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Online Appendix A: Additional results

Figure A1. Stylized bene�ts timeline

Notes: Figure illustrates time path of health-related bene�ts for a patient continuously claiming bene�ts who
enters sick leave with full eligibility. See text for details.
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Table A1. Bivariate regressions of wait time and congestion on predicted out-
comes

(1) (2)
Predicted outcomes Wait time Congestion

Predicted Health-related absence t0-t4 -0.024*** (0.004) 0.000 (0.000)
Predicted Permanent DI t4 -0.534*** (0.141) 0.016 (0.016)
Predicted Earnings -0.001 (0.005) -0.000 (0.001)
Predicted Employed 0.456*** (0.144) -0.005 (0.017)
Predicted Earnings if employed -0.003 (0.005) -0.000 (0.001)
Predicted Earnings if DI receipt -0.003 (0.005) -0.000 (0.001)
Predicted UI days 0.247** (0.110) 0.013 (0.013)
Predicted GP visits t0-t4 -0.010 (0.053) 0.005 (0.007)
Predicted Hospital days t0-t4 -0.403** (0.159) 0.008 (0.018)
Predicted Hospital care utilization t0-t4 -0.086*** (0.027) 0.002 (0.003)
Predicted Readmission days t0-t4 -93.163*** (15.685) 0.235 (2.044)
Predicted Emergency admission t0-t4 -4.773** (2.318) 0.161 (0.281)
Predicted Mortality t4 -0.448*** (0.153) -0.010 (0.018)

Observations 26,410 26,410
Dep. mean 190.26 176.55
Notes: Table shows estimates resulting from bivariate regressions of wait time and congestion on various predicted
outcomes. Predicted outcomes are calculated using the covariates in Table ??. All regressions include �xed
e�ects for year-by-referral-month and for hospital-by-procedure. Standard errors are clustered at the hospital-by-
procedure level. Stars indicate signi�cance levels: * p < 0.1, ** p < 0.05, *** p < 0.01

Table A2. Surgical coding - Chapter N Musculoskeletal system

(1) (2)
Number of observations Average wait time

Ankle and foot 5,488 256.5
Hip joint and thigh 1,783 194.2
Knee and lower leg 11,291 151.8
Shoulder and upper arm 4,478 183.3
Wrist and hand 3,370 218.5

Total 26,410 190.3

Notes: Surgical procedures included in the estimation sample, using the NCSP coding system.
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Figure A2. CDFs of wait time by quantile of instrument
Notes: Kolmogorov�Smirnov tests of equality of distributions yield the following test statistics: (a) Below/above
median: D = 0.058, p = 2.5× 10−19, (b) First/fourth quartile: D = 0.0904, p = 3.2× 10−23 Tests of �rst order
stochastic dominance (Kline and Tartari, 2016; Barrett and Donald, 2003) yield the following test statistics: (a)
Below/above median: p = 0.996, (b) First/fourth quartile: p = 0.974

Figure A3. Propensity score by subsamples of sick leave status at referral
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Table A5. E�ects by sector and education

(1) (2) (3) (4)
Sample: Low education High education

Private Public Private Public

Panel A: First stage

Congestion 0.352∗∗∗ 0.418∗∗∗ 0.364∗∗ 0.299∗∗∗

(0.0778) (0.104) (0.143) (0.100)
FS F-stat 20.5 16.1 6.5 8.9

Panel B: Hospital days

Wait time 0.004 0.028 0.038 0.026
(0.020) (0.029) (0.052) (0.032)

Dep. mean 16.966 19.693 16.017 18.072
Panel C: Absence days

Wait time 1.163∗∗ 0.702 0.183 -0.339
(0.575) (0.742) (0.626) (0.623)

Dep. mean 403.919 457.807 188.153 269.559
Panel D: DI year 5

Wait time 0.039 0.033 0.034 -0.001
(0.025) (0.037) (0.028) (0.025)

Dep. mean 5.789 7.451 1.648 3.013

Observations 12575 4724 3156 4879

Notes: Table shows the estimated e�ects of wait time on health (Panel B) and labor market outcomes (Panel C
and D) outcomes over the 5-year window following referral. Columns 1 and 2 limit the sample to patients with low
education while columns 3 and 4 limit the sample to patients with high education. Additional sample restrictions
are applied: in columns 1 and 3 we also restrict the sample to patients working in the private sector, while columns
2 and 4 limit the sample to patients working in the public sector. Low education indicates having high school or
less education, high education indicates having longer education than high school. All regressions include year-by-
referral-month and hospital-by-procedure �xed e�ects. Standard errors are clustered at the hospital-by-procedure
level. Stars indicate signi�cance levels: * p < 0.1, ** p < 0.05, *** p < 0.01
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Table A6. E�ects by procedure

(1) (2) (3) (4) (5)
Sample: Shoulder Hand/wrist Hip/thigh Knee Ankle/foot
Panel A: First stage

Congestion 0.339∗∗∗ 0.391∗∗∗ -0.0534 0.327∗∗∗ 0.338∗∗∗

(0.106) (0.134) (0.237) (0.0924) (0.105)
FS F-stat 10.2 8.6 0.1 12.5 10.5

Panel B: Hospital days

Wait time -0.0231 0.00200 -0.0177 0.00331 0.0569∗

(0.0253) (0.0233) (0.373) (0.0248) (0.0299)
Dep. mean 18.497 18.072 26.350 16.095 17.073

Panel C: Health-related absence days

Wait time 0.453 0.741 -10.79 0.878 1.144
(0.854) (0.644) (49.11) (0.734) (0.728)

Dep. mean 536.378 343.464 479.221 331.200 309.931

Panel D: Permanent DI

Wait time 0.00605 0.0611 -0.893 0.0383 0.0193
(0.0340) (0.0414) (3.972) (0.0335) (0.0206)

Dep. mean 8.039 5.964 8.693 4.375 3.845

Observations 4,478 3,370 1,783 11,291 5,488

Notes: Table present the estimated e�ects of wait time on health and labor market outcomes for subsamples
de�ned by each of the �ve surgical/medical procedures we study (NCSP/NCMP). All regressions include year-by-
referral-month and hospital-by-procedure �xed e�ects. Standard errors are clustered at the hospital-by-procedure
level. Stars indicate signi�cance levels: * p < 0.1, ** p < 0.05, *** p < 0.01
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Table A7. E�ects by hospitals with average wait time above/below median

