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ABSTRACT

Output And Unemployment Dynamics In Transition*

This Paper examines transition dynamics in a search economy. We contrast
two extreme cases: a completely unexpected reform and a fully anticipated
reform. We view the former as a metaphor for a reform being announced and
implemented with immediate effect, the latter as a metaphor for a reform being
announced in advance of its implementation. In contrast to models with
convex adjustment costs, we show that announcing the reform in advance
leads to stagnation in anticipation of the reform and output cycles after the
implementation that are more volatile than if a reform of identical magnitude
had been implemented immediately. This provides, therefore, an argument in
favour of immediately implementing a reform as against announcing it in
advance with a delayed implementation. One could interpret this is an
argument in favour of ‘shock therapy’ as against ‘gradualism’, where the latter
has the specific connotation of delaying reform (rather than sequencing it
slowly).
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NON-TECHNICAL SUMMARY

One of the leading questions in transition economics research is whether a
reform should be implemented immediately or announced in advance. The
argument for an immediate reform — ‘shock therapy’ — is that it is the first best
option, barring the presence of other distortions. An argument for delay —
which could loosely be termed ‘gradualism’ — is that announcing the reform in
advance gives agents an opportunity to begin adjusting and hence makes the
realization of reform less painful. Our goal in this Paper is to present a simple
but fully specified model of the transition, in which the dynamics of output and
unemployment are endogenously determined, and in which the choice
between immediate and delayed reform can be rigorously analysed. This
phenomenon is of more than purely theoretical interest. The short-term
economic hardships associated with a major reform may lead to a policy
reversal before it has had a chance to be effective. Further, expectations of
short-term hardship may prevent the reform from being introduced in the first
place, particularly if reforms develop a reputation for being reversed.
Evidently, understanding the dynamic forces at work during a transition is a
key ingredient in developing sound policy advice on how to implement a
reform and ensure its success.

We model a reform as a one-time discontinuous outward shift in the frontier.
This could be viewed as a ‘freeing up’ of the economy which increases the
possible menus of production technologies available. Nevertheless, state-
owned enterprises are locked into a particular way of doing things and cannot
implement the new technologies. For example, they might inherit a stock of
fixed capital from the old planning regime that is incompatible with modern
production techniques. Therefore, the only way the new technologies can
come into being is if an entrepreneur quits her job with the state-owned
enterprise and searches for one of the new techniques on her own.

We find that, when the reform is unanticipated, output falls immediately
following the reform, because many people decide to search for the frontier
technique. Over time, however, as people find techniques/jobs, output
increases due to a level effect. The reform actually leads to dampening
oscillations and, therefore, business cycles. Many people get jobs shortly after
the reform, which creates a ‘spike’ in the tenure distribution. Therefore, many
people will exhaust their optimal tenure at the same time at some point in the
future. Consequently unemployment will go up and output will go down as
these people quit their jobs. The length of the optimal tenure determines the
wavelength of the business cycle. As these people get jobs, however, the
economy will recover. It will continue to cycle until it reaches a steady state.
The cycles dampen because the ‘spike’ in the tenure distribution gets ‘spread



out’ every time these agents become unemployed, by the variance in the
duration of unemployment.

When the reform is fully anticipated, the results become more interesting. If
people know that the reform is coming shortly, they wait for the reform before
quitting their jobs to search for a better technique: why quit your job today to
search for a technique that you know will shortly be made obsolete? Because
no one is quitting their job, the pool of unemployed people quickly dries up.
Consequently, no one is finding new production techniques and output growth
stagnates. After the reform occurs, the volatility in output is larger than in the
anticipated case, because everyone who has been waiting to quit her job does
so. These results suggest that announcing a reform ahead of time may have
unintended consequences.

We were surprised to find that an anticipated reform leads to cycles before the
reform. What we believe is happening is that people seek to time their
searches so that they are searching just as the reform hits: when the
opportunity cost of searching is the least. Consequently, people ‘bunch up’ in
terms of when they quit, which leads to cycles. We believe these results are
novel to the transition economics literature.

This is a very simple model with no ‘equilibrium features’. Following the reform
there is a large drop in output, but prices do not go up because the small
country is selling its goods on international markets. Further, many people are
unemployed and therefore borrowing goes up. Nevertheless, the interest rate
does not respond (once again because of the small country assumption).

Of course these are simplifying assumptions of the model. We believe that
adding equilibrium features to the model will spread out the impact of the
reform. For example, suppose the economy faces a downward-sloping
demand curve for its product. If everyone becomes unemployed all at once,
the price of the country’s product will rise rapidly. Consequently, everyone will
not become unemployed at once. Those with the least to gain by quitting will
wait until the price goes back down. We expect that this will tend to reduce the
increase in unemployment following the reform but tend to increase the
duration of the high unemployment rate (it would reduce the amplitude and
increase the wavelength of the cycle). Adding such elements to the model
would make it more realistic and more interesting, and is the subject for future
research.



