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1. Introduction

Artificial intelligence creates value when it can be integrated into dependable production. Evidence from customer
support shows that access to generative assistance can improve worker productivity, although gains vary across
workers [1]. As firms redesign workflows around such assistance, service interruption becomes an economic problem
extending beyond the performance of an individual model. An organization may have alternative software interfaces
and tested migration procedures yet remain unable to obtain the computing resources, qualified staff, or validated
alternative services needed during a widespread disruption.

The Financial Stability Board identifies third-party dependencies and provider concentration among the vulnerabilities
associated with artificial intelligence adoption [2]. Its subsequent monitoring report places particular attention on
measuring those dependencies and the remaining information gaps [3]. These concerns motivate a distinction between
two forms of preparedness. Technical portability makes a workload eligible for transfer. Recovery capacity makes
that transfer operationally useful within a specified deadline. The two are complements, but they need not be supplied
or priced together.
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Consider a hypothetical group of businesses using the same primary inference service. Each business develops
adapters, validates a substitute model, synchronizes relevant data, and rehearses its fallback procedure. These
preparations are valuable when a small subset of businesses must switch. During a common disruption, however, all
may seek the same spare accelerators or the same alternative service. If admission is rationed proportionally to eligible
demand, making additional workloads portable can increase a firm’s share of emergency service while reducing the
share available to others. The firm receives a private recovery benefit even after additional preparation ceases to
increase aggregate recovered output.

This paper asks three questions. When does individually rational portability exceed its efficient level? How do
subsidies, genuine cost reductions, and backup-capacity expansion differ in their effects? What allocation arrangement
can align private preparation with the social value of recovery? The analysis treats the outage probability and the
underlying use of artificial intelligence as given. It therefore isolates a recovery-allocation mechanism without
assuming that adoption is inherently excessive or that common failures necessarily arise from incorrect model outputs.

The central result is an average-versus-marginal return wedge. Firms value the average probability that a portable
workload receives service. A planner values the additional output recovered when aggregate preparation increases.
When backup supply is exhausted, the former remains positive while the latter becomes zero. A tractable benchmark
yields closed-form equilibrium investment, efficient investment, welfare loss, and subsidy effects. A reservation
market then supplies a constructive benchmark for jointly funding preparation and capacity. The extension to uncertain
capacity replaces the sharp bottleneck with a general result expressed through the distribution of capacity surviving
an outage.

The contribution is deliberately narrower than a new theory of common resources. It applies established economic
reasoning to an understudied separation between eligibility to switch and the capacity required to make switching
useful. The distinctive policy implication is that a measured increase in portability can accompany unchanged recovery
and lower net welfare. Conversely, reservations can improve welfare without increasing the number of workloads
technically eligible to move. These conclusions depend on the allocation rule, the relevant disruption state, and the
absence or presence of other switching benefits. They do not establish the empirical prevalence of congestion or justify
preserving commercial barriers to switching.

2. Literature Review

2.1 Complementary investment and the meaning of resilience

The productivity J-curve explains why general-purpose technologies require complementary intangible investment
whose costs and benefits appear at different times [4]. This helps distinguish purchasing an artificial intelligence
service from building an organization capable of using it effectively. Portability preparation is one such investment,
but the present model adds a cross-firm constraint: the return to an intangible complement depends on shared
emergency resources. More preparation need not produce more realized resilience when those resources have already
been exhausted.

The United Kingdom Competition and Markets Authority’s 2025 cloud investigation documents both commercial and
technical obstacles to switching and multi-cloud use [5]. Its findings concern competition and customer choice; they
do not demonstrate the recovery externality modeled here. Nevertheless, they establish why portability is an
economically meaningful choice rather than a costless feature. The present paper concerns simultaneous emergency
use after preparation has occurred. Routine migration across providers and common-shock failover should not be
treated as equivalent events.

2.2 Common resources and interdependent protection

Gordon’s analysis of common-property resources provides a foundational account of the gap between privately
rewarded effort and efficient resource use [6]. Here, the rival resource is emergency service within a recovery deadline,
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and the costly activity is preparing eligible workloads. Unlike a renewable stock, recovery capacity is not depleted
permanently by the modeled event. The analogy concerns dissipation of surplus through competing claims on a fixed
service flow.

