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Abstract

Using French matched employer-employee data, I document that after positive
firm-level productivity shocks, the wages of stayers rise and job-to-job transitions
fall. However, after positive sectoral productivity shocks, wages rise significantly
more and job-to-job transitions rise. To explain these differences, I build a model with
dynamic wage contracts subject to two-sided limited commitment and imperfect in-
formation and in which sectoral productivity shocks generate cyclical competition for
workers. After a positive firm-level shock, a firm increases its wages to reduce the quit
rate of its workers. This increase is limited because workers are risk-averse and value
insurance against shocks and because there is no increase in the cyclical competition
from other firms. In contrast, after positive sectoral shocks, the cyclical competition
for workers heats up and workers become more likely to switch jobs. In response,
all firms increase their wages more aggressively to retain them. I find that firing costs
play a new role when contracts are endogenous: by enhancing the commitment power

of firms, they allow workers to receive more insurance against negative shocks.
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1 Introduction

How do firms and workers share risk when profits fluctuate? Do firms absorb produc-
tivity shocks into their profits or do they pass them on to workers through their wages?
A prominent view among economists is that firms provide some form of insurance to
workers through wage contracts (Knight, 1921, Baily, 1974, Azariadis, 1975). Estimates
of the pass-through of productivity shocks to wages can be used to assess whether firms
insure workers against these shocks or pass them through to wages. Recent evidence
shows that the pass-through of firm-level productivity shocks is small (Guiso, Pistaferri
and Schivardi, 2005) whereas the pass-through of sectoral productivity shocks is much
higher (Carlsson, Messina and Skans, 2016). In this sense, the data suggests that firms
provide relatively more insurance against firm-level shocks than against sectoral shocks.

There is essentially no existing work that simultaneously accounts for the patterns
of pass-through of both firm-level and sectoral productivity shocks documented in the
data. One strand of literature studies risk-sharing between firms and workers but focuses
on firm-level and worker-level shocks (Balke and Lamadon, 2022). There is also a large
macroeconomic literature that studies the response of wages to sectoral or aggregate pro-
ductivity shocks (e.g. Moscarini and Postel-Vinay, 2013) but in models with risk-neutral
workers, thus overlooking the risk-sharing problem between firms and workers.

This paper builds a model that generates these patterns of pass-through as a result of
optimal contracting between firms and risk-averse workers. The key idea in this model,
explained in more detail below, is that firms face a trade-off between providing insurance
to workers and competing against other firms to retain workers. On one hand, providing
insurance makes contracts more attractive to workers, making it easier for firms to hire
them. On the other hand, passing through productivity shocks to wages helps to retain
workers when they generate the most profits. Firms face additional incentives to pass
through sectoral productivity shocks relative to firm-level shocks because sectoral shocks
also influence the intensity of the cyclical competition for workers. I derive analytical
formulas for the pass-through, which describe how firms balance the worker preference
for insurance with the cyclical competition for workers. I use the model to quantify how
much insurance firms provide to workers over sectoral cycles and revisit the role of firing
costs when wage contracts are endogenous. Finally, I show that the contracts that firms
offer to workers change significantly when workers can trade risk-free bonds.

I start by using French matched employer-employee data between 2008 and 2019 to
document the pass-through of firm-level and sectoral productivity shocks to the wages
of workers employed at the same firm for two consecutive years (stayers). Consistent



with existing literature, I find that wages respond significantly more to sectoral shocks
than to firm-level shocks. After a positive productivity shock normalized to 100%, wages
increase by 4% when the shock is firm-level and by 18% when it is sectoral. Since the
competition for workers is central to my model, I also measure job-to-job transition rates
and find that they respond very differently to firm-level and sectoral shocks. After a 100%
increase in productivity, job-to-job transitions fall by about 2 percentage points when the
shock is firm-level but rise by 4 percentage points when the shock is sectoral.

To understand these facts, this paper builds an equilibrium model of the labor market
with risk-averse workers and dynamic wage contracts. Workers can switch jobs but face
search frictions. They receive preference shocks for changing jobs, which effectively im-
ply that only a fraction of workers choose to search for new jobs every period. Contracts
are subject to limited commitment on the side of workers and firms as in Thomas and
Worrall (1988), and there is imperfect information about the worker search decision and
preference shocks. Firms are heterogeneous in their permanent productivity, and expe-
rience firm-level and sectoral productivity shocks. In a baseline version of the model, I
assume that workers consume their wages and I later relax this assumption by allowing
workers to trade in risk free bonds, which allows them to smooth their consumption in
response to shocks. My model is a quantitative version of Menzio and Shi (2010), and is
closely related to Balke and Lamadon (2022).