1. Introduction

One of the leading questions in transition economics research is whether areform
should be implemented immediately or announced in advance. The argument for an
immediate reform — “shock therapy” —isthat it isthefirst best option, barring the
presence of other distortions. An argument for delay —which could loosely be termed
“gradualism” —isthat announcing the reform in advance gives agents an opportunity to
begin adjusting and hence makes the realization of reform less painful.> Our goal in this
paper isto present asimple but fully specified model of the transition, in which the
dynamics of output and unemployment are endogenously determined, and in which the
choi ce between immediate and delayed reform can be rigorously analyzed. This
phenomenon is of more than purely theoretical interest. The short-term economic
hardships associated with a major reform may lead to apolicy reversal beforeit has had a
chance to be effective. Further, expectations of short-term hardship may prevent the
reform from being introduced in the first place, particularly if reforms develop a
reputation for being reversed. Evidently, understanding the dynamic forces at work
during atransition is akey ingredient in devel oping sound policy advice on how to
implement areform and ensure its success.

Transition dynamics are difficult to analyze. Models with intertemporal
optimization in an equilibrium context quickly become intractable analytically.
Therefore, transition dynamics are usually modeled using numerical techniques (cf. King
and Rebelo, 1993; Boucekkine, Licandro, and Paul, 1997; and Cooley, Greenwood and
Y orukoglu, 1997). Such techniques have the advantage that they allow the economist to
analyze more realistic models than can be handled analyticaly. They sometimes have the
disadvantage, however, of obscuring the intuition behind the results and the causal
mechanisms driving the model.

In this paper, rather than develop a“realistic’ model, we analyze a barebones
model -- amost an extended example -- of transition. What we will lose in realism, we

hope to gain inintuition: by utilizing amix of analytical and numerical techniques, we

! Contributions to this literature include Aghion and Blanchard (1994), Atkeson and
Kehoe (1996), Castanheira and Roland (1996), Ericson (1996), Atkeson and Kehoe
(1997), Blanchard and Kremer (1997), and Roland and Verdier (1997).



believe we can persuade the reader that our results are of some interest, and show exactly
where they are coming from.

Of the literature that precedes us, the paper, which is closest in spirit to ours, is
Atkeson and Kehoe (1997). They, too, build a search-theoretic model in which transition
dynamics are endogenously derived, and focus on the effects of a productivity-enhancing
policy change. There are important differences, however. While they abstract from
unemployment and focus on the dynamics of output, and are accordingly able to deploy a
more complex model, we wish to consider both output and unemployment dynamicsin
the context of our simpler model. In addition, Atkeson and K ehoe build a model with
closed economy market equilibrium (relative prices and the interest rate are endogenous),
whereas we model a small economy (relative prices and the interest rate are pinned down
by world market conditions). While Atkeson and K ehoe consider only the case of afully
anticipated reform, we contrast the differences in the implications of fully anticipated
versus fully unanticipated reforms. Like them, we also abstract from political economy
considerations, which are extensively dealt with elsewhere in the literature.?

We analyze a worker-entrepreneur searching for a production technique. The
worker-entrepreneur has a probability of finding a*“ cutting edge” technique, but only if
sheis searching full time, i.e., isunemployed. The quality of the cutting edge technique
improves at a constant and exogenous rate. Once the entrepreneur finds a technique, she
can continue to use it, but its productivity never improves (and falls over time relative to
the frontier technique). Therefore, the search cost acts like afixed cost in an [S,s] model.
In our model, thereis an optimal tenure rule, which can be viewed analogously to the
range of inaction.® We solve for a unique steady state, where the number of people
quitting their jobs equal s the number of people finding jobs. In steady state there will be

anatural rate of unemployment and a self-replicating, uniform distribution of tenure.

% The political economy of reform literature is surveyed in Dewatripont and Roland
(1995) and Tommasi and Velasco (1995). A recent contribution is Dehejia (1997).

3 This search model differs from the traditional Lucas-Prescott search model (cf. Stokey
and Lucas, 1989) in that we solve for an optimal tenure rather than an optimal reservation
wage. Gomes, Greenwood and Rebelo (1997) and Violante (1997) solve for both the
optimal quitting rule and an optimal reservation wage.



We model areform as a one-time discontinuous outward shift in the frontier.

