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1 Intro uction 

Macr ec n mists pursuing micr f undati ns f r aggregate c nsumpti n have generally 

ad pted  ne  f tw  appr aches: either t  m del micr ec n mic c nsumpti n behavi r 

carefully and then t  aggregate,  r t  th r ughly understand the behavi r  f a ‘repre-

sentative c nsumer’ in general equilibrium, then t  intr duce micr ec n mic risk and 

heter geneity. The br ad c nclusi n fr m the ‘b tt m up’ appr ach has been that pre-

cauti nary saving and micr ec n mic heter geneity can pr f undly change behavi r 

(Stephen P. Zeldes (1989); Angus S. Deat n (1991); Christ pher D. Carr ll (1992)). 

The br ad c nclusi n fr m the ‘t p d wn’ appr ach has been that precauti nary saving 

is  f little imp rtance in determining the aggregate capital st ck (S. Ra  Ayigari (1994); 

Per Krusell and Anth ny A. Smith (1998)), leading s me ec n mists t  c nclude that 

heter geneity is unimp rtant f r macr ec n mic purp ses. This paper sh ws that 

while general equilibrium effects d  imply that the aggregate magnitude  f precauti n-

ary saving is m dest, nevertheless when a m del with uninsurable idi syncratic risk 

is m dified s  that it can match key micr  facts, it pr duces behavi r which is very 

different in imp rtant respects fr m the representative agent ec n my. This leads t  

the c nclusi n that f r many purp ses, the representative c nsumer m del sh uld be 

aband ned in fav r  f a m del which matches key micr ec n mic facts.1 

1See Kirman (1992) for a broader cri ique of  he represen a ive agen  model. 
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2 On the Concavity of the Consumption Function 

Unf rtunately, the the retical c nditi ns under which an ec n my c mp sed  f many 

individuals will behave exactly as th ugh it c ntains a single representative agent 

(‘exact aggregati n h lds’) are very stringent. The m st pr blematic requirement is 

that c nsumers can c mpletely insure their inc me against idi syncratic sh cks. In 

reality, h useh ld-level inc me data that include inf rmati n  n the existing s urces 

 f insurance (such as unempl yment insurance, g vernment transfers, and supp rt 

fr m family and friends) sh w large fluctuati ns in p st-tax, p st-transfer idi syncratic 

inc me, and there is n w a large literature sh wing that c nsumpti n resp nds str ngly 

t  uninsured inc me sh cks (a few examples are w rk by J hn H. C chrane (1991), 

Orazi  P. Attanasi  and Stephen J. Davis (1996), J nathan McCarthy (1996), and 

Tulli  Jappelli and Luigi Pistaferri (1999).) 

Uninsurable risk prevents aggregati n because risk causes the c nsumpti n p licy 

functi n t  bec me n nlinear (it bec mes strictly c ncave, even in the absence  f liquid-

ity c nstraints (Carr ll and Miles S. Kimball (1996))). Figure 1 presents an example, 

drawn fr m the m del specified bel w. The rati   f c nsumpti n C t  permanent lab r 

inc me wL, c = C/wL, is a c ncave functi n  f the rati   f t tal current res urces 

(n nhuman wealth plus current inc me) X t  permanent lab r inc me,   = X/wL, 

f r a micr ec n mic c nsumer f r wh m interest rates, wages, and lab r supply are 
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fixed at their steady-state levels. This n nlinearity implies that the distributi n  f 

wealth will affect the level  f aggregate c nsumpti n, the average marginal pr pensity 

t  c nsume (MPC), and  ther aggregate statistics. 

Despite the gl bal n nlinearity  f c[ ], it is relatively sm  th, and is alm st linear 

at large values  f  . If aggregate wealth were distributed relatively tightly ar und 

s me large value  f  , aggregate behavi r w uld cl sely resemble the behavi r  f a rep-

resentative c nsumer with wealth equal t  the mean  f the distributi n. C nversely, 

if wealth is very unequally distributed, the gr unds f r h ping f r any ‘appr ximate 

aggregati n’ result are much weaker. This figure theref re indicates that the struc-

ture  f the wealth distributi n is  f key imp rtance f r understanding macr ec n mic 

behavi r. 

