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Understanding the cost structures of a firm is fundamental in microeconomics, as it guides decision-
making regarding production, pricing, and expansion strategies. Among the core concepts are the
Short-run Average Total Cost (SRATC) and the Long-run Average Cost (LRAC) curves. While the SRATC
reflects a firm’s costs when at least one factor of production is fixed, the LRAC represents the
minimum achievable average cost when all inputs are variable, allowing firms to adjust their scale of
operation optimally over time.

This article aims to explain in detail how the LRAC curve can be derived from the SRATC curve,
exploring the theoretical underpinnings, practical methods, and economic intuition behind this
process. By doing so, it provides a comprehensive understanding of the relationship between short-
run and long-run cost concepts and their significance in firm behavior and industry analysis.

---

Understanding Cost Curves: Key Concepts

Short-Run Average Total Cost (SRATC)

The SRATC curve illustrates the average total cost of production when at least one input is fixed in the
short run. It is derived from the total cost (TC) divided by the quantity of output (Q):

- SRATC = Total Cost / Quantity

In the short run, firms face fixed costs (FC), such as capital equipment or factory size, and variable
costs (VC), like labor or raw materials. The SRATC curve typically has a U-shape due to the effects of
increasing and decreasing returns to scale within the short run.

Long-Run Average Cost (LRAC)

Unlike the short run, the long run assumes all inputs are variable, enabling firms to choose the
optimal scale of production. The LRAC curve shows the lowest possible average cost at which a firm
can produce any given level of output when it can fully adjust all inputs.

The LRAC curve is also U-shaped but is typically flatter and lies at or below the envelope of the short-
run average cost curves, reflecting economies and diseconomies of scale.



---

The Relationship Between SRATC and LRAC

The fundamental relationship between the short-run and long-run cost curves lies in the concept of
cost minimization and scale flexibility. The LRAC curve can be seen as the envelope of a family of
SRATC curves, each corresponding to a different fixed input level or plant size.

This relationship can be summarized as:

- The LRAC curve is constructed by taking the lowest points across all SRATC curves for each output
level.
- Each SRATC curve is a short-run cost structure associated with a specific plant size.
- By choosing the most cost-efficient plant size for each output level, firms minimize costs in the long
run.

---

How to Derive LRAC from SRATC: Step-by-Step
Explanation

The derivation process involves analyzing multiple short-run cost curves, each representing a
different plant size, and selecting the lowest points to construct the long-run curve.

Step 1: Plot Multiple Short-Run Cost Curves

- Identify different plant sizes: Each SRATC curve corresponds to a specific plant or fixed input level.
- Construct the SRATC curves: Use data or theoretical models to plot the short-run average total costs
at various output levels for each plant size.

Step 2: Find the Enveloping Curve

- Determine the minimum points: For each level of output, locate the lowest point across all SRATC
curves.
- Connect these minimum points: Drawing a smooth curve through these points yields the LRAC
curve, which is the lower envelope of all SRATC curves.

Step 3: Interpret the Envelope as the LRAC

- This envelope represents the least-cost combination of inputs when the firm can choose the most



efficient plant size for each level of output.
- It demonstrates how firms can scale up or down production in the long run to minimize costs.

Step 4: Confirm the Shape and Properties

- The LRAC curve is typically U-shaped due to economies and diseconomies of scale.
- The points where SRATC curves are tangent to the LRAC indicate optimal plant sizes for different
output levels.

---

Theoretical Foundations and Intuition

Envelope Theorem and Cost Minimization

The derivation relies on the envelope theorem in microeconomics, which states that:

> The long-run cost curve is the envelope of all possible short-run cost curves, each corresponding to
a fixed plant size.

In practice, the firm chooses the plant size that minimizes costs for a given output, and this optimal
choice shifts as output levels change.

Economies of Scale and Scale Adjustment

- In the early stages of production, firms may experience economies of scale—average costs decrease
as output increases.
- As size continues to grow, diseconomies of scale may set in, causing average costs to rise.
- The LRAC curve captures these effects by connecting the lowest points of the SRATC curves,
illustrating the most efficient scale at each output level.

---

Practical Implications and Applications

Understanding how the LRAC curve is derived from SRATC is crucial for various economic analyses:

- Production Planning: Firms can determine the optimal plant size for different output levels.
- Cost Forecasting: Economists can predict long-term cost behavior based on short-term data.
- Market Entry and Exit: Knowledge of the LRAC helps firms decide whether to enter or exit markets.
- Economies and Diseconomies of Scale: The shape of the LRAC indicates whether increasing output



leads to lower or higher average costs.