This could be viewed as a“freeing up” of the economy which increases the possible
menus of production technologies available.* Nevertheless, state-owned enterprises are
locked into a particular way of doing things and cannot implement the new technologies.
For example, they might inherit a stock of fixed capital from the old planning regime that
Isincompatible with modern production techniques. Therefore, the only way the new
technologies can come into being is that an entrepreneur quits her job with the state-
owned enterprise and searches for one of the new techniques on her own.

We find that, when the reform is unanticipated, output falls immediately
following the reform, because many people decide to search for the frontier technique.
Over time, however, as people find techniques/jobs, output increases due to alevel effect.
The reform actually |eads to dampening oscillations, and, therefore, business cycles.”
Many people get jobs shortly after the reform, which creates a*“ spike” in the tenure
distribution. Therefore, many people will exhaust their optimal tenure at the same time at
some point in the future. Consequently unemployment will go up and output will go
down as these people quit their jobs. The length of the optimal tenure determines the
wavelength of the business cycle. Asthese people get jobs, however, the economy will
recover. It will continueto cycle until it reaches asteady state. The cycles dampen
because the “spike” in the tenure distribution gets “spread out” every time these agents
become unemployed, by the variance in the duration of unemployment.

When the reform is fully anticipated, the results become more interesting. If
people know that the reform is coming shortly, they wait for the reform before quitting
their jobs to search for a better technique: why quit your job today to search for a
technique that you know will shortly be made obsolete? Because no oneis quitting her
job, the pool of unemployed people quickly driesup. Consequently, no oneis finding
new production techniques and output growth stagnates. After the reform occurs, the
volatility in output islarger than in the anticipated case, because everyone who has been

* This might be analogous to “ X efficiency” gainsin the context of economic development.
> These dampening oscillations are reminiscent of so-called “echoes’ in the vintage capital
literature (cf. Boucekkine, Germain, and Licandro, 1997).



waiting to quit her job does so. These results suggest that announcing a reform ahead of
time may have unintended consequences.

We were surprised to find that an anticipated reform leads to cycles before the
reform. What we believe is happening is that people seek to time their searches so that
they are searching just as the reform hits -- when the opportunity cost of searching isthe
least. Consequently, people “bunch up” in terms of when they quit, which leads to
cycles. We believe these results are novel to the transition economics literature.

Therest of the paper is organized as follows. Section 2 sets up the model.
Section 3 considers the analytics of the unanticipated case, and section 4 contains the
corresponding numerics. Section 5 sets up the analytics of the anticipated case, and
section 6 contains the corresponding numerics. Section 7 concludes.

2. Setting up the Model

Consider asmall, open economy, in which each individual can borrow and lend
freely at the world interest rate, assumed constant. Suppose that time is discrete, and
indexed by t = (—c,...,—1,0,1,...,00).

Suppose that al output is manufactured by worker-entrepreneurs, each of whom
has access to a Ricardian-type labor-only technology.® The technological frontier is
shifting out exogenously, but aworker is“locked in” to the technology that is at the
cutting edge when she begins producing.” Thus, an individual produces a flow of output
(or, equivaently, earns awage) that remains constant in real terms for the duration of her
use of that production technique (or, equivaently, of her employment by the owner of
that production technique).

Because an individual’ s technological level becomes obsolete over time, she has
an incentive to abandon the technique (or, equivalently, to quit) and search for a better
production technique (or, equivalently, search for a better job). However, there is a cost

to doing so. If someone abandons her production technique (quits her job) in period 7,

® The Ricardian assumption ensures that output equals the competitive wage, so that it is
equivalent to assume that the agent receives a wage from the owner of the production
technique or that she owns it herself and sells the output.

" This specification is similar in spirit to Violante (1997) and Dwyer (1998).



she becomes unemployed, and searches for a new technique (job). She has a probability
p of finding a new technique (job), which has a productivity (pays awage) of ¥ (define
W = ;/t , with y > 1) and a probability (1-p) of failing to find a (technique) job, in which
case she remains unemployed for that period, and continues her search next period.
When she does begin producing again, she is assumed to jump to the technol ogical
frontier prevailing at the date she begins producing with the new technique.

Thisisarather routine dynamic programming problem. Clearly the agent will not
want to keep the same job forever, but also will not want to quit her job every period.
Therefore, the optimal decision rule should take the form of picking optimal tenure.
Given the log-linearity of the problem, it isaso likely that the optimal tenureistime-
invariant. In the text we will develop a conjecture that thisisindeed the case and propose
a"hypothesized optimal tenure rule”. We verify that the ruleis optimal in the appendix,
using Theorem 9.2 of Stokey and Lucas (1989).

