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B Online Appendix

B.1 Extension: Worker Bargaining Power

When workers have bargaining power 5 € [0, 1] , the dynamic equations (2) and (3) charac-
terizing, respectively, the value of a match and the value of unemployment, must be amended

as follows:

(r+d0+p)Px,y) = f(x,y) —c(x,y) +0U(x) + g(x,¥) - VxP(x,¥)
+ MPEmax {P(x,y’) — P(x,y),0} (B1)

and:
(r+p)U(x) = b(x) + g(x,0) - VU(x) + MfEmax { P(x,y’) = U(x),0}.  (B2)

where, in both cases, the last (expectation) term captures the expected surplus share that
the worker will extract from future matches thanks to her /his bargaining power.! The values
defined by those two equations differ from the baseline case (which coincides with 5 = 0)
precisely because of those expectation terms. While the economic interpretation of those

expectation terms is clear enough, mathematically their impact is to add a non-linear term

*Lise: University of Minnesota and Federal Reserve Bank of Minneapolis. Postel-Vinay: University
College London and Institute for Fiscal Studies. The views expressed herein are those of the authors and
not necessarily those of the Federal Reserve Bank of Minneapolis or the Federal Reserve System.

'With 8 > 0, worker-firm pairs thus partly internalize the surplus supplement from the worker’s future
matches, as the worker now captures a share 8 of that extra surplus. In the limit § — 1, the extra surplus
from the worker’s future matches is fully internalized by current match partners, and the private match and
unemployment values (B1) and (B2) coincide with the corresponding Planner’s values.



to the PDEs defining P (x,y) and U (x), which rules out any closed-form solution. Those
equations must therefore be solved numerically, using the following procedure.

We choose a grid {x1, -+, xp} x{¥y1, ", ym} of n worker skill and m job skill requirement
vectors. For any point (x;,y;) on that grid, we approximate P (x;,y;) = II(x;) - ¢p (y;)
and U (x;) = IT1(x;) - ¢y, where IT(-) is a basis of complete polynomials of some chosen
order, and where ¢, and ¢p (-) are a set of m + 1 vectors of coefficients that are computed
by minimizing the distance between the left- and right-hand sides of (B1) and (B2) over
the grid. Then, for a generic pair (x,y) that is not on the grid, we use the approximations
U(x) =TI(x) - ¢y and P (x,y) = I1(x) - ¢p (y), where ¢p (y) is a linear interpolation of
ép (Y1 (y)) and ¢p (Y2 (¥)), ¥ (¥) and y;2 (y) being the nearest two neighbors of y on
the grid.

Solving for ¢, and ¢p () involves repeated calculations of Emax { P(x,y’) — P(x,y), 0},
a three-dimensional integral. Unfortunately, the computational cost of that simulation step
quickly becomes prohibitive as one increases the order of the polynomial basis I1(-) or the
size (n,m) of the grid of points upon which the approximation is based. This forces us to
limit ourselves to a very sparse grid (in practice, we choose n = 10 and m = 6) and a low
approximation order (in practice: 3), resulting in a very coarse approximation of our two
value functions.? The results reported in this section should therefore be taken with the
appropriate amount of caution. Yet we think it useful to provide an indication of what is
likely to change and what isn’t, compared to the baseline case § = 0, when workers are
endowed with positive bargaining power. To that end, we re-estimate our model under the
assumption that g = 0.5, using the approximation procedure just described.

Estimated parameters under the assumption $ = 0.5 are reported in Table B.1, alongside
our baseline estimates, copied from Table 4 for comparison. Point estimates of the flow
surplus parameters (the a’s and the k’s) tend to be slightly smaller with § = 0.5 than
in the baseline case § = 0. Smaller values of the o parameters can be explained by the
fact that those parameters are mainly identified off of the levels of wages (see Sub-section
IV.C and Appendix A.A5).3 With positive bargaining power, workers appropriate an extra

share of match productivity, which therefore needs to be estimated lower than in the 5 =0

2Even with those coarse approximation settings, a single evaluation of the 3 > 0 version of the model
takes about three times as long as a single evaluation of the baseline (§ = 0) model, which involves no
approximation. Moreover, estimation of the 8 > 0 model takes substantially more iterations to converge
than estimation of the baseline model does. Although we cannot prove it, we suspect this is due to the extra
noise caused by approximation error in the 8 > 0 case.

