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Abstract

On April 23, 2026, the U.S. Department of Justice issued a final order reclassi-
fying cannabis from Schedule I to Schedule III of the Controlled Substances Act,
culminating a process initiated by Executive Order in December 2025. The reclas-
sification aligns federal law with the reality of 40+ state-level legalization programs
and responds to mounting scientific evidence of therapeutic efficacy across indi-
cations including chronic pain, chemotherapy-induced nausea, treatment-resistant
epilepsy, and post-traumatic stress disorder—evidence that Schedule I status, which
presumes “no currently accepted medical use,” had increasingly rendered untenable.
By placing cannabis in the same regulatory category as ketamine, anabolic steroids,
and codeine formulations, the reclassification opens a pathway toward interstate
commerce, FDA-regulated research, and the integration of cannabis into conven-
tional pharmaceutical supply chains. Yet this historic shift exposes a critical op-

erational gap: across all jurisdictions where cannabis is legal—mow spanning over
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50 countries and sub-national entities in the Americas, Europe, and Oceania—no
established quantitative methodology exists for determining how much cannabis a
licensed operator, collective cultivation association, or dispensary should hold in
inventory. This stands in stark contrast to other controlled substances, for which
decades of pharmaceutical logistics have produced robust inventory frameworks un-
der DEA quotas, INCB estimates, and GMP protocols.

This paper proposes the first formal inventory optimization model for cannabis,
adapting the classical newsvendor framework to incorporate the sector’s defining
characteristics: asymmetric costs spanning clinical harm (understocking) and crim-
inal liability (overstocking), agricultural yield uncertainty, long production lead
times (90-150 days), product perishability through cannabinoid degradation, and
jurisdiction-specific regulatory constraints. We formulate the problem as a two-stage
stochastic program whose first stage determines optimal cultivation scale and culti-
var allocation, and whose second stage optimizes post-harvest inventory disposition
across dispensing, extraction, and destruction channels. The model produces tech-
nically defensible inventory bounds—a floor guaranteeing a target patient service
level and a ceiling minimizing diversion risk—derived from observable, auditable
parameters: registered patient counts, prescription volumes, historical yields, and
production lead times.

We demonstrate the framework’s applicability across the regulatory spectrum.
In restrictive jurisdictions (Chile, Argentina, Spain), where the boundary between
lawful possession and criminal trafficking remains judicially indeterminate, the model
provides an expert-witness-grade tool for establishing the reasonableness of inven-
tory levels—addressing a problem that has led to divergent Supreme Court rul-
ings on quantities as small as 23 grams. In intermediate jurisdictions (Germany,
Colombia, Uruguay), where Cannabis Social Clubs and collective cultivation as-
sociations aggregate individual authorizations into concentrated inventories of 20—
50 kg at single locations, the model quantifies the optimal balance between oper-
ational efficiency and societal diversion risk. In mature markets (Canada, United
States), where seed-to-sale traceability infrastructure already generates granular

supply chain data, the model provides the missing optimization layer that trans-



forms compliance data into operational intelligence.

The framework acquires particular urgency in the United States, where Sched-
ule III reclassification is expected to catalyze interstate commerce, transforming a
fragmented landscape of state-siloed supply chains into multi-echelon distribution
networks requiring principled inventory management at every node. We present
numerical illustrations calibrated to Chilean, Colombian, and Argentine regulatory
parameters, conduct sensitivity analysis across service levels and cost structures,
and derive a closed-form standard inventory formula suitable for direct adoption as
a regulatory guideline. The central policy insight is that inventory management for
cannabis is not a law enforcement problem amenable to arbitrary thresholds, but
an operations management problem with a quantitative solution—one that simul-

taneously serves patient welfare, public safety, and the rule of law.
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1 Introduction

1.1 A Watershed Moment

On December 18, 2025, President Trump signed Executive Order “Increasing Medical
Marijuana and Cannabidiol Research” (28), directing the Attorney General to expedite
the rescheduling of cannabis under the Controlled Substances Act. On April 23, 2026, the
Department of Justice issued a final order (29) reclassifying cannabis from Schedule I—
a category reserved for substances with “no currently accepted medical use and a high
potential for abuse”™—to Schedule III, alongside ketamine, anabolic steroids, and certain
codeine formulations. A broader administrative hearing covering all cannabis, including
state-level recreational programs, is scheduled for June-July 2026.

The reclassification was long overdue. By 2025, 40 U.S. states had legalized cannabis
in some form—24 for adult recreational use, the remainder for medical purposes—yet
federal law continued to classify it identically to heroin and LSD. This dissonance had
concrete consequences: it blocked FDA-pathway clinical trials, prevented federally char-
tered banks from serving cannabis businesses, barred interstate transport of a product
legally sold in adjacent states, and forced multi-state operators to maintain fully re-
dundant supply chains—separate cultivation, processing, testing, and distribution in-
frastructure duplicated in every jurisdiction. The scientific basis for Schedule I status
had eroded steadily as peer-reviewed evidence accumulated demonstrating therapeutic
efficacy across chronic pain, chemotherapy-induced nausea, treatment-resistant epilepsy
(notably the FDA’s own approval of Epidiolex in 2018), multiple sclerosis spasticity, and
post-traumatic stress disorder. The Department of Health and Human Services formally
recommended rescheduling in August 2023, citing a comprehensive review of available
evidence.

The move to Schedule IIT does not, by itself, create a regulated interstate market. But
it removes the most fundamental legal barrier and creates powerful structural momen-
tum: Schedule I1T substances are legally manufactured and distributed across state lines

under DEA quotas and FDA oversight. Industry analysts, legal scholars, and multi-state



operators widely anticipate that federal rescheduling will be followed, within a legislative
cycle or two, by frameworks permitting interstate cannabis commerce. When that oc-
curs, the cannabis industry will face a challenge for which it is quantitatively unprepared:
managing inventory across multi-echelon supply chains spanning cultivation, processing,
distribution, and retail nodes in dozens of jurisdictions with heterogeneous regulatory
requirements.

This paper addresses that challenge—and the broader, global version of it—by propos-

ing the first formal inventory optimization model for cannabis.