Let V¢ (w,,w,,X) denote the value of being employed with awage of w,, when
the cutting edge wage is w;, and when the agent keeps every job for x periods. Note that
7 indexes when the individual wasinitially employed (i.e., after her last spell of
unemployment). Let V, (w,,X) bethe value of being unemployed when the cutting edge
wage is w; and the agent keeps every job for x periods. Vy and Ve are linear operatorsin

w; and (W, W), respectively:

Vo (\Nt+l’ X) =V (}/\Nt ) X) = A (\M’ X) 1)
and

VE(Wﬁ-l’\NH—l’X) =VE(}/WT’}/\NI’X) :WE(WT’\NI’X) ) (2)

The individual’s only decision is to determine whether she should quit, and, if so, when.

If an individual waits x periods to quit, then
Ve (W, w, %) =7 [+ B+ ...t B+ BV, (W, %) 3)

or

t 1_ﬁx
1-p

Ve (W, W, X) =y Y BV (W, %) (4)



where ¥ isthetrend growth rate of the technological frontier and S istheindividua’s
discount factor.® Of course, in order for the value function to be finite we will require
that v < 1. Note that we have repeatedly invoked (1). The value of being unemployed
in period t is given by:
Vy (W, %) = PV (W, W, X)+ P P) BV (W, W, X) +
PO~ P)*(By) Ve (We, W, X) + ..

where p(1- p)T‘t‘1 isthe probability of finding a new technique (getting anew job) in

(5)

period T and(By)" " Ve (W, , W, , X) is the present discounted value of anew technique (job)

in period 1. Note that we have repeatedly invoked (2).

Therefore,
_ P
Vo (W) = 3 = Ve (W, ), (6)
Substituting (6) into (4):
_ 1= py*B*
Ve (W w, ) =7 S Ve (o, W, ) @
or
VE (Wt ’ Wt ’ X) = 7t [11__%)( ﬁ];}/x p ! (8)
11—~ 7/ 7
(1- Br(1-p))

which yields the value of being employed in period t with the “cutting edge” wage as a

function of x. The rational agent chooses x at date t to maximize V¢ (w,, W, , X), which is

equivalent in thismodel to maximizing lifetime utility, given the assumptions of a
constant world interest rate and the fact that the individual is employed in period t (which

we assume). Let x* denote "hypothesized optimal tenure" (which we prove to be optimal

*

in the appendix). Then, ¥ isthe proportion of the frontier wage at which someone will

abandon her technique (quit her job).

® Please note that 7! (1+ B+..+ [ X’l) isthe present discounted value of wagesin the current



At any given point in time, therefore, the state space, of dimension X +1, can be
expressed as S= {O,LZ,...X*}. Anindividual in time period t who was employed in time
period 7 isinelement t—z of S or, if unemployed, in element X +1 of S

We assume that there is a continuum of individuals, of measure unity.
Accordingly, we define 9, , a 1x (x* + 1) row vector, in which a given element represents
the proportion of individuals at the corresponding element in the state space, at time
period t. The elements of this vector sum to unity, and it bears the interpretation of the
distribution of individuals across types at period t. For instance, the final element of ¢,
represents the proportion of individuals who are unemployed at period t.

By construction, the stochastic process governing the evolution of the state space
isfirst-order Markov. The matrix of transition probabilitiesis defined as:

[0 1 - 0 |
0 1
A= co 9
0 1 0 ©)
p 0 - 0 1-p
p O 0 1-p]

where A isan X +1x X +1 matrix.’
Evidently, the transition equation is given by:
Ots1 = OtA (10)
One can verify that o ={«,,...,6} isasteady stateif
1

=P,y
P

o (11)

and

Q:Ma, (12)
p

job earned over the next X periods.
% The last two rows of the transition matrix are the same, because the agent has a
probability of getting ajob in the period immediately after she quits.



because, by construction,

o=0A. (13)
Further, this steady state is unique, because it is the only solution to two linear equations
in two unknowns.

The output of the economy at timet, y,, isgiven by:

=7yt e o, (14)
Thisjust says that total output is the weighted sum of al existing techniques, with the
weight on a given technique being given by the proportion of individuals using it.
Unemployment at timet is given by:
U =10k (15)
recalling that the final element of the vector 6, represents the unemployment rate.

The model has two key parameters, y and p. The parameter p can be interpreted
as ameasure of the cost of upgrading. A smaller p will result in alarger range of inaction
and less frequent upgrading. However, asmaller p will also increase the duration of
unemployment. Therefore, it isnot clear a priori whether or not asmaller p will result in

more unemployment.

