_WPS 13 68

Public Disclosure Authorized

Public Disclosure Authorized

" The World Bank

POLICY RESEARCH WORKING PAPER ""1368

SuStainedInﬂatiOn ' - jE}w{'iJ_SUStEur'teﬂ lnﬂanon |sa o R
, : , pred'aabler‘ESponseto prtce_r o

" in Resp onse to Price ' | . é'{"li-llberahzatlon mmecountnes‘; |
Liber a: lzatlon o : , ' °fﬂ"e formerSov:e: Umon

Patrick Conway

Europe and CentralAma, Country DepartmentIV
Country Operations Division 2
October 1994




PoLicY REsEARCH WORKING PAPER 1368

Summary findings
- Conway demonstrates that sustained inflation is a thart has characterized the transitional economies of the
predictable response to price liberalization in the former Soviet Union. - _
countries of the former Soviet Union. ' ' He supports the theoretical derivation with a
He models the phenomenon in a dynamic =~ - * simulation exercise that demonstrates the scope of
“macroeconomic framework, and demonstrates the - sustained inflation for specific parameters.

immediate price jump followed by susrained inflation -

This paper — a product of the Country Operations Division 2, Europe and Central Asia, Country Department IV—ispart
of a larger effort in the region to study financial sector and macroeconomic policies in transition cconomies. The study was
funded by the Bank’s Research Support Budget under the research project “Ruble Shortage Phenomenon in Members of
the Ruble Currency Zone™ (RPO 678-08). Copies of this paper are available free from the World Bank, 1818 H Street NW,
Washingron DC 20433. Please contact Lenora Suki, room H2-096, extension 33974 (25 pages). October 1994.

The Folicy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about
development issues. Ar: objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The
papers carry the names of the authors and should be used and cited accordingly. The findings, interpretations, and conclusions are the.
_authors’ own and should not be attributed to the World Bank, its Executive Board of Directors, or any of its member countries.

Prodﬁced by the Policy Research Dissemination Center



Sustained Inflation in Response to Price Liberalization

Patrick Conway - ,
Department of Economics -
CB 3305, Gardner Hall
* University of North Carolina
Chapel Hill, NC 27599 -
- conway.econ@mbs.unc.edu

'I'hanks to Stanley Black for detailed comments on a previous draft, to Wafik Grais and
Chandrashekar Pant for helpful discussions on these i issues, and to Ricardo Martin for his constructive
crmclsm of earlier work. :



| Sustained Inflation - 2

The countries of the former SovietUnion have experienced sustained inflation in the period
. since independence Ahhough a burst of inflation was nvidely antieioated asa response to the "ruble |
'overhang buile up in the final years of the Soviet Union, the subsequent prlce mﬂatron has been |
7 more rapld and sustamed than expected | |

| | There are a number of causes for this sustamed mﬂat:on contmumg budget deﬁc:ts in thtse
- Vcountrles ﬁnanced through the mﬂauon tax, mcruses in prices of energy and other lmported |

'mtermednate mputs and more recently the establishment of mﬂatlonary expectatlons In this paper I
E demonstrate that removal of the ruble overhang is not an mstantaneous outeome ina fonward— ;
lookmg economy, but rather will generate a sustzuned mﬂatton mdependent of changes m ‘these other |
 factors. Sustamed mﬂanon is thus a predlctable market outcome in response 0 an mmal price |
: lrberahzauon The reason lies in the interaction of private saving responses to inflation and the |
government 3 _rosultmg altered reliance upon the mﬂatlon tax to ﬁnance its expend:tures.
© In the first section I present the history of the "ruble overhang" and subsequeat ruble

' , shortages in the former Sov1et economies. I also dlustrate the problem of sustamed mﬂatlon in these -
. economies through exammatlon of hlstorlcal data for a number of repubhcs ‘In sectxon 1191 construct

- a simple dynamnc model of private wealth accumulauon and mﬂatlon I demonstrate that the model
 hasa steady state equxhbrlum, but exhlblts saddlepath stability. Adjustment along the saddlepath from
: arposmon of “ruble overhang is characterrzed by an initial pnce jump fol!owed by sustamed
.mﬂatlon. A numerical example is examined to illustrate the logic of the adjustment process. Section
I 'includos conclusions and possible extensions to the analysis. The'logic of the adjustment process

is examined as well to consider the possibility of an explosive dynamic.
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l_ 1. From Ruble Overhang to Ruble Shortage.

