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Abstract

ćis ppr rviws th vin on th Čts o rssions on potntil output.
In ontrst to th ssumption in minstrm mroonomi mols tht onomi
Ęututions o not hng potntil output pths, th vin is tht thy o in
th s o rssions. A mol is propos to xplin this phnomnon, s on
n nlogy with wtr Ęows in porous mi. Bus o th isrt justmnts
m y htrognous onomi gnts in suh  worl, potntil output isplys
hystrsis with rgr to ggrgt mn shoks, n thus rtins mmory o th
shoks ssoit with rssions.
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Đ Introduction

ć ĕnnil risis tht hs proupi muh o th onomi worl sin ƊƈƈƏ hs x-
pos th Ęws o th “nw onsnsus” in mroonomis (Blnhr, ƊƈƈƐ) orgnis
roun th ynmi stohsti gnrl quilirium (ıŀĴĲ) ount o onomi Ęutu-
tions. In this ount th hviour o th mro onomy is u rom xioms
spiying th hviour o  rtionl rprsnttiv onomi gnt. ć xioms o not
ĕt th miro vin on how tul onomi gnts hv; th ky issu o how ht-
rognous onomi gnts intrt with h othr is ignor; thr is no mningul
notion o unmploymnt in suh mols; ĕnnil intrmition plys no importnt
rol, on th mispl ssumption tht ĕnnil mrkts r “ďint”; n so on (s
Colnr t l., ƊƈƈƑ, or  lui ritiqu).

A ky issu rising rom this ul risis in ĕnn n minstrm onomis is
whthr th rssions ollowing in th wk o th ĕnnil risis will hv prmnnt
Čts on output, mploymnt n unmploymnt. In minstrm mols, o th ıŀĴĲ
typ, quilirium or trn tim pths or output r invrint with rgr to Ęututions
roun ths pths. ć prsnt ppr points to  orpus o vin tht inits vi-
oltions o suh invrin ssumptions, n suggsts som nlytil stps tht n i
th unrstning o onomi systms in whih rssions, n my ooms, hng
th trn or potntil lvl o output.

ćr is xtnsiv vin, going k to t lst th ƉƑƋƈs, on th ilitting Čts
o th long splls o unmploymnt xprin uring rssions (ilgrim rust, ƉƑƋƐ).
ć i tht rssions lv in thir wk highr quilirium rts o unmploymnt is
oth plusil n wll oumnt (s th pprs in Cross, ƉƑƑƍ, or xmpl), vn
i suh Čts hv n lrgly ignor in minstrm mols. I th quilirium or
sustinl rt o unmploymnt is hunt y rssions, n my y ooms on th
plus si, it woul  surprising i th potntil lvl o output wr not lso hunt y
onomi Ęututions. ć prsnt ppr onĕns itsl to this rltivly nglt issu,
o how rssions Čt th potntil lvl o output.

ćis ppr pros s ollows. ć nxt stion oČrs  txonomy o possiilitis
s to how onomi Ęututions might Čt potntil lvls o output. A thir stion
provis  ri rviw o mpiril tsts o th hypothsis tht rssions ispl trn
or potntil lvls o output. A ourth outlins  mthmtil mol, s on porosity
in mroonomi Ęows, in whih Ęututions in ggrgt mn ispl potntil
output lvls. A onluing stion isusss rs in whih this lin o rsrh might
 xtn.

ĮĴĲ Ɗ ļĳ ƉƐ
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Figure Đ – No change in potential output level. After recessionary period the output returns to its

previous trend.

đ A taxonomy of possibilities

In th “nw onsnsus” minstrm mols th growth pth or potntil output is not
prmnntly Čt y rssions or y ooms. In th “pluking” mol (Frimn,
ƉƑƑƋ), or xmpl,  rssion ss output ll lowpotntil, pitl pr Čtivworkr
lls low th sty stt lvl, iminishing rturns to pitl imply  highr mrginl
proutivity o pitl n gnrt n invstmnt spurt, ling to  highr rt o growth
o output thn potntil growth uring th rovry phs. Figur Ɖ illustrts this, whr
y(t) n y∗(t) r th nturl logrithms o th tul n potntil lvls o output r-
sptivly, n t is tim.

In ontrst to this rmols in whih rssions, n prhps ooms, hng potn-
til output growth pths. ith onstnt rturns to pitl pr Čtiv workr,  shok
to pitl (or struturl prmtrs or poliy vrils) will hng th growth pth or
potntil output. In  non-linr rmwork  swith rom  positiv to  ngtiv pr-
mnnt rię trm s n onomy movs rom  growth to  rssionry stt rsults in 
prmnntly lowr lvl o potntil output ęr  rssion (Hmilton, ƉƑƐƑ). Figur Ɗ
illustrts th s o  rssion urs on th lvl o potntil output, th growth rt
or y∗(t) rmining th sm, ut th lvl ing ispl ownwrs.

I th “rtiv strution” spts o  rssion (humptr, ƉƑƌƊ) wr suďint
to outwigh th strutiv spts, th outom woul  th inrs in potntil out-
put lvl init in ĕgur Ƌ. ćis woul oviously involv  strongr growth in output
uring rovry rom rssion thn in thminstrm s inwhih th potntil output
pth is unhng.

