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Model structure

We constructed a model of academia as a series of stages with movement between them
or out of the system (Figure 1 main text; modified from (1). Our model has five discrete
stages: undergraduate studies (U), graduate studies (G), postdoctoral fellowships (P ),
assistant professorships (A; tenure-track) and tenured professorships (T ). Individuals
that move out of each stage either move up and fill empty positions in the next stage, or
move out of the system.

We generated the structure of our model from NSF data. The number of academics
in the U.S. has changed over time, so we set the size of each stage i in each year t
(Ni(t)) from data on the actual number graduate students, postdoctoral fellows, assistant
professors, and tenured professors, using data from NSF reports (see Table S1 for specific
data sources, and Figure S2 for data). We used the time spent in each stage to estimate
a turnover rate for that stage which, in combination with the number of scholars in each
stage, gave us an estimate of the number of scholars that would have either transitioned
from one stage to the next or transitioned outside of the system for each year.

Estimating Transitions

Each of the transitions was estimated as follows (see Figure S6 for results). For each
year and each stage, we estimated the number of individuals leaving each stage based on
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transition rates and changes in stage sizes as

ρi(t) =

(
1

τi

)
Ni(t) (S1)

for stages i = {G, P, A, T} where τi is the average number of years spent in stage i (see
Table S3 for all model parameters). Simultaneously, we estimated the number of openings
in each year and each stage as

ωi(t) = Ni(t+ 1)−Ni(t) + ρi(t) . (S2)

In most cases, ρi(t) ≥ ωi+1(t), that is, the number of openings in stage i+ 1 could easily
be filled by individuals leaving stage i. Thus, we partitioned individuals leaving stage i
(ρi(t)) into those moving up to the next stage,

µi(t) = ωi+1(t) (S3a)

and those leaving the system,

λi(t) = ρi(t)− ωi+1(t) . (S3b)

However, there were two other scenarios that occasionally occurred. First, when ωi(t) < 0
(i.e., too few individuals were leaving stage i than possible, given the change in stage from
year to year), we adjusted ρi(t)) as

ρi(t) = Ni(t+ 1)−Ni(t) (S4a)

in order to make ωi(t) non-negative,

µi−1(t) = ωi(t) = 0 . (S4b)

Second, when ρi(t) < ωi+1(t) (i.e., too few individuals were leaving stage i to fill openings
in stage i+1), we either increased the number of individuals leaving stage i when possible,
or else assumed the remaining openings were filled by individuals from outside the system
being modeled (e.g., coming from other scientific disciplines or returning to academia after
having previously left).

Estimation Details: A to T transition

Each year within each simulation was run over time according to the following steps.
First, we estimated the number of retiring tenured professors by eqn. (S1) with i = T .

We estimated the number of assistant professors needed to fill these tenured slots by eqn.
(S2) with i = T . If this was a negative number of assistant professors, we adjusted it
according to eqn. (S4). We estimated the number of assistant professors being tenured
(and thus available to fill T slots) by eqn. (S1) with i = A. If ρA(t) < ωT (t) (i.e., too few
assistant professors were estimated as being tenured), we adjusted ρA(t) as

ρA(t) = ωT (t) (S5)
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i.e., assuming that more assistant professors were tenured than initially estimated. We
did not pull individuals from outside the system at this transition as it these seem likely
to be rare (e.g, that an individual transitions from an assistant professor in one field
to a tenured professor in a different field, or from a non-academic position to a tenured
position). Otherwise, if ρA(t) ≥ ωT (t) we used eqn. (S3) to estimate the transition rates
with i = A. This method effectively assumes that the rate individuals move from A to T is
driven by the rate tenured professors retire (ρT ) and that any ‘excess’ assistant professors
receiving tenure leave the system. We refer to this as a ‘demand’ view of faculty turnover
(‘demand’ in terms of empty T slots determines the A to T transition).

