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The Math of Clutch Economics

A primer on every equation and variable in the Clutch Economics papers, for readers 
who are comfortable with math but new to economics

This guide covers the mathematics of both papers: the framework paper (“Clutch Economics,” 
v6) and the peer-review paper (“Demand Breadth and Innovation-Driven Growth in a Highly 
Automated Economy”). It assumes you are fluent with algebra, exponents, and logarithms. It 
does NOT assume you know economics or statistics; both are built up from scratch. Every 
worked example below was computed and verified by machine; you can reproduce each one 
with a hand calculator. Reading time: about 50 minutes.

0. How to read this primer

The papers use math in five distinct jobs, and it helps to know which job an equation is 
doing:

1. Accounting identities (Section 3): equations that MUST hold, like a balanced 
checkbook. They constrain scenarios; they do not predict anything.

2. Structural equations (Sections 2, 5, 6, 7): equations that encode a theory of how the 
world works. These are the claims.

3. Measurement formulas (Section 4): definitions that turn a messy reality into a single 
number, like the Gini coefficient.

4. Statistical estimates (Section 9): numbers extracted from real-world data, which 
arrive with uncertainty attached.

5. Rule arithmetic (Section 10): thresholds and formulas inside the proposed policy 
design itself.

A full variable reference table closes the primer (Section 12).

One notation habit to absorb up front: economists write growth rates as decimals (g=0.059 
means 5.9 percent per year), and time subscripts denote years (Y t is output in year t).

1. Growth rates and compounding

Everything in the papers runs on compound growth, so start here. If a quantity grows at 
rate g per year, after t  years it has multiplied by

(1+ g )t

Small differences in g become enormous over 50 years because the growth applies to an 
ever-larger base:
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Compound growth over 50 years

Worked examples (all over the papers’ standard 50-year window, 2025 to 2075):

• Historical rich-country pace, g=0.02: (1.02)50 =2.7×

• The conservative scenario, g=0.045: (1.045 )50 = 9.0×

• The simulation headline, GDP 25→875 trillion, is 35×. Inverting: g=351 / 50−1=0.0737, 
or 7.4 percent per year.

• Median household income $73 K→$1.69 M is 23.2×, which inverts to g=0.065 per 
year.

The inversion formula, worth memorizing because it lets you audit every headline multiple 
in both papers: given a multiple M  over t  years,

g=M 1 / t−1

A handy mental shortcut is the rule of 72: a quantity growing at g percent doubles roughly 
every 72 / g years (5.9 percent doubles in about 12 years; the exact answer, 
ln 2 / ln (1.059 )=12.1, is why the rule works: it is a rounded version of the logarithm).

How to read the papers’ log-scale charts: several figures use a logarithmic vertical axis, 
on which compound growth appears as a straight line and equal vertical steps mean equal 
MULTIPLES (1, 10, 100) rather than equal amounts. If a curve on a log axis bends upward, 
growth is accelerating.
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2. The production function (where output comes from)

2.1 The equation

The framework paper’s long-range scenarios use the standard tool of growth economics, 
the Cobb-Douglas production function, introduced by Nobel laureate Robert Solow in 
1956:

Y =K α ( A ⋅L )1−α

• Y : total output (GDP, in dollars per year)
• K : capital, the accumulated stock of productive equipment (machines, datacenters, 

robots)
• L: labor, the number of productive workers (in the post-automation scenarios, 

voluntary entrepreneurs)
• A: technology, a multiplier on what each worker can accomplish. A ⋅L is called 

“effective labor”: 25 million entrepreneurs with A=50 produce like 1.25 billion 
baseline workers.

• α  (alpha): a number between 0 and 1 that sets how much of output growth comes 
from capital versus effective labor.

Two mathematical properties explain this function’s popularity. First, exponents summing 
to one (α  and 1−α) give constant returns to scale: double all inputs and output exactly 
doubles. Second, α  is capital’s share: under competitive conditions, a fraction α  of income 
flows to capital owners and 1−α  to labor. So the fierce economic debate about “will 
automation shift income from workers to machine owners?” is, mathematically, a debate 
about whether α  rises toward 1.