ć ss whr rssions hng th growth rts or potntil output omplt th
txonomy. A rssion oul ntil lowr proutivity growth i lrning-y-oing is
importnt in proution, or i thr r rssion-inu Čts on th growth rt o

ĮĴĲ Ƌ ļĳ ƉƐ
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Figure đ – Fall in potential output level. The potential output y∗(t) drops to a lower level (origi-

nal level shown as dashed line) after the recessionary period. The rate of growth remains as

before.
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Figure Ē – Rise in potential output level. The level of the potential output is higher after the reces-

sion.

ĮĴĲ ƌ ļĳ ƉƐ
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Figure ē – Fall in potential output growth rate. In this case it is the rate of growth, post-recession,

that is permanently altered.
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Figure Ĕ – Rise in potential output growth rate. Here the rate of growth is higher after the recession.

th lour supply, y wy o lowr migrtion Ęows or prtiiption rts, or xmpl.
Figur ƌ illustrts th s o  rution in th growth rt o potntil output.

I  rssion wr to ring in its wk  humptrin supr rssion lssing in
th orm o highr proutivity growth th s illustrt in ĕgur ƍ woul pply.

ć qustion is thn on o whih o ths possiilitis is thmost likly to  rlvnt
on th sis o vin rgring pst rssions.

Ē Evidence on past recessions

Kyns (ƉƑƋƌ) pos th qustion: “Is th onomi systm sl-justing?” ć onvn-
tionl wisom o Kyns’ tim, n th “nw onsnsus” t th tim o th onst o th
prsnt ĕnnil risis in ƊƈƈƏ, nswr this qustion in th ďrmtiv. ć vin,
howvr, whn llow to spk y not imposing th sl-justing ssumption on th
t, supports th ngtiv nswr givn y Kyns. DŀĴĲmols, whih ssum tht th
sl-justmnt proprty hols, hv n sujt to xtnsiv mpiril lirtion.
Evn in th linr rmworks us, howvr, ointgrt vtor utorgrssion (İŃĮĿ)

ĮĴĲ ƍ ļĳ ƉƐ
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tsts init tht “…most ssumptions unrlying th ıŀĴĲ mol n, hn, th rl
usinss ylmol wr rjt whn proprly tst (Hoovr, Johnsn, n Juslius,
ƊƈƈƏ, p.Ɗƍƌ). o th onĕn pl in th ıŀĴĲ mroonomis o sl-justmnt
to invrint quiliri ws mor  mttr o ssumption thn o vin.

ć mximum liklihoo stimts o th prosss riving  ĴĻĽ post-ƉƑƌƍ y
Hmilton (ƉƑƐƑ) pionr th prti o llowing th t to spk on th issu o th
Čts o rssion on potntil output. ć Hmilton spiĕtion llows or  rkov
pross whry th onomy swiths twn  positiv output growth rt in norml
tims, n  ngtiv growth rt in rssions, thr ing  swith twn positiv n
ngtiv prmnnt rię trms or output. ćis prov to provi th st mpiril ĕt
to th t, ting ltrntiv spiĕtions, suh s tht output ws rivn y longr
trm trns in whih th swithing ws twn str n slowr growth rt rgims.
“ć stimt prmtr vlus suggst tht  typil onomi rssion is ssoit
with  ƋŰ prmnnt rop in th lvl o ĴĻĽ” (Hmilton, ƉƑƐƑ, p.ƋƍƏ). It woul 
iďult to xtn th Hmilton rmwork to llow or swithing twn ooms s wll
s rssions n norml prios, so th vin just prtins to  rssion urs on
th lvl o prmnnt potntil output.

or inorml mthos wr us in th Dow (ƉƑƑƐ) stimts o th Čts o th
mjor Ɗƈth ntury rssions in th K on potntil output. Dow intiĕs thr mjor
post-ƉƑƌƍ rssions: ƉƑƏƋ–Əƍ, ƉƑƏƑ–ƐƊ n ƉƑƐƑ–ƑƋ. ć stimt is tht in th ours
o ths rssion “…proutiv pity got stroy, ut or whih onomi tiv-
ity y th n o th prio woul hv n Ɖƍ pr nt highr thn it ws,” with th
ownwr isplmnts o pity output ing Ɗ.ƊŰ, ƍ.ƋŰ n Ɛ.ƌŰ in th sussiv
rssions (Dow, ƉƑƑƐ, pp.ƋƐƍ,ƋƐƎ). Dow lso postults Čts o mjor rssions on
th growth rt, th ƉƑƊƈ–ƊƉ n ƉƑƊƑ–ƋƊ rssions ruing th K output growth
rt rom Ɗ.ƍŰ to ƊŰ,n th thr rssions rom ƉƑƏƋ ruing th growth rt rom
ƋŰ to ƊŰ (Dow, ƉƑƑƐ, p.ƊƏ).