We thus consider a second alternative scenario, what we call a ‘supply’ view of faculty
turnover, where ‘supply’ in terms of assistant professors receiving tenure determines the A
to T transition. For this method, we estimated the number of retiring tenured professors
by eqn. (S1) with i = T , estimated the number of assistant professor receiving tenure by
eqn. (S1) with i = A, and calculated the change in the T stage as

∆T (t) = NT (t+ 1)−NT (t) . (S6)

If ∆T (t) > ρA(t) (i.e., too few assistant professors were estimated as being tenured to fill
the minimum number of T slots), we adjusted ρA(t) as

ρA(t) = ∆T (t) (S7)

i.e., assuming that more assistant professors were tenured than initially estimate, and set
ρT (t) = 0 (no tenured professors retire this year). Otherwise, if ∆T (t) < ρA(t), we set

ρT (t) = ρA(t)−∆T (t) , (S8)

i.e., that retirement of T is assumed to exactly offset the number of A being tenured,
minus the new T slots that have become available.

The ‘demand’ scenario likely overestimates the number of faculty receiving tenure and
then leaving academia, while the ‘supply’ scenario likely underestimates the number of
faculty leaving academia after tenure and before retirement. We run simulations under
both scenarios to serve as upper and lower bounds.

Estimation Details: P to A transition

Next, we estimated the number of postdoctoral researchers needed to fill these assistant
professor slots by eqn. (S2) with i = A. We estimated the number of postdoctoral
researchers available to fill A slots by eqn. (S1) with i = P . If ρP (t) < ωA(t) (i.e., too
few postdoctoral researchers were estimated as being available), we adjusted ρP (t) as

ρP (t) = ωA(t) (S9)

i.e., assuming that more postdoctoral researchers were hired than initially estimated.
Otherwise, if ρP (t) ≥ ωA(t) we used eqn. (S3) to estimate the transition rates with i = P .
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Estimation Details: G to P transition

Next, we estimated the number of graduate students needed to fill these postdoc slots by
eqn. (S2) with i = P . We estimated the number of graduate students leaving that stage
by eqn. (S1) with i = G. We assumed that only students leaving the G stage with a PhD
degree can fill the P slots, so we estimated the number of graduate students available to
fill P slots by DG(t), the number of PhD degrees granted in year t. If DG(t) ≥ ωP (t) we
used a modified version of eqn. (S3) to estimate the transition rates where individuals
moving from stage G to stage P as

µG(t) = ωP (t) , (S10a)

those leaving the system with a PhD degree as

λG(t) = DG(t)− ωP (t) , (S10b)

and those leaving stage G before their degree as

δG(t) = ρG(t)−DG(t) . (S10c)

Estimation Details: U to G transition

Finally, we estimated the number of undergraduate students needed to fill these graduate
student slots by eqn. (S2) with i = G. We assumed that only students leaving the U
stage with a degree can fill the G slots, so we estimated the number of undergraduate
students available to fill G slots by DU(t), the number of undergraduate degrees granted
in year t. We used a modified version of eqn. (S3) to estimate the transition rates where
individuals moving from stage U to stage G as

µU(t) = ωG(t) (S11a)

and those leaving the system with an undergraduate degree as

λU(t) = DU(t)− ωG(t) . (S11b)

Estimation Details: Sub-partitions

Since ethnic/racial composition may vary within each stage (especially for longer career
stages), we split some stages into sub-partitions. This enabled us to model different
racial/ethnic compositions for each sub-partition within a stage. This also ensured that
when individuals were moved out of a partitioned stage, they were taken from the oldest
sub-partition. We split the graduate student stage into two sub-partitions and split the
tenured professor stage into five sub-partition. We assumed that graduate students spent
3 years in the first sub-partition (approximately until qualifying exams) and then τG − 3
in the second partition. We assumed that tenured professors spent τT/5 in each of the
five sub-partitions. Transitions between sub-partition were estimated based on turnover
time. Graduate students leaving the system before receiving a degree (δG(t)) were pulled
from both sub-partitions (half from each), but graduate students leaving the stage with
a doctoral degree were assumed to come only from the second sub-partition. Tenured
professors retiring (ρT (t)) were pulled only from the last sub-partition.
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