C nsider what the figure implies ab ut a statistic which is critical t  the analysis  f 

fiscal and m netary p licies: the aggregate marginal pr pensity t  c nsume. C ncavity 

implies that the MPC is much higher at l w wealth than at high wealth. If there 

are many c nsumers with little wealth we w uld expect an aggregate MPC much 

higher than implied by the representative agent m del; if m st c nsumers had large 

am unts  f wealth, we w uld expect the representative c nsumer m del t  perf rm 

well. Alternatively, we can reas n in reverse: we can measure the average MPC, and 

if it turns  ut t  be much larger than implied by the representative agent m del, we 
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can c nclude that many c nsumers are h lding levels  f wealth that are in the steeply 

sl ping regi n  f the c nsumpti n functi n.2 

3 The Micro Facts  

The t p panel  f table 1 presents inf rmati n  n the distributi n  f wealth acr ss US 

h useh lds. The data sh w that the rati   f wealth t  lab r inc me f r h useh lds 

in the t p third  f the wealth distributi n is en rm usly higher than the rati  in the 

b tt m tw  thirds  f the distributi n, whether the measure  f wealth is t tal net w rth 

 r liquid assets. (The same qualitative pattern h lds true  f the rati   f wealth t  t tal 

inc me, and at all ages.) 

Representative agent m dels are typically calibrated t  match an aggregate wealth/inc me 

rati  like the  ne in the first c lumn  f the table. The table sh ws that the typical 

h useh ld’s wealth is much smaller than the wealth  f such a representative agent. 

Judging fr m figure 1, this w uld lead us t  expect that the behavi r  f the median 

h useh ld may n t resemble the behavi r  f a representative agent with a wealth-t -

inc me rati  similar t  the aggregate rati . 

Empirical evidence bears  ut this predicti n. Bel w, we sh w that the annual MPC 

predicted by a standard representative agent m del is ab ut 0.04. Many empirical 
2Of course, a high average MPC migh  be explained by models o her  han  he ra ional,  ime-

consis en  op imiza ion model employed here; see David Laibson (1997) for an al erna ive. 
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analyses perf rmed with h useh ld datasets in the 1950s and 1960s f und an annual 

MPC in the range  f 0.2 t  0.4.3 A m re recent literature, starting with R bert E. Hall 

and Fredrick S. Mishkin (1982) and with c ntributi ns by Annamaria Lusardi (1996), 

J nathan McCarthy (1996), Nich las S. S uleles (1999), and J nathan Parker (1999), 

and  thers has f und annual MPC’s typically in the range  f 0.2 t  0.5. 

4 Four Mo els  

C nsider a standard m del where a representative agent maximizes the disc unted sum 

∞ βs−tC1−ρ f expected future utility Et [ /(1 − ρ)] subject t  an aggregate capital s=t s 

accumulati n c nstraint: 

Kt+1 = (1  − δ)(Xt − Ct), (1) 

t+1K
α

t+1 , (2)Xt+1 = Kt+1 + θ t+1L
1−α 

where Kt+1 is capital at the start  f peri d t + 1, equal t  undepreciated savings 

fr m peri d t, and  Xt is t tal res urces available f r c nsumpti n in peri d t, the  

L1−α sum  f capital and current inc me θtKt
α 

t ; θ is an aggregate pr ductivity sh ck. 

We c nsider first a versi n  f the m del where there are n  aggregate sh cks and the 

aggregate lab r supply are n rmalized t   ne ({θt, Lt} = {1, 1} ∀t). 

The first r w  f the b tt m panel  f Table 1 presents the statistics  f interest in 
3See Thomas Mayer (1972) or Mil on A. Friedman (1963) for summaries of  he early evidence. 
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this m del under c nventi nal parametric ch ices and c nsidering the m del peri d as 

a quarter.4 The rati   f the steady-state capital st ck t  steady-state lab r inc me is 

3.906, and the MPC is 0.04 at an annual rate.  