2.2 Why the papers use index (ratio) form

The level form has a units problem: A ’s numeric value depends on arbitrary choices of 
units, so any level calculation silently depends on a calibration. Dividing the 2075 equation 
by the 2025 equation cancels all units:

Y 2075

Y 2025

=( K 2075

K 2025
)
α

( A2075 L2075

A2025 L2025
)

1−α

Every ratio is a pure number. (An early draft of the framework paper computed in levels 
and got the arithmetic wrong; the switch to index form was one of the first fixes in the 
project’s history, and it is a good habit for any long-range calculation you do yourself.)

2.3 Worked examples: the three scenarios

All three scenarios share: capital multiplies 20-fold (K : 50 to 1,000 trillion), and labor falls 
from 150 million workers to 25 million entrepreneurs (ratio 1 / 6).

Conservative (A  multiplies 50-fold, α =0.1). Effective labor ratio: 50×1/6 =8.33.
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Y 2075

Y 2025

=200.1×8.330.9 =1.35×6.74 = 9.10

so Y 2075 = 9.1×25=$ 227 trillion, and the implied growth rate is 9.11 / 50−1= 4.5 percent per 
year.

Target (A  multiplies 117-fold): effective labor ratio 117 / 6 =19.5, giving 200.1×19.50.9≈19.5, 
so Y 2075≈ $ 487 trillion (g≈6.1 percent per year).

The critic’s scenario (α =0.9: capital captures nearly everything, as much automation 
literature expects, with only the conservative A=50):

200.9×8.330.1 =14.9×1.24 =18.3 ⇒Y 2075≈ $ 458 trillion

Notice the punchline: the critic’s parameter choice lands INSIDE the paper’s own scenario 
corridor, arriving there via capital accumulation instead of productivity. That is what the 
papers mean by “bracketing the alpha dispute”: you can take either side of the biggest 
argument in automation economics and the output range barely moves. (Who gets the 
INCOME differs sharply between those worlds, which is why the agent-based model runs 
the high-α  stress test separately; see Section 5.)

3. The money identities

3.1 The equation of exchange

M×V =P×Y

• M : the money supply (dollars in circulation)
• V : velocity, how many times the average dollar changes hands per year
• P: the price level (an index; its growth rate is inflation, π)
• Y : real output (so P×Y  is nominal, dollars-of-the-day, GDP)

This is an identity: total spending (M×V ) must equal the market value of what is bought (
P×Y ), by definition. Its usefulness comes from the growth-rate version. A general rule you 
will use constantly: growth rates of a product add. If C = A×B, then gC≈ gA+ gB (exactly 
true in continuous time; the tiny cross-term gA gB is the approximation error otherwise). 
Applying that to both sides:

gM + gV = π + gY

Money growth plus velocity growth equals inflation plus real growth. Every monetary 
scenario in the framework paper satisfies this exactly, and you can audit them:

Worked example (conservative scenario). Velocity rises from 1.5 to 4.5 over 50 years: 
gV =31 / 50−1=2.22 percent per year. Real growth is 4.51 percent; inflation is at target, π ≈0. 
The identity forces money growth:
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gM = π + gY−gV =0+ 4.51−2.22=2.29 percent per year

Check it against the paper’s money path: 17×(1.0229 )50 = $52.7 trillion, versus the paper’s 
nominal-GDP-over-velocity figure 227 / 4.5=$50.4 trillion. The small gap is rounding: 2025 
velocity is quoted as 1.5 but 25 / 17 =1.47. Identities are unforgiving, which is exactly why 
the papers use them as arithmetic audits.

3.2 Orbital velocity: the paper’s original speed limit

V O=GY ⋅
I
S
, I =1+R+C ,S=

1+ π

1+ π*

• V O: the maximum sustainable growth rate of velocity (“orbital” because exceeding it is 
escape/crash territory)

• GY : real GDP growth
• I : an innovation-confidence multiplier; R=0.02 (policy support premium) and C =0.03 

(consumer confidence premium) are small dimensionless bonuses, so I =1.05

• S: the stability governor, the ratio of actual inflation (π) to target inflation (π*), each 
written as $1 + $ rate

Worked examples. With inflation on target (S=1): conservative V O=0.045×1.05= 4.73 
percent; target scenario V O=0.061×1.05=6.41 percent. Actual velocity growth (2.22 
percent) sits far below both ceilings: stable orbit. Now stress it: if inflation ran at 3 percent 
against a 2 percent target, S=1.03 / 1.02=1.0098, and the conservative ceiling tightens from 
4.73 to 4.68 percent. The mechanism is deliberately self-braking: hotter inflation lowers 
the sustainable ceiling, cooling the system.

