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A Parameter That Moves

Most of economics treats the substitution parameter p as a fixed number. You estimate it from
data, plug it into a CES production function (Arrow1961), and move on. But anyone who has
watched an industry for more than a decade knows this is wrong. The ease of swapping one input
for another changes — sometimes gradually, sometimes in a rush. Assembly-line workers in 1910
were not substitutable in the same way as assembly-line workers in 1960. Mortgages in 2003 were
not substitutable in the same way as mortgages in 2007.

This article is about the forces that move p over time, why they matter for the CES framework
introduced in Emergent CES, and what happens when p and information friction T" move together.

Why a Changing p Matters

Recall from the regime diagram that the curvature parameter K = (1 — p)(J — 1)/J controls three
things simultaneously: the diversity premium from combining heterogeneous inputs, the robustness
of portfolios to correlated shocks, and the strategic stability of equilibrium allocations. When p
shifts, all three shift with it. A slow drift in p is not a minor recalibration — it is a structural
transformation of what the economy can and cannot do.

If p rises toward 1, inputs become more interchangeable: the diversity premium shrinks, but the
economy also becomes more flexible and resilient to individual input failures. If p falls, inputs
become more complementary: the diversity premium grows, but so does vulnerability to any single
missing input. The direction p moves determines whether an industry is consolidating toward
commodity status or differentiating toward specialized complementarity.

Four channels drive these shifts.

Channel 1: Technology Adoption

New technologies almost always start as strong complements to existing inputs. When automobiles
first appeared, they required specialized mechanics, custom-machined parts, hand-fitted bodies,
and roads that barely existed. Each input was irreplaceable — p was deeply negative. Early car
manufacturing looked like craft production: a skilled team building one vehicle at a time, where
losing any member crippled the operation.

As the technology matures, standardization increases substitutability. Henry Ford’s assembly line
was, in CES terms, a massive upward push on p. Interchangeable parts meant one supplier could



replace another. Standardized tasks meant one worker could replace another. The Model T’s famous
“any color so long as it’s black” was a deliberate choice to keep p high by eliminating product
variation.

This pattern — new technology enters with low p, maturation pushes p upward — recurs across
industries (Schumpeter1939). Early computing required complementary specialists (hardware
engineers, programmers, operators) who were not substitutable at all. Modern cloud computing
offers near-commodity compute where one provider can substitute for another. Early pharmaceuticals
required integrated research-to-manufacturing chains; modern contract manufacturing has unbundled
many steps into substitutable modules.

The timescale is typically decades. The automobile industry took roughly forty years (1900-1940)
to move from craft complementarity to mass-production substitutability. Semiconductors followed a
similar arc from the 1960s to the 2000s. This is the slowest of the four channels.

Channel 2: Financial Innovation

Financial engineering changes how substitutable assets appear to be — sometimes genuinely,
sometimes illusively.

Securitization is the canonical example. Before mortgage-backed securities, each mortgage was a
distinct asset tied to a specific borrower, property, and local market. Substitutability was low: you
could not easily swap a mortgage in Phoenix for one in Detroit. Securitization pooled thousands of
mortgages and sliced the pool into tranches, creating instruments that appeared highly substitutable.
One AAA tranche looked much like another — p seemed to jump toward 1.

But this is where the coupling between p and T becomes critical. The apparent increase in p was
partly genuine (pooling does reduce idiosyncratic risk) and partly an artifact of rising information
friction. When investors could not evaluate the underlying mortgage quality (high T'), all tranches
looked alike simply because nobody could tell them apart. The effectiveCurvatureKeff shows that
effective curvature Kogp = K - (1 —T/T*)" depends on both parameters. Financial innovation moved
p upward (real pooling) while simultaneously moving 7" upward (increased opacity). The net effect
on K. was ambiguous — and in the subprime case, catastrophically negative.

(Perez2002) documented this pattern across five major technological revolutions: each generates a
financial bubble in which innovation-driven changes in apparent substitutability outrun the market’s
ability to evaluate quality. The (p,T") framework makes this precise. Financial innovation operates
on a timescale of years — faster than technology adoption but slower than regulatory changes.

