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INFORMATION-BASED RELATIVE
CONSUMPTION EFFECTS

by L arry Samuebon

1 Introduction

Eaoamists tpiclly assume that agaits™ preferancss dgpad anly an trar
oAn asumptian.- In atrest, avariety ofFevidence parits to the edstance
of reltive casumptian eRects, inWhidh persa 1S preferanass riecarding i s
asumptian depaed ypan persan j'3 asumptian- \H gopiness'” studies,
in wWhidh the conelatian betinean messures ofFcasumptian and messures of
heppiness are wesker than expectad, are often interpreted ss evdance that
utiity depacs lroely yan howv aes asumption ampares 1o that of
aes pears! | eamark and P cstlenate [34] nd evidance aosistattwith
reltiie caasumptian eRxcts in the Ebarrsupply dedsias of sisters.- Frank
[24 JoRers eamp s ofaasumptian thatgppears tobe motivated by relative
axsiceratias?

W hy wauld ae care ebaut relative aasumption eRedts? B ecause they
&N bed inetdentallocatias - T he standard foundation for relative aan-
sumptian eRects suppasss thatt\ prizes'” (Gudh as aassss 10 good sdook aor
mates) are allocated 1 those Who rank hidh an a messure of statLs. |F
aEes rakis patiaubrly sasitive 1O the caspiauoss asumptian of cer-
tain goocs Gudh as hausing), then aasumptian wi ll be ineaently aonaen-
trated an these goock atthe exparse of others 2 Frank [24 Jargues thatsudh
axsiceratias kedd mercars tooudersae, oeraasune boary goods, ad
underaasume Esure and publicgoocs 2 Coke, i ailethand P cstienaite[1 4]

'For example, Blanchflower and Oswald [9], Easterlin [20, 21], Inglehart [28], Oswald
[35], Veenhoven [41].

*The relative income hypothesis (Dusenberry [19], Pollak [36]) similarly explains ag-
gregate consumption data by positing a link between desired consumption and a reference
level based on previous consumption.

*Inefficiency is not implied by the mere existence of what Hirsch [26] called positional
goods, i.e., goods in fixed supply that can be consumed only by a (perhaps high ranking)
subset of an economy’s agents. Competitive market prices capture the externality that
agent ¢ cannot consume such a good if agent j does.

4The claim that Americans underconsume leisure often begins with an argument that
hours worked have increased in recent decades, fueled primarily by increased female labor
supply (because “we both have to work to make ends meet”). Cox and Alm [16] argue that
leisure time has actually increased once one accounts for the technology-induced reduction
in time required for domestic production.




mackel the abi ity of statlLs aarsideratias 1o boost aasumptian of stalus-
praduding ectimties -

Canaarrs abaut reltive aasumptian eRects are haeigitened by the fect
thatinaome ineguality hes wasened in the U nited States in recanit decades
Katz ad} utor[30 P-D aes the resulling casumptian pattemn exacerbate
the inetdaecy caused by rellive aosumption eRcts? 1Fso, are there
goprpriate policy respasss?

T his pagper pursues an argumat of Samuelbon and Swinkeks [39 | that
reltive acosumptian eRects may have nothing to do with statLs-allocated
goocs - Insteed, reltive aosumptian eRscts may be atool il ature usss 1
ecuip s With preferancss that are mare eRectively matded 1o the uncer=
tanties ofaureMramant.

I ature mustdesign us, thraugh the traland-enorprocsss ofevolutian,
1O make dadsias in awde \arety of draumstancss- (¢ iMng us preker=
encss oeraosolute asumptian ek can be risky, causing us o eert o
mudh eRortin basyied eviraments and oo Itk eRartin higryied en-
Mviramets._ | ature respads by desiging us 1o aadiian aur behavioran
infomatian gieened fran aur eMramant. B ut the casumptian of aes
axtamporanies is often an important sourae ofamMramental infomatian -
H idh aasumptian ek & ecta relatnely bauntiful eMramentin whidh
ae migit be well achMised o inaeese aes onn asumptian- L ovaar-
sumptian B\ekb ¥ ectmeeceramMramantts in whidh natical attempts at
aasumptian are i ll advised - R eltive aasumptian e&cts, in the form ofa
tendengy 1 push asumptian ek in the direction of those doserved in
aes aatempaaries, thus make gotimal use of scarce informatian -

In the absene of astrants, | ature cauld indue sudh elEtive an-
sumptian eRxcts by capling adnary uti ity fondias, de ned oy oer
aes onn asumption, with a sut=-dently sophisticated abi ity to process
infomatian.- Informatian would then be usad gotimally- T he policy impli-
catias of reltive casumption eRects cauld aasistentirely oFmessures
ersure thatinomatian is albo produacsd gotimally.-

U niortunately, itis beyad aur gpabi fties 1o proasss all of the uselul
infomatian we recaive. A s aresulg | ature must make same aompramises
in desiging aur preferencss and informatiaHproasssing rukes - Samuebon
and Swinkek [39]eamire | ature’s ability to mitigate infomatian prdo-
kns with utiity functias that sean anonalos fran a cessical pant of
view. B ubding reltive aasumptian eRscts directly into preferancss is ae
ofthese ampledat~atting shartauts, substituiting an gppradmate butsim-
pk dedsian ruk foramare predse but aomplicaied inference prdblm -

T worisks arise iInwarkingwith sudh preferencss . Farll ature, thereis the
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danger thatt her egenits will sametimes reect 1o otters™ aasumptian ek
withautgood informatianal grauncs Tordang so-I- ature mustbalbnce this
danger against the ampledty asts ofmaore pradse infamatian progsssing-
In the caurse of daing so, reltive aasumption e&ects spillinto uti ity Unc-
tias, gving rise topdicy implicatias thatgo beyad the mere productian
and use of infomatian.- For an analyst madeling the preferancss, thare is
the dangar of bui ding an ever-inaessing manegerie of arbitrary eRacts aor
\ just so staries’ " Into preferanass, a new ae Tarewery behavioral ananaly
I Pastbnate [37D-4  usslul ssfeguard agairnstebuese in this respectis
proide an evolLiticery foundatian forsudh preference eRedts, as We do in
Sectias 2{ 3 -

T his pgper aancentrates an infomatian-drmen reltive asumption eF
Bts. Stats is undouotedly alko important in resauree allocatian- B ut
stalLs and information an have guite d@yeat implcatias that an be
untangied anly by carefullly madeling eedn.-

Sectian 2 eamines a simplke madel of the prdokem | ature css wWhen
desiging agaits © e in a° uduatingerMramant. Sectian 3 derves il a-
twres gotimal solutian, Notes that infomatiaHroeessing aastants may
pranpt ature o impkEmant this solution by bubing reltive casump-
tian eBacts into the utiity TUnctian, and presanis an eanpke. Sectian 4
antrssts the implicatias ofinfomatiaHoesad reltive aonsumption eRiscts
with those arising autofaoncerms TorstatLs - Cancerrating the distributian
ofpraductivities allbviates reliive-asumptian distorias in e 1Istcese,
but anpll es tham in the ssaod. Sectian 5 aandudss with a very brief
disassian ofhawvinfomatiaHesed and statLs-besad reltive asumptian
eRacts migitbe empirically distinguished -

2 Information and Consumption

T his section presats amaodel in whidh agaritis"dedsias are guided by inker=
encss they dravfron dosenatias of others™dedsias - B egming with the
wark of B anerjee [5 Jad B ikndendani, H ishEErad W elkh [7] a\ariety
ofherdingmaodek heve ceptured simileraasideratias - In atypical herding
madkel, eedch agant usss B ayes™ rule 1o assess the sigal he hes doserved dii-
rectly and the infomatiaon aoitained in his dosernvatians ofhis predecessors™
dedsias.- Crudal 1o the BEtter sssessmantis the aganit’s abiity o inerthe
B ayesian dedsion prdolams faced by eedh ofhis predacessars -

In aur e, this updating proc=ss is acamp licated by tho features ofil &
twre’s design prdolem - First, aganits in aurmadel dosernve tha rpredecsssars



thrach the  ler of natural selbction. A gas who have dhosen strategies
wellsuited 1O te awneteviramatt are mae lkely o survve then are
others, biasing the mix ofsurvivors Whose daasias Gan be doserved by sub-
ssopentagaits- A N agait’s dosenved bdaviar thus mines clues ebaut the
ageits infomatian with dues ebaut his evoluticnaery eperience, both of
whidh enter-the doserver's inferanae prcblem _ T he incorparatian of the B=
tereRctmakes the prdolen mae simi xrtothatofB anerjee and Fudaberg
[6Jand Elison and Fuderberg [22, 23 ]then to harding modeks -

Seaodly, the staie of the emMrameant itself° uciuates in aur model,
fordng the agenits o drawv inferancss ebauta moing target. T his disrupts
the simpke reaursive structure pical ofherdingmodek - Insteed, we eam-
ire a statianary ecu ibrium in whidh the gotimal dedsian ruke shepes the
inerence and dedsian prdblams taad by ae’s predecsssars, whidh in twm
aRects the aunrantinierence pradblem and hanae the gotimal deasian ruke_A
sequence ofreaursive qotimization prcblms is thus iplced by a >edHparnt
prdolm _

2.1 The Environment

L et time be divided into disaete periads - A tthe begnming of eedh pericd
t, the envitament is dnavacterized by a\ariebke |, 2 fi;ug- T he evaits
within aperiad prooceed as Tollons:

1 - Eadhmamberofacoitinuum ofsurvmvngacaits ghes birth, witheadh
surviving agait gving birth to the same, exaggasly  >xed number
of aRypring- Each a&®pring is darackerized by a parameter-2_ T he
realized \alLes of 2 are uniformly distributed an [0 ;1 | W e interpret
each aRpring as (ot necsssari ly indgpaedantly) draning 2 fran a
urfom distributian-

2 - Eadh nreny-bam agantdoserves N randam ly selbected suriving agaits
fran the pravias gaeratian, discaming whether eech doe z orz,
ad abo dxerves asigal » 2 R draan fran a distributian G ¢ ;1)
with dersity g6 ;1 )-

3_A N paats then die. Each mamber of the new generatian docsss a
aasumption strategy z 2 12,29 -
4 _\ ature then acoducts survinal bitieries, whare h(z;2;) - fz;zg £

01 JEM;ug! [0 ;1 Jgves the prdosbi ity thatan agantwith strategy
z and dnaradteristic 2 survves When the state of the eeMramantis -
A g|in, We assume No agorecAlie uncertainty/-
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5.\ ature drans avabe |, 2 ;g -

W eintarpretz ad z as danoting b/Arxaasumptian and hidraosumptian
strateges.- I'tmay gppear a6 ifhiger aasumptian ek, by reduang the
dance of&lling belbbvw a starvatian barrier, must be preferred in a biokg-
cal antext (With free dispasal doviating the danger ofexcasss aansumptian)-
H onever;, the hidh-aosumption strategy may damand mare eRortarnd en-
agy ad may epae the agant 1o greater danger, goening the passibi ity
that the lboA-aosumption allermatine is superiar

W e albw the ranking of these strateges 1o depad ypan bath individ-
ual daracteristics and the state of the emMramean. Sane agaits may be
better-endoned with the skl that reduce the risk of proauring casump-
taon then others. Sane eMramantts may feature mae plentiful ad Ess
risky aasumptian qopartunities then othars- T hese eRscts gppearin the
soad catian ofthe survival praoebi iies h(z; 2;), gven by

hEz:z = 3
bz = {+bCid O
h@zw) = ;+bCid idx @

wherel < g< 1=2 _Fgurel dgids these prdoebilities- T he bba+aosumptian
strategy z yiekds asurvival prdoebi ity of ; , regardiess of the agait’s dawec-
teristicarstaie ofthe aMrament. T he high-cosumptian strategy 2 viels
a higer survival prdosbi ity Toragents with higerales of2 ad yiels a
higher survival prdosbi ity when the state is |1 - T o ensure the prdocbi Fties
arewell e ned, we assume

0< b<1=@C iox
T heermviramatal parametery lbnsall arkovproass, with transitian

ruke:
M u
W{l-¢] ¢ €)
u ¢ 1l -¢
where
i< 53

so thatnext periad’s state is most likely to matdh this periads 2

®The symmetry of this Markov process simplifies the calculations, but is not crucial
for the results.