The economic content is modest and the paper says so: V O is a consistency condition 
showing high velocity can coexist with stable prices when production costs are collapsing, 
not a law of nature.

4. Measuring inequality: Lorenz, Gini, and demand breadth

4.1 Construction

Line a population up from poorest to richest and plot cumulative population share (x-axis) 
against cumulative income share (y-axis). That is the Lorenz curve. Perfect equality traces 
the 45-degree line; real economies sag below it.
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The Lorenz curve and Gini for the toy economy

The Gini coefficient is the sagging area as a fraction of the whole triangle:

G=
A

A+B
∈[0 ,1 ]

An equivalent formula, easier to compute directly, is the normalized average gap between 
every pair of people:

G=
∑
i
∑
j

| xi−x j |

2n2 μ

where xi are incomes, n is the number of people, and μ is mean income.

Worked example. Toy economy of five incomes {20 ,30 ,50 ,100 ,300 }, so n=5, μ=100. 
Summing | xi−x j | over all 25 ordered pairs gives 2,520. Then

G=
2520

2×25×100
=0.504

Two calibration anchors: a perfectly equal economy gives G=0, and one person holding 
everything gives G=1−1 / n (0.8 in the toy; the textbook maximum of exactly 1 is a large-
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population limit). Today’s U.S. income Gini is roughly 0.4; the simulations’ laissez-faire 
outcome of 0.7 to 0.8 is close to the mathematical ceiling.

4.2 Demand breadth

The papers define

B=1−G

so B rises as income spreads out. It is deliberately the simplest possible one-number 
summary of “how many people can meaningfully buy things.” The toy economy has 
B=0.496; the headline simulation outcome (G=0.437) has B=0.563; the laissez-faire 
outcome (G=0.77) has B=0.23.

5. The growth equation: the theory in one line

The agent-based model’s economy grows each year at

gt=0.005+κ ⋅
∑
j

R j t

Y t

⋅(0.5+Bt )+0.015 ⋅a( t )

The growth equation, term by term

Term by term:

• 0.005: baseline drift, 0.5 percent per year of growth that happens regardless.

• ∑
j

R j t /Y t: innovation-rent intensity, the fraction of the economy that is fresh 

innovation profit (the sum runs over all active products j). In simulation it ranges 
roughly 0.05 to 0.15.

• (0.5+Bt ): the demand-breadth multiplier. Since B lives in [0 ,1 ], this factor is bounded 
between 0.5 and 1.5: breadth can at most triple the innovation term relative to its 
worst case, a deliberate modeling guardrail against runaway feedback.
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• κ  (kappa): the coupling strength converting (intensity × breadth) into growth. This is 
the paper’s one load-bearing free parameter, estimated from data at κ =0.37 (Section 
9).

• 0.015 ⋅a( t ): the automation productivity bonus, up to 1.5 percent per year when 
automation is complete.

Worked example at headline values (κ =0.37, R /Y =0.10, G=0.437 so B=0.563, a=1):

g=0.005+0.37×0.10×(0.5+0.563 )+0.015=0.005+0.0393+0.015=0.0593

about 5.9 percent per year. Run the same arithmetic at the laissez-faire distribution (
G=0.77, B=0.23): g=0.005+0.37×0.10×0.73+0.015=0.047, about 4.7 percent. The 1.2 
percentage-point gap seems small until compounding does its work: 
(1.0593 / 1.0470 )50 =1.79×, nearly double the economy from distribution alone, holding 
innovation intensity fixed. In the full simulation the gap is larger still, because 
concentration ALSO suppresses the launch rate (Section 7), which lowers R /Y  itself: the 
two channels compound.

A cleaner way to isolate the breadth effect: differencing the equation with respect to B 
gives Δg=κ ⋅(R /Y )⋅ ΔB. Moving Gini from 0.77 to 0.36 (ΔB=0.41) at R /Y =0.10 yields 
Δg=0.37×0.10×0.41=0.0152, or 1.52 percentage points per year. This linear conversion, 
one Gini point ≈0.1κ  percentage points of growth, is also the bridge the papers use to 
translate published inequality-growth estimates into implied values of κ  (Section 9.4).