(1) (2)
Sample: Low congestion hospitals High congestion hospitals
Panel A: First stage

Congestion 0.240∗∗∗ 0.415∗∗∗

(0.0753) (0.0728)
FS F-stat 10.1 32.5

Panel B: Hospital days

Wait time 0.0263 0.0166∗

(0.0399) (0.0101)
Dep. mean 17.187 18.218

Panel C: Health-related absence

Wait time -0.351 1.174∗∗∗

(0.858) (0.413)
Dep. mean 359.790 389.505

Panel D: Permanent DI

Wait time -0.0135 0.0547∗∗∗

(0.0335) (0.0196)
Dep. mean 5.104 5.720

Observations 14,556 11,854

Notes: Sample is split by the hospital level median wait time. All regressions include year-by-referral-month
and hospital-by-procedure �xed e�ects. Standard errors are clustered at the hospital-by-procedure level. Stars
indicate signi�cance levels: * p < 0.1, ** p < 0.05, *** p < 0.01
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Table A8. IV estimates for permanent DI in year 5, by graded vs full bene�t
takeup

(1) (2) (3)
DI Graded DI Full DI

Panel A Reduced form

Congestion 0.015∗∗∗ 0.004 0.012∗∗∗

(0.005) (0.003) (0.004)
Panel B IV estimates

Wait time 0.041∗∗ 0.012 0.033∗∗

(0.016) (0.009) (0.014)

Observations 26410 26410 26410
Dep. mean 5.381 1.833 3.669

Notes: Table present the estimated e�ects of wait time on disability pension (graded and full bene�t take up). All
regressions include year-by-referral-month and hospital-by-procedure �xed e�ects. Standard errors are clustered
at the hospital-by-procedure level. Stars indicate signi�cance levels: * p < 0.1, ** p < 0.05, *** p < 0.01
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Table A14. E�ects by medical history and absence history

(1) (2) (3) (4) (5) (6)

Sample: High Low High predicted SL Low predicted SL
predicted SL predicted SL Not on SL On SL Not on SL On SL

First stage

Congestion 0.381∗∗∗ 0.330∗∗∗ 0.429∗∗∗ 0.304∗∗ 0.311∗∗∗ 0.627∗∗∗

(0.068) (0.071) (0.088) (0.122) (0.067) (0.211)
FS F-stat 31.6 21.4 23.7 6.2 21.2 8.9

Hospital days

Wait time 0.012 0.021 0.016 0.019 0.032 -0.045
(0.017) (0.017) (0.021) (0.034) (0.020) (0.045)

Dep. mean 20.131 15.169 19.262 21.522 14.619 19.841

Health-related absence days

Wait time 1.361∗∗ 0.210 0.647 2.619∗ -0.119 1.655∗

(0.552) (0.280) (0.411) (1.405) (0.280) (0.896)
Dep. mean 541.172 205.083 355.225 838.578 168.481 516.698

DI receipt

Wait time 0.048∗∗ 0.028∗∗ 0.010 0.130∗ 0.013 0.086∗

(0.024) (0.014) (0.021) (0.078) (0.012) (0.052)
Dep. mean 9.034 1.727 4.640 16.063 1.193 6.268

Observations 13205 13205 8125 5080 11817 1388

Notes: Table shows the estimated e�ects of wait time on health and labor market outcomes in the 5-year window
following referral. The sample is split according to predicted probability of receiving sickness absence bene�ts at
referral. The predicted sickness absence is the same as that used in Section 6, where absence is predicted from
the predetermined observable characteristics in Table ??, omitting the lagged absence variables. In columns 3-6
we additionally split the sample on patients actually on sick leave at referral and not on sick leave at referral.
All regressions include �xed e�ects for year-by-referral-month and hospital-by-procedure. Standard errors are
clustered at the hospital-by-procedure level. Stars indicate signi�cance levels: * p < 0.1, ** p < 0.05, *** p <
0.01
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Figure A5. E�ects of wait time by years since referral
Note: The �gure plots the estimated IV e�ects of wait time for each year relative to the referral year.
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Table A15. Characteristics of compliers

Baseline model Binary model

pr(X = x) FSx
FSx
FS

FSx

FSx
FS

= FSx
FS

pr(X = x) = E(X|DI)

pr(X=x|compl)
pr(X=x)

pr(X = x|compl)

(1) (2) (3) (4) (5) (6) (7)

All 1.000 0.356 1.000 0.0010 1.000 1.000
(0.056) (0.0001)

Education
Low 0.687 0.372 1.045 0.0011 1.072 0.736 0.769

(0.063) (0.0918) (0.0002) (0.0691) (0.0477)
High 0.313 0.319 0.896 0.0009 0.855 0.268 0.231

(0.084) (0.199) (0.0002) (0.148) (0.0466)

Gender
Male 0.532 0.335 0.942 0.0011 1.098 0.584 0.398

(0.051) (0.143) (0.0002) (0.103) (0.0547)
Female 0.468 0.362 1.017 0.0009 0.864 0.405 0.602

(0.087) (0.148) (0.0002) (0.106) (0.0495)

Age
≥45 0.567 0.289 0.812 0.0010 0.971 0.550 0.799

(0.067) (0.125) (0.0002) (0.0888) (0.0506)
<45 0.433 0.443 1.245 0.0011 1.037 0.449 0.201

(0.085) (0.161) (0.0002) (0.118) (0.0512)

Occupation
O�ce 0.423 0.298 0.838 0.0009 0.897 0.379 0.302

(0.089) (0.168) (0.0002) (0.115) (0.0485)
Manual 0.249 0.459 1.289 0.0013 1.267 0.316 0.127

(0.118) (0.241) (0.0002) (0.175) (0.0434)

Table shows characteristics of compliers. Population shares are shown in column (1). Column (2) and (3)
show group-speci�c �rst stages, and the ratio of these to the overall �rst stage. Columns (4) and (5) show
group-speci�c �rst stages with binary wait time (wait time above median) and the ratio of these to the overall
�rst stage. Column (6) shows the probability of being in a subgroup conditional on being a complier. Column
(7) shows the shares of all workers entering DI for any type of diagnosis, by characteristics.
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Online Appendix B: Robustness

Table B1 summarizes results from a set of robustness and speci�cation checks, as
discussed in Section ??. Table B2 presents estimates from a model where patients
with very long waits are dropped from the sample.