~
N
oD
o
N

h(zeq)

1

| o = = = = = = = = = = = —
et sl R RN

(@)
O — — — — — =\— = — = — —
=

q

Faure! = Survval prdosbi kties

W eassume that the dasity gf ;1) is aatinuass ad strictly pasitive an
R, orboth u ad |, ad satis es the mawotae lkelihood ratio property
¢ iban [33D): B B
e e D N 3.
» > w = m > , ; 4
= e YD ®©
sothathigrenales of» ked the agattobeleve thatstate | is mare kely.
W e assume that\ propartiat'* G ¢ ;) of the aganits daracterized by eedh
vale of2 dravvaelles of» - »' 8

2.2 Full-Information Optimum

W e assume throughout thatteadh agantknons the valle ofhis daradteristic
2_lIh udh then hingss o whatthe aganits andl ature Gan doserve aoncaming
thestate -

Ifthe agetan doserne ) ( e, G ¢ ;)is perfectly informative), then do-
Enatias of the praias gereratian are inebvantand the gotimal dedsian

6Again, we assume there is no aggregate uncertainty. In each case, the fact that we
do not require independence could be exploited to construct an explicit measure-theoretic
foundation.



is straigtiomard, gven by

( _

> W=padz>q .
z O p=pad2>1iq"

Iy denotes winter and g summer;, then the enviramental daracteris-
tic s=ams sue=dantly unembiguaus s 1o be dosernved by the agents- BEven
here, honever;, mistakes can coour- P s can produce buds atan ingopor-
e ime, sanetimes dissstrasly, an the stragth ofan undaradcteristically
wam spell_ A nimak can make illkadvised migation and hibermatiaon ded-
sias- P epk an plentarhanest agps ttoearly artoo Bte_H ence, even
with something so doMvas a6 the seesn, e Gan expectagats™abiities to
doserve the state o flll shart of the desired predsian.-

I ae grerdlly, the eviramental \arieble may be sanething kss dovi-
as then dimate. Fareampk, J and | may index the reltive aei Ebi ity
ofedibk plaits ad sbhasmoing animaks, whidh in tum may mowe in nasy
ocks, Bajing the aganits with auite impredse beliek eabaut the state of the
erMramait

T his uncartainty an the part of the agats is no prdolem 1Ifll atlure can
dosene e state of the emMramen B utl ature \ dosenes'” the state of
the emMramatt anly by alloning the tra land-enar procsss of evoluitian
10 produce a dedsian ke that is gotimal gven the state, and hence aan
aly dsene statss that are staticaery Tor kg periaks of time. 1T the
rebattinfmation atained inp and p is anly whetherthe edible animalks
in aes eMrameait ae mostly dincsaurs ar mostly mammalks, then the
state dangss sy enaugh et ature can simplly countan adgpting her
agas O the enviltamant, equipping them with the g ar g dedsian ke
@d causing tem o igae ») as relbvant. T here will be sane disryptian
whenever the statle dnangss, but sudh trasitias are sce-dently infrecuanic
and idicsynaatic et ature ot endow her agerits with the Ggpabi ity
1o respad-

W e are intarested In Gess In vwhidh the state | edibits ° uctuatias
whidh are notperfectly doserved by the agants Gothat G ¢ ;) is natrivial)
and whidh are sut=dently trarsitory thatl ature anotdosene tem _\W e
assume that the procsss gererating the state, gven by @), remairns aastant
forasut-dently long time as 1o be doserved by | ature®

"Throughout, we ignore measure-zero cases in which decisions are arbitrary.

8If not, then we would embed the current process in a larger one which generates short-
term transition matrices like (3) according to a rule that is sufficiently stationary as to be
observed by Nature.



2.3 No-Information Optimum

Suppae N = (1 o members of the pravias gareratian Gan be doserved)
ad the agaits know anly thailr daexecteristic 2 and sigal » ad that the
state of e emMramentis geeraled by all arkov proasss gven by @)-
T he statiaary distribution of this|l arkov proaess attedes a prdosbi ity of
1 toeadh of the states Y and - H ence, the prdoebi ity that the state is |,
aoditiaal an heving dosernvaed sigal », is

- He D)
1 — 2 -
M= i 10ewD

A N agentwith no eddirtianal infomatian ebaut the state maxdmizes his

prdosbi ity ohwittstanding the survival Iottery he feaes by dhoosing

z O RE@phEzED+ i epheze> i ©
Usng () @t Nin the survival prdosbi lties, this inecuality becomes

z O 2> %wEpor i@ i

Fareach posteriarpraoebi ity (L p) = % thereis thus aaitical daracteristic
Z@)=Y%a+ ¢ i) i, with xgenabes of2 promptingadwacofz ad
nervalles pranpting z- T he functian 2 () is dearessing in %, meaning
that-the agantis mare likely 1o dnoose 2 when the priarprdosbi ity of state |
is g | adice et ( )= qgad? ( )=1 jg sotatthe agitsactias
adndade with the TulHnfomatian gotimum when the priaris degeerate -

T he dedsian rulke enbedded in 2 @) maxdmizes the prdosbi ity thatan
agatsurvves asinge periad -H onever, evollition wi llselbectiorthe dsdasian
ruke that aonditias the agant’s bdhaiaran his pasteriar’, @by, since itis
asut=dantstatistic orthe prablem fding the agani) so s 1o doose?

9The evolutionarily most successful strategy in this setting will (as nearly as possible)
maximize the probability of surviving for 7' periods, forpll sufficiently large values of
T. The probability of surviving for T periods is given by g:o ﬁ(e*)kg(e*)TfkprobT(k),
where prob,.(k) is the probability that, over the course of T periods, exactly k of these
periods are characterized by state 8 and T—k by state 0. As T gets large, this maximization
problem converges to (7), in the sense that the maximizer of (7) comes arbitrarily close
to maximizing the T-period survival probability for all large T', and hence evolution will
select for the maximizer of (7). (The key to establishing this equivalence is to note that
over long periods of time, the proportion of 8 states is very nearly p(?\f ). The probability
of survival until (large) period T is then very nearly 5(6*)”(9@(1 — ﬁ(e*))p@f), which is
equivalent to (7).) The equivalence of (7) and (6) then follows from noting that (6) is
necessary and sufficient (excepting deviations on sets of measure zero) for maximizing (7).
See Robson [38]. Results of this type are standard in evolutionary biology (Charlesworth
[11, pp. 47-50], Tuljapurkar [40]).



z O LEPYhhE:Z+ ¢ i 2@phhe;z) >
B@PhhE 2w+ ¢ i 2apPhhEzzw - hi @)

Equnalently, Etpé ;1) be the expected prdosbi ity thatan epgatcamrying
a ge indudng dedsian ao® 2 @) surives || ature’s survival btiery in
a pericd in whidh the state of the eviramattis |1, with the expectatian
wenoertealeof2_L etp@ ;) besmilbrly de ned rstatep - T hen
©)is equinalent o doasing the ruke 2 @) to maxamize:

REPINPE D+ ¢ § L@PDPE ;uX @

In aontrast, the dedsian ruke gven by G)maxamizes the average survinal
probebi ity 2 @pDpC ;1)F ¢ i2@PIPE ;- T osee thedi®arance, arsider
anerviramatinvhidhstatey is qute uniikely_ll aximizing the prdosbi ity
of suriving a singke pariad @s in G)) may then Gl Tor a stralegy that
ata b azero survival prdosbi ity instake J (N retum ora higher survival
prdosbi ity in themudh mare llkely state ). B utovera logerperiad oftime,
this strategy is a sure redpe foredtinctian- A superior strategy INaressss
the survival prdocbi ity in state | at the expase of stake |1, a8 doss the
maxdmizexr-of (7)-

W hen%. =1, Gwllsstz =1 _In arest, () calk Toravale of >
that ek L - In partiaubr; the inctias p@ ;1) and pE ;L) are gven
by:

_ 1 4 _
PE W) = S+ h@&Zuck
2., 2
P = S+ h@Euak:

€

T hese finctias are strictly aancae and have skpes ofecual aosolute valle
but gopasite sigh when 2 = 1 10 Tomaximize the product i hp@ ;p)+
1 hp@ ;w), ae then inaessss 2 ebowe L, rading o®a dearesse in pE* ;1)
foragnalkerinaesee in the vale ofFpC ;u)- B ecause pE ;) is reatinely
small, this inaessss the sum $ hp@ ;+ 1 hp@ ;u)and hence incressss
the Iongtam survival prdosbi ity

0The slope characterization follows immediately from the observation that h(zZ, %,5) —

% — h(Z, %, 0), as shown in Figure 1. It is this property which ensures that setting
1 maximizes the single-period survival probability 3(p(e*,8) + p(e*,8)).

1

2

6*
2



A s¥% inareesss, the gotimalvalLe 2 dearessss and p@ ;p)inaessss While
pC ;u) deaeesss. T he investment in survival praoebi ity is thus shified
tonad the mae likely state.

3 Relative consumption effects

3.1 Observable-Consumption Optimum

W e nowvtum o the Gse in wWhidh agarits Gan inferinformatian ebauty fran
the ndsy signal provided by dosering n ¢ () agants fram the preceding
greratian @s well ss fran the sigal »). [ Fthe state aRacts the rebtive
payca® of a higraosumptian hunting strategy, Toreample, then an agarit
may be ebke o inkerinfomatian sbauty by watdingwhettherhis suraving
neigbars gppearto be mastly those who huntorthase who plant

I atures gotimum incompaates the agats infomatian irmo his dea-
sian uk!! } dedsion ruk o an agatis nowv a colkectian of tnctias
PO X200 i1 1»)::0:20 >, ware 2(») is the auto® vale of 2 for
dxosing 2z @ bang dosen for lvgervalles ofF 2) when the agaithes do-
sened keeses of z and n § kaasss of z in the previass gereration ad hes
doserned sigal » - Figure 2 illlstrates sudh astrategy Tor the Gese in vwhidn
n=1 _W e Bt Edaote a clbctian 2;»);:::;20 ;» ) -

Itis dearthatitcan neverbe gotimal far2(k; » ) 1o e autside the baunds
[g! 19l O urinturtian is that hideralues of» and mare dosenatias of
2 (ather then 2D will indicate thatstate | is mare lkely, making the agant
mare incined 1o dhoose Z- H ence, we epect equiibrium dedsian ks o
be at bsstweskly deaessing in » and o satisky, Torall »,

a-2@»)-:1-2»-1ig
W e relrtoaclbdtion oFfunctias P;»);:::;2(0 ;») thatsatis es thee
ineoLalities as being admissible.