The automation path a( t )

Automation progress follows a logistic (S-curve) path, the standard shape for technology 
adoption: slow start, rapid middle, saturation.

a( t )=
1

1+e−k ( t −tmi d )



9

The logistic automation path

With midpoint tmid=2040 and steepness k =0.25: a(2025 )=0.02, a(2040 )=0.50, 
a(2055 )=0.98. The logistic’s algebra is worth internalizing once: for large negative 
exponents the denominator is huge (a near zero), for large positive it approaches 1, and the 
curve is symmetric around its midpoint.

6. The innovation math: decay, present value, and the launch decision

6.1 Exponential decay and half-life

An innovator’s profit protection fades exponentially:

R ( t )=R (0 )e−δ t

where δ  (delta) is the decay rate. The half-life h is the time until half the protection 
remains. Setting e−δ h=1/2 and taking logarithms:

h=
ln 2
δ

⇔δ =
ln 2
h
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Rent decay curves

Worked: a 30-year half-life means δ =0.693 / 30=0.0231 per year; a 5-year half-life means 
δ =0.139.

6.2 Present value: what a fading income stream is worth today

A dollar arriving next year is worth less than a dollar today, because today’s dollar could be 
earning the interest rate r . Discounting a stream that starts at R (0 ) and decays at δ  gives 
the compact standard result

PV =
R (0 )
r+δ

(Continuous-time version; the year-by-year sum ∑
t

R (0 )(1−δ
1+ r )

t

 gives nearly the same 

number, about 14.4 versus 13.7 in the example below.) Intuition for the formula: the 
stream dies at combined rate r+δ  (discounting plus decay), and the value of anything dying 
at rate x is its current flow divided by x.

Worked example, and why the design chose long protection. At r=0.05:

• half-life 30 years: PV =R (0 ) / (0.05+0.0231)=13.7×R (0 )
• half-life 5 years: PV =R (0 ) / (0.05+0.139 )=5.3×R (0 )

Cutting protection from 30 years to 5 slashes the prize for inventing by 61 percent. This 
single ratio is the mathematical heart of the model’s most consequential verdict: sweeping 
the half-life from 2 to 40 years, simulated GDP rose from 69 to 870 trillion dollars while the 
Gini rose only 0.20 to 0.37, so the design adopted patent-order (25 to 40 year) protection, 
overruling the author’s own preference for fast decay. Fairness, it turned out, was already 



11

being delivered by the license and fund instruments; short rent decay was buying almost 
no equality at an enormous growth price.

6.3 The launch decision

Each simulated household i decides whether to attempt a venture:

pi
launch = ṕ ⋅θi ⋅

Bt / (r+ δ́ )
NPV ref

⋅1[ capital access ]

The launch equation, term by term

• ṕ: a base launch propensity that scales the whole population’s rate.
• θi (theta): person i’s innovation ability, drawn from a heavy-tailed distribution 

(Section 8).
• Bt / (r+ δ́ ): the expected prize. The numerator says broad demand raises what a new 

product earns; the denominator is the present-value factor from Section 6.2.
• NPV ref: a fixed reference value that normalizes the prize to a dimensionless ratio (so 

the units cancel and ṕ retains its meaning).
• 1[ ⋅ ]: an indicator function, worth knowing as notation: it equals 1 if the condition 

inside is true and 0 if false. Here it is the institutional switch: under the license design 
everyone has capital access (always 1); under laissez-faire it is 1 only for the wealthy.

Worked toy example. Let ṕ=0.02, and normalize NPV ref to the prize at B=0.5 with a 30-
year half-life (value 0.5 / 0.0731=6.84). A person with ability θ=2 in the headline economy (
B=0.563, prize =7.70, ratio =1.126) launches with probability 0.02×2×1.126 =0.045 per 
year, about a 4.5 percent annual chance, or better than a coin flip over 15 years. Set the 
indicator to 0 (no capital) and the probability is 0 regardless of talent. That last sentence is 
the participation channel in one line: concentration wastes the talent of everyone it locks 
out.

The innovation guard is defined on the population launch rate this equation generates: 
the clean-economy baseline rate is 0.0468 per year, so the guard threshold is 
0.9×0.0468=0.0421, and the final design’s headline rate of 0.052 sits at 111 percent of 
baseline: pass, with margin.
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7. Why the model’s two channels multiply

Pulling Sections 5 and 6 together, distribution enters growth twice:

1. Prize channel: higher B raises every inventor’s expected payoff (numerator of the 
launch equation) AND raises the growth yield of any given innovation intensity (the 
(0.5+B ) term).