ć most omprhnsiv vin on whthr th output losss rising rom rs-
sions r prmnnt is th Crr n xn (ƊƈƈƐ) stuy o th rovris rom ĕnnil
n politil riss in ƉƑƈ ountris ovr th prio ƉƑƎƈ–ƊƈƈƉ. ć impuls rspons
untions or h typ o risis r stimt rom

ẏi,t = ai +
4

∑
j=1

bjẏi,t−j +
4

∑
s=0

csDi,t−s + ei,t (Ɖ)

whr ẏ is th hng in th nturl log o ĴıĽ, D is  ummy vril or h ĕnnil
or politil risis, i inits th ountry n j n s th numr o tim lgs. “Impuls
rspons untions show tht lss thn Ɖ prntg point o th pst output loss is
rgin y th n o tn yrs ollowing  urrny risis, nking risis, triortion
in politil govrnn, twin ĕnnil riss or twin politil riss.  th lrg ngtiv

ĮĴĲ Ǝ ļĳ ƉƐ



Cross, McNamara, Pokrovskii Preprint Memory of Recessions

shoks xmin,  prtil roun in output is osrv only or ivil wrs. orovr,
th mgnitu o prsistnt output loss rngs rom roun ƌŰ to ƉƎŰ or th vrious
shoks” (Crr n xn, ƊƈƈƐ, p.ƌƍƎ).

 prtiulr intrst r th output losss rising rom nking riss, whih vrg
ƐŰovr th ull smpl t th tn yr horizon. ćs prsistnt output losss wr lowst,
t roun ƌŰ, or Ltin Amri n lowr-mil inom ountris; highst t ovr
ƉƍŰ or il Estrn ountris; n just lss thn ƉƍŰ or high inom, uppr-mil
inom n trnsition onomis (Crr n xn, ƊƈƈƐ, Figur ƌ, p.ƌƌƌ).

ćs rsults onĕrm rlir ĕnings tht rovris rom riss r hrtris
y lowr growth in th rovry phss thn in vrg xpnsion yrs, implying tht
whn output rops it rmins low its prvious trn (Crr n xn, Ɗƈƈƍ); n
tht thr wr prmnnt output losss rising rom th ƉƑƑƏ–ƑƐ Asin ĕnnil riss
(Crr n xn, Ɗƈƈƍ) n rom wn’s nking risis o th rly ƉƑƑƈs (Crr
n xn, Ɗƈƈƍ). In th “honix mirl” stuy o Clvo t l. (ƊƈƈƎ), rovry rom
ĕnnil riss is quikr thn in th Crr n xn stimts, ut it still tks  long
tim or output to rovr to th trn lvls tht woul hv prvil in th sn o
riss.

ć Europn CommissionQuarterly Report on the Euro Area (ƊƈƈƑ, olum Ɛ, o. Ɗ)
hs tkn this vin sriously, outlining th possiilitis tht th prsnt ĕnnil ri-
sis oul hv  prmnnt Čt on th lvl o output or its growth rt (p.ƊƐ), n
rviwing th vin on prmnnt Čts rom pst ĕnnil riss (pp.ƊƑ–ƋƎ). ć
Europn Commission simultions init tht  thr yr Ɗƈƈ s point inrs in
risk prmiums rising rom th ĕnnil risis woul hv  prmnnt Čt on th
lvl o potntil output, n  lsting ut not prmnnt Čt on th growth rt (Box
Ƌ, p.Ƌƍ). ć onlusion is  mor gur on tht “…lthough th justmnt phs
oul  protrt, th most likly snrio or th Euro r is or  rturn o potntil
growth to its pr-risis long-trm trn…nvrthlss, risks o mort risis-inu
rution in long-run potntil growth nnot  rul out in th sn o qut
poliy rsponss” (EuropnCommission, ƊƈƈƑ, p.ƋƎ). In rltion to th rol o poliy r-
sponss in th rovry rom rssions ssoitwith nking riss, n Ķĺĳ stuy ĕns
tht post-trough rovris r mor sluggish in rspons to nking-risis rssions in
inustril ountris ompr to othr rssions, ut tht ĕsl poliy is prtiulrly -
tiv in nourging strongr rovry pths rom rssions ollowing nking riss
in suh ountris (nizz t l., ƊƈƈƑ).

ē Amodel of porosity in macroeconomic flows

Kyns’ General ćeory rmwork provi insight into how rgil “niml spirits”
oul l to  ll in usinss n onsumr onĕn out onomi prospts, riv-
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ing th lin in privt stor invstmnt n ris in privt stor sving usully sn
s th hllmrks o  Kynsin rssion (Akrlo n hillr, ƊƈƈƑ). An Kyns’ Trea-
tise on Money nlysis o liquiity prrn uring lvrging prosss ssoit
with  “rit runh” n provi som insight into th ln sht justmnts tk-
ing pl uring th urrnt rssion (Lijonhuvu, ƊƈƈƑ). But s Lijonhuvu rgus,
thr r spts o th urrnt ĕnnil risis n nsuing rssions tht o not ĕt in
sily with Kyns’ nlysis. Intrst rts wr high s th K strov to rturn to gol
t n ovrvlu xhng rt in th uil up to th ƉƑƊƈs rssion, whrs intrst
rts wr low n thr ws littl prssur on th  ollr xhng rtin th uil up
to th post-ƊƈƈƏ rssion. An Kyns’ inom-xpnitur nlysis ils to l sys-
tmtilly with ln sht istortions o th kin xprin uring th uil up to,
n unrvlling o, th post-ƊƈƈƏ rssion (s insky, ƉƑƏƏ, or  rmwork in whih
suh istortions r nmi). As Lijonhuvu rgus, th intlltul nkrupty o
th minstrm ıŀĴĲ mol “os not mn tht w shoul rvrt to th ol Kynsin
thory tht pr it, or opt th w Kynsin thory tht hs tri to ompt
with it” (Lijonhuvu, ƊƈƈƑ, p.Əƍƍ).

