
Consider The Basic Solow Model That We
Covered In Class Where Population (labor)
Grows At A Constant
Consider The Basic Solow Model That We Covered In Class Where Population (labor)
Grows At A Constant

The Solow Growth Model, also known as the Solow-Swan model, is a foundational framework in
macroeconomics that explains long-term economic growth through capital accumulation, labor or
population growth, and technological progress. In our class discussions, we focused on the basic
version of this model, particularly emphasizing the scenario where the labor force or population
grows at a constant rate. This assumption simplifies the analysis and helps us understand the
dynamics of capital accumulation, output, and income per worker over time. In this article, we will
explore the core elements of the Solow model with constant population growth, its key assumptions,
the steady-state equilibrium, and the implications for economic growth and policy.

Understanding the Basic Solow Model with Constant
Population Growth

The Solow model is built around several fundamental assumptions and components that collectively
explain how economies grow over time. When considering a constant growth rate of population, the
model's structure incorporates the following key elements:

Key Assumptions of the Model

Constant Savings Rate: A fixed proportion of income is saved and invested each period.

Diminishing Returns to Capital: As capital per worker increases, additional capital yields
smaller increases in output.

Population (Labor) Growth at a Constant Rate: The labor force grows at a steady rate, denoted
by n.

Technological Progress (optional in the basic model): Often, the basic model assumes no
technological progress; however, it can be integrated to analyze long-term growth.

Capital Accumulation Dynamics: Capital stock increases through investment but depreciates
over time.



Variables and Notation
To understand the model, familiarize yourself with the main variables:

K: Total capital stock

L: Labor force (growing at rate n)

Y: Total output or GDP

k: Capital per worker (K / L)

y: Output per worker (Y / L)

s: Savings rate (fraction of output saved and invested)

δ: Depreciation rate of capital

Dynamics of Capital and Output with Population
Growth

In the basic Solow model, the evolution of capital per worker over time is central. The model
assumes that total capital K changes according to:

\[
\frac{dK}{dt} = sY - δK
\]

where savings (investment) adds to the capital stock, and depreciation reduces it. When considering
population growth, the focus shifts to capital per worker (k), which evolves as:

\[
\frac{dk}{dt} = s \cdot y - (δ + n) \cdot k
\]

Here, the term (δ + n) accounts for both capital depreciation and the dilution effect caused by
population growth. As the labor force expands, existing capital is spread across a larger workforce,
impacting per-worker productivity.

Steady-State Equilibrium

A central concept in the Solow model is the steady state, where capital per worker (k) remains
constant over time. At this point:

\[



\frac{dk}{dt} = 0
\]

Leading to the steady-state condition:

\[
s \cdot y = (δ + n) \cdot k
\]

Since output per worker y is a function of capital per worker k (through the production function,
often Cobb-Douglas), the steady state can be expressed as:

\[
k^ = \left( \frac{s}{δ + n} \right)^{\frac{1}{1 - α}}
\]

where α is the output elasticity of capital in the Cobb-Douglas production function.

This equilibrium demonstrates that:

- Higher savings rates (s) lead to higher steady-state capital per worker.
- Higher population growth rates (n) tend to lower steady-state capital per worker.
- Depreciation (δ) also reduces the steady state.

The corresponding steady-state output per worker (y) can be derived from k.

Implications of Constant Population Growth on
Economic Development

The assumption of a constant growth rate of population has important implications for
understanding economic development:

Impact on Capital Accumulation and Per Worker Income

Dilution Effect: As the population grows, existing capital must be spread more thinly, making it1.
harder to increase capital per worker.

Steady-State Levels: Economies with higher population growth rates tend to have lower2.
steady-state levels of capital and output per worker, ceteris paribus.

Convergence: Under certain conditions, poorer countries with higher population growth may3.
catch up more slowly due to the dilution of capital.



Growth Prospects and Technological Progress
While the basic model without technological progress predicts that income per worker will only grow
at the rate of technological progress (if any), the presence of constant population growth implies:

- Long-term per-worker growth depends critically on technological progress.
- Without technological advancement, economies will converge to a steady-state where per-worker
income does not grow, despite total output increasing with population.

Policy Implications and Real-World Applications

Understanding the dynamics of the Solow model with constant population growth can inform
policymakers in various ways:

Encouraging Capital Deepening
- Policies that promote investment and savings can raise the steady-state level of capital per worker.
- However, the benefits are limited by diminishing returns and population growth rates.

Managing Population Growth
- Demographic policies that influence population growth can affect long-term growth prospects.
- Slower population growth can lead to higher capital per worker, improving living standards.

Technological Innovation and Productivity
- Since technological progress is essential for sustained per-worker growth, fostering innovation is
critical.
- Investment in research and development can shift the production function upward, enabling
economies to grow beyond the steady state.

Extensions of the Basic Solow Model with Population
Growth

While the basic model provides valuable insights, real-world economic growth is more complex.
Extensions include:

Incorporating Technological Progress
- Assumes that technological progress advances at a constant rate (g).
- Leads to sustained per-worker growth even at the steady state.