T day, the standard versi n  f this m del is  ne with aggregate sh cks but n  

uninsurable idi syncratic sh cks. F ll wing Krusell and Smith, c nsider a versi n  f 

the m del where there are tw  aggregate states: a ‘g  d’ state where the aggregate 

pr ductivity parameter is θ = 1.01 and a ‘bad’ state where the aggregate pr ductivity 

parameter is θ = 0.99, and the m del is parameterized s  that the ec n my spends 

half its time  n average in each state, and the average durati n  f expansi ns and 

c ntracti ns is identical and equal t  8 quarters. Furtherm re, t  capture the cyclical 

variability in the unempl yment rate, assume that the aggregate lab r supply is L = .96 

in the g  d state and L = .90 in the bad state. The sec nd r w  f the b tt m panel 

 f Table 1 presents the key results. The effect  f the aggregate uncertainty  n the 

aggregate capital/inc me rati  (the precauti nary saving effect) is m dest: the average 

value  f the K/wL rati  rises by  nly ab ut 0.6 percent. The reas n the precauti nary 

effect is s  m dest is  bvi us fr m figure 1: the representative agent has a very large 

am unt  f wealth, and theref re spends essentially all  f its time in a regi n where the 
4Specifically, mos ly following Per Krusell and An hony A. Smi h, we assume ρ = 3,  α = .36, δ  = 

0.025, β = 0.99. Under  hese parame er values,  he model subs an ially underpredic s  he empirical 
 /wL ra io, bu   his problem could be rec ified by assuming a higher β. 

5De ails of  he calcula ion can be found in  he appendix. Here and hencefor h, ‘annual ra e’ MPCs 
are defined  o be four  imes  he quar erly MPC. 
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c nsumpti n functi n is very flat. 

The greatest c ntributi n  f Krusell and Smith (1998) is t  sh w h w t  s lve f r 

the dynamic behavi r  f a m del where h useh lds are subject t  uninsurable idi syn-

cratic risk as well as aggregate risk. Using their meth d l gy, we n w s lve a versi n  f 

the m del where fluctuati ns in aggregate lab r supply reflect fluctuati ns in empl y-

ment  f individual h useh lds. Krusell and Smith assume that unempl yment spells 

represent peri ds when a h useh ld’s lab r inc me is zer . Here, f r greater realism, 

we assume the existence  f an unempl yment insurance system that replaces half  f 

permanent wage inc me. The third r w  f the b tt m panel  f table 1 presents the 

results. The first imp rtant c nclusi n is that, as Krusell and Smith f und, adding id-

i syncratic risk makes little difference t  the magnitude  f the aggregate capital/lab r 

inc me rati , which rises by  nly a little  ver 1 percent when the idi syncratic risk 

is added. The remaining c lumns sh w why idi syncratic risk has s  little effect: the 

distributi n  f wealth is fairly tightly centered ar und the steady-state average level 

 f wealth. Returning t  figure 1, again the essential reas n aggregate precauti nary 

saving is m dest is that even after the intr ducti n  f idi syncratic sh cks, the vast 

maj rity  f c nsumers have high levels  f wealth fairly cl se t  the level that was held 

by the representative agent in the m del with ut idi syncratic sh cks. This high-mean, 

l w variance wealth distributi n generates an attractive ‘appr ximate aggregati n’ re-
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sult: behavi r  f the ec n my is very similar in essentially all respects t  behavi r 

in the representative agent m del. Thus, the appr ximate aggregati n result depends 

critically  n the m del’s failur  t  capture either  f the key micr ec n mic facts cited 

ab ve: the extreme skewness  f the wealth distributi n and the (c nsequent) high 

average value  f the marginal pr pensity t  c nsume. 

F rtunately, a final simple m dificati n makes the m del capable  f generating b th 

skewness in the wealth distributi n and a high MPC: we relax the assumpti n that 

all c nsumers have identical tastes. Specifically, supp se that there are tw  classes 

 f c nsumers, a ‘patient’ gr up with quarterly time preference fact r  f 0.99 and an 

‘impatient’ gr up with a time preference fact r  f β = 0.975 f r an annual rate  f 10 

percent.6 Supp se further that the impatient c nsumers c mp se 2/3  f the p pulati n. 