ć vin tht rssions hv prmnnt Čts on output suggsts  n to
non th shrp ihotomy twn th nlysis o ylil Ęututions n potntil
output pths in mroonomis. Kyns, n som spts o Kynsin onomis,
hv provi insights into th impuls n propgtionmhnisms tht might unrly
suh prmnnt Čts. But s Lijonhuvu rgus, th grtst insight rom Kyns
is tht th omplx systm o  morn onomy is  “lit mhin th working o
whih w o not unrstn” (Lijonhuvu, ƊƈƈƑ, p.Əƍƍ). ht ollows n  rgr
s  most ttmpt to outlin som qutions tht llow rssions to hv prmnnt
Čts on output, in  rmwork tht llows or iČrns in th hviourl propn-
sitis o onomi gnts.

ć trition o visulising Ęows in onomi systms s similr, in som importnt
sns, to Ęows o wtr gos k t lst to th mtphors o nolssil onomis
(irowski, ƉƑƐƑ). Irving Fishr, in his h.D. thsis sumitt to l nivrsity in ƉƐƑƉ
unr th guin o th physiist J. illr Gis, uilt  hyruli mol o quili-
irum pris in whih mrginl utility n mrginl ost r rĘt in th pth o th
liqui in istrns onnt y lvrs n pistons (Fishr, ƉƑƊƍ). ć physil moi-
mnt o th “hyruli” trition in Kynsin onomis ws in th hillips mhin, in
whih olour wtr Ęows through pips onnting rsrvoir tnks rprsnting vri-
ous stoks, withmhnil oupling through vlvs proviing k rom th vrious
prts o th systm. prs in th volum it y Lson (Ɗƈƈƈ) oumnt th history
o th hillips mhin, n Bissll (ƊƈƈƏ) isusss its signiĕn s n rly hyrom-
hnil nlog omputr. In ths hyruli systms wtr Ęows rly through pips,

ĮĴĲ Ɛ ļĳ ƉƐ



Cross, McNamara, Pokrovskii Preprint Memory of Recessions

mhnil oupling y wy o stopprs (Fishr) or vlvs (hillips) proviing th systm
with n onomi intrprttion.

ć mol in th prsnt ppr ollows this “hyruli” trition ut introus n
importnt innovtion y llowing or porosity in th mium through whih th wtr
Ęows. In trrstril hyrology thr is  wll oumnt iČrn twn wtting n
rying urvs o soil, wtting rquiring lss nrgy thn rying, n so th pths r not
rvrsil (s Appl t l., ƊƈƈƑ, Figur ƍ, p.ƍƉ). Lss mhnil work or nrgy is
rquir to pl moistur into n unsturt mium thn to rmov it. A spong is
sily sturt y insrtion in thwtr, ut rquirs  lot o squzing to rmov th
wtr ontnt. ć spong isplys “Čts o rtntivnss”.

It is intrsting tht this phrs ros in th rly litrtur on hystrsis. J.A. Ewing
(ƉƐƐƉ) oin th trm “hystrsis” to rr to th prsistn o pst stts osrv in
ltromgnti ĕls in rri mtls, th ĕl hrtristis not rturning to th prvi-
ous stts whn mgntising ors wr ppli n thn rmov. ir illim ćom-
son (Lor Klvin), Ewing’s ssssor or th oyl oity o Lonon ppr in whih th
trm “hystrsis” ws oin, wnt Ewing to us th phrs “Čts o rtntivnss”
inst o th somwht mystrious nw trm. Ewing stuk to his guns, rguing tht th
nw trm woul  rlvnt to  wir rng o ontxts thn rromgntism (s A.W.
Ewing, ƉƑƋƑ). Ewing prov to  right, not just in rltion to trrstril hyrology (Ap-
pl t l., ƊƈƈƑ) ut lso in  wi rng o pplitions (Brtotti nyrgoyz, ƊƈƈƎ),
inluing onomi systms (Cross t l., ƊƈƈƑ). In wht ollows th qutions us to
xplin hystrsis Čts in trrstril hyrology r ppli to th trmintion o po-
tntil output in onomi systms.

In rltion to soil-wtr hystrsis, htrognity t th miro lvl is provi y
th prtils tht mk up th soil ing iČrnt in siz. ć por sps twn th
prtils n ithr  m up o wtr or ir. ć wtr ontnt o por sps is su-
jt to wht r trm “Hins jumps” in rspons to vrition in wtr prssur, th
rspons ing Ęt up to  ritil point t whih th por oms ull o wtr, n up
to  ritil point t whih th por mptis o wtr. I th prosss in qustion r
rt-inpnnt, ing pnnt on th lvl o th input ut not on its rt o hng,
this hyrologil systm n  rprsnt y  rish-typ mol (ĕrst introu
in rish, ƉƑƋƍ) o hystrsis (Flynn t l., ƊƈƈƎ). ć ky turs o this mol n
 rprsnt in  moiĕ orm o Dry’s Lw (Dry, ƉƐƍƎ) whry wtr Ęows in
rspons to grints in wtr potntil (qutions tkn rom Appl t l., ƊƈƈƑ):

θ̇(t) = k (ψr(t)− ψ(t)) (Ɗ)

θ(t) = (P ψ) (t). (Ƌ)

