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Introduction

Stylized long-run facts:

1. No secular movement in the Beveridge curve

u= Ot
Ot + Atp(V/U) .

2. No secular movement along the Beveridge curve

Ui, Vi, Vi/U¢ Stationary.

From the perspective of search theory, the above observations imply that
the efficiency A; of the search technology has not improved from 1926 to
2017. Telephone? Fax? Mobile phone? PC? Internet? All irrelevant!



Environment

Workers:
Firms:
Labor market:

Exogenous processes:



Environment

Workers:

- population: measure 1;

- objective: max pv of income {b;,w;} discounted at rate r.
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Environment

Workers:

Firms:
- population: positive measure;

- technology:
maintain vacancies v; at flow unit cost k;
CRTS technology: 1 unit of labor —> y:z units of output;

- objective: max pv of income yz — w; discounted at rate r.

Labor market:;

Exogenous processes:



Environment

Workers:
Firms:

Labor market:
- Ut and v¢ come together through a matching fn AiM(ug, vv);
- U meets v at rate Ap(6:), where 0; = vi/u; and p(6:) = M(1,6y);

- upon meeting u and v observe quality z ~ F, decide whether to match
and bargain over terms of trade.

Exogenous processes:



Environment

Workers:
Firms:
Labor market:

Exogenous processes:

- search efficiency A; grows at the rate ga;
- production efficiency y: grows at the rate gy;
- unemp. benefit b; grows at the rate gp;

- vacancy cost k; grows at the rate gx.



Definition of a BGP

A BGP |S d {Rt,St,Gt} and d {H,hue,heu,u,gz} St
1. Reservation quality R;:
ViRt = b + Ap(9)y [, Si@)dF(@)
2. Surplus of a match S;:
rSi(z) = yi(z — Ry) + Si(2)

3. Market tightness 6::

k= AP (1- ) [, s@dF@



Definition of a BGP

A BGP |S d {Rt,St,Gt} and d {H,hue,heu,u,gz} St

4. Stationarity of UE, EU, u and 6;:
APO)(1 —F(Ry)) = hye,
Gi(R)Rt = hey,
(1 —whey = uhye,
0: = 0.

5. Distribution G of workers across z such that every quantile z;(x) grows
at some constant rate g;:

(1 = WGzt (x))2t(})gz + UAPO)[F(z:(x)) —F(Ry)] = (1 —u)Gi(R)RQ:.



Necessary Conditions for a BGP

N1 A BGP may exist only if F is Pareto with some coefficient «.

Sketch: The stationarity condition for the UE rate is:

Ap(@)(1 - F(Rt)) = hug, Vt > 0.

Differentiating with respect to t, we obtain

The differential equation for F has the unique solution

Fiz) = 1- (&))"



Necessary Conditions for a BGP

N2 A BGP may exist only if g, and gk are equal to gy + g;.

Sketch: Combining the equilibrium conditions for R; and 8, we obtain:

tht = bt + Y ” th, YVt > 0.

] —

The condition above can only be satisfied if

gbagk = gy + gZ



Existence and Uniqueness of a BGP

Impose the necessary conditions on the fundamentals.

1. Reservation quality R; grows at the constant rate g, = ga/a:

YiRe = bi+ Ap(©@)y [, Si{@dF(@)

Y

Dy R“

2. Market tightness 6 is constant

i = AL (1 - y) J;, S{@IF@)

Y

Dy R4



Existence and Uniqueness of a BGP

Impose the necessary conditions on the fundamentals.

3. Quality distribution G¢(z) grows at constant rate g, and starts at
R a
Go(2) = 1 — (TO) |

4. Unemployment u is constant at

u= In
ga +Aop(0)[1 - F(Ro)]

5. UE and EU rates are both constant.



Existence and Uniqueness of a BGP

We have established the following.

Proposition 1: Take arbitrary growth rates gy, > 0 and ga > 0.

A BGP exists if and only if:

(@) F is Pareto with coefficient «¢;

(b) g» and gk are equal to gy + ga/a.