1.2 The Regulatory Gap

The U.S. reclassification is the most visible instance of a worldwide phenomenon: the
rapid expansion of legal cannabis programs without correspondingly developed opera-
tional frameworks. A growing number of countries have enacted legislation permitting
the cultivation, processing, and dispensing of cannabis for medicinal purposes. Chile (De-
cree 867/2015, Law 21.545/2023) (15; 16), Colombia (Law 1787/2016, Decree 613/2017)
(17; 18), Argentina (Law 27.350,/2017, Decree 883,/2020) (19; 20), Peru (Law 30681/2017)
(22), Uruguay (Law 19.172/2013) (21), Germany (Cannabisgesetz, 2024) (23), and Canada
(Cannabis Act, 2018) (24) have all established legal pathways for patient access to
cannabinoid-based therapies. However, these legal frameworks share a critical omission:
none provides explicit, quantitative guidance on how much cannabis a licensed operator—
whether a cultivator, processor, pharmacy, or patient association—may legitimately hold
in inventory at any given time.

This omission creates a zone of legal indeterminacy with serious consequences. On one
side, operators who maintain insufficient inventory risk interrupting patient treatment,
potentially violating their duty of care and the patient’s right to health—a constitution-
ally protected right in most Latin American jurisdictions. On the other side, operators
who maintain generous inventory levels expose themselves to criminal prosecution under
anti-narcotics statutes that remain fully operative alongside medicinal cannabis regula-

tions. In countries where simple possession of cannabis above an unspecified “personal



use” threshold can trigger imprisonment of 5 to 15 years, the absence of technically
grounded inventory standards is not merely an operational inconvenience; it is a struc-
tural barrier to the development of legal medicinal cannabis supply chains.

The result is a chilling effect. Legal operators understock to minimize legal exposure,
creating chronic shortages. Patients, unable to obtain their prescribed therapies through
legal channels, turn to unregulated sources—the very outcome that strict narcotics en-
forcement purports to prevent. This paper argues that the problem is fundamentally
one of operations management under uncertainty, and that established quantitative tools

from inventory theory can resolve it.

1.3 Personal Cultivation, Collective Associations, and Inventory

Concentration

A defining feature of medicinal cannabis regulation across Latin America—and increas-
ingly in other regions—is the legal recognition of personal cultivation as a pathway to
patient access. Rather than restricting cannabis supply to licensed pharmaceutical man-
ufacturers, several jurisdictions have granted patients the right to cultivate a limited
number of plants for their own therapeutic use, typically upon presentation of a medical
prescription or inclusion in a patient registry. Chile (Law 20.000, Art. 8; Decree 867),
Argentina (REPROCANN, Decree 883/2020), Uruguay (Law 19.172), Colombia (De-
cree 613/2017), and more recently countries such as Germany (Cannabisgesetz, 2024)
(23), Thailand (2022-2025 regulatory cycle), and several U.S. states have adopted vari-
ants of this approach.

The rationale is straightforward: personal cultivation reduces barriers to access, lowers
costs for patients who cannot afford pharmaceutical-grade products, and recognizes the
right to therapeutic self-determination. However, the practical implementation of per-
sonal cultivation has given rise to a derived organizational form with significant inventory
implications: the collective cultivation association (asociacion de cultivo colectivo, club
canndbico, or cannabis social club).

These associations emerge when patients—each individually authorized to cultivate a



small number of plants—pool their cultivation rights and resources into a single shared
facility. The logic is compelling: collective cultivation achieves economies of scale in in-
frastructure (greenhouses, irrigation, climate control), expertise (agronomy, pest manage-
ment, post-harvest processing), and quality control (laboratory testing, standardization
of cannabinoid profiles) that individual home cultivation cannot. In practice, associations
of 50 to 500 members are common in Chile, Argentina, Uruguay, and Spain, with some
larger organizations serving over 1,000 patients.

The critical consequence of this aggregation is inventory concentration. When hun-
dreds of patients consolidate their individual cultivation authorizations into a single phys-
ical location, the resulting inventory—which is the arithmetic sum of individually modest
quantities—can reach volumes that, in absolute terms, appear indistinguishable from
commercial-scale drug trafficking. An association of 200 members, each authorized to
hold 30 grams of dried flower, collectively justifies 6 kg of finished product at any given
time. When one accounts for the production pipeline (plants in various stages of growth,
drying product, product undergoing laboratory testing, safety stock against crop failure),
the total cannabis biomass physically present at the association’s facility may reach 20—
50 kg or more—quantities that, absent documentation of their provenance and purpose,

would unambiguously trigger criminal prosecution under anti-narcotics statutes.

The question of plant limits: evidence or fiat? The contrast between jurisdictions
that have codified specific plant limits and those that have not illuminates a deeper prob-
lem. Argentina’s REPROCANN framework authorizes registered patients to cultivate
up to 9 flowering plants (originally 6 under the initial regulation, later expanded), while
collective associations (asociaciones civiles) may cultivate larger numbers proportional
to membership. Chile, by contrast, has not codified any specific plant limit for medicinal
cultivators; the distinction between lawful personal cultivation and criminal trafficking
remains a matter of judicial interpretation under Law 20.000, assessed case-by-case based
on “circumstances of the act.”

A fundamental question—Ilargely absent from the legislative record in both countries—

is: on what technical basis was the specific number chosen? In Argentina’s case, the
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figure of 6 (later 9) flowering plants appears to have been determined through political
negotiation rather than pharmacological or agronomic analysis. The legislative debate
does not cite yield-per-plant estimates, patient consumption rates, or any formal demand-
supply calculation linking a specific plant count to a specific therapeutic outcome.

This omission matters because the relationship between plant count and patient out-
comes is mediated by multiple stochastic variables. A single cannabis plant can yield
anywhere from 20 to 500 grams of dried flower depending on cultivar genetics, growing
conditions, cultivation expertise, and environmental factors (3). Six plants might pro-
duce 120 grams (grossly insufficient for a patient consuming 30 g/month, covering barely
four months and leaving an 8-month gap until the next harvest cycle) or 3,000 grams
(a 100-month supply for the same patient, raising legitimate questions about diversion
risk). The variance is so large that a fixed plant count, without reference to expected yield
distributions and patient demand, is informationally vacuous as a regulatory instrument.