2. Participation channel: universal income flips indicator functions from 0 to 1 across 
the ability distribution, letting latent θi act.

Because launches raise R /Y , which raises growth, which (in the license design) spreads 
income and sustains B, the system contains a feedback loop. The (0.5+B ) bounds and the 
decay of rents keep the loop from exploding; the Monte Carlo bands (next section) show its 
variability.

8. Randomness: heavy tails and Monte Carlo

Heavy-tailed ability. Innovation talent θi is drawn from a right-skewed, heavy-tailed 
distribution: most people near the middle, a small tail of extreme outliers who account for a 
disproportionate share of high-value ventures. This mirrors reality (venture returns, 
patent citations, and firm sizes are all heavy-tailed) and it is why locking even a small 
fraction of the population out of capital access is expensive: the loss is not the average 
person’s ventures but the tail’s.

Monte Carlo. The model is stochastic (random draws for ability, initial wealth placement, 
and shocks), so a single run proves nothing. Every configuration is run across multiple 
random seeds; the papers report the median run, with 10th-to-90th percentile bands on 
the dashboard figures. Median rather than mean is deliberate: with heavy-tailed outcomes, 
a mean can be dragged around by one extreme run, while the median is the honest “typical” 
outcome. When you read “GDP $875T” in the papers, the precise claim is: the median 
across seeds of the 2075 GDP, under the stated parameters.

9. Measuring kappa: statistics from scratch

This is the papers’ empirical centerpiece, and the section where the peer-review paper 
leads with its own weakness. The logic is worth following in full.

9.1 What a regression is

Suppose you suspect y  (a country’s growth rate) depends on x (its demand breadth). 
Ordinary least squares (OLS) regression finds the line y= β0 + β1 x minimizing the sum of 
squared vertical misses across all data points. The slope β̂1 is the estimated change in y per 
unit change in x.
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Real questions have confounders: rich countries differ from poor ones in many ways 
besides inequality. Multiple regression fits y= β0 + β1 x+ β2 z1 + β3 z2 +…, and the resulting 
β̂1 is the association between y and x AFTER the controls z have soaked up their own 
associations. Graphically, that is the “added-variable plot”: residualize both y  and x on the 
controls, and plot what is left.

The cross-country evidence

9.2 The papers’ specification

Data: World Bank indicators, up to 167 countries, 1990 to 2019. The regression mirrors the 
model’s own growth equation: average real growth on lagged demand breadth 
B=1−Gini / 100, controlling for initial GDP per person (in logs), the investment share, and 
school enrollment.

The headline cell: across 146 countries’ long-run averages (1995 to 2019),

β̂B=0.037 ,s.e.=0.013 , p=0.004 , N =146

In words: ten Gini points more breadth associates with about 0.37 percentage points more 
annual growth, holding wealth, investment, and education fixed.

9.3 Standard errors, t-statistics, and p-values (the crash course)

An estimate from noisy data is itself noisy. The standard error (s.e.) is the estimated 
standard deviation of the estimate: how much β̂  would wobble across hypothetical re-
samplings. The t-statistic is the estimate in units of its own noise:
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t =
β̂

s.e.
=

0.0368
0.0127

=2.90

A | t | near 1 is indistinguishable from noise; near 3 is solid. The p-value converts t  into a 
probability: IF the true effect were zero, how often would noise alone produce an estimate 
at least this large? Here p=0.004: about 4 in 1,000. Convention treats p<0.05 as 
“statistically significant,” a threshold worth holding loosely; what matters is that estimate, 
noise, and sample size are all reported so you can judge.

One more concept the papers use: clustered standard errors (observations within one 
country are correlated over time, so the noise estimate must not pretend they are 
independent draws) and HC1 robust errors (noise that differs across countries is allowed 
for). These are honesty adjustments to the s.e., typically making it larger.

9.4 From slope to kappa

The model’s growth equation says Δg=κ ⋅(R /Y )⋅ ΔB, so a regression slope of growth on B 
estimates κ×(R /Y ). Dividing by the innovation intensity:

κ̂=
β̂B
R /Y

=
0.0368
0.10

=0.37

with the honest range from the intensity’s plausible span: 0.0368 / 0.15=0.25 to 
0.0368 / 0.05=0.74. Independent triangulation from published literatures (market-size 
elasticities, spending propensities, inequality-growth reduced forms) brackets 
κ∈[0.1 ,1.0 ] with a central band of 0.3 to 0.5, agreeing with the regression’s center.