Kunreuther and Heal show that investment in protection can depend on the actions of other exposed agents, with
implications for insurance and coordinating mechanisms [7]. Their interdependent-security problem concerns how
protection choices alter exposure to loss. In the present mechanism, the outage occurs independently of preparation;
interaction arises during allocation of recovery. This difference matters for policy. A subsidy that supports protection
with positive spillovers need not be appropriate for an investment that expands claims on an already congested fallback
resource.

Acemoglu, Ozdaglar, and Tahbaz-Salehi establish that financial interconnections can absorb smaller shocks yet
transmit sufficiently large ones [8]. Their result cautions against assessing system resilience solely from isolated
relationships. The present paper does not reproduce a financial contagion network. Instead, a common shock places
otherwise separate firms in competition for a recovery pool. The relevant dependency can exist even without direct
production links or financial claims among the firms.

2.3 Capacity markets and artificial intelligence governance

Joskow and Tirole analyze the conditions under which competitive electricity markets support efficient reliability and
capacity investment [9]. Their work provides a close economic precedent for connecting scarcity allocation to
investment incentives. This paper uses a simplified reservation market as an implementation benchmark. Its novelty
is not that capacity can be priced, but that separate promotion of portability can expand emergency claims while
leaving the underlying constraint untouched.

Engineering research on multi-cloud environments identifies vulnerabilities involving architecture, interfaces,
authentication, automation, and management differences [10]. Accordingly, the model’s capacity variable represents
usable service after compatibility and dependency constraints, not installed hardware alone. The National Institute of
Standards and Technology’s risk-management framework similarly supports assessing risk across the system lifecycle
[11]. Neither source supplies the numerical parameters used below; their role is to motivate careful measurement of
operational rather than nominal substitutes.

Three related contributions by Tan help locate the present mechanism. The autonomy externality concerns the
difference between private delegation incentives and losses transmitted through correlated failures [12]. Cognitive
monoculture concerns common error in aggregated human and artificial intelligence judgments [13]. The governance
half-life concerns deterioration in the effectiveness of controls over time [14]. The current paper studies a different
decision margin: expenditure on accessing finite recovery resources after a disruption. It holds the triggering shock
fixed and derives inefficiency even when all firms correctly understand that shock. Table 1 summarizes this distinction.

Table 1. Positioning of the recovery-capacity mechanism

Portability preparation is a

. Brynjolfsson, Rock, and complementary intangible whose
Productivity complement Syverson [4] return depends on shared fallback
capacity.

o .. Competition ~ and  Markets 1¢chnical — and  commercial
Switching and cloud competition Authority [5] switching  barriers  motivate

portability investment;
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simultaneous recovery is the
separate object.

Rival emergency service creates
an allocation externality among
otherwise separate firms.

Common resources and Gordon [6]; Kunreuther and Heal
protection [7]

A common shock can make a
recovery pool fragile even
without direct inter-firm links.

Acemoglu, Ozdaglar, and

Networked systemic risk Tahbaz-Salehi [8]

The analysis isolates an economic

A recovery margin that
Al governance Tan [12]-[14]; NIST [11] complements control and
dependency assessment.
3. Method

3.1 Economic environment and timing

The study is analytical, with numerical illustrations generated from the stated model. There are no observations of
firms, estimated treatment effects, or inferred market parameters. A unit mass of risk-neutral firms each operates one
unit of a divisible workload. A common disruption occurs with probability p € (0,1). Restoring a unit of workload
during the event preserves value v > 0. Define b = pv, the expected benefit of a unit of successful recovery. Values
and costs refer to the same planning horizon. Losses without recovery and ordinary production income are constants
and are omitted from welfare comparisons.