Three questions expose the inadequacy of fixed plant limits as policy tools:

(i) Is it sufficient for medical treatment? For a patient requiring 30 g/month
of dried flower (a moderate dose for chronic pain management), annual demand is
360 g. If each plant yields 55 g on average (the median from indoor cultivation data),
6 plants produce approximately 330 g per harvest cycle—a shortfall that forces the
patient to either ration medication, miss treatment periods between harvest cycles,
or seek supplementary supply from unregulated sources. The limit is clinically
insufficient under median yield assumptions, and catastrophically insufficient under
below-median yield realizations. Moreover, the limit ignores that plants fail: pest
infestations, environmental stress, genetic instability, and cultivation errors can

destroy a fraction of each cohort, further reducing effective yield.

(ii) Is it too risky for society? Under favorable conditions, 6 plants could produce
1,500-3,000 g—quantities that, for a single patient, far exceed annual therapeutic
needs. The surplus creates an wnventory overhang with no regulated destination:
the patient cannot legally sell or transfer excess product, has no obligation to destroy

it, and faces no audit of actual consumption versus production. This unaccounted



surplus is precisely the reservoir from which diversion to illicit markets can occur.

(iii) Does the limit create perverse incentives? A fixed plant limit incentivizes cul-
tivators to maximize yield per plant (through aggressive fertilization, high-intensity
lighting, and selection of high-yielding cultivars), which increases both the total
biomass produced and its THC potency—the opposite of the harm-reduction goals

that medicinal regulation ostensibly pursues.

The Chilean case, where no plant limit exists, might appear more permissive but is
in practice more precarious. Without any quantitative reference point, every cultivation
operation exists in a state of latent criminality: a patient or association growing any
number of plants cannot know ex ante whether a prosecutor or judge will consider that
number “reasonable.” The absence of a threshold is not regulatory flexibility; it is regula-
tory abdication that delegates a fundamentally technical question to the criminal justice
system.

Both approaches—Argentina’s arbitrary fixed limit and Chile’s undefined standard—
share the same structural deficiency: they are disconnected from the demand-supply cal-
culus that should determine permissible inventory. A plant limit that does not reference
patient demand, yield distributions, harvest cycles, and safety stock requirements is no
more rational than a warehouse capacity rule that ignores order frequency and lead times.
The framework developed in this paper provides the missing analytical link, connecting
permissible cultivation scale (and by extension, inventory levels) to observable, auditable,

and patient-specific demand parameters.

Concentrated inventory as a societal risk vector. The inventory concentration
effect is not merely a legal liability for the association; it constitutes a genuine societal risk.
Large volumes of cannabis consolidated in a single location create an attractive target for
diversion to illicit markets—whether through internal theft by association members or
employees, external robbery, or systematic leakage through inadequate controls. From a
public safety perspective, a facility holding 30-50 kg of cannabis represents a qualitatively

different risk profile than 200 individual patients each holding 150 grams at their homes.



The concentration transforms a distributed, low-value target landscape into a single,
high-value node vulnerable to exploitation.

This risk is bidirectional. On one hand, the association faces the threat of outward
diverston: product leaving the facility through channels other than patient dispensing,
ultimately reaching the black market. The probability and magnitude of outward di-
version increase with inventory volume, creating a convex relationship between inventory
level and expected diversion loss. On the other hand, the association also faces the threat
of tnward predation: criminal organizations targeting the facility precisely because it con-
centrates valuable product in a known, fixed location. Several Latin American countries
have reported armed robberies of cultivation facilities and dispensaries, a phenomenon
that imposes security costs on operators and endangers surrounding communities.

The societal cost of concentrated inventory can be formalized. Let 7(I) denote the
probability of a diversion event (theft, leakage, robbery) as a function of total on-site
inventory I, and let L(I) denote the expected loss (in grams diverted to the black market)

conditional on such an event. The expected societal cost of diversion is:

Cdiversion([) — F(I) . L([) . Ustreet7 (1)

Where Ustreet

is the street value per gram, which serves as a proxy for the social harm
generated by each diverted unit (funding of criminal organizations, consumption by non-
patients, erosion of public trust in the medicinal program). Both 7(I) and L(I) are
plausibly increasing in [I: larger inventories are more attractive targets and yield larger
losses per event. This makes C4version(T) convex in I, reinforcing the existence of an
interior optimum in the inventory decision.

This analysis strengthens the case for the framework proposed in this paper. Without
a quantitative model, collective associations face an impossible dilemma: hold enough
inventory to reliably serve patients (risking criminal prosecution and creating a diversion
target) or restrict inventory to minimize legal and security exposure (guaranteeing treat-

ment interruptions). The stochastic inventory model developed in Section 3 resolves this

dilemma by identifying the inventory level that optimally balances patient service, legal
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risk, and societal diversion risk—and, crucially, by providing a documented, auditable,

and reproducible justification for that level.

1.4 An Operations Management Perspective

The determination of optimal inventory levels under demand uncertainty is one of the
foundational problems in operations research. The newsvendor model, first formalized
by Arrow et al. (1), provides a decision rule for a single-period inventory problem with
stochastic demand and asymmetric costs of over- and understocking. The model’s critical

ratio,
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has been applied across industries from fashion retail to vaccine supply chains.

We argue that medicinal cannabis inventory management maps naturally onto this
framework, with two important extensions. First, the cost parameters are not purely eco-
nomic; they include clinical harm (understocking) and criminal liability (overstocking),
requiring a multi-dimensional cost structure. Second, the supply side is subject to agricul-
tural yield uncertainty and long production lead times that preclude rapid replenishment,
necessitating a multi-period extension with pipeline inventory considerations.

To our knowledge, no prior work has applied formal inventory optimization models
to the medicinal cannabis supply chain. Existing literature on cannabis operations is
predominantly qualitative, focusing on supply chain traceability frameworks (2; 9) and
digital supply chain architectures. Meanwhile, the extensive operations research literature
on pharmaceutical inventory management (10) and controlled substance supply chains

(6) has not been extended to cannabis. This paper bridges that gap.

1.5 Contributions

This paper makes three contributions:

(i) Modeling contribution. We formulate the first quantitative inventory model for

medicinal cannabis that integrates demand uncertainty, yield uncertainty, cannabi-
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noid degradation (perishability), and regulatory constraints within a unified stochas-

tic programming framework.

(ii) Policy contribution. We demonstrate that technically defensible inventory bounds
can be derived from observable data (patient registries, prescription records, his-
torical yields), providing regulators with an evidence-based alternative to arbitrary
thresholds and prosecutors with a quantitative standard for assessing the reason-

ableness of inventory levels.

