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In inventory management, maintaining the right balance between stock
availability and minimizing holding costs is crucial. Two popular inventory
control models— the Fixed-order-interval (FOI) Model and the Reorder Point
(ROP) Model- offer different approaches to managing stock levels. A common
observation among inventory professionals is that the Fixed-order-interval
Model generally requires a larger amount of safety stock than the ROP Model
for the same level of service. Understanding why this is the case 1is
essential for optimizing inventory strategies, reducing costs, and ensuring
customer satisfaction.

Understanding the Basics of Inventory Control
Models

Before delving into the reasons behind the differing safety stock
requirements, it’s important to understand the fundamental principles of the
two models.

The Fixed-order-interval (FOI) Model

The FOI Model operates on a fixed time schedule; orders are placed at
regular, predetermined intervals regardless of the current stock level. For
instance, a company might review its inventory every week and place an order
to replenish stock to a certain level. This approach is often used in
periodic review systems where simplicity and predictability are prioritized.

Key features of the FOI Model:

- Orders are placed at fixed intervals (e.g., weekly, monthly).

- The order quantity varies depending on the stock level at review time.

- The safety stock must cover demand during the review period plus lead time
variability.



The Reorder Point (ROP) Model

The ROP Model is a continuous review system where an order is triggered as
soon as the stock level falls to a predetermined reorder point. This model is
designed to respond dynamically to demand fluctuations, allowing for more
precise control of stock levels.

Key features of the ROP Model:

- Continuous monitoring of stock levels.

- Orders are placed immediately when stock reaches the reorder point.

- Safety stock is calculated to cover demand during lead time and demand
variability.

Why Does the Fixed-order-interval Model Require
More Safety Stock?

The core reason the FOI Model requires a larger safety stock than the ROP
Model for the same service level lies in the fundamental differences in
review frequency, responsiveness, and demand variability management.

1. Less Frequent Review Means Greater Uncertainty

In the FOI Model, inventory levels are only checked periodically, such as
weekly or monthly. During the interval between reviews, demand continues to
deplete stock, and unforeseen spikes in demand or delays in lead time can
cause stockouts.

Implication:

- To mitigate the risk of stockouts during the review interval, safety stock
must be increased to cover the maximum possible demand during that period.

- The longer the review interval, the larger the safety stock needed to
buffer against demand variability.

2. Lack of Real-Time Monitoring

Unlike the ROP Model, which continually monitors stock levels and can react
immediately to changes, the FOI Model only updates inventory status at fixed
intervals.

Implication:
- The inability to respond instantly to demand surges means safety stock must
compensate for this lag, resulting in higher safety stock levels.



3. Variability in Demand and Lead Time

Demand and lead time are inherently variable factors in inventory management.
When these variabilities are high, safety stock must be increased to maintain
desired service levels.

In the FOI Model:

- The safety stock must account for demand during the review period plus lead
time variability.

- Since the review period is fixed and known, safety stock calculations often
include worst-case demand scenarios.

In the ROP Model:
- Safety stock is calculated based on demand variability during lead time
only, which is typically shorter and more predictable.

4. Impact of Service Level Goals

Higher service levels require larger safety stocks to reduce the probability
of stockouts. The FOI model, with its less frequent review process, must
build in more safety stock to achieve the same service level as a continuous
review system.

Mathematical Perspective: Comparing Safety
Stock Calculations

The safety stock is generally calculated using statistical methods that
consider demand variability, lead time variability, and desired service
levels.

Safety Stock in the ROP Model

The typical formula is:

Safety StockROP = Z x oLT

Where:

- Z is the Z-score corresponding to the desired service level.

- oLT is the standard deviation of demand during lead time.

Since demand during lead time is often predictable or stable, safety stock
can be optimized accordingly.



Safety Stock in the Fixed-order-interval Model

The formula often looks like:
Safety StockFOI = Z x V(D t + L) x oDemand

Where:

- D is average demand rate.

- t is review period.

- L is lead time.

- oDemand is demand variability per period.