Human Capital Accumulation
- Considers investment in education and skills, affecting productivity.

Multiple Sectors and Endogenous Growth
- Models that allow for innovation, research, and development to be endogenous factors.

Conclusion

The basic Solow model with constant population growth offers a clear framework for understanding
how capital accumulation, savings, and population dynamics interact to determine long-term
economic outcomes. It highlights that higher population growth rates can hinder per-worker income
growth unless offset by technological progress or increased savings. The model underscores the
importance of technological innovation and human capital investment in sustaining economic
growth, especially in the context of growing populations. Policymakers aiming to improve living
standards should focus on fostering technological development, encouraging savings and
investment, and managing demographic trends to optimize long-term economic prosperity.

By grasping the fundamentals of the Solow model, economists and policymakers can better analyze
development strategies and design policies that promote sustainable growth in an evolving
demographic landscape.

Frequently Asked Questions

What is the key assumption about population growth in the
basic Solow Model discussed in class?
The basic Solow Model assumes that the population (labor force) grows at a constant, exogenous
rate over time.

How does a constant population growth rate affect capital
accumulation in the Solow Model?
A constant population growth rate causes capital per worker to evolve based on savings,
depreciation, and technological progress, influencing the steady-state level of capital per worker.

What is the impact of population growth on the steady-state
output per worker in the Solow Model?
Higher population growth tends to lower the steady-state level of output per worker, as more
resources are needed to equip new workers, reducing capital per worker.



Can technological progress offset the effects of population
growth in the Solow Model?
Yes, technological progress allows output per worker to grow even with a growing population,
leading to sustained long-term growth in output per capita.

What role does savings rate play in the Solow Model with
constant population growth?
The savings rate determines the amount of capital accumulation; higher savings lead to a higher
steady-state level of capital per worker, but the population growth rate influences the long-term
level.

How does the model explain differences in income levels
across countries with similar populations?
Differences in savings rates, technological progress, and initial capital stock can lead to different
steady-state income levels among countries with similar population growth rates.

What is the significance of the 'golden rule' level of capital in
the context of the Solow Model with population growth?
The 'golden rule' identifies the level of capital per worker that maximizes steady-state consumption,
balancing investment and depreciation in the presence of population growth.

How does the basic Solow Model help us understand economic
development over time?
It shows how savings, population growth, and technological progress interact to determine long-
term income levels and growth trajectories of economies.

Additional Resources
The Basic Solow Growth Model with Constant Population Growth: An In-Depth Analysis

The Solow growth model, developed by Robert Solow in the 1950s, remains a foundational
framework in macroeconomics for understanding long-term economic growth. Its core premise
revolves around how capital accumulation, labor growth, and technological progress interact to
determine an economy’s output over time. When considering the scenario where population (and
consequently labor force) grows at a constant rate, the model offers profound insights into the
dynamics of capital per worker, steady-state equilibrium, and the role of technological progress. This
article provides a comprehensive, detailed exploration of the basic Solow model under the
assumption of a constant population growth rate, examining its mechanisms, implications, and
limitations.



Understanding the Foundations of the Solow Model

The Core Assumptions
The basic Solow model simplifies the complex economy into key elements:
- Production Function: Typically a Cobb-Douglas form \(Y = F(K, L) = A K^\alpha L^{1-\alpha}\),
where:
- \(Y\) is total output
- \(K\) is capital stock
- \(L\) is labor force
- \(A\) is total factor productivity (technology)
- \(\alpha\) (0 < \(\alpha\) < 1) reflects capital's share of output

- Population Growth: The labor force grows at a constant rate \(n\): \(L(t) = L_0 e^{nt}\)
- Savings and Investment: A fixed proportion \(s\) of output is saved and invested
- Depreciation: Capital depreciates at rate \(\delta\)

The Basic Dynamics Without Technological Progress
In the simplest version, the model assumes no technological progress (\(A\) is constant). The main
focus is on how capital accumulation per worker evolves over time, leading to the concept of steady-
state equilibrium where capital per worker stabilizes.

Population Growth in the Solow Model

Incorporating a Growing Labor Force
When population grows at a constant rate \(n\), the total labor force expands exponentially:
\[
L(t) = L_0 e^{nt}
\]
This growth impacts how capital and output evolve:
- The total capital stock \(K(t)\) also increases, but not necessarily at the same rate as \(L(t)\).
- To analyze per-worker variables, the model introduces:
\[
k(t) = \frac{K(t)}{L(t)} \quad \text{(capital per worker)}
\]
\[
y(t) = \frac{Y(t)}{L(t)} \quad \text{(output per worker)}
\]

Why Focus on Per-Worker Variables?
Per-worker variables are crucial because they reflect individual productivity and living standards:



- Total capital \(K(t)\) may grow due to population increase, but if capital per worker declines,
individual productivity diminishes.
- The long-term growth of output per worker depends on factors beyond capital accumulation, such
as technological progress.