(iii) Health systems contribution. We quantify the relationship between inventory
policy and patient service level, showing that excessively conservative inventory
limits—whether imposed by regulation or self-imposed by risk-averse operators—
generate stockout rates that compromise treatment continuity and push demand

toward unregulated channels.

The remainder of this paper is organized as follows. Section 2 reviews the medici-
nal cannabis supply chain, the regulatory landscape across Latin America, Europe, and
North America, and relevant inventory theory. Section 3 presents the stochastic program-
ming formulation. Section 4 provides a numerical illustration calibrated to three Latin

American jurisdictions. Section 5 discusses policy implications. Section 7 concludes.

2 Background and Literature

2.1 The Medicinal Cannabis Supply Chain

The medicinal cannabis supply chain comprises five stages: (i) genetic selection and prop-
agation (cloning or seed germination), (ii) vegetative growth (2-4 weeks), (iii) flowering
and maturation (812 weeks), (iv) harvesting, drying, curing, and laboratory testing (2
4 weeks), and (v) processing into finished dosage forms (dried flower, oils, tinctures, cap-
sules) and distribution. The total lead time from propagation decision to patient-ready
product ranges from 90 to 150 days, depending on cultivar, growing method (indoor,

greenhouse, outdoor), and product format.
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Three characteristics distinguish this supply chain from conventional pharmaceuticals:

Yield uncertainty. Cannabis is an agricultural product whose yield per plant is a
random variable dependent on genetics, environmental conditions, pest pressure, and
cultivation practices. The meta-analysis by Backer et al. (3) reports wide variation in
cannabis yields, with indoor production ranging from 200 to 600 g/m? annually. This

variance propagates into finished product availability.

Cannabinoid variability. Even within a single cultivar, the concentration of thera-
peutically relevant cannabinoids (THC, CBD, CBN, terpene profiles) varies across plants
and harvests. Batch-level laboratory testing is mandatory in all regulated jurisdictions,
and batches failing to meet specification must be destroyed or reprocessed—effectively
reducing usable yield. Naim-Feil et al. (8) documented significant intra-plant variability

in inflorescence weight and cannabinoid content.

Product perishability. Cannabinoids degrade over time through oxidation (THC — CBN),
particularly under exposure to light, heat, and oxygen. While properly stored cannabis
can maintain potency for 12-24 months, this finite shelf life introduces an additional cost
of overstocking: inventory held beyond its potency window must be destroyed, represent-

ing both economic waste and regulatory liability.

2.2 Regulatory Landscape

We survey seven jurisdictions that represent the spectrum of regulatory approaches, from

restrictive to permissive, across Latin America, Europe, and North America.

Chile. Decree 867 (2015) permits the use of cannabis-based products under medical
prescription but provides no explicit production or inventory guidelines. Law 21.545
(2023) expanded access but maintained ambiguity regarding permissible quantities. The
Servicio Agricola y Ganadero (SAG) oversees cultivation permits, while the Instituto de

Salud Publica (ISP) regulates finished products. Possession of cannabis above a judicially
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determined threshold—not codified in statute—may trigger prosecution under Law 20.000
(14) (Narcotics Law), which carries penalties of 3 to 15 years imprisonment.

The Chilean case is particularly instructive because recent jurisprudence demonstrates
the radical inconsistency that results from the absence of quantitative inventory stan-
dards. In May 2026, the Corte Suprema (Rol N°54.608-2025) (34) overturned a traffick-
ing conviction for a defendant found carrying 100.3 grams of cannabis in a single package.
The court held that the quantity alone, without evidence of transactions with third par-
ties, dosing implements, or significant cash, was insufficient to establish trafficking intent;
the conviction was replaced with a fine of 1 UTM (approximately USD 65) for personal
possession. Yet in a contemporaneous case (Rol N°54.489-2025) (35), the same court
upheld a trafficking conviction for 23 grams of cannabis—Iless than one-quarter of the
quantity in the previous case—because the defendant also possessed a digital scale and
cash. The determinative factor was not quantity but circumstantial evidence of intent, a
standard that provides no ex ante guidance to operators or patients regarding permissible
inventory levels.

The regulatory incoherence deepened in March 2026, when Chile’s Congress approved
a reform to Law 20.000 that allows trafficking-level penalties to be applied to small quan-
tities of substances classified as capable of producing “grave toxic effects or considerable
health damage”™—a category that includes cannabis, classified as a “hard drug” since 2007.
In response, 37 members of Congress filed a constitutional challenge before the Tribunal
Constitucional (April 2026), arguing that the reform could criminalize medicinal patients
and personal users. As of this writing, the TC has not ruled. Chile thus presents the
extraordinary situation of three branches of government sending contradictory signals
about the same substance: Congress tightening penalties, the Supreme Court loosening
them through case law, and the Constitutional Tribunal weighing whether the entire
framework is constitutionally valid—while patients and operators navigate the resulting

uncertainty without quantitative tools to assess their legal exposure.

Colombia. Law 1787 (2016) and Decree 613 (2017) established a comprehensive li-

censing framework (cultivation, processing, export) administered by the Ministerio de
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Justicia and INVIMA. Colombia’s framework is the most developed in the region and
includes some production volume controls tied to license type, but inventory management

at the operator level remains largely unregulated.

Argentina. Law 27.350 (2017) and the subsequent regulatory framework (REPRO-
CANN) authorize personal and institutional cultivation for medicinal purposes. The
program has grown rapidly but lacks standardized inventory guidelines, creating friction

between patients/cultivators and law enforcement.

Uruguay. Law 19.172 (2013) legalized cannabis for recreational and medicinal use,
with the Instituto de Regulacion y Control del Cannabis (IRCCA) overseeing the mar-
ket. While Uruguay’s recreational framework includes per-person purchase limits, the

medicinal track has separate—and less defined—inventory provisions.

