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Introduction to the Solow Growth Model

The Solow Growth Model, named after Robert Solow, is a foundational framework in macroeconomics used
to analyze long-term economic growth. It emphasizes the roles of capital accumulation, labor or population
growth, technological progress, and savings rates in determining a country's economic output over time.
Central to this model is the understanding of how changes in these factors influence the steady state of an

economy.

In particular, population growth plays a crucial role in shaping the dynamics of capital per worker and the
overall economic output. An increase in population growth rate can significantly impact the trajectory of
economic development, which is why understanding its effects within the Solow framework is essential

for policymakers and economists alike.

Understanding Population Growth in the Solow Model

Key Variables and Assumptions

The Solow model incorporates several key variables:

- Capital per worker (k): The amount of capital available per individual worker.
- Output per worker (y): The economic output produced per individual.

- Total population (L): The total number of workers in the economy.

- Savings rate (s): The proportion of output saved and invested.

- Depreciation rate (8): The rate at which capital depreciates.

- Technological progress (g): The rate of technological improvement.

The model assumes:

- A constant savings rate.



- Diminishing returns to capital.
- A constant population growth rate (n).

- Technological progress that grows at rate g.

Population growth influences the model primarily through its effect on capital per worker and,

consequently, on output per worker.

Graphical Illustration of Population Growth Effects

The Basic Setup

The standard graphical representation of the Solow model involves two key curves:
- The investment function: s f(k), representing savings and investment as a function of capital per worker.
- The break-even investment line: (§ + n + g) k, indicating the amount of investment needed to maintain

the current capital per worker, considering depreciation, population growth, and technological progress.

The intersection of these two curves determines the steady-state level of capital per worker (k).

Impact of Increased Population Growth (n)

When the population growth rate (n) increases, the break-even investment line shifts upward because
more investment is required to equip new workers with capital and to maintain the existing capital per

worker level.

Graphical Changes:
- The line representing (8 + n + g) k shifts upward.
- The new higher line intersects the investment function at a lower level of capital per worker (k' < k),

indicating a decrease in the steady-state capital per worker.

Diagram Description:

1. Draw the original investment curve (s f(k)).

2. Draw the original break-even line (5 + n + g) k.

3. Mark the intersection point as the initial steady state (k).

4. Show the new break-even line with a higher slope (due to increased n).

5. Mark the new intersection point at a lower capital per worker (k' < k).

This graphical shift illustrates that higher population growth reduces the capital available per worker in

the long run.



Effects of Increased Population Growth on Long-Run Economic

Outcomes

1. Reduction in Capital per Worker

An increased population growth rate requires more investment just to maintain the existing capital per
worker, leaving less capital available for accumulation. As a result:
- Steady-state capital per worker decreases.

- Long-run output per worker declines.

This is because, with more workers to equip and a fixed savings rate, less capital is available per individual,

leading to lower productivity and income levels per person.

2. Lower Steady-State Output per Worker

Since output per worker (y) depends on capital per worker (k) through the production function (often
Cobb-Douglas), a decrease in k translates into:
- Reduced steady-state output per worker.

- Slower economic growth in the absence of technological progress.

3. Impact on Total Output and Capital Stock

While output per worker decreases, total output (Y = y L) may still increase if the population (L) grows
sufficiently fast. However:

- The per capita gains are constrained.

- The economy cannot sustain higher standards of living purely through capital accumulation without

technological progress.

Mathematical Explanation and Implications

Steady-State Conditions

The steady-state level of capital per worker (k) in the Solow model is derived from the equilibrium



condition:
\[ s \cdot f(k) = (\delta + n + g) \cdot k \]

Where:

- \(f(k) \) is the per-worker production function.
- \('s\) is the savings rate.

- \('\delta \) is the depreciation rate.
-\(n ) is the population growth rate.
-\('g ) is the technological progress rate.

An increase in \( n \) raises the right side of the equation, lowering \( k \).

Long-Run Growth and the Role of Technology

In the absence of technological progress (g=0), an increase in \( n \) diminishes the steady-state capital per
worker and output per worker. However, if technological progress continues, it can offset the negative

effects of higher population growth, maintaining or even increasing output per worker over time.

Key takeaway:
- Higher population growth tends to hinder per capita growth unless compensated by technological

advancement.

Policy Implications and Practical Considerations

Encouraging Technological Innovation

To mitigate the adverse effects of increased population growth, countries should focus on:
- Investing in research and development.
- Promoting technological innovation.

- Enhancing human capital through education.

Technological progress shifts the steady-state upward, allowing higher income levels per person despite

rapid population growth.