The Soviet Union of the late 1980s was characterlzed by prtce controls, government budget '
det'lclts and an allocatton of resources disproportionately to natxonal defense and producer—good
output ' As Nordhaus (1990) reports, thls led to shortages o-fr'consumer'voods repressed -i-nﬂation and o
| ~an undesu‘ed bulld-up in household holdmgs of ltqutd assets The ratio of household hqutd assets to
household income rose from about .60 in the 19705 to about 95 in 1989 v 7 |

- MeKmnon (199 1§ provules an alternattve view of the butld-up of tlus overhang through the
o l980s and notes the posxttve correlation w1th the Sov:et budget deht.tt. HIS f‘ oum are provnded in
: VTable 1. Prior to 1986 household savm-" depostts rose ata rouahly one—tor—one rate wnth the |
,00vemment budget dehctt —the Sovxet government was stmply usmg the hnanctal sector and the
ﬂovernment budvet as a means to channel resources into govemment mvestment Subsequent 10 that :
time the budget deﬁezt totalled much more than the i mcrease in savmg deposlts . with the balance bemg .
made up through monenzatxon. 7 Desptte money creation dunng the 1987-1989 pertod that : o
approached six percent of GNP annually (and the forced nature of at least some of the household |
depostts) prtce controls ensured that retail mﬂatlon rates never exceeded two percent per annum.?

Commentators worned about the mﬂattonary lmpact of pl’lce hberahzauon in thlS context.

7 Solutions suggested can be organized into supply-snde and "dema.nd-sxde pohc:es. On the demand
- side, McKinnon (1991) VSuggested the raising of interest rates on depositsto con-(ert Vforced sauing into
 desired saving and to encourage the reduction in currency hoardin§ On the supply side, proposals

' included the exchange of government assets and gold holdings for the excess curreney' and deposits.

- ! In economies with greater financial development the government will finance budget deficits
~ through issuing bonds. In the Soviet Union the government used the banking system as the intermediary
to channel resources to the government, and household deposits in the commercial banks (in addition to
hoarding of currency) became claims on the government.

, 72 ,Dornbusch (1992), Table 1.
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In January 1991 the Soviet.government undertook a draconian supply-side policyrby declaring '
large-denomination bank notes to be no longer legal tender. Holders were allowed to e:tchange them '
: .for smaller bills up 10 a maximumr governed by a worker’s monthly salary ora ﬁxed quantlty,r .
: rvhichever was less Household Saving accounts were frozen with individuals allowed to \.yithdraw

only 500 rubles per month.®> The republlcs softened these regulatlons somewhat in subsequent _

- acnons The net rmpact ot thls reform on mﬂatron is by no means clear: although money broadly

. deﬁned is lecsened so also is conﬁdence in these stores of value The velocxty of expendxtnre almost
certamly rose in consequence | | |
" In 1991 ‘the aggregate txscal deﬁcrt of the members of the Soviet Umon reached 26 percent of

i VGDP." Inﬂanon reached prevnously ummagmed rates 142 percent on retail goods and 236 percent |
'7 ‘on wholesale products This intlation rnduced the oovernment to prov:de transfers to waoe-eamers,
pensioners and savers to_mdex partiaily the value of their incomes and,ﬁnancral assets. HoWever, due
to a lack of gbods and services the households retained theincome in forced saving of depos,itsor '
currency holding. The real value of household deposits was reduced somewhat by the inflation, while
" the ratio of currency'in circulation to GDP remained nearlyr constann | | |
| “The former republics of the Soviet Union cooperated nearly unanimously on_theliberalization

