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Conceptual overview: causal history constrains a present state, which supports bounded forecasts rather than
omniscient prediction.
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Abstract

This paper develops a forecasting extension of the Hypothesis of Causal Symmetry. Its central
proposition is that the present physical state is causally conditioned by prior states and
therefore contains information that constrains future evolution. With sufficiently informative
observations, valid transition laws, and adequate computation, future outcomes can be
predicted to a non-zero degree of accuracy. The paper distinguishes this proposition from the
stronger claim that every event is exactly predictable. Deterministic evolution does not
guarantee predictive access: measurement limits, chaotic amplification, model error,
environmental entanglement, quantum uncertainty, and computational undecidability can
prevent finite observers from reconstructing or forecasting a complete trajectory. The
strongest defensible formulation is therefore a bounded-predictability principle: as relevant
state information and model fidelity increase, forecast distributions should become more
informative within a system-specific horizon, while never implying local omniscience. The
result is an operational causal forecasting architecture capable of producing likely
trajectories, alternatives, uncertainty bounds, and intervention-sensitive counterfactuals.

Core proposition: The present is a causally conditioned state that constrains the
future; however, causal determination and practical predictability are not
equivalent.

1. The Starting Intuition

The underlying intuition is straightforward and powerful: every present event has emerged from
prior conditions and interactions. A material object, an ecosystem, a weather system, a person, or
a galaxy is not independent of its history. Its present configuration reflects inherited structure,
accumulated interactions, constraints, and prior transformations. If the relevant present state
and the laws governing its evolution were known with sufficient precision, future states could in
principle be extrapolated.

This intuition resembles the classical deterministic ideal often associated with Laplace: a
complete state together with complete laws fixes the future. In mathematical form, a
deterministic transition can be written as:

Xe+ar = F(X¢)

Here, x_t is the state at time t and F is the transition law. If F is correct and x_t is known, the next
state follows. The practical question is not merely whether such a transition exists, but how much
of x_t can be observed, whether F can be inferred, and whether the calculation remains stable
and computable over the desired horizon.

2. Determinism Is Not the Same as Predictability

A deterministic theory states that a complete state and the governing laws uniquely determine
later states. Predictability concerns whether a finite observer can know the relevant state,
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represent the laws, perform the required computation, and obtain a useful answer before the
forecast loses relevance. These claims are logically distinct. A universe could be deterministic
while remaining inaccessible to exact prediction by any embedded observer.

This distinction is essential to the forecasting extension of Causal Symmetry. The framework need
not promise an oracle capable of foretelling every event. It instead suggests that better
observations and better causal models should progressively narrow the range of plausible future
outcomes, at least for bounded systems and limited time horizons.

Concept Meaning Consequence
. A complete state plus laws The future may be fixed in the
Determinism .
uniquely fixes later states. model.
. . A finite observer can calculate a Depends on data, models, stability,
Predictability . .
sufficiently accurate forecast. and computation.
. Uncertainty is represented as a Can express ignorance, unresolved
Probability e . TR
distribution over outcomes. variables, or intrinsic randomness.
. The model distinguishes Supports counterfactual and
Causal inference . . . . ..
observation from intervention. policy-sensitive forecasts.

3. The Present as a Distributed Causal Record

It is tempting to say that every atom contains its entire history. The scientifically stronger
formulation is more precise: every present physical state is conditioned by its history, while
historical information is distributed through the correlations that constitute the wider system. An
individual atom carries properties such as its quantum state, momentum, internal degrees of
freedom, and correlations with surrounding matter and fields. Yet a single atom generally does
not contain a readable, self-sufficient archive of every event that produced it.

The history of a system is encoded relationally: in entanglement, spatial arrangement, chemical
structure, field configurations, environmental records, and spacetime geometry. A local
subsystem can therefore be compatible with many distinct global histories. The total state may
preserve information that no local observer can recover from the subsystem alone.

Historical information is distributed through correlations, not stored as a complete archive inside each atom

orrelations

Earlier state eeal observatipn

Eld / geometfy

Interactions

Figure 1. A present state carries a distributed causal record through correlations and environmental structure;
a local observation accesses only a reduced portion of that record.
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Plocal = Trenvironment(pglobal)

The reduced state rho_local is obtained by tracing over environmental degrees of freedom. This
equation captures a central epistemic limitation: even if the global state is information-
preserving, a local observer sees only a partial state. Global causal completeness therefore does
not imply local predictive omniscience.