The stability of results across models with and without additional controls
supports the claim that patient characteristics are unrelated to the instrument.
To further validate the independence assumption, we also estimate the baseline
model with GP �xed e�ects on all outcomes. This addresses the concern that
estimates are biased if GPs help patients choose hospitals based on the expected
wait times. Reassuringly, however, these models with GP �xed e�ects produce
results that are very similar to our baseline model.

Appendix Table B3 columns (1) - (3) present models estimated on a sample
excluding patients with a history of orthopedic surgery in di�erent windows prior
to referral. We might worry that the identifying assumptions of our model are
less likely to hold for these patients � for instance, they, or their referring doctors,
might have greater access to information as to which hospitals have shorter queues.
However, there appears to be no di�erence between our baseline estimates and
estimates from samples which exclude patients with an orthopedic history.

Our baseline estimations use a time frame of 30 days before the referral date of
patient i to estimate patient i's average wait time. Figure B1 illustrates the e�ects
of varying this window, plotting IV estimates of the e�ects on absence days and
disability where the instrument is constructed using pre-referral windows of 14 to
50 days. Overall, results are robust to choice of window, though estimated e�ects
tend to be less signi�cant for very short windows (14 days), possibly re�ecting
increased noise associated with small sample sizes.

Our preferred model de�nes all outcomes relative to the referral date. In Ap-
pendix Table B4, we present alternative models where outcomes are instead de�ned
relative to surgery date. The results generated by this model are consistent with
the �ndings of our preferred model. While longer wait times have no signi�cant ef-
fects on post-surgery health care utilization, longer waits do signi�cantly increase
post-surgery sick leave, as well as the probability of permanent DI receipt. In
a related decomposition exercise, presented in Appendix Table B5 we estimate
e�ects of wait times on pre- and post-surgery absence days and healthcare uti-
lization. These models also indicate that longer wait times signi�cantly increase
post-surgery absence, with no signi�cant e�ects on post-surgery healthcare utiliza-
tion.

While the F -statistic of our preferred instrument (F = 40) is well above the
conventional threshold for weak instrument, Lee et al. (2021) �nd that valid in-
ference requires an F -statistic greater than 100. To assess the robustness of our
�ndings, we have calculated weak instrument-robust con�dence intervals. Ap-
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Table B2. Exclude delays from IV

(1) (2) (3) (4)
First stage Hospital days Total absence Permanent DI

Congestion 0.342∗∗∗

(0.0580)
Wait time 0.00732 0.682∗∗ 0.0314∗∗

(0.0140) (0.388) (0.0179)

Observations 16,950 16,950 16,950 16,950
Dep. mean 17.08 366.8 5.286
FS F-stat 35.8

Notes: All regressions uses our estimation sample de�ned in Section 3.3.2, but we exclude patients with delayed
procedures from the instrument sample de�ned in Section 3.3.1. All regressions include year-by-referral-month
and hospital-by-procedure �xed e�ects. Standard errors are clustered at the hospital-by-procedure level. Stars
indicate signi�cance levels: * p < 0.1, ** p < 0.05, *** p < 0.01

pendix Table B6 presents the 95% Anderson Rubin con�dence intervals associated
with the IV estimates of e�ects of wait time on health and labor market out-
comes. These results indicate that the e�ects on �ve year absence and DI entry
remain statistically signi�cant at the �ve percent level when we adjust for weak
instruments.

We examine the robustness of noise to our instrument by employing an alter-
native �shrinkage-adjusted� instrument, de�ned as follows:

ShrinkIVih =
̂(
1

1 + τh/Npeersi

)(
Congestionih − Congestionh

)
(1)

where τh represents the ratio of patient-level variance to congestion-related
variance within each procedure group and Npeersi is the count of peer-patients
on which Congestionih is measured.1

The term τh expression is often called the �shrinkage factor,� as the practical
e�ect of this adjustment is to shrink the original Congestion measure towards the
mean value for its group.2

To estimate τh and V ar(τ̂h), we employ the method recommended by Guarino
et al. (2015), jointly estimating the relevant variance terms by modeling wait times
as a function of three independent terms: a random hospital e�ect, a random peer

1In principle, τ might vary across di�erent hospital-procedure group combinations, not only across procedure
groups. However, attempts the estimate values of τ at that level proved too high a demand on our data, producing
a handful of outlier τhp estimates.

2An analogous issue exists in the teacher evaluation literature, where empirical Bayes's (EB) estimation of
teachers' �value-added� is frequently employed to decrease classi�cation errors across teachers (Guarino et al.
2015). See, e.g., Chetty et al. (2014); Corcoran et al. (2011); Jacob and Lefgren (2008); Kane and Staiger (2008);
McCa�rey et al. (2004) for other applications of EB estimation in the teacher value-added literature.
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Table B4. Outcomes measured post surgery

(1) (2) (3)
Health-related absence Hospital days DI

year 1 to 3 year 1 to 3 year 3

Panel A. Full sample

Wait time 0.613∗∗∗ 0.011 0.075∗∗∗

(0.216) (0.009) (0.025)

Dep. mean 227.698 10.249 12.242
Observations 26410 26410 26410

Panel B. On sick leave at referral

Wait time 1.733∗∗ -0.006 0.253∗∗

(0.709) (0.023) (0.099)

Dep. mean 451.569 12.520 30.226
Observations 6468 6468 6468

Panel C. Not on sick leave at referral

Wait time 0.252 0.017 0.021
(0.165) (0.011) (0.019)