s of the majority of 'iavholesale and retail prices on 2 January _'1992. Those prices not liberalized were
- nearly all raised by between 300 and 500 percent. Given the repre;'ssedinﬂat_ion of the wble
_overhan'g,rprices jumped rapidly -in the first three months of 1992 retall prices rose by 600 'percent :
and wholasale prices by over 1000 percent. This rise in,prices greatly reducedthe value of nominal
| assets like savings deposits and currency by the end of January 1992 the ratio of money broadly '

deﬁned to GDP had fallen to less than 20 percent. 7

3 These details are reported in McKmnon (1991 p. 157)

4 'I'he mformatlon in these two paragraphs is drawn from World Bank (1992)
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The ruble overhang was followed by wndespread cash shortages dunng 1992 and 1993 in the
. ruble zone.. However, the mﬂatmnary burst was not halted -- these countrles have expertenced
sustained inflation throughout tlte period to the present. ‘Table 2 presents the inﬂation_ary record of a__:
77 Vnumbet_r'o_fr these countries and mdtcates the sustained nature of theinﬂation. After the' mﬂauonary '

burst associated with price liberalization inflation continued to erode the real wealth of savers. )

B Il. A Macroeconomlc Model of Inl'l:mon, Wmlth :md Private Sav:ng
o I t.onmder an economy with govemment state enterpns&s and a prlvate sector. The govem- o
'ment is combmed wnth the state-enterprlse sector in the analy515, with the amalgam referred to as ther H
| '_publtc sector. There are a large number of transactions within the publu. sector — purchases of goods
from state enterprises by the govemment, payment of taxes by state enterpnses = but only its net |

~ position vis 2 vis the prwate sector is oonsndered here.’ The private sector is. reptesented by its net-

: nosition relatige to the banking sector its real saving decision." R |
| " Private savmg behavnor. | o
anate real saving behavmr summarlzes the real resource allocauon decision for the pnvate

sector. It is income net of consumptlon and taxes, and can be represented as the behavioral equation-

@  s=SERYRAP) 0000 §,>0,5>0,5<0

_ "5 As a result, I neglect questions relating to interentetptlse arrears. Ickes and Ryterman (1992)
~ provide a detailed discussion of this phenomenon. It has sxmllar characteristics to the “cash shortage o
problem and I hope to address itin future work. '

¢ 1 thus ignore other important repos:tortes of pnvate savmg in the transmonal economtes, mcludmg
foreign exchange holdings and hoarding of goods I examme the importance of these in more detail in
, Conway (1994 a,b).- , . '
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» nominal mterwt rate (i) and the expected mﬂatlon rate (-n‘ E{dPIP), with’ E() the expectanons
rator) combine to form the real mtermt rate on savmg mstmmems 'l'he aggregate pnce mdex is - |
en by P, while Y/P is real income and O/P is the rwl accumula;ed wmlth of the pnvate sector.”
ring is rising in the real incerest rafe, while cising as well with real income and fél'lingwi'th
umulatedassets'__' | = | : | |

There is in general a dnstmctxon betwem ex ante and ex posi savmg behawor Savmg ex ante
resents the saving behavnor predxcated upon last penod’s prxce mdex whnle savmg ex post is based
mn the value of the price mdex that yxelds equxhbnum in the current penod | |

Expectations. o

Actors are 'assm:ned to have’perfect_ foresight in what follo'ws: The e:épected ihﬂatio‘n rate is -

s equal to the observed inflation rate.