Bef re presenting the results, a brief the retical digressi n. L ng ag , Hir fumi 

Uzawa (1968) sh wed that in a n nst chastic ec n my p pulated by infinitely-lived 

agents with different time preference rates, eventually the entire capital st ck will 

be  wned by the agent with the l west time preference rate, because at any aggregate 

interest rate higher than his time preference rate the m st patient agent will accumulate 

wealth indefinitely. The reverse l gic sh ws that any agent wh  is less patient will run 

d wn his wealth indefinitely, s  the patient agent eventually  wns all the capital. 
6Marco Cage  i (1999) es ima es  ime preference ra es even lower  han 0.975 for many consumers. 
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As sh wn in the next-t -last r w  f table 1, the wealth distributi n is n w highly 

skewed, in a manner r ughly similar t  the data,7 and the average annual MPC is 

alm st 0.2. N te that aggregate precauti nary saving is low r in this m del than in 

the m del where all c nsumers have identical tastes, because the patient agents wh se 

behavi r determines the size  f the aggregate capital st ck n w h ld much m re wealth 

than the typical agent held bef re, and are much farther  ut t  the right in figure 1 

where the c nsumpti n functi n is nearly linear. The last r w sh ws that under the 

alternative assumpti n  f l g utility (ρ = 1), the wealth distributi n bec mes even 

m re skewed and the MPC is nearly 0.5.8 

A final p int. Many ec n mists are unc mf rtable explaining the inequality  f the 

wealth distributi n by assuming that c nsumers have differing tastes. But similar re-

sults can be  btained by assuming identical tastes but differing expectati ns ab ut 

inc me gr wth.9 Perhaps the m st attractive interpretati n is  ne in which c nsumers 

labelled as ‘impatient’ here are th ught  f as y ung c nsumers in the ‘buffer-st ck’ 

saving phase  f their life cycle because they anticipate an age pr file  f rapid inc me 
 Because  he ne  wor h of  he median household is mos ly housing equi y, which may be illiquid 

and difficul   o use for high-frequency consump ion smoo hing, i  is no  clear whe her  he righ  goal 
is  o ma ch ne  wor h or liquid asse s. 

8Krusell and Smi h also show  ha  adding he erogeneous preferences resul s in a much more realis ic 
dis ribu ion of weal h, and a higher correla ion be ween aggrega e consump ion and income. 

9Mark Hugge   (1996) argues  ha  much of  he inequali y of  he weal h dis ribu ion is a  ribu able 
 o differences in expec a ions abou  income grow h be ween working life and re iremen . Vincenzo 
Quadrini and José-Víc or R ́ios-Rull (1997) examine various o her mechanisms for ma ching  he weal h 
dis ribu ion. 
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gr wth thr ugh r ughly age 50, while the m del’s ‘patient’ c nsumers represent c n-

sumers in the latter phase  f the life cycle  r in retirement wh  expect sl w  r n  inc me 

gr wth.10 The crucial requirement f r many purp ses is likely t  be simply that the 

m del have multiple classes  f h useh lds, s me with little wealth and a high MPC and 

s me with substantial wealth and a l w MPC - qualitatively, a structure similar t  that 

 f Hall and Mishkin (1982) and  f J hn Y. Campbell and N. Greg ry Mankiw (1989), 

th ugh with imp rtant differences caused by the st chastic envir nment. 

5 Conclusions 

C nstructing secure micr f undati ns f r macr ec n mic m dels has l ng been a cen-

tral g al  f macr ec n mists. An apparent message fr m several recent papers (es-

pecially Ayigari (1994)) that have intr duced idi syncratic risk int  representative 

agent ec n mies has been that micr ec n mic heter geneity may n t matter much f r 

macr ec n mic  utc mes. This paper argues that the m dels which pr duce this ‘ap-

pr ximate aggregati n’ result d  n t really have s lid micr f undati ns, in the sense 

that they d  n t match the key micr  facts  f a skewed wealth distributi n and a 

high MPC.11 When the m del is m dified in ways that help it t  capture these micr  
10See Carroll (1997), Pierre-Olivier Gourinchas and Jona han Parker (1999), or Cage  i (1999) for 

jus  such an in erpre a ion of life cycle pa  erns of saving; see Gourinchas (1999) for an ambi ious 
a  emp   o solve a general equilibrium model of  his  ype wi h a full specifica ion of life cycle behavior. 