Dep. mean 155.087 9.512 6.409
Observations 19942 19942 19942

Notes: Table shows the estimated e�ects of wait time on outcomes measured post surgery; health related absence
in year 1 to 3 (column 1), hospital days in year 1 to 3 (column 2) and Disability pension in year 3 (column 3). The
sample in Panel B is restricted to patients on sick leave at referral and to patients not on sick leave at referral in
Panel C. All regressions include year-by-referral-month and hospital-by-procedure �xed e�ects. Standard errors
are clustered at the hospital-by-procedure level. Stars indicate signi�cance levels: * p < 0.1, ** p < 0.05, *** p
< 0.01
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Table B5. IV estimates. Outcomes measured over the 5 years following referral,
split by before and after surgery

(1) (2) (3)
from entry to from entry to from surgery to

5 years after entry surgery 5 years after entry

Panel A: Health-related absence

Wait time 0.864∗∗ 0.193∗∗∗ 0.671∗∗

(0.353) (0.060) (0.324)

Dep. mean 373.383 41.078 332.306

Panel B: Hospitals days

Wait time 0.017 0.005** 0.011
(0.012) (0.002) (0.011)

Dep. mean 17.713 3.150 14.563

Observations 26410 26410 26410

Notes: Table shows the estimated e�ects of wait time on pre- and post-surgery absence days (Panel A) and
healthcare utilization (Panel B). Outcomes in column 1 are measured in the �ve years following referral (baseline
model). In column 2 outcomes are measured from referral date to surgery date. In column 3 outcomes are
measured in the �ve years following surgery data. All regressions include year-by-referral-month and hospital-by-
procedure �xed e�ects. Standard errors are clustered at the hospital-by-procedure level. Stars indicate signi�cance
levels: * p < 0.1, ** p < 0.05, *** p < 0.01

group-speci�c congestion e�ect, and random patient-level e�ects, each assumed to
be normally-distributed. I.e., for patient i in peer group g in hospital h, we assume
wait time takes the form

WaitT imeigh = θh + ωg + εi (2)

with θh, ωg, and εi representing the hospital, peer group, and patient-level
components, respectively, and τp = V ar(ω)/V ar(ε). Estimation of (2) presents a
problem in our context, in that our congestion measure is de�ned for evolving sets
of peer groups, where patients are placed in multiple peer groups. We therefore
abstract from that aspect of our setting for the purposes of estimating τp, and
�t eq. (2) after assigning each patient to �xed 30-day �peer groups� (within each
hospital). Eq. (2) was �t via maximum likelihood estimation, with the result-
ing estimates used to construct the estimate shrinkage factors for subject-speci�c
values of Npeers.

This procedure was repeated for each procedure group to produce estimated
shrinkage factors for all subjects. Appendix tables B7 and B8 report results anal-
ogous to those in Tables 4 and 5, but employing the shrinkage-adjusted IV de�ned
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Table B6. Weak instrument robust con�dence intervals

Point estimate 95% AR con�dence interval
Outcome: Health-related absence 0.866** [ .236795, 1.77409]

(0.353)
Outcome: DI 0.0409** [ .011919, .082847]

(0.0163)
Outcome: Earnings -0.334* [ -.79746, .050658]

(0.198)
Outcome: Employment -0.0190 [ -.06915, .022693]

(0.0215)
Outcome: Earnings if employed -0.217 [ -.56141, .114258]

(0.164)
Outcome: Earnings if DI -0.194 [-.640711, .235724]

(0.205)
Outcome: UI days 0.0171 [-.112744, .117167]

(0.0538)
Outcome: GP visits 0.0206 [-.019905, .059674]

(0.0186)
Outcome: GP visits musculoskeletal 0.00489 [-.014541, .023613]

(0.00892)
Outcome: Hospital days 0.0174 [-.007604, .043272]

(0.0119)
Outcome: Hospital costs 0.0660 [-.101956, .24038]

(0.0801)
Outcome: Emergency admissions 0.000486 [-.003538, .004364]

(0.00185)
Outcome: Mortality -0.00246 [ -.10198, .100812]

(0.0474)

Note: Table presents IV estimates of e�ects of wait time on health and labor market outcomes, together with

Anderson-Rubin weak instrument robust con�dence intervals. All regressions include year-by-referral-month and

hospital-by-procedure �xed e�ects. Standard errors are clustered at the hospital-by-procedure level. Stars indicate

signi�cance levels: * p < 0.1, ** p < 0.05, *** p < 0.01

26



by eq. (1).
As Ballou et al. (2004) and others have shown, if τh was a known parameter,

ShrinkIVih would represent the best linear unbiased predictor of the mean (true)
congestion faced by i's peer patients. Therefore, we should anticipate that our
shrinkage-adjusted instrument would improve the power of our �rst-stage model
and the precision of estimated e�ects of wait time. In general, we would not
anticipate a dramatic change in the magnitude of estimated e�ects of wait time, as
the de�ciency the ShrinkIV instrument corrects is (in principle) one of e�ciency
rather than bias. If e�ects of wait time are either homogeneous or uncorrelated
with the patient shrinkage factors, we would expect no change in the IV estimates,
as the shrinkage adjustment would have proportional e�ects on both the �rst-stage
and the reduced-form estimates. Small changes in the IV estimates are perhaps
more likely, as the ShrinkIV instrument alters the weight contributed by di�erent
individuals to the estimated LATE, reducing the e�ective contribution of patients
with higher values of τh/Npeersi.

The estimation results arrived at by means of our shrinkage-adjusted instru-
ment, presented in Appendix Tables B7 and B8, largely con�rm these expectations.
Judging by the F-statistic, the �rst-stage is about 15% more powerful when the
shrinkage-adjusted instrument is used.

The IV estimates are generally robust to the alternative instrument, although
the estimated wait time e�ect on DI receipt is somewhat smaller, and the estimated
e�ect on hospital days is now modestly larger and signi�cant at the 10% level.