7 Q is the stock of nominal assets held by the bouseholds and will mclude both financxal deposnts'
currency holdings.

' Savmg is rising with the real interest rate in most theoréuﬁl'dmvauons see, for example,-
nchard and Fischer (1989) and Campbell (1988) for utility-maximizing derivations in a variety of
yretical models and McKinnon (1973) f0r amore heunstxc exphamon relevant to developmg countn&

—,—t Y At T Yt . . seMmMASN . _mue_ _ e
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Public-sector deficits. - |
The net public-sector position is one ot a real ‘budget deﬁcit denoted by’(g’-t(P)).’ Public- -
, risector expenditure (®is thus on pnvate-sector goods and services, with the wage bill a large
: oomponent tax revenues (t) include purchnses of publlc goods and servrces by the private sector
- i These revenues are assumed 1o be dechmng in real terms w1th the prlce level (P) with the elasttcity
of thn. "buoyancy" ettect deﬁned €= (t,,Plt) < 0 S

. The government tmances its deﬁcrt throu°h the 1ssuance of accountlng cred:ts (CR)
3 ' - "-t(P) - ACR/P

The private sector can pny taxes in-accounting Ll‘edlts

- The nattonal income and product identity in real terms 1mphes that ex post
@ e :(P) ©-b

_ When private saving isrconsidered net of private investment (j) it is one channei for puolic deﬁcit
finance The other is a deficit (-b) on the current account In keepmg with the hlstorlcal record
opportumties for pnvate ph}rucal mvestment and mtematlonal trade are treated as negllglble in what .
follows Their mtroductton does not change the quahtatwe conclusrons of the analysis. |
- Intermedlatlon by the b:mking sector. |
Private saving is thus the dominant source of finance for public-sector deficits. This occurs in

a non-inflationary setting through the intermediation of the banking sector. This sector is defined to

® This paper folows the convention that subscripts indicate partial erivatives.
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include both the central bankand the commercial banks. Its balance sheet can be repre_sented in’

stylized form as follows:
®  CR=H+D

 The banking Sector holds as aSsel:s the accounting credits (CR) of me public sector; As" l'iabrlities it |
holds both currency in crrculanon (H) and deposns by households at commercial banks (D). Wnth an -
increase in accountmg crednrs the banking sector w:ll exther increase currency in c:rculatxon or -
increase the pnvate sector’ s holdmﬂs of deposlts (in accountmg credlts)

The budget def' cit can also represent a cash-t]ow constraint on the economy It payments g
o the pnvate sector (wages and pensrons, for example) must be conducted in chrrency, then in any
perlod the bankxno sector must be able to convert ACRIP in accounting credlts into cash The :
bankmg sector can provnde that amount elther throuvh increasing the quannty of currency in
urculauon (AH) or attractmg private-sector deposns of currency that are held on the banks books s
accounting credlts (AD)."° | |

The Evolution of Private Wexlth and Inflauon. |

The prxvate sector has accumulated a nommal stock of wealth . Rw] pnvate savmg and

interest earnings on normnal wealth augment the stock of real accumulated walth,

6 ' " AQIP = iQ/P + s

' This places an added constraint on the make-up of the budget. If &g is paid out in currency, then
by the banking-sector balance sheet and the budget deficit condition it is also true that (1-0)g = t(P):
government expenditures in accounting credits are financed through taxes pald in accounting credits. This
does not appear to be a restrictive rmphcauon of the model. '
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I model the rate of mﬂatxon asa response to a simple tatonnement rule in excess demands for

goods and services. The dynamu: can be stated for j j'= b=20.
M w=aRP=gE-tP)-9) - 4> 0