L etA; be the proportion of strategy z amang those agants Who survived
pericd t j1 .T henA; desaribes the distribution frlan whidh period-t agaits
draw thar dosenatias of z, with eech periadt nendbam doseringz an
each dravwith praosbility A, and doserving z with praosbility ! j A, -L et
2. @ ;1) be the propartion ofsurviving periad-t agents who dose z, gven
that () thee agants, as newbarrs, drew dosenatias fran the distribu-
tion desaribed by A, , (i) the periad-t state of the evirament rebant or

1 Any decision rule or mix of rules that does not make use of this information, whether
tailored to state 6, 8, or some combination of the two, is evolutionarily dominated by a
single rule that responds optimally to the information.
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z observed:

N |

z
~—ij i —e
0 e(1¢) 1
Z oObserved:
z z
-~ : - e
0 e(0,£) 1

Figare 2 - A dmissibE dedsian ruk G( ;» )20 »»)pwen n=1, adtiaal
amavable» =»'

I ature’s survinal btieries is |, and (i) the agents™ dadsian iUk is gven
by E.¢ iven thatll ature istrurs the pariadt survival Ibtieries and then
determines the periad-(t+ | )state, we can desaribe aursystem ss all arkov
process @, ;1 )de ned an thestate space ) ;1 JETL;Hg -L etting £¢) derote
the trarsitian Wk gven by @), G ;£) daokss the trarsitian Uk orthe
process G 5p -

Arpi = Z@ii)
M1 = £ X

L ete @, 51 % G 510 be the praosbi Ety distribution induced by the
transition ruke & ;£)in peariad tgven initial caditian @ ;u0)-T hende-
e, Tark=1(;:::;n @ppressing the dgpadene oF* an E, the depadace
o the inftial aodition, and same time subsaipts an )

R, — " . =

e Q<D= R; _ =0 N»,H_)’QCRA;t)jL@\t D _ _
g e CHT) ((Fo¥D o QYHT) LY e HT) ¢ ((Fo¥D » J (YHT).
€

whare A 1
n

A D= K ArQ i Ay

T he fnctian % @ <) ths dves the prdocbi ity that the state in time
tis y, gven a timet doservation of sigal » and kvalues of p!? T his

12The numerator of the right side is the joint probability that the state was @ and the

11



prdosbi Ity 1€ ects two aasidaratias| the extantto whid an doservatian
ob» orz indicates thatthe previasperiad state wes reltively fuvaebke for
» arstrategy z ( e, Was ), and the prdoabi ity that the state may hae
danged sinae the previaus periad -

0 ur stdosernatian esteblishes aaditias underwhich these prdosbi
ities hae wellbdaed Imits:

Lemmal Thaeedssavaled 2 (;i)sudhtatoratyg2 [ ;:)ad
any adhissibE E, there exdstprdet Fies ¥ (s») (k=10 ;:::;n)satisking,
forall infial aondias,

I ¥ @i D=t @)

In acdition, te %, (Ljs») are strictly inaessing in » and satisfy ¥ @K+
159> e @S-

T he restricion et > g esurss that the pgoulatian Gan niever get o
heai ly concentrated an asingle aansumption strategy, atherz arz_ T his
in wm esurss that dangss in the state of the eMramMmanit are e ected
reltively quid<ly in the doserved distribution of csumption strateges,
ad hance thatthe BEtferis infomative. T osse howvthis cauld & L, asider
the exdttane e of =10 . In this eMrameantt, there is novale of2 for
whidh z is a doninant stiategy- A s a reault, itis passible that virtually
the entire pcpulation dooses z. A dence fran state g o will then not
produce a noticeeble diance in the distribution of casumption strateges
1or an extreodinarily bhg time, causing this distributian 1 be relatively
uninfomative 3

T he inequality Y UK+ 1 5»)> % Qis») indicaies that doseratias of
hidh asumption enhence the posteriar praoebi ity that the state of the
enviramentis | - T his is the foundatian of rektive carsumptian eRacts.

T he doviaus gpproedh o proangl enmall is oshovtattrell arkov
process & ;£) hes an ergodicmessure 11 @ ;p;»)which can be inserted in
6) 1o caluklate the prdoabities % (Ls»)- H onever, trell arkov process

agent drew £ and k observations of Z, while the denominator is the probability of drawing
¢ and k observations of Z.

131f ¢ = 0, our model would also be sensitive to the specification of the Markov process
governing the state 6. If this process were asymmetric, then the possibility would arise
that the population could be absorbed in a state in which all agents always choose either
Z or z. A similar possibility arises in Ellison and Fudenberg [23].

12



G ;£)is notinedudbke, T ling the standard raute to ergodidty!? The
proof aastructs a andidate messure 1 and esteblishes an gppropriate
anergeee reulc

D e nitian! T he funcias E=RO;»):::;2( ;»)y are an egdifbrium if
2@ »)sobes, Breechvale ofkand » (- (),

maxprdo@i<s»Dp@; D+ € i prab@i<s» PhpE;L) (¢))

where B B
prab@icr)= s @i (D)

In de ning an eqrilibrium, we use the Emiting prdosbi kties % (<»)
o eaadalake the payc®ofFastrategy- T his I# ects A0 timing assumptias -
First, the state of the emMrameantdiangss repidly reltive o te fiequacy
with whidh | ature éan respad vamutatian and selectian, fordingl ature
1O rely on agants™ dosenatias of athers™ aasumption o inferinfomatian
sbaut the eMramaitt. Seaod, the processs goweming the stake of the
eMramaitpersists Tora sudently g time that (DI ature Gan adgpt
her agats 1o this pracsss, in particulr twning thariniomatia~updating
ruks 1o this processs, and (i) the Emiting prdoebi ties % (Ljs») are ussil
goprodamatias of the infomatia+-updating prabkem feang the agaits -

P rgpasitian! L etg2 @ ;1)-T hen an equilibrium with admissibe nc-
tas ;»):::;2( ;» )y edss - Inanysucheg ibrium, 2 (s »)is strictly
deaeesingin » and salis es 2 (k+ 1 ;»)< 2 (»)-

Foure 3 deicts the resulting ecuiibrium - A gaits are mare ikely ©©
docse hidh aasumptian, | e, docse z Tarawider range o2, when kand »
are e 0 bsenatias ofFhigh aasumptian, by inaressing the exectatian
that the emMrameantis in astate Bvasbk to hidh asumptian, inaresse
an agais propa sty 1o docse hidh aasumptiaon.- R elative aasumptian
thus beaomes uselul s arespase toamMramental infomation thattnerther
the agats norll ature can dosene ®

1n particular, 1, is drawn from the uncountable set [0, 1], while fixing a sequence of
values of 8 and iterating the function W¢ (1), 0) can generate only a countable set of values
of ¥ (though different initial conditions lead to different sets of such values). If we set
T = %, sacrificing the (essential, for our purposes) persistence of the process ©, then the
period-t state would be independent of its predecessor and we could appeal to Futia’s
results on random contractions [25, Defs. 5.1, 6.2] to establish ergodicity.

5Given our restriction to admissible £ (e.g., to cases in which e(k + 1,&) < e(k,£)),
showing that consumption observations are informative entails only precluding equality.
We could strengthen our results to show that there is no equilibrium in which e¢(k+1,§) >
e(k, &), but the argument is tedious.

13
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Figure 3 = Equi ibrium cosumption strateges

Itis importanttonote thatan agait’s survivalin aurmaodkel depencs anly
an the agenits oan aasumptian - T he raute 1 garetic suaesss is to docse
gotimal aasumptian ek, regardess ofFothers®dacs.- T he aasumptian
ek of othars are relbevant (nly) becaese they serve as \allebE indicators
oftre state oF e emMrameanc

3.2 Imperfect Information Processing

T he agats in aurmaockel gotimally reect o the uncertainty in thelreeMan-
mentby baingmare likely 1 doose high aasumption strateges when they
doserve others Who have dosen hidh casumptian -\ ature Gan ersure sudn
behaviorby equipping her agents with an udarstanding of 8 ayes™ruke ad
tharemMmamantad with a uti ity function oerdedsian autoss 2 gven
by
u€ ;1= hp¢ ;ux

A N agent’s expected-uti ity maxdmizatian prdolem, caditianal an an doser=
\atian (<s»), is then gven by the caunterpart of (7):

maxche (U>IINPE 5105+ € i % XABS»IPE 51X a

14



Infomatian is then used gotimally, but is not produced gotimally- 1n-
steed, agats make deasias aonaaming the productian ofinfomatian that
igae the \vale of this infamatian o athers !¢ 4 s a resullt, polioy inter-
vatias designaed toinaesse the production ofinfomatian can yied P axeto
superior autcones_ H onever; an gpprpriate policy aould asist sokely of
proAding infomatiaon - 1 the resulting informatian Wes a siet-dantstatistic
Tor doseration of athers™ aasumnptian, then reltive cosumptian eRects
wauld dissppear-

U niortunately ol ature, she tacss Tomideblke astraints an herabi ity
10 design agents Who procsss infomatian periectly. Cagiitive resourass are
astly Chlk([1 3, Chepter4 P_ Il ature Ganotasure e hae sut-dent re-
sourass 10° ankessly procsss the infomatian aattaned in aureMramaTtt,
insteed being Tarad 1o wark with agarits whose infomatian proasssing is
nasy-T o Ggpture this, we epard the madel by assuming that, when calou-
Hiling the posteriorprdosbi ity of state |1, there is praoebility ., 2 ( ;1 ) that
the agentmistakenly aondiias an an uninfomattive sigal 3 ratherthen » -
H ence, the aga s posteriar belief, no/vdenoted % @is»;3), is gven by

o he@IS») Withprobebiity!l 5,
PeCID= 4 (e withprobeily,

where the Tunctian % is gven by @)- T he agent calubiss the posterior
aorectly with prdosbility! § . 2 (;1)-4 misalulting agarit notanly
kb 1o reaogiize when his infomatian is besed an the sigal 2, but &b
10 reaognize the possitil ity of coditianing an sudh an uninfomattive sigal
(e antinuing W epply @))-T his is the essence of the ageit’s imperect
infomatian procssing-

W e BEtTC) daote the dasity of 3 _ W e assume this dasity is pasitive
a1 R ad does notdgped upan the state p, asuring that 3 is uninfomea-
thve.H onever, we esure that 2 is not oo idicsynaatically distributed by
assuming 8 B B

% 9" B 5 gLH)

ICARN IO

g>dd D ; 2
= ICON
T T g

sotat xge sigak oreampk)are mae likely toame fram theinforma-
tive distribution @\en state ) then the uninformative distributian. T he

6 An efficient solution would spread the values of {e(n,&),...,€(0,£)} further apart,
trading second-order losses in individual optimization for the production of more informa-
tion. In the absence of group selection, the restriction of Nature’s design mechanism to
individual survival puts such a solution beyond her grasp.
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\alle of2 and whether s (s») arls: (G3)is the gpplicebe posteriorare
drann independently of ae another and the other random \vaxiabkes in the
maookel-

Inserting the posterior % (<> ;3) into (1), the agait’s maxdmizatian
prdoEm is nowv

maxhe @S> 2P 5+ € i 2: @ PhpEux (3D

T he ndse gptured by 3 pushes the agenits valles of2(s»), anay fram thar
gotimal \values, so that infomatian is No bbnger used gotimally. || ature
c&n alnays improe these ddass by enhanang the sgnits informatian-
processing abi ity, whidh aonrespacs 1o deaeesing | in this aomext, but
evatally nds the goportunity asstof furtherimproements prchibitive L’
A neRsctive policy respase o the resulting relative cosumptiaon eRiscts now
alb Tor the proisan of infomatian s well s the prossian of essistancae
in progsssing infomatian, with gppropriately prosaded and processed in-
Tomatian agan banishing relative aosumptian eRects and thelrattendant
inetdendes.

