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Abstract

Evidence-based policy making assesses evidence for its reliability, for the credibility of its
causal identification, and for its transportability to a target population. This paper iden-
tifies a further requirement that the established apparatus of assessment leaves unstated:
the system state that a body of evidence represents must correspond to the system state
obtaining at the moment of decision. Evidence is generated from a system at one time
and intervention acts on that system at a later time, so a body of evidence may be reliable,
well identified and appropriately transported, and still describe a condition the system
has left. The requirement is called temporal correspondence, and it is distinguished from
the classical problem of induction: granting the uniformity of nature leaves it in force,
since a stable law applied to a superseded state yields a decision addressed to no existing
condition.

The paper develops the requirement by comparison with astrophysics, an observa-
tional science whose object is accessible only through signals that departed it in the past,
and which has accordingly built its epistemology on the assumption that observation is
historical. Fifteen elements of that discipline’s practice are examined in turn and tested for
transfer to governance, in three families: the reconstruction of a past state from a present
signal, the constraints imposed by the observing situation, and the self-discipline of the
observing community. The pattern of what fails to transfer is treated as the object of the
enquiry, on the ground that it characterises governance as an observational situation.

Six contributions are claimed. The paper states the requirement and establishes its
independence from the problem of induction. It shows by inspection of the instruments,
in place of inference from their consequences, that the dominant apparatus of evidence
assessment contains no corresponding category, and it accounts for the omission. It clas-
sifies the ways in which the practices of a mature observational science fail to transfer,
and it identifies the limit beyond which the comparison supplies nothing. It derives a set
of requirements on the handling of evidence, each of which costs discipline in place of
apparatus. And it allocates the burden of justification where the requirement fails and a
course would be irreversible. The inspiration the comparison affords is accordingly a dis-
cipline of observation and report, and no technique for recovering the present condition
of a governed system from lagged observation of it.

Keywords: evidence-based policy making; temporal correspondence; observation lag; state
estimation; epistemology of governance; astrophysical observation.
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1 Introduction

A body of evidence assembled to inform a decision describes a system as that system stood
when the evidence was generated. The decision it informs takes effect later, and the system
continues to move in the interval. This paper takes that interval as its object. It argues that
correspondence between the state a body of evidence represents and the state obtaining at the
moment of decision is a requirement on the use of evidence in governance, that the apparatus
by which evidence-based policy making assesses evidence leaves the requirement unstated,
and that the requirement fails in ways that the established assessment categories cannot reg-
ister. The paper’s method is comparative: it examines an observational science whose object
is available only through signals that departed it in the past, catalogues the elements of prac-
tice by which that science works under the condition, and tests each element for transfer to
governance, treating the failures of transfer as findings.

The requirement can be stated in one line. Let z(¢) denote the condition of a governed
system, ¢, the time at which a body of evidence was generated, and ¢, the time at which a de-
cision informed by that evidence takes effect. Evidence-based policy making assesses whether
the evidence supports a claim about z(t.). Governance acts on z(t4). The two coincide only
where the system has been still. Three forms of divergence are available: the state may have
moved, z(t.) # x(tq); the dynamics may have changed, so that relations estimated under one
regime govern behaviour under another; and the relational structure connecting the system'’s
components may have been reorganised, so that quantities measured at t. stand in different
relations at t4. The first is a matter of degree, the second is the structural problem identified
in macroeconomics by Lucas [31], and the third is the condition under which the categories
of measurement themselves come loose.

The limitation is distinguishable from the classical epistemological objection to induction,
and the distinction carries weight. Hume’s problem concerns whether regularities observed
in the past license expectations about the future [22]. Temporal correspondence concerns
something else, and survives the concession of everything Hume’s problem places in doubt.
Grant that nature is uniform. Grant that the causal relation established by a well-conducted
trial holds at the moment of decision exactly as it held during the trial. The decision is still
addressed to a state the system has left, and a stable law applied to a superseded state issues
in an intervention aimed at no existing condition. The correspondence failure is therefore
reachable from inside an empiricist position, using only claims about measurement latency
and system dynamics that any empiricist already licenses. This paper treats that internal
character as the limitation’s principal argumentative property.

The absence of the requirement from the assessment apparatus is a matter of record, open
to settlement by inspection, and Section 2 settles it by examining the instruments. The reason
for the absence is instructive. The evidence hierarchies that evidence-based policy making in-
herited from clinical epidemiology were developed for a setting in which the interval between
measurement and action is short and the system under study is held as nearly fixed as the de-
sign permits. Under those conditions temporal correspondence holds by construction and

needs no name. Carrying the hierarchies into governance carries the silence with them, and



the silence becomes consequential in a setting where the interval is long, the system moves
on its own, and the intervention itself is one of the things moving it.

Astrophysics is the comparison case, and the choice requires a word of justification, since
a comparison across such a distance invites the charge of metaphor. The justification is that
astrophysics shares the structural condition exactly. Its object is accessible only through sig-
nals that left the object in the past; the delay is a property of the observing situation and
survives every improvement in instruments; and the discipline has responded by building an
epistemology in which the historical character of observation is assumed at the outset. The
comparison is used here for a specific purpose. Astrophysics supplies a worked inventory
of what a science does when it accepts that its observations are historical, and that inventory
can be put to governance as a set of questions. For each element of practice, what does the
element presuppose, does governance satisfy the presupposition, and what remains if it does
not. This paper asks those questions of fifteen elements and reports the answers, including
the negative ones. An element that transfers badly is retained in the exposition and its failure
analysed, because the pattern of failure is what characterises governance as an observational
situation.

The paper accordingly makes no methodological proposal. It recommends the construc-
tion of no estimation system, and it should be read as declining that route explicitly. The rea-
son is internal to the critique the limitation belongs to. Where the response to lagged evidence
is a more elaborate apparatus for inferring the present state, the resulting estimate is a further
symbolic object standing between the decision and the world, produced by machinery whose
assumptions are inspectable by fewer parties than the evidence was. A limitation whose rem-
edy deepens the conditions its companion limitations describe is not remedied. The paper’s
consequences are therefore stated as conditions on the admissibility of intervention and as an
allocation of the burden of justification.

Two results are argued. The first is a partition. The reconstruction of an unobserved state
from observed signals requires an observability condition, and where the condition fails no
accumulation of data recovers the state, since the failure is structural and not statistical. The
state space of a governed system therefore divides into a region in which estimation is legiti-
mate and a region in which it is undefined, and the division is a condition on method, with the
force of a constraint and none of the character of a counsel of modesty. The second concerns
the escape route. Astrophysics converts its lookback problem into an advantage by substitut-
ing an ensemble for a time series: objects at many distances are many epochs of one physics,
observed together. The substitution requires that the instances share a law. Governance has
one system and no such law, and its only available ensemble is comparative, across jurisdic-
tions or populations, which exchanges the temporal mismatch for the contextual mismatch
that Cartwright and Hardie [4] analyse. The two mismatches trade against one another, and
the choice of which to bear is a choice that is ordinarily neither made nor stated.

The paper proceeds in seven parts. Part I states the requirement and establishes its absence
from the assessment apparatus, situates it among three limitations of evidence-based policy
making already argued in the literature and in the author’s prior work, and reviews prior

formulations that approach the same territory from adjacent directions. Part II describes the



comparison case and fixes the structure of the transfer test. Parts III to V run the test over
the three families of astrophysical practice. Part VI reports the results: the disanalogy of
reflexivity, the trade between the ensemble and the time series, the classification of transfer
failures, and the connection between the grammatical tense in which evidence is reported and
the displacement of responsibility onto it. Part VII draws the consequences for governance

and states the paper’s limits.

2 The Evidence-Quality Apparatus and Its Domains of Assessment

This section establishes by inspection that the instruments through which evidence-based pol-
icy making assesses evidence contain no category for temporal correspondence. Its objective
is evidential: the claim that a requirement is unstated is a claim about documents, and the
section examines the documents. It proceeds in three steps. It sets out the structure of the
dominant assessment instrument and enumerates the grounds on which that instrument per-
mits the certainty of a body of evidence to be lowered. It examines the neighbouring category
that comes closest to the requirement and states the boundary of that category. It then turns
to an operating national programme, where the instruments of assessment are administrative

in origin, and finds the same absence in a different vocabulary.

2.1 The Structure of Certainty Assessment

The Grading of Recommendations, Assessment, Development and Evaluations approach is
the most widely adopted system for rating the certainty of a body of evidence, and its cat-
egories have been carried well beyond clinical medicine into the assessment of evidence for
policy. Under that approach a body of evidence receives an initial rating determined by study
design and is then lowered on the strength of assessments in five domains: risk of bias, incon-
sistency, indirectness, imprecision, and publication bias [5]. Three further considerations
permit an initial rating to be raised. The result is reported as one of four levels of certainty,
and the assessments are recorded with explicit reasons in a summary table.

The five domains are exhaustive in the operative sense: an assessor working within the
approach lowers certainty on these grounds and records the reason under one of these head-
ings. It is therefore possible to ask directly whether a body of evidence describing a system
that has since changed can be downgraded, and under which heading. Risk of bias concerns
the conduct of the studies. Inconsistency concerns disagreement among their results. Impre-
cision concerns the width of the interval around the estimate. Publication bias concerns what
has been withheld from the record. None of the four is available for the case in view, in which
every study was well conducted, the results agree, the interval is narrow, nothing has been
withheld, and the system has moved.

2.2 The Boundary of Indirectness

Indirectness is the domain that comes closest, and its scope is worth stating precisely because
the closeness is instructive. The domain covers the distance between the evidence in hand and



the question being asked, and it is elaborated in terms of the population studied, the interven-
tion delivered, the comparator against which it was tested, and the outcome measured [17].
An assessor invoking indirectness is recording that the studies were conducted on people,
treatments, comparisons or endpoints differing from those at issue in the decision.

The elaboration is spatial and populational throughout. It anticipates that evidence gen-
erated in one setting will be applied in another and asks how far apart the settings are. What
it does not anticipate is that the setting of application may be the setting of generation at a
later moment, and that the two may have come apart through the passage of time alone. A
population may be the same population, an intervention the same intervention, a comparator
and an outcome identically specified, and the system in which they are now embedded may
nevertheless be a different system. The domain has a category for the distance between here
and elsewhere and no category for the distance between then and now.

The gap can be stated as a claim about the apparatus.

Claim 2.1. (Absence of a temporal domain). Under the dominant instrument for assessing
the certainty of a body of evidence, no ground is available for lowering certainty on the sole
basis that the interval between the generation of the evidence and the moment of decision
is long, or that the system described has moved materially within that interval. The nearest
available ground concerns distance between settings and is elaborated without reference to
elapsed time.

Two qualifications belong with the claim. Practitioners are aware that evidence ages, and
the awareness is documented: an early study of clinical practice guidelines estimated that
about half were outdated within some six years, with about a tenth outdated within four,
and observed that the rate of deterioration varies strongly by topic [41]. A later survival
analysis of individual recommendations put the same phenomenon on a firmer empirical
footing [34]. The response to this awareness has taken the form of periodic revision schedules.
A schedule is a procedural remedy applied to a body of evidence as a whole, and Claim 2.1
concerns something narrower and more consequential: whether a particular body of evidence,
offered in support of a particular decision at a particular moment, can be assessed for its
correspondence to the state then obtaining. The schedule answers when to look again. It

does not answer whether what is in hand supports the decision now being taken.

2.3 Administrative Instruments of an Operating Programme

Assessment instruments developed in clinical epidemiology are one route by which the re-
quirement might have been registered. A second route runs through the administrative ma-
chinery of governments that have institutionalised the approach, and it is worth examining
because its vocabulary is independent.

Japan supplies a developed instance. A programme of evidence-based policy making was
established following the final report of the Statistical Reform Promotion Council in 2017, sup-
ported by a promotion committee under the administrative reform apparatus and by units
within the Cabinet Office and the Ministry of Internal Affairs and Communications [18, 3].
Its working instruments are the logic model, the administrative project review sheet, and the



policy dashboard. The logic model articulates the chain from activity through output to in-
tended outcome. The review sheet records the articulation and the measurement against it.
The dashboard renders the relevant indicators visible.

Each instrument carries a temporal structure and none carries a temporal correspondence
check. A logic model states the mechanism by which an activity is expected to produce an
outcome and is assessed for the coherence of that statement. The assessment asks whether
the chain is plausible and whether its links are evidenced. It does not ask when the state was
measured that the chain was designed against, nor how far that state may have moved by the
time the activity begins. An indicator on a dashboard is presented as a current value, and its
reference period, where recorded at all, is recorded as a property of the statistic, carrying no
qualification on the inference the dashboard supports. The review sheet records measurement
against targets set earlier, and the interval between the setting and the measurement is treated
as the period over which effects accumulate, never as an interval over which the premise of
the target may have expired.

The point generalises beyond the instance. Administrative evidence systems index data
by reference period as a matter of statistical practice, and the indexing is real. What is absent
is the inferential step that would convert the index into a qualification: a statement that the
support the evidence lends to a claim about the present is a function of the interval and of the
system’s movement within it. The index is present in the data and absent from the reasoning.

3 Established Limitations of Evidence-Based Policy Making and
Their Grounds

This section situates the requirement stated in Section 2 within a set of three limitations of
evidence-based policy making that have been argued elsewhere, and establishes the property
that distinguishes the fourth from the other three. Its objective is placement: each of the three
is stated in the form its proponents give it, with attention to the kind of premise it requires,
and the section closes by identifying what each premise costs an interlocutor who declines
it. The method is comparative in a narrow sense. The three limitations are compared along
one axis, the character of the ground on which each rests, and the comparison prepares the
argument of Section 4 that the fourth occupies a position none of the three occupies.

3.1 The Inferential Gap between Evidence and Prescription

The first limitation is the oldest and concerns the passage from statements of fact to state-
ments of what ought to be done. Evidence establishes what has been observed. A policy is a
prescription. The passage between them requires a premise that no quantity of observation
supplies, and the requirement holds however good the observation is [22]. A body of evi-
dence establishing that an intervention produced an effect establishes nothing about whether
the effect is to be sought.

The limitation is well understood by proponents of evidence-based policy making and
is ordinarily met by a division of labour: evidence settles matters of fact and the political



process settles matters of value. The division is coherent as far as it goes. What it concedes is
that the authority of evidence is bounded at the point where the prescription is issued, so that
the phrase describing policy as based on evidence overstates the relation. The premise the
limitation requires is a claim about the logical relation between two classes of statement, and

an interlocutor declining it must hold that a prescription follows from a description alone.

3.2 The Remainder Left by Quantification

The second limitation concerns what is lost in the operation by which a condition becomes a
measurement. To bring a human situation into an evidence base is to select from it the features
an instrument registers, and the selection is not neutral with respect to what the situation is.
Suffering enters as an index, participation as a rate, the quality of a relation as a score. The
remainder is unavailable to the assessment and therefore unavailable to the decision, and its
unavailability is systematic, since it follows from the very operation that made the assessment
possible.

The premise this limitation requires is substantive: that features of human situations ex-
ist which resist exhaustive representation by the instruments in use, and that their resistance
is a property of the features and not a temporary limitation of the instruments. An inter-
locutor who holds that any relevant feature is in principle measurable declines the premise
coherently, and the dispute between the two positions is old and unresolved. The limitation
is therefore argumentatively expensive: it can be pressed only against an opponent who has

already conceded a claim about the limits of measurement.

3.3 The Displacement of Decision onto a Symbolic Authority

The third limitation concerns the position that an appeal to evidence occupies in the struc-
ture of a decision. In its administrative form the observation is familiar. Where a decision is
contested and its author accountable, the invocation of evidence relocates the ground of the
decision from the person deciding to a procedure, and a decision defended by the statement
that it followed the evidence attributes the decision to an authority that occupies no office and
can be asked no questions. The structure is recognisable in ordinary practice, where referral
to a committee, a framework or a standard operates so that the outcome is attributable to a
process and to no participant in it.

The administrative form leaves a question unanswered, and the question is what gives
the limitation its force. A relocation of this kind succeeds only where something is available
to receive what is relocated, and the appeal to evidence therefore presupposes that evidence
occupies a position of authority that no participant in the decision occupies. The account of
that position taken here is the psychoanalytic one.

A decision requires a warrant it cannot supply from within itself, and the place from which
such a warrant is taken to issue is what Lacan describes as the locus of the Other: a position,
internal to the symbolic order and occupied by no person, from which utterances are taken to
receive their guarantee [28]. The position is structural, which is to say that it persists across

the successive occupants installed in it, and the history of political authority may be read as



a sequence of such installations, from revelation through natural law and the sovereign will
to History. What matters for the present argument is that the position is constant and its
occupant is not, so that the vacancy left by a departing occupant is a vacancy requiring to be
filled.

Two routes by which a contemporary governing arrangement might supply the warrant
from within itself are unavailable to it. Genuine collective deliberation, in which a warrant
issues from an organised constituency, is impeded by the atomisation of the constituencies that
would conduct it. Delegation to a class of expert decision-makers is impeded on two counts
at once, since the bounded rationality of any such class undermines the epistemic claim and
the absence of a mandate undermines the democratic one. The place is accordingly empty
and the pressure to fill it is a pressure the arrangement cannot resolve internally, which is the
condition Habermas describes as a crisis of legitimation [20].

Evidence is installed in that place. What follows for responsibility is the consequence
stated in the administrative form above, and it now has a reason: the party deciding is not
evading accountability by a manoeuvre available to it, but occupying a position in which the
warrant for its act is structurally located elsewhere. This is why the deflection is so stable,
why it is performed by parties who are acting in good faith, and why exhortations to take
responsibility have so little purchase against it.

The premise this limitation requires is correspondingly substantial. It is a structural ac-
count of where the authority of a decision is located, and an interlocutor who holds that the
appeal to evidence disciplines decisions more than it shelters them may decline the account
and confine himself to the administrative observation, which is weaker and is contestable by
observation of practice. The limitation is therefore available in two strengths, and the stronger
requires a premise drawn from outside the epistemology it criticises. Like the second limita-
tion, it concerns the uses to which evidence is put and leaves untouched the question of what
the evidence supports.

3.4 The Character of the Grounds

The three limitations rest on grounds of three kinds. The first rests on a claim about logical re-
lations between classes of statement. The second rests on a substantive claim about the limits
of representation. The third rests on a structural account of where the authority of a decision
is located, and admits a weaker form resting on observation of administrative practice. Each
is defensible, and each requires its proponent to secure a premise that an interlocutor com-
mitted to the sufficiency of empirical method may decline. The first is conceded readily and
absorbed by a division of labour. The second and third are argued from positions outside that
commitment, and an opponent who holds the commitment may hold his ground.

This is the position the fourth limitation occupies differently, and the difference is the sub-
ject of Section 4. The proposition that a measurement takes time to produce is a proposition
about measurement. The proposition that a system continues to change while the measure-
ment is being produced is a proposition about the system. Both are of exactly the kind that

empirical method licenses and neither requires a premise drawn from outside it. An interlocu-



tor committed to the sufficiency of empirical method is therefore committed to the materials
from which the fourth limitation is constructed, and the limitation is pressed against him with

his own resources.

4 The Temporal Correspondence Requirement

This section states the requirement formally and fixes the vocabulary that the remainder of the
paper uses. Its objective is to make the limitation precise enough to be tested against particular
practices, and to establish two properties of it that the later argument relies on: that it is
independent of the classical problem of induction, and that it is constructible from premises
an empiricist already holds. The section proceeds by definition and then by argument. It fixes
the temporal indices attaching to an item of evidence, defines correspondence in a form that
is relative to the decision at hand, distinguishes three ways in which correspondence fails,
and then argues the independence and internality properties. It closes by stating what the
requirement does not assert, since a limitation of this kind is easily inflated into a general
scepticism it does not support.

4.1 Temporal Indices on an Item of Evidence

An item of evidence carries several distinct times, and the practice of reporting a single date
conceals the distinction.

Definition 4.1. (Indices of an evidence item). Let S be a governed system whose condition
at time ¢ is z(¢). An item of evidence e concerning S carries a reference time t., the time of the
condition it represents; a release time t, > t., the time at which it becomes available to a party
deciding; and, where it has been revised, a vintage, the release at which its present values were
fixed. A decision informed by e is taken at t; > ¢, and takes effect over an interval beginning
atty + 0.

The interval ¢, — t. is the production interval, comprising collection, processing, verifica-
tion and publication. The interval ¢; — ¢, is the deliberative interval. The interval ¢ is the
implementation lag. The quantity that matters for the present argument spans the first two.

Definition 4.2. (Governance lookback time). The governance lookback time of an item of evi-
dence relative to a decision is 7¢ = t4 — t., the interval between the condition the evidence
represents and the moment at which the decision it informs is taken. Where the effects of the
decision are at issue, the relevant interval extends to t; + § — ¢..

The vintage index deserves emphasis because it is established practice in one field and
absent in most others. Macroeconomic statistics are revised after release, and the analysis
of policy conducted on revised figures differs from the analysis available to the party who
decided. Croushore and Stark [8] constructed a data set of successive vintages precisely to
test whether published results survive the substitution, and the exercise established that the
release index carries content. An evidence base without vintage indices cannot reconstruct
what any past decision was taken on.

10



4.2 Correspondence Stated Relative to a Decision

A definition of correspondence in terms of the distance between z(t.) and z(¢;) would re-
quire a metric on the state space, and governed systems seldom supply one. The definition
below avoids the requirement by fixing correspondence relative to the decision the evidence
is offered to support.

