THE
MECHANICS
OF GROWTH

Decoding the
Solow Model

From Capital Accumulation to Global

Convergence. An Analysis of the
Theory of Economic Development.
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The Mechanic’'s Manual for Economic Growth. Explaining how the ‘engine’ of an economy converts
investment into output, why growth stalls without innovation, and why nations converge.
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The Mystery
of Stability

In the long run, economies grow
massively in size. Yet, amidst this
volatility, one ratio remains
surprisingly constant. Early
theories called it luck; Solow
called it equilibrium.
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Capital Stock Is consistently
~3x Annual GDP.
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The Engine

of Production Y(t) {5 (K(t) L(t))

CAPITAL INPUT: Structures, / Cnmbmed via

OUTF'UT (GDP)

Equipment, Software

Technology F(.)

LABOR INPUT:
Time, Skills, Effort

The Law of
Diminishing
Returns

Output (Y)

High Marginal Product.
First machines are
revolutionary.

J

/

Slope decreases
as K increases

Low Marginal Product.
100th machine adds
little value.
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Capital (K)
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The Bathtub Dynamics: Investment vs. Depreciation

The Metaphor

Inflow: Investment (1)
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The level rises only
if Inflow > Outflow.

Capital Stock (K) «
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‘l Outflow: Depreciation (0)

The Math

Accumulation over time

l ——

k(t+l) = (1 - d)k(t) + s fF(k(t))
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The Drain The Faucet
(Wear & Tear) (Savings x Output)

Capital accumulation 1s a race between new investment and the mechanical breakdown of existing assets.
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Reaching the Steady State

The Push vs.
The Drag

Eventually, the
economy reaches

Depreciation: 6k \

Growth Zone: a point where the
Ji Investment > Depreciation. maintenance cost
Capital accumulates. - of capital

(Depreciation) eats
I\ up all new savings

Investment: s f (k) (Investment).

At k*, growth stops.

Shrinkage Zone:
Depreciation > Investment.
i Capital shrinks.

Investment / Depreciation

I / k* (Steady State)
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Capital per worker (k)




Upgrading the Engine: Technology & Population

Moving from Stagnation to Growth

The basic model predicts a ceiling on growth (k*). But the real world grows forever.
We must upgrade the variables to include two dynamic forces:

i@iﬂ

Population Growth (n)

[

Efficiency Units of Laborx

Y(t) = F(K(1), | AGE)L(E)) [ Hearenoknosrnessungiue

augmented by technology.

Augmented Worker Transformation
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The Balanced Growth Path

Break-Even Investment: (n + g + )k

i Replacing broken machines 5 /
r Equipping new workers

E Keeping up with new tech

Investment: s f (k)

\

k-tilde*

i (Steady State per
effective worker)

4

Capital per effective worker (k)

Investment / Break-Even Investment

The 'drain’ is now wider. To keep
capital per effective worker constant,
the economy must invest enough to
cover depreciation, population growth,
and technological obsolescence.

Crucial Insight: The economy stabilizes
at k-tilde*, but because 'A' (Technology)
IS growing, output per capita grows
permanently at rate 'g".

Technology is the only driver of long-run
living standards.
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Why Savings Can’t Buy Permanent Growth

Simulation: What happens if we double
the savings rate?

ke Investment

L (s = 20%)
T (N +g +0)k e Result 1: The Level Effect.
il Effect k o The economy moves to a richer
T o T steady state. Everyone is wealthier.
i (s = 10%)

e Result 2: The Growth Effect.

o Growth spikes temporarily during the
transition, but eventually settles back
to the rate of technology (g).

Investment / Break-Even Investment

| | l | | | l ™
I I | I | | | | I I | I I | | -~

Capital per effective worker (k)

Quantitative Check: Doubling the savings rate (10% - 20%)
raises long-run output by only ~17%. It is not a 1-to-1 gain.
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The Stylized Facts Checklist

Does the model match the historical record?

1 2 3
/J Growth in GDP Capital/Output Factor
/ per Capita . Ratio Shares
Real world economies grow K/Y is roughly constant Labor takes ~2/3 of income,
over time. (approx 3.0). Capital ~1/3.
Labor: a = 8.7
K/Y = 3.0 Capital: 1-a = 0.3
Y =R KL
Matches. Model predicts Matches. Model converges to a Matches. Consistent with Cobb-
growth at rate ‘g’ (Technology). constant ratio k-tilde/y-tilde. Douglas production function.
IBM Plex Mono IBM Plex Mono IBM Plex Mono

The Solow Model successfully replicates the core ‘Laws’ of macroeconomics.
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The Convergence Hypothesis

Why catch-up growth is faster than cutting-edge growth.