6 iven thatshemustworkwith the nasy belieE % ratherthen?., honever,
I ature willno loger nd itgotimal © Etthe uti ity nctian be gven by
u@ ;W= hpE ;) @ in (3))- Irsteed, | ature can improe the agaits
perfomance by building the dosenation Kinto the uti ity Tonction. Intu-
ithely, she usss \ distortia s’ * of the uti ity Tunction O conrect for the NAse
in the agets INnfomatian proc=ssing-

L et AQR) be the prdocbiity of state || that casss 2 10 sobe the
maxamizatian prablem (1) @equinalently, (3))-T hen:
P ropasitian 2 N ature an adhieve her gotimum, gven thatte agenis™ in-
fomation ypcatingis gven by %, with a utiity fonction u@ ; ks orvnid,
oreech kA:O ;o1 n, tereis avale 2 sudh tat

\EID, (gD

17 Among other difficulties, a perfect ability to process information runs the risk of being
too cumbersome to be useful. We lack the time to analyze every piece of information. Na-
ture again responds by building reactions to common information-processing and decision
problems into our behavior. If Nature’s agents habitually calculate that it is optimal to
hedge consumption levels in the direction of those observed in their peers, then Nature will
dispense with the calculation and embed relative considerations into the utility function.
LeDoux [31] discusses the incentives for Nature to arm us with a mix of “hard-wired” and
cognitive responses to our environment, arguing that many of our seemingly hard-wired
reactions are engineered to ensure that we do not tarry to process information before
acting.
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> @) AGPHYTRER, ¢ jaapyTREW

O Z<e)& ()

R ecognizing that both » and 3 ply a ok in sheping the agants beliek,
I ature regarcs the agant’s posteriar beliek as baing kss infamative then
does the agenit_ S he respacs by adjusting the uti ity Tnction o reduce the
sarstivity of the aganit’s actias to his belieB1® She doss so by desigiing
the uti ity Unction o discourace the agent from straying o B fran an
adtian 2K (o eech dosenation K), inaessing [deaessing) the derivatinve
of eqected utiity (eltive 1 the utiity Tunctian hp¢ ;K) Tor smalker
Gaoen) adtias. H ence, || ature reguires thatt the agenit doserve mare per-
sussi\e infamatian before straying oo & from a targetaansumption pln,
where the tier dgpends vpan dosenatias of others™ asumptian- T he
key doseratian is thatl atlure’s manipulation of the utiity fonctian, ad
hence the agenit’s uti iy, depands upan the valbe of k. R eltive aarsump-
o eRects now take the Tom of incomporating othaers™ asumptian ek
directly into the uti ity TUnction.-

I ature’s prdblem would be partiaubrly smpk if» ware uninfomatinve -
In this Gee, the agaits haae no wsslul infomatian beyad that whidh is
anveyed by the number of 2 dosenatias k, upan whidh - ature can aondi-
tian uti kties - She aoud then abando all thoughts ofallloning heragants 1o
procsss infomatian, having them maximize a uti ity nction thattdegpads
upan kand that induass the gptimal strategy G () :::;2°())-\ ature is
pushing heraganits tonard this autoome when designing the uti ity functian
u ofP rpastian 2, and will do somare vigxasly the Ess infomatine is » -
Similry, | ature would not encounter diz=aulies ifshe aould simply aon-
dtion uti kties directly an » (butnot3), again essaritially adnieving perfect
informatian processing.- | ature’s diz=aulies arise Wwhen she wauld ke her
agas o andiian theiractias an infomatian sudh as » thatshe ot
\ dosene'”, butvihidh heraganits cannoteprocess perfectly”

8Nature would prefer to make the agents beliefs less sensitive to ¢, and will do so to
the extent possible. But as long as she cannot purge ¢ from the agent’s beliefs, there are
gains from manipulating the utility function. Why doesn’t Nature instead make the agent
less responsive to his beliefs by giving him a stronger prior or otherwise tinkering with the
function p? Because this makes the agent less responsive to k as well as (.

19What if the agent can also be mistaken concerning the information conveyed by k?
Then Nature’s design problem is more difficult and the details of the solution will differ,
but the utility function will again be manipulated to compensate for shortcomings in
information processing.
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W e nowhave an exqpecied uti ity Tunction of the form
maxfe (<> uC e+ € i e @ie»s D sk €5

ar, equinalantly, we an wiite this in tams ofauti ity function de ned oer
asumptian bek z 2 1z7;79 rather then over aansumption auto®s 2 Gust
as @) ad () are auinvalib):

maxhe (<> 2@ ki € i e @@k (6)

R eltive aasumptian eRects nowv arise notanly thraugh the processing
ofinfomattian butakodi rectly through uti ity extermali ties _A N gppropriate
pdicy respaee may then callformare then simp ly providing and processing
infomatian.- In partiaulr, remoang uncertanty fram the econamy wllinot
banish relative cosumption eRscts ad thalrattendantinet=denaes -

I otice that there is No guestian ofll alure desigiing Ls 1o sobhe sane
prablams ofinadinate compledty. T he abiity to reed thesenwords 1€ ects a
triumph ofbioclbgcal engrnesring- 0 urarlgumeant recuires anly et ature
amnotasure thatwe can sohe every amplex prdolem we encounter;, ad
that she wi ll accodingly adqot infomatiaHoroosssing shartauts whanever
de an.\ In greral, evohaed aeatures will narther store nor procsss infor=
matian in astly ways vwhen they éan use the structure of the emMrameant
ad tar gparatias ypm itas a aveniattstandHn for the infomatiat-
proessing goeratias ancarmed!” Chlk (13, p-64P W e hae develped
apartiaubrly smpke macel of tre imitatias | ature tass in desigiing her
agas ad the resulting infomatiaHoroasssing shatauts- T he detalb of
the shartauts will depad yoan the ped ¢ Tam ofthe Emitatias, butthe
greral pnndp ke mEmains: infomation processing aampledties can pranpt
reltive aasumptian eRacts 1 gill overinto uti ity exermalities.

3.3 Example

W e anillstrate the implicatias of ( 6)-T o foass attertion an the parsis-
tence ofreltive aasumptian eRiscts in the absence ofuncertanty, we eassume
that the distribution of the state p ad the sigak » ad 3, and haxe the
agasT beleE ptured In %2, are degenerate- T o simplify the deratia s,
we teke astep tonad realiam in sssuming thetthe casumptionddee z is
drannfron R, (atherthen 1z;29)-T he infomatiaon recaved by the agent
is then a\ector of N casumptian kbek. | e daote this doseratian by

kel
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L etthe utiity TUnction conrespading © (5)be gven by
z
u@:z2P)=2zi 10 € i MY i 53 an

W e intexpret22=22 as the disuti ity assodated with seauing casumption z
and interpret? distributed ufom ly anag the acottinuum ofegats)as an
index of productivMty- A s sugossted by P rpasiian 2, relative aasumptian
eRects (Gptured by the term  § 1@ @ § ME)Y ) teke the form ofdiscouraging
the agent fram dhoosing a aonsumptian el 1o d@rent from a reerace
kel that depends upan dosenatias ofothers™aasumptian _H idhenalbes
ofte parameter® _ | indicate that relative caasumption eRscts are mae
important.

L etF beadstribution ftncicnwthF @) idatifing the prgportian of
the agats in the econamy dnocsing a aasumptian el Ess than aregual

butianF _A nequilibrium is then a distribution of csumptian ek with
the property thatt, ifeadh agatis allboned to dravn dosenatias fran the
praias generation's distribution and then dhoose an gptimal carsumptian
kel, e rieproduce the distributian2?

D e nitian 2 A ninformatia+Hoasad eqpi ibrium is adistribution F * @ ad
aged Gtion ofutiitsmaddmizingdaiass z* &;2) sudh tet

Fr@=( £AL.XFC;2) 2 @;2) - zgX a>
where | is | desgue messure.

Esteblishing the exstence of sudh an equilibrium is a straightiornard
>xedparntagumait. SoMngtre  istadaeraditian foruti ity maxdimiza-
i, we dotain the gotimal ddae nctian

1+ ®&m
z @p)== T2, ¢9)
If® > ( , then relative casumption eRcts push the alllocatian anay fran the
\ nodistortiaT’ "solution of Z* G;mE)j )= 2, with lxgenalles of® pranpe
ing ke distortias - T he @otimaldyace functian z* G;mE)R )is inaessing
in both 2 and M), so that Exrgerdaradernstics and brger dosenatias of

20We could equivalently interpret this as a rational-expectations equilibrium in which
agents sample their own generation.
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others® asumptian ked © brger aasumption- T he equil ibrium is inet-
detif® > ( , with gans to be hed fran pushing the casumptian ofeadh
agetitarwhan 2> () doser o the mean casumptian.-

Infomatia+basad relative aasumptiaon eRects thus induce sane agaits
1O inaeese aasumptian and othars 1o dearesse caasumptian, aampared o
the bese Gase dimo sudn eRacts - T he Tamerwi ll be those who have doserned
otheragents with partiaulerly hidh casumptian ek, vwhi e the bEtterwill
have doserved small casumptian ek

W e an calulte the supportofthe equ ibrium distribution ofaasump-
tion bek by rstnotiang that

Z¢:mPI=0;

so thatagats with the lonest daradteristic dhoose tha rno-distortian aon-
sumptian kel of zero, regardiess chnhatt they dosene. |l ext, notice that

Z GZ MY WI=Z GmEH d==: Q>

H ence, an individual Who dosernves a mean aasumptian eoual o the aon-
sumptian the agaritvwould have been dosen in the aosance of reltine aon-
sumptian eRects acts is ifthere are no relative aasumption e&cts - | tollons
fran Q) that the best upper baund an the range ofequi ibrium \ales of
Z2EGmERP) is nity?! 4 s® inaessss fiam zero, the range of realized
valles thus remains >&d at [l ;1 ] whi ke the distartion aested by eltive
aasuUMplian eRscts groAs SBracer -

I o aasider the eBcts of a policy intervention that replecss 2 in the
utiity fnctiocn gven by ( Dwitha+ ¢ jay farsanea2 [l ;1 P? Figare
4 depicts this dancge- W e aan think of the policy interverian as a pragram