If a BGP exists, it is unique and such that:
(i) u, 0, hye, hey are constant over time;
(ii) G is Pareto truncated at R; growing at rate g; = ga/a;

(iif) labor productivity grows at rate gy + ga/a.



Search on the Job

Workers search on the job with relative intensity p € [0,1].

Proposition 2: Take arbitrary growth rates gy, > 0 and ga > 0.

A BGP exists if and only if:

(@) F is Pareto with coefficient ¢;

(b) g» and gk are equal to gy + ga/a.

Any BGP is such that:
(i) u, 0, hye, hey are constant over time;
(ii) G is Fréchet truncated at Ry and grows at rate g; = ga/a;

(iif) labor productivity grows at rate gy + ga/a.



Population Growth

Population grows at rate gy and matching fn is AtNtﬁM(ut,vt).

Proposition 3: Take arbitrary growth rates gy, > 0, ga > 0, gn > 0 such that
the overall search efficiency improves over time, i.e. ga + fgn > 0.

A BGP exists if and only if:

(@) F is Pareto with coefficient «;

(b) g» and gk are equal to gy + (ga + fgn)/a.

Any BGP is such that:
(i) u, 6, hye, hey are constant over time;
(if) G; is Pareto truncated at R; and grows at rate g, = (ga + Bgn)/a;

(iif) labor productivity grows at rate gy + (ga + fgn)/a.



Back-of-the-Envelope Calculations

The theory raises some quantitative questions:

1. Can't infer growth of search efficiency from time trends of u, 0, hye, hey.
a. Measure technological improvements in search process?

b. Measure contribution to economic growth of improvements in
search process?

2. Can’tinfer returns to scale in search from time trends or cross-sections
Of u’ 9’ hUG, heu

a. Measure returns to scale in search process?

b. Measure the contribution to economic growth of returns to scale in
search process?



Back-of-the-Envelope Calculations

Average number of applications per vacancy are

AtNtﬁCI(Qt)-

- In the model, applications per vacancy grow at rate gy + ga.

- In the data, applications per vacancy were 24 in 1981 (EOPP) and 45
in 2010 (Career Builder, SnagAJob).

- These observations suggest

ﬂgN +0aA = 2.2%



Back-of-the-Envelope Calculations

Relative number of applications per vacancy in two markets of sizes N,
and N, with the same search technology is

AN Q1) (Nu )ﬂ

AN q(020)  \ Nas

- In the model, elasticity of applications per vacancy wrt size is S.
- In the data, elasticity of applications per vacancy wrt size is 0.52.

- These observations suggest = 0.52 and

Bgn = 0.52 - 1.1% = 0.6%

da= 0ga+p0On— PBOn = 1.6%
2.2% 0.6%



Back-of-the-Envelope Calculations

Contribution of Declining Search Frictions

1981-2010

Pareto coefficient

g =4 g=8 wm=16

labor productivity growth

cont. of search technology

cont. of IRS in search

0.4% 0.2% 0.1%
0.15% 0.07% 0.04%

cont. of declining search frictions

0.55% 0.27% 0.14%




Back-of-the-Envelope Calculations

Returns to Scale and Productivity across Cities
a=4 a=38 a=16

0.5 million workers  0.91  0.95 0.98

1 million workers 1 1 1

10 million workers 1.34 1.16 1.08
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Introduction

Stylized long-run facts:

1. No secular movement in the Beveridge curve

u= Ot
Ot + Atp(V/U) .

2. No secular movement along the Beveridge curve

Ui, Vi, Vi/U¢ Stationary.
3. No secular movement in the UE and EU rates.
From the perspective of search theory, the above observations imply that

the efficiency A; of the search technology has not improved from 1926 to
2017. Telephone? Fax? Mobile phone? PC? Internet? All irrelevant!



Introduction

Modify the textbook search theory of u and v by introducing a distinction
between meeting and matches.

|dentify conditions for a Balanced Growth Path in which Beveridge
Curve, u, v, UE and EU rates are constant despite improving search
technology.

Under these conditions, improvements in search technology show up
In labor productivity growth not u.