Germany. The Cannabisgesetz (CanG) (23), effective April 1, 2024, made Germany
the largest European economy to legalize adult-use cannabis. The law permits adults
to possess up to 25 g in public and 50 g at home, cultivate up to three plants, and—
since July 2024—join non-profit Cannabis Social Clubs (Anbauvereinigungen) of up to
500 members that collectively cultivate and distribute cannabis to their members. Mem-
bers may receive up to 25 g per day and 50 g per month (30 g/month with a 10% THC cap
for ages 18-21). As of early 2026, only a fraction of the hundreds of clubs that applied
had received licenses, and the conservative CDU/CSU coalition that took power after
the 2025 federal election has signaled possible tightening of the framework. Germany’s
clubs face precisely the inventory concentration problem described in Section 1.3: a 500-
member club dispensing 50 g/month per member must manage up to 25 kg of monthly
throughput, plus pipeline inventory from cultivation cycles of 3-5 months—volumes that,
without a quantitative justification framework, invite regulatory scrutiny and law enforce-
ment intervention. Separately, Germany’s medical cannabis market—which generated
over €450 million in 2024 and serves an estimated 200,000+ patients—saw a surge in

prescriptions after legalization, prompting a 2025 amendment requiring in-person physi-
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cian consultations and banning mail-order medical cannabis, further disrupting supply

chains and inventory planning.

Spain. Spain presents the canonical example of legal indeterminacy in cannabis opera-
tions. An estimated 400 Cannabis Social Clubs (asociaciones canndbicas) operate across
the country—concentrated in Catalonia and the Basque Country—under the Constitu-
tional right of association, but without specific enabling legislation. The Spanish Supreme
Court has ruled that “organized, institutionalized and persistent cultivation and distribu-
tion of cannabis among an association open to new members” constitutes drug trafficking
under the Penal Code (Art. 368) (31), while simultaneously recognizing a narrow “shared
consumption doctrine” that tolerates closed-group, non-commercial cultivation. The re-
sult is a legal gray zone where clubs that comply scrupulously with operational require-
ments (closed membership, non-profit structure, consumption logs, cultivation records)
may still face prosecution if a court determines that their scale exceeds “shared con-
sumption needs”—a determination made without reference to any quantitative standard.
In 2024, Barcelona’s city council ordered the closure of 30 clubs and intensified raids
throughout tourist districts; in 2025, national police operations across Murcia, Tenerife,
and Granada resulted in seizures of thousands of plants and prosecution of operators.
The inability to distinguish legitimate collective cultivation from trafficking operations—
precisely because no quantitative inventory standard exists—is the central enforcement

failure that our framework addresses.

Canada. Canada’s Cannabis Act (2018) (24) established the most comprehensive reg-
ulatory framework globally, with over 900 licensed producers, processors, and retailers
subject to Health Canada oversight. Yet even this mature system faces inventory man-
agement challenges. As of early 2026, nearly 10,000 active personal and designated pro-
duction registrations exist nationwide, with Health Canada having refused or revoked
over 4,100 registrations—approximately 3,400 for public health and safety reasons—as of
March 2025. The regulator has explicitly acknowledged concerns about “the potential for

misuse and diversion of cannabis from these types of licences, especially those associated
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with high daily limits.” The Cannabis Tracking System (CTS), which requires monthly
reporting of production, inventory, distribution, and sales data, generates the infrastruc-
ture for oversight but not the analytical framework for determining optimal inventory
levels. Health Canada’s 2025 amendments (25) streamlined reporting requirements and
expanded micro-cultivation limits fourfold (to 800 m?), reflecting an ongoing tension be-
tween reducing regulatory burden and maintaining diversion prevention—a tension that

a principled inventory optimization framework could help resolve.

2.3 Inventory Models for Controlled Substances

The pharmaceutical industry has developed robust frameworks for managing inventories
of controlled substances (Schedule 1I-V under the UN Single Convention on Narcotic
Drugs, 1961) (33). The U.S. Drug Enforcement Administration (DEA) requires regis-
trants to maintain Aggregate Production Quotas and Individual Manufacturing Quotas
calibrated to estimated medical, scientific, and industrial demand plus allowances for
exports and reserve stocks. These quotas are determined annually through a demand
forecasting process codified in 21 CFR §1303 (30).

Similar systems exist internationally: the International Narcotics Control Board (INCB)
requires parties to the Single Convention to furnish annual estimates of drug requirements,
which serve as de facto inventory ceilings at the national level.

Cannabis, however, has historically been excluded from these estimation systems
in most Latin American countries due to its Schedule I/TV status under international
treaties. As jurisdictions create medicinal exceptions, they must develop inventory man-
agement frameworks without the institutional infrastructure that exists for other con-

trolled substances.

2.4 Beyond Latin America: Global Applicability

While this paper’s numerical illustrations focus on Latin American jurisdictions, the
regulatory gap it addresses is global in scope. Mature cannabis markets in North America

and emerging frameworks in Europe face structurally identical challenges—differing in
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degree but not in kind.

In the United States, the majority of states with legal cannabis programs mandate
seed-to-sale tracking through government-contracted platforms. Metrc (41) (Marijuana
Enforcement Tracking Reporting Compliance), used in over 16 states including Califor-
nia, Colorado, Massachusetts, and Michigan, assigns unique RFID tags to every plant
and package, recording each transition—from seedling to harvest, to processing, to labo-
ratory testing, to retail sale—in a centralized state database. BioTrack provides similar
functionality in other jurisdictions. These systems generate granular, time-stamped data
on every gram of cannabis moving through the licensed supply chain, enabling regulators
to verify that product entering a dispensary originated from a licensed cultivator and
that no inventory is unaccounted for.

Canada, under the Cannabis Act (2018) (24), requires licensed producers to main-
tain detailed records of all cannabis produced, processed, stored, and sold, with monthly
reporting to Health Canada. While Canada does not mandate a unified digital track-
ing platform comparable to Metrc, licensed producers operating under Health Canada’s
Good Production Practices (GPP) must maintain batch-level traceability conforming to
ALCOA++ data integrity principles (Attributable, Legible, Contemporaneous, Original,
Accurate, plus Complete, Consistent, Enduring, and Available).

These mature markets have thus solved the traceability problem: they can track where
every gram is and where it came from. What they have not solved is the optimization
problem: how much inventory should each node in the supply chain hold? The trace-
ability infrastructure generates precisely the data—production volumes, yield per plant,
batch testing pass rates, demand by product type and time period—needed to calibrate
the stochastic model proposed in this paper. A Metrc-integrated implementation of our
framework could provide licensed operators with real-time, data-driven inventory rec-
ommendations that simultaneously satisfy regulatory compliance requirements, minimize
diversion risk, and guarantee target patient service levels.