Where kappa stands

9.5 The disclosed weakness: between versus within

There are two ways to slice panel data (many countries observed over many years):

• Between (cross-section): compare countries’ long-run averages against each other. 
This is the β̂=0.037, p=0.004 result. Its vulnerability: countries differ in unmeasured 
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ways (institutions, state capacity) that could correlate with both breadth and growth, 
biasing the slope. It is an association, not proven causation.

• Within (fixed effects): let each country serve as its own control by tracking changes 
over time, absorbing everything constant about each country. Statistically cleaner in 
principle. Result here: β̂=−0.052, s.e. 0.048, p=0.28: a null. Its vulnerability is the 
mirror image: Gini barely moves within countries over a few decades, and the Gini 
data mixes survey methods, so the signal (if any) is attenuated toward zero. A null 
from a test with little power to detect anything is weak evidence of absence.

This between-positive/within-null pattern is a famous, decades-old feature of the whole 
inequality-growth literature, and the papers inherit it rather than hide it. The stated 
conclusion is calibrated accordingly: adopt κ =0.37 as the central value, re-run everything 
across [0.10 ,0.70 ] (simulated 2075 GDP: 129, 740, 1,411, and 3,175 trillion at 
κ =0.10 ,0.37 ,0.50 ,0.70 on the pre-amendment design, guard passing throughout), and 
concede in print that a skeptic who insists on within-country identification can hold κ ≈0, in 
which case the design’s growth advantage collapses to a tie and its case rests on 
distribution alone. Graceful degradation, not reversal.

9.6 The extrapolation caveat, quantified

The literature identifies effects off 5-to-15-Gini-point differences between countries. The 
model’s counterfactual (laissez-faire 0.77 versus design 0.36) is a 41-point swing: 3 to 8 
times outside the identifying variation. Linear extrapolation that far is a modeling choice, 
flagged in both papers, and it is one reason results are always reported across the whole κ  
bracket rather than at the point estimate alone.

10. Rule arithmetic inside the design

The policy design itself contains formulas. The important ones, with worked examples:

The socialization threshold. Half of PASSIVE investment returns above 10 million dollars 
a year flow to the citizen fund (escalating for century-old fortunes). Worked: a fortune 
earning $25M passively in a year owes 0.5×(25−10 )=$7.5M and keeps $17.5M; active 
innovation profits owe zero, always. Note the marginal structure: the levy applies only to 
the excess above the threshold, so there is no cliff at $10M.

The exposure rule (anti-capture). Any party whose consolidated economic exposure to a 
twin fleet’s output exceeds 20 percent is taxed as owning that share, where exposure is 
SUMMED across every instrument (equity, revenue strips, derivatives measured net-long 
through dealer books, leases, and dominant output purchases). The math design principle: 
making the threshold a sum over all instruments removes the incentive to split a stake into 
many sub-threshold pieces, the standard evasion of any single-instrument test.

Anti-peonage caps. Forward sales of twin income are capped at 35 percent of income and 
3 years of tenor, non-stackable across counterparties; anything larger is void. The cap 
arithmetic bounds the present value any buyer can control: at most 0.35×3=1.05 income-
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years, far too little to constitute effective ownership of an income stream worth (Section 
6.2) roughly 14 income-years.

The innovation guard. Threshold =0.9× baseline launch rate =0.9×0.0468=0.0421; the 
final design runs at 0.052, i.e. 0.052 / 0.0468=111 percent of the unregulated baseline. The 
guard is an inequality constraint, not an objective: designs are optimized for other goals 
subject to never crossing it.

The dividend split. The fund pays out 95 percent of income and retains 5 percent as 
buffer; twin income divides 50/50 between an equal per-license component and a 
performance component.

11. Real versus nominal: the two-basket honesty rule

Dollar (nominal) figures and purchasing-power (real) figures diverge whenever prices 
change. A price index tracks the cost of a fixed basket of goods; real income is nominal 
income divided by the index.

The subtlety the papers surfaced: WHICH basket? In the two-sector Baumol world 
(automated goods get cheap, human-provided services stay tied to human time), the 
answer changes the story:

• Against a basket frozen at 2025 weights (70 percent goods, 30 percent services), 
median real income grows 3.31× by 2075.