Hr θ(t) is th wtr ontnt o th soil; θ̇(t) is th rt o hng o wtr ontnt;
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ψr is th rrn or xtrnl wtr potntil, th input vril rĘting isturns
tht n hng th wtr ontnt, suh s n inrs in pripittion; ψ(t) is th mtri
wtr potntil, th mtri ing riv rom th mtrix o prtils tht mk up th
soil, initing th thrmo-mhnil work tht must  prorm to ring th soil
wtr to  ommon rrn stt ginst ll sur ors t th sm rrn lvl
s th grvittionl potntil; n (P ψ) (t) is th rish oprtor sriing th por
hrtristis o th soil. In qutions (Ɗ) n (Ƌ), θ(t) n ψ(t) r th output vrils,
n ψr(t) is th input vril. DiČrns twn th rrn n mtri potntils
riv wtr Ęows n th rish oprtor links wtr ontnt to mtri potntil.

ć qustion is whthr this mol is  goo mtphor or output Ęows in onomi
systms. At th mro lvl think o θ(t) s orrsponing to th lvl o potntil out-
put y∗(t); ψr(t) s ing th lvl o tul ggrgt mn AD(t); n ψ(t) s
orrsponing to n “quilirium” lvl o ggrgt mn, AD∗(t), tht oul 
onsistnt with  onstnt lvl o potntil output. ćus w hv l Ɖ, in th spirit o
Fishr’s mhnil nlogis (Fishr, ƉƑƊƍ, pp.Ɛƍ-ƐƎ).

Table Đ – Analogies between economic and hydrological quantities

IĻ ĵņıĿļĹļĴņ IĻ ĲİļĻļĺĶİŀ
tr ontnt, θ(t) otntil output lvl, y∗(t)

tr Ęow, θ̇(t) otntil output growth, ẏ∗(t)

rn potntil, ψr(t) Aggrgt mn, AD(t)

tri potntil, ψ(t) “Equilirium” ggrgt mn, AD∗(t)

It must  strss hr tht “quilirium” ggrgt mn is simply th lvl tht
woul  onsistnt with n unhnging lvl o potntil output i mth y tul
ggrgt mn. Equtions (Ɗ) n (Ƌ) thus om:

ẏ∗(t) = k (AD(t)− AD∗(t)) (ƌ)

y∗(t) = (P AD∗) (t). (ƍ)

ć input vril is AD(t), with qution (ƌ) spiying tht potntil output in-
rss (rss) whn this is grtr thn (lss thn) som “quilirium” lvl o g-
grgt mn AD∗(t). Eqution (ƍ) inits tht th two output vrils o th
systm, y∗(t) n AD∗(t), r link y  rish oprtor tht summriss th non-
linr rtions o th htrognous onomi gnts in th systm to shoks Čting
th tul lvl o ggrgt mn. Agin, it shoul  not tht AD∗(t) is n output
o th systm, not som quilirium tim pth trmin xognously to th systm,
n is only n “quilirium” in th sns tht y∗(t) woul not hng i AD∗(t) wr
qul to AD(t).
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Potential Output y*(t)

Aggregate Demand AD(t)

Equilibrium Demand AD*(t)

t0 Time(t)

Figure ĕ – Illustration of the “equilibrium” aggregate demand variable AD∗(t). If the actual ag-

gregate demand were to jump at an instant t0 such that AD(t0) = AD∗(t0), then the

system will remain in equilibrium, with constant output.

Output of Operational
Unit y

i
(t)

Excess of Aggregate 
Demand AD(t)-AD*(t)

0

1

α
i β

i

AD(t) = AD*(t)

Figure Ė – The output of operational unit i is determined by the excess of aggregate demand via a

“lazy switch”. Distinct thresholds, αi and βi , determine switching off and on (ď and Đ) respec-

tively.

ć jumps in onomi tivity t thmiro lvl n  illustrt in  simpl rm-
work in whih on unit o pitl is rquir to prou on unit o output. Eh tul
or possil oprtionl unit o  ĕrm rquirs n xss o tul ovr “quilirium” g-
grgt mn o t lst βi to om tiv n prou output. A shortll o tul
in rltion to “quilirium” mn o t lst αi is rquir or n oprtionl unit tht
ws prviously tiv to om intiv As illustrt in ĕgur Ə, in th rng rom αi to
βi th oprtionl unit n  ithr intiv or tiv pning on whthr this rng
hs n pproh rom low or ov. ot tht th oprtionl units o ĕrms r
htrognous in th sns tht thy hv iČrnt β n α triggrs or tivity n in-
tivity, rsptivly, proviing th ountions or  rish mol rprsnttion o
thir hviour.

Extning th mtphor to th miro lvl involvs inquiring into th workings o
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 “lit mhin th working o whih w o not unrstn” (Lijonhuvu, ƊƈƈƑ,
p.Əƍƍ). ć iČrnt soil prtils n por sps orrspon to onomi gnts who
r htrognous in thir “niml spirits” or xpttions out th unrtin utur,
 iČrnt hns o oming unmploy, r iČrntilly xpos to inrss in
intrst rt prmiums rising rom  ĕnnil risis, n so on. ć moistur nlogy is
tht th onomi gnts r ithr “wt” in th sns o ing mploy n prouing
output, or “ry” in tht thy r unmploy or o not prou output. Corrsponing to
th “Hins jumps”, twn wt n ry stts in th soil pors, r th isrt hngs
in onomi tivity t thmiro lvl. rouing output usully involvs ĕx osts tht
r sunk in th sns tht thy nnot  rovr shoul proution  isontinu.
As wll s th ovious osts sunk in physil pitl invstmnt r th osts o hiring
lour, mrkting outlys n th osts o rrnging ĕnn. uh sunk osts, long with
th tnsion twn striking whil th proĕt opportunitis r hot n witing to gthr
mor inormtion out inhrntly unrtin mrkt onitions, imply sprt triggrs
or proing with n noning invstmnt projts (Dixit n inyk, ƉƑƑƌ), s
in th rish mol. uh onsirtions imply tht mny onomi justmnts t
th miro lvl r mor ssoit with isrt hngs in lrg oss thn with th
ontinuous hngs in smllish oss tht hrtrisminstrmmols in onomis.