In order for our IV strategy to be valid, the exclusion restriction must hold.
Violations of the exclusion restriction could occur when hospitals face higher than
normal capacity constraints, if this results both in patients waiting longer for
surgery (longer wait times for planned procedures) and higher volumes of surgery
being performed, possibly reducing the quality of each procedure (if there is a
quantity-quality trade-o�).3 To examine this, we construct an auxiliary dataset
containing all orthopedic procedures performed during the years 2010-2011. This
dataset includes emergency admissions and patients who are referred for several
procedures in the same referral period. This sample is used to construct datasets
containing average wait times for scheduled patients, as well as counts of the to-
tal number of procedures in each time period (week/month). We then estimate
a set of models for studying the sickness absence of patients undergoing emer-
gency (unplanned) surgery. These patients have, by de�nition, not spent time
in a queue awaiting treatment. As a consequence, the outcomes for this group

3Wait times could also be positively correlated with the quality of treatment, for instance if patients are willing
to accept longer waits for treatment of higher perceived quality. To the extent that quality is �xed over time,
this will be absorbed by the procedure by group �xed e�ects. If patients respond to time-varying changes in
(perceived) quality of care, our estimates could re�ect changes in treatment quality as well as e�ects of wait time.,
however the results from our hospital catchment area models suggest this is not the main driver.
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Table B9. Absence, emergency patients

(1) (2) (3)
Hospital days Health-related absence DI receipt

Congestion 0.0117 -0.0167 0.0121
(0.00895) (0.132) (0.0286)

Dep. mean 31.12 280.7 53.79
Observations 62,723 62,723 62,723
Note: Table shows models estimated on a sample of patients admitted for emergency orthopedic surgery. In these
models, congestion refers to the average wait time of non-emergency patients in the hospital-by-month group. All
regressions include year-by-referral-month and hospital-by-procedure �xed e�ects. Standard errors are clustered
at the hospital-procedure level. Stars indicate signi�cance levels: * p < 0.1, ** p < 0.05, *** p < 0.01

can be used to estimate placebo models. Speci�cally, we estimate regressions of
�ve-year absence and DI on the wait times of scheduled patients, controlling for
calendar time and hospital-by-procedure �xed e�ects. If the exclusion restriction
holds, we would expect to �nd zero congestion e�ects for this group. Conversely, a
positive relationship between congestion and later sickness absence would indicate
that congestion in�uences outcomes through channels other than individual wait
times, which would violate the exclusion restriction.

The results of this exercise are shown in Table B9. The model �nds no sig-
ni�cant congestion e�ects on absence or DI for patients undergoing unplanned
surgeries. Moreover, the standard errors of these estimates allow us to rule out
substantial increases in post-surgery absence for these patients. The 95% con-
�dence intervals indicate that ten days additional mean wait time for planned
surgeries decreases cumulative absence days by 1.7 days over the �ve-year period;
the likelihood of 5-year DI receipt increases by no more than 0.1 percentage points.
This is in line with what we would expect if the exclusion restriction holds. To
summarize, we �nd no evidence that longer wait times have an independent e�ect
on treatment quality (e.g. through congestion e�ects at hospitals).
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year-by-referral-month.

31



Online Appendix C: Cost-bene�t analysis

Part 1: We �rst want to estimate the �scal savings expected to accrue from
reducing a worker's wait time by one day. Consider a representative worker, listed
at the start of year 1, who waits T days for surgery instead of T−1 days. Using the
average age (46.3) of the sample, we project estimated changes in bene�t payments
through year 20.

For each of the �rst 5 years after referral, we estimate IV models of annual
bene�t payments. Table C1 shows the results generated by these models.

Our data do not allow us to estimate e�ects beyond y = 5. Instead, our
baseline calculations assume that the e�ects estimated for year 5 continue through
retirement. That is, assume βdy = βd5 for y = 6, . . . , 20.

We then take all these parts and calculate the PDV of the stream of yearly
e�ects. Let ϕ < 1 represent the annual discount factor. The estimated change in
the PDV of bene�t payments can be expressed:

ˆPDV =
20∑
y=1

ϕyβy

This ˆPDV gives the PDV for the expected ��scal savings� resulting from re-
ducing by one day the wait time of a single representative worker.

Part 2: We use this result to infer the �scal savings that would accrue if
an additional procedure was added, using the marginal procedure to take out the
patient at the back of the line. We note that this calculation yields a somewhat
conservative estimate, as it completely ignoring any spillover e�ects on later en-
trants. In this exercise, we use the sample average wait time (168 days) when
calculating total savings as follows:

˜PDV = ˆPDV × 168

This ˜PDV gives the PDV for the expected ��scal savings� arising from the
insertion of one additional procedure into the system.

Part 3: While we do not have data on the cost needed to insert one additional
procedure into the system, data on average costs may be suggestive. That is,
we use the DRG payment levels as an approximate measure of the marginal cost
hospitals incur for each procedure they perform under current capacity constraints
and throughput levels. Presumably, it would cost more than this to insert an
additional procedure into a hospital's operations.

Taking the average spending per procedure (NOK 33,150) as a benchmark,
we construct some hypotheticals. For instance, suppose the cost of inserting an
additional procedure into the system is twice that amount, because (say) the sys-
tem needs to pay generous overtime wages to those contributing the extra work.
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absence relative to referral year.

Then we could compare ˜PDV to NOK 66,300 to determine whether inserting the
additional procedure would yield a net cost reduction for the government. More
generally, we can pose the policy question in the following way. How much more
than its normal DRG rate should the system be willing to pay to insert an addi-
tional procedure into the system? The answer to this is given by ˜PDV /33, 150.

These calculations rely on admittedly strong assumptions.4 For years 6-20, we
assume that the e�ect of wait time on transfer is equal to the estimated e�ect in
year 5. This may not hold true: e�ects in later years could be larger or smaller.
In particular, it could be the case that longer wait times shift the timing of DI
receipt forward - patients with shorter wait times may still access DI in later years,
in which case the e�ect would diminish over time. Panel B of Table C1 illustrates
how the calculations change when we assume that e�ects on transfers fall by 10%
each year starting in year 6.

Rows (2) and (3) of Table C1 present cost-bene�t calculations calculated sepa-
rately by sick leave status at referral. Patients on sick leave who are assigned short
wait times and do not enter DI could have increasing rates of sick pay over time.
In that case, the net e�ect of wait time on transfers would erode over time, and
our exercise would overstate the �scal gains from shorter waits. With that caveat,
our most conservative estimates imply a cost saving ratio of 34 for patients on sick
leave, roughly four times the �gure for the pooled sample.