4. Chaos and the Forecast Horizon

Deterministic systems can be highly sensitive to their initial conditions. Lorenz demonstrated that
nonlinear deterministic equations can produce non-periodic behavior in which initially close
trajectories separate rapidly. Small observational errors can therefore become large forecast
errors.

5(t) =~ 5062“

In this approximation, delta_0 is the initial uncertainty and lambda is a positive Lyapunov
exponent. A practical forecast horizon can be estimated by asking when uncertainty reaches an
unacceptable level:

1 6acceptable
trorecast = Xln (T)

More precise measurements reduce the initial uncertainty and can extend the forecast horizon.
They do not necessarily create unlimited prediction, because the extension is logarithmic and
because model error, unobserved forcing, and finite computation add further uncertainty.
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Uncertainty can expand even when the underlying dynamics are deterministic
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Figure 2. Forecast uncertainty can grow rapidly with prediction time, even when the underlying dynamics are
deterministic.

5. Quantum Constraints on Complete Prediction

Quantum theory complicates the assertion that every individual future outcome is
predetermined. The unitary evolution of a closed quantum state is deterministic under the
Schrodinger equation, but standard quantum mechanics assigns probabilities to measurement
outcomes. Interpretations differ: Bohmian mechanics supplies deterministic trajectories, many-
worlds accounts treat the global wavefunction as evolving deterministically while observers
experience branch-relative uncertainty, and collapse theories introduce genuine stochastic
events.

Bell's theorem excludes broad classes of local hidden-variable explanations; it does not prove that
every possible ontology must be fundamentally indeterministic. The no-cloning theorem also
prevents an arbitrary unknown quantum state from being copied perfectly. An ideal predictor
cannot simply duplicate the entire quantum state of the universe and inspect the copy without
restriction.

The most defensible position is therefore conditional: a deterministic global ontology remains
compatible with some interpretations of quantum theory, but it is not an established empirical
conclusion. Regardless of interpretation, embedded observers face limits on state access and
therefore continue to make probabilistic predictions.

6. Computation and Irreducibility

Even perfect laws do not guarantee a computational shortcut. Some systems may be
computationally irreducible: predicting their state requires effectively simulating each
intermediate step. In other cases, the relevant question may be undecidable for a general class of
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models. Cubitt, Perez-Garcia, and Wolf proved that no universal algorithm can determine
whether every arbitrary Hamiltonian in a constructed family is gapped or gapless.

This result does not imply that ordinary forecasting is impossible. It establishes a deeper point: a
complete mathematical specification can still fail to provide a finite, general predictive procedure
for every property. Prediction quality is therefore controlled by several independent constraints:

Forecast quality = f(observability, model fidelity, chaos, computability)

7. An Operational Causal Forecasting Architecture

The practical extension of this work is not a claim of perfect prophecy. It is a causal forecasting
architecture that turns present-state measurements into calibrated future distributions. For a
chosen domain, the system constructs a state vector X_t from causally relevant observations,
estimates a transition model, propagates uncertainty, and updates predictions as new evidence
arrives.

Xt+1=Fo(Xe, Up) + &

F_theta is a physical, statistical, or hybrid transition model; U_t represents interventions or
external controls; epsilon_t represents unresolved variables, measurement error, model
discrepancy, and any intrinsic randomness. Rather than outputting a single unavoidable future,
the model estimates:

HYt+ T | Xtr M)

A useful implementation would return five products:

e the most likely future trajectory;

e credible alternative trajectories and their probabilities;

e the variables contributing most strongly to each outcome;

e the time at which uncertainty exceeds a declared tolerance;

e the interventions most capable of changing the projected trajectory.

This architecture should be iterative. Each observed outcome becomes new training and
validation data, allowing the model to recalibrate its transition rules, uncertainty estimates, and
causal assumptions. The objective is not merely accuracy, but calibrated accuracy: a 70 percent
forecast should occur approximately 70 percent of the time across comparable cases.

Layer Function Output

Observation Measure relevant state variables and | State estimate X_t with uncertainty.
data quality.

Causal representation Encode dependencies, delays, Causal graph or transition structure.
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Layer Function Output

feedback, and interventions.