Because t (review interval) is fixed and often longer, the safety stock must
cover demand variability over a longer horizon, leading to larger safety
stock levels.

Practical Implications for Inventory Management

Choosing between the FOI and ROP models impacts safety stock levels, costs,
and service levels. Here are some considerations:

Cost Implications

- Higher safety stock means higher holding costs.
- The FOI Model’s larger safety stock increases inventory costs but
simplifies ordering processes.

Service Level and Stockouts

- The ROP Model's real-time responsiveness typically results in fewer
stockouts at lower safety stock levels.

- The FOI Model may experience stockouts during review intervals if safety
stock is insufficient, requiring larger safety stocks to compensate.

Operational Complexity

- The ROP Model requires continuous monitoring, which can be technologically
demanding and costly.

- The FOI Model simplifies operations but at the expense of higher safety
stocks.



Choosing the Right Model

- For high-demand variability or critical stock items, the ROP Model is
preferable because of its efficiency in safety stock utilization.

- For less critical items, or where simplicity is desired, the FOI Model
might be suitable despite requiring larger safety stocks.

Conclusion: Strategic Considerations

Understanding why the Fixed-order-interval Model requires a larger amount of
safety stock than the ROP Model for the same service level is vital for
effective inventory management. The less frequent review cycle inherent in
the FOI Model introduces greater uncertainty and demand variability exposure,
necessitating larger safety stocks to maintain service reliability.
Conversely, the ROP Model's continuous monitoring allows for more precise
safety stock calculations, often resulting in lower safety stock
requirements.

Managers must weigh the trade-offs between operational simplicity and
inventory costs. While the FOI Model may be easier to implement, its safety
stock requirements lead to higher holding costs. The ROP Model, although more
complex and technologically demanding, offers more efficient safety stock
utilization and potentially lower overall inventory costs.

In practice, selecting the appropriate inventory control strategy depends on
factors such as demand variability, lead time stability, technological
capabilities, and service level objectives. By understanding the underlying
principles and implications of safety stock requirements in both models,
businesses can optimize their inventory systems to balance costs, service
levels, and operational efficiency.
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Frequently Asked Questions

Why does the Fixed-order-interval model generally
require more safety stock than the ROP model?

The Fixed-order-interval model schedules orders at fixed intervals, which can
lead to higher variability in demand during the interval, necessitating more



safety stock to prevent stockouts. In contrast, the ROP model orders based on
inventory reaching a reorder point, allowing for more responsive adjustments
and typically less safety stock.

How does demand variability impact safety stock
levels in the Fixed-order-interval model?

Higher demand variability during the fixed interval increases uncertainty,
leading to a need for larger safety stock in the Fixed-order-interval model
to maintain service levels, compared to the ROP model which reacts to actual
inventory levels.

Can inventory policies be optimized to minimize
safety stock requirements in the Fixed-order-
interval model?

Yes, by adjusting the length of the review interval or implementing demand
forecasting techniques, companies can optimize the Fixed-order-interval model
to reduce safety stock while maintaining desired service levels.

What are the operational implications of requiring
larger safety stock in the Fixed-order-interval
model?

Requiring larger safety stock can lead to increased holding costs, reduced
storage efficiency, and potential obsolescence risks, making it important to
carefully evaluate whether the Fixed-order-interval model aligns with
inventory management strategies.

In what scenarios is the Fixed-order-interval model
preferred despite its higher safety stock
requirements?

The Fixed-order-interval model is preferred in scenarios where order
regularity simplifies planning, supplier constraints restrict order timing,
or demand patterns are predictable enough that safety stock needs are
manageable.

How does lead time variability influence safety
stock levels in the Fixed-order-interval model
compared to the ROP model?

Lead time variability increases uncertainty in replenishment timing, which in
the Fixed-order-interval model results in higher safety stock levels to
buffer against delays. The ROP model can better adapt to lead time
variability by triggering orders based on inventory levels, often requiring



less safety stock.