Definition 4.3. (Temporal correspondence). Let a decision be a choice among alternatives
ai,...,ax, and let £ be a body of evidence offered in support of that choice. Temporal corre-
spondence holds for E relative to the decision when the movement of S over the interval [, 4]
is insufficient to alter which alternative £ supports. Correspondence fails when the movement
is sufficient to alter it.

Three consequences follow from the relativisation and are worth stating. Correspondence
is a property of a body of evidence together with a decision, so the same evidence may cor-
respond for one choice and fail for another; a coarse choice between acting and declining to
act tolerates a larger 75 than a choice among calibrated intensities. Correspondence admits
no assessment from the evidence alone, since the assessment requires a claim about how the
system moves, and that claim is a further empirical commitment. And correspondence is not
a matter of the evidence being wrong. A body of evidence that fails correspondence remains
an accurate description of z(t.); what has lapsed is its bearing on the choice.

4.3 Modes of Correspondence Failure

Correspondence fails in three structurally distinct ways, and the distinctions organise Parts III
to V.

Definition 4.4. (Modes of correspondence failure). Correspondence fails in state where
x(te) # x(tqg) with the dynamics and the descriptive categories unchanged. It fails in dy-
namics where the relations governing the system’s evolution at ¢4 differ from those obtaining
at t., so that a relation estimated under the earlier regime misdescribes the later one. It fails
in articulation where the categories by which S was described at t. stand in altered relations
at t4, so that a quantity retaining its name has changed what it measures.

Failure in state is the mode most readily acknowledged and the least severe, since it is a
matter of degree and is in principle correctable by more recent measurement. Failure in dy-
namics is the structural problem identified by Lucas [31] for econometric policy evaluation:
relations estimated under one policy regime alter when the regime alters, so the estimated
relation supplies no guide to behaviour under the contemplated policy. The mode is general
beyond economics wherever the governed parties adjust to the rule. Failure in articulation is
the least discussed and the most damaging to longitudinal reasoning, since it defeats compar-
ison itself; where a definition of employment, of poverty or of a diagnosis has been revised
between two measurements, the series presenting them together presents two quantities un-

der one name. Section 18 treats this mode directly.
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4.4 Independence from the Problem of Induction

The requirement is distinct from the classical objection to induction, and the distinction is
established by concession.

Proposition 4.5. (Independence of the correspondence failure). Correspondence failure is
not a consequence of the problem of induction, and the concession of everything that problem
places in doubt leaves the failure in force.

The argument proceeds by granting the strongest available position to an opponent. Grant
that nature is uniform, so that regularities observed hold generally. Grant further that the
causal relation established by a well-conducted study at ¢. obtains at ¢4 in exactly the form
established. Neither concession bears on where the system stands. A stable relation between
an intervention and an outcome describes what follows from the intervention given the con-
dition on which it acts, and where that condition has changed the relation issues in a different
outcome, or in no outcome, without ceasing to hold. The uniformity of nature is a premise
about laws. Correspondence is a requirement on states. Securing the former settles nothing
about the latter, and the failure therefore survives the concession.

The converse holds as well and is worth recording. Where a system is genuinely still, the
problem of induction remains in full force and correspondence is satisfied. The two conditions
vary independently, which is what establishes them as distinct requirements on the use of

evidence.

4.5 Constructibility from Empirical Premises

The property that gives the requirement its argumentative reach is that it can be assembled

from materials an empiricist already accepts.

Claim 4.6. (Internal constructibility). The correspondence failure is derivable from two
propositions of a kind that empirical method licenses: that the production of a measurement
occupies an interval, and that a system under observation continues to change during that
interval. An interlocutor committed to the sufficiency of empirical method is committed to
both, and therefore to the failure.

Both propositions are themselves matters of observation. The production interval of an
official statistic is a documented administrative fact. The movement of a governed system
across an interval is measurable by the same instruments that measured its earlier condition.
Neither proposition requires a claim about the limits of representation, about what quantifica-
tion omits, or about what institutions do with an epistemic authority. The limitation therefore
occupies the position identified at the close of Section 3: it is pressed against a commitment
to empirical method using the resources that commitment supplies, and an opponent who

declines it must deny either that measurement takes time or that systems move.

4.6 Heterogeneity of the Evidence Base

Definitions 4.1 and 4.2 attach indices to a single item. A decision is ordinarily informed by a
body of items, and the indices differ across them.

12



Definition 4.7. (Temporal heterogeneity). An evidence base £ = {ey,...,e,} is temporally
heterogeneous relative to a decision when the reference times ¢, 1, ..., t., differ. Its lookback
profile is the collection {7 ;} of item-wise lookback times.

The heterogeneity has consequences beyond the aggregation of a set of delays into an
average, and Section 13 develops them. It is recorded here because it defeats a natural sim-
plification. Where the profile is heterogeneous, no single state of the system is described by
the base as a whole, and the object the base appears to describe, the condition of the system
at a moment, is assembled from fragments belonging to different moments and exists in no

source.

4.7 Restrictions on the Scope of the Requirement

Four restrictions bound the claim, and each is required to keep the limitation from expanding
into a general scepticism it cannot support.

The requirement asserts no general staleness. Correspondence is satisfied for a great many
decisions, since a great many governed systems move slowly relative to the intervals at issue.
The claim is conditional, and the conditions under which it fires are the subject of Sections 10
and 16.

The requirement supplies no argument against the use of evidence. A decision taken with-
out evidence stands in a worse relation to the system’s condition, since it corresponds to no
state at all. The requirement bears on how the support that evidence lends should be charac-
terised and on what follows where the support has lapsed.

The requirement licenses no ranking of evidence types. Nothing here establishes that ob-
servational evidence corresponds better than experimental evidence, or the reverse. The look-
back profile of a body of evidence is a fact about its production and is largely independent of
its design.

The requirement is stated for a system whose movement is independent of the decision
the evidence informs. Where the parties within a governed system anticipate an intervention,
part of their response occurs before it is adopted and is recorded at reference times preceding
the decision, so that the interval between a cause and its recorded effect is not of fixed sign.
Section 23 develops the consequence, which qualifies Definition 4.3 in a direction the present
section does not accommodate.

The requirement supplies no measure. Definition 4.3 fixes correspondence relative to a
decision and delivers no quantity, and the paper introduces none. Section 10 develops a notion
of an interval beyond which support lapses, and states there the conditions under which that
interval can be bounded and the wide class of cases in which it cannot.

5 Relation to Prior Work

This section places the requirement of Section 4 among formulations that approach the same
territory from adjacent directions, and identifies what each owns. Its objective is to concede

priority where priority is owed and to isolate what remains unclaimed. The order runs from
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the formulation nearest to the present one, through treatments of the spatial counterpart of
the problem, then through fields that have confronted lag in their own practice, and closes
with work on the political conditions of evidence use and on decision under deep uncertainty.
Each subsection states what the formulation establishes and where its boundary falls. The

section ends with a statement of the residue.

5.1 Temporal Validity and the Decay of Knowledge

The nearest formulation is Munger’s [35], and it holds a substantial part of the present ground.
Munger names the problem temporal validity, treats it as a species of external validity, and
argues that the accumulation of internally valid causal estimates cannot deliver generalisable
knowledge where the world changes at a rate comparable to the rate of accumulation. He
introduces a rate parameter for the change of the world, observes that all published knowledge
comes from the past while all action lies in the future, and concludes that assumption-free
external validity is unavailable when the target context is future. The argument is anchored
in Hume and pressed as a case for reallocating methodological effort.

Everything in that formulation is conceded. Two features fix its boundary and open the
space the present paper occupies. Its object is the causal effect estimate, and the question is
whether an estimate transports to a target; the present object is the condition of the system, and
the question is whether any claim about that condition is supported at the moment of decision.
And its remedy runs toward descriptive knowledge, on the ground that description is cheaper
and decays more slowly than causal estimation. The requirement stated in Section 4 bears
directly on that remedy. Descriptive knowledge carries its own production interval, its own
vintage, and its own lookback profile, so a retreat from causal estimation toward description
relocates the difficulty and leaves it in place. The present paper may therefore be read as
taking up Munger’s argument at the point where his recommendation begins.

Two further differences are structural. Munger’s rate parameter is a single quantity attach-
ing to a field of inquiry, where Definition 4.7 requires a profile of item-wise intervals within
one evidence base. And the conclusion drawn there concerns the allocation of research effort,
where the present conclusions concern the admissibility of intervention.

The same territory has been entered from development economics under the description
of temporal external validity, where the observation is that a causal effect estimated in one
year embeds the realisation of aggregate conditions in that year, so that a confidence interval
computed from a single-year study understates the uncertainty attaching to any later applica-
tion [39]. The term is therefore occupied and is used here as the ancestor’s term.

5.2 The Spatial Counterpart and Its Formal Treatment

The problem of carrying a finding from the setting that produced it to the setting in which
it will be applied is the subject of a developed literature, and the present requirement is its
temporal counterpart.

Cartwright and Hardie [4] argue that instruments ranking methods by the trustworthi-

ness of the evidence they produce leave unaddressed the question of what is required for a
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finding to hold where it is to be used, and that the support factors present in the original set-
ting must be present in the target for the finding to carry. Deaton and Cartwright [9] press
the point against the standing of randomised trials as a general warrant. Formal treatments
of the same problem, developed within the graphical approach to causation, state conditions
under which an effect may be transported across populations [1], and within the potential-
outcomes framework state conditions under which an estimate generalises to a target context
[11]. Reiss [38] argues that external validity is defined in terms of internal validity in a way
that misconstrues the practical question.

The boundary of this family is the same throughout. Its target is elsewhere, and its vari-
ables of interest are the features by which one setting differs from another. Where the target
is the same setting at a later moment, the machinery has no purchase, since the population,
the intervention, the comparator and the outcome may be specified identically at both times.
The retreat that Egami and Hartman propose, from generalising the magnitude of an effect to
generalising only its sign, is instructive here: it is a principled response to the unavailability of
the required data about the target, and the present paper reaches a structurally similar retreat

by a different route in Section 10.

5.3 Lagin the Analysis of Economic Policy

Economics has confronted the interval directly and has a settled vocabulary for it. The distinc-
tion among the interval before a change is recognised, the interval before a decision is taken,
the interval before the decision is implemented, and the interval before its effects appear is
standard, and Friedman [14] argued from the length and variability of these intervals that ac-
tivist stabilisation policy may destabilise, since a measure calibrated to a condition may take
effect on its opposite. The argument is the present requirement stated for one domain and
drawn toward one conclusion.

Two things follow for the present paper. The claim that the interval has gone unnoticed
would be false, and the paper makes no such claim. What has gone unregistered is narrower
and concerns the instruments of assessment examined in Section 2: a field that reasons care-
fully about lags in its own subject matter may still assess a body of evidence by criteria con-
taining no place for them. The vocabulary developed in economics is used here, and the term

vintage is taken from that literature [8] in preference to a coinage.

5.4 Delay in Cybernetic and System-Dynamics Treatments of Governance

A further tradition treats government as an information-processing arrangement and makes
delay one of its governing parameters. Deutsch [10] analysed political systems in terms of
the intervals and gains characterising their response to information, and argued that the per-
formance of a governing arrangement depends on these parameters at least as much as on
the intentions of those within it. Work in system dynamics established that delays between
action and consequence produce characteristic failures in systems operated by people who
reason about them without accounting for the delay [13, 42].

The boundary of this tradition is its object. Its concern is the behaviour of the governing
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arrangement, and delay enters as a parameter of that behaviour. The present concern is the
epistemic standing of a body of evidence offered in support of a particular decision. The two
are compatible and the second is presupposed by the first, since a claim about how a system
responds to delayed information presumes that the information is delayed and that the delay

bears on what the information supports.

5.5 Obsolescence in Clinical Practice

Clinical epidemiology has produced the most direct empirical measurements of the phe-
nomenon. Shekelle et al. [41] estimated the rate at which practice guidelines cease to be valid
and found the rate strongly dependent on the subject matter. A later survival analysis of
individual recommendations [34] treated validity as a duration and estimated its distribution.
Both were discussed in Section 2.

Their boundary was stated there and is restated for the record. The response the field
has drawn from these findings is a schedule of revision applied to a body of guidance as a
whole. The present requirement concerns a particular body of evidence offered for a particular
decision, and is a question about support at a moment, which a schedule does not address.
The empirical work nonetheless supplies something the present paper needs: an existence
proof that the duration of validity is measurable in at least one domain, which Section 10
takes up.

5.6 The Political Conditions of Evidence Use

Parkhurst [36] distinguishes the technical bias by which evidence is distorted in its use from
the issue bias by which the selection of what to evidence forecloses normative debate, and
argues for institutional arrangements governing evidence use in place of exhortation to use
more of it. He locates one source of difficulty in the inheritance of assessment hierarchies
from clinical medicine, where the near-universality of the underlying mechanisms supports
a generality that policy settings lack.

That diagnosis and the present one are complementary and address different objects.
Parkhurst’s subject is the use to which a body of evidence is put and the interests that shape
its selection and interpretation. The present subject is a property of the evidence itself, which
holds whatever the interests of the parties. The two meet at one point, developed in Sec-
tion 26: where the support a body of evidence lends has lapsed and the report of it retains the
grammatical form of a present-tense claim, the conditions Parkhurst describes operate with

less resistance.

5.7 Decision under Deep Uncertainty and Adaptive Planning

A body of work addresses decision where the parties lack agreement on the system model,
on the distributions over its inputs, or on the outcomes that matter [33]. Robust decision
making [30] seeks strategies performing acceptably across many plausible futures in place of
optimising against a predicted one. Dynamic adaptive policy pathways [19] designs a plan as
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a sequence of options with conditions, specifying in advance the observable signals at which
the plan switches from one pathway to another.

The last of these is the nearest ancestor of the conclusions drawn in Part VII, and its bound-
ary is precise. The pathways approach handles uncertainty about the future by pre-specifying
signals whose observation triggers adaptation. It presupposes that the signals are observable
when they occur and that their observation is timely enough for the switch to be made. The
present requirement bears on that presupposition: a signal is observed through the same ap-
paratus that produces the rest of the evidence base, with the same production interval, and
a trigger evaluated on a lagged signal fires late by the length of the lag. The family handles

uncertainty about futures, and the present paper concerns uncertainty about the present.

5.8 The Residue Left by Prior Formulations

The formulations surveyed cover a great deal of the territory, and the claim of this paper is
confined to what they leave.

Claim 5.1. (The unclaimed residue). Where a body of evidence is internally valid, where
the causal relation it establishes is stable and holds at the moment of decision, where the
target population, the intervention, the comparator and the outcome are specified identically
to those of the studies, and where the context of application is the context of production,
the evidence may still fail correspondence in the sense of Definition 4.3, and no assessment
instrument surveyed here supplies a ground on which the failure is recorded.

The class is not marginal. It contains every decision taken about a system that has moved
since it was measured, which is to say every decision taken about a system in motion. The
temporal validity literature registers the difficulty for causal estimates transported to a future
target and directs the response toward research strategy. The external validity literature reg-
isters it for settings separated in space. Policy economics and the cybernetic tradition register
it as a parameter of governing behaviour. The clinical work measures its rate and answers it
with a schedule of revision. The politics of evidence concerns the interests shaping evidence
use. The deep uncertainty family addresses uncertainty about what is to come. What remains
unaddressed is the standing of a particular body of evidence in support of a particular deci-
sion at the moment the decision is taken, and it is that standing that Parts III to V examine by

comparison with a science whose observations are historical by construction.

6 Observation Under Lookback in Astrophysical Practice

This section describes the comparison case and justifies the comparison. Its objective is to
establish that astrophysics stands in the same structural relation to its object as governance
stands to a governed system, to set out what that discipline has done about the relation, and
to state in advance the respects in which the two situations differ, so that the transfer tests of
Parts III to V run against a boundary fixed beforehand. The section proceeds by describing

the observational condition, identifying the concession the discipline has made in response to

17



it, enumerating the elements of practice that the remainder of the paper examines, and setting

out the correspondences and the disanalogies.

6.1 The Observational Condition

Astrophysical objects are accessible through radiation and through other signals that propa-
gate at finite speed. An object at distance d is observed as it stood approximately d/c earlier,
and the interval is called the lookback time. The interval is a property of the observing sit-
uation and survives every improvement in instruments: a better telescope collects more of
the signal that has arrived and creates no channel by which a signal might arrive sooner. An
observer therefore has access to a hypersurface through the history of the universe, the past
light cone of the observation event, on which objects at different distances appear at different
epochs.

Three features of this condition are worth isolating, since they are the features that recur
in governance.

The delay is structural. It follows from the geometry of the observing situation and from
a constant of nature, and no expenditure removes it.

The observed collection is heterochronous. An image of the sky assembles objects ob-
served at many different epochs into a single frame, and the frame therefore depicts no single
moment. The apparent simultaneity of the display is an artefact of the display.

The object continues to evolve during the interval. A galaxy observed as it stood eight
billion years ago has undergone eight billion years of evolution that the observation does not

record, and inferences about its present condition are inferences and not observations.

6.2 The Concession of the Present Tense

The response of the discipline to this condition is worth stating as a matter of language before
it is stated as a matter of method, because the linguistic form is the more consequential of the
two.

Astrophysics has given up the present tense about its objects. A well-formed astrophysical
statement carries an epoch: a quantity is reported at a redshift, a property is attributed to a
population at a stated cosmic time, and a claim about how an object stands now is marked as
an extrapolation and defended as such. The discipline does not report that a distant quasar
is accreting at a given rate. It reports that the quasar was accreting at that rate at the epoch
observed, and any claim about the present is carried by a model that is named.

The concession is a loss, and the discipline absorbed it. What it purchased is that every
inference from observation to present condition became visible as an inference, which is to
say that it acquired an assumption, a defender, and a place where an objection can be lodged.
Section 26 returns to this point and argues that it is the element of astrophysical practice with
the largest bearing on governance, since evidence in governance is ordinarily reported in a

present tense that its production interval does not support.
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6.3 The Elements Examined

The methods and observing disciplines by which astrophysics works under the lookback con-
dition are examined individually in Parts III to V, in three families.

The first family concerns the reconstruction of a past state from a present signal, and con-
tains inverse inference from the received signal to a distribution over source conditions; for-
ward modelling, in which an assumed state is evolved and the resulting predicted observation
compared with the actual one; the propagation of uncertainty alongside the propagation of
state; data assimilation, in which a running model is corrected by arriving observations; and
retrodiction with consistency checking, in which evidence from separated epochs is required
to cohere through the dynamics connecting them.

The second family concerns constraints imposed by the observing situation itself, and con-
tains the past light cone and the heterochrony it produces; the horizon, beyond which obser-
vation is unavailable in principle; selection effects that grow with distance, so that the sample
observed at depth is systematically unrepresentative; the cadence of a survey, which deter-
mines what classes of variation are detectable at all; the single realisation of the universe and
the ergodic substitution by which cosmology partly escapes it; and standard rulers, features
of known extent used to calibrate across epochs.

The third family concerns the self-discipline of the observing community, and contains
blind analysis, in which the result is concealed from the analyst until the analysis is fixed [27];
the recording of provenance and the re-reduction of archival data under improved calibration;
the construction of mock observations, in which a simulated universe is passed through a
simulated instrument and pipeline so that the measurement system is tested and not only the
model [7]; and the calibration of distance ladders, together with the discipline’s handling of
persistent disagreement between independent measurement routes [44].

6.4 Notation for the Comparison

The examinations of Parts III to V use a common notation, fixed here so that the presupposition
identified in each case may be stated as a condition on an object in it.
Let z(t) € X denote the condition of the system under study and 6 the parameters of its

dynamics and of the process by which it is observed. Let
Fr:X = X, z(t + A) = Fa(z(t);0), (1)
denote the flow carrying a condition forward by an interval A, and let
h:X—=Y, y = h(x;0) + ¢, (2)

denote the observation operator carrying a condition to a recorded quantity, with ¢ the error
of the recording. In astrophysics the flow of Equation 1 is supplied by physical theory and
the operator of Equation 2 by the physics of emission, propagation and instrumentation. In
governance the flow is the unstated account of how the governed system evolves and the op-
erator is the measurement system: the definitions, the sampling frame, the recording practice
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Table 1: The six approaches by which astrophysics operates under the lookback condition, with the
operation each performs and its governance counterpart. Sections 8 to 13 examine each in turn and
determine the status of its presupposition.

Approach

Operation in astrophysics

Position in governance

Inverse inference

Forward mod-
elling

y = plx,0 | y) o< ply |

z,0) p(x,0)

z(to) “2+ x(t1), then j = h(z(t))
compared with y

E — p(z(te) | E), with h consti-
tuted administratively

articulated  mechanism
predicted evidence stream, com-
pared with the recorded one

Uncertainty p(z(to)) — (Fa)sp(z(to)), with 8  Var[z(tg) | E] required,
propagation varied across an ensemble Var[z(t.) | E] reported

Data  assimila- 4; = Fa(#,), x =y — h(#;), running account of a condition
tion & =3, + Ky from lagged indicator streams

Retrodiction and

Fy,—¢, (2(t1)) compared with

estimates {0} from studies at

consistency #(t2) from independent evidence  {t. }, pooled as one quantity
Light-cone rea- observations lie on £7(0), each E = {e;(t — 7¢,;)}, with the pro-
soning carrying its own epoch file partly unrecorded

and the processing described in §2.3.

The temporal indices are those of Definition 4.1. An item of evidence e; carries a reference
time t.; and a governance lookback time 7¢; = t4 — t.;, and an evidence base is written
E = {e;} with the lookback profile {7 ;} of Definition 4.7.