As discussed in Section 1.1, the federal reclassification of cannabis to Schedule III

creates powerful structural momentum toward interstate commerce. The prospect of
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interstate supply chains transforms the inventory management problem from a single-
facility optimization to a multi-echelon network design challenge. Interstate commerce
introduces additional lead time variability (cross-state transportation, customs-equivalent
regulatory inspections), demand uncertainty (serving heterogeneous state markets with
different product preferences and consumption patterns), and regulatory heterogeneity
(differing state-level testing requirements, potency limits, and packaging standards). Each
node in an interstate supply chain—cultivator, processor, distributor, dispensary—must
determine its own optimal inventory level while accounting for upstream supply variability
and downstream demand uncertainty. This is precisely the class of problem that our two-
stage stochastic framework naturally accommodates, and for which the seed-to-sale data
infrastructure (Metre, BioTrack) already provides the calibration data.

The framework proposed here is therefore not only a tool for developing markets
navigating legal uncertainty, but also a foundation for operational optimization in the
industrialized, interstate cannabis supply chains that federal reclassification is poised to
create. The convergence of regulatory reform (Schedule IIT reclassification), data in-
frastructure (seed-to-sale traceability), and analytical methodology (stochastic inventory
optimization) positions this work at the intersection of an emerging and urgent opera-

tional need.

2.5 The Newsvendor Model and Extensions

The classical newsvendor model considers a decision-maker who must determine order
quantity ) before observing demand D, which follows a known probability distribu-
tion F'(-). Excess inventory incurs overage cost C, per unit, while unmet demand incurs
underage cost C,, per unit. The optimal order quantity is given by eq. (2).

Extensions relevant to our setting include: the newsvendor with random yield (11),
where the quantity received is a random fraction of the quantity ordered or planted; the
perishable inventory newsvendor (7), incorporating product lifetime; and the multi-period
newsvendor (5), extending the single-period framework to sequential decisions.

The two-stage stochastic programming formulation of the farmer’s problem (4) gen-
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eralizes the newsvendor to multiple products with joint resource constraints—directly
applicable to a multi-cultivar cannabis operation deciding how to allocate limited green-

house capacity.

3 Model Formulation

3.1 Setting and Notation

Consider a licensed medicinal cannabis operator serving a patient population over a plan-
ning horizon of T' periods (months). The operator cultivates K cannabis cultivars (in-
dexed k = 1,..., K), each with distinct cannabinoid profiles suited to different therapeu-

tic applications. Table 1 summarizes the notation.

Table 1: Model notation.

Symbol Definition

Ty, Number of clones planted of cultivar k (first-stage decision)

Dy, Random demand for finished product from cultivar k£ (g/period)
Yy Random yield per clone of cultivar & (g/clone)

Y Unit cost of unmet demand (underage) for cultivar k

cr Unit cost of excess inventory (overage) for cultivar k

S Total greenhouse capacity (clone slots)

T Production lead time (periods from planting to finished product)
Ak Cannabinoid degradation rate for cultivar k (fraction/period)
Iprex Maximum permissible inventory of cultivar k (regulatory ceiling)
a Target patient service level (e.g., 0.95)

3.2 Cost Structure

The critical innovation of our model is a multi-dimensional cost structure that captures

the unique characteristics of the medicinal cannabis context.
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Underage cost (stockout). The cost of failing to meet patient demand comprises:

w __ clinical substitution reputational
Cr =6, """ + ¢ + ¢ ; (3)

clinical

where cf, represents the clinical harm from treatment interruption (quantifiable through

substitution

quality-adjusted life years lost or equivalent metrics), ¢ is the cost of patients

resorting to unregulated sources (a negative externality that undermines the regulatory
reputational

regime itself), and ¢, captures the operator’s loss of patient trust and regulatory

standing.

Overage cost (excess inventory). The cost of maintaining inventory above patient

needs comprises:

o __ holding degradation diversion legal
Cr=c, + ¢, + ¢ + ¢, (4)

holding - , : : degradation -
where ¢,” " is the conventional warehousing and security cost, ¢, """ is the cost of

diversion

cannabinoid potency loss over time, cj; represents the expected cost of inventory

legal .
L 1S

diversion to illicit channels (a function of security controls and their efficacy), and ¢
the expected legal-criminal cost—the probability of prosecution multiplied by the severity
of sanctions, conditional on inventory level.

The term cfgal is particularly important and distinguishes this model from standard
pharmaceutical inventory problems. In jurisdictions with vague possession thresholds,
cfgal is not a step function (legal below threshold, criminal above) but a continuous,
increasing function of inventory level—reflecting the reality that prosecutorial discretion

and judicial assessment of “reasonable” quantities are probabilistic.

3.3 Two-Stage Stochastic Program
First stage (pre-planting decisions).

K

min "z, + Ee[Q(x,8)] (5)
{z} P
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subject to:
K
Z < S (greenhouse capacity) (6)
k=1

where & = (Dy,..., Dk, Y1,...,Yk) is the vector of random variables and Q(x,&) is the

second-stage recourse cost.

Second stage (post-harvest allocation). Given realized yield Y} - xj for each culti-

var k and realized demand dj:

K
Qx.&) = min 3 [Cfrwp + Cfrep + o] (8)
{Sk7ek’wk7Tk} k=1

subject to:
Sp+ep + 1 = Yy - xy 4 il Vk (inventory balance) (9)
Sk + wy, = dy, Vk (demand satisfaction) (10)
sk +ep < I Vk (regulatory ceiling) (11)
Sk, €k, Wk, T >0 VEk (12)

where s; is quantity sold/dispensed, ey, is excess inventory carried, wy is unmet demand
(stockout), and r; is quantity diverted to secondary processing (extraction into oils or

concentrates).

3.4 The Optimal Inventory Bound

For the single-cultivar, single-period case, the model reduces to a modified newsvendor

with random yield. If yield per clone follows Y ~ LogNormal(py, 0% ) and demand follows
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D ~ N(pup,c%), the optimal planting decision satisfies:

Cu
Fil ——
. (C“+CO>

E[Y]

and the corresponding optimal inventory level (in expectation) is:

* * - Cu
I =X E[Y] :FD1<W) . (14)

The technically defensible inventory range is then defined by:

1o — Fl(a) (15)

2 9
Hp Oy

Iceiling — Iﬂoor
E[Y]?

+ pp-7 +25-0p-¢[T+ (16)
——

pipeline stock iy
safety stock (demand + yield)

where 71°° is the minimum inventory to guarantee service level a, and zj is the safety
factor corresponding to a desired protection level S against joint demand and yield vari-

ability.