3. Simulating the Optimal Tenure Decision Rule and Steady State

It is computationally cumbersome to obtain an analytical solution for x , the

optimal tenure decision rule. Instead, we solve for it numerically. Welet g = 0.975, so

that the interpretation of atime period isaquarter. Then, we obtain the following results:



Table 1: Optimal tenure, X', asafunction of yand p

Y

1.001} 1.005{ 1.009 1.013] 1.017] 1.021] 1.025

0.1 99 69 47 37 31 27 24

0.2 99 44 31 25 21 19 17

0.3 91 33 23 19 16 14 13

p 0.4 68 26 19 15 13 12 11
0.5 53 21 15 12 11 10 9

0.6 42 17 12 10 9 8 7

0.7 33 13 10 8 7 6 6

0.8 24 10 8 5 5 4

0.9 16 7 5 4 4 3 3

Table 2: Therange of inaction (y*) asa function of yand p
Y

1.001} 1.005{ 1.009] 1.013] 1.017] 1.021] 1.025

0.1 091 0.71 066/ 0.62 059] 057, 055

0.2 091 0.80] 0.76] 0.72 0.70, 0.67| 0.66

0.3 0.91f 0.85 0.81 0.78 0.76f 0.75{ 0.73

p 0.4 093 0.88 084 082 0.80] 0.78) 0.76
0.5 095 090, 0.87/ 086 0.83 081 0.80

0.6 0.96| 0.92 0.90 0.88 0.86f 085 0.84

0.7 097] 094/ 091 090 0.89] 0.88 0.86

0.8 098 095 093 093 092] 090 091

0.9 0.98| 0.97 0.96 0.95 0.93] 094 0.93
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Table 3: Steady state unemployment as a function of yand p

Y
1001} 1.005( 1.009] 1.013] 1.017] 1.021] 1.025
0.1] 8.3%(11.4%| 15.8%| 19.1%| 22.0%| 24.3%| 26.5%
0.2 3.8% 82%| 11.1%| 13.3%| 15.4%| 16.7%| 18.2%
03] 25% 6.4%| 8.9%| 10.4%| 12.1%| 13.5%| 14.3%
p 04 21%| 53%| 7.0%| 8.6% 9.7%| 10.3%| 11.1%
0.5 1.8%| 4.3% 5.9%| 7.1% 7.7%| 8.3%| 9.1%
0.6 1.5%| 3.6%| 4.9%| 5.7% 6.3%| 6.9% 7.7%
0.7 1.2%| 3.0% 3.8%| 4.5% 5.1%| 5.8%| 5.8%
0.8 1.0%| 2.2%| 2.7%| 3.4%| 4.0% 4.0%| 4.8%
09  06%| 1.4%| 1.8%| 2.2% 2.2%| 2.7%| 2.7%

Note that alarger y will imply alarger range of inaction but more frequent
quitting/upgrading. Therefore, alarger y will imply more unemployment. A smaller p
actslike alarger fixed cost: the range of inaction gets bigger, and the optimal tenure

becomes longer.

Note that p = 0.3 and y = 1.005 imply a steady state rate of unemployment of 6.4
percent, which is not inconsistent with historical US experience. The vaue for y of 1.005
implies that the rate of productivity growth and output growth is 2 percent per annum
(recall that the interpretation of atime period is a quarter). We will use these parameter
values to simulate the reform.

4. Simulating the Transition: An Unanticipated Reform

We now wish to simulate the process of transition. We model the transition as a
discontinuous, level jJump in the frontier technology available to the economy, not as a
changeinitslong run growth rate. Thisissimilar to the specification adopted by

11



Atkeson and Kehoe (1997), with one important difference. While they assume that the
transition economy’ s technological frontier smoothly catches up with the outside world,
according to an exponential relationship, we assume that the jump is discontinuous. We
would suggest that our specification better matches the intuition of a sudden “freeing up”
of production techniques, as developed in our introduction, and thus better fits our story.
In our simulations, we start the economy in a steady state corresponding to its lower, pre-
transition technological frontier. Then, in time period t=0, we suppose that the transition
isushered in, and there is a discontinuous jump in the technological frontier. We suppose
for the moment that this change is unforeseen, to keep the analysissimple. Later we
consider the possibility that the technological jump is foreseen.

Suppose then, that the frontier shifts out unexpectedly due to areform at t=0:

‘iftr=0
W, :{ r , (16)
Y "ifr<0

where ref denotes the magnitude of the reform. We would expect that alarge number of
individuals will search for anew job, of which some fraction will get anew job, the
others not. In the short run, output can go down because many people are unemployed.
In the long run, however, there must be alevel effect on output due to the technological
improvement. Therefore, after a period of stagnation and perhaps decline, the economy’s
growth will accelerate as more and more individuals get the new and better jobs at the
cutting edge productivity level. Furthermore, there will be cyclical dynamicsin the
initial stages of the transition -- there will be many individuals getting the cutting edge
jobs shortly following reform; therefore, x* periods after the reform many individuals
will become unemployed, and so on.