: ,-When prwate savmg is insuffi <:|ent to cover the bl.dget deficit for constant P the government uses 1ts
' "ﬁrst-purchaser advantage 10 ﬁnance expendtture through credjt creatlon Thls leads to prlce E
| mcreases as the prwate sector must bid for the consumpnon of a decreased stock of resources.
Stmdy-state Equilibrium. | |
Equations,(ﬁj and (7) define the dynamic processes in nominat aSset aecuntulatio'n and prices
fora given-leuel of the hudget deficit.' Nominal incorne Y) and the norninal' interest rate (i) are held.'
constant for srmphcrty | | | | |
Equthbrmm values ot Pand Q can be t.haractenzed through lmposmon of appropnate st&dy-
- state solutions. Ftrst real wealth i is assumed constant in the study state. ' Second, prtce stability is
- modeled by settmg AP = 0. These conditions generate locr in !2 and P as represenmd in Fxgure 1.
iAA represents the combinations of 9 and P that assure savmg equlltbnum' its upward slope represents |
- the. steady-state condition that s = ~iQ. GG represents the eombmattons that ensure puce stablltty, it

can take either slope but will be less steep than the AA curve.!

u Introducmg unemployment and underproductton, as observed in the former Sovnet economxes
will lead to the same conclusion.

The mathematics of the curves are presented in the reduced-form equatzons of the appendtx. .

The AA curve is steeper than the GG curve due to the effect of price increases on real tax revenues. N

I maintain the assumption for the dtagrammauc representatmn that -(S4/S,) > (Ylﬂ) ensuring that o
~ both curves are positively sloped.

: The appendix also provides a numerical example that lllusttates the steady-state ethbnum

and the associated saddlepath ,
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The economy exhrblts saddlepomt stabtlrty in thlse two varlables !nﬂatton leads to dlssavmg, i

- budget deﬁctts and still further mflatlon- this behav:or has a convergent dynamtc only along rhe

saddlepath SS. Appendtx A prov:des a mathematlcal derwatron of the saddlepomt properttes of th:s ,'
steady state for a lmeanzed version of this model |
In the Soviet economy prror to pnce Ilberallzatlon the households were not on therr preferred
' trajet.tory “The constratnts on both price levels and supply of goods Ied to ratlomng and forced '
| savm;, Thrs forced savmg resulted in the ruble overhang" tnat could more properly m th|s context |
be charactertzed as an "asset overhang and |llustratetl at pomt A. |
| Dynamrc AdJustment w:th Price Ltherahzatton
- The dvnam:c followed from A wnh price. llberaltzatlon replicates a number ot‘ featuros of
private adjustment:m the former Soviet republ ics. - First, households had' accumulated excess ,ﬁnancial B
assets us' indicated bythe position ot‘ A above the Aﬁl curve, VSecond the accumulated wealth was
more than net.essary to t.ause unhnanceable budget deﬁclts as. households were unwxllmg to save this
is evident i in A’ d:stam.e above GG. Thll'd households nevenheless held these assets because of |
thetr claxms on future consumpuon. thxs is. evrdent in the dlstance by which A is below SS When
, pnces were liberalized there was an tmmedtate jump, followed by ongomg tnﬂatlon The nomtnal
' value, of vvealth declmed durmg theadjustment as consumers purchased real 'goods for consumptron, ,-
| while with inflation the real value of-wenlth (Q/P) fell still more. “The gdvemtnent ma_intai-ned'budget,
' deficits throughout, and ex ante private saving was insufficient to ﬁnance these: the 'i_nﬂation tax on"
nominal assets represents the balance_of the budget.
The jump ln prices was widely forecaSt as’the ‘means of_ removing_the excess purchasing

. power repres'ented by the_ ruble overhang. As the present scenarto indicates, me'overhang,caused '
- ongoing inflation as well: households tempered the upwardpressure placed on dernand for goods