Dynamics Propagate states using physical and Ensemble of future trajectories.
learned models.

Uncertainty Combine measurement, parameter, Credible intervals and forecast
model, and stochastic uncertainty. horizon.

Decision Compare interventions and Ranked actions and expected
counterfactuals. consequences.

Learning Compare forecasts with outcomes Cumulative improvement and audit
and update the model. trail.

8. Relation to the Hypothesis of Causal Symmetry

The forecasting extension becomes strongest when it separates an ontological claim from an
epistemic claim. Ontologically, Causal Symmetry proposes that global evolution preserves
informational continuity across causal boundaries. Epistemically, every local observer accesses
only a reduced, imperfect state. The global state can therefore be coherent while local forecasts
remain probabilistic.

A more rigorous information-transfer formulation uses an isometry V from a parent-domain
Hilbert space into an emergent domain plus auxiliary degrees of freedom. This avoids assuming
that an effective absorption channel is independently invertible:

Proe= (Ir ® V) pgrp(lg ® VT)

Under this interpretation, the total state can evolve reversibly while a local subsystem appears
noisy or irreversible after inaccessible degrees of freedom are traced out. The same logic
supports the forecasting principle: increasing access to relevant correlations improves the local
state estimate and can sharpen forecasts, but inaccessible correlations prevent complete
reconstruction.

Causal Symmetry Forecasting Principle: If global evolution preserves causal and
informational continuity, then forecast skill should increase with the
informativeness of the observed state and the fidelity of the transition model,
subject to system-specific limits imposed by chaos, quantum access, and
computation.

9. Research Program and Testable Applications

The hypothesis becomes scientifically productive when applied to bounded domains in which
states, interventions, and outcomes can be measured. Appropriate testbeds include weather and
hydrology, material degradation, infrastructure failure, ecological transitions, disease spread,
industrial processes, and controlled multi-agent systems. The same architecture can be applied to
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human behavior, but it should predict distributions rather than claim that a complete account of
agency or free will has been established.

A staged research program could proceed as follows:

e Select a bounded system with high-frequency historical data and clearly defined outcomes.

e Construct a causal state representation that includes delayed and interacting variables.

e Compare physical, statistical, and hybrid transition models.

e Measure forecast skill as a function of state completeness and prediction horizon.

e Test interventions prospectively, not only through retrospective curve fitting.

e Maintain a permanent lineage of failed forecasts, model revisions, and unresolved
alternatives.

The decisive empirical question is whether adding causally relevant state information produces
reliable, out-of-sample gains in forecast accuracy and calibration. If it does, the result supports
the operational principle even without resolving the metaphysical question of universal
determinism.

10. Limits and Failure Conditions

The forecasting program would fail or require revision under several conditions:

e the chosen state variables do not contain sufficient information to distinguish relevant future
trajectories;

e thelearned relationships are correlations that do not survive intervention or distributional
change;

e chaotic amplification makes the useful forecast horizon shorter than the decision horizon;

e therequired computation grows faster than available resources;

e the system is open to unmeasured influences that dominate the modeled dynamics;

e quantum or genuinely stochastic events impose irreducible outcome uncertainty;

e forecast confidence is systematically miscalibrated or fails on prospective tests.

These failure conditions are not objections to causal forecasting; they define its scientific
boundaries. A trustworthy forecasting system must report when it does not know, identify which
uncertainties dominate, and preserve unsuccessful formulations rather than erasing them after
the fact.

11. Conclusion

The present is not an isolated instant. It is a causally conditioned configuration shaped by
everything that has interacted to produce it. That fact makes prediction possible. Yet
determination, information preservation, and predictability are distinct. The future may be fixed
or tightly constrained at the global level while remaining inaccessible to local observers because
of partial measurement, chaos, entanglement, model error, and computational limits.
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The strongest extension of the Hypothesis of Causal Symmetry is therefore not a promise that
every event can be foretold. It is the proposal that future trajectories become increasingly
inferable as present-state information, causal understanding, and computational capacity
improve. The practical outcome is a bounded, probabilistic, intervention-aware forecasting
architecture: one that predicts likely futures, states its uncertainty, exposes its causal
assumptions, learns from failure, and identifies where prediction ceases to be reliable.
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