4Moreover, we do not take account of the deadweight loss of distortionary taxes (i.e. we understate costs),
though we can think of this as entering into the multiplicative factor linking marginal cost to average cost. We
also do not take account of lost income tax revenue (understate bene�ts).
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Table C1. Cost-bene�t calculations

(1) (2) (3)
Pooled On SL Not on SL

Panel A: Baseline

A. PDV years 1-20 2339 9129 1186
B. Days 168 168 168
C. Total saving = A x B 391 707 1 529 108 198 655
D. Cost saving ratio: C/33,150 11.82 46.13 5.99
Panel B: Convergence

A. PDV years 1-20 1495 6761 854
B. Days 168 168 168
C. Total saving = A x B 250 339 1 132 459 143 036
D. Cost saving ratio: C/33,150 7.55 34.16 4.31

Notes: Table shows calculations of the NPV value of reducing waiting times by inserting 1 additional procedure
(rows A-D) together with the cost-saving ratio de�ned as the largest ratio of marginal to average cost of surgery
where the expected bene�t exceeds the marginal cost.
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Online Appendix D: Context on orthopedic surgeries and conditions

leading to absences and DI receipt

In this paper, we explore e�ects of wait time on health and labor market outcomes
by focusing on waits for orthopedic procedures. In this appendix, we provide a
discussion of this choice, together with a discussion of if and how our �ndings
might generalize. Orthopedic procedures are of particular interest because they
are so tightly connected to musculoskeletal conditions, a major diagnosis group
leading to long term disability. Moreover, by analyzing elective surgeries where
there is potentially some slack in scheduling times, our empirical strategy is able to
pin down causal e�ects of longer waits in the presence of endogenous wait times.
Below, we discuss if and how these results may extend to other diagnoses and
surgical procedures.

Other diagnoses

During the �ve-year period from 2012 to 2016, approximately 29,000 people en-
rolled in permanent disability insurance each year. Permanent disability bene�t
requires a permanent loss in earnings capacity that results from illness or injury.
A wide variety of diagnoses could qualify for eligibility. Figure D1 shows the
distribution of new DI entrants by diagnosis. The two most common diagnoses
are mental and behavioral disorders (33%) or musculoskeletal conditions (27%),
followed by diseases of the nervous system (8%, primarily MS, ME/CFS, and
epilepsy), neoplasms/cancer (6%) diseases of the circulatory system (6%), and
accidents/external causes (6%).

These diagnoses vary in their etiology as well as in the availability of e�ective
treatments. In principle, we would like to know more about how timely access to
treatment a�ects DI entry across these diagnosis categories. To illustrate, mental
and behavioral disorders is the largest single diagnosis category for new DI en-
trants. Estimating e�ects of timely access to psychiatric treatment on later health
and labor market outcomes is clearly policy relevant.

At the same time, our empirical strategy in this paper requires us to order
events along a stylized timeline where wait times are de�ned relative to a single
focal treatment date. While this arguably is a useful framework for surgical in-
terventions, it is less suited for psychiatric care, where treatments are likely to be
ongoing over a longer duration, involving substitution between levels of care (in-
patient/outpatient/primary care). For other diagnoses (e.g. cancer), while there
could be delays in diagnosis, it is generally unlikely that there will be signi�cant
delays in treatment once patients have been correctly diagnosed.
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Figure D1. New DI entrants by diagnosis, 2012-2016
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Notes: Numbers from the Norwegian Labour and Welfare Administration https://www.nav.no/no/nav-og-
samfunn/statistikk/aap-nedsatt-arbeidsevne-og-uforetrygd-statistikk/uforetrygd/diagnoser-uforetrygd

Other surgeries

Orthopedic surgeries - surgeries related to the musculoskeletal system - are of
particular interest as they address one of the leading diagnoses that lead to DI
entry. However, other surgical procedures are more prevalent in the years directly
preceding DI entry. Figure D2 shows the share of DI entrants who have had one
or more elective surgeries, grouped by NCSP chapters, in the �ve year period
immediately preceding DI entry. The most common type of procedure are translu-
minal endoscopies (NCSP chapter U), followed by minor surgical procedures (T),
musculoskeletal (N - the focus of the current paper), and skin (Q).

We have implemented our preferred IV model to estimate e�ects of waiting for
the four largest surgical procedure categories. In all these models, the estimation
samples are constructed analogously to our preferred estimation sample.

Table D1 presents summary statistics for workers referred to these four most
common surgical procedure groups. On average, waits are shorter for the other
procedures, especially for endoscopies. Workers who undergo endoscopies and skin
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Table D1. Summary statistics - workers referred to other elective surgeries

N Q T U
mean/sd mean/sd mean/sd mean/sd

Wait time 190.3 149.4 135.0 104.6
(184.3) (190.3) (209.6) (147.3)

Congestion 176.6 111.0 104.4 86.3
(52.3) (40.6) (46.7) (41.1)

On sick leave at referral 0.24 0.11 0.27 0.15
Diagnosis last pre-referral consult

Musculoskeletal 0.64 0.32 0.41 0.25
Digestive 0.034 0.060 0.055 0.20
Psychological 0.084 0.14 0.10 0.13
Skin 0.022 0.12 0.041 0.025
Cardivascular 0.031 0.041 0.054 0.049
General symptoms 0.055 0.078 0.090 0.084

Observations 26410 13541 16553 51540

Notes: summary statistics for workers referred to transluminal endoscopies (NCSP chapter U), minor surgical
procedures (T), musculoskeletal (N), and skin (Q) surgical procedures. Data on diagnosis collected from ICPC-2
chapter from patients' last pre-referral GP consultation if records indicates that a sickness absence certi�cate was
issued.

procedures are less likely to be on sick leave at referral. For patients who undergo
orthopedic surgeries, a large majority (64%) have their most recent pre-referral
absence certi�cate issued for musculoskeletal conditions. For the other surgical
procedure groups, the pattern is less clear; overall, there does not appear to be a
single dominant diagnosis category for either of the three groups. To illustrate, only
12% of patients undergoing skin surgery have their most recent absence certi�cate
due to skin conditions.