7' because of the 'effect of the ensuing'price increases on prurchasing' power in the future. The price
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K jump is represented by the movement from,A to B on the saddlepath; the'ongoing inflation by' the |
movement along SS from B toward E. - | N
‘The historical record on saving is complicated'bjthe collapse ofproductionoutput beginning

in 1991. This can be mtroduced as an exogenous reductton in private income (A(YIP)<0) that
: Vreduced both pnvate income and the tax revenue base These place upward pressure on P in Flgure | _
| -2 the elfect is lllustrated as both AA and GG Shlft to the right Each such shock causes an 1mmediate
B burst of mﬂanon followed by continumg price movemeats untll the new stendy state is achieved One
“such path is drawn in Floure 2: benmnmv trom equllxbrlum E, prlces Jump immedlatei [ B' along ,
the | new saddlepath SS’, and then declme somewhat as households accumulate assets. The new steady
' state at E’ has a larger nommal stock of assets but a reduced real value. This period would be
-ch'aracterized hy,excess supply aof goods',r as prices h_ave overshot the long—run value. Altematively, :
- the increased fiscal deﬁcit could be recognized while still on the original ,saddlepath around B — if sb; |
-there wouid be an additional jump in P followed by still further inflation while moving down the |
VriotherarmofSS'toE’ | | o
These properttes can be demonstrated m a sxmple numencal example. The appendix precents
" the parametermuon employed to generate the phase dynamics of Figure 3. ~ The steady-state '
equilibrium is characterized by constant price index ® = l)and real wealth (Q* =300). Consider '
| ' the evolution of an economy heginning with wealth @, = 350 and artificially suppre_ssed price P, =
.1.. The initial response upon liberalization ot’ prices is a jump to the 'saddlepath at f; = 6l aSIO
peccent increase. Subsequent to that the adjustment occurs along the saddleparh, with P rising and 0
falling toward steady-state equilibrium.r The accumulated price increase oyer the entu'e adjustmeut '
path-is 900 percent, with 290 percent of the price increase occurrin§ during the gradual adjustment '

along the saddlepath. Real wealth in the private sector declines by 92 percent; 84 percent of the
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decline tak&sr place in the initial jump of prices following liberalization, Whilé'another 8 percentr -

' 'oé.c_:urs':along the saddlepath.

11 8 C_Oncluﬁons_aﬁd gxfmsioné.’ ,
: 'Su'stéinéd inflation can be the §utcome of priceliberﬂ fzatib_n if the economy b.e.gihs frprﬁé o
- situation of "rurblr_g bv;‘rha'lg". Thls accumulated wealth éﬁém low jé{rels df annual sabing by the -
private sector. 'Pric;e 1ibera?'iiation will lmd to a jump in prices, but this jump does not eliminate the
' rﬁble overhang. lnsfead? the jﬁmp places the private-sector in pOsitidp to implemént a ﬂow-distavihg
-thai ends wit.h convergence tb the steady-stat'er oﬁtcéme._ That dis;saving dynamic_: cofncides wntha '
‘sustained ,inﬂationary elﬁisorde." | |
: N ﬁe uyﬁa;hic of adjusimfeni is due 10 snddlépmh stabrilityrof the 'econorﬁic' model. This
charécterizatidﬁdépends upon the non-financed budget deﬁcit being more r&cpoﬁﬁi\é to price

: increases than private wealth aééumula;ion., The non;buoyaécy oftax ré'ven_uesrih response to plr'ice' '
 increases is a réa]istic feature of ﬂaé transition econbiniés that provnd&s that fmre, i)ut other :
t;,conomic chmﬁerisﬁcs will cause ,this' relaﬁon -as well. .A'n iﬁcre_ésg in real éipendituws_ in reSponge -
' 'toi price rises, due for example o the safety net on social éipendiﬁlm being spread ové: ne{vl}? |
destitue citizens, will also have this effect.” |

Stability is not assured for all values df the exogenous variables. One featufe in parucular
. stand# out: Sufﬁciénﬂy hi'ghr nﬁminal interest rﬁtw can for low i_nterst—raxe- elasticity of saving lead in

- this model to an instability of equilibrium. _In'that instance, the types of shocks' expetiéncéd inthe