Under the same conditions, returns to scale in search are not
identifiable from u or UE data.

Develop a strategy to measure improvements in search technology,
returns to scale in search and their contribution to labor productivity
growth.



Environment

Workers:

population: measure 1;
endowment: indivisible unit of [abor;

objective: max pv of income {b;,w;} discounted at rate r.

Firms:

population: positive measure;

technology:
maintain vacancies v; at flow unit cost k;;
CRTS technology: 1 unit of labor — y:z units of output;

objective: max pv of income y:z — w; discounted at rate r.



Environment

Labor market:;

- Ut and v¢ come together through a CRTS matching fn AiM(ug, vi);

u meets v at rate Aip(6:), where 0; = vi/u; and p(0t) = M(1,60y);
- vmeets u at rate Aiq(6:), q(6:) = p(O+)/04;

- upon meeting, u and v observe match quality z ~ F(2) and decide
whether to form the match;

- upon matching, u and v Nash bargain over the terms of trade.

Note: Technological improvement in the matching function needs to be
Hicks-neutral for BGP (if not Hicks-neutral: u stationary and v trending).



Environment

Environment is non-stationary:

- declining search frictions: A; = Agexp(gat)

- general productivity growth: y: = yoexp(gyt)

- increasing unemployment income: by = by exp(gnt)

- increasing vacancy cost: ki = ko exp(gkt).



Balanced Growth Path

Initial State: a measure of unemployed workers ug, and a distribution of
employed workers across match qualities G

Rational Expectations Equilibrium: time-path for value and policy
functions, tightness 6, unemployment u;, employment G, UE and EU rate
that satisfy optimality, market clearing and consistency conditions given

(U(),Go).

Balanced Growth Path: Initial State and a Rational Expectations
Equilibrium such that some variables are constant over time (u, hug, hey, 0)
and others grow at a constant rate (G:).



Definition of a BGP

Joint value of a match:

t+d
Vi(z) = max“ ey, 7 . dr} +e 7 [Ugq + 0].
t

d>0

Optimal break-up time d*:

VisdZ + Ueg < rUg, d > 0 with c.s.

Reservation match quality R;:

tht = rU; — Ut.

- An existing match is maintained at date t iff z > R;.

- A new potential matched is created at date t iff z > R;.

(E1)



Definition of a BGP

Surplus of a match:

Si(z) = Vi(z) — [Uy + 0]. (E2)

Value of unemployment to the worker

rU; = by + Ap(§)y j SR + U,. (E3)

Value of a vacancy to the firm

0 = AqO)(1 - 7y) j _ S(DAF@) — ke (E4)



Definition of a BGP

Stationarity of UE, EU and unemployment rates:
Ap(0)(1 —F(Ry)) = hue,
Gi(Ro)Rt = hey,

(1 — U)hEU = UhUE.

(ES)



Definition of a BGP

Balanced growth of the distribution G of employed workers across
matches of different quality:

The x-th quantile z{(x) of G; grows at some constant rate g, i.e.

Z¢(X) = zo(X)e9%,

The balanced growth condition for G; is satisfied iff

(1 = u)G(z:(x))zt() gz + UAP(O)[F(zt(x)) —F(Ro] = (1 -w)Gi(R)Rigz.  (EB)



Definition of a BGP

A BGP is a list {R¢, Uy, St}, {0, hue, heu,u, G, gz} such that for all t > 0:
i. R, Uiand S; satisfy (E1), (E2) and (E3);

ii. 0 satisfies (E4);

ili. hyg, hgy and u satisfy (ES);

iv. G, satisfies (E6) for some g,.

Exogenous: Ay, Yo, bo, Ko, ga, 9y, gb, Jk, F.
Endogenous: R:, Uy, St, 0,hug, heu, U, Gy, 0.



Necessary Conditions for a BGP

The stationarity condition for the UE rate is:

Awp@)(1 - F(Rt)) = hug, vVt > 0.