Channel 3: Regulation
Standards and regulations can push p in either direction, and they can do it quickly.

Regulations that increase substitutability include product standards (USB-C mandates make
chargers interchangeable), licensing reciprocity (doctors practicing across state lines), and open-
access rules. FEach raises p by reducing the specificity of individual inputs. Regulations that decrease
substitutability include specialized certifications (only approved materials in aircraft) and data
localization laws. These push p downward by making inputs less interchangeable.

The key insight is that regulation affects p and T independently. A well-designed standard can raise
p while lowering T' (making quality easier to verify). Poorly designed regulation can lower p while
raising 7' (adding compliance complexity that obscures quality). The Regime Diagram shows why



this matters: the direction of movement in (p,T") space determines whether a regulation makes a
market safer or more fragile.

Regulatory changes operate on a timescale of years, but their effects can be abrupt — a new rule
takes effect on a specific date, creating a discrete jump in p.

Channel 4: Learning and Experience

Workers, firms, and markets learn over time, and learning changes substitutability. This channel is
the most subtle.

(Autor2003) documented that computerization increased the substitutability of routine cognitive
tasks (data entry, bookkeeping, simple analysis) while decreasing the substitutability of non-routine
tasks (management judgment, creative problem-solving, complex communication). In CES terms,
computers raised p for routine tasks and lowered it for non-routine ones. The same technological
change pushed p in opposite directions for different parts of the labor market.

More broadly, as workers gain experience in an industry, they develop portable skills that make
them more substitutable across employers (raising p) but also develop specialized tacit knowledge
that makes them less substitutable across occupations (lowering p). The net effect depends on
whether the learning is general or specific — a distinction that maps directly onto the horizontal
axis of the regime diagram.

Learning operates on a timescale of months to years for individual workers, and years to decades for
institutional knowledge accumulation.

The Coupled Dynamics

The four channels do not operate in isolation. They interact, and their interactions explain structural
transformation.

Consider the auto industry as a complete case study. In the early 1900s, technology was immature
(low p), financial markets for auto companies were thin and opaque (high T'), regulation was
nonexistent, and the workforce was learning from scratch. The industry sat in the danger zone of
the regime diagram — strong complementarity with poor information.

Over forty years, all four channels moved together. Technology matured (Ford’s assembly line raised
p). Financial markets developed (standardized equity and debt instruments lowered T"). Regulation
emerged (safety standards, emissions rules, labor laws — mixed effects on p but generally lowering
T through transparency requirements). Workers accumulated skills (raising p for production tasks).
The industry migrated from the danger zone to the precision corner and eventually toward the
commodity corner.

Modern modular vehicle platforms represent the latest push: a single underbody architecture shared
across brands and models, with interchangeable powertrain options. This is p approaching its
practical ceiling — inputs so standardized that one module genuinely substitutes for another.

The financial crisis of 2008 illustrates the opposite trajectory. Mortgage markets started in a
reasonable position (moderate p, low T'). Financial innovation rapidly raised apparent p while
simultaneously raising T'. Regulation failed to compensate. The market crossed the critical boundary
T =T* and collapsed — not because the underlying production technology changed, but because
the coupled (p,T') dynamics carried it into unstable territory.



The Takeaway

Treating p as fixed is like treating the weather as fixed because today is sunny. The substitution pa-
rameter evolves through four distinct channels, each with its own timescale and direction. Technology
adoption (decades) generally pushes p upward as innovations mature. Financial innovation (years)
can push p in either direction, with dangerous interactions with information friction. Regulation
(years, with abrupt jumps) can push p either way depending on design. Learning (months to decades)
pushes p upward for routine tasks and downward for specialized ones.

The CES framework accommodates all of this through the (p,T") regime diagram. Once you allow
p to move, structural transformation is no longer a mystery that requires a new theory for each
industry. It is the natural consequence of four measurable forces pushing a single parameter through
a landscape whose geometry — curvature, critical boundaries, equilibrium structure — is already
fully characterized by the CES potential.
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