Mathematical Formulation with Population Growth

Capital Accumulation Equation
The evolution of the total capital stock is governed by:
\[
\frac{dK}{dt} = sY - \delta K
\]
Expressed in per-worker terms, considering the growth of labor:
\[
\frac{dk}{dt} = \frac{1}{L} \frac{dK}{dt} - \frac{K}{L^2} \frac{dL}{dt}
\]
which simplifies to:
\[
\frac{dk}{dt} = s y - (\delta + n) k
\]
Here:
- \(s y\) is the investment per worker
- \(\delta + n\) represents the effective depreciation rate, accounting for both physical depreciation
and dilution of capital due to labor force growth

Steady-State Condition
In the steady state, capital per worker remains constant:
\[
\frac{dk}{dt} = 0
\]
which implies:
\[
s y^ = (\delta + n) k^
\]
Given the production function \( y = A k^\alpha \), the steady-state capital per worker \(k^\)
satisfies:
\[
s A (k^)^\alpha = (\delta + n) k^
\]
or rearranged:
\[
k^ = \left( \frac{s A}{\delta + n} \right)^{\frac{1}{1 - \alpha}}
\]
Similarly, steady-state output per worker is:
\[



y^ = A (k^)^\alpha
\]

Implications of Constant Population Growth

Steady-State Output and Capital per Worker
The presence of population growth (\(n > 0\)) affects the steady-state levels:
- Higher population growth increases the effective depreciation rate \(\delta + n\).
- As a result, the steady-state capital per worker \(k^\) decreases, ceteris paribus, because more
investment is needed just to maintain capital per worker.
- Conversely, the total capital \(K(t)\) may grow, but the per-worker measure stabilizes at a lower
level.

Long-Run Growth in the Basic Model
Without technological progress:
- Per-worker output and capital do not grow in the long run; they stabilize at their steady-state
levels.
- Total output and capital grow at the rate \(n\), matching population growth, but this growth is not
associated with improvements in individual productivity.

Economic Intuition and Policy Implications
This outcome underscores a key insight:
- Sustained improvements in living standards require technological progress.
- Population growth, while expanding total output, can dilute capital per worker, unless offset by
increased savings or technological advancements.

Role of Technological Progress

Introducing Technological Change
To generate sustained growth in per-worker output, the model can incorporate technological
progress:
- Assume \(A(t)\) grows at rate \(g\): \(A(t) = A_0 e^{gt}\)
- The production function becomes \(Y = A(t) K^\alpha L^{1-\alpha}\)

Adjusted Dynamics with Technology
In this case:
- The per-effective-worker variables (accounting for technology) are defined as:



\[
k_e = \frac{K}{A L}
\]
- The evolution of \(k_e\) follows:
\[
\frac{dk_e}{dt} = s A^{1-\alpha} k_e^\alpha - (\delta + n + g) k_e
\]
- The steady-state per-effective-worker capital is:
\[
k_e^ = \left( \frac{s A^{1-\alpha}}{\delta + n + g} \right)^{\frac{1}{1 - \alpha}}
\]
- Importantly, this model predicts per capita (or per worker) output growth at rate \(g\), matching
technological progress.

Implications for Long-Run Growth
- Population growth (\(n\)) influences the steady-state level of capital per worker but not its long-
term growth rate.
- Technological progress (\(g\)) is the key driver of sustained per-worker growth. Without it, the
economy converges to a steady state with no per-worker growth.

Limitations and Critical Reflections

Assumptions and Realism
While the basic Solow model with population growth offers valuable insights, it relies on several
simplifying assumptions:
- Constant savings rate \(s\), which may vary in reality.
- No endogenous technological progress; technological change is exogenous.
- Diminishing returns to capital.
- Closed economy with no international trade or capital flows.

Policy Implications and Growth Strategies
- Enhancing savings rates can temporarily boost per-worker capital and output.
- Investing in innovation and technological advancements is essential for sustained growth.
- Managing population growth can influence the steady-state levels but does not guarantee long-
term per-worker growth.

Extensions and Modern Perspectives
Modern endogenous growth theories build upon the Solow framework by modeling technological
progress as an endogenous outcome of economic activity, innovation, and human capital
accumulation. These models address some limitations of the basic Solow model, such as its reliance
on exogenous technological change.



Conclusion: The Significance of Population Growth in
Economic Development
The basic Solow model with constant population growth provides a compelling lens through which to
understand the interplay between population dynamics and economic growth. It emphasizes that
while population growth can expand total output, it may also pose challenges to improving individual
living standards unless complemented by technological progress or increased savings. Recognizing
these relationships is vital for policymakers aiming to foster sustainable and inclusive economic
development. Ultimately, the model underscores that long-term per capita growth hinges on
technological innovation, making it a central focus for those seeking to promote prosperity in a
growing world.
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