3.5 Incorporating Cannabinoid Degradation

To account for perishability, we model usable inventory as a fraction of physical inventory:
[Esable (t) _ [EhySical(t) . 6—)\k‘a(t)’ (17)

where a(t) is the average age of inventory at time ¢. This creates an endogenous upper
bound on useful inventory: even absent regulatory ceilings, there exists a natural maxi-
mum beyond which additional inventory degrades faster than it can be dispensed. This
result provides a pharmacological justification for inventory ceilings that complements

the regulatory one.
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4 Numerical Illustration

4.1 Parameter Calibration

We calibrate the model to a hypothetical licensed operator in Santiago, Chile, serving
a registered patient population. Parameters are drawn from publicly available data and

the academic literature.

Demand parameters. Chile’s medicinal cannabis program does not publish granular
demand data. We estimate demand from proxy sources: Fundacion Daya (37) (Chile’s
largest patient advocacy organization) reports serving approximately 4,000 patients as
of 2023. Clinical literature suggests average monthly consumption of 20-60 g of dried
flower equivalent, depending on condition and administration route. We model demand
as D ~ N(up = 120,000 g/month, op = 24,000 g/month) for a mid-scale operator

serving 4,000 patients at 30 g/month average.

Yield parameters. Based on Backer et al. (3) and industry reports, indoor cannabis
yield per clone is modeled as Y ~ LogNormal(u = 4.0, 0 = 0.5), corresponding to a

median of approximately 55 g/plant with right-skewed distribution.

Cost parameters. We use the illustrative values in Table 2. Sensitivity analysis follows

in Section 4.3.
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Table 2: Baseline parameter values.

Parameter Value Rationale

C" (underage)  USD15/g  Clinical substitution cost + patient ex-
ternality

C° (overage) USD5/g Holding + degradation + expected le-
gal cost

7 (lead time) 4 months Typical indoor cultivation cycle

A (degradation) 0.02/month THC degradation under proper storage

a (service level) 0.95 Target: 95% prescription fill rate

4.2 Results

With the baseline parameters, the critical ratio is:

ct 15
Cuv+Co  15+5

= 0.75.
The optimal base inventory is:
I* = F51(0.75) = pup + 2075 - op = 120,000 + 0.674 x 24,000 = 136,176 g.
The pipeline stock for a 4-month lead time:
S'Spipetine = p X T = 120,000 x 4 = 480,000 g.

The safety stock (at 95% protection):

2

1y o5
SSyield = 2095 Tp A [T + VEE ~ 86,400 g.

Total defensible inventory: approximately 702 kg (702,576 g).

(18)

(19)

(20)

(21)

This figure—roughly 5.9 months of average demand—is the technically justifiable
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maximum inventory for this operator. Any prosecution arguing that this quantity exceeds

“reasonable” medicinal needs would need to demonstrate that the model’s assumptions

are flawed, not that the quantity is “too large” in absolute terms.

4.3 Sensitivity Analysis

We examine how the optimal inventory changes with key parameters.

Service level sensitivity. Increasing the target service level from 90% to 99% increases
optimal inventory by approximately 35%, reflecting the well-known tradeoff between ser-

vice level and inventory investment (Table 3).

Table 3: Sensitivity to target service level.

Service Level (o) Optimal Inventory (kg) Months of Coverage Stockout Prob.

0.90 618 5.2 10.0%
0.95 703 2.9 5.0%
0.97 762 6.4 3.0%
0.99 948 7.9 1.0%

Cost ratio sensitivity. The ratio C*/C° is the primary determinant of optimal in-
ventory. When the clinical and social costs of stockouts are perceived as high relative to
the legal costs of excess inventory, the model prescribes higher inventories. Conversely,
in jurisdictions where narcotics enforcement is aggressive, the model prescribes lower

inventories—quantifying the chilling effect that punitive drug policy exerts on patient

access (Table 4).
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Table 4: Sensitivity to cost ratio.

Scenario C* (USD/g) C° (USD/g) Critical Ratio Opt. Inv. (kg)
High clinical priority 25 3 0.89 849
Baseline 15 5 0.75 703
High legal risk 10 15 0.40 474
Hostile enforcement 5 25 0.17 351

The “hostile enforcement” scenario—where the expected legal cost of excess inventory
vastly exceeds the perceived cost of patient stockouts—results in an inventory level that
covers only 2.9 months of demand. Given a 4-month production lead time, this guarantees
supply disruptions. This result formalizes the intuition that excessively punitive drug

policy, absent clear inventory guidelines, is incompatible with reliable patient access.

Lead time sensitivity. Production lead time has a multiplicative effect on required
inventory through the pipeline stock component. Operators with faster production cycles
(e.g., autoflowering cultivars at 75 days, or pre-established mother plant banks reducing
propagation time) can justify lower inventories. This has regulatory implications: policies
that support operational efficiency in licensed cultivation directly reduce the inventory

levels required to maintain service, thereby reducing diversion risk.

4.4 Cross-Country Comparison

We apply the framework to three regulatory contexts to illustrate how the same model

produces jurisdiction-specific inventory recommendations.

Chile (restrictive). Under Law 20.000, criminal penalties for drug trafficking are se-
vere (5-15 years) and the boundary between “personal use” and “trafficking” is judicially
determined case-by-case. We model this as a high-c'*®¥ environment. Result: the model
recommends conservative inventory (500 kg for our reference operator) with mandatory

documentation linking every gram to a registered patient prescription.
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Colombia (permissive framework, moderate enforcement). Colombia’s licensing
system provides regulatory cover for licensed operators, reducing ¢'*8. We model this as
moderate-c'®®®. Result: the model recommends higher inventory (~750kg), justified by

the additional export channel that creates demand volatility requiring larger buffers.

Argentina (fragmented). REPROCANN authorizes personal and community culti-
vation, creating a decentralized system where many small operators each hold modest
quantities. The per-operator inventory is lower, but the same principles apply at each
node. Result: the model recommends per-association inventories proportional to regis-

tered membership, with a recommended 4-month rolling supply.

5 Policy Implications

5.1 From Arbitrary Thresholds to Evidence-Based Inventory Stan-

dards

The model’s primary policy contribution is replacing arbitrary or undefined inventory
limits with a quantitative methodology grounded in observable parameters. We propose

that regulatory agencies adopt the following framework.