Once the optimal tenure decision, x*, isfound then the model’ s dynamics are
completely determined, and can be analytically represented. We select y=1.005 and
p=0.3 for the aforementioned reasons. We select ref=15, which correspondsto a 7.7
percent increase in the cutting edge technol ogy.

Figures 1 and 2 present along and short time series of output before and after the
reform. Figure 3 presents atime series of unemployment before and after the reform.

Output falls immediately following the reform as expected. Further, the economy

12



exhibits dampening oscillations. The oscillations have awavelength of 33 quarters,
which corresponds to the optimal tenure. The oscillations are long-lasting: they are
discernible 50 years (200 quarters) after the reform. While output falls immediately
following the reform, it does not fall for very long: within three quartersit has reached its

pre-reform level.

5. Modeling An Anticipated Reform

We now consider the case of an anticipated reform (we will continue with w4 as

defined in (16)). Thisisamore difficult problem, technically, than the unanticipated case
we have aready considered and we rely on a numerical approaches.

At period t20, the decision problem isidentical to that in the unanticipated case,

and thus the optimal decision ruleis as before: the agent will quitif t —7 > x". At period
t=-1, however, the optimal decision rule changes. The agent will take into account that
getting ajob is not as valuable in arelative sense, because the frontier wage jumps in the
next period. The optimal decision rule can be solved for by backward recursion.

First, we must solve for the value of ajob in period 0, aswell as the value of

being unemployed.
VW, ) = yf[ll £ ﬁ ]+ (Br) "V (wo) (17)
and
V5 () =( . =L o (18)
1=-pA-M\1-B ), B7rop

(1- By(1-p))

For t<0, the agent will quit her job only if the value of quitting exceeds the value of
keeping it.

Ve (W, W) = W, + B max(Ve (W, , W),V (W) (19)

13



VEqun (\Nt) = p(Wt + ﬁ maX(VE (Wt 1 Wt+1)’vu (Wt+1))) + (1_ p)VU (\Nt+l) (20)

Of course,
Ve (W, W) = max (V™™ (w,, wg) Ve (wp)) (21)
Further,
X = mindiV (w) >V (w,, W)} (22)

We are now ready to state three conjectures that allow usto characterize the
anticipated case.

Conjecture 1.

x> x"
(The range of inaction gets bigger in anticipation of the reform.)

Conjecture 2:
Further,

x5 <x’y
(The range of inaction two periods before the reform is smaller than one period before the

reform.)

Conjecture 3:
lim_,_.X; =X

(Asyou get sufficiently far from the reform, the reform does not impact the optimal

quitting rule.)

These three conjectures will be shown to be true for the special case considered in
the next section.
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6. Simulating an Anticipated Reform

We now turn to asimulation of the anticipated case. We assume that the reform

occursin period O and that it impacts the optimal tenure rule for t € {—200-199,...,—1}.

We assume that the economy startsin a steady statein t = -210. The evolution of the

economy can be described as in Section 2, except the transition matrix is now afunction
of timewhen t € {-200-199,...,~1} (i.e,, A¢isan x +1xX +1 matrix).

Figures 3 and 4 depict the optimal decision rulesin the unanticipated case, for the
same sets of parameter values as before. The analytical results are confirmed — the
optimal quitting interval is highest just before the reform occurs, and declines as we
move backward in time. Interestingly, it displays non-monotonic behavior when the
reformisin the relatively distant future. As expected, it appears to approach the decision
rule in the unanticipated case as the reform recedes into the ever more distant future (asin
Conjecture 5). Figure 5 depicts the wage relative to the frontier wage that will induce a
quit — its behavior reflects the change in the optimal quitting rule.

Figure 6 depicts the dynamics of output and unemployment, detrended by the
long-run rate of output growth, and Figure 7 depicts the dynamics of output per capita.
Evidently, the anticipation of reform induces anticipatory cycles and leads to economic
stagnation before the reform. The model thus endogenously generates business cyclesin
anticipation of economic reform. Figure 8 contrasts the path of output when the reformis
anticipated versus unanticipated. The recession following the reform is more severe and
longer lasting when the reform is anticipated. One could take this as one argument
against delaying reformsinto the future.