The model captures a trade-off between retaining workers when they are most pro-
ductive, and insuring them against productivity shocks. Consider first how a firm re-
sponds to firm-level shocks. If a firm provided complete insurance against such shocks
by paying constant wages, its workers would leave at a constant rate. Such a firm could
increase its profits by raising wages when firm productivity is high to reduce the quit
rate, and lowering wages when firm productivity is low to increase it. With this strategy
tirms would retain workers precisely when they generate the most profits. But passing
through productivity shocks to wages too much is not optimal because workers are risk-
averse and they value insurance against shocks. Indeed, if one firm adopted a strategy of
close to complete pass-through of its shocks, it would have to offer much higher average
wages to make its offer attractive relative to an offer that has a lower pass-through and,
hence, provide better insurance. Therefore, firms balance the benefits of varying wages
with productivity to optimize worker retention against the benefits of providing insur-
ance to workers against shocks so as to design contracts that both maximize profits and
are attractive to workers.

In sharp contrast to firm-level shocks, sectoral shocks also affect the intensity of the
competition for workers. After positive sectoral productivity shocks, all firms are more



profitable and hence all of them are more eager to attract workers. This cyclical increase
in competition means that if any one firm did not increase its wages, that firm would dis-
proportionately lose its workers to poaching firms precisely when these workers would
generate the most profits. Thus, because of the cyclical upswing in competition from
poachers, firms raise wages more aggressively when all firms become more productive.
Nonetheless, in this scenario the larger increase in wages only partly offsets the upswing
in competition, so that firms lose workers at a faster rate than they would absent such
sectoral shocks. In a symmetric fashion, negative sectoral shocks reduce the desire of
competing firms to attract workers so firms can reduce wages significantly without caus-
ing an upswing in the quit rate of workers.

I derive a new analytical formula for the pass-through of firm-level productivity shocks
to wages that yields further insights into this mechanism. Specifically, I compute the im-
pulse response of wages to a mean-reverting productivity shock. I derive this result in
continuous time using methods from Sannikov (2008), and using a novel approximation
to the optimal contract that I introduce. The resulting pass-through formula shows that
it is optimal to backload the wage increase in response to a positive firm-level shock,
meaning that wages rise proportionately more in future periods than today relative to
productivity shocks. Briefly, backloaded wages encourage workers to stay with the firm
in order to benefit from these future higher wages.

This pass-through formula also shows that the tension between worker retention and
insurance boils down to a ratio of a retention elasticity to the relative risk aversion of the
worker, where the retention elasticity is the percentage point change in the worker job-
to-job transition rate induced by a one percent increase in the present value of wages.
When risk aversion is large, workers value insurance against shocks more and the op-
timal pass-through is low. In contrast, when the retention elasticity is large, increasing
wages is an effective strategy to retain workers and the optimal pass-through is high. The
retention elasticity is endogenous to the equilibrium, but is taken as an exogenous func-
tion of wages and shocks in the firm’s problem. It turns out that this elasticity provides
sufficient information for the determination of a firm’s optimal policy.

A similar formula for the pass-through of sectoral productivity shocks shows when
this pass-through is larger than the pass-through of firm-level shocks. First, it is larger
when the firm value is larger. Intuitively, the larger is a firm’s present value of profits, the
stronger is the firm’s desire to retain workers. Hence, this higher value induces firms to
respond more aggressively to an increase in competition from outside firms following a
sectoral shock. Second, the pass-through is larger when the retention elasticity increases
in sectoral productivity. This second condition is especially strong for workers with cur-



rently high wages. The reason is that in normal times these workers are already paid
more than nearly all poachers can offer so they are unlikely to leave. But in a boom wage
offers from poachers become more attractive, these workers start searching for jobs and
their retention elasticity increases greatly. Firm optimally respond by passing through a
large fraction of sectoral shock to their wages.