Demand-linked inventory authorization. Each licensed operator’s permissible in-
ventory ceiling should be a function of: (i) the number of patients served, as documented
through prescription registries; (ii) average consumption per patient, based on clinical pro-
tocols; (iii) the coefficient of variation of demand, reflecting the predictability of patient
needs; and (iv) the production lead time specific to the operator’s cultivation method.
This approach has the advantage of being self-adjusting: as the operator’s patient
base grows or shrinks, the justifiable inventory changes proportionally—without requiring

regulatory amendments or ad hoc negotiations.
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Standard inventory formula. We propose that jurisdictions adopt a standard for-

mula for the maximum justifiable inventory:

"™ =N-d-(T+2.-CVp-\T), (22)

where N is the number of registered patients, d is the average monthly dose per patient
(grams), 7 is the production lead time in months, z, is the safety factor for target service
level o, and C'Vp is the coefficient of variation of aggregate demand.

This formula can be: (a) published as a regulatory guideline; (b) applied by operators
for self-assessment; (c¢) verified by inspectors through routine audits; and (d) cited by

courts as the standard of reasonableness in prosecutorial proceedings.

5.2 Implications for Criminal Justice

In jurisdictions where possession of cannabis above an undefined threshold triggers crim-
inal investigation, the model provides an ezpert-witness-grade tool for assessing whether
an operator’s inventory is consistent with legitimate medicinal supply. The defense argu-
ment is straightforward: the inventory level is the output of a peer-reviewed, published
optimization model calibrated to the operator’s documented patient base, verified pre-
scription records, and auditable production data.

This shifts the burden of proof. Rather than the operator needing to justify why they
hold a certain quantity (a subjective inquiry with no clear standard), the prosecution
would need to demonstrate either that the model’s parameters are incorrect (an empirical
claim that can be tested) or that the operator’s actual inventory exceeds the model’s

recommended ceiling by a margin indicative of diversion intent.

5.3 The Paradox of Excessive Restriction

Our sensitivity analysis reveals a counterintuitive but important policy insight: overly
restrictive inventory limits can increase rather than decrease diversion risk. When legal

operators are forced to maintain sub-optimal inventories, patients experience stockouts
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and turn to unregulated sources. These unregulated sources—by definition—have no
traceability, no quality control, and no inventory accountability. The aggregate effect is
a net increase in the volume of cannabis circulating outside regulatory oversight.

We formalize this as a “diversion paradox™ let V'"¢(]) denote the volume of cannabis
obtained through unregulated channels as a function of the regulatory inventory ceiling I.

Under reasonable assumptions about patient behavior (patients seek unregulated supply

when legal supply is unavailable), we have:

unreg _
81/81_ <0 for I<I", (23)

i.e., increasing the legal inventory ceiling decreases unregulated market volume, up to
the optimal inventory level. Beyond [I*, additional legal inventory no longer displaces
unregulated supply and merely increases holding costs and diversion opportunity.

This result has direct policy implications: there exists an interior optimum I* that
minimizes total unregulated cannabis volume. Setting the regulatory ceiling below this

optimum is counterproductive from a public health and drug control perspective.

5.4 Implementation Roadmap

We propose a phased implementation strategy for regulatory adoption:

Phase 1: Data infrastructure. Establish standardized patient registries and pre-
scription tracking systems that generate the demand data required to calibrate the model.
Several Latin American countries already have partial systems (Chile’s ISP registry,

Colombia’s INVIMA database, Argentina’s REPROCANN) that can be extended.

Phase 2: Pilot calibration. Apply the model to a small number of licensed oper-
ators to generate initial inventory recommendations and validate them against actual

dispensing data. Iteratively refine the demand distribution parameters.
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Phase 3: Regulatory publication. Publish the standard inventory formula (eq. (22))
as a regulatory guideline, with jurisdiction-specific parameter values for z, and C'Vp based

on pilot data.

Phase 4: Judicial integration. Develop expert-witness protocols and training mate-
rials that enable the model to be presented as evidence in criminal proceedings. Engage

with judicial academies and prosecutorial training programs.

6 Limitations and Future Research

This paper has several limitations that suggest directions for future research.

First, our cost parameters—particularly c®i¢al and cl°8al—are illustrative rather than
empirically estimated. A natural extension is to conduct stated-preference or revealed-
preference studies to estimate the clinical cost of treatment interruption and the expected
legal cost of excess inventory across jurisdictions. Discrete choice experiments with pa-
tients and legal professionals could provide robust estimates.

Second, we model demand as stationary, whereas in practice the medicinal cannabis
patient population is growing rapidly across Latin America. A non-stationary demand
model with trend and seasonality components would improve the framework’s applica-
bility to growing markets.

Third, we treat each cultivar independently in the single-period analysis. In practice,
demand substitution across cultivars (e.g., a patient switching from a high-THC to a
balanced cultivar when the former is unavailable) creates cross-cultivar dependencies
that the multi-cultivar stochastic program captures but the closed-form solutions do not.

Fourth, the model assumes a single operator. Network-level extensions—coordinating
inventory across multiple operators, or between operators and a centralized government
stockpile—could further reduce system-wide inventory requirements while maintaining
patient service levels.

Finally, the political economy of inventory regulation deserves attention. The model

assumes a rational regulator seeking to balance patient access and diversion risk, but ac-
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tual regulatory behavior is shaped by electoral incentives, international treaty obligations,
and public opinion regarding drug policy. Integrating these factors into the framework

requires a political economy extension beyond the scope of this paper.

7 Conclusion

This paper proposes a quantitative framework for determining optimal inventory levels
for medicinal cannabis in Latin American jurisdictions where the absence of explicit
guidelines creates legal uncertainty, operational risk, and patient harm. By adapting the
classical newsvendor model to incorporate clinical, legal-criminal, and pharmacological
cost dimensions alongside agricultural yield uncertainty, we produce technically defensible
inventory bounds that can serve regulators, operators, and courts.

The central policy insight is that inventory management for medicinal cannabis is not
a law enforcement problem to be solved through arbitrary restrictions, but an operations
management problem to be solved through evidence-based optimization. The tools exist;
the data infrastructure is developing; and the regulatory need is acute. We hope this paper
contributes to the transition from discretionary judgment to quantitative standards in a

domain where the consequences of poor inventory decisions fall ultimately on patients.
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