To summarize, patients undergoing the other three most common surgical pro-
cedure groups are less likely to be on sick leave at referral, and the surgeries may
be less likely to target the cause of sickness absence for patients who are on sick
leave.

Table D2 and D3 present IV estimates of e�ects of wait time by surgical proce-
dure group. For the full sample (Table D2), the instrument binds for all procedure
groups except for skin surgeries, that is, the F statistic of the excluded instrument
is above conventional thresholds for minor surgeries and transluminal endoscopies.
Longer waits have no signi�cant e�ects on absence or DI enrollment for either of
these groups.

When the estimation sample is restricted to only patients on sick leave (Table
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D3) , the instrument binds only for transluminal endoscopies. Again, we �nd no
e�ect on DI or hospital days, however we do �nd a marginally signi�cant increase
in days lost to sickness absence.

Table D2. E�ects of wait time by surgical procedure group - full sample

(1) (2) (3) (4) (5)
All N Q T U

First stage

Congestion 0.508∗∗∗ 0.356∗∗∗ 0.172∗∗ 0.431∗∗∗ 0.894∗∗∗

(0.0806) (0.0563) (0.0749) (0.102) (0.141)
Outcome: DI receipt

Wait time 0.00422 0.0409∗∗ -0.0100 -0.0209 -0.000636
(0.00578) (0.0163) (0.0356) (0.0200) (0.00527)

Dependent mean 5.142 5.381 3.493 8.047 4.521
Outcome: Health-related absence

Wait time 0.114 0.866∗∗ -0.407 -0.319 0.0299
(0.131) (0.353) (0.767) (0.384) (0.124)

Dependent mean 319.5 373.1 224.0 403.9 290.0
Outcome: Hospital days

Wait time -0.00537 0.0174 -0.0746 -0.00588 -0.00674
(0.00784) (0.0119) (0.0532) (0.0284) (0.00965)

Dependent mean 19.78 17.65 16.63 27.85 19.11

F-stat 39.80 39.97 5.284 17.88 40.21
N 108044 26410 13541 16553 51540

Note: Table presents IV estimates of e�ects of wait time on health and labor market outcomes for workers referred
to transluminal endoscopies (NCSP chapter U), minor surgical procedures (T), musculoskeletal (N), and skin (Q)
surgical procedures. DI receipt is an indicator equal to 100 for patients receiving permanent disability insurance
�ve years after referral. Health-related absence is the total number of health-related absence days (sickness
absence, temporary and permanent DI) in the �ve years following referral. Hospital days indicates the number
of days in hospital, including the day of surgery. All regressions include year-by-referral-month and hospital-by-
procedure �xed e�ects. Standard errors are clustered at the hospital-by-procedure level. Stars indicate signi�cance
levels: * p < 0.1, ** p < 0.05, *** p < 0.01
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Figure D2. Surgeries in the 5-year period before DI receipt
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Table D3. E�ects of wait time by surgical procedure group - on sick leave at
referral

(1) (2) (3) (4) (5)
All N Q T U

First stage

Congestion 0.423∗∗∗ 0.345∗∗∗ 0.316∗ 0.160 0.843∗∗∗

(0.0829) (0.111) (0.179) (0.155) (0.170)
Outcome: DI

Wait time 0.0329 0.135∗∗ 0.0137 -0.238 0.0283
(0.0272) (0.0656) (0.126) (0.271) (0.0255)

Dependent mean 16.83 13.96 18.73 20.00 17.07
Outcome: Absence 1-5

Wait time 1.236∗∗ 2.719∗∗ 1.981 -1.227 0.848∗

(0.490) (1.063) (1.784) (2.943) (0.446)
Dependent mean 790.5 769.5 778.0 847.6 778.4
Outcome: Hospital days

Wait time -0.0290 0.00575 -0.175 -0.175 -0.00653
(0.0295) (0.0295) (0.190) (0.283) (0.0377)

Dependent mean 29.26 21.16 31.74 39.33 29.84

F stat 26.06 9.765 3.148 1.070 24.73
N 20274 6468 1431 4394 7982

Note: Table presents IV estimates of e�ects of wait time on health and labor market outcomes for workers referred
to transluminal endoscopies (NCSP chapter U), minor surgical procedures (T), musculoskeletal (N), and skin (Q)
surgical procedures. DI receipt is an indicator equal to 100 for patients receiving permanent disability insurance
�ve years after referral. Health-related absence is the total number of health-related absence days (sickness
absence, temporary and permanent DI) in the �ve years following referral. Hospital days indicates the number
of days in hospital, including the day of surgery. All regressions include year-by-referral-month and hospital-by-
procedure �xed e�ects. Standard errors are clustered at the hospital-by-procedure level. Stars indicate signi�cance
levels: * p < 0.1, ** p < 0.05, *** p < 0.01

40



Online Appendix E: Mechanisms - comparing magnitudes and corre-

lated outcomes

In Section 6 of the paper, we discuss possible mechanisms, including health, human
capital depreciation, and preferences. In this appendix, we present two additional
elements in this discussion. First, we use published estimates from empirical stud-
ies of work absence, productivity, job loss and DI receipt to, comparing the mag-
nitudes of their �ndings to the results of our preferred speci�cations. Second, we
present results from exercises analyzing pairwise correlation of e�ects on di�erent
outcomes across subgroups.

Extrapolation from the literature

The literature on human capital deterioration suggests that this channel o�ers at
most, a partial explanation for the labor supply e�ects we estimate. Existing re-
search suggests that the average annual rate at which human capital depreciates
during separations from work is less than 2-6 percent (Arrazola and Hevia, 2004;
Weber, 2014; Dinerstein et al., 2020), which implies that 10 days of increased work-
place absence translates into an expected productivity loss of around 0.1 percent.
It seems unlikely that productivity losses of this magnitude could induce a 0.4
percentage point increase in DI receipt.