Before uncertainty resolves, firm i chooses the portable share x; € [0,1] and pays real preparation cost cx?/2, where
¢ > 0. Preparation can represent interface adaptation, data replication, validation, and trained fallback procedures.
The convex cost captures the increasing difficulty of preparing less transferable tasks. The maintained benchmark
restriction is 0 < b/c < 1, so full portability is not privately optimal when capacity is abundant. Aggregate portable
workload and the benefit-cost ratio are

X=[lxdi, a=2 0<a<l (1)

Recovery capacity K € (0,1] is the workload share that can actually be served during the common disruption and
within the specified deadline. This is residual capacity after surviving providers meet prior commitments. It is initially
fixed and common knowledge. Once the outage occurs, technically eligible workloads compete for this pool. Under
the benchmark allocation rule, each receives the same service fraction

q(X,K) = min {1%} R(X,K) = Xq(X,K) = min{X, K. )

Set q(0,K) = 1. The allocation is feasible because aggregate restored workload is at most capacity. Proportional
rationing can be interpreted as equal treatment of eligible workload units; it is not an empirical claim about a particular
provider’s scheduling policy. Firms cannot inflate claims beyond their genuinely prepared workloads, and preparation
alone does not create binding rights to a specific quantity of backup service.

3.2 Private and social objectives

An individual firm is negligible relative to the pool and takes its service fraction as given. Its expected payoff from
preparation is

m; = bq(X, K)x; — - x2. 3)
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All firms understand the congestion they face. The externality arises because an individual ignores its effect on others,
not because it wrongly assumes guaranteed recovery. The social objective counts restored output and real preparation
costs. For fixed aggregate preparation, identical convex costs make equal preparation across firms efficient by Jensen’s
inequality. Consequently, both the symmetric equilibrium and the planner’s solution can be expressed using X:

W(X,K) = bmin{X,K} — gxz. 4

Capacity cost is omitted only while comparing allocations of a fixed pool. Section 4.4 introduces it explicitly. Taxes,
reservation payments, and subsidies are transfers within the economy; they are not themselves destroyed resources.
The benchmark assumes lump-sum financing and no administrative cost. Thus the welfare argument against a poorly
targeted subsidy does not rely on a separate fiscal distortion.

3.3 Analytical and numerical strategy

The analysis first solves the atomistic equilibrium and the planner’s problem. It then introduces a proportional subsidy
to preparation expenditure, a reservation mechanism, and endogenous capacity. Extensions examine finite strategic
players, uncertain surviving capacity, ordinary switching benefits, and heterogeneous values. The closed forms are
checked against direct scalar optimization, including kink points where capacity begins to bind. Numerical examples
are dimensionless illustrations rather than calibrations to a country, firm, or industry. Table 2 defines the principal
notation.

Table 2. Principal notation

p Probability of common disruption (0, 1)
v Va}ue of restoring one workload Positive
unit
b=pv Expected recovery benefit Positive
c Preparation-cost curvature Positive
Xi Firm i portable workload share [0, 1]
X Aggregate portable share [0, 1]
K Usable recovery capacity (0, 1]
a0cx o
R(X,K) Recovered workload share [0, 1]
d Capacity-cost curvature Positive
c Preparation subsidy rate [0, 1)
4. Results

4.1 Equilibrium preparation and excess investment

Proposition 1. Under the benchmark assumptions, the unique atomistic equilibrium and the efficient aggregate
preparation are
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a, K >a,

XS = min{a, K}. 5
Vak, 0<K <a, min{a, K} )

XP = {
Derivation. The private best response is x; = bq/c, which is below one under the maintained parameter restriction.
With no congestion, consistency requires X = a < K. With congestion, substituting g = K /X into the best response
gives X2 = aK, valid precisely when K < a. The private marginal return is nonincreasing in aggregate preparation
while marginal cost increases, so there is a unique crossing. For the planner, welfare rises with derivative b — cX
below capacity and falls with derivative —cX above it. The optimum is therefore the smaller of a and K.

When capacity is scarce, both allocations restore the same workload share K, but XP > K. Each private marginal
investment competes for service already assigned elsewhere. The excess is a real cost even though no investment is
fraudulent and every firm behaves rationally. Figure 1 shows the two regions and the disappearance of the wedge
when the fallback pool is sufficiently large.

0.7
— Private portability
0.6 { == Efficient portability

0.5 A

0.4

0.3 A

Portable share X

© Capacity sufficient

0.2 A ¢ for private optimum

0.1+

0.0 T T T
0.0 0.2 0.4 0.6 0.8

Recovery capacity K

Fig. 1. Private and efficient portability under fixed recovery capacity.
The exact welfare loss for K < a is

2
AW =W (XS, K) — W(XP, K) = ”KTCK > 0. (6)
The fraction of efficient fixed-capacity welfare dissipated is

aw a-K
w(xSK)  2a-K O
This ratio approaches one half as capacity approaches zero and falls to zero as capacity approaches a. The absolute
loss, however, approaches zero when capacity approaches zero. High relative inefficiency in a tiny pool should not be
confused with a large aggregate economic loss. Equation (6) is maximized at K = a/2, where the loss equals b?/(8¢).
Thus the largest absolute preparation waste arises at an intermediate level of fallback capacity.