Table 1 states the six approaches by which astrophysics works under the lookback condi-
tion, together with the operation each performs in this notation and the position each occupies
in governance. The table is a summary of the material examined in Sections 8 to 13 and settles
nothing by itself.

6.5 Correspondences and Disanalogies

The comparison is licensed by structural correspondence, and its limits are fixed by disanalo-
gies that are stated here in advance of the sections that develop them.

Four correspondences hold. The object of knowledge is accessible only through signals
with a finite production interval. The interval is a property of the observing situation and
survives improvement in instruments, since the production of an official statistic requires
collection, processing and verification whatever the technology. The collection of available
observations is heterochronous, so that what appears as a description of a moment assembles
material from many moments. And the object continues to evolve during the interval, so that
a claim about its present condition is an inference carried by a model.

Five disanalogies hold, and each is developed at the point where it bears.

The lookback interval is known exactly in astrophysics and follows from a measured dis-
tance and a constant. In governance the interval is itself uncertain, differs across sources, and
is frequently unrecorded. Sections 13 and 20 develop the consequence.

The dynamics connecting the observed epoch to the present are supplied in astrophysics

by physical theory of established scope. Governance possesses no comparable law, and the
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sections of Part III that presuppose one report failures for that reason.

The astrophysical observer does not act on the observed object. A governing party ob-
serves in order to act, and the acting alters what is subsequently observed. Section 23 treats
this as the principal disanalogy.

The astrophysical object does not read its own description. A governed system contains
parties who read the description and adjust to it, so that the description enters the dynamics
it describes. This is developed together with the preceding point.

Astrophysics observes many instances of one physics at many epochs and converts its look-
back condition into a means of studying evolution. Governance has one system. Section 24
argues that this is the deepest of the five and that it has a cost that has ordinarily gone un-
stated.

The disanalogies are not caveats attached to a comparison otherwise carried through. They
are the substance of what the comparison yields, since the pattern of what fails to transfer is
a characterisation of governance as an observational situation, and it is that characterisation

the paper is after.

7 The Structure of the Transfer Test

This section fixes the procedure by which each element identified in Section 6 is examined,
and the categories in which the results are reported. Its objective is to make the examination
uniform, so that the fifteen sections following it are comparable and their results can be as-
sembled into a single classification. The section states the template applied to each element,
defines the four classes into which the outcomes fall, states the order in which the elements
are presented and the reason the order of presentation differs from the order of the result,

and closes with the restrictions on what the test establishes.

7.1 The Template Applied to Each Element

Each element is treated in five moves, carried in prose and in a fixed order.

The first move states the structure of the element as astrophysics employs it, at a level of
detail sufficient to identify what the element does and no greater.

The second move identifies the presupposition on which the element depends. This is the
load bearing move, and the discipline it requires is to name a condition that could fail. An
element whose presupposition cannot be stated in a form admitting failure has been described
and not analysed.

The third move identifies the governance counterpart: the practice, instrument or reason-
ing step that occupies the corresponding position in the assessment or use of evidence for
policy.

The fourth move determines the status of the presupposition in governance, and supplies
the reasons.

The fifth move states what survives. Where the presupposition holds, the element yields

a requirement that governance can adopt. Where it fails, the element yields a condition under
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which a claim about the present state is unsupported, and the paper records that condition as
a restraint trigger in the sense developed in Section 28.

7.2 Classification of Outcomes

The outcomes of the fifth move fall into four classes, and the classes are distinguished by the

reason for the outcome and not by its severity.

Definition 7.1. (Classes of transfer outcome). An element falls in class 1, precondition absent,
where its presupposition requires a quantity, a law or a structural property that governance
does not possess, and where the deficiency is a fact about the governed system independent
of the conduct of any party. It falls in class 1, reflexivity, where the presupposition requires
that the observed system evolve independently of the observation and of the action the obser-
vation informs. It falls in class m, interested observer, where the presupposition requires that
the measurement apparatus, or the choice of what to measure, be settled independently of the
party whose conduct is at issue. It falls in class 1v, transfers intact, where the presupposition
holds in governance and adoption of the element requires the alteration of practice with no
new apparatus.

Three features of the classification are worth stating before it is applied.

The classes are not exclusive, and an element may fail in more than one way. Where this
occurs the section states the primary and the secondary class and the table records both, since
the combination is informative.

Class 1v is defined by what adoption costs. An element transfers intact when what stands
between governance and its adoption is the alteration of a practice, the keeping of a record, or
the acceptance of a constraint on how an analysis is conducted. Elements requiring the con-
struction of an estimation system fall outside the class whatever their merits, and the reason
was stated in Section 1.

The classification is a result and not a scheme imposed in advance. The four classes were
arrived at by conducting the examinations and observing that the failures fell into these kinds.
They are presented here so that the reader may hold them while reading Parts III to V, and
Section 25 assembles the assignments and draws the consequence.

7.3 Order of Presentation and Order of Result

The elements are presented in the order of the three families of Section 6: the reconstruction
of a past state, the constraints of the observing situation, and the discipline of the observing
community. That order follows the structure of astrophysical practice and places the most
familiar material first.

The order of the result differs. Assembled by class, the elements sort so that the third
family falls almost entirely in class 1v and the first family contains the failures on which the ar-
gument turns. The argument therefore travels through Table 2 in Section 25 and not through
the sequence of sections, and a reader following the argument alone may proceed from Sec-
tion 6 to Section 25 and return.
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7.4 Restrictions on the Reach of the Test

Four restrictions bound the results of Parts Il to V.

The test establishes nothing about astrophysics. Every element is described as that disci-
pline employs it, and a finding that an element fails to transfer is a finding about governance.
No criticism of the astrophysical practice is intended or implied at any point.

The test establishes no completeness. The fifteen elements were selected as those bearing
most directly on the historical character of observation, and the selection is defensible and not
exhaustive. A further element may be added by anyone who identifies one, and the template
of The template above supplies the form in which to treat it.

The test establishes no impossibility. A finding that an element fails on a presupposition
governance does not currently satisfy leaves open that the presupposition may be satisfied in
particular domains, and several sections identify such domains. What the finding excludes is
the general adoption of the element as a method for governance at large.

The test yields no procedure. The results are conditions on the admissibility of a claim
about the present state and on the allocation of the burden of justification. They compose into
no algorithm and are administered by no office, and Section 29 states the cost of that refusal.

8 Inverse Inference and the Posterior Over Present States

This section examines the first element of the first family, the inference that runs from a re-
ceived signal back to the condition of the source. Its objective is to identify the presupposition
on which that inference rests in astrophysics, to locate the corresponding inference in the as-
sessment of evidence for policy, and to determine the status of the presupposition there. The
section follows the template fixed in Section 7 and concludes with an assignment under Def-
inition 7.1. Its result is that the element fails principally because the apparatus converting
the condition of a governed system into an observable quantity is settled by parties whose

conduct that quantity is used to assess.

8.1 The Structure of the Inference in Astrophysics

An astrophysical observation delivers a signal: a flux, a spectrum, a light curve, a strain in a
detector. The condition of the source is recovered by inverting the observation operator. What
arrives is

y=h(z(teps — 7);0) + ¢, (3)

and the inference delivers a distribution over conditions consistent with it,
p(z,0|y) o py|z,0)p(z,0), (4)

in which the second factor is the prior, or equivalently the regularisation the inversion re-
quires.
Two features of the practice matter here. The inference is ill-posed in the technical sense:

distinct source conditions can produce indistinguishable signals, and small perturbations of
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the signal can correspond to large excursions in the recovered condition. The practice there-
fore requires a regularisation, which in a Bayesian formulation is a prior, and the recovered
distribution is a joint product of the data and that choice. And the deliverable is a distribu-
tion. A point estimate is reported as a summary of a distribution whose width is reported
alongside it, and the width does substantive work in the inferences drawn.

8.2 Presuppositions of the Inversion

The inference presupposes two things about the forward operator and the regularisation.

The forward operator is fixed independently of the answer sought. Writing A for the set
of parties to a dispute about z, the condition is that the operator of Equation 2 carries no
dependence on any a € A. The physics of emission, absorption and propagation is established
by work conducted for other purposes, and no party is in a position to adjust it in a favourable
direction.

The regularisation is declared and defensible on grounds independent of the result. A
prior in an astrophysical inversion is stated, its influence on the posterior is examined by
varying it, and a result sensitive to the choice is reported as sensitive.

Both conditions admit failure. The first fails where the party whose conduct is at issue
determines the mapping from condition to signal. The second fails where the regularisation

is undeclared, so that its contribution to the result is carried without acknowledgement.

8.3 The Governance Counterpart

The corresponding inference in governance runs from indicators to the condition of a gov-
erned system. An unemployment rate, a recorded crime figure, an attainment score and an
emissions inventory are signals, and the condition each is taken to represent is recovered by an
inference that most reports leave implicit. The forward operator in the governance case is the
measurement system: the definitions fixing what counts as an instance, the sampling frame,
the recording practice of the officials who generate the entries, and the processing applied
before publication.

The inference is ill-posed in the same technical sense. Distinct conditions of a governed
system produce identical indicator values, since the operator standing in Equation 3 com-
presses a high-dimensional condition onto a scalar. And the recovery of the condition from
the indicator requires assumptions playing exactly the role of a regularisation: assumptions
about what has gone unrecorded, about the relation between the recorded quantity and the

phenomenon named, and about the stability of recording practice across the period.

8.4 Status of the Presupposition in Governance

The first condition fails, and it fails structurally.

Claim 8.1. (The interested measurement operator). In governance the observation operator
is constituted by administrative choices, and those choices are ordinarily made by, or under the
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authority of, the parties whose conduct the resulting quantity is used to assess. The operator
of Equation 2 is therefore indexed by a party, as in Equation 5,

e = ha(z(te)) + ¢, a€ A, (5)

and the posterior of Equation 4 inherits that dependence. The ill-posedness of the governance
inverse problem is accordingly constitutive, and no increase in the quantity of data corrects it,
since the data are generated through h,.

Recorded crime supplies a clean instance. The quantity depends on the recording practice
of the police, on the classification rules applied, and on the propensity of the public to report,
and the police are simultaneously the apparatus generating the signal and a party assessed
by it. An astrophysical parallel would require the emission physics of a source to depend on
the preferences of the astronomer, and the parallel fails because no such dependence exists.

The general form of this failure is documented independently of the present argument.
Campbell [2] stated that a quantitative social indicator becomes more subject to distorting
pressure the more it is used for social decision-making, and that the distortion reaches the
process the indicator was intended to monitor. Goodhart’s observation [16] is the same phe-
nomenon stated for monetary aggregates. Both are ordinarily read as warnings about incen-
tives. Read against the present template they state something narrower and more structural:
the forward operator is endogenous to the use made of its output, so the inversion is con-
ducted with an operator whose form has been shaped by the interest of a party to the result.

The failure compounds with elapsed time in a way worth recording, since it bears on the
correspondence requirement directly. The longer the interval 7, the more opportunity the
measurement system has had to be adjusted, and the greater the chance that the operator
in force at t. differs from the operator a present reader assumes. This is the mode of corre-
spondence failure named in articulation at Definition 4.4, and Section 18 treats it in its own
right.

The second condition fails in a milder form and is remediable. Regularising assumptions
in governance inference are ordinarily undeclared, and their contribution to the recovered
condition is therefore carried without acknowledgement. Nothing in the structure of gover-

nance prevents their declaration, and the declaration is a matter of practice.

8.5 The Transferable Residue

Two things survive, and they belong to different classes.

The posterior form survives as a requirement and is available at low cost. Where an in-
dicator is offered in support of a claim about a system condition, the claim admits statement
as a range of conditions consistent with the indicator, and the width of that range is a re-
portable quantity. Section 28 attaches the burden of justification to the width, on the ground
that a party proposing an irreversible course under a wide posterior is proposing to act on a
condition it has not identified.

The declaration of the regularisation survives, and carries a consequence the astrophysical

case does not have. A prior in a governance inversion encodes a judgement about what the
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unrecorded portion of a phenomenon contains, and that judgement bears directly on which
parties the indicator represents. The astrophysical discipline of stating the regulariser there-
fore migrates into governance as a requirement with a political character, since a declared
prior is contestable by a party who holds a different view of what the record omits.

What fails to survive is the inversion itself as a warranted procedure. Where the operator
is constituted by an interested party, the recovered distribution inherits that interest, and no
increase in the quantity of data corrects it, since the data are generated through the same

operator.

Assignment 8.2. (Class of the element). Inverse inference falls in class 11, interested observer,
on the ground of Claim 8.1, with a secondary assignment in class 1v for the two surviving

requirements, the reporting of posterior width and the declaration of the regularisation.

9 Forward Modelling and the Predicted-Evidence Requirement

This section examines the element that runs in the opposite direction to Section 8, from an
assumed condition through a dynamical model to a predicted observation, which is then con-
fronted with the observation actually obtained. Its objective is to determine what governance
retains from a practice whose central presupposition governance violates, and its result is di-
vided: the element fails as a method of inference on the ground that the modelled system
responds to the modeller, and it survives as a discipline in the form of a requirement that
a proposed intervention state in advance what evidence it expects. The section follows the

template fixed in Section 7.

9.1 The Structure of the Practice in Astrophysics

Forward modelling assumes a condition at some earlier epoch together with a dynamical law,
evolves the condition to the epoch of observation, and generates from the evolved condition

the observation an instrument would record,

Fa Fa

l’(tg), Qk = h(:r(tk);e), (6)

z(to) z(t1)

and the generated g, is compared with the recorded y;. The comparison bears on the assumed
condition and the assumed law together.

The structure of the reasoning is worth stating in its contrast with a more familiar form.
Reasoning that proceeds from an observation to a conclusion places the whole inferential
weight on the step out of the data. Forward modelling places the weight on a confrontation
between a predicted observation and an actual one, so that the model is required to generate
a commitment before it is assessed. The commitment is the object of the test, and the practice
extends to simulating the instrument and the analysis pipeline as well as the physical system,
so that what is compared is a mock observation and not a mock world [7].
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9.2 Presuppositions of Forward Modelling

Two conditions are required.

The dynamical law holds over the interval of the evolution and is independent of the mod-
eller. The chain of Equation 6 carries the assumed condition forward under a flow whose form
owes nothing to the fact that the modelling is being conducted, and a source does not alter its
behaviour because a prediction has been made about it.

Degeneracy is characterisable. Distinct pairs of assumed condition and assumed parame-

ters frequently generate indistinguishable predicted observations, so that the set

D(y) = {(z0,0) : h(Fa(z0;0)) =y} (7)

contains more than one element, and the practice requires that D(y) be identified and re-
ported, so that agreement between prediction and observation is read as membership of D(y)
and never as identification of a unique condition.

Both admit failure. The first fails where the modelled system responds to the model. The
second fails where degeneracy goes unexamined and a single pair is carried forward as though
the agreement had selected it.

9.3 The Governance Counterpart

The counterpart is the articulated model of how an intervention is expected to produce its out-
come, and Japanese administrative practice supplies a developed instance in the logic model,
which states the chain from activity through output to intended outcome and is recorded on
the review sheet described in §2.3. Programme theory and realist evaluation occupy the same
position in the evaluation literature, where the mechanism through which an intervention is
expected to operate is articulated in advance and the evaluation is designed against it [37].

The correspondence is close and the difference is precise. The logic model states a mech-
anism and is assessed for the coherence of the statement. Forward modelling states a mech-
anism and derives from it a prediction about what the observing apparatus will record, at a
stated time, under a stated measurement definition. The second is a commitment of a kind
the first does not make.

9.4 Status of the Presupposition in Governance

The first condition fails, and the failure is the central structural fact about governance as an

observational situation.

Claim 9.1. (Response of the system to the model). A governed system contains parties who
read the model, anticipate the intervention it recommends, and adjust their conduct accord-
ingly. The flow of Equation 1 therefore carries a dependence on the course adopted, as in
Equation 8,

z(t+A) = FA(x(t);H,a), (8)

so that a flow estimated under a course ap misdescribes evolution under a contemplated
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course a;. Forward modelling in governance evolves a condition under a law that the evo-
lution itself has altered.

The claim is a restatement in the present vocabulary of the objection Lucas [31] raised
against the use of estimated econometric relations for policy evaluation, and its reach extends
past economics to any domain in which the governed are informed. It is the mode of cor-
respondence failure named in dynamics at Definition 4.4, and Section 23 develops its conse-
quences for the paper as a whole.

The second condition fails in a form that is remediable in principle and neglected in prac-
tice. Governance models are ordinarily carried forward in a single specification, and where a
predicted outcome is observed the specification is treated as confirmed. The set of alternative
mechanisms generating the same observable pattern, which is the governance counterpart
of Equation 7, is seldom enumerated, and where it is enumerated the selection among its
members is made on grounds that go unstated. The astrophysical discipline here is to report
the degeneracy and to decline the identification, and nothing in the structure of governance

prevents its adoption.

9.5 The Transferable Residue

The element yields a requirement whose cost is discipline, and the requirement is the most

directly transferable result in Part III.

Requirement 9.2. (Predicted evidence). An intervention proposed on the strength of an ar-
ticulated mechanism states, before adoption, what the evidence stream is expected to show
at specified later times if the mechanism holds, under the measurement definitions then in
force; and the comparison between the predicted and the recorded evidence is itself dated,
since the recorded evidence arrives with its own production interval.

Three features of the requirement are worth stating. It converts a claim about an unob-
servable present condition into a claim about future observations, which is testable in a way
the former is not. It costs no apparatus, since a party able to articulate a logic model is able to
state what that model predicts the indicators will show. And the dating clause is load bear-
ing: a comparison conducted at ¢ + A against evidence whose reference timeist + A — Tisa
comparison against a condition earlier than the one the prediction addressed, and an undated
comparison conceals the discrepancy.

The requirement carries a limit that must be stated with it. Under Claim 9.1 the confronta-
tion between predicted and recorded evidence assesses a compound of the mechanism and
the system’s response to the intervention, and the two are not separated by the comparison.
A prediction that succeeds may have succeeded because the mechanism held or because the
parties adjusted in the anticipated direction. The requirement therefore disciplines the pro-
ponent without delivering the identification that forward modelling delivers in astrophysics.

Assignment 9.3. (Class of the element). Forward modelling falls in class m, reflexivity, on
the ground of Claim 9.1, with a secondary assignment in class 1v for Requirement 9.2 and for

the reporting of degeneracy.
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10 Uncertainty Propagation and the Evidence Horizon

This section examines the practice of carrying a distribution forward in place of a point, and
the notion it yields for governance. Its objective is to establish that the intervals reported along-
side policy evidence describe uncertainty about the reference condition and are presented as
uncertainty about the decision-time condition, and to define from the astrophysical practice
an interval beyond which a body of evidence supports no claim about the present. The section
follows the template fixed in Section 7. Its result is a failure of the element as a computational
method together with a surviving concept whose ordering properties hold where its magni-

tudes cannot be obtained.

10.1 The Structure of the Practice in Astrophysics

Where a condition is evolved from one epoch to another, astrophysical practice evolves a dis-
tribution over conditions. The distribution at the assumed epoch is carried through the dy-

namics as its push-forward,

p(z(to)) — p(x(t1)) = (Fa)sp(x(to)), 9)

with the parameters ¢ varied across an ensemble so that uncertainty about the dynamics is
carried alongside uncertainty about the condition, and the distribution at the later epoch is
reported with the condition. Where the dynamics are nonlinear the distribution ordinarily
broadens with the interval, and the broadening is computed.

Two elements of the practice bear on the transfer. Uncertainty in the model is carried
alongside uncertainty in the state, by running ensembles across parameter values and across
model variants, so that the reported spread reflects disagreement about the dynamics as well
as ignorance about the condition. And the growth of the spread with the interval, obtained
by iterating Equation 9, is itself a reported result, which permits a statement of the interval

over which a conclusion remains supported.

10.2 Presuppositions of the Propagation

Three conditions are required.

A dynamical law is available through which to propagate.

The error structure is specified well enough that the propagated distribution means some-
thing, which requires that the uncertainty attaching to the initial condition and the uncertainty
attaching to the dynamics both be represented.

The uncertainty in the model is representable by variation within a family. Ensembles
explore disagreement inside a space of models the discipline can write down, and the practice
is understood to say nothing about error lying outside that space.

All three admit failure. The first fails where no law is available. The second fails where the
uncertainty about the dynamics is unquantified. The third fails where the space of candidate

models is unbounded.
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10.3 The Governance Counterpart

Policy evidence is ordinarily reported with an interval. A survey estimate carries a sampling
interval, an econometric estimate carries a standard error, a projection carries a range across
scenarios. The counterpart of astrophysical uncertainty propagation is the operation that
would carry such an interval from the reference time of the evidence to the moment of de-
cision.

The observation to be made about that counterpart is that the operation is absent, and its

absence has a consequence that the form of reporting conceals.

Claim 10.1. (Misattribution of the reported interval). An interval reported with an item of
policy evidence quantifies Var|z(t.) | E|, the uncertainty about the condition at the reference
time. The quantity bearing on the decision is Var [z(t;) | E], and nothing in ordinary reporting
practice carries the first into the second. The interval is nevertheless read, and ordinarily
presented, as the uncertainty attaching to a claim about the condition at ¢;. The reported
quantity and the quantity the reader requires are therefore different quantities bearing the
same name.

The claim is a statement about a mismatch of reference and admits a direct illustration. A
survey conducted over a reference month, published four months later, and used in a decision
two months after that, reports a confidence interval computed from its sample. That interval
narrows with sample size. The uncertainty attaching to the condition six months after the
reference month does not narrow with sample size, since it is compounded of the sampling
uncertainty and the unknown movement of the system across the interval. A large survey
therefore reports a narrow interval about a condition that may be arbitrarily distant from the

one at issue, and the narrowness of the reported interval carries a false assurance.