Adjusting Savings and Investment Rates

Higher savings rates can partially offset the negative impact by increasing the amount of capital available
for each worker, but this has diminishing returns and cannot fully counteract the effects of high population

growth without technological progress.

Population Policy and Economic Growth

Countries facing rapid population growth might consider policies aimed at:
- Family planning.
- Improving health and education.

- Managing demographic shifts to sustain economic development.

Conclusion

An increase in population growth within the Solow growth framework has clear and significant effects on
an economy's long-term development:

- It raises the break-even investment line.

- Leads to a lower steady-state level of capital per worker.

- Results in decreased output per worker in the long run.

- Challenges sustainable economic growth unless technological progress accelerates.

Graphically, these changes are represented by the upward shift of the break-even investment line and the
resulting new, lower steady-state capital per worker. Policymakers aiming for sustained growth must
recognize the importance of technological advancement and strategic investments to counteract the

negative effects of high population growth rates.

Understanding these dynamics helps in designing policies that promote balanced growth, improve living

standards, and ensure long-term economic stability, especially in countries experiencing demographic shifts.

Frequently Asked Questions

How does an increase in population growth rate affect the steady-state
capital per worker in the Solow growth model?

An increase in the population growth rate raises the effective depreciation rate of capital per worker,

leading to a lower steady-state capital per worker. This results in a lower long-term output per worker, as



more capital must be used to equip the growing labor force.

What is the graphical representation of the impact of higher population

growth on the capital accumulation curve in the Solow model?

Graphically, an increased population growth shifts the saving-investment curve downward and reduces
the position of the steady-state equilibrium point. The capital per worker converges to a lower steady-state

level, illustrating decreased capital accumulation per worker due to higher population growth.

How does increased population growth influence technological progress

and overall economic growth in the Solow model?

In the basic Solow model without technological progress, higher population growth limits the level of
capital per worker, thereby reducing output per worker. If technological progress is included, sustained
growth depends on technological improvements, but higher population growth still requires more rapid

technological progress to maintain or increase per capita income.

Can higher population growth lead to higher total output in the economy
according to the Solow model? Why or why not?

Yes, higher population growth can lead to higher total output since total output is the product of output per
worker and the total number of workers. However, this often comes at the expense of lower output per

worker, indicating a trade-off between total and per capita output.

‘What are the policy implications of increased population growth on

economic development according to the Solow framework?

The Solow model suggests that higher population growth poses challenges for capital accumulation and
sustaining per capita income. Policies promoting technological progress, investment, and human capital
development are necessary to offset the negative effects of higher population growth on per capita

standards of living.

Additional Resources

Graphically Illustrate And Explain The Effects Of An Increase In Population Growth On The Solow
Growth Model

The Solow Growth Model stands as a foundational framework in macroeconomics for understanding long-
term economic growth driven by capital accumulation, labor or population growth, and technological

progress. One of its core assumptions involves the rate of population growth, which directly influences the



dynamics of capital per worker, output per worker, and overall economic prosperity. An increase in
population growth rate introduces significant shifts in the model’s equilibrium paths, affecting the steady-
state levels of capital, output, and consumption. This article delves into the graphical illustration and
comprehensive explanation of how an increase in population growth impacts the Solow Growth Model,

providing clarity on the underlying mechanisms at play.

Understanding the Basic Structure of the Solow Growth Model

Before analyzing the effects of increased population growth, it’s essential to understand the core elements of
the Solow Model:

1. Production Function: Typically represented as \(Y = F(K, L)\), where \(Y\) is total output, \(K\) is
capital, and \(L\) is labor or population.
2. Per Worker Variables: To analyze long-term growth, economists focus on per worker (or per capita)
variables: \(y = Y/L\) and \(k = K/L\).
3. Capital Accumulation Equation: Describes how capital per worker evolves over time:
\
\dot{k} = s \cdot f(k) - (n + \delta) \cdot k
\
where:
- \(s\) is the savings rate,
- \(f(k) = F(K, L)/L\) is the output per worker,
- \(n\) is the population growth rate,
- \(\delta\) is the depreciation rate of capital.

4. Steady State: The point where capital per worker (\(k\)) remains constant over time, i.e., \(\dot{k} = O\).

It occurs where investment (\(s \cdot f(k)\)) exactly offsets depreciation plus dilution due to population
growth (\((n + \delta) \cdot k\)).

Graphical Representation of the Solow Model

The standard graphical approach involves plotting the investment function and the depreciation plus

population growth line:

- Vertical axis: Investment per worker (\(s \cdot f(k)\))



- Horizontal axis: Capital per worker (\(k\))

- Investment curve: \(s \cdot f(k)\), which is concave due to diminishing returns to capital.