Differentiating with respect to t, we obtain

Ap(0)(1 = F(RY)) —ApO)F' (R)R; = 0,Vt > 0.
= ga(1 -FRy)) = F'(R)RQ:
The differential equation for F has the unique solution

Fi) = 1-(&)"

N1 A BGP may exist only if F is Pareto with coefficient a.



Necessary Conditions for a BGP

Combining the equilibrium conditions for R, U; and 6, we obtain:

_ p@) v
tht—bt-I- Q(Q) l—ykt’VtZO

The above expression can only be satisfied if

Ob,0k = Oy + 0z

N2 A BGP may exist only if g, and gk are equal to gy + g;.



Existence and Uniqueness of a BGP

The condition for the surplus can be written as:

t+d
S(2) = j e Vly.z R ]dr.

Solving the integral gives:

>(2) = yt{r—;gy[l -(%) v J - 9,7 [1 -(%) J}

Using the expression above and the fact that F is Pareto, we can solve for
the expected surplus of a meeting between a firm and a worker

j Si(2)dF(z) = OyR; .
Rt



Existence and Uniqueness of a BGP

The condition for the reservation quality can be written as

ViRt = be + Ap(©@)y [, Si@dF(@)

Y

YR

The R; that solves the condition exists and is such that

Ro = bo/yo + Aop(G)j/(DRa(a_l). (C1)
and

Rt = Roexp(g;t), with g, = ga/a.



Existence and Uniqueness of a BGP

The condition for the tightness of the market can be written as

ki = AGO1-7) [, S@IF@)

Y

YR

The 0 that solves the condition fort = 0 is such that

Ko = Aoq(@)(1 — 7)DyoR“ ™, (C2)

This 0 also solves the condition fort > 0 since
Ok = gy + 0
= gy + ga/a

=0y +0a—(a—1)gala.



Existence and Uniqueness of a BGP

Fort = 0, the condition for the balanced growth of G; can be written as
(1 -wGo(2)29: = UAPO)[1 - F(2)]
The solution for G that satisfies Go(Ro) = 0, Go(0) = 1 is

Go@ = 1- (32 )"

The unemployment rate is

u= In
ga +Aop(O)[1 - F(Ro)]




Existence and Uniqueness of a BGP

Fort > 0, the condition is

(1 —u)Gi(ze9t)zedtg, = uAp(0)[1 — F(ze%)].

Since Gi(ze%) = Gy(z) and Gi(ze9%!) = Gy(z)e %!, we have

(1 —u)Gy(2)zg; = UAeP(O)[1 — F(z)]e e,

The condition clearly holds because the LHS equals the RHS att = 0 and
they both grow at the same rate.



Existence and Uniqueness of a BGP

Finally, we check the stationarity of UE, EU and unemployment rates:

The UE rate
hue = Ap(O)[1 —FR)] = Aop(0)[1 — F(Ro)].

The EU rate
heu = Gi(RY)R9: = ga.

The unemployment rate

ga _ _ hey
da + Aop(0)[1 — F(Ro)] hue + hey




Existence and Uniqueness of a BGP

Given the necessary conditions (N1) and (N2), a BGP exists iff there is a
solution to the system of date 0 conditions

Ro = bo/yo + Aop(G)j/(DRa(a_l). (C1)

ko = Aog(0)(1 — 7)DyoR“ ™, (C2)

Simple algebra shows that there 3! (R, 0) that solves (C1)-(C2).



Existence and Uniqueness of a BGP

Proposition 1: Take arbitrary growth rates g, > 0 and ga > 0.

A BGP exists if and only if:

i. F is Pareto with coefficient «;
il. gp and gk are gy +ga/a;

ii. a > 1andr > gy +ga/a.

If a BGP exists it is unique and such that:

i. U, hyg, hey, 0 are constant over time;

li. G is a Pareto truncated at Ry and grows at the rate g; = ga/a;
ifi. labor productivity, output per capita grow at the rate gy + ga/a.



Existence and Uniqueness of a BGP

Comments to Proposition 1:

1.

Improvements in search technology increase the rate at which a
worker meets a firm and, by increasing the reservation quality, lowers
the probability that the firm and the worker choose to match rather
than keep searching. When the match quality distribution is Pareto, the
two effect offset each other and the UE rate remains constant.