10.4 Status of the Presuppositions in Governance

The first presupposition fails generally. Governance possesses no dynamical law for the sys-
tems it governs comparable to the physics available for the propagation of an astrophysical
condition, and the discussion of Section 11 treats the consequences of this absence in their
strongest form.

The second fails in a specific and consequential way. Where a propagation is attempted,
the uncertainty carried forward is ordinarily the uncertainty about the condition, and the un-
certainty about the dynamics is represented by a small number of scenarios chosen for their
policy salience. A distribution propagated under a model held with unexamined confidence
understates the spread by an amount that grows with the interval, so the failure of this pre-
supposition biases the result in the direction of false precision.

The third fails without qualification. The space of candidate models for a governed system
is unbounded, and the movement of such a system across an interval includes changes of kind
that no enumerated family anticipates. Section 15 and Section 18 identify two such changes
that are systematic and therefore partly anticipable, and the residue beyond them remains.
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10.5 The Transferable Residue

The element yields a concept and an ordering, and withholds a magnitude.

Definition 10.2. (Evidence horizon). For a body of evidence E and a decision over alterna-

tives A = {ay, ..., ax}, the evidence horizon is
H(E,A) = sup{A >0 : p(z(tc + A) | E) separates the members of A }, (10)

the interval beyond the reference time after which the distribution over conditions consistent
with that evidence has broadened past the resolution required to distinguish the alternatives
among which the decision chooses. Within the horizon the evidence supports a choice. Be-
yond it the evidence remains an accurate description of the reference condition and supports
no choice among the alternatives at issue.

The horizon of Equation 10 inherits the decision-relativity of Definition 4.3 and shares its
advantages. A horizon is defined for a body of evidence together with a decision, so a coarse
choice has a longer horizon than a fine one, and the same evidence may lie within the horizon
for one question and beyond it for another.

Two results attach to the definition, and they differ in strength.

Claim 10.3. (Measurability in a bounded domain). The horizon is measurable where a do-
main records both the evidence and the subsequent determination of whether it remained
adequate. Clinical guidance supplies the instance. The survival analysis of guideline recom-
mendations conducted by Martinez Garcia et al. [34] estimates a distribution of durations of
validity, and the earlier estimate of Shekelle et al. [41] reports the strong dependence of that
duration on subject matter. Their finding establishes that the horizon is an empirical quantity
in at least one domain and supplies no method for domains lacking a comparable record.

Claim 10.4. (Ordering under sensitivity). Where the magnitude of the horizon is unavailable,
an ordering remains available. Between two bodies of evidence with equal reference intervals,
the one describing a system nearer a stability boundary has the shorter horizon, since the
movement consistent with a given interval is greater there. Between two intervals for one
system, the longer has the greater accumulated movement. The horizon therefore shortens
with the interval and with the sensitivity of the system, and these two orderings hold without
a model that would deliver a magnitude.

Claim 10.4 requires a restriction that is stated here and observed throughout. The order-
ing is qualitative, and no quantitative composition of the two factors is asserted. A formula
expressing the horizon as a function of interval and sensitivity would require the dynami-
cal model whose absence this section has established, and the appearance of such a formula
in a framework that denies itself the model would be an equivocation. What the ordering
supports is a comparative judgement, and Section 28 shows that a comparative judgement is
sufficient for the allocation of a burden.

Assignment 10.5. (Class of the element). Uncertainty propagation falls in class 1, precondi-
tion absent, on the ground that the dynamical law and the bounded model family it requires

are unavailable, with a secondary assignment in class 1v for the evidence horizon and for the
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disclosure that Claim 10.1 requires, namely that a reported interval be labelled with the time
whose condition it describes.

11 Data Assimilation and the Observability Condition

This section examines the element that most directly promises what governance appears to
want, a running estimate of the condition of a system maintained by correcting a model with
arriving observations. Its objective is to establish the condition on which that promise de-
pends, to show that the condition is structural and admits no remedy by the accumulation of
data, and to derive from it the partition that Part VII treats as the paper’s principal result. The
section follows the template fixed in Section 7. Its result is the strongest failure recorded in
Part IIT together with a residue that is available at no cost in apparatus.

11.1 The Structure of the Practice in Astrophysics and Its Neighbours

Data assimilation maintains an estimate of the condition of a system by alternating two op-
erations. A model advances the current estimate to the time of the next observation, and the
arriving observation is then combined with that forecast, weighted by the relative confidence

attaching to each,
T, :FA(ai'?'_l), l/t:yt—h(i’t_), i';_:-%t_‘f‘KtVt; (11)

where v, is the innovation, the discrepancy between the observation anticipated and the one
received, and K is the weight given to it. The cycle repeats [24, 25].

The practice belongs most centrally to numerical weather prediction and to the earth and
space sciences adjacent to astrophysics, and it is the reason a forecast issued today incorpo-
rates observations arriving continuously. Its attraction for the present subject is evident: the
cycle of Equation 11 is a procedure for holding an estimate of a present condition using ob-
servations that are individually partial and individually late.

11.2 Presuppositions of Assimilation

Three conditions are required, and the first is the one that matters.
The system is observable through the available measurements. Observability is a struc-
tural property relating the dynamics to the quantities measured: writing

O = (h, ho Fa, hoFya, ...) (12)

for the map carrying a condition to the sequence of observations it would generate, the system
is observable when O is injective. Where injectivity fails, the state decomposes as X = Xops BN
with A/ = ker O, and the output carries no information whatever about the component lying
in V. The failure is not a matter of noise or of sample size. An unobservable component
of a condition remains unrecovered under any quantity of data collected through the same

measurements, since the map of Equation 12 is by construction insensitive to it.
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A dynamical model is available with which to advance the estimate between observations.

The relative confidence attaching to the forecast and to the observation is correctly spec-
ified. The weighting operation requires a statement of how much error to expect from each,
and the behaviour of the cycle depends on that statement.

All three admit failure, and the third fails in a direction with a name.

11.3 The Governance Counterpart

The counterpart is any arrangement maintaining a running account of the condition of a gov-
erned system from streams of partial and lagged indicators. Epidemic surveillance supplies
the closest genuine instance, and its status is literal: the estimation of infection incidence from
case reports arriving with a delay distribution is a reconstruction of a present condition from
lagged observation conducted for the purpose of governing [21, 29]. The dashboards de-
scribed in §2.3 occupy the same position with none of the machinery, presenting lagged indi-

cators in a display whose form asserts currency.

11.4 Status of the Presuppositions in Governance

The first presupposition fails for a substantial part of what governance would need to know,

and the failure is the section’s principal result.

Proposition 11.1. (The observability partition). Relative to a given set of measurements,
the condition of a governed system divides as X = Xys & N. Within X, estimation of
the present condition from lagged observation is a well-posed problem whose difficulty is a
matter of degree. Within V' the problem is undefined, and for a component z s lying there,

p(zn | yor) =p(zn)  foreveryt, (13)

so that the posterior equals the prior however long the observation continues. No increase in
the frequency, the volume or the quality of observation alters this, since the deficiency lies in
the relation between the measurements and the dynamics and never in the quantity of data.

Equation 13 converts a familiar counsel into a condition on method. The recommendation
that governing parties be modest about what they know is an exhortation, which a party may
accept in principle and disregard in practice. The partition states that for one region of the
condition of a governed system the question of estimation does not arise, so that a claim about
that region derives from something other than the evidence, and the claim can be identified
as such.

The partition has two boundaries, and their difference is consequential.

Claim 11.2. (The inner and the outer boundary). The unobservable component has an in-
ner boundary fixed by what no available instrument reaches, and an outer boundary fixed by
the measurements a governing arrangement has chosen to institute. The region between the
two is unobservable by a decision that was taken, and is recoverable by instituting a measure-
ment. The outer boundary is therefore determined by the party whose measurement design

Claim 8.1 identified as interested in the result.
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The claim links the two failures of Part IIl. A party may enlarge the unobservable region
by declining to measure, and a claim that a matter is unknowable may record a fact about the
world or a fact about what was instituted. Distinguishing the two requires establishing what
a measurement would have reached, which is an argument a party asserting unknowability
may be required to make.

The second presupposition fails for the reasons recorded in Section 10. Governance pos-
sesses no dynamical model with which to advance an estimate between observations, and
where a model is used it belongs to the class whose uncertainty Section 10 found unrepre-
sentable.

The third presupposition fails in a direction with a documented pathology.

Claim 11.3. (Hardening of the estimate under understated model error). Where the er-
ror attaching to the forecast is specified as smaller than it is, the cycle weights the forecast
above the arriving observation, the estimate departs from the system, and the departure is
self-sustaining, since a confident estimate assigns little weight to the observations that would
correct it. The engineering literature calls this divergence. Its institutional counterpart is an
arrangement whose account of a situation has hardened, which receives discrepant indicators
and accommodates them within the account it holds, and whose confidence in that account
is a cause of its persistence.

The counterpart is worth stating carefully, since a metaphor drawn from a filter would
be an ornament. What transfers is the structural relation: confidence in a model, expressed
as the weight given to it against arriving evidence, is a parameter of the arrangement, and
setting it too high produces a specific failure in which evidence arrives and changes nothing.
The failure is diagnosable by the same means in both cases, and the means is the subject of
the residue.

11.5 The Transferable Residue

The element yields one requirement, and it costs no apparatus because it discards the estima-
tor and retains only the comparison.

Requirement 11.4. (Monitoring of the residual). An arrangement holding an account of a
governed system records, for each arriving indicator, the discrepancy between the value the
account anticipated and the value received, and retains the sequence of such discrepancies.
A sequence of discrepancies of consistent sign, or of growing magnitude, is evidence that the
account has departed from the system, and it is evidence of that without requiring the account
to be good and without supplying a corrected estimate.

Three features recommend the requirement. It presupposes no dynamical model, since
the anticipated value may come from the account a party already holds, and Requirement 9.2
has already obliged that party to state it. It presupposes no observability, since the discrep-
ancy is computed on quantities that are by construction measured. And it yields a restraint
trigger in place of an estimate: a persistent discrepancy establishes that the account is wrong
without establishing what is true, and the appropriate response to knowing that one’s ac-
count is wrong and having no better one is the reduction of intervention intensity and not its
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redirection.

What fails to survive is the estimator. A governing arrangement is not in a position to
maintain a corrected running estimate of the condition of the system it governs, and Proposi-
tion 11.1 establishes that for one region of that condition no such estimate exists to be main-

tained.

Assignment 11.5. (Class of the element). Data assimilation falls in class 1, precondition ab-
sent, on the ground of Proposition 11.1, with a secondary assignment in class 11 on the ground
of Claim 11.2, since the outer boundary of the unobservable region is set by an interested party,

and a further assignment in class 1v for Requirement 11.4.

12 Retrodiction and Cross-Epoch Consistency

This section examines the last element of the first family, the practice of requiring evidence
drawn from separated epochs to cohere through the dynamics connecting them. Its objec-
tive is to identify the governance practice occupying the corresponding position, which is the
pooling of studies conducted at different times into a single estimate, and to state what the
astrophysical discipline would require of that practice. The section follows the template fixed
in Section 7. Its result differs in character from those of Sections 8 to 11: the element transfers,

with a modification, and its transfer bears directly on an established procedure.

12.1 The Structure of the Practice in Astrophysics

Cosmology holds evidence from widely separated epochs. The microwave background
records conditions in the early universe; galaxy surveys record the distribution of structure at
later epochs and at the present. These bodies of evidence are not averaged. They are required
to cohere: a condition inferred from the early evidence is evolved forward through the theory
of structure formation and confronted with the condition inferred independently from the
later evidence,

?

Ft2*t1 (:%(tl)) 'i‘(t2)> (14)

within the uncertainties attaching to each. Disagreement indicts the model, the parameters
or the assumptions, and the location of the fault becomes the research question.

The comparison of Equation 14 treats each epoch as a separate constraint on one evolving
system. The evidence from an early epoch is evidence about that epoch and constrains the
present only through a stated dynamics. Two bodies of evidence from different epochs that
disagree about a quantity are not thereby in conflict, since the quantity may have changed,
and establishing whether they conflict requires the propagation.

12.2 Presuppositions of the Consistency Check

Two conditions are required.
A dynamics is available through which evidence from one epoch can be projected onto

another, so that agreement and disagreement are well defined.

35



The system is one system. The evidence from separated epochs concerns the same object
at different stages, and the comparison is diachronic.

The first admits failure where no dynamics is available. The second admits failure where
the bodies of evidence concern different objects, in which case their comparison is a compar-
ison across cases and belongs to the problem of contextual transport treated in §5.2.

12.3 The Governance Counterpart

The counterpart is the synthesis of a body of studies into a single estimate, which is the central
instrument by which evidence is prepared for policy use. A systematic review identifies stud-
ies meeting stated criteria and a meta-analysis combines their estimates, weighting each by
its precision. Variation among the estimates is assessed under the heading of inconsistency;,
one of the five domains recorded in Section 2, and where the variation exceeds what sampling
explains, a random-effects specification represents the excess as a distribution of true effects
from which the studies are drawn.

The temporal structure of this operation is worth stating explicitly, since it is ordinarily
left implicit. A synthesis holds estimates {,} produced by studies with reference times {t, }
spanning sometimes two or three decades, and combines them as draws from a common
distribution, which is to say under the assumption 6(t. ) = 6 for every k. The operation
therefore treats the estimand as time-invariant, and the treatment is a substantive assumption

carried by the procedure.

Claim 12.1. (Pooling across epochs under an invariance assumption). Meta-analytic synthe-
sis combines studies conducted at different times as samples informative about one quantity;,
and thereby assumes that the quantity did not change over the period the studies span. Where
the assumption holds, the synthesis gains precision. Where it fails, the synthesis produces an
estimate of an average over a period in which the system moved, and reports that estimate as

the current value of a parameter.

12.4 Status of the Presuppositions in Governance

The first presupposition fails, for the reasons established in Sections 10 and 11. No dynamics
is available through which an estimate obtained in one decade may be projected onto another,
so the astrophysical operation of propagating an early constraint forward and confronting it
with a later one has no direct counterpart.

The second holds, and its holding is what makes this element transfer. Studies conducted
at different times in one jurisdiction, on one population, of one intervention, concern one
system at different stages. The comparison is diachronic in exactly the sense the astrophysical
practice requires, and the material for a consistency check is therefore present even though
the propagation is unavailable.

What follows is a modification of the astrophysical procedure in a direction the absence
of dynamics permits. Where a dynamics is available, the consistency check is a confrontation

between a propagated prediction and a later observation. Where none is available, the check
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reduces to an examination of whether the estimates ordered by study date exhibit structure,

and the examination is conducted without a model.

12.5 The Transferable Residue

The element yields a requirement, and the requirement bears on an established procedure.

Requirement 12.2. (Temporal consistency in place of temporal pooling). A synthesis com-
bining studies conducted over an extended period reports the estimates ordered by the refer-
ence time of each study, examines whether the ordered sequence exhibits trend, and treats a
trend as a finding about the system in place of a nuisance to be absorbed into a variance com-
ponent. Where trend is present, the synthesis reports the recent estimates separately from
the pooled estimate, and the burden of showing that pooling is warranted lies with the party
pooling.

The instruments for such an examination exist and require no development. Cumulative
synthesis, in which the estimate is recomputed as each study is added in date order, displays
the trajectory directly. Meta-regression on the year of the study tests it. What the requirement
changes is the interpretation: these instruments are ordinarily deployed to detect a bias, and
the requirement directs that a trend be entertained as a description of a moving system before
it is assigned to bias.

The change of interpretation is where the paper’s claim meets a substantial existing liter-
ature, and the meeting must be handled with care. Effect estimates in clinical research fre-
quently decline as evidence accumulates, and highly cited studies reporting strong effects are
often followed by studies reporting weaker ones or none [23]. The established readings of
this pattern attribute it to features of the research process: selective publication, selection of
favourable results, the greater precision of later and larger studies, and regression toward a
true value from an initially exaggerated one. Those readings are supported and the present

argument does not displace them.

Claim 12.3. (Underdetermination of the temporal trend). A trend in effect estimates ordered
by study date admits two classes of explanation. The estimates may have converged on a
stable quantity from an initially distorted position, in which case the trend is a fact about the
research process. Or the quantity itself may have moved, in which case the trend is a fact
about the system and the later estimates are correct for their own epoch while the earlier ones
were correct for theirs. The two classes are not distinguished by the trend alone, and the
established literature has developed instruments for the first while leaving the second largely
unexamined.

The claim states a research problem and supplies no solution, which is the honest posi-
tion. Three observations bear on how the problem might be approached, and each is offered
as a direction. Distortions of the research process are expected to operate uniformly across
subject matters, while genuine movement is expected to be concentrated in domains whose
underlying systems change quickly, so a comparison across domains of differing rate carries
information. A distorted initial estimate is expected to converge and remain, while a moving

system may produce a trend that continues or reverses. And a change in a system’s condition
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is frequently traceable to a datable event, so the coincidence of an inflection in an estimate
sequence with an identifiable change in the setting is evidence of the second class.

The applied consequence stands independently of the resolution of Claim 12.3, and it is
worth stating in the strongest available form. A synthesis that pools across decades without
examining the date ordering has assumed the answer to a question it has not asked. The
examination costs nothing, since the reference dates are recorded and the instruments exist,

and the assumption it would test is one on which the standing of the synthesis depends.

Assignment 12.4. (Class of the element). Retrodiction with consistency checking falls in
class 1v, transfers intact, with the modification recorded above, since the propagation is un-
available and the examination of the ordered sequence stands in its place. A secondary as-
signment in class 1 records the unavailability of the dynamics through which a full consistency
check would run.

13 The Past Light Cone and the Temporal Heterogeneity of the Evi-

dence Base

This section opens the second family, which concerns constraints imposed by the observing
situation in place of methods applied to observations once obtained. Its subject is the struc-
ture of what an observer holds at a moment. Its objective is to establish that the evidence
base available to a governing party has the form Definition 4.7 described, to identify what
astrophysics does about the corresponding structure and why the remedy is unavailable here,
and to derive the consequence that follows for the weighting of sources. The section follows
the template fixed in Section 7. Its principal result is that a preference for recent evidence has
a systematic direction, and that the direction runs against the variables carrying a system’s

approach to a transition.

13.1 The Structure of the Situation in Astrophysics

An observation event O has a past light cone £~ (0O), and what is observable at that event lies
on or within it. Objects at different distances intersect the cone at different epochs, so a survey
assembles material from many epochs into one catalogue,

{yi:h(mi(t—n)) }z" Ti%di/C, (15)

and the catalogue depicts no moment.

Astrophysics handles this by carrying the epoch with the datum. A source is recorded
with its redshift, from which the interval 7; of Equation 15 follows, and no analysis treats two
sources at different redshifts as contemporaneous. The heterochrony is fully represented in
the data structure, and the discipline then exploits it: a catalogue spanning many epochs is
a record of evolution, and cosmology’s principal method of studying change over time is to
observe many objects at many distances at once. Section 24 treats that exploitation and its
conditions.
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13.2 Presuppositions of the Handling

Two conditions are required.

The interval attaching to each datum is known. It follows from a measured distance and a
constant of nature, is computed for every source, and is carried with the source through every
subsequent analysis.

The intervals are commensurable. Two sources at different redshifts are located on a com-
mon time coordinate, so their separation in time is a determinate quantity and the collection
is ordered.

Both admit failure. The first fails where the interval attaching to a datum is unrecorded or
unknown. The second fails where the reference times of different sources are defined in ways

that do not compose into a common ordering.

13.3 The Governance Counterpart

The evidence base of a governing party has the same structure and lacks the handling. A
decision draws on national accounts referring to a quarter concluded some months earlier,
a census conducted some years earlier, administrative returns of the preceding month, an
academic literature describing fieldwork conducted years before publication, satellite obser-
vations of the preceding day, and transactional or platform data of the preceding minutes.
Each item refers to a different moment, and their assembly into a briefing is an assembly of a
catalogue whose entries lie at different depths.

The presentation ordinarily suppresses this. A dashboard displays indicators side by side,
and the display asserts contemporaneity by its form. A briefing paragraph places a figure
from one source next to a figure from another and joins them with a conjunction. The reader

receives a description of a moment, and no moment is described.

13.4 Status of the Presuppositions in Governance

The first fails in practice. Reference periods are recorded in statistical documentation and are
ordinarily discarded in transmission, so that by the time an indicator reaches a decision it
travels as a value. Section 20 treats the remedy, which is available and inexpensive.

The second fails more deeply, and the failure is structural. Reference times in governance
are defined by heterogeneous conventions: a period of accrual for a flow, an enumeration date
for a stock, a fieldwork window for a survey, a date of recording for an administrative event,
a date of publication for a study whose data collection is undated. These are not points on
a common coordinate, and an evidence base assembled from them supports no determinate
statement of how far apart its items are.

The consequence for the correspondence requirement is direct. Definition 4.2 defines the
governance lookback time of an item, and where reference times are incommensurable the
lookback profile of Definition 4.7 is partially undefined. A party cannot compute how stale
its evidence base is, and can determine only that different parts of it are stale to different and

partly unknown degrees.
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13.5 The Transferable Residue
The handling does not transfer, and the situation yields a finding.

Claim 13.1. (Direction of the recency preference). Sources differ systematically in their pro-
duction intervals, and the difference is associated with what they measure. Transactional,
administrative and platform sources are fast and record quantities that are counted as they
occur. Enumerations, cohort studies, ecological monitoring and periodic surveys are slow
and record quantities that require a designed instrument to observe. A preference for recent
evidence is therefore a preference among subject matters and not only among dates, and it
selects against the second class.