Additional Resources
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Introduction

In the realm of inventory management, two prominent replenishment models
dominate the discourse: the Fixed-order-interval (FOI) model and the Reorder
Point (ROP) model. Both aim to maintain service levels while minimizing
costs, but their underlying assumptions and operational mechanisms differ
significantly. A critical comparison between these models reveals that the
Fixed-order-interval Model Requires A Larger Amount Of Safety Stock Than The
Rop Model For The Same service level, a fact with profound implications for
inventory planning and operational efficiency.

This article delves into the foundational principles of both models, explores
their safety stock requirements, and analyzes why the FOI model inherently
demands more safety stock to achieve comparable service levels. Through
rigorous examination, supported by quantitative insights and practical
considerations, we aim to elucidate the reasons behind this difference and
guide practitioners toward optimal inventory strategies.

The Fundamentals of Inventory Replenishment
Models

The Reorder Point (ROP) Model

The ROP model is a continuous review system where inventory levels are
monitored constantly. When the inventory position drops to a predetermined
reorder point (ROP), an order is triggered to replenish stock up to a
specified order quantity (Q). Its core assumptions include:

- Continuous monitoring of inventory levels.

- Immediate replenishment upon reaching ROP.

- Demand follows a stochastic process, typically modeled as a probabilistic
distribution.

- Lead time is either constant or stochastic, influencing the safety stock
calculation.



The ROP is generally calculated as:
ROP = Expected demand during lead time + Safety Stock

where safety stock accounts for demand variability during lead time.

The Fixed-Order-Interval (FOI) Model

In contrast, the FOI model operates on a periodic review basis, where
inventory is checked at fixed intervals (e.g., weekly, monthly). Orders are
placed to raise inventory up to a target level (T) at each review, regardless
of the current stock position. Its assumptions include:

- Periodic review schedule.

- Orders occur at fixed intervals, independent of inventory levels.

- Demand during the review period plus lead time is stochastic.

- Safety stock is maintained to buffer against demand variability during the
review interval plus lead time.

The key parameters in the FOI model are the review period (T) and the order-

up-to level (T). Safety stock calculations are adjusted to cover demand
variability over the combined review period and lead time.

Understanding Safety Stock: The Heart of the
Comparison

Safety Stock in the ROP Model

The safety stock in the ROP model is designed to buffer against demand
variability during the lead time. It is often calculated based on the
standard deviation of demand during lead time (o LT):

Safety Stock (ROP) = z ¢ LT

where:

- z is the safety factor corresponding to the desired service level.
- 06 LT is the standard deviation of demand during lead time.

Since the review process is continuous, the ROP model reacts immediately when



inventory reaches the reorder point, adjusting stock levels dynamically to
demand fluctuations. This approach allows for more precise safety stock
levels, tailored to actual demand variability during the lead time.

Safety Stock in the FOI Model

In the FOI model, safety stock must cover demand variability over the
combined period of the review cycle plus the lead time, which is inherently
longer than the lead time alone. The safety stock formula typically becomes:

Safety Stock (FOI) = z 6 (T + L)

where o (T + L) is the standard deviation of demand over the sum of the
review period (T) and lead time (L). Because the review period is fixed and
often longer than the lead time, the total demand variability to buffer
against increases significantly.

This cumulative demand variability leads to a larger safety stock requirement
compared to the ROP model, which only considers demand during the lead time.

Why Does the Fixed-order-interval Model Require
More Safety Stock?

1. Periodic Review and Demand Variability

The fundamental reason is that the FOI model’s periodic review structure
introduces a lag in response to demand fluctuations. Since orders are only
placed at fixed intervals, demand can fluctuate significantly within the
review period, increasing the risk of stockouts. To mitigate this risk, the
safety stock must be proportionally larger to buffer against demand during
the entire review cycle plus lead time, which cumulatively exceeds the demand
during lead time alone.

Key Point: The longer the review interval, the greater the demand variability
that safety stock must cover.