21T verify this, let Z(a) be the upper bound. It suffices to consider ¢ = 1 (since
2" (e,m(2)|) is increasing in €). If the range of z* (e, m(2)|) is finite, it suffices to observe
that 2*(1, Z(a)|a) = Z(«) must hold, which can be satisfied only if Z(a) = 1. To see that
an unbounded range of values of z* (1, m(2)|a) is impossible, let z*(1,m(2)|a) = h(m(2)).
Then note that for m(2) > 1, we have m(2) < h(m(2)) and dh(m(2))/dm(2) < 1. A
positive measure of observations in the interval [1 + 6,1 4 é§ + 1] would then require an
identical measure in each of the infinite sequence of ascending, disjoint (for sufficiently
small 7)) intervals [A™1(1 + 8),h " (1 + 6 + )], [A" (R (1 4+ 8)), A~ (A2 (1 4+ 6 + 1))l
[ (h (R (1 +6))),h (R (R (1 + 6 +n)))], and so on, an impossibility.
A growing literature addresses the policy implications of relative consumption effects.
For example, Corneo [15] shows that in the presence of rank-based relative income effects,
redistributive taxation may be most useful in societies with relatively egalitarian distribu-
tions of income. Ljundqgvist and Uhlig [32] show that if current utilities depend upon past
consumption, then countercyclical fiscal policy can be effective in dampening the relative
effects.
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Figure 4 - P raductivty enhenaament

enhandng praductivities in the pqoulatian, concarating an those at the
botton end ofthe productivity scalke, perhaps by inaessing acess toeduca-
toal resauras_ A sa! 1, the praductivity ofevery agaritin the econany
gopraedss the maxdimum productivity of unity. W e begen this eampke
with thecseofa=10 -

U ti ity maxdmization novyields an gotimal dhdce function of (- (9)):

) -~ @t Ciap + em@).
Z EmeR =" ®'(a+ G

0 na= again, Tor any \alle of ® , an agant of daradteristic 2 Who doserves
M@=z EGmE)j ;D=a+ ( i ayrwilldosez=a+ ( jay,sotat
an doservatian ofFamean aasumptian kel egal o the dace thatwaud
have bean dosen in the dosance of relative caasumptian eBcts kaes the
gotimal dhace ualtered -

A namgumattanalogos o the e ofa=1( alloas us 1o aondlce that,
Torayvaleof® _ ( ,the range oftheequi ibrium casumption bvek isnow
[&51 J@mpaed [0 ;1 Jinteaigrnalaeeofa=0)_A sa! 1 ,equlibrium
asunmptian Bek z- G mER ;) thus aanverge an amass pantatunity
@orall®):

Zemew:l) = 1 e
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U GMER ;L XZmP ;L) = ;- @2)

H ence, reltive consumptian eRects ad thalr attendent ine+-dency dissp-
pear as productivity \ariatian is eiminated fran the pooulatian.- U tifties
aneae b avale of}, yielding an exdentautacome in whidh eedh egarnit
reEives the maxddimum uti ity el in the pgoulation before the policy inter-
vatian-

4 A Comparison with Rank-Based Effects

W e aarast the praviass eampke with ae in whidh relative caasumptian
eRucts arise autofrank aasideratias W e again aonsidera aontinuum of
agas with daracteristics 2 distributed uniformly an [0 ;1 Jand who must
dooe asumpticnareRatbek z2 R | _L et the uti ity TUnctian nowvbe
gven by 2 (5053
-2- — . .
u@ZZr@D=r@i 2¢+emy’ @3

where® matdhes its vale fran Sectian 3 3 and m is the mean casumptian
kel orthe informatiarbesad e ibrium of Sectian 3 3 whena=10 (©oth
for reesas that will soon be gopara), ad ri@ R, ! [0 ;l Jidati e
the rank of an agaritwho dhooses aasumptian bBel z_ W e interpret rank
a8 baing valuebke because there are prizes alllocated an the basis ar rank.
T hevarieble z may thus be valbed Torits onn sake as well ss Torits ability
o s=aure rank, where €3) Gapturss the extiane e in vwhidn anly rankis
important.

L etz @; r)be autiityymaximizing casumption dhace gven deracter-
isticZ ad rank function r-

De nitian3 A rankdbased enuilibrium is a strictly inaessing UNcian
r@:R.! [0;lJadged ction of utiitsmaxamizing ansumption b~
ek z°E;r')suth tat

ro=.®:z2¢r)-zgx
where | is | desgue messure.

A rankbesad equilibrium is thus a distribution of caasumptian bwek that
is rgproouced When eedh agantmakes an gotimal aonsumptian dxace, gven

?33ee Hopkins and Kornienko [27] for a similar analysis of rank-based effects.
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the equi ibrium dhdaes of others and hence the trarsltion of casumptian
beb ranks.

In equi ibrium, we musthave rz) = 2, and hence the edeartsolutian
maxamizes
u@z?=2j Z (+0% ;

22 + ®mYy
gving
ZEdD=I:

B ecaLse anly rank mattiers Torallocatian, etdeanteRort ek are zero.

T he rseEader aadition orthe maxdmizatian of Q3)is

d@  z(+0% _ .
& 'z2¢+emy

U sing the equilibrium aondiian rz@) =2, vwe hae

& 1 2C+6emy.
R deck z (+02y° e

yielding a d@srential equation thatwe can sobhe Torequi ibrium aasump-
tian bek: L +0m
ZEr)= s

H ence, this rankdbasad equilibrium gves rise to asumptian ek ida-
tical 1 the mean asumptian bwek of the informatia+oesad eopi ibrium
ofEampk! - (9))- i varage bdajiarin the A0 ecoamies is tus
indistingLisheblke

R ank aoncams pramptagats o docse hidherequi ibrium eRart ek
then does the exdattsolution?®  Itwauld be individually valliebke to do
0, butthe egui ibrium eRsct of all agerits dang sois 1o daareese utiity. In
equiibrium, the rank of agenit 2 is gven by 2. T he exdeat soltion calb
Toragat2 osimply sssume tathis rankis >a&d at2, and then dhooe an
gotimal asumptian plen aatingeritan this rank_ T he realized e ibrium
praducss the same distributian of ranks, but anly after every agait hes
inaessad aasumptian in acoliectinvely \ain eRort to inaresse rank-

#*Brock and Durlauf [10] and Durlauf [18] discuss the issues that arise when studying
behavior in the presence of relative consumption effects.

3Tf we replaced r(z) with (1 — )z + y7(2) in (23), so that effort level z leads both
to direct consumption of (1 — 7)z and to rank-based consumption of yr(z), then efficient
effort levels would be positive, but equilibrium effort levels would still exceed efficient
levels, with the discrepancy increasing in +.
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A s befae, Bt the daracteristic2 be replbad by a+ ( § &y, sotat
an inaess: i a conresxpats o an ehancament of productivities that is
aoncentrated amag bvproductivity ecaits_ A sa! 1, every aogaits pro-
ductivity inaressss o the maxdimum bwelofunity- T heetaat el ofeRort
ramairs ualiered atzaro. Taking e Istader andiian ormaximizing
uti ity and again using the eci ibrium relaticship that rz@) =2, wecn
ohe or (- 24))

& a+ (jay d + ®mYy 1 C+emy.
®  z (@ CiadxxH z(+0)’
where the ssaod equality holbs Tor the Emiting eee ofFa =1 - Can ning

atiention 1o this aee and using the baundary caodiion thaez )=10, this
di®antial equatian Gan be sohed Tor

'y
C+0my °2 1+ ®m
e' — 2~ — “Z 2.
ZGrp oy 7 TTvez

UZCGriXZErZeéGrii) = 0:

R asing the praductivity of every agaeit in the econany 1O the maxdimum
ek 1o tidgten the distribution of asumptian, enhandng the payo®P o
sseking statLs and unlkesshing a counterva ing tedaoy Torevery acait to
aompete mare vigarausly by inaressing eRort. R ankdoesad ine+-dendes are
thus eacarbated, with the enti re pqoulation eertingmare eRortvnhil Ebaing
reducd 1O the zero uti ity el gamered by anly te sst ortunate aganit
befre the policy intervantian 26

Inequality polides can thus have quite di@rant eRscts depending upan
the nature of the reltive casumption eRects thatt gppear in uti ity TUnc-
tias. ITthee eRacts arell atures reection 1 an inference prcdblEm, then
snoothing productivities can allevate the distartias of relative iname efF
Bots. 1T the eRects arise because rank or siats is an impartant allocatian
davice, then smoothing productivities Gan be ruinaus - B y inaressing soaal
madbi ity inequality snoothingin the Iatier Geee ersures thetmare resources
arewssted in the zerosum guestiorstatis - T he inedency of relative aan-
sumptian eRscts migtbe reducsd in this Gese by entrendiing casumptian
di®yena=s mare solidly, mekingsodalmdoi ity mare diz=aullit_ P erheps para-
dodclly, eceryae in aur celiberately exttame exampe midit preersoaal
rgdity to sodal mdai ity, indluding those an the bottom -

26For similar reasons, equilibria in rent-seeking games or wars of attrition are typically
most wasteful when contestants are evenly matched.
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5 Conclusion

T he message of this paperis thatt aoncarrs ebaut rank and statLs are not
the anly passibe adgrs of relative aasumption eRcts - Insteed, relEtne
aasumptian eRscts may be an impartant infomatiaHrocsssing tool for
making better dedsias in a° uduating eMrament. In addition, te rele-
e caasumptian eRects arising autof these two motivatias Gan hae gqute
di®srent properties . Smaoothing the distribution of productivities Gan push
equi ibrium aasumption patierrs toaard the bese Gese of no reltive aan-
sumptian eRects When the Etler e ect infomatian aoncarrs, sugpssting
that equalization polides may be surprisingly e®ctive in boosting uti -
ties. Smoothing the productivity distributian can push casumptian pat
tams anay fran the bese Gase of no reltive aasumptian eéRects When the
Etter axise autof statLs aasideratias, sugpesting thatatiempts o tigten
the distribution of statLs may counterproductively redalbE the guest Tor
hidh statLs _R elative-casumptian inetdaenaes are allevated in the Tamer
G2, buteasrbated In the Bter.

Is there any evdence Tor infomatiaHossad reltne acasumptian efF
fects, arforthe imitatias in aurabi ity 1o procsss informatian thetwould
pranpt! ature © buH reltive casumption eRscts into aur uti ity Tnc-
tias? P sydolgsts rport epenmental evdence sugesting that pep e
arepoaB ayesiars Kamaman and T versky [29 P - P sydologsts alko repart
an indinatian 1o arfom 1 the beaviar of athers ¢ rasm [, Chepter
27] Ciadini [12, dh-4P, even in situatias in whidh aewauld be extranely
hard-pressed 1o identify an infomatiaHoased reesan Tordaing so2”

Infomatia+besad reltive casumptian eRedts induce pressure for pec-
pk © atiom o the casumption daasias of others. | owv productiv-
ity agaits Wil stime 1o inaesse aasumptian, Whi ke the high productivity
agets wi llattenuate thelraosumptian in arderto nottbe oo aagpiauosly
d®at. T he Httler nding aaissts with the pgoulbaview ofrelative aan-
suMptian eRects es aeatinginasssantincantives toaasumemare.A tampts
O\ ke=gp v with the Janesss' " gppearto be ubiquitous, butnoane aaspiat-
asly strives o\ kesp donnwith the Jaesss ' D ces this sugpsstthatstatus

2T Among the most striking is the classic work of Asch [2, 3], in which an apparent desire
to conform prompted experimental subjects to make obviously incorrect choices when
matching the lengths of lines, while denying that they were influenced by the choices of
others. A committed Bayesian could still rationalize this behavior with a pure information-
processing story, centered around subjects’ uncertainty as to the consequences of the
various choices they faced. But a pure information processing model is not useful if it can
be preserved only with the help of complicated updating models that depend too finely
on the circumstances of the choice.
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is mare important then infaomatian as a saurce of reltive aasumptian efF
ets?