The claim becomes consequential when joined to a feature of systems approaching a tran-
sition. The variables whose movement carries a system toward a stability boundary are or-
dinarily slow, and the fast variables record fluctuations about a condition the slow variables
determine. So the sources that arrive quickly report the quantities that move quickly, and the
quantities whose movement matters for whether the system is near a boundary are reported

by the sources that arrive late.

Claim 13.2. (Blindness of a recency-weighted base). An evidence base weighted toward re-
cency is weighted toward fast variables, and is therefore weighted away from the variables
carrying a system’s approach to a transition. Recency accordingly fails as an unqualified cri-
terion of evidential quality, since improving a base by that criterion degrades it with respect
to the class of question on which the cost of error is greatest.

The claim requires two restrictions. It concerns the composition of a base and not the
quality of any item, and a recent item is better than a stale one where both measure the same
quantity. And it presupposes the association between speed of production and character of
subject matter, which is an empirical generalisation admitting exceptions and worth examin-
ing in particular evidence systems.

What survives as a requirement is modest and follows from the first presupposition alone:
an evidence base states the reference time of each item and states it in a form permitting com-
parison, and a display presenting items of different reference times marks the difference. Sec-
tion 20 develops this, and Section 16 treats a further consequence of the composition of a base
that Claim 13.1 leaves untouched.

Assignment 13.3. (Class of the element). The past light cone falls in class 1, precondition ab-
sent, on the ground that the intervals attaching to governance data are neither reliably known
nor commensurable, with a secondary assignment in class 1v for the recording and display of

reference times.

14 The Horizon and the Limits of Observability in Principle

This section examines a feature of the observing situation distinct from the delay treated in
Section 13, namely that some part of what exists lies outside the reach of observation as a

matter of the situation’s geometry. Its objective is to establish that governance possesses a

40



counterpart of this feature, to distinguish that counterpart from the lag with which it is easily
conflated, and to give the partition of Proposition 11.1 its in-principle form. The section fol-
lows the template fixed in Section 7 and is the shortest in Part IV, since its content is a single
distinction with a consequence. Its result falls in the class of elements that transfer without

impediment.

14.1 The Structure of the Situation in Astrophysics

The past light cone bounds what an observer can have received. Regions of the universe lie
outside it, and their exclusion follows from the geometry of the situation and from the finite
speed of propagation. No improvement in instruments reaches them, since the improvement
affects what is done with arriving signals and creates no signal that has not arrived.

Two features distinguish this from lookback. Lookback concerns material that has arrived
and carries an epoch; a horizon concerns material that has not arrived at all. And lookback
admits partial remedy by waiting, since a later observation reaches a later epoch of the same
source, while a horizon recedes on its own schedule and is unaffected by the observer’s dili-
gence.

Astrophysics states its horizons explicitly and reasons about what lies beyond them by
inference from theory, marking such reasoning as extrapolation of a different standing from

the description of what has been observed.

14.2 Presuppositions of the Handling

One condition is required, and it is a condition on the observer.

The location of the horizon is determinable. An observer can say which material lies inside
the cone and which outside, so that a claim about the exterior is identifiable as a claim about
the exterior and is assessed accordingly.

The condition admits failure where the boundary is undetermined, in which case claims
about the exterior circulate alongside descriptions of the interior and are received on the same
footing.

14.3 The Governance Counterpart

The counterpart is the region identified by Proposition 11.1, on which the instituted mea-
surements carry no information. Section 11 established the partition from the requirements
of estimation. The present section supplies its in-principle form and distinguishes the two
boundaries introduced in Claim 11.2.

Three kinds of content ordinarily occupy the region. There are quantities no instrument
available to a governing arrangement reaches, of which the intentions and reasoning of parties
are the standing example. There are quantities whose measurement would alter them, so that
the measured value bears on a condition the measurement produced. And there are proper-
ties of a system’s relational structure that admit no representation in the categories through
which the system is recorded, of which the distance of a system from a stability boundary is

the instance bearing most directly on the present argument.
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14.4 Status of the Presupposition in Governance

The condition fails in practice and is satisfiable in principle, which is why the element trans-
fers.

It fails in practice because the boundary is ordinarily undeclared. A briefing states what is
known and passes over what the measurement system does not reach, and the passing over
is silent. A reader receives an account whose interior and exterior are undistinguished, and a
claim about the region beyond the measurements arrives with the same grammatical standing
as a report of a measured quantity.

It is satisfiable in principle because the boundary is determinable by inspection of the mea-
surement system. What a set of instituted measurements can and cannot bear on is a question

about that set, answerable by examining it, and the answer requires no new observation.

14.5 The Transferable Residue

The element yields a requirement and a distinction, and both are available at the cost of dec-

laration.

Requirement 14.1. (Declaration of the unobserved region). An account of the condition of
a governed system offered in support of a decision states which of the quantities bearing on
that decision the instituted measurements reach and which they do not, and marks claims

concerning the second class as claims resting on grounds other than the evidence adduced.

Claim 14.2. (Standing of a claim beyond the boundary). A claim about a quantity outside
the reach of the instituted measurements is not thereby false and is not thereby inadmissible.
What follows from its position is that the evidence adduced supplies no support for it, so that
its support lies in theory, in analogy, in the experience of the parties, or in interest, and the
identification of which of these it rests on becomes possible once the position is declared.
The distinction between the two boundaries of Claim 11.2 acquires its practical form here.
Where a quantity lies outside the reach of every available instrument, a declaration records
a limit. Where it lies outside the reach of the instituted measurements while an available
instrument would reach it, the declaration records a choice, and the choice is attributable to
the party that made it. A governing arrangement that declares its unobserved region therefore
exposes the composition of that region to examination, and the examination separates the two.
The requirement carries one consequence worth stating, since it bears against a party that
adopts it. A declared boundary invites the enlargement of the measurement system, and
Section 8 established that the measurement system is constituted by parties interested in the
results it produces. The enlargement is therefore not neutral, and Section 16 identifies a spe-

cific direction in which such enlargements characteristically run.

Assignment 14.3. (Class of the element). The horizon falls in class 1v, transfers intact, since
the boundary is determinable by inspection of the measurement system and its declaration
requires no apparatus. A secondary assignment in class m records that the position of the
outer boundary is fixed by an interested party, per Claim 11.2.
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15 Selection at Depth and the Compounding of Age with Selectiv-
ity

This section examines a feature of observation at distance that has no counterpart in the cat-

egories of Section 2 and a close one in governance practice. Its objective is to establish that

the selectivity of an evidence base varies with the age of its contents, and that the variation

runs in a direction which compounds with the correspondence failure. The section follows

the template fixed in Section 7. Its result is a claim that the two defects of an old body of

evidence, its distance from the present condition and its unrepresentativeness of the period it
describes, are associated and not independent.

15.1 The Structure of the Situation in Astrophysics

A survey complete to a limiting apparent brightness detects, at greater distance, only objects
of greater intrinsic luminosity. Nearer the observer, objects of average and below-average
luminosity enter the sample as well. The statistical properties of the detected sample there-
fore depend on distance, and the sample at depth is systematically unrepresentative of the
population at that depth. The effect was described by Malmquist and is standard [32].

Its structure is what matters here. Depth in such a survey is lookback, so the same coordi-
nate that measures how old an observation is measures how selected it is. The two properties
are not independent features of a datum. They are one feature seen twice, and a correction
for one is made in the same coordinate as a correction for the other.

Astrophysics corrects by characterising the selection. Where the luminosity distribution
of the population and the detection threshold of the instrument are known, the selection func-
tion is computable, and the sample is reweighted or restricted to a volume within which de-

tection is complete.

15.2 Presuppositions of the Correction

Two conditions are required.

The selection function is characterisable. What entered the sample and what failed to
enter is determined by a threshold and a population distribution, both of which are available
or estimable.

The selection operates on a stated dimension. Objects are excluded on a property that is
identified, so that the exclusion is described and its consequence computed.

Both admit failure. The first fails where the process determining what entered the record
is unknown. The second fails where exclusion proceeds on several properties at once, some
of them unrecorded.

15.3 The Governance Counterpart

The counterpart is the dependence of an evidence base’s composition on the age of its contents,

and it operates through three channels.
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What was recorded at a past time was determined by what the then-current measurement
system counted, and measurement systems record what their designers considered conse-
quential. An older body of evidence therefore represents an older judgement about what
matters, and the categories absent from it are absent because they were not then salient.

What survives from a past time is a subset of what was recorded, and the subset is not
random. Retention schedules, changes of custody, migrations of format and the ordinary at-
trition of archives remove material differentially, and material whose retention was advocated
by an interested party survives at a higher rate.

What was published from a past time is a subset of what was found, and the selection
operating on publication is documented and is one of the five domains recorded in Section 2.
Its treatment there, however, is as a static property of a body of evidence, assessed once and
recorded as a downgrade. Its variation with the age of the material is not among the consid-

erations the domain directs an assessor to weigh.

15.4 Status of the Presuppositions in Governance

The first fails. The process determining what entered and remained in the historical record of
a governed system is composite, is documented unevenly, and is in substantial part unrecov-
erable. There is no governance counterpart of a luminosity function and a detection threshold
from which a selection function might be computed.

The second fails as well, and its failure is the more consequential. Exclusion from the
historical record proceeds on several properties at once: on salience to the then-current mea-
surement design, on the interests of parties advocating retention, on the accidents of custody
and format, and on the publication practices of a period. These operate together, and the
resulting composite is not a threshold on a stated dimension.

The claim that follows is the section’s result.

Claim 15.1. (Association of age with selectivity). The selectivity of an evidence base varies
with the age of its contents, and varies in the direction of greater selectivity for older mate-
rial. An older body of evidence is therefore subject to two defects at once: its distance from
the present condition of the system, and its unrepresentativeness of the period it purports to
describe. The two are associated through the same coordinate, so a body of evidence that is
stale is, for that reason, also more selected.

The association has a consequence for the operation examined in Section 12. A synthesis
pooling studies across decades draws material whose selectivity varies systematically across
the period pooled, and a trend in the pooled estimates ordered by date may therefore record
the variation of the selection and not the movement of the system. Claim 12.3 stated the
underdetermination of such a trend between the research process and the system’s motion,
and the present claim adds a specific mechanism to the first of those readings and identifies
it as age-dependent. The two claims should be read together, and the direction they jointly
indicate is that separating the readings requires evidence about the selection régime of each
period and not about the estimates alone.
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15.5 The Transferable Residue

The correction does not transfer. What transfers is the recognition that the defect exists and

runs in a determinate direction, together with one requirement of a familiar kind.

Requirement 15.2. (Statement of the recording régime). Where a body of evidence spans
an extended period, the account of it states what the measurement and publication régimes
of each period recorded and omitted, so far as this is recoverable, and identifies the categories
present in later material and absent from earlier material. A comparison across the period is
conducted on the categories common to it, and a category present in one part alone is marked.

The requirement is weaker than the astrophysical correction and is what the failure of the
two presuppositions permits. It supplies no reweighting and no computed adjustment. What
it supplies is that a comparison across a period is conducted on material whose comparability
has been examined, and that the examination is recorded where a reader may assess it.

One further observation belongs here, since it bears on the strength of the claim. The
three channels of the governance counterpart differ in tractability. Publication selection is
documented and partly correctable by established methods. Retention selection is examinable
where archival practice is recorded. The selection operating through the categories of a past
measurement system is the least tractable of the three, since recovering what a system omit-
ted requires a description of the period from outside that system, and such descriptions are
themselves subject to the same condition. The claim of this section is therefore strongest for
the third channel and weakest for the first.

Assignment 15.3. (Class of the element). Selection at depth falls in class 1, precondition
absent, on the ground that the selection function is uncharacterisable and the exclusion pro-
ceeds on unstated composite properties, with a secondary assignment in class 1v for Require-
ment 15.2.

16 Survey Cadence, Aliasing, and the Fabrication of Trend

This section examines the constraint that a schedule of observation places on what can be
observed at all. Its objective is to establish that the release schedule of a statistical system
fixes, in advance of any analysis, the class of phenomena that can appear in evidence, and
that variation faster than the schedule resolves is registered as slow variation of a kind the
system does not have. The section follows the template fixed in Section 7. Its result is the
most directly demonstrable finding in Part IV, since the relevant limit is computable from the
schedule alone, and it pairs with Claim 13.2 to give the composition of an evidence base a
defect at each end.

16.1 The Structure of the Constraint in Astrophysics

A survey observes on a cadence: a sampling interval, a total baseline, and a pattern of gaps im-
posed by the seasons, the weather and the allocation of instruments. The cadence determines
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what the survey can discover. A source varying on a timescale shorter than the sampling in-
terval is recorded at scattered phases of its variation, and the variation is unavailable to the
survey as variation.

The formal statement of the limit is standard. A signal sampled at regular intervals of

length A carries information about a component of frequency f only where

1

so that variation with periods shorter than 2A is indistinguishable from variation at a longer
period that the sampling does resolve [40]. The shorter variation is registered, and is regis-
tered as something else. Astronomical practice treats the consequence explicitly, since irregu-
lar sampling produces a window function whose structure imprints spurious periodicities on
the recovered spectrum, and the identification of a periodicity requires the window structure
to be examined before the periodicity is claimed.

Survey design accordingly proceeds from a statement of the phenomena the survey is
intended to detect, and the cadence is chosen against that statement. A survey that will detect
events of a given duration is built to sample more finely than that duration, and its inability

to detect faster events is a designed and recorded property.

16.2 Presuppositions of the Handling

Two conditions are required.

The cadence is set against a stated class of target phenomena, so that what the design
excludes is excluded knowingly and the exclusion is recorded with the survey.

The sampling structure is known well enough that the limit and the aliasing pattern are
computable, so an apparent variation can be tested against the possibility that it is an artefact
of the schedule.

The first admits failure where the schedule is fixed by considerations unrelated to the
timescales of the phenomena. The second admits failure where the schedule is unrecorded or

irregular in ways that are undocumented.

16.3 The Governance Counterpart

The counterpart is the release schedule of a statistical system. National accounts appear quar-
terly, labour force statistics monthly or quarterly, an enumeration decennially, administrative
returns on an annual cycle tied to a fiscal year, and inspection regimes on a cycle set by re-
sources. The schedule is the sampling interval at which a governed system is observed, and
it fixes the temporal resolution of everything a governing party can subsequently learn from
that source.

The correspondence is exact and the practice differs at both presuppositions.
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16.4 Status of the Presuppositions in Governance

The first fails generally. Release schedules are set by administrative convention, by the fiscal
calendar, by the cost of collection and by the requirements of legislation, and they are seldom
set against a stated hypothesis about the timescales on which the observed phenomena vary.
A quantity varying on a scale of weeks and reported annually is reported annually because
annual reporting is the practice, and the mismatch is not a designed exclusion because no
design was conducted against the question.

The second, by contrast, is satisfied and unused. The release schedule is documented, so
the limit follows from it by computation, and the pattern of gaps and revisions is recorded in
the statistical documentation of every serious system. The information required to state what

a series cannot show is available and is ordinarily left unstated.

Claim 16.1. (Determination of the observable class by the schedule). The release schedule
of a source fixes, before any analysis, the class of phenomena that can appear in evidence
drawn from it. A phenomenon whose characteristic timescale violates Equation 16 for that
source cannot appear in it as itself. The class of policy problems that can be evidenced from
a statistical system is therefore determined in part by the schedule of that system, and the
determination is made by parties setting schedules for administrative reasons.

Claim 16.2. (Fabrication of slow structure from fast variation). Variation faster than a source
resolves is registered by that source as variation at a longer period. A governing party observ-
ing an annual series of a quantity that varies on a scale of months may therefore observe a
trend, a cycle or a level shift that the underlying quantity does not exhibit, and the artefact
is produced by the schedule and not by any error of collection, processing or analysis. The
appearance is indistinguishable, within the source, from the phenomenon it imitates.

The second claim bears directly on the correspondence requirement, and the bearing is
worth drawing out. Section 4 treated correspondence failure as a matter of the system having
moved between the reference time and the decision. The present claim identifies a case in
which the source misrepresents the movement itself, so that a party reasoning carefully about
lookback may still hold a picture of the system’s trajectory that the schedule manufactured.

Correction requires observation on a finer cadence and is unavailable within the source.

16.5 The Transferable Residue

The element yields a requirement whose satisfaction requires arithmetic and no apparatus,
and it yields a joint finding with Section 13.

Requirement 16.3. (Statement of the resolution limit). A source used in evidence states the
shortest timescale of variation it can represent, computed from its sampling interval, and an
inference drawn about variation faster than that limit is marked as unsupported by the source.
Where a series exhibits structure whose period is close to a multiple or a submultiple of the
sampling interval, the possibility that the structure is an artefact of the schedule is examined

before the structure is interpreted.
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Claim 16.4. (Defect at each end of the composition). Claim 13.2 established that an evidence
base weighted toward recency is weighted away from slow variables, since slow variables are
measured by sources with long production intervals. Claim 16.1 establishes that sources with
long sampling intervals cannot represent fast variation. Production interval and sampling
interval are both set by administrative convention and are associated with one another, since
the sources that are expensive to collect are collected infrequently and released late. The
variables that carry a system toward a stability boundary are therefore observed by sources
that are simultaneously the latest to arrive and the coarsest in resolution, and the two defects
fall on the same variables.

Claim 16.4 states the compound and requires the same restriction as its components. The
association between production interval and sampling interval is an empirical generalisation
about statistical systems as they are ordinarily constituted, and it is contingent. A system
could collect a slow variable frequently and release it quickly, and the observation that existing
systems do otherwise is an observation about resource allocation and administrative practice.
This is the point at which the finding becomes a claim about institutions and admits remedy

by their redesign, and Section 28 takes it up in that form.

Assignment 16.5. (Class of the element). Survey cadence falls in class 1v, transfers intact,
since the resolution limit is computable from documented schedules and its statement re-
quires no apparatus. A secondary assignment in class m records that the schedules themselves
are set by parties whose conduct the resulting series are used to assess, per Claim 8.1.

17 Single Realisation and the Unavailability of an Ergodic Substi-
tute

This section examines the condition of holding one instance of the object studied. Its objective
is to identify the substitution by which cosmology partly escapes that condition, to establish
what the substitution requires, and to show that the governance counterpart of the substitu-
tion imports the difficulty treated in §5.2. The section is short and hands its result forward,
since the consequence of the failure is the subject of Section 24. It follows the template fixed
in Section 7.

17.1 The Structure of the Condition in Astrophysics

Cosmology studies one universe. A theory of the early universe predicts a distribution of pos-
sible outcomes, and one draw from that distribution is available for observation. The resulting
uncertainty is irreducible by improvement in instruments, since it arises from the number of
realisations and not from the quality of the measurement, and it is reported as a floor below
which no observation of the accessible volume can reduce the uncertainty about a theoretical
parameter.

The discipline escapes this condition in part by a substitution. Under the assumption
that the universe is statistically homogeneous at sufficient scale, widely separated regions are
treated as approximately independent samples from one distribution, so that averaging over
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space substitutes for averaging over an unavailable ensemble of universes. The substitution
is what converts a single realisation into a large sample, and it is an assumption with content:
it can fail, its failure has observational signatures, and the scale at which it holds is itself an
object of investigation.

17.2 Presuppositions of the Substitution

Two conditions are required.

The parts are drawn from a common distribution, so that the variation observed across
them is the variation the theory predicts across realisations.

The parts are approximately independent, so that averaging across them reduces the un-
certainty in the manner the count of parts suggests.

The first fails where the parts differ systematically. The second fails where they influence
one another, in which case the effective number of independent samples is smaller than the
count and the reduction in uncertainty is overstated.

17.3 The Governance Counterpart

Governance holds one history of the system it governs. The counterpart of the cosmological
substitution is comparison across cases: jurisdictions, regions, organisations or populations,
treated as instances from which a common regularity may be recovered. The substitution

performs the same function, converting a single unrepeatable trajectory into a sample.

17.4 Status of the Presuppositions in Governance

Both fail, and they fail for reasons that the literature reviewed in §5.2 has established indepen-
dently of the present argument.

The first fails because jurisdictions differ in the support factors on which an intervention’s
operation depends, which is the substance of the objection Cartwright and Hardie [4] raise
against the transport of findings across settings. The variation observed across cases is there-
fore a compound of the variation a common regularity would produce and the variation pro-
duced by the differences among the settings, and the two are separated only by a theory of
what the relevant differences are.

The second fails because the cases influence one another. Jurisdictions imitate one an-
other’s policies, are subject to common shocks, and are connected by flows that transmit con-
ditions across their boundaries. The effective number of independent instances is accordingly

smaller than the count, and frequently much smaller.

Claim 17.1. (Unavailability of the ergodic substitute). The substitution by which cosmology
converts a single realisation into a sample requires that the parts be drawn from a common
distribution and be approximately independent. Governance possesses no comparable substi-
tution, since the cases available for comparison are structurally heterogeneous and mutually

influencing. A governed system is therefore observed in one realisation, and the uncertainty
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attaching to a claim about its condition contains a component that no accumulation of obser-

vation within that system reduces.

17.5 The Transferable Residue

The substitution does not transfer and the recognition of the floor does.

Claim 17.2. (Anirreducible component of the uncertainty). Part of the uncertainty attaching
to a claim about the condition of a governed system arises from the system having one history,
and that part is unaffected by the volume, the frequency or the quality of observation. It is
distinct from the component treated in Section 10, which grows with the interval, and from
the component treated in Section 11, which is a matter of what the measurements reach. It is
present at zero interval and under complete observability.