---

Illustrative Example

Suppose a manufacturing firm has three different plant sizes, each with its own SRATC curve:

1. Small Plant: SRATC curve A
2. Medium Plant: SRATC curve B
3. Large Plant: SRATC curve C

For each output level, identify the lowest point among the three curves:

| Output Level | SRATC Curve A | SRATC Curve B | SRATC Curve C | Lowest Cost Point | Corresponding
Plant Size |
|--------------|----------------|--------------|--------------|------------------|------------------------|
| 100 units | $50 | $45 | $48 | $45 (Curve B) | Medium Plant |
| 200 units | $55 | $50 | $52 | $50 (Curve B) | Medium Plant |
| 300 units | $60 | $55 | $55 | $55 (Curve B & C)| Either B or C |

Plotting these points and connecting them forms the LRAC curve, representing the most cost-efficient
scale for each output level.

---

Conclusion

The derivation of the Long-run Average Cost (LRAC) curve from the Short-run Average Total Cost
(SRATC) curves is a foundational concept in microeconomics, illustrating how firms adapt their scale
of operation over time to minimize costs. The LRAC curve is essentially the envelope of a family of
SRATC curves, each corresponding to different fixed input levels or plant sizes.

This process involves plotting multiple short-run cost curves, identifying their lowest points at each
output level, and connecting these points to form the long-run curve. The resulting LRAC provides
critical insights into the most efficient production scales and informs strategic decisions like
expansion, contraction, or technological investments.

By understanding this relationship, economists and business managers can better analyze industry
structures, predict cost trajectories, and optimize production strategies in dynamic markets. The
interplay between short-run and long-run costs underscores the importance of flexibility and planning
in achieving cost efficiency and competitive advantage.

---
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Frequently Asked Questions

What is the relationship between the short-run average total
cost (SRATC) curve and the long-run average cost (LRAC)
curve?
The LRAC curve is derived from the envelope of various SRATC curves, representing the lowest
possible average cost at each output level when all inputs are variable in the long run.

How can the LRAC curve be obtained from a series of SRATC
curves?
By plotting multiple SRATC curves for different plant sizes and connecting their lowest points at each
output level, the envelope formed is the LRAC curve.

What role do the short-run average total cost curves play in
deriving the LRAC curve?
They serve as a set of cost curves for fixed plant sizes, and their lower boundaries at each output
level help in constructing the LRAC curve as the most cost-efficient options.

Why is the LRAC curve considered to be the 'envelope' of
SRATC curves?
Because it traces the minimum average costs achievable at each level of output across all possible
plant sizes, forming an outer boundary that 'envelopes' the short-run cost curves.

Can the LRAC curve be derived from SRATC curves if there are
no changes in plant sizes?
No, if plant sizes do not vary, the LRAC curve would just coincide with a single SRATC curve, as there
would be no different scales to form an envelope.

What assumptions are necessary for deriving the LRAC curve
from SRATC curves?
It is assumed that firms can choose the optimal plant size in the long run, that all inputs are variable,
and that SRATC curves are correctly specified for different plant sizes.



How does the concept of economies of scale relate to the
derivation of the LRAC curve from SRATC curves?
Economies of scale are reflected in the downward-sloping segments of SRATC curves; when these are
combined, the LRAC curve accounts for cost advantages gained through increasing production size.

Additional Resources
How Can The Long-run Average Cost (LRAC) Curve Be Derived From The Short-run Average Total Cost
(SRATC)

Understanding the relationship between the Long-run Average Cost (LRAC) curve and the Short-run
Average Total Cost (SRATC) curve is fundamental in microeconomics, especially when analyzing how
firms plan their production and scale their operations over time. The key question is: how can the
LRAC curve be derived from the SRATC curves? This involves exploring the concepts of plant
flexibility, economies of scale, and the way firms adjust their inputs in the long run. In this
comprehensive guide, we'll delve into the theoretical underpinnings, the graphical representations,
and the practical steps involved in deriving the LRAC from the SRATC.

---

Introduction: The Interplay Between Short-Run and Long-Run Cost Curves

In microeconomic theory, costs are categorized based on the flexibility firms have in adjusting their
inputs:

- Short-run costs are those incurred when at least one input is fixed. Firms cannot change plant size or
capital in the short run, leading to various short-run cost curves.
- Long-run costs assume all inputs are variable, allowing firms to choose optimal plant sizes and
production methods to minimize costs at any output level.

The SRATC curve reflects the cost per unit of output for different plant sizes at various levels of
production, while the LRAC curve represents the minimum possible average cost when the firm can
freely choose the optimal plant size for each output level.

Understanding how the LRAC is derived from the SRATC involves analyzing the set of short-run cost
curves and identifying the lowest cost points achievable across different plant sizes. This process is
often visualized through the envelope theorem, which mathematically and graphically demonstrates
how the long-run costs are related to the short-run costs.