2. Lack of Immediate Replenishment Flexibility

The ROP model's continuous monitoring allows for immediate replenishment when
inventory reaches the reorder point, effectively reducing the window during
which demand variability can cause stockouts. Conversely, the FOI model waits
until the review date, which means demand during the review period can
deplete inventories significantly before corrective action is taken.

Implication: The inability of the FOI model to respond instantly leads to a
need for higher safety stock levels to achieve the same service levels.

3. Variance Accumulation Over the Review Period and
Lead Time

Demand during the review period T and lead time L are stochastic variables
with their own variances. When aggregated, the combined demand variability
increases, requiring safety stock to cover the worst-case scenarios.
Mathematically, assuming demand during T and L are independent:

o _total = sqrt(c T2 + o L?)

Given T > 0, o total > 6 L, meaning safety stock must be larger in the FOI
model to account for the increased demand variability.

Quantitative Illustration: Comparing Safety
Stock Levels

Suppose demand per unit time has a mean (u) and standard deviation (o). For
simplicity, assume demand is normally distributed and demand during T and L
are independent.

- In ROP model:

Safety Stock = z 6 L

- In FOI model:

Safety Stock = z sqrt(c T2 + o L?)

ITT>0, then:



Safety Stock (FOI) > Safety Stock (ROP)
For example, if:

- 0 = 10 units/hour

- Lead time L = 1 hour

- Review period T = 7 days (~168 hours)

-z =1.65 (for approximately 95% service level)

Then:

- o L =10 units

- 0T =10 sqrt(168) = 10 12.97 = 129.7 units
Calculations:

- ROP safety stock = 1.65 10 = 16.5 units
- FOI safety stock = 1.65 sqrt(168102 + 1102) = 1.65 sqrt(168100 + 100) =
1.65 sqrt(16800 + 100) = 1.65 sqrt(16900) = 1.65 130 = 214.5 units

This illustrates that, to maintain the same service level, the FOI model's
safety stock must be substantially larger, primarily due to the extended
period over which demand variability accumulates.

Implications for Inventory Management and
Operational Efficiency

Cost Considerations

Higher safety stock levels translate into increased holding costs, capital
tied up in inventory, and potential obsolescence risks. While the FOI model
offers advantages in simplicity and reduced ordering frequency, these
benefits are offset by the need for larger safety stocks, escalating overall
inventory costs.

Service Level Attainment

Despite higher safety stock requirements, the FOI model can still achieve
comparable service levels if safety stock is adequately calibrated. However,
the inherent lag in response means that the model must compensate with larger
safety buffers, potentially leading to excess inventory.



Operational Flexibility

The ROP model provides more flexibility to respond to demand fluctuations,
enabling leaner inventories. The FOI model's periodic review structure
constrains responsiveness, necessitating more conservative safety stock
policies.

Practical Recommendations for Inventory
Managers

To optimize safety stock levels and service levels, practitioners should
consider:

- Aligning review periods with demand variability: Shorter review periods
reduce safety stock needs but may increase ordering costs.

- Using demand forecasting and variability analysis: Accurate demand data
helps tailor safety stock more precisely.

- Balancing cost and service levels: Understand the trade-offs between safety
stock investment and customer satisfaction.

- Implementing hybrid models: Combining elements of continuous review and
periodic review to leverage the strengths of both.

Conclusion

The core reason why The Fixed-order-interval Model Requires A Larger Amount
0f Safety Stock Than The Rop Model For The Same service level lies in the
fundamental differences in review frequency and responsiveness. While the ROP
model's continuous monitoring allows for targeted safety stock tailored to
demand during lead time, the FOI model's periodic review structure
necessitates a larger safety stock to buffer against demand variability over
the entire review cycle plus lead time. This difference affects inventory
costs, responsiveness, and overall supply chain agility.

Understanding these dynamics enables inventory managers to make informed
decisions, balancing safety stock levels with service expectations and
operational constraints. As supply chains become increasingly complex,
acknowledging the inherent safety stock requirements of each model is vital
for sustainable and cost-effective inventory
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