Investment / Break-Even Investment

AN

High Net Investment
= Fast Growth

Investment

Steady State

Depreciation

(n+ g+ 8)k
Low Net Investment
= Slow Growth
& & >
Low Capital Kpoor Kiich  High Capital

Capital per effective worker (k)

e Prediction: Poor countries should
grow faster than rich ones.

e Mechanism: Diminishing Returns.

e At low levels of capital, every new
machine creates massive value. At
high levels, new machines barely
cover their own depreciation.

Mathematical Speed Limit: The speed

of convergence (lambda) depends on
depreciation and capital share.

-
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Reality Check: Conditional vs. Unconditional

The World Sample

Growth Rate (1960-2019)

GDP in 1960

Unconditional Convergence: FAILED. No systematic

tendency for poor countries to grow faster.

The OECD Club
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& Rich in 1960 v
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GDP in 1960

Conditional Convergence: CONFIRMED. Among
similar economies, the poor catch up.

Conclusion: Convergence is conditional. Countries only converge if they have similar

fundamentals (savings, institutions, pop growth).
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Calibration: Putting Numbers to Theory

The Inputs

2
Capital Share (alpha) = 1/3 Depreciation (delta) = 5% Growth (g) = 2%
/+x— - @k - & e

The Prediction vs. Reality

Predicted Speed (lambda) = (1 - alpha)(n + g + delta)

Model Prediction: ‘ //' Data Reality: T-—""'
~5% convergence per year.

Actual Data: ~27% convergence per year. :

The model is too optimistic. It assumes
capital builds up too fast.

The Fix
T . - [} H n I ] il
Reconciling the Error: Broadening “Capital ,:% :D[ "
If we include Human Capital (Education/Skills), alpha rises to ~0.7. I 2

With alpha = 0.7, the predicted convergence drops to ~2%. The model works.
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When the Engine Breaks: Traps & Perpetual Motion

Scenario A: The Poverty Trap

>

High Equilibrium

(Stable) ik
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Depreciation (3K)

Tipping Point

(Unstable) “_\\a

Ly

2

Output/Investment/Depreciation

N\ Trap Equilibrium
(Stable)

Capital (K)

Scenario B: Endogenous Growth (AK Model)

>

Investment [ST]-—wﬁﬂ

5

Depreciation (8K)

Output/Investment/Depreciation

Capital (K)

If production has increasing returns at low levels,
an economy can get “stuck” at the bottom. It
needs a “Big Push” to escape.

If returns to capital never diminish (Constant
Returns), growth never stops. The gap between
rich and poor never closes.
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Short-Run Dynamics: The Shock Absorber

Explaining Business Cycles through Capital Stickiness

/N

Deviation from Steady State

Impulse Response Function (IRF) Graph

A
Stickiness. Capital takes time to build
and time to wear out, smoothing sharp

/_ shocks into prolonged cycles.

/— Capital Response (K)
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The Mechanic’s Summary

CAPITAL — _|_ INSTITUTIONAL
RESERVES ™\ L. SYNERGY NG /
¥ ]
50% .
| | p———
|
= || Ny N (A) > /
| DEPRECIATION (&)
Capital is Finite Technology is Key Convergence is
Accumulation drives growth only Innovation (A) is the only driver of Conditional
until the Steady State. You cannot sustained riSing I|V|ng standards in Poor nations can catch up to rich
save your way to infinite growth; the long run. It is the only force that ones, but only if they fix their
d|m|n15h|ng returns WIH Eiwa}r‘s Win. outruns dEDI’E‘GIEtIDn "engine"_their inStitunDnS' Savings
and stability—to match the leaders.
DIMINISHING MARGIMAL | K
PRODUCT (MPK 4) — LDC # DC (ENGINE NTSMATCH)
= LDC = DC (ENGINE ALTGMNMNENT )
DI_ _In
The Solow Model reveals that while capital builds the
economy, it 1s technology that propels it forward. |
O ]
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