At th mro lvl th ruil qustion is whthr th “wtting” n “rying” pro-
sss tht unrly th systm sri in qutions (ƌ) n (ƍ) n provi  ohrnt
ount o onomi Ęututions in whih prios o “norml” xpnsion o potntil
output r istur y rssions tht ispl ownwrs pths or potntil output.
In this mol rssions r rivn y shoks to ggrgt mn, whih us AD(t)

to ll low AD∗(t), so tht ẏ∗(t) < 0 or k > 0. In wht ollows w rport simul-
tions tht init how th nognous vrils y∗(t) n AD∗(t) rt to shoks in
th xognous vril AD(t).

Ĕ Simulations

Dmonstrtions o th hviours tht ris rom th mol introu in (ƌ) n (ƍ)
hv n prsnt lswhr, prtiulrly in th s whr th “input” untion (g-
grgt mn in our rmwork) is n osillting untion o tim, prhps inluing
 short-run prturtion, s or xmpl Cross t l. (ƊƈƈƏ).

 will onsir th sitution whn th ggrgt mn, AD(t), is los to  st-
urtion, t  lvl AD1, or th tim momnt τ whn  rssion gins.  lso
suggst tht ęr th n o th rssion, sy or t > σ > τ, th ggrgt mn is
sturt los to nothr lvl AD2. ć nturl ssumption is tht

AD1 > AD2 > min
τ<t<σ

AD(t) (Ǝ)
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Figure ė – Illustration of the “recession curse”, quantified by M (ADpre, ADpost, ADmin). Poten-

tial output y∗(t) and aggregate demand AD(t) are shownon the same axes. While AD(t)

follows the same path after the chages, y∗(t) displays a lasting effect due to the recession.

The effect will depend on the values of AD(t) before and after the recession, as well as the

minimum of AD(t) during the recession.

ć lst quntity ADmin = minτ<t<σ AD(t) hrtrizs th ovrll pth o th
rssion. ć mmory o rssion in this lyout is in th t tht th lvl y∗post, to
whih th output vril y∗(t) stilizs ęr th th rssion is ovr, pns not
only on th “pr-rssion” n “ęr-rssion” lvls ADpr, ADpost o th grgt
mn, ut lso on th mximl pth ADmin o th rssion.

A nturl quntittiv msur M
(

ADpr, ADpost, ADmin

)

, o th orrsponing
“rssion urs” is ĕn y

M
(

ADpr, ADpost, ADmin

)

= y∗post − z∗ (Ə)

whr z∗ is th (sturt) output lvl or th hypothtil “mil” rssion whn th
inqulitis (Ǝ) r swpp y th rltionships

AD1 > AD2 = min
τ<t<σ

AD(t)

ć untion (Ə) is xpt to  inrsing in th lst rgumnt, ADmin. ćis is mon-
strt in ĕgur Ɛ using rsults rom numril xprimnts.

ć pnn on th minimum o AD(t) is shown in ĕgur Ƒ. ot lso tht y
ĕnition

M
(

ADpr, ADpost, ADpost
)

= 0.

It n  lso provn tht

M
(

ADpr, ADpost, ADpost
)

= 0.

or ny ADmin, i ADpost ≥ ADpr, tht is th “rssion urs is ovr” i th post-
rssion ggrgt mn ADpost ovroms th pr-rssion lvl ADpr. In this
s th nw “oom lssing” supprsss th rssion urs.
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FigureĘ–Dependenceof the recession curseondepthof recession. The level of aggregatedemand

before and after the recession are the same in each of the four cases, just the depth of the

recession is different, as shown on the right. The corresponding potential output curves are

shown on the right.

ć mol (ƌ),(ƍ) sri hr is not immitly pplil to th hoi rom
th txonomy o possiilitis outlin in tion Ɗ, n shown in ĕgurs Ɖ–ƍ. Howvr,
 nturl moiĕtion o th porous Ęow mtphor supports ĕgur ƌ. ć simplst mo-
iĕtion o suh typ my  sri y th systm

ẏ(t) = R(t)y(t) (Ɛ)

Ṙ(t) = k (zr(t)− z(t)) (Ƒ)

R(t) = (P z) (t) (Ɖƈ)

Hr th nw vril R(t) is th vril sptrl rius o  orrsponing Lionti
mtrix (s sri in kym, ƉƑƐƍ) whih hrtrizs th urrnt trn in th
onomy. ć vlu R(t) pns on th rt o hng o th ggrgt mn, z, n,
rpting with pproprit moiĕtions th prvious isussions, w onlu tht 
nturl mol o this lst pnn is givn y th qutions (Ƒ),(Ɖƈ). Exprimnts
with th mol (Ɛ)–(Ɖƈ) r in progrss; thy tnttivly support th snrio shown t
Figur ƌ.