The claim is offered as a restriction on what improved evidence can deliver, and its prac-
tical force is comparative. A programme of measurement promising to resolve a question
about a governed system’s condition is subject to a floor whose height depends on how much
of the variation in that condition is attributable to the singularity of its history, and a promise
to resolve the question below that floor is a promise that no measurement discharges.

What remains is the trade between the two escapes, and it is the subject of Section 24.
Astrophysics has both a time series of one object and an ensemble of objects at many epochs,
and it uses the second to interpret the first. Governance has the time series and lacks the
ensemble, and its attempts to construct one exchange the temporal difficulty for the contextual

one. That exchange is the paper’s principal negative result and is stated there.

Assignment 17.3. (Class of the element). Single realisation falls in class 1, precondition ab-
sent, since the homogeneity and independence the substitution requires are unavailable, with
no secondary assignment. The recognition recorded in Claim 17.2 is a consequence of the fail-

ure and not a residue of the practice.

18 Standard Rulers and the Drift of Measurement Definitions

This section closes the second family with the element that bears most directly on the third
mode of correspondence failure identified at Definition 4.4. Its objective is to establish what a
comparison across epochs requires of the quantities compared, and to show that governance
measurement lacks that property in a way that its records rarely mark. The section follows the
template fixed in Section 7. Its result is a claim about the composition of longitudinal evidence

and a requirement whose cost is documentation.

18.1 The Structure of the Practice in Astrophysics

Comparison across epochs requires a quantity whose meaning is stable across them. Cosmol-
ogy obtains this from features of known physical extent whose size at a given epoch is fixed
by theory in place of convention. The acoustic scale imprinted on the distribution of matter
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supplies the standing example, and its detection in the correlation function of a galaxy sample
furnishes a length against which distances at different epochs are calibrated [12].

The property that makes such a feature useful is worth isolating. Its extent is determined
by physics that the observer does not administer, so that its use as a reference requires no
agreement among observers and admits no revision by any of them. Where a reference of
this kind is available, quantities measured at separated epochs are commensurable, and a
change in a measured value is attributable to the system.

18.2 Presuppositions of the Calibration

Two conditions are required.

The reference is invariant across the epochs compared, or its variation is known and cor-
rected.

The reference is administered by no party to the comparison, so that its stability requires
no agreement and is not subject to revision in the interest of a result.

The first fails where the reference changes. The second fails where the reference is a con-
vention maintained by parties, in which case its stability depends on their forbearance and its
revisions carry the interests that prompted them.

18.3 The Governance Counterpart

Governance possesses no reference of this kind, and its counterpart is the definition. Whether
a person is unemployed, whether a household is in poverty, whether an event is a recorded
crime of a given class, whether a condition is a diagnosis, and whether an emission falls within
an inventory boundary are all settled by definitions that are written, published and periodi-
cally revised.

Such definitions perform the office of the standard ruler: they fix what a measured value
means so that values at different times may be compared. They differ from an acoustic scale
in the respect the second presupposition identifies. A definition is administered, its stability
is a choice, and its revision is an act with a date and an author.

18.4 Status of the Presuppositions in Governance

The first fails routinely and the failures are documented, since a statistical agency revising a
definition ordinarily records the revision and frequently publishes a bridging estimate for the
period of overlap. Unemployment definitions have been revised with changes in the treatment
of discouraged workers and of marginal attachment; poverty measures have moved between
absolute and relative constructions and between income and consumption bases; diagnostic
criteria have been revised in ways that alter recorded prevalence with no change in the under-
lying condition; and classification rules for recorded offences have been revised in ways that
alter recorded volumes. Each revision is a change in the ruler.

The second fails structurally, and its failure is the one this paper adds to the familiar ob-

servation about the first. The definitions are administered by the parties whose conduct the
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resulting series are used to assess, which is Claim 8.1 in its longitudinal form. A revision of a
definition is therefore an act available to a party with an interest in the level or the trend of a
series, and the availability holds whether or not it is exercised.

Claim 18.1. (Attribution under a revised definition). Where a definition is revised between
two measurements, a difference between the measured values is a compound of the move-
ment of the system and the change in the ruler, and the two are separated only by a bridging
estimate. Where a bridging estimate is absent, the difference is unattributable. Where a bridg-
ing estimate is present, it is constructed by the party administering the definition.

The claim completes the treatment of the mode of failure named in articulation at Defi-
nition 4.4. Failure in state concerns a system that has moved. Failure in dynamics concerns
relations that have altered. Failure in articulation concerns the categories through which both
are recorded, and it is the mode that defeats the remedy available for the other two, since
observing more recently corrects a stale value and supplies no bridge across a change of defi-
nition.

A further consequence bears on the interval itself, and it was anticipated in Section 8. The
longer the interval between the reference time of a body of evidence and the moment of de-
cision, the greater the chance that a definition has been revised within it. Correspondence
failure in articulation therefore grows with 7¢, and grows in a manner that a reader who

attends only to the age of the evidence will not detect, since the value retains its name.

18.5 The Transferable Residue

The element transfers as a requirement and withholds the property that makes the astrophys-
ical practice work.

Requirement 18.2. (Statement of definitional vintage). A series presented in support of a
claim about change over time states the definitions in force in each period it spans, marks
the points at which a definition was revised, and states whether a bridging estimate exists.
A comparison across a revision is conducted on a bridged basis or is marked as spanning a
change of definition, and an inference about the movement of the system across such a point
states which portion of the difference the bridging estimate attributes to the revision.

The requirement is satisfiable from documentation that statistical agencies already pro-
duce, and its cost is the transmission of that documentation to the point of use. The pattern
is by now familiar from Sections 13 and 16: the information required to qualify an inference
exists in the statistical system and is discarded in transmission to the decision.

What does not transfer is the invariance itself. Governance has no quantity whose mean-
ing is fixed by something no party administers, and the search for one is unpromising, since
the categories of a governed system are constituted by the same social processes the system
governs. A definition of unemployment answerable to no administrative choice would be a
definition answerable to no purpose. The absence is therefore a feature of the subject matter
and admits no remedy of the kind the astrophysical case supplies.

Assignment 18.3. (Class of the element). Standard rulers fall in class 1, interested observer,

on the ground that the reference is administered by parties to the comparison, with a sec-
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ondary assignment in class 1v for Requirement 18.2 and a further secondary assignment in

class 1 for the unavailability of any party-independent reference.

19 Blind Analysis and the Interested Observer

This section opens the third family, which concerns the disciplines an observing community
imposes on itself. The family differs from the two preceding it in a respect that determines its
results: its elements are practices adopted by a community and sustained by its norms, so the
question of transfer concerns what a governing arrangement would have to accept and not
what a governed system would have to be. Its objective for the present section is to identify
the practice by which physics separates an analyst from the result, to establish that the cor-
responding separation is available in governance, and to state the conditions under which it
is available. The section follows the template fixed in Section 7. Its result falls in the class of

elements that transfer, with a restriction on the range of cases.

19.1 The Structure of the Practice in Physics

A blind analysis withholds the result from the analyst until the procedure that produces it has
been fixed. The concealment is arranged in several ways: the region of data containing the
signal is hidden while selection criteria are settled; an unknown offset is added to the quantity
being measured and removed once the analysis is complete; or the analysis is developed on
simulated data and applied to the real data once. The procedure is then run, and the result is
accepted whatever it is [27].

The rationale is a claim about a mechanism and not about the honesty of analysts. An
analyst who can see the result while choosing among admissible analytical decisions will
tend, without any intention to deceive, to stop adjusting when the result looks as expected
and to continue when it does not. The record of measurements of physical constants over the
twentieth century supplies the evidence that the mechanism operates. Blinding removes the

mechanism by removing the information on which it runs.

19.2 Presuppositions of the Practice

Three conditions are required.

The analytical procedure can be fixed before the result is seen, which requires that the
decisions constituting the analysis be enumerable in advance.

The result can be concealed from the analyst, which requires that it be unavailable through
channels outside the analysis.

The community accepts the result the fixed procedure produces, which requires that no
party hold the authority to set the procedure aside once the result is known.

The first fails where the analysis is exploratory and its decisions arise from the data. The
second fails where the result is known independently. The third fails where the analysis is
conducted for a party with the standing to reject it.
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19.3 The Governance Counterpart

The counterpart is the analysis of evidence bearing on a policy whose outcome a party has an
interest in. The mechanism described above operates here with greater force, since the analyst
is frequently employed by a party to the question, the analytical decisions are numerous, and
the direction in which the result is preferred is known.

Two established practices occupy positions adjacent to blinding. Pre-registration fixes the
analytical procedure in advance and lodges it publicly, and it is now standard in several re-
search fields. Evaluation conducted by a body separate from the implementing department

separates the analyst from the interested party institutionally in place of informationally.

19.4 Status of the Presuppositions in Governance

The first is satisfiable for a defined and substantial class. Where a question is stated in advance,
an indicator identified and a comparison specified, the analytical decisions are enumerable
and the procedure can be lodged before the data are examined. The class includes the assess-
ment of a programme against a stated target, which is the setting the review sheet described
in §2.3 is built for.

The first fails for the complementary class. Where the object is to characterise a situation
whose relevant features are unknown at the outset, the analysis is exploratory by construction,
and a procedure fixed in advance would fix the wrong procedure. The restriction is genuine
and the section states it here in place of qualifying the result later.

The second is satisfiable with effort and is frequently violated in fact. A governing arrange-
ment ordinarily holds partial knowledge of the result before the analysis concludes, through
the operational reporting that runs alongside the statistical system. Concealment is therefore
harder here than in a physics experiment, and it is achievable by separating the analytical
function from the operational one.

The third is where the practice meets its principal obstacle. Acceptance of a result the fixed
procedure produces requires that no party set the analysis aside once its direction is known,
and a governing arrangement ordinarily retains the authority to commission a further analysis.
The authority is legitimate, since a policy question is a political question and no analytical
procedure settles it. What the authority permits is the selection of a result from a sequence of

analyses, which reinstates the mechanism blinding was adopted to remove.

Claim 19.1. (Displacement of the selection). Where a party retains the authority to commis-
sion further analyses after seeing a result, the selection that blinding removes from within
an analysis reappears in the choice among analyses. Blinding a single analysis is therefore
effective only where the set of analyses commissioned is itself fixed in advance or recorded in
full.

19.5 The Transferable Residue

The element transfers, with a restriction of range and an addition that the governance setting

requires.
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Requirement 19.2. (Fixed procedure and complete record). Where a question is stated in
advance and its analysis is enumerable, the analytical procedure is lodged before the evidence
is examined, and the result the procedure produces is reported whatever its direction. Where
further analyses are commissioned after a result is known, the existence and the specification
of each is recorded, so that the sequence of analyses is inspectable together with the result
selected from it.

The addition in the second sentence is what Claim 19.1 requires, and it is the point at which
the governance version departs from the physics one. Physics blinds an analysis. Governance
must blind an analysis and record the population of analyses, since the second selection is
available in governance and absent in the experimental setting.

The requirement costs no apparatus and costs something else, which should be stated
plainly. It constrains a party at the moment the constraint bites, since the record of a commis-
sioned and unused analysis is a record of a result the party preferred to set aside. A require-
ment of this kind is adopted by an arrangement that has decided to bind itself, and Section 29

records the paper’s position on how much weight such requirements bear.

Assignment 19.3. (Class of the element). Blind analysis falls in class 1v, transfers intact, for
the class of questions statable in advance, with the addition recorded in Requirement 19.2. A
secondary assignment in class 1 records the exploratory class, for which the first presupposi-
tion fails and the practice is unavailable.

20 Provenance, Re-Reduction, and the Time-Indexed Evidence
Record

This section examines the practices by which an observing community preserves the condi-
tions under which its observations were produced, and the operation those practices make
possible. Its objective is to establish that governance discards at the point of transmission
the information that three earlier sections found it would need, and to state the record struc-
ture that would retain it. The section follows the template fixed in Section 7. Its result is the

requirement toward which Sections 13, 16 and 18 have each pointed, and it collects them.

20.1 The Structure of the Practice in Astrophysics

Observations are retained in a form independent of the processing applied to them, together
with a record of the conditions of their production: the state of the instrument, the calibration
in force, the version of the reduction pipeline, the observing conditions, and the selection
criteria applied at each stage. Data are released in numbered versions, and a released version
is identified by its number so that a result may be attributed to the version on which it was
computed.

The operation this makes possible is re-reduction. An archive processed under a later cali-
bration yields values differing from those first published, and the difference is attributable to

the change in processing because the earlier processing was recorded. Observations decades
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old are re-analysed and yield results their original analysts could not obtain, and the possi-
bility rests entirely on retention: what was discarded at the time cannot be recovered by any
later effort.

20.2 Presuppositions of the Practice

Two conditions are required.

The raw observation is retained separately from its processed form, so that a later process-
ing may be applied to the same material.

The conditions of production are recorded with the observation in sufficient detail that a
later analyst can determine how the published value was obtained.

Both admit failure. The first fails where only processed values are kept. The second fails
where the conditions are undocumented, or documented in a location from which they do

not travel with the value.

20.3 The Governance Counterpart

Statistical systems satisfy both conditions at origin and to a substantial degree. Microdata
are retained under statutory arrangements, methodological documentation is published, and
revisions are recorded. One field has built the corresponding archive explicitly: the collection
of successive vintages assembled by Croushore and Stark [8] preserves what was available at
each date, which is precisely the retention that permits a past decision to be assessed on the
evidence its makers held.

The failure occurs downstream. A value assembled into a briefing, a dashboard, a review
sheet or a paragraph of policy justification travels without its reference period, without its
release date, without its vintage, without the definition in force when it was produced, and
without the sampling interval of its source. The information exists at the origin and is stripped
in transmission, and by the time the value reaches the decision it is a number with a name.

20.4 Status of the Presuppositions in Governance

Both are satisfied at origin and both fail at the point of use, and the location of the failure is
what makes this element transfer.

The failure is not a failure of the statistical system. An agency that documents its method-
ology, publishes its revision history and records its reference periods has discharged the re-
quirement. What fails is the transmission chain between that documentation and the moment
a value is used to justify a decision, and no party in that chain is ordinarily obliged to carry
the indices forward.

The consequence is that the qualifications developed in the preceding sections are unavail-
able at the point where they would operate. A party cannot compute a lookback profile from
values that have lost their reference periods, cannot state a resolution limit for a series whose
sampling interval has not travelled with it, and cannot detect a comparison spanning a defi-

nitional revision when the definitions are absent from the record it holds.
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20.5 The Transferable Residue

The element transfers as a record structure, and the structure collects the requirements of the
three sections that pointed toward it.

Requirement 20.1. (The indexed evidence item). An item of evidence travels to the point
of decision with its value accompanied by the reference time of the condition it describes;
the release date and, where the series is revised, the vintage; the uncertainty attaching to it,
labelled with the time whose condition that uncertainty describes; the sampling interval of its
source; and the definition in force at the reference time, together with a note of any revision
since. An item lacking these indices is used as a description of an unspecified moment.

The requirement collects Requirement 16.3, Requirement 18.2 and the recording obligation
identified in Section 13, and adds the labelling that Claim 10.1 showed to be missing. It is
stated as a property of an item in transmission and not as a property of a statistical system,
since the statistical systems ordinarily hold what it asks for.

Three features of the requirement are worth stating.

Its cost falls on the transmission chain and not on collection. Nothing new is measured,
and the expense is the discipline of carrying forward what has already been recorded.

Its violation is detectable by inspection. A briefing can be examined for whether its figures
carry reference times, and the examination requires no expertise in the subject matter.

Its satisfaction is asymmetric in time. An index recorded at origin is cheap and an in-
dex reconstructed later is expensive or impossible, so the requirement bears most heavily on
present practice for the benefit of future assessment. The re-reduction operation depends on
this asymmetry, and its governance counterpart, the reassessment of a past decision on the

evidence its makers held, is available only where the vintages were kept.

Claim 20.2. (The assessment of past decisions). A decision taken on evidence available at its
date can be assessed for its reasonableness only where the evidence of that vintage is recover-
able. Where only revised series survive, a past decision is assessed against a description of the
past that its makers did not possess, and the assessment attributes to them an error they had
no means to avoid or a prescience they did not exercise. Retention of vintages is therefore a
condition of the fair assessment of governing conduct, and its absence systematically distorts
that assessment in a direction determined by the direction of the revisions.

The claim connects the requirement to a matter beyond epistemology. Where governing
parties are held to account for past decisions, the evidential basis of that accounting is a record
whose retention is administered by the parties themselves, and the temporal asymmetry noted
above gives an arrangement wishing to escape assessment a means that costs nothing and
looks like ordinary housekeeping.

Assignment 20.3. (Class of the element). Provenance and re-reduction fall in class 1v, trans-
fers intact, since the information is held at origin and the requirement concerns its transmis-
sion. A secondary assignment in class mr records that retention is administered by parties
whose past conduct the retained record would be used to assess, per Claim 20.2.
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21 Mock Pipelines and the Testing of the Measurement System

This section examines the practice of testing an analysis by applying it to synthetic data whose
true content is known. Its objective is to distinguish that practice from the more familiar one
of simulating a model of the world, and to establish that its governance counterpart would
render several of the findings of Part IV operational. The section follows the template fixed
in Section 7. Its result is a requirement that converts claims about what a source cannot show

from assertions into demonstrations.

21.1 The Structure of the Practice in Astrophysics

A mock catalogue is a synthetic universe generated under a stated model, from which a syn-
thetic observation is produced by passing the synthetic universe through a simulation of the
instrument and of the reduction pipeline: the selection function, the noise, the calibration, the
cuts applied at each stage. The analysis is then run on the synthetic observation and its output
compared with the known content of the synthetic universe.

The distinction that matters is between simulating the world and simulating the observa-
tion of the world. A simulation of the first kind tests whether a model produces a pattern. A
simulation of the second kind tests whether the analytical apparatus recovers, from what the
instrument would actually deliver, a feature the analyst knows to be present [7]. The second
tests the measurement system, and a feature the apparatus fails to recover is a feature the
apparatus cannot establish.

21.2 Presuppositions of the Practice

Two conditions are required.

The measurement system is simulable, so that the transformation from a condition of the
world to a published value can be represented well enough for the test to be informative.

A ground truth can be posited, so that the output of the analysis has something to be
compared against.

The first fails where the transformation is undocumented. The second fails where no state-
ment of a condition of the world can be formulated independently of the measurement system

that would record it.

21.3 The Governance Counterpart

The governance counterpart is the simulation of a statistical or administrative measurement
system, and it stands in the same relation to the practice of policy simulation that the astro-
physical mock catalogue stands to a cosmological simulation.

Policy analysis simulates models of governed systems: microsimulation of a tax and ben-
efit system, agent models of a population, projections under scenarios. These simulate the
world. What is seldom simulated is the observation of the world: the sampling frame, the
response process, the definitional boundaries, the processing, the release schedule and the

revision policy through which a condition becomes a published figure.
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The nearest existing practice is the power calculation, which asks whether a study of a
stated size would detect an effect of a stated magnitude. Its scope is the sampling stage alone.
The practice under examination here extends the same question to the whole apparatus, in-
cluding the definitional boundary that determines what counts as an instance and the sched-

ule that determines when the instance is registered.

21.4 Status of the Presuppositions in Governance

Both are satisfiable, and their satisfaction is what places this element in the transferring class.

The first is satisfiable because statistical systems document their transformations. A sam-
pling frame, a response model, a set of definitional rules, a processing sequence and a release
schedule can be represented in a simulation of the measurement system, and the representa-
tion need be no more faithful than the test requires.

The second is satisfiable in the specific form the test needs. The requirement is a posited
condition of the world stated independently of the instrument, which is available wherever a
policy question concerns a change of stated size in a stated quantity. A synthetic population
in which a defined shift has been imposed supplies the ground truth, and no metaphysical

claim about independent access to the world is involved.

21.5 The Transferable Residue

The element transfers, and its transfer converts three earlier findings into a testable procedure.

Requirement 21.1. (Recovery test of the measurement system). Before a source is relied
upon to establish that a phenomenon of a stated character has occurred or has failed to occur,
the measurement system producing that source is simulated, a synthetic condition containing
the phenomenon is passed through the simulation, and the analysis to be used is applied to the
synthetic output. Where the analysis fails to recover the phenomenon, the source establishes
nothing about it, and a report drawing on that source states this.

The requirement operationalises what Part IV established by argument. Claim 16.1 held
that the release schedule fixes the class of phenomena that can appear in evidence; a recov-
ery test determines, for a particular phenomenon and a particular schedule, whether it does.
Claim 16.2 held that fast variation is registered as slow structure; a recovery test exhibits the
artefact by passing a known fast variation through the simulated schedule and displaying
what emerges. Claim 15.1 held that selection varies with age; a recovery test under a period’s
recording régime shows what that régime would have registered.

Two features distinguish the requirement from the others in Part V. It is the only one whose
satisfaction produces a positive demonstration in place of a record or a disclosure, since its
output is an exhibit that a reader may examine. And it bears against the party conducting it
in a specific way: an arrangement that runs the test and finds its source unable to recover a
phenomenon has produced evidence that its own evidential basis is inadequate for a question
it may prefer to answer.

The limit of the requirement follows from the first presupposition. A simulation of a mea-

surement system is a model of that system, and a test conducted through an inaccurate simula-
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tion establishes what an inaccurate simulation would deliver. The test is therefore informative
in proportion to the documentation of the transformation, and the sections of a measurement
system that are least documented are the sections about which the test says least. Recording
practice by frontline officials, which Section 8 identified as part of the forward operator, is
ordinarily the least documented part.