11By ‘approxima e aggrega ion’ I mean  ha  a represen a ive agen  model is a good approxima-
 ion in all impor an  macroeconomic dimensions. No hing in  his paper undermines Krusell and 
Smi h’s finding  ha   he evolu ion of  he economy is well cap ured by an AR(1), which  hey call a 
‘quasi-aggrega ion’ resul , bu  which does not imply  ha  aggrega e da a can be ra ionalized by a 

10 
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facts, the behavi r  f the resulting aggregate ec n my differs fr m the behavi r  f the 

representative agent ec n my in ways that may be very imp rtant f r understanding 

aggregate fluctuati ns and analyzing the effects  f ec n mic p licies, th ugh perhaps 

n t f r analyzing the l ng-run questi ns typically addressed in gr wth m dels. 

represen a ive agen . 
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Table 1: SCF Data and M del Results 

Source 
Agg 

K/wL 

K/wL By 
K Percentile Agg 

MPC0-66 67-100 

Empirical Data 
K = Net Worth 6.2 
K = Liquid Assets 1.5 

Models 
RepAgent 3.906 
RepAgent+AShocks 3.929 
AShocks+IShocks 3.984 
AShocks+IShocks+Hetero
 Baseline prefs 3.916 

ρ = 1.00 3.909 

1.2 10.8 
0.1 2.9 

- -
- -
3.62 4.71 

0.35 11.09 

0.14 11.56 

-
-

0.040 
0.043 
0.050 

0.197

0.468 

Notes: The first column is the ratio of total aggregate wealth to total aggregate 
annual labor income. The second column reports, for the consumers in the 
bottom 2/3 of the wealth distribution, the ratio of their total aggregate wealth to 
their total aggregate annual labor income; the third column reports the 
corresponding statistics for the consumers in the top third of the wealth 
distribution. Empirical data are from the 1995 Survey of Consumer Finances; 
similar results hold for earlier surveys. The four models are described in the text. 
RA = Representative Agent; AShocks = aggregate shocks; IShocks = 
idiosyncratic shocks; Hetero indicates the model with preference heterogeneity. 
Further details of the data and theory can be found in the technical appendix to the 
paper, available at 
http://www.econ.jhu.edu/people/ccarroll/requiem.html. 
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Figure 1: The C ncave C nsumpti n Functi n 

c@xD 

1.0 

0.8 
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0.2 

x 
5. 10. 15. 20. 

No e: The figure shows c[x] for  he  hird model described in  he  ex , for an unemployed 
consumer during  he ‘good’ aggrega e s a e, where bo h c and x are normalized by permanen  
quar erly wage and salary income. (For comparison,  he numbers in Table 1 are normalized 
by annual ra her  han quar erly income.) 
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Appen ix to 
“Requiem for the Representative Consumer?” 

F ll wing Krusell and Smith (1998), we assume an aggregate pr ducti n functi n  f 

¯ K̄ αL̄1−αthe C bb-D uglas f rm, Y t , where we are den ting aggregate variables by = θt t 

an  verbar. It is c nvenient t  rewrite the m del in terms  f a C bb-D uglas aggregate 

¯ f capital and an adjusted lab r st ck Pt (where P is mnem nic f r Pr ductive lab r) 

as f ll ws (this is essentially just a n rmalizati n): 

¯ K̄ αL̄1−α =Yt θt t t 

K̄ αP̄ 1−α = t t 

1/(1−α) ¯¯ = θPt t Lt 

Because the aggregate pr ducti n functi n is CRS in (K,¯ P̄ ) and we assume per-

fectly c mpetitive lab r and capital markets we can write: 

Ȳ = r(K,¯ P̄ )K̄ + w(K,¯ P̄ )P .¯ 

¯Defining Gt+1 = Pt+1/P̄ 
t (essentially the gr wth rate in lab r efficiency), the rep-

resentative agent’s pr blem in this ec n my is12 

¯ ¯ ˜̄V (X̄ 
t, Pt)  =  max  u(C̄ 

t) +  βEt[V (X̃ 
t+1, P t+1)] (A.1) 

{C̄ t} 

such that 

¯ ¯Kt+1 =  (1  − δ)(X̄ 
t − Ct), (A.2) 

¯ ¯Xt+1 = Kt+1 + Ȳ 
t+1, (A.3) 