In addition to these forces, the model features an important asymmetry in the response
of wages to positive and negative shocks because firms have limited commitment. The
firm limited commitment constraint specifies that firms will terminate matches whenever
their value turns negative. Hence, the contract will imply that after a sequence of negative
productivity shocks that leads the value of the firm to be zero, there must be complete
pass-through of negative shocks so that the firm value does not turn negative. This stands
in contrast to positive productivity shocks that only trigger smooth adjustments in wages
because no such issue with termination arises. Crucially, the firm limited commitment
constraint is more likely to bind after a sectoral boom when the upswing in the cyclical
competition for workers has increased wages and reduced profits. In this case, the intense
competition for workers has left firms more vulnerable to negative productivity shocks
and workers more likely to experience sharp wage cuts.

I bring the model to the data to quantify how much insurance firms provide to workers
in response to various shocks. I quantify the model using moments on firm and sectoral
productivity shocks as well as labor market flows estimated in my matched employer-
employee data. In the quantitative model I add a cost of terminating contracts, which I
refer to as firing costs. This cost relaxes the firm limited commitment constraint so that
tirms terminate matches only if their value is more negative than the firing costs. I cali-
brate these firing costs using data from the International Labor Organization for France.
I find that the model accounts well for the differential response of wages and job-to-job
transitions to firm-level and sectoral productivity shocks, which are not targeted in the
quantification. Remarkably, high productivity firms disproportionately pass through sec-
toral productivity shocks to workers relative to low-productivity firms. This occurs be-
cause high productivity firms have high value and hence are relatively more eager to
hang on to their workers, and because these firms tend to have high-wage workers for
whom the retention elasticity increases sharply following positive sectoral shocks.

I then use the quantitative model to revisit the role of firing costs when contracts are
endogenous. In the baseline calibration, firing costs are substantial and as a result firms
have a lot of commitment power. In particular, less than 1% of firms reach the limited
commitment constraint every quarter, and as a result workers experience smooth adjust-

ments in their wages. To isolate the role of firing costs, I compute a counterfactual in



which I reduce them to a much lower level consistent with the United States. With these
lower firing costs, almost 15% of firms reach the limited commitment constraint every
quarter and as a result workers receive a lot less insurance against negative productiv-
ity shocks. The pass-through of firm-level productivity shocks to wages also becomes
counter-cyclical: it is 15% higher in downturns than in booms. This result differs from
previous work on firing costs, which emphasized their ambiguous effect on employment
(Bentolila and Bertola, 1990) and their perverse effect on the reallocation of workers to-
wards more productive firms (Hopenhayn and Rogerson, 1993).

Finally, I document in the model that wage inequality increases in downturns because
of the differential dynamics of wages for incumbent workers and new hires. In response
to a negative sectoral shock, the wage of incumbent workers falls slowly over time be-
cause these workers are insured through wage contracts, whereas the wage of new hires
falls sharply. This result is consistent with existing work on dynamic contracts (Rudanko,
2009, Kudlyak, 2014, Basu and House, 2016). The novelty is that new hires are located at
the bottom of the wage distribution whereas incumbent workers are at the top because
wages grow with tenure. Thus, after a negative sectoral shock the bottom of the distri-
bution expands sharply whereas the top remains fairly stable, and wage inequality rises.
Quantitatively, I find that the cross-sectional dispersion in log wages is 12% larger in sec-
toral downturns than in booms.

An important assumption in my baseline model is that workers have no access to fi-
nancial markets. In reality, workers have access to alternative forms of insurance, such
as credit card debt, that can interact with the insurance provided by firms through wage
contracts. To illustrate this point, I characterize a 2-period version of the model in which
workers can trade risk-free bonds. Surprisingly, I find that risk-free bonds enhance the
ability of firms to retain workers. The reason why workers are less likely to change jobs is
that wages are extremely backloaded so workers forego a large part of their compensation
when they switch jobs. Without risk-free bonds, backloading wages so much is not opti-
mal because it implies a path for consumption that is also extremely backloaded, which is
unattractive to workers with concave utility. With risk-free bonds, firms choose to back-
load wages more because they can make workers borrow and smooth consumption. In
the model with risk-free bonds, a precautionary savings motive is the new force that lim-
its the degree of backloading in wage contracts. When firms set the wage of workers, and
effectively pin down borrowing, they take into account that borrowing is risky because
workers might end up in the future with a lot of debt and very little income to pay for
it, for example if they become unemployed. When trades in risk-free bonds are private
information to workers, firms use the pass-through of productivity shocks to wages to



manipulate this precautionary savings motive!.