- 12 The sufficient mathematif.:al condition for saddlepath stability of the steady state in this case is that
| -5 < 3(g-1)laP |
In the specification used here, private saving (deﬁnéd net of inte:est receipts) is zero. Thus, any feature

of the budget deficit that makes it susceptible to widening in response to price increases will ensure this
result.’ o o o ' : '
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mitﬁnﬂ 'ecor_zdmies. lead to- ac:eleréting inflation radmf thax_l. convergencevnb' the stmdy state '_'l'his
5 due to the buvdgetary' cost of int_erest payments, and undersdom the warning found in Giovannini
nd deMeﬁd (1993)’. »ﬁnancial.liberaliz»ationpolicia must be mad§ takmg inuo_consideration their 'V
nudgetnry‘impilmt. “The possibuicy of instability as described here is an additional danger not

onsfdgred in their work.
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Adjustment to the Steady State
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| ‘N‘umericu‘l Simulation of Equilibrium and Saddlepath

Saddlepath




Sustained Inflation - 20

- Tablel i
Financial Statistics for the Soviet Economy

Government Budget V' . ' 77 - Household Saving -
- Deficit . - Government Debt ~ Deposits ,
billions of - bercent of billioﬂs of percent of billions of - pﬁrcent of 7
rubles - GNP rubles " " GNP "~ rubles _ retai] sales
1979  na na. 64 ~ma. 1462 , g 157.6 |
1980 12 19 % 122 1565 519
1981 9 14 8 131 7165.77'7 519
w2 15 22 00 44 143 589
1983 0 14 110 15.1 186.9 = ,6'1-1"
1984 . 9 2 e 187 2021 63.9
1985 14 1.8 133 - 1711 2208 - 68.0
1986 % 5.8 1 ma 228 T
198 . ;2 63 81 280 2669 782
988 81 93 312 357 27 810
1989 52 69 404 44 3317 83.7

'§qutce: McKinnon (1991, Table 11.1)



| Inrlatxonary Histories of 'l‘bansnt:on Economies of Former Soviet Umon

- Country o 192 -

 Belarus -~ -304.5
- Georgia - 339.1
Kazakhstan 405.5
Lithuania - 192.0
‘Russia- ~ 431.1
- Ukraine R 3603

11/92

67.1
151.6

104.7

- 47.7
. 81.1
582 :

Table2

mez
384

27
57.2

69.0

419

75.1

* Quarterly Inflation Rate
IV/92 - 1/93 11193
54.4 78.6

52.4 '

69.8 128.1 -
91.1 - 57.6 617
73.9 :
874 '225 5 117

90.0

" Sustained Inflation - 21

Source: Intematlonal Monetary Fund nternatmnal Financial §tamgg Supplement 16

1993,

Conshmcr price indic& in all cnsm§ Russia’s series is denoted t_he "Hybrid CPI". |



Append:x : '
‘The Simulation Model of Dynamic Evolution of Wealth and Aggregate Prices.

- The dynam:c evolution of prices and nommal wealth in response to market hberahzauon can
- be demonstrated in a simple numencal model based upon the Iheory of section II.

Equatmns of motion.
The saving equntlon is linearized:

@an o ' s,—a+b(|-1r‘)+chP+(|k)0ﬂlP
7 'VI'his,deﬁnitlon has the pattern of derivatives noted in the text: saving is _nsing in the real interest
rate, while rising as well with real income. It rises with interest paid on accumulated assets and falls
- with 2 propensity k to dissave as wealth rises. The nominal interest rate and income are- exogenous,
while expected inflation and nommal wealth are endogenous

Real pnvate savmg augments the stock ot real accumulated wealth

a2 . g=0,+Py

' The'expected price level evblves according to a tatonnement dynamic:
(A3). R-Pu=dG- (WP -5,)
There is a lack of buoyancy of tax recelpts with price inflation wnth elastu:lty q.