Ȳ 
t+1 = r(K̄ 

t+1, P̄  
t+1)K̄ 

t+1 + w(K̄ 
t+1, P̄ 

t+1)P̄  
t+1, (A.4) 

¯ ¯Pt+1 = Gt+1Pt. (A.5) 
12Variables inside an expec a ions opera or whose value is uncer ain as of  he da e a  which  he 

expec a ion is being  aken have a ∼ over  hem. 
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¯It turns  ut that it is p ssible and c nvenient t  n rmalize everything by Pt. Define 

l wer-case variables as the n rmalized versi n  f the upper case variables, e.g. ȳ  t = 

Ȳt/P̄  
t, and n te that 

(1−α)¯ K̄ α ¯Yt = t Pt 

k̄α ȳ  t = t 

¯ r(K̄ 
t, Pt) =  α(K̄ 

t/P̄ 
t)

α−1 

= αk̄ 
t
α−1 

w(K̄ 
t, P̄  

t) = (1  − α)(K̄ 
t/P̄  

t)
α 

= (1  − α)k̄ 
t
α . 

N w c nsider the pr blem 

v( ̄t, P̄  
t)  =  max  u(c̄t) +  βEt[G̃

1−ρ  ̄ t+1, P̃̄  
t+1)] (A.6)t+1 v(˜ 

{ ̄  t} 

such that 

k̄t+1 =  [(1  − δ)/Gt+1]( ̄t − c̄  t), (A.7) 

αk̄α−1¯ kα ȳ  t+1 = t+1 kt+1 + (1  − α)¯ 
t+1, (A.8) 

¯  ̄ t+1 = kt+1 + ȳt+1 (A.9) 

¯ kα−1 kα = kt+1(1 + α¯ 
t+1 ) + (1  − α)¯ 

t+1 (A.10) 

kα−1 =  [(1  − δ)/Gt+1]( ̄t − c̄  t)(1 + α¯ 
t+1 ) + (1  − α)k̄ 

t
α 
+1 (A.11) 

By c nsidering the s luti n t  this pr blem back fr m s me hyp thesized last peri d � � 
 f the ec n my’s existence, it is easy t  sh w that V (X̄ 

t, P̄  
t) =  P̄  

t 
1−ρ v( ̄t, P̄  

t) . Thus  

s lving the ab ve pr blem f r c̄[ ̄t, P̄  
t] yields the s luti n f r C̄[X̄ 

t, P̄  
t] =  c̄[ ̄t, P̄ 

t]P̄  
t. 
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Den ting the derivative  f v with respect t    as vx , the first  rder c nditi ns f r 

the n rmalized pr blem are 

∂ ˜̄ 1−ρ ˜  t+1¯0 =  u (c̄t) +  βEt Gt+1 v x( ̄̃ t+1, P t+1) 
∂c̄  t 

G−ρ ˜̄  kα−1 u (c̄t) =  βEt t+1v x( ̄̃ t+1, P t+1)(1 − δ)(1 + α¯ 
t+1 ) � �−ρ kα−11 =  βEt Gt+1(c̄t+1/c̄  t)

−ρ(1 − δ)(1 + α¯ 
t+1 ) . 

where the leap fr m between the last tw  lines c mes fr m applying the envel pe 

the rem t  derive vx( t+1, Pt+1) =  u (ct+1). 

N w c nsider the steady-state  f a versi n  f the m del where there are n  pr duc-

tivity sh cks  f any kind s  that c̄  t+1 = c̄t and Gt+1 = 1  ∀ t. Den ting the steady-state 

capital st ck by k̄ with n  time subscript, in the steady-state the first  rder c nditi n 

reduces t  

1 =  β(1 − δ)(1 + αk̄α−1) 
1/(α−1) 

k̄ = 
1
(β(1 − δ) − 1)

α 
1/(1−α)

αβ(1 − δ) 
= 

1 − β(1 − δ) 

F r the baseline parameter values c nsidered in the paper, {α, β, δ} = {0.36, 0.99, 0.025}, 

this f rmula implies that k̄ ≈ 36.516.13 F r c mparability with empirical data, table 

1 in the text rep rts the rati   f the steady-state capital st ck t  steady-state lab r 

inc me, 

k̄ 
¯ = k1−α/(1 − α)