Related literature This paper builds on a literature studying how firms compete to at-
tract and retain workers using dynamic wage contracts. Building on the work of Burdett
and Mortensen (1998), this literature characterizes the optimal hiring and retention policy
of firms and the implications for wages. In a model with random search and constant pro-
ductivity, Burdett and Coles (2003) show that firms face a trade-off between preventing
workers from switching jobs and smoothing their wages over time. Stevens (2004) stud-
ies a similar problem with risk-neutral workers while Shi (2009) extends this analysis to a
model with risk-averse workers and directed search. One appeal of these models is that
they are consistent with the well-documented fact that wages grow and job-to-job tran-
sitions fall on average during a match (e.g. Topel and Ward, 1992). Balke and Lamadon
(2022) estimate a similar model with firm-level and worker-level productivity shocks to
evaluate whether firms insure workers against idiosyncratic shocks through wage con-
tracts. My paper extends this literature to the study of macroeconomic shocks, specifi-
cally productivity shocks that impact all firms in a sector. The key difference is that after
sectoral shocks, firms have to respond to general-equilibrium changes in the intensity of
the cyclical competition for workers. To do so, I build on the model of Menzio and Shi
(2010) who consider optimal wage contracts with job-to-job transitions, firm and aggre-
gate shocks. In their paper, they prove existence of an equilibrium that has the property
of block recursivity for a broad class of models with wage contracts, including the one I
build on in this paper. Relative to these papers, I derive a new analytical characterization
of the optimal contract in the form of pass-through formulas, I build a quantitative ver-
sion of this model with firm and sectoral shocks that I estimate using administrative data
and I consider the case in which workers can trade risk-free bonds. My pass-through for-
mulas are reminiscent of the Chetty-Baily statistic for optimal unemployment insurance
(Baily, 1978, Chetty, 2006), highlighting a common structure behind these two problems.

Another branch of the literature has studied models in which firms compete for work-
ers over the business cycle. These models have been used to explain the cyclicality of
labor market flows (Menzio and Shi, 2011, Moscarini and Postel-Vinay, 2016b, Schaal,
2017, Fukui, 2020, Carrillo-Tudela, Clymo and Coles, 2021), to study the reallocation of
workers towards more productive firms (Moscarini and Postel-Vinay, 2013, Coles and
Mortensen, 2016, Lise and Robin, 2017, Acabbi, Alati and Mazzone, 2022) and to evaluate

the relevance of a Phillips curve defined in terms of job-to-job transitions (Moscarini and

'In ongoing work, I extend this problem to a dynamic setting and evaluate whether the degree of wage
backloading and the pass-through change significantly when workers have access to realistic asset markets.



Postel-Vinay, 2022). The model in this paper differs from most of the literature by as-
suming that workers are risk-averse?. This assumption has three implications. First, the
model in this paper can be used to quantify how much insurance firms provide to workers
and evaluate the role of policies, such as firing costs, that influence the risk that workers
face over the cycle. Second, the model can be disciplined using numerous moments from
microeconomic data, such as the pass-through of firm-level productivity shocks to wages.
Third, in models with risk-neutral workers, the path of wages is not determinate unless
it is assumed that all workers within a firm are paid the same wage. Another distinction
between this paper and the literature is that I study sectoral shocks in the data whereas
existing papers focus on aggregate shocks. In the model however, the shocks that I call
sectoral are identical to the aggregate shocks studied in this literature. The reason why I
focus on sectoral shocks in my empirical exercise is that in the context of a risk-sharing
problems, other forces than the cyclical competition for workers might prevent firms from
insuring workers against aggregate shocks®.

There are two branches of literature on job-to-job search. In the Burdett and Mortensen
(1998) approach, firms do not make counteroffers and instead preempt workers from
switching jobs. In a different tradition exemplified by Postel-Vinay and Robin (2002),
firms do make counteroffers. From an applied perspective, I argue that the Burdett and
Mortensen approach of no counteroffers seems more appropriate for my setting. In partic-
ular, while it is true that, at least anecdotally, counteroffers are often made for very skilled
workers, they seem to be much less prevalent for the average worker in my dataset. In
setting up my model, I impose restrictions on information and technology such that it
is not incentive feasible to treat workers who have received offers differently from those
who have not. As a result, it is not optimal for firms to make counteroffers in my model.