Rege et al. (2009) �nd that worker exposure to a plant closure event raises DI
receipt by 1.1 percentage points. This paper may provide an especially relevant
comparison, as the population and outcome variables are de�ned in a manner fairly
similar to our own paper.5 Extrapolating from our IV estimates, we can infer that
30 days of additional wait time has roughly the same impact on DI receipt as
when a worker's plant closes. In order for the human capital channel to explain
our results, we would thus need to argue that 30 days of additional wait time
has the same impact on future earnings/employment prospects as experiencing a
plant closure. An e�ect of this magnitude seems implausible, in particular given
our �nding that longer wait times do not have any signi�cant impacts on the
probability of receipt of unemployment insurance.6

Dahl et al. (2014)'s study of intergenerational e�ects of DI receipt provides
evidence of the importance of preferences, broadly de�ned, in determining DI
rates. Using a judge �xed e�ects design, the authors �nd that parental DI receipt
signi�cantly increases the probability of children entering DI programs. In addition
to being statistically signi�cant, the estimated e�ects are also large: parental DI

5Models estimated on a sample of Norwegian workers, DI entry measured �ve years after baseline.
6Moreover, we note that the income e�ects of plant closure reported in Rege et al. (2009) are quite large.

Excluding subjects who entrolled for DI, Rege et al. estimate that exposure to plant closure reduced the likelihood
of full-time employment by 6.6 percentage points and reduced worker incomes by 9.3%. In contrast, our analyses
found no signi�cant income losses among workers who do not enter DI (see Table ?? column 6).
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receipt raises children's DI entry by 6.1 percentage points. In our setting this
would correspond to 149 days of waiting. A natural question then is whether we
think that waiting an additional 20 weeks for surgery could yield similar changes in
patients' willingness to enroll for DI, as a result of changes in knowledge, attitudes
or preferences. In our view such shifts in preferences, broadly de�ned, would be
more likely to occur for patients who are on sick leave at the time of referral.
For this group, longer wait times are likely to increase total time spent in a work-
disabled state; these patients might also be more likely to receive information about
temporary or permanent DI from their physician as sick pay bene�ts approach
exhaustion.

Subsample analyses across outcomes

As discussed throughout the paper, we think of health care utilization as a proxy
for underlying health changes. Similarly, we think of unemployment insurance (UI)
receipt as a proxy for human capital loss, broadly de�ned. Our analyses found no
e�ects of wait time on either of these outcomes, on average or across subgroups.
This is a �rst indication that e�ects on health and or human capital loss are
unlikely mechanisms. To analyze these possible channels further, we estimate a
set of models to see whether estimated e�ects on health care utilization and UI
across subgroups correlate with e�ects on absence from work and DI. The intuition
here is simple: if e�ects are driven by health, then the estimated e�ects of wait
time on health care utilization should be correlated with the e�ects on absence
rates. We split the sample by gender, age (above/below 45), education (college/no
college) and occupational category (o�ce/manual). For each of these categories,
we then estimate e�ects separately according to sick leave status at referral.7

In Figure E1, we then plot the estimated e�ects of wait time on health care uti-
lization and unemployment insurance against the estimated e�ects of wait time on
total absence days and disability insurance receipt. The top panel plots the e�ects
on the total number of GP visits on the x axis, and the e�ects on absence days (left
panel) and DI receipt (right panel) on the y-axis. If the increase in absence and
DI were driven by adverse impacts on health, we would expect these estimates to
be positively correlated, i.e. the line of best �t should slope upward. The �gures
give no indication that this is the case. The e�ects on absence days are close to
zero for all the subsamples that were not on sick leave at referral, while estimated
e�ects are positive for patients on sick leave at referral across subsamples.8 As

7I.e., we run a total of 16 regressions for each of the following outcomes: total number of GP visits, total
number of hospital days, total number of days received unemployment insurance, total number of health-related
absence days and a dummy for DI receipt in year 5.

8The fact that the positive e�ects of wait time on absence and DI for patients on sick leave are present across
subgroups gives a further indication that the di�erential e�ect by sick leave at referral is not driven by di�erences
in observable characteristics.
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(b) E�ects on health-related absence and DI receipt vs. e�ects on hospital days
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(c) E�ects on health-related absence and DI receipt vs. e�ects on unemployment insurance

Figure E1. Correlated e�ects across outcomes.
Notes: Each point represents one pair of IV regressions estimated on a subsample de�ned by sick leave status

at referral and each of the following four binary categories: gender, age (above/below 45), education (college/no

college) and occupation (manual/o�ce). All regressions include �xed e�ects for hospital-by-procedure and year-

by-referral-month.
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before, the e�ects on GP visits are scattered around zero. Crucially, there is no
correlation between the two. That is, there is no systematic pattern where groups
that happen to have large estimated increases in GP visits have large increases in
absence days and DI receipt; the slope of the line of best �t is not signi�cantly
di�erent from zero. The middle panel of Figure E1 shows the corresponding anal-
ysis for total number of hospital days. Again, we �nd a similar pattern: while the
estimated e�ects of wait time on hospital days are scattered around zero, we �nd
no indication that these coe�cients are positively correlated with the estimated
e�ects on absence rates or DI.

The bottom panel correlates the e�ects of UI receipt with e�ects on DI and
absence days. Rates of human capital depreciation likely vary across occupations
and across workers of di�erent skill levels and types. For instance, Görlich and
De Grip (2008) �nd evidence that higher-skilled women self-select into occupations
for which the wage penalties due to career interruptions are smaller, while Weber
(2014) �nds evidence of higher depreciation rates among less educated workers.9 It
is possible that the subsample of workers receiving disability insurance bene�ts in
the aftermath of longer waits are those for whom the human capital depreciation
implications of work interruptions are especially severe. Our �nding that the labor
supply implications of waiting are concentrated among lower-educated workers is
broadly consistent with Weber (2014) in that respect. However, we fail to �nd
evidence that less educated workers have a correspondingly high risk of involuntary
job loss (as measured by UI receipt). More generally, we �nd no indication that
the subsamples with increases in UI receipt have larger labor supply responses;
the line of best �t is not statistically di�erent from zero.

9In contrast to the Weber (2014) result, Edin and Gustavsson (2008) �nd no evidence of di�erential skill
deterioration among less educated workers when analyzing an explicit measure of literacy skills.
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