4.2 A subsidy can increase preparedness while reducing welfare

Suppose a policy reimburses fraction ¢ € [0,1) of preparation expenditure. The firm faces effective marginal cost

(1 — o)cx;, while society still uses real resources costing cx?/2. The complete symmetric solution, including the
upper bound on portability, is
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XD = min {1& /%} (8)

Proposition 2. If K < a and the portability upper bound is slack, a larger subsidy raises preparation, leaves restored
workload unchanged, and strictly lowers resource welfare. In particular,

do  2(1-0) ’ Ao 2(1-0)2 <0.

dxP x2 dw bK
= = )

The slack-bound condition is ¢ < 1 — aK. To obtain the welfare derivative, substitute c(X2)?/2 = bK/[2(1 — 0)]
into (4). Additional eligible demand captures a larger private claim on the pool without increasing the pool’s total
output. Once all workloads are portable, further reimbursement leaves real investment and benchmark resource welfare
unchanged, although fiscal transfers continue to rise. Figure 2 illustrates the interior mechanism.

A Preparation and recovery B Resource cost accounting
0.5 - == Portable share 0.02 -
: == = Recovered share
e
o 047 & 0.00
] )
< 2
0.3 A <
g £ —0.021
:_Tt! (<))
4 9,
S 0.2 1 %
N S 2 -0.041
0.1 A <
—0.06 -
0.0 T T T T T T T T
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
Subsidy rate Subsidy rate

Fig. 2. Portability subsidy: preparation rises while recovery is fixed.

This result does not equate a subsidy with technological progress. If engineering improvements reduce the real cost
coefficient from c to ¢’, both private and social cost schedules change. As long as capacity remains binding and the
equilibrium is interior, ¢'(XP)%/2 = bK /2. Preparation expands but aggregate preparation expenditure remains
constant, so fixed-capacity welfare is unchanged. With efficient reservations, a genuine cost reduction raises welfare.
Normal-time competition, innovation, or interoperability benefits may further strengthen its value. The negative
subsidy result therefore applies to a price wedge that leaves the resource technology unchanged, not to every policy
that makes switching easier.

4.3 Reservations align eligibility with scarce service
For fixed scarce capacity, an admission price of
Tx=b—cK>0 (10)

per unit of ex ante preparation implements X = K in the atomistic benchmark. At that allocation, firms receive full
service and choose x; = (b — 7x)/c = K. Revenue can be returned lump sum without changing marginal incentives.
A fixed fee tuned to the correct capacity is a mathematical implementation, but it requires knowledge of costs and
expected benefits.

A quantity-backed reservation is more operationally informative. Firms buy enforceable claims on recovery service
before the outage. Each prepared workload is paired with a reservation, and outstanding reservations cannot exceed
the usable pool. Firms then choose the amount of a bundle consisting of technical preparation and guaranteed service
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in the modeled event. Competitive clearing of the fixed supply at price Ty produces the same allocation. This
construction requires credible delivery and exclusivity. A financial promise that pays compensation after failed
delivery is not automatically a physical reservation.

4.4 Joint investment and the cost of unpriced access

Let creating recovery capacity cost dK?/2, where d > 0. Capacity is installed before firms prepare workloads and
before the shock. The joint planner maximizes

W(X,K) = bmin{X, K} - X? —%KZ. (11)
Proposition 3. The efficient allocation and a competitive reservation price are
* * b * * * b2
X*=K'=—, T =dK”, wWr = : (12)
c+d 2(c+d)

Derivation. Any allocation with X > K can reduce preparation without reducing recovery, and any allocation with
K > X can reduce capacity without reducing recovery. Therefore X = K at the optimum. Maximizing bX —
(c + d)X?/2 yields (12). With reservations, user demand satisfies cx = b — 7, while competitive capacity supply
satisfies dK = t. Market clearing equates the two quantities. Transfers cancel from social welfare. Convex aggregate
supply costs can support inframarginal producer rents; efficiency does not require those rents to be treated as a resource
loss.