Existence and Uniqueness of a BGP

Comments to Proposition 1:

1.

Improvements in search technology increase the rate at which a
worker meets a firm and, by increasing the reservation quality, lowers
the probability that the firm and the worker choose to match rather
than keep searching. When the match quality distribution is Pareto, the
two effect offset each other and the UE rate remains constant.

Improvements in search technology do not affect the trend of
unemployment, but they contribute to the growth of labor productivity:

F'(2)
j = Y T-FRY

dz = ﬁtht.

The contribution depends on the tail coefficient a of the Pareto.



Existence and Uniqueness of a BGP

Comments to Proposition 1:

1.

Improvements in search technology increase the rate at which a
worker meets a firm and, by increasing the reservation quality, lowers
the probability that the firm and the worker choose to match rather
than keep searching. When the match quality distribution is Pareto, the
two effect offset each other and the UE rate remains constant.

Improvements in search technology do not affect the trend of
unemployment, but they contribute to the growth of labor productivity.

Either you believe that there has been no secular improvement in
search technology, or the conditions for a BGP are satisfied.



Existence and Uniqueness of a BGP

Comments to Proposition 1:

1. Improvements in search technology increase the rate at which a
worker meets a firm and, by increasing the reservation quality, lowers
the probability that the firm and the worker choose to match rather
than keep searching. When the match quality distribution is Pareto, the
two effect offset each other and the UE rate remains constant.

2. Improvements in search technology do not affect the trend of
unemployment, but they contribute to the growth of labor productivity.

3. Either you believe that there has been no secular improvement in
search technology, or the conditions for a BGP are satisfied.

4. The conditions on gx and gy, are not very restrictive. Satisfied as long
as UB is proportional to output per capita and workers are needed to
hire other workers.



Search on the Job

The baseline model assumes that workers only search when unemployed.

- assumption keeps the analysis simple

- assumption flies in the face of the observation that half of hires are
poached directly from another firm.

We consider a more general environment, in which workers search for jobs
both when unemployed and when employed. We let p € [0,1) denote the
relative search intensity of employed workers.



Search on the Job

Joint value of a match:

t+d
Vi(z) = max jt e‘r(f“)um[yrz +A:p(0)py j Z(Vf(i) - V:(2))dF(2) }dx

d>0

+ e U g

where
px = exp( [ ~Ausp(@)p(1 - F@)ds ).

Reservation match quality R:

tht + Atp(G)py -[R (Vt(i) — Vt(Rt))dF(i) = rUt — Ut. (E1)



Search on the Job

Surplus of a match:

Si(2) = Vi(2) — Ux. (E2)

Value of unemployment

rU; = by + Ap(§)y j SR + U,. (E3)

Value of a vacancy

ke = AQ(0)— p?l T d=-nj, St(2)dF(2)

(E4)

A() L0 (1)

U+ p(1—u) UZ(St(i) — Si(2))dF(2) }th(z).

Rt



Search on the Job

Stationarity of UE, EU and unemployment rates:
ApO)(1 — F(Rt)) = hue, (E5)
Gt(R)Rt = hev,

UhUE = (1 — U)hEU
The balanced growth condition for G; is satisfied iff

(1 = W[Gt(zi(x)e% ™) — Gi(z:(x))] + UAP(O)[F(z:(x)e%") — F(Rie%)]dt
(E6)
= (1 -W[GtRe%*™") - G(R)] + (1 — u)pAPO)[1 — F(z:(x))IGt(z¢(X)).



Search on the Job
The condition for the surplus can be written as:

z
R

rSt(z) = yi(z—Ry) — Atp(G)py[St(z)(l - F(2)) + j St(i)dF(i)} + ét(z).

Solving for S¢(z) seems hopeless....