ĕ Concluding remarks

A ky issu is whthr th rssions ollowing th post-ƊƈƈƏ ĕnnil risis will hv
prmnnt Čts on output. instrmmroonomimols ssum tht th Čts
r not prmnnt, whrs th vin suggsts tht thy r. It is mor importnt to
introu rgultory n othr msurs to try n voi ĕnnil riss, n to pply
ĕsl n montry stimuli t th onst o rssions, i th Čts o th rssions on
potntil output r prmnnt thn i thy r mrly tmporry.

ć prsnt ppr hs outlin  hyruli mol o th trmintion o potntil
output s on n nlogy with wtr Ęows through porous mi. hil this mol
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n prou th prmnnt Čts o potntil output rising rom th ngtiv shoks
to ggrgt mn ssoit with rssions, thr r svrl limittion. n is tht
 rihr spiĕtion o th rish oprtor P is rquir to ptur th supply si o
th onomy n how this intrts with th mn si. ć introution o  ĕnnil
stor into th mol woul llow th tivity rts o oprtionl units within ĕrms to
pn on how lning to ĕrms is Čt y hngs in intrnk lning rts s wll
s y ntrl nk s rts. Anothr limittion is tht th mol ns to  xtn
to llow or th intrtion o potntil output n ggrgt mn with th rt o
inĘtion. ć prsnt mol n  rgr s  ĕrst pss t ttmpting to xplin  ky
spt o “ lit mhin th workings o whih w o not rlly unrstn.”

ĮĴĲ Ɖƍ ļĳ ƉƐ



Cross, McNamara, Pokrovskii Preprint Memory of Recessions

References

AĸĲĿĹļĳ, G. A. ĮĻı . J. ĵĶĹĹĲĿ (ƊƈƈƑ): Animal Spirits: How Human Psychology Drives
the Economy, and Why It Matters for Global Capitalism, rinton nivrsity rss.

AĽĽĲĹįĲ, B., D. FĹņĻĻ, H. İĮĺĮĿĮ, . ’KĮĻĲ, A. ĶĺĲĻļŃ, A. . ļĸĿļŃŀĸĶĶ,
D. ĮİĵĶĻŀĸĶĶ, ĮĻı A. ĵĲŇĵĲĿłĻ (ƊƈƈƑ): “t inpnnt hystrsis in trrs-
tril hyrology,” IEEE Control Systems Magazine, ƊƑ, ƌƌ–ƎƑ.

BĲĿŁļŁŁĶ, G. ĮĻı I. D. ĮņĲĿĴļņŇ, s. (ƊƈƈƎ): će Science of Hysteresis, Amstrm:
Elsvir Ami rss.

BĶŀŀĲĹĹ, C. (ƊƈƈƏ): “ć IAC:  hyromhnil nlog omputr o th ƉƑƍƈs,”
IEEE Control Systems Magazine, ƊƏ, ƍƑ–Ǝƌ.

BĹĮĻİĵĮĿı, . J. (ƊƈƈƐ): “ć tt o ro,” MIT Dept. Economics Working Paper
(SSRN eLibrary).

CĮĹŃļ, G. A., A. IŇľłĶĲĿıļ, ĮĻı E. ĮĹŃĶ (ƊƈƈƎ): “honix mirls in mrging mr-
kts: rovring without rit rom systmi ĕnnil riss,” BE orking pr
ƉƊƉƈƉ, tionl Buru o Eonomi srh, Cmrig, A.

CĲĿĿĮ, . ĮĻı . C. ĮŅĲĻĮ (Ɗƈƈƍ): “Di utput ovr rom th Asin Crisis?” IF
orking pr ƈƋ/ƌƐ, Intrntionl ontry Fun.

 (Ɗƈƈƍ): “Euroslrosis or Finnil Collps: hy Di wish Inoms Fll
Bhin?” IF orking pr ƈƍ/ƊƑ, Intrntionl ontry Fun.

(Ɗƈƈƍ): “Growth ynmis: thmyth o onomi rovry,” IForkingpr
/ƈƍ/ƉƌƏ, Intrntionl ontry Fun.

 (ƊƈƈƐ): “Growth Dynmis: ć yth o Eonomi ovry,” American Eco-
nomic Review, ƑƐ, ƌƋƑ–ƍƏ.

CļĹĮĻıĲĿ, D., H. FļĹĹĺĲĿ, A. HĮĮŀ, . D. GļĹıįĲĿĴ, K. JłŀĲĹĶłŀ, A. KĶĿĺĮĻ,
. LłŅ, ĮĻı B. ĹļŁĵ (ƊƈƈƑ): “ć Finnil Crisis n th ystmi Filur o A-
mi Eonomis,”University of CopenhagenDept. of Economics Discussion Paper (SSRN
eLibrary).

CĿļŀŀ, ., . (ƉƑƑƍ): će Natural rate of unemployment, Cmrig nivrsity rss.

CĿļŀŀ, ., . GĿĶĻĳĲĹı, ĮĻı H. LĮĺįĮ (ƊƈƈƑ): “Hystrsis n onomis,” Control
Systems Magazine, IEEE, ƊƑ, Ƌƈ–ƌƋ.