The competitive reservation market is an implementation benchmark, not a prediction about present cloud markets. It
assumes credible service commitments, sufficiently competitive capacity provision, no common failure of the reserved
pool in the modeled state, and no double sale of the same capacity. Market power or delivery uncertainty can invalidate
the price-taking implementation even though the planner’s benchmark remains useful.

Now consider a public or collective capacity purchaser that finances capacity but leaves emergency access unpriced.
It anticipates firms’ equilibrium preparation. In the congested region, its welfare becomes

WP (K) ="7"—§K2. (13)

If d > c/2, the best capacity choice under this institutional constraintis K = b/(2d) < a. It yields welfare b?/(8d).
The first-best capacity is b/(c + d). The constrained purchaser therefore installs more than the first best when ¢/2 <
d < c, the same amount when d = ¢, and less when d > c. There is no universal capacity-underinvestment theorem.
Unpriced preparation incentives distort both the amount of preparatory effort and the social return to the capacity that
attracts it.

The boundary case matters. When d < c/2, the constrained optimum is KP = a: capacity beyond that point restores
no additional workload and incurs additional cost. This follows from the negative derivative —dK in the uncongested
region. A capacity expansion may accordingly increase physical recovery while reducing net welfare when its
construction cost and the induced preparation costs exceed its benefit.

5. Extensions and Boundary Conditions
5.1 A finite number of strategic firms

The atomistic model approximates a large pool. With N equal-sized firms, define X = N~1Y}; x; and physical capacity
NK in firm-level workload units. An individual recognizes that it changes the denominator of the rationing rule. For
N = 2, the symmetric equilibrium is
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a, K =aq,
1
K, all—=)<K<aq,
XI]\?= ( N) (14)

aK(l—%), 0<K<a(1—%).

In the congested interior, differentiating a firm’s own restored share produces the factor 1 — 1/N. At the capacity
kink, the derivative from below is b — cK and from above is b(1 — 1/N) — cK, producing the middle region. The
payoff is concave on each side and its derivative falls at the kink, establishing the stated best response. A single firm
internalizes the entire pool and chooses min{a, K}. As the number of independent claimants increases, the congested
equilibrium converges to (5). Fragmented demand can therefore strengthen the externality even when total workload
and total recovery capacity are held fixed.

5.2 Capacity uncertainty and a general marginal-return wedge

Let K denote the usable capacity conditional on the common outage. Its distribution may reflect the fact that some
potential backups are also impaired. Assume a continuous distribution, positive finite mean, and a positive probability
of nonzero capacity. Define

R(X) = Emin{X,K}], qx) =22 R0 =Pr(R > X). (15)

X
An interior atomistic equilibrium and an interior social optimum satisfy

R(xD)
xb 7’

cXP=p cXxS = bPr(K > Xx5). (16)

Proposition 4. Private preparation weakly exceeds efficient preparation. It strictly exceeds it when E[ﬁ 1z Xs}] > 0.
A per-unit fee evaluated at the efficient allocation internalizes the wedge:

RO
X

T(X) = b[ - R’(X)] = 2E[R1zey] 2 0. (17)

Here 1 denotes an indicator. The identity follows by separating capacity realizations below and above X. Average
recovery includes a firm’s chance of capturing already-congested capacity; marginal recovery counts only states in
which another prepared unit can expand total restoration. Since R(X)/X is nonincreasing and cX is strictly increasing,
the private first-order condition has a unique solution. The planner’s objective is strictly concave. Evaluating the
private condition at the social solution establishes the ordering.

The sharp zero-extra-output result from fixed capacity becomes a marginal inefficiency result under uncertainty. More
preparation can now restore additional output in some states, yet the gain is smaller than the private incentive suggests.
With exponential surviving capacity of mean k > 0,

R(X) = k(1 —e%/x), R'(X) = e~X/x, (18)

This distribution is an illustrative smooth case, not an estimated outage law. Its support can exceed one, which is
harmless because recovered workload is bounded by X < 1. Figure 3 shows that the wedge persists without a
deterministic capacity threshold.