The actors are assumes to have perfect foresighi:

(A4) P = P! , implying ™= n','

- Substitution of (A1) and (A4) into the other two equations yields:
. AP Y (Q

- AQ =iQ + P,[a . b(i - AP ]+ c(l] - k(_';‘]]

T e )R AR

AP, ¢[gt(P,]a b(x P) _Pt - (i-k) ']




 When these are evaluated in the vnclmty of P = P l and & = ﬂ'i :

1 b rap] [i-k o a+bi 1 1a, - a°

o 1] ARl (k- e+ G-waven| [R-1]

Using the value of saving inthe_stmdy state, this can be 'simpliﬁed;

AQ, 1-b| [i-k —eY-(@-kQ | g -]
AR lo | loae-iy o@+a-waven| [B-1]
, 1-b | S S |
{(_—_l‘b(l"'*')')_(i -k (—1 LI¢ '“](cY + (i-K00) - l"’L(qt)
I\ 1-b , 7 1-b 19, - Q°
o - - P-1|
(2la-09 2 ((-00 + qr v eY) T
(l_b)(l W @Reegeen 0

efine o = (170(1=0) 3 -_ ey

as the dominant diagonal elements of the matrix. Then the system of equations can be rew;itten as:

S e -(bP+G-KQ oY) -
aQ] L ' (e
ap|  {._¢a 5 P -1

T-o(1-9)

Dscribingrmovemeht" out of the Stmdyqﬁte: eigenvalues and eigenvectors. =~
o - The eigenvalues and eigenvectors of this system of equations govern the adjustment of Q, and
~ P, in the transition to the steady state. The eigenvalues can be denoted A, and defined implicitly by:

BTy -I«*B]l'f(l )(x-k)



Define 6 = (« + §). Then thépair of élgénValues is gi\ieh by

| -4M)(n-k) |
2

ﬁé adjustment pith to the S;eady state is d-eﬁned'és:'
E 0, ",V Q = ¢,y exp (At) + °¥= exp (At)
Po- P ey exp (hyt) + ;~,.. exp(z.tj'
WIth Cpp = Cm = 0 along the saddlepath

The elgenvectors can be defined:

a-i -(bPe(i-K)Q+eY)] |
, o S E ru]
{F)a-w eea |l

implying two eqnatibns:

~(& = M) cy + Gy (BB + (i - IO + e1) = 0

weo()eefy)

which can be combined to yield a single equatjoh in c,, as arfunctibn of ¢,y

-[a - B ( ¢ )(1 - k) —} [N +¢:21 (bﬂ + (1 -k')ﬂ,# éY)—=6
1 S : )



ch (B * (i - ka « ch +(B - ®)CCy - (T%) (1 - K)e = 0.

with solutions:

.. (& - By oy = oy | (a-p) + == b), (i - k) ((1-b(1-9)(G - ©)Q +c¥) + qrbo)

e | , ' 2

The vaiue of ¢,, is defined by the solunon to the ﬁrst equation of this sectxon evaluated at the

- initial penod (t—O)

ty = (G - Q)

A simulation exercise. -

The €XOgenous variables are assumed to take constant values throughout the simulation, with
g =7=150,i = .10and Y = 100. The private sector is assumed to begin with nominal wealth Q,
= 350. Behavioral parameters are: a = - 30, b = .03, c= 1 q=.5, k— 12 ¢ = 13 '

The steady state has as properties that & and P* are constant. Introducuon cf these -
‘requirements into these three equations yields the steady-state conditions that: '

F=1 o
@ = -5 = 299.64

- This specification of the more general model genéfates the AA and GG curves of Fi gure 3.
The saddlepath is derived through reference to eigenvalues and elgenvectors of the dynamxc system, -
and is lllusn'ated in Fxgure 3as well ,

Consxder the evolution of n economy beginning with wealth Q, and aruﬁclally suppressed
price P, = .1. The initial response upon liberalization of prices is a jump to the saddlepath at P, =
.61. Subsequent to that the adjustment occurs along the saddlepath, with P rlsmg and Q fallmg
toward steady-state equil ibrium.
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