In this paper, search and contracting frictions are inter-connected. Imperfect infor-
mation about the worker search decisions induces firms to use wages to influence the
worker job-to-job transition rate, which depends on search frictions. Early work on dy-
namic wage contracts focused on contracting frictions but abstracted from search frictions
(e.g. Harris and Holmstrom, 1982, Holmstrom, 1983, Thomas and Worrall, 1988). In these
models, the wage changes when the value of the outside option, such as quitting into
unemployment, exceeds the value from the current job. Instead, in models with search
frictions the wage changes almost continuously to influence the probability that a worker

switches jobs. Recent work on dynamic wage contracts (Rudanko, 2009, 2011, Kudlyak,

2One recent exception is Acabbi et al. (2022) who use a model with risk-averse workers similar to mine.
They focus on the persistent effects of recessions when workers have human capital.
3For example, aggregate risk is more difficult to insure because it cannot be diversified by investors.



2014) has also considered models with contracting frictions in which the value of unem-
ployment depends on search frictions. However, in these models workers do not switch
jobs and thus wages only adjust when the worker or the firm outside option binds. My
model instead focuses on job-to-job transitions, and as such is consistent with recent ev-
idence that job-to-job transitions are an important driver of wage growth over the cycle,
even for workers who do not switch jobs (Moscarini and Postel-Vinay, 2016a, 2017, Kara-
han, Michaels, Pugsley, Sahin and Schuh, 2017).

Finally, this paper adds to a large empirical literature on the employment history of
workers by documenting new evidence for France. Specifically, my estimates for the
pass-through of firm-level and sectoral shocks are consistent with existing estimates from
other countries (e.g. Guvenen, Schulhofer-Wohl, Song and Yogo, 2017, Guiso and Pista-
ferri, 2019). A recent focus of this literature has been to measure the cyclicality of the
pass-through of firm-level shocks (Guvenen, Ozkan and Song, 2014, Chan, Salgado and
Xu, 2020). I find that in France the pass-through of firm-level shocks is a-cyclical in the
data, and show in my quantitative model that lowering firing costs would make the pass-
through counter-cyclical. My pass-through formulas also show the critical role of the
retention elasticity, a parameter that has been estimated in Kline, Petkova, Williams and
Zidar (2019) and Dube, Giuliano and Leonard (2019).

Layout The paper starts in section 2 with motivating evidence on the response of wages
and job-to-job mobility to firm-level and sectoral productivity shocks. Section 3 presents
the model, and I characterize the optimal contract in section 4. Section 5 brings the model
to the data and quantifies the risk faced by workers over sectoral cycles. In section 6,
I consider an extension of the baseline model that allows workers to trade in risk-free
bonds. Proofs are in the appendix.

2 Motivating evidence

I start by I documenting using matched employer-employee data that wages and job-to-
job transitions respond very differently to firm-level and sectoral productivity shocks. I
will use these facts as testable implications of my model.

2.1 Matched employer-employee data from France

I use administrative data from France between 2008 and 2019 to discipline my analysis.

I combine annual data on firm balance sheet with a panel of worker from social security



data containing 1/12th of the French labor force. Using administrative data is critical for
my analysis because I estimate the response of wages and job-to-job mobility decisions at
the individual level to changes in firm and sectoral productivity.

I focus on a sample of workers with relatively strong attachment to labor markets and
for which I can measure job-to-job mobility accurately. Specifically, I only keep in the
sample workers with permanent full time contracts, and prime age workers (25-55 years
old). I focus on private sector jobs in for-profit firms with at least 3 employees. Appendix
A provides more details on the sample selection and data construction and summary
statistics on the population of interest. I end up with about 530,000 workers and 130,000
tirms per year.