Assignment 21.2. (Class of the element). Mock pipelines fall in class 1v, transfers intact,
since the measurement system is documented and its simulation requires effort in place of
new observation. A secondary assignment in class m records that the fidelity of the simulation

depends on documentation supplied by the party whose measurement system is being tested.

22 Ladder Calibration and the Retention of Persistent Tension

This section closes the third family with the practice by which a discipline handles two in-
dependent routes to one quantity that disagree. Its objective is to establish what the astro-
physical handling requires, to identify the governance counterpart, and to derive from the
comparison a result that supplies the paper with its one constructive instrument for estimat-
ing the movement of a system without a model. The section follows the template fixed in
Section 7.

22.1 The Structure of the Practice in Astrophysics

Distances in cosmology are established by calibrated chains, each rung of which is anchored
to the one below. Independent chains reach the same quantities by different routes, and the
expansion rate of the universe is presently the subject of a persistent disagreement between
a route running through the early universe and a route running through the local distance
ladder [44].

The handling of that disagreement is what concerns the present argument. The disciplines
have not averaged the two determinations, have not selected the one produced by the method
judged more reliable, and have not suppressed the disagreement pending resolution. Both
determinations remain in circulation with their uncertainties, and the disagreement is treated
as information about the model connecting them. The persistence of the disagreement across
improvements in each route is itself a reported finding, and the search for its source is a sub-

stantial research programme.

22.2 Presuppositions of the Practice

Three conditions are required.

The routes are genuinely independent, so that a disagreement between them bears on
something other than a shared error.

The uncertainties are stated well enough that a disagreement can be distinguished from a
fluctuation.

No party holds authority to require a single number, so that the disagreement may be

retained without resolution for as long as it persists.
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Each admits failure. The first fails where the routes share a calibration or a frame. The sec-
ond fails where the uncertainties are unstated or understated. The third fails where a decision

requires one figure.

22.3 The Governance Counterpart

Governance frequently possesses two routes to one quantity. Employment is measured by a
household survey and by administrative payroll records. Crime is measured by police record-
ing and by a victimisation survey. Health conditions are measured by clinical registration
and by population survey. Income is measured by household reporting and by tax records.
In each case the two routes have different frames, different definitional boundaries, different
production intervals and different failure modes.

The routes disagree, and the disagreements are documented by the agencies producing
them. What differs from the astrophysical case is the handling.

22.4 Status of the Presuppositions in Governance

The first is partly satisfied. The routes named above differ in frame and in method to a degree
that makes their disagreement informative, though shared elements remain: both may rest on
a common population estimate, and both may be affected by a common definitional revision.

The second is partly satisfied. Sampling uncertainty is stated for survey routes; the uncer-
tainty attaching to an administrative count is ordinarily unstated, since the count is presented
as enumeration.

The third fails, and its failure is the section’s principal finding on the negative side. A
decision requires a figure, and an arrangement holding two figures for one quantity resolves
the disagreement in order to proceed. The resolution takes one of three forms: an average,
a selection of the route judged authoritative, or the designation of one route as the official
series and the other as a check. Each disposes of the disagreement, and each discards what

the disagreement carried.

22.5 The Transferable Residue

The practice transfers as a requirement, and the comparison yields one result of a kind the
rest of the paper does not supply.

Requirement 22.1. (Retention of a disagreement between routes). Where two routes to
one quantity disagree beyond their stated uncertainties, both determinations are reported
with the decision they inform, the disagreement is recorded as a quantity, and its persistence
or resolution across successive periods is tracked. A single figure adopted for operational
purposes is marked as an adoption and is accompanied by the range the two routes span.

Claim 22.2. (Information carried by a disagreement between routes of differing age).
Where two routes to one quantity have different reference times, the disagreement between
them is a compound of the differences in their frames, definitions and errors, and of the

movement of the system across the interval separating their reference times. The frame and
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definitional components are estimable from periods in which the two routes refer to the same
moment. What remains after their removal carries information about the movement of the
system over the interval, and it carries that information without a dynamical model of the
system.

The claim requires care, and three restrictions belong with it.

It supplies a comparison and no absolute quantity. What is recovered is the change over
the interval separating the two reference times, and where that interval is short relative to the
lookback of the slower route the recovered quantity bears on a fraction of the interval that
matters.

Its estimation requires periods of overlap, and the overlap must be one in which the two
routes genuinely refer to the same moment. Where the faster route is available continuously
and the slower periodically, such periods exist by construction, and the comparison of the fast
route at the slow route’s reference time with the fast route at the present supplies the interval
movement directly. Where the slower route is the only source for a quantity, the claim is
unavailable.

It rests on the frame and definitional differences being stable across the interval. Where a
definition has been revised within the interval, the separation fails, which is Requirement 18.2
operating as a precondition of the present one.

Subject to those restrictions the claim supplies something the paper has otherwise with-
held. The evidence horizon of Definition 10.2 was defined without a means of measuring it,
and Claim 10.4 supplied an ordering in place of a magnitude on the ground that a magnitude
would require a dynamical model. A pair of routes with differing reference times supplies
a partial empirical substitute: it exhibits how much a quantity moves over an interval of a
stated length, without asserting why it moved. Where such a pair exists, an arrangement can
estimate what its lookback costs it in the specific quantity at issue.

Assignment 22.3. (Class of the element). Ladder calibration falls in class 1v, transfers intact,
for Requirement 22.1 and Claim 22.2, both of which require the retention and comparison of
existing series. A secondary assignment in class m1 records the failure of the third presuppo-

sition, since the party requiring a single figure is the party the figure is used to assess.

23 The Disanalogy of Reflexivity

This section opens Part VI, which assembles the results of the transfer tests. Its subject is the
disanalogy identified in advance at §6.4 as the principal one: the astrophysical observer does
not act on the observed object, and the observed object does not read its own description,
while a governing party does the first and a governed system does the second. Its objective
is to establish what follows for the correspondence requirement, and its result is that the in-
terval 7¢ is a coupling in governance and a delay in astrophysics, so that reconstruction of
a present condition is differently posed here and not merely harder. The section closes with
the conditions under which the disanalogy is weak, since a claim of this generality requires a
statement of where it does not bite.
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23.1 The Interval in Its Coupling Form

An astrophysical source emits, the signal propagates, and the observer receives. Nothing the
observer does enters the sequence. The interval is therefore a pure delay: what is received is
a state the source occupied for reasons entirely its own.

A governing party observes in order to act, and acts on the system it observes. The con-
dition recorded at the reference time is accordingly a condition the system occupies partly in
consequence of the previous round of governance, and the party reading a lagged indicator

is reading, among other things, the trace of its own earlier intervention arriving late.

Claim 23.1. (The interval as a coupling). In governance the interval between the reference
time of a body of evidence and the moment of decision is an interval during which the sys-
tem responds to the intervention that the previous body of evidence informed. The evidence
read at ¢; describes a condition at ¢, that was itself produced in part by an action taken on
evidence with reference time earlier still. The interval therefore couples successive rounds of
governance to one another, and a party that corrects for the delay without accounting for the
coupling attributes to the system a movement that its own prior action produced.

The claim has a consequence for Requirement 11.4. The residual monitoring recom-
mended there compares an anticipated value with a received one, and a persistent discrep-
ancy was read as evidence that the account has departed from the system. Under Claim 23.1
a discrepancy may equally record the system’s response to the intervention the account in-
formed, which is a different finding with a different implication. The requirement stands,
since detecting that something has changed remains informative, and its interpretation

acquires an alternative that must be entertained.

23.2 Inversion of the Lag Under Anticipation

The second element of the disanalogy produces an effect with no counterpart at all in the
observational case, and it is the most disruptive consequence of reflexivity for the paper’s
framework.

Parties within a governed system read descriptions of that system, including descriptions
produced for the purpose of deciding upon them, and they adjust in anticipation of the in-
tervention those descriptions are expected to prompt. The adjustment occurs before the inter-

vention.

Claim 23.2. (Anticipatory inversion). Where the parties within a governed system anticipate
an intervention, part of the system’s response to that intervention occurs before it is adopted,
and is recorded by the measurement system at reference times preceding the decision. The
observational record therefore contains effects of the intervention at times earlier than the
intervention, and the sign of the interval between cause and recorded effect is not fixed.

The claim bears against a natural reading of the correspondence requirement. Sections 4
through 18 have treated the problem as one of evidence describing a condition the system
has left. Claim 23.2 identifies a case in which the evidence describes a condition the system

entered because of a decision that has not yet been taken, so that the evidence is stale with
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respect to one process and premature with respect to another. Correction by more recent
observation addresses the first and compounds the second, since the most recent observations
are the ones most contaminated by anticipation.

The phenomenon is documented in domains where anticipation is strong. Announce-
ments of tax changes shift the timing of transactions before the change takes effect; announced
enforcement campaigns alter recorded conduct before enforcement begins; the prospect of
a threshold-based allocation alters the quantities near the threshold before the allocation is

made.

23.3 The Constitution of the Object by Its Description

A third element completes the disanalogy. The categories through which a governed system is
described are available to the parties within it, and their availability changes what the parties
do and how they understand what they are doing. A description of a population as at risk, of a
practice as an offence, or of a condition as a diagnosis enters the conduct of those so described.
The claim is Giddens’ [15], and it is imported here without amendment.

Claim 23.3. (Reconstruction under constitution). The reconstruction of a governed system’s
present condition from lagged observation is conducted in categories that participate in con-
stituting the condition being reconstructed. The object of the reconstruction is therefore partly
a product of the descriptive apparatus applied to it, and the reconstruction is not the recovery
of an independently standing condition. Reconstruction in governance is accordingly differ-
ently posed from reconstruction in astrophysics, and its difficulty is of a different kind.
Claim 23.3 supplies the general form of the failure that Section 8 and Section 18 found
in particular places. The forward operator is interested because its administrators act on its
outputs; the standard ruler is administered because its categories are constitutive of the phe-

nomena they measure. Both are instances of a system whose description is internal to it.

23.4 Conditions Under Which the Disanalogy Is Weak

A claim of this generality requires a boundary, and the boundary is stated in terms of what
reflexivity requires.

Reflexivity requires that parties within the system have access to the description, that they
have an interest in the intervention it informs, and that they possess the capacity to adjust.
Where any of the three is absent the disanalogy weakens, and the astrophysical situation is
approached.

Three classes of governance question satisfy the conditions weakly. Physical and eco-
logical systems governed for their own condition, of which air quality, water systems and
habitat are instances, contain no parties who read the description, though the human parties
acting upon them do. Quantities recorded automatically by instruments outside the aware-
ness of those they concern are less exposed to anticipation than quantities recorded through
self-report. And decisions whose subject matter is unknown to the parties affected, whether
through the ordinary obscurity of administrative process or through deliberate withholding,

exhibit weak anticipation and strong ethical difficulty of a different kind.
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The boundary has a consequence worth recording. The elements of Part III whose fail-
ure was assigned to reflexivity fail less severely in the weakly reflexive domains, so forward
modelling is a better-founded practice for an ecological system than for a labour market. The
paper’s negative results are therefore graded across subject matters, and a governing arrange-
ment may determine where on that gradient a particular question falls by asking the three

conditions of this subsection.

24 The Ensemble and the Time Series

This section states the paper’s principal negative result. Its objective is to establish that the
manoeuvre by which astrophysics converts its lookback condition from a defect into an in-
strument requires something governance lacks, that the substitute available to governance
exchanges one difficulty for another, and that the exchange is ordinarily neither chosen nor
declared. The section proceeds by setting out the astrophysical manoeuvre, identifying its re-
quirement, establishing the trade, and drawing three consequences, of which the third bears

on an operation examined in Part IIL

24.1 The Conversion of Lookback into an Instrument

The condition described in Section 6 is a limitation, and astrophysics has made it the founda-
tion of a research programme. Objects at different distances are observed at different epochs,
and where those objects are instances of one class governed by one physics, the collection of
them at many distances constitutes a record of how that class evolves. Galaxy evolution is
studied in this way. The observer does not wait to see a galaxy change; the observer looks
further away and sees an earlier one.

The manoeuvre substitutes an ensemble for a time series. A time series of one object over
the relevant timescale is unavailable, and an ensemble of objects at many epochs stands in its
place. What was a defect, the impossibility of observing the present state of a distant object,

becomes the means by which the past is accessible at all.

24.2 The Requirement of the Substitution

The substitution requires that the instances be instances of one thing. Where objects at dif-
ferent distances are governed by one physics, an object observed at an earlier epoch informs
about the earlier condition of an object observed now, and the inference proceeds through
the shared law. Where the objects are governed by different laws, or where their differences
are unmodelled, the collection is a collection of unlike things and the ensemble carries no
information about evolution.

Section 17 recorded the two conditions in the form the cosmological case requires, statisti-
cal homogeneity and approximate independence, and found both unavailable in governance.

The present requirement is the more fundamental one on which those two rest.
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24.3 The Trade Between the Two Mismatches

Governance holds one system and one history. Its available substitute for an ensemble is
comparison across cases: jurisdictions, regions, organisations, populations. The substitute
is used constantly and is the basis of most evidence offered for policy, since a finding from
elsewhere is what an evidence base ordinarily contains.

Proposition 24.1. (The trade between temporal and contextual mismatch). Two routes are
available for informing a decision about a system’s present condition and the effects of an in-
tervention upon it. The first uses evidence from the same system at earlier times, and incurs
the temporal mismatch this paper has examined: the evidence describes a condition the sys-
tem may have left, under dynamics that may have altered, in categories that may have drifted.
The second uses evidence from other systems at comparable times, and incurs the contextual
mismatch examined in the external validity literature: the evidence describes a system whose
support factors may differ from the target’s. Astrophysics escapes both, because its instances
at different epochs are governed by one law, so that a temporally distant instance is a contextu-
ally equivalent one. Governance possesses no such law, and the two mismatches are therefore
exclusive alternatives between which a choice is made whenever evidence is assembled.

The proposition is stated as a trade and not as an impossibility, and the distinction matters.
Neither route is closed. What is closed is the position astrophysics occupies, in which reaching
into the past and reaching across instances are the same operation. In governance they are
different operations with different defects, and a body of evidence assembled from both incurs
both.

244 Consequences of the Trade

Three consequences follow, and the third is the sharpest.

Claim 24.2. (The undeclared choice). An evidence base assembled for a decision ordinarily
contains items of both kinds without marking which mismatch each carries. A synthesis re-
porting a pooled estimate does not report how much of its weight rests on evidence distant in
time from the target and how much on evidence distant in context. The choice between the
two mismatches is therefore made in the composition of the base, by whoever assembled it,
and is neither stated nor deliberated.

Claim 24.3. (Ambiguity in the demand for further evidence). A demand that an evidence
base be strengthened has no determinate direction. Extending it backward in time deepens
the temporal mismatch, since older evidence is further from the present condition and, per
Claim 15.1, more selected. Extending it across further cases deepens the contextual mismatch,
since additional cases are drawn from settings progressively less like the target. The two exten-
sions improve precision and degrade correspondence in different currencies, and no exchange
rate between them is available. A recommendation to gather more evidence is therefore in-

complete until it states which extension it recommends and which mismatch it accepts.

Claim 24.4. (Simultaneous incurrence in meta-analytic synthesis). Meta-analytic synthesis

pools along both axes at once. Its constituent studies were conducted at different times and
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in different settings, and the pooling operation treats variation along both axes as draws from
a common distribution. The resulting estimate therefore incurs the temporal mismatch of
Claim 12.1 and the contextual mismatch of the external validity literature simultaneously, and
reports a single figure in which the two are indistinguishable. The heterogeneity term absorbs
both, and its magnitude carries no information about which of them produced it.

Claim 24.4 completes the argument begun at Claim 12.1 and identifies why the operation
examined there is the paper’s central applied target. A synthesis is the form in which evidence
is ordinarily delivered to a governing party, it is the point at which the two mismatches are
combined, and its output is a number whose composition along both axes is unrecoverable
from the number itself. Requirement 12.2 addresses one axis by asking that estimates be or-
dered by reference date. The corresponding treatment of the other axis is the subject of the
external validity literature, and the present claim is that the two treatments must be conducted
together, since a variance component absorbing both cannot be attributed to either.

24,5 The Position the Result Leaves

The result is negative and its consequence for the paper’s conclusion is direct.

Where a decision concerns a system’s present condition, the evidence available describes
that system at an earlier time or describes other systems at a comparable time, and both de-
scriptions stand at a distance from the object of the decision. The distances are of different
kinds and neither is eliminable. What remains available is the declaration of which distance
a body of evidence carries, the examination of the base for the composition Claim 24.2 leaves
unstated, and the allocation of the burden of justification developed in Section 28.

The result also fixes the limit of the paper’s comparison. Astrophysics has been used
throughout as a discipline that confronted the historical character of observation and built
an epistemology around it, and Parts III to V examined what of that epistemology transfers.
The present section identifies what does not and cannot: the manoeuvre that made the con-
dition productive rests on a shared law among instances, and the absence of such a law in
governance is a feature of the subject matter admitting no remedy of the kind the comparison
supplies. The transfer is therefore bounded from above by Proposition 24.1, and what lies

below that bound is assembled in Section 25.

25 The Classification of Transfer Failures

This section assembles the assignments recorded at the close of each element section and states
what their distribution establishes. Its objective is to present the classification as a whole, since
the argument of Parts III to V travels through the distribution and not through the order of
exposition, and to draw the result that the distribution supports. The section presents the

table, reads it by class, and states the finding together with the restrictions on it.
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Table 2: Classification of the fifteen elements by the presupposition that fails in governance. Classes
are 1 precondition absent, 11 reflexivity, i interested observer, 1v transfers intact. Primary assignments
are given first.

Element Presupposition at issue in governance Class
Reconstruction of a past state
Inverse inference Operator fixed independently of the an- 1, 1v
swer
Forward modelling System closed to the modeller I, IV
Uncertainty propagation Law and bounded model family I, IV
Data assimilation Observability of the state I, 111, IV
Retrodiction One system across epochs (holds) v, I
The observing situation
Past light cone Intervals known and commensurable I, IV
Horizon Boundary determinable (holds) v, I
Selection at depth Selection function characterisable I, IV
Survey cadence Limit computable from schedule (holds) 1v, m
Single realisation Homogeneity and independence I
Standard rulers Reference administered by no party 11, 1V, 1
Discipline of the observing community
Blind analysis Procedure fixable, result accepted v, 1
Provenance and re-reduction Conditions recorded and transmitted v, III
Mock pipelines Measurement system simulable (holds)  1v, m
Ladder calibration No authority requiring one figure IV, I

25.1 The Distribution of Primary Assignments

Table 2 records the assignments. Read by primary class, five elements fall in class 1, one in
class 11, two in class m1, and seven in class 1v.

The distribution across families is the feature that carries the argument. The first family,
the reconstruction of a past state, contains four elements whose primary assignment records
a failure and one that transfers. The second family divides, with three failures and three
transfers. The third family transfers entire.

The pattern admits a statement that does not depend on the counts.

Claim 25.1. (The line the classification draws). An element of astrophysical practice trans-
fers to governance where its presupposition concerns the conduct of the observing commu-
nity, and fails where its presupposition concerns a property of the observed system or of the
relation between that system and the instruments trained on it. Every element in the third
family transfers. Every element whose presupposition requires a dynamical law, an observ-
ability condition, a characterisable selection function, a common distribution across instances,
or a reference administered by no party fails, and the failures are properties of governance as

a subject matter, distinct from defects of practice within it.

25.2 Class III Read Across the Table

Class m appears twice as a primary assignment and seven times as a secondary one, and the
pattern is worth reading in its own right.

Where the interested observer is the primary failure, the element requires a measurement
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apparatus settled independently of the party assessed by its outputs, which the inverse infer-
ence and the standard ruler both do. Where it is secondary, the element is otherwise available
and its operation is conditioned by an interest: the boundary of the unobserved region is set
by the party declaring it, the schedule fixing a resolution limit is set by the party the series as-
sesses, the fidelity of a simulated measurement system depends on documentation the same
party supplies, the retention of vintages is administered by the party whose past conduct they
would be used to assess, and the demand for a single figure comes from the party the figure

assesses.

Claim 25.2. (Interest as a modifier). The interested position of the observer is rarely the
sole obstacle to an element’s transfer and is present in almost every case. It operates as a
condition on the elements that transfer, determining how far each is available in practice, and
the requirements yielded by those elements are accordingly requirements a party imposes on
itself.

Claim 25.2 identifies the respect in which the class 1v results are weaker than their clas-
sification suggests, and Section 29 states the consequence. An element that transfers intact

transfers into a setting where its adoption is a decision of the party it constrains.

25.3 C(Class II Read Across the Table

Class 11 appears once as a primary assignment, and the appearance understates the reach of
the disanalogy that Section 23 examined.

The reason is a feature of the classification. An element is assigned to class 1 where its pre-
supposition explicitly requires that the observed system evolve independently of the observa-
tion, and forward modelling is the only element whose statement contains that requirement
directly. Reflexivity nevertheless conditions the interpretation of results throughout: it sup-
plies an alternative reading of the residual monitored under Requirement 11.4, it confounds
the consistency examination of Requirement 12.2, and Claim 23.3 identifies it as the general
form of the failures assigned to class m1 in the inverse inference and the standard ruler.

The counts therefore understate class m and the table should be read with Section 23 along-

side it.