---

Theoretical Foundations

The Nature of Short-Run Cost Curves

The short-run average total cost (SRATC) curves are typically U-shaped and are associated with
specific plant sizes. For each plant size (or capacity), there's an individual SRATC curve, reflecting the
costs when production is constrained by fixed inputs.



- Each SRATC curve corresponds to a fixed plant size.
- As output increases, the SRATC initially declines due to increasing returns to scale, then rises due to
diminishing returns.

The Long-Run Cost Curve as an Envelope

The LRAC curve can be viewed as the envelope of the various SRATC curves. This means:

- For each level of output, the LRAC is the lowest point on all the SRATC curves at that output level.
- The LRAC curve is tangent to each SRATC curve at the point where the firm’s chosen plant size
minimizes average cost for that output.

This concept is fundamental: the long-run cost is the minimum of the short-run costs across all
feasible plant sizes.

---

Graphical Illustration: The Envelope Method

Step 1: Plotting the Short-Run Curves

Begin with multiple SRATC curves, each representing a different plant size:

- SRATC1, SRATC2, SRATC3, etc.
- Each curve is U-shaped, with the minimum point indicating the most efficient output level for that
plant size.

Step 2: Drawing the Envelope (LRAC)

- For each output level, identify the lowest point among all SRATC curves at that output.
- Connect these lowest points across all output levels to form the LRAC curve.
- This envelope is tangent to each SRATC curve at exactly one point, representing the most cost-
efficient plant size for each output level.

Visualization

Imagine the SRATC curves as multiple U-shaped curves stacked side by side. The LRAC curve "hugs"
these curves from below, touching each at a single point where the firm's cost is minimized for that
output.

---

Deriving the LRAC from SRATC: Step-by-Step Guide

Step 1: Identify the Set of Short-Run Cost Curves

- Obtain or plot the various SRATC curves for different plant sizes.
- Each SRATC curve should be associated with a specific plant capacity, reflecting fixed inputs.

Step 2: Determine the Cost-Minimizing Plant Size at Each Output Level



- For each quantity of output (Q), look across all SRATC curves.
- Find the lowest average total cost at that output level.
- The point on the SRATC curve corresponding to this minimum cost indicates the optimal plant size
for producing Q.

Step 3: Trace the Envelope

- Mark these minimum points across different output levels.
- Connect these points smoothly to form the LRAC curve.
- The resulting curve shows the minimum achievable average costs in the long run.

Step 4: Confirm Tangency Points

- Verify that the LRAC is tangent to each SRATC curve at the minimum point.
- This tangency indicates no further cost reductions are possible by switching to a different plant size
at that output level.

---

Practical Considerations and Additional Insights

Economies of Scale and the Shape of LRAC

- If the LRAC curve slopes downward over a range of outputs, it indicates economies of scale—cost
advantages as output increases.
- If the LRAC flattens out, it suggests constant returns to scale.
- An upward-sloping LRAC indicates diseconomies of scale.

Multiple Short-Run Curves and Plant Sizes

- The number of SRATC curves depends on the variety of plant sizes available.
- In reality, firms may choose from a continuum of plant sizes, leading to a smooth LRAC.

Transition from Short-Run to Long-Run

- The process involves "selecting" the most efficient plant size at each output level, which is the
essence of long-run planning.
- Firms will always choose the plant size that minimizes costs for the desired output in the long run.

---

Mathematical Perspective: Envelope Theorem

From a mathematical standpoint, the LRAC curve is the envelope of the family of SRATC functions:

- Given a family of short-run cost functions \( C_s(Q, K) \), where \( K \) is the fixed plant size,
- The LRAC at output \( Q \) is:

\[ LRAC(Q) = \min_{K} \frac{C_s(Q, K)}{Q} \]

- The process involves solving this minimization problem for each output level \( Q \), which yields the



envelope.

---

Summary: Key Takeaways

- The Long-run Average Cost (LRAC) curve is derived from the set of Short-run Average Total Cost
(SRATC) curves by identifying, for each output level, the lowest possible short-run cost.
- Graphically, this involves constructing the envelope of the various SRATC curves, with the LRAC
curve tangent to each SRATC at the cost-minimizing plant size.
- The derivation highlights the importance of plant flexibility and economies of scale, affecting the
shape and position of the LRAC curve.
- This relationship underscores the dynamic nature of production costs, emphasizing how firms
optimize their plant size choices over time to achieve cost efficiency.

---

Final Thoughts

Understanding how the LRAC curve can be derived from the SRATC curves is crucial for analyzing firm
behavior, planning capacity, and assessing economies of scale. It provides a powerful framework to
visualize how firms transition from short-term constraints to long-term flexibility, ultimately shaping
their cost structures and strategic decisions. Whether through graphical envelope methods or
mathematical optimization, this relationship remains central to microeconomic theory and real-world
production analysis.
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