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Roadmap

1. The effect of demographic change on labour markets (empirics)

2. Investigating “career spillovers”.

3. Age & skills: mapping the lifecycle to physical and cognitive skills.

4. Task-based lifecycle model
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Large rises in old vs. young age gap (Italy)

Source: Bianchi and Paradisi (2025, working paper)
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Large rises in old vs. young age gap

Source: Bianchi and Paradisi (2025, working paper)
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Puzzle: more older workers....but their work valued more...

▶ Older and younger workers are imperfect substitutes (Freeman (1979), Welch (1979),
Berger (1985))

▶ Relative increase in supply of older workers should—all else equal—reduce their
wage...but that has not happened.

▶ Explanations?
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A stylized framework of career spillovers (Bianchi and Paradisi (2025))

▶ Labor: Fixed supply of ly (young) and lo (old) workers.

▶ Jobs: Top (t) and Bottom (b).

▶ Production: A · Y (Ly , Lo)
▶ Young & old are complements: YLy ,Lo > 0.

▶ Labor Inputs: La = θa,t la,t + θa,b la,b
▶ Top job is more productive: θa,t > θa,b.
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The mechanism of career spillovers

Negative spillovers arise from two key features:
1. Incumbent wage stickiness

▶ Older workers’ wages and job allocations are stickier than those of new entrants.
▶ Reasons: Firm-specific human capital, backloaded pay, layoff costs.
▶ In the model: The firm inherits "legacy" older workers (ρj l−1

o,j ) with non-renegotiable wages
from period −1.

2. Changing the org structure
▶ The firm has K total slots at the top (K = lo,t + ly ,t).
▶ Incurs a quadratic administrative cost for top jobs: c

2 K 2.
▶ This cost (c > 0) represents the organizational cost of creating new, high-responsibility

positions.
▶ Disincentivizes the firm from creating top jobs for all qualified younger workers.
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The firm’s problem

▶ Wage Formation
▶ Top jobs pay an exogenous rent over bottom jobs.
▶ wa,t = µawa,b, where the wedge µa > 1.

▶ Timing of the Game
1. Firm receives legacy older workers.
2. Given wages, firm chooses ly ,t and ly ,b by equating marginal revenue product to marginal

cost.

▶ The Firm’s Problem
▶ Choose ly ,b and ly ,t to maximize profits:

max
ly,b ,ly,t

(
A · Y (Ly , Lo) −

∑
a,j

wa,j la,j − c
2K 2

)
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Proposition 1: Mechanism & Implications

▶ Overall Effect on Mean Wage of Young Workers

∂w̄y

∂l−1
o,t

= 1
ly

(µy − 1)wy ,b
∂ly ,t

∂l−1
o,t

+
[

ly ,t
ly

(µy − 1) + 1
]

∂wy ,b

∂l−1
o,t

▶ Force 1 (Negative): Career Spillovers
▶ More legacy workers restrict access for the young: ∂ly,t

∂l−1
o,t

< 0.
▶ Why? When the cost c is high, the firm creates some new top slots (due to

complementarity) but not enough to offset the new legacy workers.

▶ Force 2 (Positive): Wage Level
▶ Base wage for young workers increases: ∂wy,b

∂l−1
o,t

> 0.
▶ Why? (Two-fold)

1. More older workers → higher marginal product for young (complementarity).
2. Young workers are pushed to bottom jobs → further increases marginal product of young labor.
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Departing from L

▶ So far our notion of labour has been rather
aggregate (i.e. L).

▶ But key questions pertain not to L but to more
disaggregated notions of L, such as occupations
(bundles of tasks).

▶ Cannot think about “careers” (i.e. changing task
bundles) in models with L.

▶ Need a framework that models tasks explicitly.
Can help organize thoughts about occupational
sorting, differential impact of new tech across the
age distribution, etc.
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Why a task-based framework for demographics & labour markets?

▶ Skills → tasks → wages.
Demographic change shifts the skill composition of the workforce. A task framework can
map these shifts into changes in task assignment (sorting), wages, etc.

▶ Technology impacts
As some worker types become scarce (e.g. middle-aged or physically strong cohorts), the
least-cost supplier of a task may switch between domestic labour and capital/automation.

▶ Demographics reshape the demand for tasks.
An ageing population increases demand for specific task bundles (e.g. elderly care, health
services, etc). Task-based framework can model how demographic shocks shift the
composition of required tasks.