Our intuition for the non-monotonicity in the optimal tenure rule and the
endogenous cycles in anticipation of the reformisasfollows. First, consider an agent
with atenure of 31 (at t = -18). If the agent does not anticipate the reform she will wait
two periods to quit. If the agent anticipates the reform, then she findsit optimal to quit.
Suppose this agent were to deviate from the optimal strategy in period -18 by not
quitting, but then follow it in the following periods. She would not quit until the actual

reform. (These factsfollow from the table corresponding to Figure 4.) Therefore, the
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option value of waiting to quit is smaller (at t = -18) when the reform is anticipated,
because the option will be exercised in the more distant future. Consequently, the range
of inaction issmaller (at t = -18) when the reform is anticipated. The non-monotonicity
in the range of inaction causes agents to be “in sync” in anticipation of the reform: When
the range of inaction is small many agents quit their jobs and consequently

unemployment is high. Thisleads to cyclesin anticipation of the reform.

7. Conclusion

This paper presents adynamic model of aworker-entrepreneur who searches for a
production technique. A reform is modeled as an abrupt increase in the quality of
production techniques available. Following the reform alarge number of people quit
their jobsin order to search for the new high productivity techniques. Initially
unemployment goes up, because not all entrepreneurs find new techniques right away.
Asthe entrepreneurs start to find the new techniques, however, growth increases rapidly.
The reform causes alarger number of entrepreneursto be “in sync”, in the sense that they
find their technigque at the same time. Consequently, their techniques will become
obsolete at the same time and they will all quit at the sametime. The model yields
dampening cycles following the reform.

If the reform is anticipated, people wait to quit until the reform. With a
sufficiently large anticipated reform, because no one quits before the reform, there is no
productivity growth and the economy stagnates in anticipation of the reform. Further,
agents seek to time their quitting so that they quit when the opportunity cost of quitting is
smallest, which is when the reform occurs. Therefore, people tend to start quitting “in
sync” long before the reform. Consequently, the model yields endogenous cyclesin
anticipation of the reform. This can be taken as an argument against announcing a
delayed reform: the losses in output implied by the endogenous cycles would be
attenuated if the reform were unanticipated, i.e., announced at a given date and
implemented with immediate effect.

Thisisavery simple model with no “equilibrium features’. Following the reform
thereisalarge drop in output, but prices do not go up because the small country is selling
its goods on international markets. Further, many people are unemployed and therefore
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borrowing goes up. Nevertheless, the interest rate does not respond (once again because
of the small country assumption).

Of course these are simplifying assumptions of the model. We believe that
adding equilibrium features to the model will spread out the impact of the reform. For
example, suppose the economy faces a downward-sloping demand curve for its product.
If everyone becomes unemployed all at once, the price of the country’s product will rise
rapidly. Consequently, everyone will not become unemployed at once. Those with the
least to gain by quitting will wait until the price goes back down. We expect that this will
tend to reduce the increase in unemployment following the reform but tend to increase
the duration of the high unemployment rate (it would reduce the amplitude and increase
the wavelength of the cycle). Adding such elements to the model would make it more

realistic and more interesting and is the subject for future research.
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Appendix

To verify that not quitting when tenure is less than x* and quitting otherwise is an optimal
strategy, we must first set the problem up using the notation of Stokey and Lucas (1989).

1. The Sate Space

Let z ={O,t, 7} bethe vector of exogenous variables, where

Oe {01} denotes whether or not the agent receives ajob offer (1=recieves an offer),
te {0,1,2,...} denotes the current time period, and
re{t,t—1t-2,...} denotes the vintage of the agent’s most recent job.

2. The Choice St

Let ee {0,1} denote whether or not the agent chooses to keep her current job,
(1=employed).

Thetiming of eventsisimportant. If =1, that means that the agent keeps her job this
period. If =0, that means that the agent quits her job this period, but has a chance of
receiving an offer (an exogenous shock) this period, which she can take this period.

3. The Law of Motion

Thelaw of motion isafunction, Q, that describes the possible values of exogenous state
variables in the next period as a function of the current values of the exogenous state
variables and the choice variable:

oo {1 with probabilty p |
0 otherwise
(The agent receives ajob offer with probability p.)
b=t +1
(Time evolves deterministically.)
Te1 = Te€r + (1—e)Ort
(The vintage of the agent’sjob in the next period is (i) the vintage of the job in the this

period if the agent keeps her job, or (ii) this period’ st if the agent does not have ajob and
receives an offer, or (iii) O if the agent does not have a job and does not receive an offer.).
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4. The choice constraints

Let " be a correspondence of the set of actions available to the agent in the next period as
afunction of the value of the state space:

ro 4,0} ife=lorO=1
] otherwise

In words, in order to be able to choose to be employed in the next period, one has to
either have ajob or receive an offer.