ĮĴĲ ƉƎ ļĳ ƉƐ



Cross, McNamara, Pokrovskii Preprint Memory of Recessions

CĿļŀŀ, ., H. İĮĺĮĿĮ, ĮĻı A. . ļĸĿļŃŀĸĶĶ (ƊƈƈƏ): “olling mroonomi
Ęows rlt to lrg nsmls o lmntry xhng oprtions,” Physica B: Con-
densed Matter, ƌƈƋ, ƌƍƉ–ƌƍƍ.

DĮĿİņ, H. (ƉƐƍƎ): Les Fontaines Publiques de la Ville de Dijon, Dlmont, ris.

DĶŅĶŁ, A. K. ĮĻı . . ĶĻıņİĸ (ƉƑƑƌ): Investment under Uncertainty, rinton nivr-
sity rss.

Dļń, C. (ƉƑƑƐ): Major recessions: Britain and the world, ƫƳƬƪ-ƫƳƳƯ, xor nivrsity
rss.

EłĿļĽĲĮĻ CļĺĺĶŀŀĶļĻ (ƊƈƈƑ): “urtly port on th Euro Ar,” Ɛ.

EńĶĻĴ, A. . (ƉƑƋƑ): ćeMan of Room Ʈƪ: će life of Sir Alfred Ewing, Huthinson.

EńĶĻĴ, J. A. (ƉƐƐƉ): “n th proution o trnsint ltri urrnts in iron n stl
onutors y twisting thm whn mgntis or mgntising thm whn twist,”
Proceedings of the Royal Society of London, ƋƋ, ƊƉ–ƊƋ.

FĶŀĵĲĿ, I. (ƉƑƊƍ): Mathematical investigation in the theory of value and prices, l nivr-
sity rss, w Hvn.

FĹņĻĻ, D., H. İĮĺĮĿĮ, . ’KĮĻĲ, ĮĻı A. . ļĸĿļŃŀĸĶĶ (ƊƈƈƎ): “Applition
o th rish mol to soil-moistur hystrsis,” in Brtotti n yrgoyz (ƊƈƈƎ),
ƎƐƑ–Əƌƌ.

FĿĶĲıĺĮĻ, . (ƉƑƑƋ): “ć “luking ol” o usinss Ęututions rvisit,” Eco-
nomic Enquiry, ƋƉ, ƉƏƉ–ƉƏƏ.

HĮĺĶĹŁļĻ, J. D. (ƉƑƐƑ): “A nw pproh to th onomi nlysis o nonsttionry tim
sris n th usinss yl,” Econometrica, ƍƏ, ƋƍƏ–ƋƐƌ.

HļļŃĲĿ, K. D., . JļĵĮĻŀĲĻ, ĮĻı K. JłŀĲĹĶłŀ (ƊƈƈƏ): “Allowing th Dt to pk
Frly: ćroonomtris o th Cointgrt tor Autorgrssion,” SSRN eLi-
brary Working Paper series.

KĲņĻĲŀ, J. . (ƉƑƋƌ): “ovrty in plnty: is th onomi systm sl-justing?” će
Listener, BBC, London, ovmr ƊƉ.

LĲĲŀļĻ, ., . (Ɗƈƈƈ): A. W. H. Phillips: Collected Works in Contemporary Perspective,
Cmrig nivrsity rss.

LĲĶķļĻĵłĳŃłı, A. (ƊƈƈƑ): “ut o th orrior: Kyns n th risis,” Cambridge Jour-
nal of Economics, ƋƋ, ƏƌƉ–ƏƍƏ.

ĮĴĲ ƉƏ ļĳ ƉƐ



Cross, McNamara, Pokrovskii Preprint Memory of Recessions

ĶĻŀĸņ, H. . (ƉƑƏƏ): “A thory o systmi rgility,” in Financial crisis, institutions and
markets in a fragile environment, . y E. I. Altmn n A. . mtz, John ily n
ons.

ĶĿļńŀĸĶ, . (ƉƑƐƑ): More Heat than Light, Cmrig nivrsity rss.

ĮĻĶŇŇĮ, ., . CĲĿĿĮ, ĮĻı . C. ĮŅĲĻĮ (ƊƈƈƑ): “Intrntionl Evin on ovry
rom ssions,” IF orking prs ƈƑ/ƉƐƋ, Intrntionl ontry Fun.

ĶĹĴĿĶĺ ĿłŀŁ (ƉƑƋƐ): Men without work, Cmprig nivrsity rss.

ĿĲĶŀĮİĵ, F. (ƉƑƋƍ): “Ür i mgntish hwirkung,” Zeitschrię für Physik, Ƒƌ,
ƊƏƏ–ƋƈƊ.

İĵłĺĽĲŁĲĿ, J. A. (ƉƑƌƊ): Capitalism, Socialism and Democracy, Hrpr n Brothrs.

ĮĸĮņĮĺĮ, A. (ƉƑƐƍ): Mathematical Economics, Cmrig nivrsity rss.

ĮĴĲ ƉƐ ļĳ ƉƐ





RECENT REPORTS

12/46 The effects of noise on binocular rivalry waves: a stochastic neu-

ral field model

Webber

Bressloff

12/47 An Ensemble Bayesian Filter for State Estimation Farmer

12/48 Simulation of cell movement through evolving environment: a fic-

titious domain approach
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