Some key ingredients: mapping age → skills & mapping skills ↔ to occupations
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VO2 max declines with age

Source: Letnes et al. (2023, International Journal of Cardiology Cardiovascular Risk and Prevention)
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Grip strength declines with age

Source: Dodds et al. (2014, PLOS ONE)
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Fluid vs. Crystallized Cognition

▶ Standard task models bundle all “Non-Routine Cognitive” tasks.
▶ But important subcomponents of cognition evolve differentially with age.

Fluid Intelligence (Gf )
▶ Solving novel problems (processing

speed, abstract reasoning).
▶ Peaks in young adulthood, then declines.

Crystallized Intelligence (Gc)
▶ Accumulated knowledge & experience

(expert judgement, vocabulary).
▶ Peaks later and declines less rapidly.

Relevance to Task Framework:
▶ Generates a shifting comparative advantage: younger workers → Gf tasks; older

workers → Gc tasks.
▶ Helps explain occupational sorting by age and changes in skill supply.
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Evolution of fluid and crystallised cognition across lifecycle

Source: Tucker-Drob (2019, Annual Review of Developmental Psychology)
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Production: the final good

A representative, competitive firm produces a final good, Y , using a CES aggregator over a
discrete set of tasks T .

The production function includes an exogenous demand shifter, Dj , for each task j :

Y =

∑
j∈T

(Djyj)
σ−1

σ

 σ
σ−1

(1)

▶ yj is the quantity of task j used in production.
▶ σ > 0 is the elasticity of substitution between tasks.
▶ Dj is the exogenous demand shifter for task j .
▶ Each task j ∈ T is defined by a vector of requirements Tj = (τP , τF , τC ).
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Firm optimization & task demand

The firm chooses yj to maximize profits Π = Y −
∑

j pjyj , taking task prices pj as given.

The first-order condition yields the (inverse) demand for each task j :

pj = ∂Y
∂yj

= Y
1
σ (Djyj)− 1

σ Dj (2)

Inverting this gives the standard CES demand function, modified by the demand shifter Dj :

yj = Y · p−σ
j · Dσ−1

j (3)

▶ Task demand yD
j increases with total output Y .

▶ It decreases with its own price pj (elasticity σ).
▶ It is shifted by the exogenous term Dj .
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Households: population & skill endowment

The economy is populated by a measure of workers, Lpop.
Each worker is defined by a type i = (a, type), where:
▶ a ∈ [18, 80] is the worker’s age.
▶ type ∈ {Low Skill, High Skill} is their cognitive type.

There is an exogenous population mass Lpop(i) for each worker type.
Each worker type i is endowed with a skill vector S(i):

S(i) = (sP(i), sF (i), sC (i)) (4)

▶ sP(i): Physical skill (depends only on age).
▶ sF (i): Fluid skill (depends on age and type).
▶ sC (i): Crystallized skill (depends on age and type).
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Skill endowment evolves with age
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Household: worker productivity

Productivity Γ(i , j) in task j depends on the match between worker i ’s skills S(i) and task j ’s
requirements Tj .

Productivity is defined as absolute productivity, G(i), minus a mismatch cost, M(i , j):

G(i) = Gbase + wPsP(i) + wF sF (i) + wC sC (i) (5)

M(i , j) =
∑

k∈{P,F ,C}

θk
2 (sk(i) − τk(j))2 (6)

The final productivity is the non-negative part of this difference:

Γ(i , j) = max (0, G(i) − M(i , j)) (7)
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Household: occupational sorting

Workers are price-takers but wage-makers through their choice of task. The wage for
worker i in task j is the price of the task multiplied by their productivity in it:

w(i , j) = pj · Γ(i , j)

Workers do not perfectly sort. Instead, they choose tasks probabilistically based on potential
wages, following a logit (smooth max) model.

The probability that worker i chooses task j is:

π(i , j) = exp(λ · w(i , j))∑
j′∈T exp(λ · w(i , j ′)) (8)

▶ λ ≥ 0 is the "smoothness" parameter, governing the sensitivity of sorting to wage
differences.

▶ As λ → ∞, this model approaches the "perfect sorting" arg max case.
What does this actually mean and why do we do it?!
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Workers of type {a, skill} do not all pick same task bundke
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“Smooth model” also helps with computational stability

1. The ’Hard’ argmax Problem
▶ A tiny change in its guess causes a

massive, chaotic jump in labor supply.

Price

Supply for Task A

100%

0%

2. The ’Smooth’ Logit Solution
▶ As Task A’s price increases, its probability

of being chosen increases smoothly.

Price

Supply for Task A

100%

0%
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Household: labour supply choice

Workers make a static labor supply decision L(i) ∈ [0, 1] to maximize expected utility.