5. The one-period return function

The one-period return function is afunction that takes the current state space and the
agent’s choice and maps them to areal number:

FO,t,7.e) =ey” + (1-e)Oyt
If the agent has a job the agent’ s return is determined by the job’ s vintage, Y*. If the agent
does not have ajob, but receives an offer, then the agent’ s return is determined by the
cutting edge wage, .

These five elements and a one period discount factor 3, define the agents problem.

By Theorem 9.2 of Stokey and Lucas, in order to show the following stategy:

2(t.7,0.6) = lif(t—-7<x and e=1) or (O=1)
7 o otherwise :

(where X" is defined in the text) and the implied value function:

Ve (W, w,) ift—-7<x
v(O,t,7) = i} . :
OV{ (W, w,)+(1-ON,(w,) otherwise (23)
(where V; and V; are the value functions defined in the text evaluated at x*) area

solution to the dynamic programming problem, we must show that Assumptions 9.1 and
9.2 hold, that v solves the functional equation (equation 5, chapter 9 in Stokey and
Lucas), and that the boundedness condition holds.

Assumption 9.1 hasthree parts: (i) I is non empty; (ii) the graph is measureable and (iii)
I has ameasurabl e selection.
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It isimmediate that " is non empty. The graph must be measurable, because there are
only a countable number of elementsin the graph. Finally, the decision rule formsa
measurabl e selection.

Assumption 9.2 isimmediately satisfied, because the one period return function is always
non-negative.

The functional equation is given by:

v(O,t,7) = sup(f (O,t,7,€)+ ﬂ_[v((o,t,f)’, €)Q((0,t,7)d(0,t,7)). (24)

e=(0,1)

To show that (23) isasolution to (24), we will first show that

Yo BV (W) SV, (W) (25)
ift—-7>x"
and that
VG (W) SV (W, w) (26)
ift—7<x".

In words, if tenureis greater than or equal x* than waiting a period to quit does worse
than quitting now. Further, if tenureislessthat x* then quitting this period does worse
than remaining employed.

First, we will show (25). To start, consider the special caseof t —7 = x".

Suppose, for contradiction that,
Y BVG (Wey) >V (W) -

Multiplying both sides by A implies that

By + BN (Wep) > BV (W)

X' -1 .
Adding ) B'y'™ to both sidesyields
i=0

< i " g * = i, t—xx X\ 7 *
D BT AN (W) > Y BT+ BV (W),
i=0 i=0
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x—1 )
which is a contradiction because since x maximizesz By + BV (W, %)
i=0

(the value of being employed in period t — x* with wage of ;/H* ).

Therefore,

P BV (W) SV (W)

It followsthat for any t—7 > x* that

Yo BVG (W) <77+ BV (W) S VG (W)
To show (26), we use the same line of reasoning. Suppose for contradiction that

X —(t-1)-1

VJ (Wt) >VE (Wr'Wt) = Zﬁiyr n ﬂx*_(t—r)vu* (Wﬁx*) )
i=0

fort—r<x".
t—7-1
Multiplying both sides of the equation by 3" and adding z B'y" to both sides
i=0
yields
t—7-1

i g o ia,T VA
N By +BIVGW) > By BV (W)
i=0 i=0
which is a contradiction, because x* maximizes

S B+ BV (WX

(the value of being employed in period 7 with awage of y*). Therefore, following the

proposed strategy will always maximize the functional equation. If the agent always
follows the optimal strategy, then (41) solves (42) by construction.

Demonstrating that the boundedness condition is satisfied is nearly immediate.
Given the hypothesized optimal decision rule, it follows that

1-B* 1
-5 ), Brp
(- Bya-p)

V(”tfl(ztil)a z)< 7{
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That is, the present discounted value of an agent’s future earnings under the conjectured

solution is always less then the value of being at the frontier wage (which is (8) evaluated
a x’).
Therefore,

lim [, BvGr, (2,21 (2, 02') < ﬁtyt[ll‘_ﬁﬂx ﬁi 5 |
- Bra-p)

QED.
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Figure 1. Output before and after the unanticipated reform
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Figure 2. Output before and after the unanticipated reform
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unemployment

Figure 3:

Unemployment before and after the unanticipated reform
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optimal tenure

Figure 4. Optimal tenure for the anticipated vs. unanticipated reform
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Figure 5. Range of inaction when the reform is anticipated vs.
unanticipated
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normalized output and unemployment

Figure 6: Normalized output and unemployment before and after the

reform
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Figure 7. Stagnation before the reform
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Figure 8: Output when the reform is anticipated vs. unanticipated
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