3In this version of the model, the wage equation is obtained, as before, by apply-
ing the rule W(x,y,0) = (1 — o)U(x) + oP(x,y), with the worker’s value function now
solving:  (r + 0 + pW(x,y,0) = wxy,0) — cx,y) + 0UX) + glx,y) - VW(x,y,0) +
ME max {0, fmax {P(x,y), P(x,y')} + (1 - f)min {P(x,y), P(x.y')} — W(x,y.0)}.
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Figure B.1: Model fit (With worker bargaining power)



case in order to match the wages observed in the data. Those lower estimated a’s have a
knock-on effect on the estimated cost of mismatch (the x’s): the cost of mismatch must stay
commensurate with the returns on job attributes to rationalize observed mobility patterns.

Having said that, those differences are statistically small: point estimate differences be-
tween the two models are generally well within two standard deviations of our baseline
estimates (see Table 4). Moreover, the relative values of the various parameters are very
close between the = 0.5 and § = 0 cases. As a result, none of the implications discussed
above in the context of our baseline 8 = 0 case are substantially changed.

Figure B.1 echoes Figure 2 and shows the main aspect of the model’s fit in the § = 0.5
case. A visual comparison of Figures B.1 and 2 suggests that the fit of the § = 0.5 model is
very similar to that of the baseline § = 0 model, with two main differences. First, the model
with bargaining power tends better to capture the wage/experience profile, in particular at
low levels of experience (Figure B.1c). As discussed before, this was expected, as positive
bargaining power mitigates the tendency of unemployed workers to exit unemployment on
very low entry wages by bringing wages closer to match productivity. Second, the model with
bargaining power no longer overstates the estimated returns to tenure to the extent that the
baseline model did (Figure B.1h). This is again a consequence of bargaining power shifting
weight away from workers’ outside options and towards match productivity in the wage
bargain, which affects entry wages (for which workers’ outside option is low) proportionately
more than the wages of longer-tenure workers (whose outside option is on average higher,

closer to match productivity).

B.2 Sensitivity of Parameter Estimates to Data Moments

In Table B.2 we present a measure of the local sensitivity of the parameter estimates to the
data moments (see Andrews, Gentzkow, and Shapiro, 2017). Specifically, we calculate and
report the matrix A, defined as follows. Let © denote the parameter vector and m(©) denote
the vector of model-based moments we are matching. Next, let G = E [8m/ 8@T} denote
the (expectation of the) Jacobian matrix of the moment function m(0). Let € denote the
covariance matrix of the data moments. Define A = (GTG) “'GT. The A matrix is then the
matrix whose ij-th element is given by A;; = \/Q_” X /NXl-j. The 7j-th element of A can be
interpreted as the local approximation to the effect of a one standard deviation change in
moment j on parameter 6;.
For the sake of brevity we omit from the table the five rows for the parameters [(s, (¢, Car, Cr, 7]

and the five columns for the moments corresponding to the wage regression coefficients on

[years of education, zco, 0, 10, constant| since there is a one-to-one mapping between



these parameters and moments.

B.3 Comparing the unconditional and the conditional variance de-

compositions (Table 5)

Conditioning on broad levels of education reduces the share of variance explained by initial
skill bundles, as those are correlated with education. The basic reason is that education
explains a fair share of the variance in xg, and a smaller share of the overall variance in In Q).
Therefore, once one conditions on education, the residual variation in xy explains a smaller
share of the (conditional) variance of In Q.

This can be expressed formally, taking up the notation from Section 7 in the paper (and

dropping indices to de-clutter the notation):

Var,, [E(InQ | x9)]  Eeq {Vary, [E(InQ | x¢) | ed]}
VarIn Q E.q {Var[InQ | ed]}

where our results in Section 7 say that the Lh.s. is about 0.65 while the r.h.s. is slightly

below 0.3. Now, the L.h.s. can be further decomposed as:
Vary, [E(InQ | x)]  Eeq {Vary, [E(InQ | x¢) | ed]} + Vare {Ex, [E(InQ | xo) | ed]}

Varln @ B Eeq {Var[InQ | ed]} + Vareg {E[In @ | ed]}
(B3)
Applying our estimates to those decompositions of the numerator and denominator of the

fraction above, we find that:

Vare {E[InQ | ed]} ~ 0.507 x Varln @

(B4)
Vare {Ex, [E(InQ | x¢) | ed]} ~ 0.779 x Var,, [E(In Q | xo)]

i.e. education explains much more of the variance of In ) conditional on x( than in the whole
sample. Substitution of (B4) into (B3) implies:

Var,, [E(InQ | xo)] _ Ee {Var,, [E(InQ | xo) | ed]} x (1 + 1272
VarIn Q N Eq {Var [InQ | ed]} x (1 + {2207)
|
}

N E.q {Vary, [E(InQ | x¢) | ed]}

2.23
Eoi {Var [nQ | cd] 8

which is roughly the ratio found in Table 5.
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