T worespasss areinader. First, itis kely that the dosenatias whidh
motivate reltive caasumption eBcts are strati ed, with pecple irf uencd
mare by the casumptian of others Who gppear 1O be \ ke tham™* then
pepE vwhose Festyks are auie d@®ent. W e may be unfazed by acompar=
isas with intermetbi liaaires, butmay be mudh mare axrsdaus ofhowvaur
aasumptian aampares with that of aur colkeegues - Simi by, pegp e with
hich aasumptian levelk may then compare themseles primarily 1 pepk
in smilrdraumstancss, freaing the intemet biliaaire from desperate ak
tEmpts to reduce aansumption and goening the passibi ity ofan upward biss
in aasumptian even atthe high end of the consumptian scake 28

In additian, the aanagptof ikaness o vwhidh sudh strati Gatian s basad
is both endoganous and kzbke to manipulation -l udh ke Sherfod<H dimes™
dog thatdidntbark in the nigt; itis essier 1O doserve whatt someae hes
thaenvwhatthey donthae, making high asumptian ek inherantly more
dovias then bivleeE Il aeimpartantly, the achentomaodem advertising
and mass aonmunicatian may espedally aontribute 1© this asymmetry?®
R eltive aasumptian eRscts may then push primarly upwnards -

Seaod, and mare impartantly, informatia+ossed relative casumptian
eRicts do notimply thaetwe shauld dosene pep e adaus 1o reduce an-
sumptian ek o thaoe oftta peers (honeverbreedly ararmondy de ned)-
Insteed, individual casumptian patterms ot distinguish informatian-
besad ad status-besad eRacts - T he uti ity Tunctian gven by ( 7), incapo-
rating infomatiaHoesed eRects, IS aacae in aasumptian z ad hes the
amparativestatic implicatian

& EZp)_ .
o2 0

so that hideralues of doserved cosumptian induce higer asumptian.-
B ut e Etfer is what ae mears by \ kegping up with the Jaesss,” " ad
thee are pradsely the properties ae expects fram a uti ity Tunction with
statLsesed reltive aansumption eRects - InfomatiaHoasad relative aon-
sumptian eRects imply notthattwe mustdosene pep e trying o kegp donn

ZNotice that Nature has incentives to encourage such stratification, since information
about the environment is more relevant when it comes from observing those in similar
circumstances. At the same time, Nature must beware of building too much taste for
stratification into our comparisons, since excessively narrow comparison groups may ensure
that virtually no information gets transferred.

29 Aronson [1, Chapter 3] discusses the persuasive ability of modern communications.
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with the Janesss, but rather that pecp e Wwhose dnaradcteristics ked to hidh
aasumptian kel shaud stime Ess vigoassly to ke aheed ofthe Janeses
then they waud to catch wp ifthe Janesss ware aheed - T his abi ity to aoest
whi ke aheed is ¥ edted in the Iongstanding notian of the idEe rid-\ e
mustmake allonanass Torthe ridh men's flings, and recoliect thatwe, 100,
were \vay likely indolernt and voluptuos, hed we _ the daily tamptatian
ofalageinaome: ®? T he sallent dosenatian is notthatwealth may induce
dearess=d eRart, butratherthattsudh eRiscts shauld aontinue to devadterize
the reltively wealthy even as absoluite wealth ek dange?!

A N abiity 1 doserve the qualitative atures of uti ity Tunctias is thus
inut=-denttodistinguish the twomadek - S uppase insteed we acould dosene
uti ity inctias exactly. In the ee of ( 7), we waould dosene

M ] |
z¢ +20m@PNiZ 0+ >z i OmEy: @5

0 re cud rearvance this funatian as in ¢ 7)and conduce thatinfomatian-
besed eRects are at wark. B ut ae auld ako intepret this a6 a \er-
san of @3), in whidh te rank of casumptian el z is gven by z+
20ZMm@)i®MEY and aandLcke thatstatus-esaed eRects areabworkk A gain,
individLal-vel data may be inslt-dert o distinguish the tno.

Shamp di®rancss in informatiaHoesad ad statusbesed reltive aan-
sumptian eRcts gopear in the restricias they plboe an the collctian of
asumptian bwek ad utiiity fundias in the ecoamy @ather then an
any particulbr utiity TUNctian)- T hese are most dviasly € ected in the
antrssting aamparative static implicatias sketdhed inSectias 33 and 4 -

D istinguishing infomatiaHoesad and stalus-besad reltive aasumptian
eRicts thus pramisss 1o be a famidebk task. B utgven the sarsitivity of
econanic pdicy autcomes o the nature of relative asumptian eRcts, itis
dearly an impaortanttesk. Furthertheoretical madelingis likely tobe usetul
in this respect, s are carelully desiged eparimants -

OWilliam Madepeace Thackery, “George the Third,” in The Four Georges and The
English Humorists (London, Collins’ Clear-Type Press 1910 (originally 1855)).

31Two centuries before Thackery, Robert Burton would comment that “Idleness is an
appendix to nobility” (Anatomy of Melancholy (East Lansing, MI, Michigan State Uni-
versity Press 1965 (originally 1621), part 1, section 2, member 2, subsection 6), while
nearly a century later Andrew Carnegie would view the disincentive effects of a fortune as
sufficiently deleterious as to comment that “I would as soon leave my son a curse as the

almighty dollar” (quoted in Burton J. Hendrick, Life of Andrew Carnegie (Garden City,
NJ, Doubleday, Doran and Company, 1932), volume 1, chapter 17).
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6 Appendix: Proofs

6.1 Proof of Lemma 1
611 Survinal P roportias
W e rstakulte 2 @, ;). Fixan admissibke E=RO;»)X::::2( »), Bt
the state be 1, and ™ X the prgpartian A - T hen propartian 1A ) of the
agats in periad twill dosere kvalbes of z, where
A 1
x n X N
rGAd= | AFCiAYT

T hese agarits will dhocse 2@ ») as theirdedsian autoR_H ence, praportian
S CEs»XZ )= 5 G + bC i oG;Ph

—oco ek,

ofthese aganits will dhoose strategy 72 and surive, vwhil e proparian
Z_ _Z
oo “e(k)

S CAo»XZD= 396 ;uPch
0

—00

will dhooe z ad survie. W e ttenhae

_ Thorecho eeodziD .
=0 TASA B CASXZID o FUSA P CAS»XZ3)

BEvalating this equation atA |, =0 and A, =1 gves

20D > 0
20 < 1

and hence that prdoebi ities reamain within the unitintenal. V e nextes-
teblish that=: @, ;) is inaeesingin A, . T o do so, we note that

S CRZ;D
S CRAZ; D+ S CKIZID
is inaesding in K, since mare agaits doose 2 as K inaeesss, inaessing
S @xz;addeaessings G z;1)-T heresulcthar=; @ , ;1Dis inorees-
inginA, then Tolloas fron noting thatt the distribution rd<A ;) inaeeses, in
ﬁeger’geof_rst-aolerstﬂ’esﬁcobnirar:e,as,&t inaessss. W eillstrate
2:.Q, ;W inFigures .

2QnD=P
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Ye(y )

Ye(y .9

T<_-__
<|—t------
= Y

Figure5: Fuctias & @, ;) )ad & @, ;1)

L etfqg2; beassguance ohales ofgand EtEQ) be admissibke gven
g-Thenasq! %,ﬁ’es?qemeofﬁn:ﬁd’sag(q)@t;u)magsuiﬁmy
OeradnissbeEadA; 2 [0 ;1 poacstaitiindion_H ence, thereexdsts
avaled 20 ;) suh thatorall q2 [4 ;4] the skpe of = @, ;1) does
notexcsed £ -

W e now Et the state be p ad perfom a similbar eamination of the
tndian&: @, ;u)-H ere, wehae

Pn | rch B @A X2

T CD= P Ry edoxziD | o 1A G Xz
whare
Zoo Zl
SCE»XZW) = e G+ bCid i Dok
S Ze(k)

SCE»XzZW) = e 500G ;udPch:
0 nce agin, 2 @ ;) is strictly axitained within the unitinteral. T he
frectien 5 @ErXZiD)

S CE»XZ;u)+ S CES»XZU)
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is inaessingin k;, as asnallernale ofF2(K) inducss mare agats todoosez
(naessing$ Cds»Xz;and dearessings Gas»Xz;u), adhence=¢ @, ;1)
isinaessinginA; A nagumattanalogas © thatortre ase of&: @ ;)
esteblishes that there edsts d sudh et orall 2 @ ;17 both 2: @ ;1)

2 @ ;)haeskpes Bssthen ! _W e haregfiersssume thatg2 @ ;1)-
Finally, we note that, Torall k,

S C»XZ;1D) S S CEs»XZ;1)
S CE»XZD+ SCAS»XIZI) S CA»XZID+ S CAS»XZIW)

ad haxe

2G> F @y
Figure 5 illustrates both Tunctias.-

612A NA IbraofSets

L et™ " denote the procsss grerated by the transitian mb(ag,f:)_ L et
1(@t,pt);@\o,po))beﬁ’eprdodxhymeswreo,ert‘etme-tslae [T
gvan initial condiian @ ;1)- W e costruct a messure 1 and show t
anags bl sstoets ke
Beraseqr’asbemd‘csmsot‘atq> d, ad hene the skpes of
2@, :Dad 3 @ Bl shatof , itmustbe that

2@ D> 2@ ux

Figure 6 i lLstrates this property, whi e Tootnote 32 desarbes howvitis used.-
W e nowde ne aparofcautebly in nite collectias of sets,

Ao, TALg:; @6)

where eech of the sets A, arA\, is asubsetofthe state space [A ;A JER; g -
W ewill adgpt the aonverttion et orany k, A, Y2[A A E g ad A, Y2
[A ;AIE g, and hereafler suppress the notatian Tor the vales of pt when
spedfingasetA;, arA, . W e abodip the time subsaipts and dip the
SUbsaipt Ean the fndlian 2.