(1 − α)k̄α 

13Krusell and Smi h repor  a mean value for  heir defini ion of capi al of 11.54. Their defini ion 
differs from  he one here in  ha   hey do no  normalize by labor inpu . Since  hey assume an average 
value of labor inpu  equal  o 0.3271 (personal communica ion from Per Krusell),  he appropria e 
comparison is of 36.516  o 11.54/.3271=35.28. The minor discrepancy is caused by  he fac   ha  we 
assume deprecia ion occurs be ween periods, while Krusell and Smi h assume deprecia ion wi hin  he 
period. 
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yielding K/wL = 15.625 as the rati   f capital t  quarterly lab r inc me. Because a 

year’s lab r inc me is equal t  f ur times a quarter’s, this yields the annualized figure 

in the table  f 3.906. 

Turning t  the versi n  f the pr blem with idi syncratic heter geneity, den te the 

c nsumer’s empl yment status in peri d t by the  variab le  t. Krusell and Smith assume 

a tw -p int distributi n f r : either the c nsumer is unempl yed, in which case u = 0  

and the c nsumer earns n  wage inc me,  r the c nsumer is empl yed and e = 1.  

We assume that peri ds  f unempl yment c rresp nd t  a value  f u = 0.5, t  cap-

ture the existence  f unempl yment insurance and  ther transfers t  the unempl yed. 

Furtherm re, we ch  se a value  f e in the empl yed state s  that the average value 

 f in the p pulati n is always equal t   ne. F r example, in the ‘bad’ state where 

the unempl yment rate is 10 percent, we set the value  f in the empl yed state t  

u u e e u e= (1  − 0.10.5)/(1 − 0.9) = 1.055, implying that p + p = 1  where  p and p 

den te the pr p rti ns  f the p pulati n wh  are unempl yed and empl yed. 

As n ted in the text, the aggregate state transiti n pr cess is ch sen s  that the 

expected durati n  f expansi ns and c ntracti ns is eight quarters. Den ting the ag-

gregate g  d state by g and the bad state by b, he  verall state transiti n matrix f r 

an individual ( btained directly fr m Krusell and Smith; see their paper f r further 

calibrati n inf rmati n) is sh wn in Table A.2. 

Table A.2: Transiti n Pr babilities 

T day’s state 

T m rr w’s 
state 

(g,1) 
(b,1) 
(g,0) 
(b,0) 

(g,1) 
0.850694 
0.115885 
0.024306 
0.009115 

(b,1) 
0.122917 
0.836111 
0.002083 
0.038889 

(g,0) 
0.583333 
0.031250 
0.291667 
0.093750 

(b,0) 
0.093750 
0.350000 
0.031250 
0.525000 

(g = g  d times, b = bad times, 1 = empl yed, 0 = unempl yed) 
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Thus, the c nsumer’s idi syncratic inc me in peri d t is given by the interest  n 

the c nsumer’s h ldings  f capital plus the c nsumer’s lab r inc me, 

¯ ¯ yt = r(k̄ 
t, Pt)kt + w(k̄ 

t, Pt) t (A.12) 

= αk̄α−1kt + (1  − α)k̄ 
t
α 

t (A.13) 

where the variables remain in l wer case t  indicate that we are still n rmalizing by the 

¯ aggregate level  f lab r pr ductivity Pt and the variable kt d es n t have a bar  ver it 

because it represents the individual c nsumer’s pers nal h ldings  f capital. Because 

the expectati n  f acr ss c nsumers is equal t   ne, the aggregated value  f equati n 

(A.13) is equal t  the f rmula f r aggregate inc me, equati n (A.8). 