- Break-even investment line: \((n + \delta) \cdot k\), a straight line through the origin with slope \((n +
\delta)\).

The steady state occurs at the intersection point \(k*\), where:

\[
s \cdot f(k") = (n + \delta) \cdot k"

\

Impact of Increased Population Growth: Graphical Illustration

When the population growth rate \(n\) increases, the line representing break-even investment shifts.

Specifically:

- The slope of the line \((n + \delta)\) increases.

- This causes the intersection point \(k"\) to move leftward—implying a lower steady-state capital per
worker.

- The new steady state reflects reduced capital per worker, output per worker, and consumption per

worker.
Step-by-step graphical analysis:

1. Initial Steady State:

- Draw the investment curve \(s \cdot f(k)\).

- Draw the break-even line with slope \((n + \delta)\).

- Mark the initial equilibrium \(k_{1}"\) where the two lines intersect.

2. Increase in Population Growth:
- The break-even line shifts upward with a steeper slope \((n' + \delta)\), where \(n' > n\).

- The intersection point moves leftward to a new \(k_{2}"\).

3. Resulting Changes:

- Lower steady-state capital per worker: \(k_{2}" < k_{1}"\).

- Lower steady-state output per worker: \(y" = f(k")\); decreases due to lower \(k"\).

- Lower steady-state consumption per worker: Since consumption per worker is \(c = y - s \cdot f(k)\), and
investment must cover both capital accumulation and population growth, the decrease in \(k"\) reduces
\(e™).



Visual Summary:
- The investment curve remains unchanged.

- The slope of the break-even line increases.

- The new intersection point indicates a lower steady-state capital and output per worker.

Analytical Explanation of the Effects

The graphical shifts correspond to underlying economic principles:
1. Reduced Capital per Worker

An increased population growth rate means that more capital must be "diluted" to maintain the same level
of capital per worker. Since savings and investment are fixed (assuming a constant savings rate), less capital

per worker accumulates as the economy adjusts to the higher population growth.

Mathematically, the steady-state condition becomes:

\

s \cdot f(k") = (n' + \delta) \cdot k"

\

Since \(n'\) is larger, the right side increases, requiring a smaller \(k*\) to satisfy the equality.

2. Lower Output per Worker

Output per worker depends directly on capital per worker, \(f(k*)\). As \(k"\) declines, so does \(f(k")\),

leading to diminished productivity per individual.
3. Lower Consumption per Worker

Consumption per worker at steady state is:

\

c" = f(k") - (n' + \delta) \cdot k"

\]

Given the reduction in \(k"\), the net consumption per worker decreases unless the savings rate or

technological progress adjust accordingly.



4. Implications for Long-term Growth

In the basic Solow model without technological progress, higher population growth leads to a lower level of
output per worker at the steady state. The economy may still grow in total output if the total population is

larger, but individual prosperity diminishes.

Broader Economic Implications

The effects of increased population growth extend beyond the graphical model:

- Diminished Standards of Living: Lower output per capita means a decline in average living standards
unless technological progress offsets these effects.

- Impact on Capital Accumulation: Higher population growth imposes a greater "burden" on capital
accumulation, requiring higher savings rates or technological innovation to sustain previous levels of per
capita output.

- Policy Considerations: Countries experiencing rapid population growth might need to focus on
productivity-enhancing policies, technological investment, or demographic management to maintain

economic well-being.

Extensions: Technological Progress and Population Growth

‘While the basic Solow model with no technological progress shows a decline in steady-state per capita

income with higher \(n\), introducing technological progress alters this dynamic:

- With technological progress at rate \(g\), the model's steady state is characterized by growth in output and
capital per effective worker, not just per worker.

- Effect of increased \(n\) in this context is less detrimental, as technological progress can compensate for the
dilution effect caused by population growth.

- Graphically, the investment and break-even lines shift, but the steady-state growth rate in per capita

terms remains at \(g\), not falling due to higher \(n\).



Conclusion

The graphical and analytical analysis of the Solow Growth Model highlights that an increase in population
growth rate has a significant dampening effect on a country's per capita income levels in the long run. By
shifting the break-even investment line upward with a steeper slope, the steady-state capital per worker
and output per worker decline, illustrating the strain higher population growth places on capital
accumulation and economic prosperity. Policymakers aiming for sustainable growth must consider these
dynamics and explore avenues such as technological innovation, increased savings, and productivity
enhancements to offset the adverse effects of rapid population growth. Understanding these mechanisms is
crucial for designing strategies that foster long-term economic well-being in an ever-changing

demographic landscape.
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