IJWOS | Volume 3 Issue 9, September 2026 | https://ijwos.com 352



International Journal of Web of Multidisciplinary Studies
E-ISSN: 3049-2424

0.6 4{ — Private portability
== Efficient portability

0.5 A
0.4

0.3 A1

Portable share X

0.2

0.1+

0.0 T T T T
0.0 0.2 0.4 0.6 0.8

Mean recovery capacity

Fig. 3. Private and efficient preparation under uncertain capacity.
5.3 Ordinary benefits and heterogeneous recovery values

Suppose portability also creates ordinary switching value hx;, where h = 0 and private and social values coincide. In
a congested interior, the private condition becomes cX? — hX — bK = 0. The planner chooses X5 = max{K, h/c}
when K < a and this quantity is below one. The private solution remains strictly larger because competition for
recovery adds a positive benefit to every prepared unit. However, a policy that directly increases ordinary switching
benefits or reduces genuine resource costs cannot be evaluated from the subsidy result alone. If ordinary benefits differ
across firms or spill over to consumers, the full welfare comparison must include those effects.

Heterogeneity adds an allocation margin. Let firms differ in expected recovery value b;, real cost coefficient c;, and
prepared share x;. In a fully congested atomistic interior under proportional rationing,

biK
X =—,
ciX

1b; ;.
X2 =K [} % di, (19)

The socially efficient reservation allocation instead assigns recovered shares y; € [0,1] to maximize net value subject

to [ y; di < K. Since extra preparation has no additional ordinary benefit in this extension, it sets x; = ;. The solution
is

y{ = min {1, max {0, bic—_l}}, A=0. (20)

The scarcity multiplier A clears the capacity constraint when it binds. Reservations therefore address both excessive
aggregate preparation and the distribution of service toward workloads with the highest net marginal recovery value.
If social losses exceed private willingness to pay for essential services, b; must incorporate those external benefits; an
unadjusted commercial auction need not deliver the social allocation.

6. Numerical Illustrations and Verification

6.1 Transparent parameterization and policy comparisons

The benchmark sets b = 0.6, ¢ = 1, baseline capacity K = 0.15, and capacity-cost coefficient d = 2. These
normalized values create a congested interior with moderate preparation. They have no empirical interpretation as
market outage probabilities or monetary losses. A reader who wishes to split b into probability and event value may
do so using any pair satisfying pv = 0.6; the benchmark depends only on their product.
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Table 3 compares six arrangements using identical resource accounting. Baseline private preparation is 0.3000, twice
the capacity that can actually restore service. A 25 percent subsidy raises the portable share to 0.3464 while recovered
workload remains 0.1500. Net welfare, including the cost of creating the pool, falls from 0.0225 to 0.0075. A 50
percent subsidy increases preparation to 0.4243 and makes net welfare negative relative to the no-preparation, no-
capacity reference. This is an internally generated counterexample, not a prediction of the effect of any existing
programme.

Table 3. Normalized policy comparison

Open access  0.1500 0.3000 0.1500 0.0450 0.0225 0.0225

25 percent
portability 0.1500 0.3464 0.1500 0.0600 0.0225 0.0075
subsidy

50 percent
portability 0.1500 0.4243 0.1500 0.0900 0.0225 -0.0225
subsidy

Reservations
with  fixed 0.1500 0.1500 0.1500 0.0112 0.0225 0.0563
capacity

More
capacity
without
reservations

0.2000 0.3464 0.2000 0.0600 0.0400 0.0200

Joint
optimum
with
reservations

0.2000 0.2000 0.2000 0.0200 0.0400 0.0600

With capacity fixed, reservations deliver the same recovery using preparation of 0.1500, increasing net welfare to
0.05625. The joint optimum has preparation and capacity both equal to 0.2000 and welfare of 0.0600. Expanding
capacity to 0.2000 while leaving access unpriced instead produces preparation of 0.3464 and welfare of 0.0200. The
latter falls below the baseline despite greater restored output. Here the constrained open-access purchaser already starts
at its optimum, because b/(2d) = 0.15 . This makes the example a precise illustration of institutional
complementarity, not evidence that physical backup investment is generally undesirable.