T he collectias 1A, g, and 1A, g2, are de ned reaursively. First, we
ce re twoin nite cllctias ofthe bBelae sets by Etling

An = Q\ia@\ oT)),
K1z‘+1 = a@\lz,u)
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2212

7

[

Figure 6 : Fudtias & @, ;2)ad & @, ;2D with inftial isebel st

ad

Ay = GGUXA)
Ay = Z@uux
Figure6 illustratss the inrtial steps in this aonstructian - atice thatthe aol-
bctios TAQY and TAQY are disjidntand that the unian of each collectian
ek [A ;A exagpt ora aunteb e collbection ofendpdnts thathave been
anitied_} swede neeach kel ofs=ts, we shall similarly exclde a e
bk albction ofedpants-L etll  danote the uniaon of these collliectias oF
ecldd sss adnoe tat!  willitselfbe cauntebE. Itwill be dearfian
te astuction et tresetsll ad [0 ;1 Nl are both Toward inariant
udertell adkovproess™™ (e,  mvearbassl  ifitbegrsinl ,ad
thatno path arignating autsicell  anaterll ).
W e nowvcke e tre beleno sets. Fareedh isebel setA |, arA;, we
de ne aaunitebly in nite coilkectiaon ofsecod-bwel sets, gven by

Ay = P@,unEfig
Agjr1 = 32550

A, = PQ@u:pEfY
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Arir1 = F@y;ux

W e aottince in this Behian, de ning, Toreadh beel( j 1) setA(,_y),
arA,_1); » acauntebly in nite cliection of lveln sets, gven by

Al = PQ £
Anjr1 = 2@

A, = P@ ) Efg
At = F@Q,;5UX

W e thus hae a cauntebly in nite adllection of bek 11 ;2;:: g, with the
sets e ned ateech bel N > | aoitaining a auntebly in nite collectian
of s=ts Toreedh of the sets coauning ata previas kvel, ohwhidh there are
auntzbly many. T he ettire collection ofsudh sets is thus auntably in nite,
and the sets an be plaaad in an ader ptured by the index kof 26)-

L et danote the aolliection of bvelH sets, and Eta danote the aolliectiaon
ofall such sets albgwith tteempty set are=[ ° o [ fig-L etobete
coliectian of aountebe unias ofdisjdntsets in & T henwe note that < is
analgbraan [==[ ;1 JEf;ugnl 2

61 3 Cadidatel imitingll essure1*

W e nawde ne aseguence ofmessures ,07° , -

Toce rette rsebelmessurel; , aasiderahypotheticalll artov pro-
a&ss 7, inwhidh the statss are taken to be e 1Istbel sats, so that the
state pae is & (Where eech setis tEken 10 be a state, rather than the
unian ofthe sets teken o be the state spae).- L etthe trarsitiaon prdoebi ity
bethnensetsA andA’ , undarproaesss” 7, be the praoebi ity that the proasss

32 An algebra on a set A is a collection of subsets of A that includes A and the empty
set and that is closed under the taking of complements and finite unions. Our assumption
that the slopes of \I/(wt,g) and ¥(1,,0) are bounded below one-half, implied by ¢ > ¢,
makes its first appearance here. By ensuring that Wg (111,5) > Ue (E, 0), this assumption
ensures that each level-i set is contained in a unique level- j set for every j < i (rather than
intersecting more than one level-j set) and that each level-j set is a countable union of
level-i sets for j < 4. This allows us to conclude that A is an algebra, with the complement
of any finite union of elements in A being a countable union of elements in A. In addition,
it simplifies subsequent calculations. It allows us to recursively calculate the measures pu;
in Section 6.1.3 and verify in each case that the resulting measures are consistent, in that
the level-i measure of a set A is the sum of the level-k measures of its subsets, for any
k > 4. It also simplifies the calculation of the stationary distribution in Section 6.1.6.
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“"mowes fran A O A’ _0 ursets are aastiucied so that this prdosbi ity is
indepadaitofthe particubrstate in A iInvhidh tteproesss ™™ nas el
and hence this trarsitiaon prdosbiity is well e ned- T he ll arkov process
"7 hesaaauntebly in nitestate gpace, ad is an gpariadic, ineduabke, pcs-
ithve reaument procsss.. I'tis acoodingly ergodic, with a unigue statiaaery
distribution, wnidhwe denote by 1, _ W e anMew; as amessure an the
auntabke ssto |, endoned with the disaete %-alggbra_ W e can aboview?
as amessure an the space [0 ;1 = u;ug, with the ¥%-alggora generated by
the members of o, , each intexpreted as a subset of |0 ;1 =g -

A tthe st itis staditiovwad 1 alubte the staticary distri-
buttan; T hemessure 1, is gven by

1L,.Q1) = ¢
1L@u+1) = Qi@
HALD) = 36

11@1) = CidM@yX

Similarly, we aan ce ne all arkov procsss ™, whose state space is the
albction ofsscodHeel sets &, - T his Il arkov procsss is again gperiadic,
inredudble, and pasitive reaument. Itis acoodingly ergodic, with aunigee
staticay distribuiohwhidhwe call1; , whidiwe eaninterpretas amessure
o the disaete Y-algbraan the ebmats of o, , aras amessure AN [0 ;1 =
11;ug With the %-allggbra generated by the subsets off) ;1 JEf;ug aatained
ino, _Inadditian, every Belae sstis a cautebke unian of brelHno sets
(Minus a countabEe adliection of exdpants), with amessure 1; thatis the
sum of tre 1,-messures of the bellno s=ts In atairs. H e, the %-
albragrerated by © matdhes hatgareratled by o [ =, ad?; ad 1,
agee an ay sstfian this Y%-algdbraforvhidh 1 is de ned.-

Catiruing in this way, we de e the etire collection

Frdiiss

where eedh 1, is de ned an tre ¥ -algbragrerated by [ o .

FaawyA 2cad?,,aterA isnotatand ing fTrawyi - K in
whidhee 1, @ )is uxcke ned, arA isatained insane g withi - kK in
whidheae1, @Q)isce radadiseqal ©1, @Q)Toray K _i_Wean
thence Nne* csnabytakng* @ )=1, @) Trsone kforwhich 1, @ )is
de ned-

W ecanthinkof* as being the Imitofthe sscpence 4,0° ; -H onever,
insteed of a ssquence of denging messures an a >&d danain, we hae a
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saouence of messures an an ever-epanding seouance of danairs, with the
meesures baing aastant alog the saquencs, in the sase that axae asst
aters the danain, its messure remairs  >ed alhg the remainder of the

seoLene.

61 4 1* isamessure

Intwrtvely, aur nextstep is o shovthat1* is amessure. Il ae predsely,
we anbed & in a %-alogbra ad then shov et 1 extencs unigely o a
messure an that %-alggbra. R ecall that © is the collectian of countebke
unias ofdisjdntsets in &, ad is an algfbraan [ =W e then proased in
“\estEs.-

First, we exted 1* from o oo _Fareadh setA in g, we teke aminimal
represantatian of A 1o be the smalkesst aollbctiaon of sets In & wWhose unian
is A - B ecause of the reaursive structure of o, minimal represtalias ae
uniquely de ned and aasistofdisjantsets-T hen1*@')is de ned Torany
A’ in the minimal representation of A, and we take 1 @) 1o be the sum
ofthe messures 1* Q) of the sets in the minimal represatation. [ tis then
straigtiomard that1* is ™ nite an @ (being baunded abowe by uniy) ad
is nitely additive.

Seaad, we note that1* is acauntebly subadditive an & Suppase Not, o
wean ndaceeinwhidh

[e’e) x * *
[2A: =A; T@D)> TR X
i=1
where the unicnis disjdnt. Because 1* @) is  nite, there mustbe a nite
N sudh that s
QD> TTAX

i=1

Becase1* is nitely additive, ne then hae

Y@L AD> YA i1 GidY2A;

with strict setinclsian in the ssood Geee, Whidh is preciuded by the aon-
stuctian of 1 _

T hird, we argee that>* is aattinuaus fron eboe atthe enpty set @ sh
and D o sD adke [4, p- 10 P, whidh in tum implies that it is cautebly
additive (4, T heaam | 2 8P)_Toerify this, EtB .02, be aseouence of
sets inawith

B,! ::
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W ened toshovthat

@, 0:
W e an ke the ssoueneeB |, O be deaessingwithautsaat dng any g
erality. (frecssary, rede nreeach B, ©be teunian [2, B ) § iven
that @ axsists of auntebe unias of seks in o, there must be a secpenee
ofdisjdntsets 1€ ,,,g°_, witheedh C,,, in @ ad, foreadhB ,, , asequence of
mnumbers k,;,1=1;:::;1 , such tat

Toreech =t B |, .B ecase 1* is countebly subadditive, we hae

X
YCmd-1;5

m=1

ad haae,
X0
im *Cn)=0:

k
—o0 ke

B utforeary K, there is an h() sudh et
Brn =[Z1Ck. Y20 m—nk)Cms

adte BecttatB,, ! ; imples tath@®@! 1 ,gvng**@,)! 0,as
required.

Ffth, we hase novshonn that1* is a cauntebly additive, pasitive sst
fnction an the algdbra o T he Carattbdary H an Extansian T heorem
@ hesdenad? ygnud [42, p-20 6 Pthenesures thatl* extendcs uniguely
toamessure thatis de ned an the %:-alggbora: (@) generated by @ and thatt
ageswith1* an o H ence, 1* is amessure @ % @)

61 5 BErgodidty
W e now esteblish the reouired Emiting praperty- W e aastruct a pair of
Scelcpecs ofll artov proossss T,0°, ad f_'ig;?%l fran - ky~repbcir‘g
@A, ;1) in eadh sampk path generated by ™ ™ with @ ;) Where A is gven
by

madA 2A;;9 if @ W2A;
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inttecee of ¥ 7,00, ad

maxfA 2A;;9 if @ u)2A;;
minfA ZKijg if @\t;ut)ZAij

inttease of F 7,02, -T heprosessss”; and ™ ; are the counterparts of the
Il arkovproosss ™ 7, aastructed inSectian6 1 3, dotained by heving eedh of
ooand™T; assighavale of A theary ebmattin the state space of .

L etling%g (<> Dandy: (s»; tidbe the counterparts of: (Ls» ;)
fortheproesss ™ and ™, wehae

Yo (<s»:61) - % Qs»:D - % @s»:GiX

W e dotain this result by noting that the proasss ~ 7, dooses the minimum
Madimum)passibkevale of A @ sisentwith stayingwithin the element
of o ooapied by the process ™ ) whenever the state is 1 @), and hence
minimizes the extant © whidh an dosenation of z sigek state 1. The
progess - does justthe gopasite, and henae maxdmizes the extanttowhidh
2 indicates that the state ify -

In addition, the processes ™, and ™ ; inherittheergodidty of 7 _H ence,
Yo G tDad%: (s»;tidanvaee @Gt 1) imits

e @i - e QUikom;ix

Furthermare, the Tamerseguence is inareesing in i and the Etter ssopence
deaessing in i, with e Tomer gppreechingte Bttlerasi! 1 - The
probebi kty % (Uic»; D), being baunded by %, @i<» ;G and % @i<» 5,
mustaccodingly anverce o this comman Imi. T his alllons us toestablish
the desired aondlLsion, nemely thattthere existy, @U»), k=10;:::;n,sudh
that

Jm e @i 0= Qo)

T his esteblishes the resultforany inftial codition notaontained in the
st _Toextad the eultintialaditiasinll  , we note thatbecause
2@ ;ad = @, ;uhaeskpes baunded bebwvi , wehae, foray >ed

of realizatias ohvales of . ad any two infial cditias A and
A, that
P 1AL 1§j3\t iAJ
H ence, Torany realization of the seopence ofrandam \axiebks |, , thesampe
patths ofrealized valLies of A, generated by any toinitialconditias aonverge
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atan epaential rae?? Furthermare, the sampke patts of realized \valles
ofA, hae the maotonidty property thatA < A ) A, < A, foralit> 0 .
T his in twim ensures thatthe Emiting prdocbi iy % @s») dven aninitial
staieinll  les betnean the Iimiting prdocbi kties Torsane pairof lxgerad
smalkerinitial states notaataind inll |, and henee must aonvarce o the
aonman imitattained by the Etterpair.

