135% na na na na 92% 93% -89%

NOTE: DDA are demand deposit accounts; NFDA are nonfinancial deposit accounts; LTFA are long-term financial assets.



FIGURE 1

Relation Between Household Income Statement and Balance Sheet
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FIGURE 2

Constructing Financial Statements from a Panel Household Survey
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FIGURE 3

Financial Statement Line-Item Coverage Ratios for U.S. Surveys
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