Search on the Job

We guess and we verify that
Si(ze%t) = Sy (z)e(9v9at,
This allows us to rewrite the condition for S;(z) as:
181(2) = Yu(@ R0 = Ap(O)py| @1 ~F@) + [ S@dF() |
+ (9y + 92)S1(2) — 29:5:(2).
Evaluating at t = 0 and differentiating with respect to z, we obtain:
rSo(2) = Yo + So(2)[9y — Aop(0) py (1 = F(2))] - 29,5, (2).

We have now an ODE for S, (2)!



Search on the Job

The solution of the ODE for S’ that satisfies smooth-pasting is

SH@) = 4 | R Lep{-L[2(F@-F©) + T -g))log@s)] }ds.

0

The solution for the surplus S, that satisfies value matching is

S0(2) = | R S! (x)dx.

Then, we show that:

- the expected surplus of a meeting between a firm and an unemployed
worker grows at the constant rate gy — (e — 1)9;;

- the expected surplus of a meeting between a firm and an employed
worker grows at the constant rate gy — (a — 1)g;.



Search on the Job

Proposition 2: Take arbitrary growth rates g, > 0 and ga > 0.

A BGP exists if and only if:

i. F is Pareto with coefficient «;
il. gp and gk are gy +ga/a;

ii. a > 1andr > gy +ga/a.

Any BGP is such that:

I. U, hug, heu, 0 are constant over time;

li. G is a Fréchet truncated at R; and grows at the rate g; = ga/a;
ifi. labor productivity, output per capita grow at the rate gy + ga/a.



Population and Returns to Scale

Baseline model assumes constant population. Assumption is w.l.0.g. as
long as the matching function has constant returns to scale.

We consider a more general environment in which the population might
grow and the matching function may have non-constant returns to scale.

- Population:
Nt = Noexp(gnt);

- Matching function:

ANEMW,, V) = Ath[NtM(M,ﬁ) }
N, N

* The overall efficiency of the search process is

A = NPA, = AgeBan+ant,



Population and Returns to Scale

Proposition 3: Take arbitrary growth rates gy, > 0, ga > 0, gn > 0 such that
the overall search efficiency improves over time, i.e. ga + gn > 0.

A BGP exists if and only if:

i. Fis Pareto with coefficient a;

il. gp and gk are gy + (ga + Bgn)/a;
ifi. o >1andr > gy+(ga+ Bgn)/a.

Any BGP is such that:
I. U, hyg, hey, 0 are constant over time;
li. G;is approximately a Frechet truncated at R; and grows at the rate

9: = (9a + BOn)/a;
ifi. labor productivity, output per capita grow at the rate gy + (ga + fgn)/a.



Population and Returns to Scale

Comments to Proposition 3:

Under the same conditions for which u, hyg, hey, 6 remain constant
irrespective of rate of improvement in search technology:

1. u, hyg, hey and 6 remain constant as population grows irrespective of
the returns to scale in the search process;

2. U, hyg, hey and 0 are independent of the size of different labor markets
irrespective of the returns to scale in the search process.



Back-of-the-Envelope Calculations

The theory raises some quantitative questions:

1. Cannot infer growth of search technology from time trends of u, hyg,
hEU and 0.

a. How to measure improvements of search technology?
b. How to measure the contribution of search technology to
productivity growth?
2. Cannot infer returns to scale in search process from time-series or
cross-sections of u, hyg, hey, 6 and population
a. How to measure returns to scale in search process?

b. How to measure the contribution of returns to scale in search to
productivity growth and to differences in productivity between large
and small markets?



Back-of-the-Envelope Calculations

Average number of applications per vacancy are

AtNtﬁCI(Qt)-

- In the model, applications per vacancy grow at rate gy + ga.

- In the data, applications per vacancy were 24 in 1981 (EOPP) and 45
in 2010 (Career Builder, SnagAJob).

- These observations suggest

ﬂgN +0aA = 2.2%



Back-of-the-Envelope Calculations

Relative number of applications per vacancy in two markets of sizes N,
and N, with the same search technology is

AN Q1) (Nu )ﬂ

AN q(020)  \ Nas

- In the model, elasticity of applications per vacancy wrt size is S.
- In the data, elasticity of applications per vacancy wrt size is 0.52.