F ll wing Krusell and Smith define Γt as the measure (distributi n)  f c nsumers 

 ver h ldings  f   and empl yment status at time t, and den te the law  f m ti n 

¯ ¯f r Γ as H s  that Γt+1 = H(Γ, Pt, Pt+1). Imp sing h useh ld-level liquidity c nstraint 

ct    t, the individual c nsumer’s pr blem (imp sing liquidity c nstraints) is t  s lve 

v( t,� t; ¯ = max  u(ct) +  βEt[G
1−ρ ˜̄  ˜ (A.14)Pt, Γt) t+1 v( ̃t+1, ̃ t+1; P t+1, Γt+1)] 

{ t} 

such that 

ct    t (A.15) 

kt+1 =  [(1  − δ)/Gt+1]( t − ct), (A.16) 

kα−1 yt+1 = α¯ kt+1 + (1  − α)k̄α
t+1 (A.17)t+1 t+1 

 t+1 = kt+1 + yt+1 (A.18) 

kα−1 kα = kt+1(1 + α¯ ) + (1  − α)¯ 
t+1 (A.19)t+1 t+1 

kα−1 kα =  [(1  − δ)/Gt+1]( t − ct)(1 + α¯ 
t+1 ) + (1  − α)¯ 

t+1 t+1 

¯ ¯Γt+1 = H(Γt, Pt, Pt+1) (A.20) 

The reas n the c nsumer needs t  kn w the law  f m ti n f r Γ is that the c nsumer 

needs t  kn w the future values  f interest rates and wages, and th se depend  n the 
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ev luti n  f the aggregate capital st ck, which in turn in principle depends up n the 

entire distributi n  f wealth. 

Den ting the f ur p ssible aggregate states by gg, gb, bb, and  bg, where the first 

letter indicates last peri d’s state (g  d  r bad) and the sec nd letter den tes the 

current peri d’s state, c nsider the f ll wing simple rule  f thumb f r ev luti n  f the 

capital st ck: 

 
¯ a0 + a1kt if AggState = gg,  

k̄t+1 

  ¯b0 + b1kt 
=  ¯ c0 + c1kt 

if AggState = gb, 

if AggState = bb, 
(A.21) 

  ¯d0 + d1kt if AggState = bg 

N w supp se that c nsumers s lve the idi syncratic  ptimizati n pr blem  utlined 

ab ve under s me reas nable assumpti n ab ut the values  f a0 . . . d1, and c nsider 

simulating an ec n my p pulated by c nsumers wh  share this c mm n assumpti n 

ab ut these values.14 If the actual ev luti n  f the capital st ck is captured well 

by the AR(1) appr ximati n, Krusell and Smith call the s luti n an ‘appr ximate’ 

equilibrium. The extent t  which the equilibrium differs fr m the exactly c rrect 

s luti n will depend  n h w well the AR(1) pr cess fits the data. 

F ll wing Krusell and Smith,  ur s luti n alg rithm is as f ll ws. 1) Begin with 

an assumpti n that the law  f m ti n in all f ur aggregate states is the same, and is 

given by 

¯ ¯kt+1 = k + .98(k̄ 
t − k̄) (A.22) 

where k̄ with n  time subscript c rresp nds t  the steady-state s luti n f r the n n-

st chastic m del described ab ve. 2) S lve f r the  ptimal individual decisi n rules 
14We solve using backward i era ion from a final period in which  he decision rule is assumed  o 

correspond  o  he decision of a par ial equilibrium agen  who assumes  ha  wages and in eres  ra es 
are forever fixed a   heir s eady-s a e values, because  here is a s andard linear analy ical decision 
rule for  his problem. 
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given this assumpti n. 3) Simulate the behavi r  f an ec n my p pulated by 400 c n-

sumers using th se decisi n rules f r 10,000 peri ds, discarding the first 1000 peri ds 

t  all w the system t  reach steady-state. 4) Using OLS, estimate the set  f equati ns 

(A.21)  n the data generated by the simulati ns. We then end w the c nsumers with 

new expectati ns ab ut the ev luti n  f k̄ that c rresp nd t  the estimated c efficients 

in the simulated data, s lve f r the  ptimal decisi n rules given th se expectati ns, and 

repeat the pr cess until expectati ns c rresp nd cl sely t  the actual time series pr -

cess. Results d  n t change when the number  f c nsumers  r the number  f peri ds 

in the simulati n are increased. 

Like Krusell and Smith, we find that the state-dependent AR(1) pr cess d es a 

spectacularly g  d j b in fitting the simulated data: the R2’s are typically ab ve 

0.999. All  f the c de is written in Math matica. S lving the m st c mplicated m del 

(with idi syncratic and aggregate risk and heter gene us preferences) takes ab ut 24 

h urs  n a 333 Mhz Pentium II-class lapt p c mputer. 
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