• Against an evolving basket that re-weights toward services as people actually shift 
their spending, it grows 1.54×.

Both are correct answers to different questions (“what would 2025-me think of this 
income?” versus “what does 2075-me actually face?”). The gap IS Baumol’s cost disease, 
measured honestly. Two design consequences followed: the income floor is indexed to the 
evolving basket (a GDP-indexed floor was shown to lose about 8 percent of real purchasing 
power), and the papers report both numbers everywhere. When you quote them, quote 
both.

12. Variable and symbol reference

Symbol Name Meaning
Typical value / 
range

Y Output (GDP) Total production 
per year

$25T (2025); 
scenario outputs 
2075

K Capital Stock of productive 
equipment

$50T (2025), 
$1,000T (2075 
scenarios)

L Labor Productive 150M (2025), 25M 



17

workers / 
entrepreneurs

(2075 scenarios)

A Technology Output multiplier 
per worker

index; 50x to 117x 
by 2075 in scenarios

α Capital share Exponent on capital 
in production

0.1 assumed; 0.9 
stress-tested

M Money supply Dollars in 
circulation

$17T (2025)

V Velocity Times per year a 
dollar changes 
hands

1.5 to 4.5 across the 
horizon

P, π Price level, inflation Index and its growth 
rate

π ≈0 (at target) in 
scenarios

V O Orbital velocity Max sustainable 
velocity growth

4.7 to 6.4 percent 
per year

I , R, C Confidence 
multiplier

I =1+R+C R=0.02, C =0.03, 
I =1.05

S Stability governor (1+ π ) / (1+ π*) 1 at target; >1 
brakes

G Gini coefficient Inequality, 0 (equal) 
to 1 (one holder)

0.437 design / 0.77 
laissez-faire (2075)

B Demand breadth 1−G 0.563 design / 0.23 
laissez-faire

g, gt Growth rate Annual proportional 
growth

0.059 at headline 
values

κ Clutch coefficient Strength of breadth-
to-growth feedback

0.37 central; bracket 
[0.10, 0.70]

R j t, R /Y Innovation rents; 
intensity

Fresh innovation 
profits; share of GDP

R /Y ≈ 0.05 to 0.15 
in-model

a( t ) Automation index Logistic path, 0 to 1 0.02 (2025), near 1 
by 2055

θi Innovation ability Person i’s talent 
draw

heavy-tailed 
distribution

δ , δ́ Rent decay rate ln 2 / h 0.017 to 0.028 for h 
= 25 to 40 yr

h Half-life Years to half 
protection

25 to 40 (design); 
swept 2 to 40

r Interest/discount 
rate

Time value of 
money

0.05 in worked 
examples
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PV Present value Today’s worth of 
future stream

R (0 ) / (r+δ )

NPV ref Reference NPV Normalizing 
yardstick in launch 
eq.

fixed constant

ṕ Base launch 
propensity

Population-level 
scale factor

calibrated constant

1[ ⋅ ] Indicator 1 if condition true, 
else 0

capital-access 
switch

pi
launch Launch probability Person i’s annual 

venture chance
guard baseline 
0.0468/yr

β̂B Regression slope Growth per unit of 
breadth

0.037 (s.e. 0.013)

t-stat, p Significance 
measures

Estimate/noise; 
chance under null

2.90; 0.004

N Sample size Countries in the 
regression

146 (headline cell)

μ Mean Average (of 
incomes, in Gini 
formula)

context-dependent

A closing note on epistemic hygiene

The math above divides cleanly into what is CERTAIN (identities and definitions: Sections 
3.1, 4), what is CONDITIONAL (structural equations whose outputs are exactly as good as 
their assumptions: Sections 2, 5, 6), and what is ESTIMATED (statistics with disclosed 
uncertainty: Section 9). The papers’ most defensible habit is refusing to let those categories 
blur: every headline number traces to stated assumptions, machine-verified arithmetic, and 
open code. If you take one mathematical lesson from the whole project, take that 
taxonomy; it is a portable tool for reading anyone’s quantitative claims, not just these.

This primer accompanies “Clutch Economics” v6 and “Demand Breadth and Innovation-
Driven Growth in a Highly Automated Economy” (2026) by Emanuel F. Barros. Companion 
primers: “Clutch Economics, Explained for Everyone” and “The Peer-Review Paper, Explained 
for Everyone.” All worked examples verified computationally; model code and regression data 
ship with the papers.
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