The worker’s problem is:

max
L(i)∈[0,1]

E[U(i)] = E [C(i)]︸ ︷︷ ︸
Expected consumption

+ ϕ · log(1 − L(i))︸ ︷︷ ︸
Utility from Leisure

(9)

s.t. C(i) = w(i) · L(i)

Solving yields the optimal labor supply function:

L(i) = max
(

0, 1 − ϕ

w̄(i)

)
(10)

▶ ϕ is the reservation wage (or value of leisure).
▶ If the expected wage w̄(i) is below ϕ, the worker "retires" (supplies 0 labor).
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Equilibrium

An equilibrium is a set of task prices {pj}j∈T and total output Y such that all task markets
clear.

Market Clearing
For all tasks j ∈ T , supply must equal demand (yS

j = yD
j ):

∑
i

Lpop(i)︸ ︷︷ ︸
Pop.

· L(i)︸︷︷︸
Labor Supply

· π(i , j)︸ ︷︷ ︸
Sorting

· Γ(i , j)︸ ︷︷ ︸
Productivity︸ ︷︷ ︸

Total Task Supply (yS
j )

= Y · p−σ
j Dσ−1

j︸ ︷︷ ︸
Total Task Demand (yD

j )

Where total output Y is the sum of all worker income:

Y =
∑

i
Lpop(i) · L(i) · w̄(i)
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Household: optimal occupation choice

Think of workers having a target task bundle (the one that pays the highest income). This
target task bundle is:

T ∗(a) = arg max
T∈T

{ p(T )︸ ︷︷ ︸
Task Price

· Γ(a, T )︸ ︷︷ ︸
Productivity

} (11)

Optimal choice of job does not just on how “good” I am at that job; it also depends on how
much I get paid to do that job.
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Household FOC: The core tradeoff

∂p(T )
∂τk

Γ(i , T )︸ ︷︷ ︸
Marginal Benefit

= −p(T )∂Γ(i , T )
∂τk︸ ︷︷ ︸

Marginal Cost

Marginal Benefit (Price-Chasing)
▶ What it is: The wage gain from the

market’s "skill premium" ( ∂p
∂τk

), scaled by
your productivity (Γ).

▶ Intuition: "If I choose a task with a
higher requirement, how much more
money does the market pay me?"

Marginal Cost (Mismatch-Cost)
▶ What it is: The wage loss from lower

productivity ( ∂Γ
∂τk

), scaled by the task’s
price (p).

▶ Intuition: "If I choose a task that’s a
worse fit for my skills, how much
productivity (and thus income) do I lose?"

27 / 34



Optimal task choice

The first-order condition for the optimal choice of a characteristic τ∗
k is:

τ∗
k︸︷︷︸

Optimal Task

= sk(a)︸ ︷︷ ︸
Worker Skill

+
[ 1

θk

]
·
[Γ(a, T ∗)

p(T ∗)

]
·
[

∂p(T )
∂τk

]
︸ ︷︷ ︸
Optimal Deviation from Perfect Match

(12)

Intuition for the Optimal Deviation:
• ∂p(T )

∂τk
(The Skill Premium): The market "price" for a higher skill requirement. A high

premium provides an incentive to "reach" for a task with a higher τk .
• 1

θk
(Mismatch Cost): A high cost θk makes mismatch painful. This term shrinks the

deviation, pushing τ∗
k → sk(a).

• Γ(a,T ∗)
p(T ∗) (Productivity-Price Ratio): Magnifies the incentive. A highly productive worker

(Γ) gains more from chasing a price premium.
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Occupational sorting along the lifecycle path through task space
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Introduction of “age-friendly” labour technology

Example: warehouse worker moving boxes

Intervention: Firm invests in a powered lift-assist tool or exoskeleton.

Before (High τP)
▶ Task: Manually lift and carry boxes
▶ Mismatch: High mismatch cost for older

workers with lower sP(i).

After (Low τP)
▶ Task: Operate the tool to move boxes.
▶ Mismatch: Low mismatch cost for older

workers with lower sP(i).
Policy aim: Address mismatch cost M(i , j) for older workers in high τp jobs
General Equilibrium Effect:
▶ The relative price pj for these newly-popular low-τP tasks will increase which kicks off a

round of re-sorting.
▶ This re-sorting of workers will, in turn, affect the prices and wages for all other tasks and

workers in the economy.
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Firms pay higher price for low-physical tasks
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Workers re-sort away from low-demand physical tasks
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Older workers take larger share of total income
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“Age friendly” jobs accrue to the young
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