6.2 Strategic internalization and uncertain supply

At baseline capacity, two strategic firms choose preparation of 0.2121, ten firms choose 0.2846, and one hundred
choose 0.2985. The efficient level remains 0.1500. These quantities refer to fixed aggregate workload and capacity,
so increasing N changes strategic internalization rather than the scale of the economy.

Table 4 uses exponential surviving capacity and excludes capacity construction costs because its mean is fixed within
each row. At mean capacity 0.1500, private preparation is approximately 0.2750 and efficient preparation 0.1803. The
planner deliberately restores less expected workload, 0.1049 rather than 0.1260, because the extra preparation required
for further recovery costs more than its output benefit. Efficient welfare is approximately 0.0467 compared with
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private welfare of 0.0378. Thus maximizing physical recovery and maximizing net economic value are different
objectives even when all recovery is beneficial.

Table 4. Uncertain-capacity illustration

0.1703 0.0931 0.0483 0.0422 0.0145 0.0210
0.15 0.2750 0.1803 0.1260 0.1049 0.0378 0.0467
0.30 0.3528 0.2558 0.2074 0.1721 0.0622 0.0706
0.60 0.4287 0.3403 0.3064 0.2597 0.0919 0.0979

6.3 Computational verification and reproducibility

The deterministic audit evaluates 741 parameter pairs: a takes 19 equally spaced values from 0.05 to 0.95, and K takes
39 equally spaced values from 0.025 to 0.975. Closed-form planner values are compared with bounded scalar
optimization. The largest objective discrepancy is below 3.1 X 10~°. For each pair, finite-player equilibria are checked
at N € {1,2,5,20,100}, producing 3,705 deviation checks. The search explicitly includes boundaries and the capacity
kink. The greatest computed profitable deviation is below 1.7 X 1071, consistent with floating-point rounding.

The uncertain-capacity calculation uses the same 741 benefit-cost and mean-capacity pairs. Root solutions satisfy the
private and social first-order conditions with maximum absolute residual below 1.3 x 10712, Direct scalar welfare
optimization agrees with the social roots to an objective tolerance of 1071°, In every evaluated case, private
preparation exceeds efficient preparation. These checks verify implementation and illustrate the propositions; they do
not substitute for proofs or establish empirical external validity. The accompanying replication files contain the
complete script, parameter grids, numerical tables, and generated figures.

7. Discussion and Empirical Implications
7.1 Measure feasible recovery rather than nominal alternatives

A resilience assessment should distinguish workloads that are technically portable, the capacity available conditional
on a specified disruption, and enforceable prior claims on that capacity. Counting alternative providers or completed
migration tests cannot by itself identify the system’s recovery constraint. Providers can share dependencies, and
several firms can point to the same pool of spare capacity. The model therefore motivates a conditional recovery ratio
R(X)/X and a marginal recovery measure R'(X). Their difference, not the count of alternative suppliers, determines
the congestion wedge.

This distinction sharpens, rather than replaces, lifecycle governance. A previously valid recovery plan can lose
effectiveness as dependencies or provider terms change, consistent with the governance half-life mechanism [14]. In
practice, joint tests need to specify the failed service, surviving dependencies, restoration deadline, workload
compatibility, and competing demand. A successful individual test establishes that switching is possible under its test
conditions. It does not establish simultaneous deliverability across all organizations that rely on the same resources.

7.2 Testable predictions and identification

The model generates several falsifiable predictions. First, portability support should increase preparation more
strongly than recovered output when residual capacity is tight. Second, a firm’s share of recovered service may rise
after it prepares more workloads while the total recovery of its pool changes little. Third, reservation reform should
lower aggregate preparation costs per unit actually restored. Fourth, the effect of a common outage should depend on
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the overlap among fallback destinations, not only on overlap among primary providers. These predictions concern
congestion and allocation, whereas the independent benefits of routine switching may follow different patterns.

A useful empirical unit is a recovery pool defined by a destination service, a disruption scenario, and a restoration
deadline. Firm-level records would measure prepared workloads, pre-existing reservations, attempted transfers, served
workloads, recovery time, and preparation costs. The analysis would also need residual capacity after pre-existing
obligations. Provider-wide installed capacity is an inadequate proxy if it is unavailable to the affected firms during the
tested event.

