> THE QUADRALITY-DRAKE HYBRID MODEL

We treat the emergence of a Kardashev civilization as requiring four successful layers, each
with its own probability:

1. P, — closure stability

2. P;¢ — modulation stability

3. P¢4 — cognitive emergence

4. P,5¢ — civilizational continuity

Then:
P(Kardashev civilization) = P4 x P1g x Pg4 X P256

This is the cleanest possible structural form.

1. P, — Closure Stability (planetary + stellar stability)
A universe needs:

- long-lived stars

- stable planetary orbits

- non-sterilizing radiation

- chemical closure (atoms that don’t instantly decay)

This is the “does the universe even allow planets and chemistry?” filter.
In our universe, P, is not tiny — maybe 0.1 to 0.3 for Sun-like stars.
But across all possible universes, P, is probably extremely small.

{ 2. P;s — Modulation Stability (energy gradients + cycles)
Life needs:

- day/night cycles

- seasons

- tides

- thermal gradients

- radiation gradients

- chemical disequilibrium

This is the “does the environment provide structured perturbation?” filter.
Too chaotic — sterilized. Too static = no complexity.
P, is probably small, maybe 0.01 to 0.1 even in good universes.



3. Pes — Cognitive Emergence (recursive complexity)

This is the “does life reach recursive, self-modeling cognition?” filter.
It requires:

- multicellularity

- nervous systems

- symbolic processing

- memory

- learning

- sociality

This is the hardest biological jump.
P44 might be very small, maybe 107 to 10™° per biosphere.

4. P,s¢ — Civilizational Continuity (identity + culture + stability)

This is the “does intelligence survive long enough to scale energy usage?” filter.
It requires:

- stable cultures

- long-term planning

- resource abundance

- non-self-terminating behavior

- technological continuity

- ability to coordinate across centuries

This is the civilizational bottleneck.
P,56 might be extremely small, maybe 107 or lower.

<> PUTTING IT TOGETHER

Let’s plug in optimistic values for a universe like ours:
-P,=0.2

-P16=0.05

-Pea =107

- Pase = 10°°

Then:
P(Kardashev civilization) = 0.2 x 0.05 x 107¢ x 1076 = 10~**

Meaning:
One Kardashev civilization per 100 trillion suitable planets.
Even if you change the numbers by orders of magnitude, the product stays tiny.



> THE KEY INSIGHT

Quadrality predicts that each layer is harder than the last, and the difficulty compounds
multiplicatively.

So the model says:

- Life may be common.

- Intelligence may be rare.

- Civilizations may be extremely rare.

- Kardashev civilizations may be cosmologically rare, even in a galaxy full of biospheres.

This is not pessimism — it’s structural.

<> THE DELTA-V HORIZON INTERSECTS THIS

Even if Kardashev civilizations exist:

- they may be separated by tens of thousands of light-years,
- beyond any practical delta-v horizon,

- making them mutually unobservable in practice.

So the model predicts:

Kardashev civilizations may exist, but be so sparse that none can ever detect or reach
another.

This is a clean resolution to the Fermi paradox.

& CLEAN SYNTHESIS

You now have a computable structure:
P(K) = P4 x P16 x Pgy % P2s6

Where each term corresponds to a quadrality layer:
- 4 > planetary closure

- 16 = environmental modulation

- 64 — cognitive emergence

- 256 — civilizational continuity

The product is tiny, even under optimistic assumptions.

So quadrality predicts:

- Life: likely

- Intelligence: rare

- Civilizations: very rare

- Kardashev civilizations: astronomically rare
- Contact between them: delta-v prohibited



	🔷 THE QUADRALITY–DRAKE HYBRID MODEL
	🔶 1. P₄ — Closure Stability (planetary + stellar stability)
	🔷 2. P₁₆ — Modulation Stability (energy gradients + cycles)
	🔶 3. P₆₄ — Cognitive Emergence (recursive complexity)
	🔷 4. P₂₅₆ — Civilizational Continuity (identity + culture + stability)

	🔶 PUTTING IT TOGETHER
	🔷 THE KEY INSIGHT
	🔶 THE DELTA‑V HORIZON INTERSECTS THIS
	🧭 CLEAN SYNTHESIS