I measure labor productivity using value added per worker, controlling for the cost of
capital. I measure the cost of capital as the product of tangible assets and interest rates
plus depreciation rates, where interest rates are estimated from the balance sheet data and
depreciation rates are estimated at the annual-sector level using national accounts data. I

model labor productivity yjs; at firm j in sector s and at time ¢ as
log yjst = loga; + log zst + log x;s

where a; is an aggregate component, zs; a sectoral component and xj;; a firm-level compo-
nent. I first residualize log yjs; on time dummies to extract the common component and
on firm age dummies to control for the life cycle of firms, which is not in the model. I then
measure the sectoral component log zs; as the average productivity across firms within a
sector and compute the firm component log xjs; as the residual.

I measure wages as annual labor earnings divided by the number of days worked.
Given that I consider a sample of relatively stable workers, changes in hours within the
day are unlikely to be large. Labor earnings are net of payroll taxes but before income
taxes and they include all types of compensations, including bonuses and payment in
kinds, but excludes stock options. Unlike in the U.S., medical insurance is not an impor-
tant part of pay in France. I residualize the log of labor earnings on observable worker and
tirm characteristics, such as occupation, industry or location dummies, a gender dummy,
a polynomial in experience and dummies for firm age.

I then compute the growth rate of earnings and productivity and remove outliers at
the bottom and top 0.5% of the distribution each year.



Figure 1: Tenure profiles of wages and job-to-job transitions
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Note: the gray areas around the line denotes the confidence intervals estimated with block bootstrap in which firms are re-sampled.
Number of observations is approximately 530,000 workers per year for 12 years.

2.2 The tenure profile of wages and job-to-job transitions

I start by documenting in the data the profile of wages and job-to-job transitions with
tenure within a match.

I regress residualized wages on dummies for tenures following
log wijsy = & + ) 0™ + €554

and use the estimates for dummy variables to measure the tenure profile of wages. Sim-
ilarly, I compute the tenure profile of worker mobility by regression an indicator for job-
to-job transitions on dummies for tenure.

The estimates for the tenure profiles of wages and job-to-job transitions are shown in
tigure 1. The results show that wages rise systematically over time for the duration of a
match. At the same time, workers quit rate for another job fall. After 10 years in the match,
workers are paid approximately 8% more and are 8 percentage point less likely to leave
for another job than when they just matched with the firm. These results are consistent
with existing literature and are often cited as evidence for dynamic wages contracts. In

section 4, I show that my wage contracts are indeed consistent with this pattern.
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Wages Job-to-job transition rate

Firm productivity shock 4.6% (0.61%) - 1.7pp (0.89pp)

Sectoral productivity shock  18.5% (3.5%) 4.0pp (7.5pp)

Note: standard errors are shown in parenthesis and are estimated by block bootstrap in which firms are re-sampled. Number of
observations is approximately 530,000 workers per year for 12 years.

Table 1: Estimated response of wages and job-to-job transitions to productivity shocks in the data

2.3 The differential response of wages and job-to-job transitions to

firm and sectoral productivity shocks

I measure the response of wages and job-to-job mobility as the percent change in wages,
and the percentage point change in job-to-job transition rate after a 100% increase in firm-
level and sectoral productivity. These responses are estimated using standard estimators
from Guiso et al. (2005).

Define the growth rate of residualized wages for worker i in firm j sector s and be-
tween year t — 1 and ¢ as Alogwjjs; and define the growth rate of firm and sectoral pro-
ductivity as Alog xjs; and Alog zs. The response of wages to firm-level and sectoral pro-
ductivity shocks are defined as

gy Cov(Alog wijst, i Alog yjst1t)

— 1)
Cov(Alog Yjsts Z%Z_l Alog ]/jst+~r)

where y € {x,z} denotes firm-level or sectoral productivity and where Y2 _ ; Alog Yist+t
is the 3-year cumulative sum of productivity growth. In a model with permanent produc-
tivity shocks and static pass-through as in Guiso et al. (2005), this estimator recovers the
true pass-through of productivity shocks to wages. It can be computed from a regression
of wage growth on productivity growth, using the 3-year cumulative sum as an instru-
ment for productivity growth. This instrument filters out the effect of transitory changes
in productivity, which I interpret as measurement errors. In my model the pass-through is
not static and shocks not permanent so these coefficients do not really measure the pass-
through but I treat them as auxiliary statistics to compare my model with the data. I find
it useful to report these statistics, as opposed to simple covariances, since they have been
extensively documented in the literature. I measure the 