- These observations suggest = 0.52 and

Bgn = 0.52 - 1.1% = 0.6%

da= 0ga+p0On— PBOn = 1.6%
2.2% 0.6%



Back-of-the-Envelope Calculations

Wage distribution L; for workers hired from unemployment is s.t.

lim dlog[1 — Li(w)] _
W0 dlogw

- In the model, the right tail of L; is Pareto with coefficient a.

- In the data, hard to measure L{(w), but let us suppose a € [4,16].



Back-of-the-Envelope Calculations

Contribution of Declining Search Frictions

1981-2010

Pareto coefficient

o=4 a=8 a=16

labor productivity growth

1.9%

cont. of search technology

cont. of IRS in search

04% 02% 0.1%
0.15% 0.07% 0.04%

cont. of declining search frictions

0.55% 0.27% 0.14%




Back-of-the-Envelope Calculations

Returns to Scale and Productivity across Cities

oa=4 a=28 o=16

0.5 million workers 0.91 0.95 0.98
1 million workers 1 1 1

10 million workers 1.3 1.16 1.08




LEFTOVERS



Search on the Job: Existence of a BGP

The condition for the reservation quality can be written as

tht = bt + Atp(H)y '.Rt St(i)dF(i)

Y

[* So(@)dF() Jetoo
| YRy

The R; that solves the condition exists and is such that

yoRo = b() -I-A()p(g)j/ IR So(i)dF(i)

and

Rt = Roexp(g;t), with g; = ga/a.

(C1)



Search on the Job: Existence of a BGP

The condition for the tightness of the market can be written as

ki = AQ(0) (-7 | s(@dF@)

u+p(1—u)

p(1 —u) A A
AAO s -0 [ [ [ 60 -s@)dF@ Jde.@)

The 0 that solves the condition fort = 0 is such that

ko = Aog(0) -7 ] So@dF)

U+ (l—u)

AL ) [ [ 50d) - S0@)dF@) [dGo().

u+ p(l—u

(C2)



Search on the Job: Existence of a BGP

The condition for the tightness of the market can be written as

k= AO = (-0 ], S@dFE

p(1 —u) A A
AAO s -0 [ [ [ 60 -s@)dF@ Jde.@)

The same 0 also solves the condition fort > 0 since

Ok = gy + 0z
= gy + ga/a

=0y +da— (o —1)ga/a.



Search on the Job: Existence of a BGP

Fort = 0, the condition for balanced growth of G is

(1 -u)Go(2)zg: = UAP(O)[1 - F(2)] + (1 —wAop(©)p[l — F(2)]Go(2).

The solution to the PDE satisfying Go(Rg) = 0, Go(0) = 1 is

~Aop@)P(1-F(@)/ga _ a~Aop©)p(1-F(Ro))/ga
1 — e-PoP@p(1-F(Ro))/gn

Go(2) = £

The unemployment rate is

u= Ia
ga +Aop(@)[1 -F@)]




Search on the Job: Existence of a BGP

Fort > 0, the condition is
(1 —u)Gi(ze9)zed%ty, = UApP(0)[F(ze9) — F(Roe9)]
+(1 — u) pAp(O)[1 — F(ze9)]G(ze%).

Since G(ze%") = Go(z) and G(ze%") = Gy(2)e %', we can rewrite it as
(1-u)G,(2)zg: = UAIMP(O)[F(2) — F(Ro)]e 29
+(1 = u)pAce®'p(O)[1 — F(2)]Go(z)e.

The condition clearly holds, as the LHS and RHS are equal att = 0 and
grow at the same rate.



Search on the Job: Existence of a BGP

Given the necessary conditions (N1) and (N2), a BGP exists iff there is a
solution to the system of date 0 conditions

YoRo = bo + Ap(©)7 | Sy@dF(@) (1)

o = A =gy (17 |, Si@dF@)

(C2)

p(1 —u) A A
AaO) 2 s (- [ [ [ (80~ $0@)dF@) dGoa).

Some algebra shows that there 3 (R, 0) that solves (C1)-(C2).