25.4 The Character of the Transferable Requirements

The elements assigned primarily to class 1v yield the following requirements: Require-
ment 12.2 on temporal consistency, Requirement 14.1 on declaration of the unobserved
region, Requirement 16.3 on the resolution limit, Requirement 19.2 on fixed procedure and
complete record, Requirement 20.1 on the indexed evidence item, Requirement 21.1 on the
recovery test, and Requirements 22.1 and 22.2 on the retention and reading of disagreement.
Two further requirements, 9.2 on predicted evidence and 11.4 on residual monitoring, arise

as secondary residues of elements whose primary assignment is a failure.

Claim 25.3. (The character of the transferable). Every requirement yielded by the transfer

test is a discipline of declaration, of record, of procedural constraint or of comparison. None
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requires the construction of an estimation system, the acquisition of a dynamical model, or the
enlargement of the measurement apparatus. What a mature observational science supplies
to governance is therefore a set of practices for handling observations honestly, and not a
technique for recovering the present condition of a system from lagged observation of it.
Claim 25.3 states the result the paper has been assembling and hands it to Part VILI. Its two
components are stated separately in Sections 27 and 28: what follows for the domain within
which estimation remains legitimate, and what follows for a party proposing to act where it

does not.

26 Grammatical Tense and the Displacement of Responsibility

This section closes Part VI with the element of astrophysical practice identified at §6.2 as the
one bearing most directly on governance, and it is not a method. Its objective is to establish that
the grammatical form in which policy evidence is reported asserts more than its production
supports, to identify what the surplus costs, and to connect the requirement of this paper to
the third of the limitations set out in Section 3. Its result is that the correspondence failure and
the displacement of responsibility onto evidence are connected through the tense in which
evidence speaks, so that the fourth limitation aggravates the third.

26.1 The Concession Restated

Astrophysics reports its objects in the past tense of a stated epoch. A quantity is given at a
redshift, a property is attributed to a population at a stated cosmic time, and a claim about a
present condition is marked as an extrapolation carried by a named model.

Three things follow from that discipline, and they were stated at §6.2 in a form the present
section now uses. An inference from observation to present condition becomes visible as an
inference. Being visible, it carries an assumption that someone has stated. Carrying a stated
assumption, it has a defender and a place at which an objection may be lodged.

26.2 The Tense of Policy Evidence

Policy evidence speaks in the present. An unemployment rate is reported as what unemploy-
ment is; an evaluation reports what a programme does; a dashboard displays a condition. The
reference period appears in documentation and the assertion appears in the present indica-

tive.

Claim 26.1. (Surplus of the grammatical form over the warrant). A present-tense report of
a quantity produced through a finite interval asserts a claim about a condition at the time of
reading, while its production supports a claim about a condition at the reference time. The
difference between the two is an inference, and the grammatical form conceals that an infer-
ence has been made. The surplus is therefore carried without an assumption being stated,
and consequently without a defender and without a place at which it may be contested.
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The claim is modest in what it asserts and consequential in what follows. It does not hold
that any party is deceived, since a reader familiar with statistical production knows that fig-
ures have reference periods. It holds that the form of the report leaves the inference unstated,
so that the question of how far the system may have moved is never raised at the point where

it would bear.

26.3 The Connection to the Displacement of Responsibility

Section 3 recorded as the third established limitation that an appeal to evidence relocates the
ground of a decision from the party deciding to a procedure, so that the decision becomes
attributable to an authority occupying no office. The present section identifies what the relo-

cation requires.

Claim 26.2. (Dependence of the displacement on the tense). The formula by which a de-
cision is attributed to the evidence operates because the evidence appears to describe the
situation the decision addresses. Where evidence is reported in the present tense, the party
deciding may present itself as having followed a description of the present, and the description
bears the responsibility. Where evidence is reported with its reference time and the inference
to the present is marked, the same formula asserts that the party acted on a description of an
earlier condition together with a judgement about the interval. The judgement is the party’s
own, is unsupported by the evidence, and is therefore attributable to the party. The fourth
limitation accordingly aggravates the third, and the correction of the tense partly disarms it.

One consequence of the claim belongs with the account given in Section 3. A position from
which a warrant issues must be able to speak about the act it warrants, and an authority whose
statements are marked as descriptions of an earlier condition cannot occupy that position for
a decision taken now. The present tense is therefore a condition of the installation, and the
marking recommended below removes it. What the marking withdraws is not the authority
of the evidence over its own subject matter, which is untouched, but its availability as the locus
from which a present act receives its guarantee.

The claim also identifies the point at which the present paper meets the analysis of the
political conditions of evidence use noted in §5.6. That analysis concerns the interests shaping
which evidence is produced and how it is interpreted. The present claim concerns a feature
of the evidence itself which determines how much resistance those interests encounter: a
report whose inferential surplus is unmarked offers a party a description it may adopt without
acknowledging that it has judged anything, and a report whose surplus is marked requires
the party to state a judgement of its own.

26.4 The Requirement and Its Weakness

Requirement 26.3. (Tense of a report of condition). A report of the condition of a governed
system is written in a tense its production interval supports. A statement about the condition
at the time of reading is marked as an extrapolation from the reference condition, and the
ground of the extrapolation is named. Where no ground is available, the report states the
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reference condition and states that the present condition is undetermined by the evidence
adduced.

The requirement costs nothing in apparatus and it is the weakest of the paper’s require-
ments in a specific respect that should be stated plainly. It changes no fact about what is
known. A party that marks its inferences knows exactly what a party that conceals them
knows, and a decision taken under a marked inference may be the same decision.

Its value lies elsewhere and is worth stating precisely. It relocates the inference from the
implicit background of a report into the body of it, where the three consequences set out at
the opening of this section follow: an assumption is stated, a party stands behind it, and an
objection has somewhere to go. The requirement produces no knowledge and creates the
conditions under which the absence of knowledge can be raised.

One objection deserves an answer. It may be held that governing arrangements require
assertive language, that a report hedged at every figure is unusable, and that the marking
recommended here would produce documents no minister reads. The answer is that the
discipline is available in a form that costs little: a reference time attached to a figure and
a single marked sentence where an extrapolation is relied upon. Astrophysics maintains the
discipline in papers of high technical density without rendering them unreadable, and the cost
of the alternative is that the assumption on which a decision rests goes undefended because
it goes unstated.

27 The Partition of the State Space and the Domain of Estimation

This section opens Part VII by stating the consequence of Proposition 11.1 for the standing
of estimation in governance. Its objective is to establish where estimation from lagged obser-
vation is legitimate, where the question of estimation does not arise, and what a governing
arrangement owes at the boundary. The section is deliberately affirmative in its first half,
since a framework that declined estimation where estimation works would be a framework
no practitioner should accept, and the paper’s negative results are worth only as much as its

positive ones are credible.

27.1 The Region in Which Estimation Is Legitimate

Where the quantities bearing on a decision lie within the component recoverable from the
instituted measurements, the reconstruction of a present condition from lagged observation
is a well-posed problem. Its difficulty is a matter of degree, its errors are estimable, and the
machinery developed in the fields that practise it applies.

Epidemic surveillance is the standing instance and its standing is literal. The estimation
of current infection incidence from case reports arriving with a delay distribution is the re-
construction of a present condition from lagged observation, conducted for the purpose of
governing, and it works. Macroeconomic nowcasting occupies the same position. The exis-
tence of these practices is what establishes that the paper’s negative results are bounded, and

a framework denying them would be refuted by them.
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Claim 27.1. (The domain of legitimate estimation). Where the quantities bearing on a deci-
sion are observable through the instituted measurements, where a dynamical account of their
evolution is available and testable, and where the interval falls within the evidence horizon
of Definition 10.2, estimation of the present condition is legitimate and its products carry the
standing their construction supports. The paper’s negative results concern the complement
of this region and establish nothing against practice within it.

Two features of the claim are worth stating. Its three conditions are conjunctive, so a do-
main satisfying two of them lies outside it: a quantity observable and modelled but read
across an interval beyond its horizon supports no claim about the present. And the condi-

tions are assessable in advance of any estimate, which is what makes the claim operative.

27.2 The Region in Which the Question Does Not Arise

Where the quantities bearing on a decision lie in the unobservable component, no estimate
of their present values exists to be constructed, and the deficiency is structural in the sense
established at Proposition 11.1 and Equation 13.

Claim 27.2. (Priority of the partition over the choice of method). The determination of
which region a quantity occupies is prior to the selection of an estimation method and is con-
ducted by different means. It requires an examination of the relation between the instituted
measurements and the quantity, and it is settled before any question of technique arises. A
methodological dispute conducted over a quantity in the second region is conducted over a
problem that is undefined, and the disputants” preference among methods is idle.

The claim supplies the answer to a question the introduction left open. Section 1 declined
a methodological proposal, and the refusal might be read as a general scepticism about tech-
nique. It is not. The paper’s position is that technique is appropriate within a region whose
extent is determinable, and that the determination is the step ordinarily omitted. A governing
arrangement that conducts it will find some of its questions inside the region and will proceed
with the methods those fields supply.

27.3 The Obligation at the Boundary

The boundary between the regions is partly a matter of what the world permits and partly a
matter of what was instituted, per Claim 11.2, and the composition of the boundary is what
a governing arrangement owes an account of.

Requirement 14.1 stated the obligation in its general form: an account of a system’s condi-
tion states which of the quantities bearing on the decision the measurements reach and which

they do not. The present section adds what the declaration exposes.

Claim 27.3. (Attribution of the boundary). Where the unobserved region is declared, its
contents divide into quantities beyond every available instrument and quantities beyond the
instituted measurements alone. The second division is attributable to the parties that insti-
tuted the measurements, and a claim of unknowability concerning a quantity in that division

is a claim about an arrangement, distinct from a claim about the world. The declaration there-
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fore converts an appeal to unknowability from a stopping point into an assertion that may be
examined.

The claim gives the partition its political form. An arrangement may enlarge the unob-
servable region by declining to measure, and the enlargement is invisible while the boundary
is undeclared. Declaring the boundary makes the enlargement visible without requiring that
it be reversed, and the question of whether it should be reversed becomes a question that can

be put.

28 Restraint Under Temporal Correspondence Failure

This section states the paper’s normative content. Its objective is to convert the findings of
Parts III to VI into an allocation of the burden of justification, to enumerate the conditions
under which that allocation operates, to distinguish it from a presumption against action, and
to identify the one positive recommendation the argument supports. The section states the
criterion, its triggers, its symmetry, what discharges it, and its differentiation from the nearest

established formulation.

28.1 The Criterion

Criterion 28.1. (Allocation of the burden under correspondence failure). Where a course
available to a party would produce effects that are substantially irreversible, and where tem-
poral correspondence fails for the evidence adduced in support of that course, the burden of
justifying its adoption lies with the party adopting it. Where correspondence holds, or where
the effects of the course are revisable at proportionate cost, the evidence bears its ordinary
weight and the choice falls to ordinary political and administrative settlement.

Three terms carry the criterion and are fixed here.

A course is anything a party may do, including declining to act, and the subsection on
symmetry below states why the inclusion is required.

Substantial irreversibility concerns the effects and is relative to available means and to a
horizon that the party states. Itis a factual matter admitting dispute, and the criterion requires
that the horizon be stated whenever it is applied.

Correspondence failure is established by the conditions of the following subsection and by
nothing else. The criterion does not fire on uncertainty as such.

28.2 The Conditions Establishing Failure

The transfer tests supply six determinate conditions, each of which was derived in its own
section and each of which is assessable without a dynamical model of the governed system.
The interval exceeds the evidence horizon of Definition 10.2 and Equation 10, so the dis-
tribution over conditions consistent with the evidence no longer separates the alternatives at
issue.
A quantity on which the choice turns lies in the unobservable component of Proposi-

tion 11.1 and Equation 13, so no estimate of its present value exists.
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The residual sequence of Requirement 11.4 exhibits consistent sign or growing magnitude,
so the account held has departed from the system.

The estimates constituting the evidence base exhibit trend by reference date under Re-
quirement 12.2, and the party pooling has not discharged the burden of showing that pooling
is warranted.

The recovery test of Requirement 21.1 fails, so the source relied upon would not register
the phenomenon at issue.

Two routes to a quantity disagree beyond their stated uncertainties under Require-
ment 22.1, and the disagreement is unexplained by the frame and definitional differences
between them.

The list is a set of sufficient conditions and makes no claim to completeness. Each is de-
terminable from records a governing arrangement holds or can construct, and none requires

the apparatus the paper has declined throughout.

28.3 Symmetry Across Acting and Declining

The criterion is stated over courses, and the inclusion of deferral within that term is required
by an argument that must be made explicitly, since a criterion keyed to correspondence failure

would otherwise operate as a presumption against action.

Claim 28.2. (Irreversibility on the side of delay). Deferral produces effects, and its effects
are sometimes irreversible. A transition postponed past the point at which it could have pre-
vented a threshold crossing forecloses as completely as an intervention does; an opportunity
for a settlement that closes, a population that ages out of a window of effect, and a habitat
lost while a decision was pending are foreclosures produced by declining to act. A criterion
stated over intervention alone would place no burden on the deferring party in these cases,
and would therefore favour whichever course the existing arrangement already follows.

The consequence for the present criterion is direct and is the paper’s principal protection
against a misreading. Correspondence failure raises the burden on any course whose effects
are substantially irreversible, and the party proposing to continue as it is bears the burden as
fully as the party proposing to change, where continuation forecloses. The criterion allocates
a burden and states no presumption in favour of the status quo, and a party invoking it to
resist a change must accept it when the change is resisted.

28.4 The Discharge of the Burden

The burden is argumentative and is discharged by argument, since by hypothesis the evidence
does not reach the condition at issue. A party discharges it by stating four things: the fore-
closure the course would produce and the horizon over which it is irreversible; which of the
six conditions listed above obtains and what is therefore undetermined by the evidence; the
ground on which the party nevertheless judges the course warranted, identified as theory, as
analogy, as the experience of the parties, or as interest, per Claim 14.2; and what would be

observed if the judgement were wrong, together with when that observation would arrive.
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The fourth element is Requirement 9.2 operating as a component of discharge, and it is
what keeps the burden from being satisfied by assertion. A party that cannot say what would
show its judgement to be mistaken has not discharged the burden; a party that says so has
produced a commitment against which it may later be assessed, subject to the retention that
Claim 20.2 requires.

28.5 Differentiation from Precaution

The criterion resembles the precautionary principle and differs from it on two axes, and the
differences run in opposite directions.

Its trigger is narrower. Precaution in its familiar forms fires on uncertainty together with
the prospect of serious harm, and uncertainty attends every course including refusal, which is
the ground of the standing objection that such a principle speaks against the whole choice set.
The present criterion fires on a determinate failure of correspondence established by one of six
assessable conditions, and a course supported by evidence within its horizon, on quantities
within the observable region, with a stable residual and consistent routes, does not trigger it
however uncertain its outcome may be.

Its consequence is weaker. Precaution in its strong forms operates as a bar, requiring a
demonstration of safety before a course may proceed. The present criterion allocates a bur-
den that argument discharges and forecloses no course, and the question remains decidable
even where the burden falls on every alternative, since a burden falling on all alternatives is
discharged by whichever party states its ground most adequately.

The pairing of a narrower trigger with a weaker consequence is what permits the criterion
to reach cases precaution releases, of which a foreclosure whose outcome is certain is the

standing instance, while releasing cases precaution catches.

28.6 The Positive Recommendation

The argument supports one recommendation that is more than a discipline of reporting, and
it follows from Claim 16.4.

Production intervals and sampling intervals are set by administrative convention and by
the cost of collection, and the association between them means that the variables carrying a
system toward a stability boundary are observed by the sources that arrive latest and resolve
most coarsely. The association is contingent. An arrangement may collect a slow structural
variable more frequently and release it more quickly, at a cost, and the cost buys a reduction
in the region where Criterion 28.1 fires.

Claim 28.3. (Measurement effort as a governance choice). The allocation of measurement
effort across variables determines the extent of the region in which correspondence fails, and
the allocation is a decision an arrangement takes and may revise. An arrangement that con-
centrates its measurement effort on quantities that are cheap to observe and fast to arrive
has enlarged the region in which its own courses carry the burden of Criterion 28.1, and the

enlargement is attributable to it.
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The claim is the one place at which the paper recommends the expenditure of resources,
and the recommendation is specific: measurement effort directed toward the slow variables
carrying structural condition buys correspondence where correspondence is worth most. It
is a recommendation about what to measure and how often, and it requires no estimation

apparatus and no dynamical model.

29 Scope, Residue, and Directions

This section states what the paper establishes, what it withholds, and where its arguments
are weakest. Its objective is to fix the boundary of the claims so that a reader may assess them
against the right standard, and to record the questions the argument raises and leaves open.
It closes with the paper’s position.

29.1 The Boundary of the Claims

The paper establishes that the instruments by which evidence-based policy making assesses
evidence contain no category for correspondence between the condition an item of evidence
represents and the condition obtaining at the moment of decision, and it establishes this by
inspection of the instruments in place of inference from their consequences.

It establishes that the requirement is independent of the problem of induction, in the sense
that the concession of everything that problem places in doubt leaves the requirement in force,
and that it is constructible from premises an empirical method licenses.

It establishes, by comparison with a discipline whose observations are historical by con-
struction, that the elements of that discipline’s practice transfer to governance where their
presuppositions concern the conduct of an observing community and fail where they con-
cern properties of the observed system or of its relation to the instruments, and it exhibits the
distribution in Table 2.

It establishes that the manoeuvre by which that discipline converts its lookback condition
into an instrument requires a shared law among instances, that governance possesses no such
law, and that its available substitute exchanges temporal mismatch for contextual mismatch
without an exchange rate between them.

It establishes nothing about astrophysics, proposes no method, supplies no measure of
staleness, and ranks no class of evidence above another.

29.2 The Weakest Points

Four weaknesses are stated here by the paper, in preference to leaving them to be found in it.

The requirements yielded by the transfer test are self-imposed. Claim 25.2 established
that the interested position of the observer conditions almost every element that transfers,
and the consequence is that each requirement is adopted by the party it constrains. A party
that would prefer its inferential surplus unmarked, its unobserved region undeclared, its anal-
yses unrecorded and its vintages discarded is under no compulsion from this paper. The re-
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quirements describe what an arrangement that has decided to bind itself would do, and the
question of what would produce that decision lies outside the paper’s argument.

The criterion of Section 28 fires on a property whose instantiation is contestable exactly
where it matters. Substantial irreversibility is a factual matter admitting dispute, and a party
wishing to avoid the burden may contest the determination in place of discharging it. The
same holds of several of the six conditions, of which the adequacy of a recovery test and the
sufficiency of an explanation for a disagreement between routes are the most contestable.

The paper supplies no procedure and administers its requirements through no office, and
the cost of that refusal is that an arrangement seeking to comply has nothing to comply with.
The refusal is deliberate, on the ground that machinery specified from outside is administered
by the party whose conduct is at issue and is satisfied by the production of documents. The
cost is real and is not answered by the ground.

The association on which two of the paper’s sharper claims rest is empirical and contingent.
Claim 13.2 and Claim 16.4 both depend on slow-moving structural variables being observed
by sources with long production intervals and coarse sampling. The association holds in the
statistical systems the paper has considered and is a fact about how those systems have been
resourced. A reader who finds a counterexample has narrowed the claims and has not refuted
the framework.

29.3 Questions the Argument Raises and Leaves Open

Four questions are recorded, in descending order of tractability.

Claim 22.2 supplies a means of estimating the movement of a quantity over an interval
from the disagreement between two routes of differing reference time, subject to the avail-
ability of overlap periods and to definitional stability. Whether the instrument generalises
beyond the paired series named in Section 22, and what precision it can attain, is a question
that existing data would answer.

Claim 12.3 identified the underdetermination of a temporal trend in pooled estimates be-
tween the research process and the movement of the system, and Claim 15.1 supplied an
age-dependent mechanism operating on the first reading. Separating the two requires evi-
dence about the selection régime of each period, and the construction of such evidence for a
domain in which the régimes are documented would settle the question for that domain.

Claim 23.2 established that anticipation places effects of an intervention at reference times
preceding it, so that the sign of the interval between cause and recorded effect is not fixed. The
consequences for the correspondence requirement have been stated here and not developed.
A treatment of correspondence under anticipation, in which the interval is signed and the
contamination of recent observations is represented, would be a substantial extension.

The evidence horizon of Definition 10.2 has been defined, shown measurable in one do-
main, and supplied with an ordering in place of a magnitude. Whether horizons can be es-
timated for domains lacking a record of subsequent adequacy determinations, and whether
the ordering can be strengthened without importing the dynamical model whose absence the
paper has established, is the deepest of the four and the least tractable.
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29.4 The Position

Evidence describes a condition a system occupied. Governance acts on the condition a system
occupies. The interval between them is a property of how evidence is produced and survives
every improvement in the instruments producing it, and the requirement that the two condi-
tions correspond is therefore permanent and is not registered by the apparatus through which
evidence is assessed.

A discipline that met the same condition in a purer form gave up the present tense about
its objects and rebuilt its epistemology on the assumption that observation is historical. What
that rebuilding supplies to governance is a set of practices for handling observations honestly:
carrying the indices, declaring the boundary, stating what a source could not have shown,
retaining what was held at each date, and reporting a disagreement in place of resolving it.
What it does not supply is a technique for recovering the present, and the reason it does not
is that governance lacks the shared law that made the recovery possible there.

Where the recovery is unavailable and the effects of a course are irreversible, what re-
mains is the allocation of the burden of justification to the party proposing the course, and
the requirement that the party state the ground on which it acts and what would show it to

be mistaken. That is a modest conclusion, and it is what the comparison supports.
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