A possible design is a randomized phased offer of portability assistance combined with controlled simultaneous
recovery exercises. Assignment should vary treatment saturation at the pool level because treated firms can displace
untreated firms; an individual-level experiment that assumes no spillovers would miss the mechanism. Outcomes
should include pool-wide recovered output and total resource expenditure, alongside firm-level service shares. A
second randomized arm offering verified reservations could separate technical eligibility from guaranteed allocation.
Such a study is proposed, not conducted in this paper.

For observational analysis, a policy change or contract reform that plausibly shifts preparation costs without directly
changing backup supply could be informative. Identification would require evidence against simultaneous capacity
expansion, differential outage exposure, and endogenous selection into fallback destinations. Common outages are
infrequent and heterogeneous, so precision and transportability may be limited. Table 5 maps the main predictions to
measurements and alternative explanations.

Table 5. Empirical predictions and identification risks

Portability  assistance raises Pool-level prepared workload and

Capacity was expanded

preparation more than recovered
output under tight capacity

Individual  recovery  shares
increase while pool recovery is
flat

Reservations lower preparation
cost per unit restored

Fallback overlap
common-shock loss

predicts

Saturation treatment effects are
negative when capacity binds

recovered output in simultaneous
exercises

Firm-level service and pool-level
restoration

Matched reservation and open-
access recovery tests

Dependency graph and

destination overlap

Pool-level saturation experiment

concurrently

Provider prioritisation changed

Reserved differ

systematically

users

Shock severity differs across
pools

Strategic selection into treatment

7.3 Policy scope and limitations

The model supports coupling any claim of greater resilience to a demonstrable increase in feasible recovery or a
reduction in its total resource cost. Procurement could purchase tested bundles of portability and recoverable service
instead of rewarding technical eligibility alone. A collective operator could also coordinate admission without creating
a commercial reservation exchange. What matters economically is that private claims are reconciled with the resource
constraint before competing preparation expenditures dissipate surplus.

Several assumptions bound this conclusion. The benchmark concerns a common disruption and a fixed recovery
deadline, not everyday migration or a long-run process in which backup supply expands freely. Proportional rationing
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is one allocation rule. Strict priority, auctions, exclusive contracts, or random admission of whole firms can change
investment incentives. Fixed setup costs and indivisible workloads can generate participation thresholds absent from
the convex model. Endogenous provider choice and common dependencies between primary and backup suppliers
require a richer network model. The exponential illustration holds the capacity distribution fixed and does not identify
its dependence on the original shock.

Risk neutrality also matters. If preventing an interruption has discontinuous value, or a firm faces bankruptcy at a
service threshold, recovery benefits need not be linear. Likewise, capacity investments may provide normal-time
output, learning, or security benefits omitted here. Those benefits belong in a broader welfare objective. The restriction
to one modeled planning horizon excludes dynamic entry and technological improvements that portability policies
might stimulate. Consequently, the paper identifies a policy failure mode and an implementation benchmark, not a
sufficient statistic for all interoperability policy.

Finally, efficient allocation is not synonymous with unrestricted willingness-to-pay allocation. Emergency public
functions may carry social value beyond the purchasing firm’s revenue. Their priority can be incorporated through
social recovery weights or minimum service constraints. Establishing those weights requires institutional judgment
and evidence outside this model. Transparent capacity accounting remains necessary under either commercial or
public allocation.

8. Conclusion

Al portability and actual recoverability are distinct economic assets. When firms compete for finite backup service,
private preparation is rewarded by its share of recovery, while society benefits from the additional output that
preparation makes possible. That divergence can produce costly excess preparation even when firms correctly
anticipate congestion and every prepared workload is technically valid.

The formal results distinguish three interventions often treated as interchangeable. A subsidy to unchanged preparation
technology can deepen waste under binding capacity. A genuine reduction in engineering costs has different welfare
consequences. Capacity expansion can also disappoint when it attracts further unpriced preparation. Competitive
reservations provide a benchmark that coordinates the two investments, subject to credible delivery and appropriate
pricing assumptions. The uncertain-capacity extension expresses the same mechanism through the difference between
average and marginal recovery.

The next empirical task is to measure simultaneous recovery and competing claims, rather than infer resilience from
nominal alternatives. Portability becomes a reliable contribution to economic resilience when the preparation of
workloads, the surviving capacity they require, and the rights governing access are evaluated together.
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