61 6 ¥ @<»)is inaessing in » with e @+ 1 ;»)> % @s»)
T hatl: @<s»)is inaessing in » llons fian @) and the maotoe keli-
hood ratio property - ext, toesteblish . QU+ 1 5»)> % (U»), itsutaes
dion @) shovtat
Zl Zl

Adr@i>  Aar@aux en
=0 =0
First, we recall thak

A< 2@ - @< A;
whidh ve use 1o astiuct the interak in the olloning eqressian.- N ext,
nolice that the astruction ofthe messure 1* asuress, Toray A 2%.&)

AVA =@l ) Y@ = (AW
A2[ZeQuxZ @Dl ) YA = Y@ =10
A2[Fe@XAT D A = YA X
Sinee¢, < 1, thisimplies Q7)-

6.2 Proof of Proposition 1

L et ¥ be the sst oF admissibE E i e, the set of n j tuplkes of deaessing
functias fron R ino (gl § gl denoted by P;» ) 11520 >, with the
property that2(k+ 1 ;») - 2¢s»)- W e astructa findicn HE), de nd
an ¥. For any adnissibke collection E, calaulate the prdosbi Fties p: @9
Whoe edstace is esteblished inL emmal ), irsert these prdosbi kities into
the maxdmization prdolen gven by Q@) (0 ), sohe Tor equiibrium vales
2(s»), ad Etthese nevvaless be HE)-

W erecallfronl enmal that, Tarany admissible aollbection, the pcsteriar
prdosbi ity attadhed o afteran doservatian ofi+ | valles ofz mustexassd

331t would suffice for this last step that the slopes of Wg(¢,,0) and We(1),,0) have an
upper bound less than one.

37



that after an dosenation ofF ksudhvalbes (k=10 ;:::;n j 1 ), aditiaal an
», and that this posteriaris inaeesing in » _ T his ersures that the mgpping
we have astructed w ll alnays docse new autcss thatare deaeesingin »
and satisfy 2(k+ 1 ;») - 2(s»), and hance the map is fian the set¥ into
itelf.

W e nextnote that, Tor xed prdosbi kities p: (L<»), the dojective aon-
taned in Q) () are strictly ancae, and hance the maxdmizer 2@<s») is
unique, asunng that aurmgpping is a finctian.-

T he set¥ is a aonvex subsetof a locally aanvex inear topolog cal space
(e metric space of N j-tupkes of deaessing, badsd @y [l i gp UG-
tias, with the metric induced by thel ' nam:

x Lo
EEI= J  P&DiZeoX
k=1 7=
where” is themessure induced by the darsity L g@;L)F 10@;), Whidhis the
dasity of» aaditical an ) being drann fion the staticary distributian -

T he sst ¥ is abo ampact. In partiailr, a subset of a metric space
is ampact ifitis dosad and saqpetially aompact. T he set ¥ is clarly
dosad - T o esteblish seguential compeactness, xavale ofFkand Et g2,
be a ssquence of deaessing Tunctias 2 (K»)- W e showv that there edsts a
anvergng subsaquenee_B y suaessively ekiing subseopencss, wean rda
subsequence 12,¢72, that convergss atevery ratiaalvalle of», and Et,
ce ned anly an tre ratianaks, be the (parntwise) imit of this subsequence-
T hen 2* must be deaessing- BExtad 2 © the reak in R by Etling (or
» 2 R)Z») = Im,_2(», "), whare » ¢*) is a ssquance of
ratiaak goproeching»” fran below. T hen 2 (») is deareesing.-

W e next note that the sequence of Tinatias 2; (») must aonverce 1o
F *ds»)aincsteverynhere. Inpartiaulars F ; (»)mustaonverge oF * (6»)
atany\albe» atvhidhF * (s»)is aatinuass - SineF * (»)is deaeesing,
itis atinuas at all but cuntebly in nitely many \abes, asuring that
the seopencef ; ($»)aonvergs ofF * (K»)aimcsteverywhere B ecaseeadh
F, adF * are baudsd eboe by the ™ -integrebke Ondian 2¢) =1 j Q)
L ebesge’s daminated aonvergenae thearam @ ilingskey [8, Theoram 16 4D
asurss tat jJEER 0 -

Itthen remairs o \arfy the aattinuity ofFthe functian H - Todo so, we
mustshow that the prdocbi kies . (Ui ») are aotinuas in E, forwhidh it
sp-ass oroe trattre nctias 2 @, ;)Dad 2 @, ;u)moe artiruasly
(n thesup NoM)in £

T his gves a aotinuaus magpping fram a aanvex subsstofa baally an-
vex inear topdlogal space into itself- T he SdauderT ydhao® thearem
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O unfod and Sdwarz [1 7, p - 456 P esures that this mgppinghes a >&d
padntE , ad hence thattan equi ibrium exdsts.

It olons fran the Tullsuppart sssumptias and maotone-ikelhood-
ratioproperty assumptias an gé ;) and gb ;) that 2 (k»)is strictly de-
asssingin» -\ awvsuppcse that2* (k1 ;»)=2" (»)- In aderforthese val-
ues tobe gotimal, itmustthe thaittthe k¢ | stdoservatian ofz does notdnange
the lkelhood that the state i - B ut this can coaur anly ifno additiaal
desernatias ofz are infamative, i e, anly ifpe: @k 1 5»)=pe- @is») o
k=0;:::;n §1 -B utthen identical proportias of the egaits dwoosez ad
z, recadEss ofthar dosenatias, ensunng that theiredstrumbers p and
p< psudh thatprgoartian ofsurviMing agaits drosingz isgven by pwhen
thestate is | and p when the state is | - B uttthen an doservation of z yiebs
a hidner posteriar prdocbi ity of state |1, orpg- @+ 15»)> pe- @s»), a
antradician - J 7]

6.3 Proof of Proposition 2

First, X an admissibk Eand hance infamatian updating ks % @is»)
and ¥ @<»;3)- Casider an agentvwho hes doserved kvalbes of z and a
sigals 2 R, where s may be a redlization ofeitter» ar3_ L et’® ; Q) be
the pcstarior praosbi ity that the state is |1, gven kdosenatias ofz ut

igaing any other sigak). T hen the acpits pasteriar 2 (U< » ;3) is gven
by @ )whidhwe can renite as:

_ o S PGS :
(s SHT) PY (o Lle K1) (B RIPY (09))

I ature, recogniizing the passibi ity that the sigal s is an uninfomative
realization of the random \arieble 3, waul irsteed assign pcsterior

I TO1® :
[C i.206W . TEN O+ [C i.0EW . TEK i° KD
D ividing the numeratorand denaminatorofthis expressianby [ i, JOG; DF
. FG)] wedotain an eressian tovnhidh @) ad ( 2)can be gpoplied toaa-
e Y @S, e @D
2e S e S).
- €8
34In particular, (4) and (12) imply that the term [(1—X)g(s, 8) +Af(s)]/[(1 =N g(s,0) +

Af(s)] is decreasing in s, but at a slower rate than g(s,8)/g(s,0), which suffices for (28).

e QGS)=

e @isS=

0 <
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H ence, highersignak inaesse the likelihood that the state is |, but!l ature
reects ks shaply o the agait’s infomatian then doess the agent, e ecting
I ature’s realization that the sigal may be uninformatine.-
Caoditian (2) esurss tat thare are unige sigek s ads > s sudh
that
agGW=TEX gG:=TEx
T his in wm enaures that thare exdsts avale 8 2 [s;5 |sudh that

e Q<=1 @I<SX

L et2Y (gs) be the vale of 2 that) ature woul like 1o induce, gven
that the agant hes dosernved kvalbes of 2 ad sigal s- L et Z: (s) be the
vale of 2 thatmaximizes (3), and hence the vale the agaritwill dhocse
d\e utifity nctian hp@ ;p)-I ature wauld dnose 2Y (K2 to sohe

mae iy @cHpE 1D+ € i % @cshp@ ;X 2

T hisis| atures cuntermpartof (), gvenll ature’s eectation caditiaal
an kdossenatias ofz ad the agaits sigal s - T he dojectinve gven in 9)
is strictly aoncae in 2 and is aotinuas in s ecase %Y @iss) i) ad
hence the maxdimizer2Y (ks)is anntinuos and strictly deaessingins.-

Caoditian @8) implies that ifl ature allons her agenits 1o sobhe (3),
then they will doce valbless of 2 that are oo sanall (ron her pant of
viev) wanaer s > 8 ad to lxge wen s < &_ | et tte vale of =
dasen by the agenit (@d preened by || ature) when s = 8 be denoted 2(K)
E%xE6D=% s _

I otice nextthat, ntheintenal[gl j dj the dematives dhp @ ;)
and dhp@ ;u)rc? are bath strictly deaessing, With

dhp@w _, dhp( i q;ﬁ):o ]
(o 2 & )
\ ovforeach sigals, de ne° @ (ksx k) o satisfy

A !
L
e @) TPELTD, o0y gesyiy
A !
N
+Q ik @iesy PCEID, oergesyy =1 @)

B ecause the Eftsice of @) )is inearin®, eech © @ (ksxKiswell e red.-
Furthermare, because 2Y (s)is deaessingins, e anvien® ss afnctian
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°@;Kde ned on tresetofallvales of2 thataell ature's gotimal daae
2? (s)torkand samesigals.- I tiolloas fram @0 ) that this finctioh must
be aatiruas in2 _T hende reafundion U & ;i) by

ve ki = TR oed
vek) = TR oeiy

W ewill then Etthe utiity Tndtion u@ ; k) be the integral ofF U & ks
with respect 1© 2 _ (ntegrabi ity olloas fron the cattinuty of° ¢ ;K in
2¢

D

The agaits  sEader necsssaay aaditias for utiity maxdmizatian,
g\en uti ity function u@ k), are gven by @ ) ad are sohed by || &
wre's gotimum 2Y @ss). T he utifity fnction u@ ;kop) thus adhiees |l a
twres gotimum ifthe Btteruniguely sobes these aaditians, whidhwe show
belonv.

I ext, Bty () be the valLe ofthe pcsteriar® atwhidh - ature wauld
gotimally induce dace 2 (@d haee that causss the gt o dhoose 2,
gven uti ity £nction u@ ;k;)- R ecall that A ) is the postarior that
wauld case the egant o dhoose 24, gven uti ity functian hp@ ;). Can-
paringl ature’s gotimizatian Q9)with the agent’s (1), aaditian @8)ad
te Bt a2 =2 ()= 2 (gs)imply:

EP) > € IAGP) O Z < ) aKx
Fan @), this esures that

°ED)> €1 O < €)EKx

and hence that (4) holds -

Farthe agenit’s uti issmaxdmization prablen oimpkementl ature’s ap-
timum gven uti ity nction u@ ; k), we need that the acp s Istader
aoditian have a unigue solutian, Toreach pasteriar praosbi ity of 1, within
the range ohalles 2 that Gan arise as solutias 1 ature’s gotimizatian
prdblam - ¢ ature can ersure othenalles ofF2* are notdosen by attadniing
ke uti ity panalties 1o sudh valles ) Suppose this is not the Gese, so that
there areabless 2 and 2’ thatboth sohe the  1Istader aadition orsane
posteria’/ , the famerbangll ature's gotimum forthis posteriar- B utthen
2/ mustbel ature’s gotimum forsame posteriar’” , ersuning e’ sobhes
the staderaditon orpcsterias ad’’ , acaradiction o the ct
that, coditical an 2, the istadaraaditian is nearin the posteriary; -
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It ramairs to showv that an equiibrium Eexdsts, gven thatll ature re-
Foa=e 1 Ewith an gotimal uti ity fonction u@ ;kgp)- 6 iven the aotinu-
ity ofil ature’s gotimum in the sigal s, this agumeantis a stragitiowvnward
adgptation ofl enmal adP rpasitan! - B
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