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Introduction to the Solow Growth Model with Technological
Progress

The Solow Growth Model is a foundational framework in macroeconomics used to analyze long-term economic
growth. It emphasizes the roles of capital accumulation, labor or population growth, and technological
progress in determining output per worker over time. When technological progress is incorporated into the
model, it provides a more comprehensive understanding of sustained economic growth, as technological
improvements enable productivity enhancements independent of capital accumulation.

In this context, understanding how a permanent decrease in the rate of technological progress influences the
economy becomes crucial. This scenario can have profound effects on the growth trajectory, capital deepening,
and long-term income levels. This article explores the implications of such a change within the Solow model
with technological progress.

---

Overview of the Solow Model with Technological Progress

Key Concepts and Assumptions

- Production Function: Typically represented as \( Y = F(K, AL) \), where:
- \( Y \) = total output
- \( K \) = capital stock
- \( L \) = labor input
- \( A \) = level of technology or technology index, which grows over time

- Technological Progress: Modeled as a factor growing at a constant rate \( g \), so \( A(t) = A_0 e^{gt}
\).

- Population Growth: Assumed to grow at rate \( n \).

- Capital Accumulation: Governed by investment, depreciation, and technological progress.

- Steady State: The long-run equilibrium where key variables grow at constant rates, often influenced by
technological progress.

---



The Dynamics of Technological Progress in the Solow Model

Technological progress plays a central role in sustaining long-term growth beyond what capital
accumulation alone can achieve. When technology improves, it effectively increases the productivity of labor,
allowing more output to be produced with the same amount of capital and labor.

In the model:
- Growth of output per worker: Driven primarily by technological progress.
- Capital deepening: The ratio \( k = \frac{K}{A L} \) (capital per effective worker) approaches a steady state
where it stabilizes (if other parameters remain constant).

---

Implication of a Permanent Decrease in the Rate of Technological
Progress

When the rate of technological progress \( g \) decreases permanently, the growth dynamics of the economy
are fundamentally affected. This scenario can occur due to various reasons such as technological
stagnation, policy changes, or shifts in innovation incentives.

---

Short-Run Effects of the Decrease

Immediate Impact on Growth Rates
- The immediate effect is a slowdown in the growth rate of output per worker.
- Since technological progress directly influences long-term growth, a reduction in \( g \) diminishes the rate at
which productivity increases.

Impact on Capital Accumulation
- Capital accumulation continues based on savings and investment, but without technological progress, the
effectiveness of capital deepening diminishes.
- The economy may experience a temporary increase in capital per worker as it adjusts, but the long-term
growth rate declines.

Adjustment in the Economy’s Path
- The economy's transition path shifts to a new steady state characterized by lower growth in output per
worker.
- Existing capital and technological levels remain, but the pace of growth slows down.

---



Long-Run Effects on the Economy

Change in Steady-State Growth Rates
- In the traditional Solow model with technological progress, the steady-state growth rate of output per
worker is equal to \( g \).
- A permanent decrease in \( g \) leads to a lower steady-state growth rate of output per worker, meaning the
economy grows more slowly in the long run.

Impact on Output and Income Levels
- While the growth rate slows, the level of output per worker at the new steady state may remain similar or
slightly lower depending on the initial conditions.
- The economy's per capita income stabilizes at a lower growth trajectory, which can affect standards of
living over time.

Effect on Capital Deepening
- The capital-to-effective-labor ratio \( k \) approaches a new, lower steady state.
- Since technological progress is slower, capital accumulation alone cannot sustain previous growth rates.

---

Mathematical Analysis of the Changes

Steady-State Conditions
- The fundamental equation in the Solow model with technological progress:

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

where:
- \( s \) = savings rate
- \( f(k) \) = per effective worker production function
- \( \delta \) = depreciation rate
- \( n \) = population growth rate
- \( g \) = rate of technological progress

- The steady state \( k^ \) is determined where investment equals depreciation and the dilution of capital due to
population and technological growth.

Effect of a Decrease in \( g \)
- Since \( g \) appears in the denominator, a decrease in \( g \) results in a lower \( k^ \), implying less capital
per effective worker.

\[
k^_{new} < k^_{old}



\]

- The reduced \( g \) shifts the steady state to a lower level of capital per effective worker, and
consequently, a lower level of output per worker.

---

Policy Implications and Economic Insights

Importance of Innovation and Technological Advancement
- Continuous technological progress is vital for sustained economic growth.
- A slowdown or decline in innovation can hamper income growth, affecting living standards.

Role of Policy in Mitigating Negative Effects
- Governments and institutions can promote research and development (R&D) to counteract the effects of
declining technological progress.
- Education, infrastructure, and innovation policies can foster a more resilient growth environment.

Potential for Structural Change
- Economies might need to shift focus towards sectors with higher productivity or technological adoption.
- Emphasizing human capital development can help improve productivity even when technological progress
slows.

---

Conclusion

A permanent decrease in the rate of technological progress within the Solow model is a significant event that
impacts both short-term growth dynamics and long-term income levels. While capital accumulation can still
influence economic output, without technological progress, the economy's growth rate in per capita terms
declines. Over time, the economy settles into a new, lower steady state characterized by slower growth. This
underscores the importance of fostering innovation and technological advancement as central drivers of
sustained economic prosperity. Policymakers should recognize the critical role of technological progress and
implement strategies that encourage continuous innovation to maintain and enhance living standards over the
long run.

---

Summary
- Technological progress is essential for sustained long-term growth in the Solow model.
- A permanent decrease in \( g \) reduces the long-run growth rate of output per worker.
- The economy adjusts to a new steady state with lower growth, impacting income levels.
- Policy measures can help mitigate the negative effects of technological stagnation.
- Innovation remains a key pillar for economic development and improved living standards.

---

Note: This comprehensive overview provides a detailed understanding of how a permanent decrease in the rate of



technological progress influences the Solow growth model, supporting both theoretical insights and
practical policy considerations.

Frequently Asked Questions

What happens to the steady-state level of capital per worker if the rate of
technological progress decreases permanently in the Solow model?

A permanent decrease in the rate of technological progress reduces the steady-state level of capital per
worker because technological progress enhances productivity, and a lower rate slows down the growth of
output and capital accumulation over time.

How does a permanent decline in technological progress affect long-term
economic growth in the Solow model?

It leads to a lower long-term growth rate of output per worker since technological progress is the primary
driver of sustained growth in the model; a decrease slows down the growth rate of productivity and output.

In the context of the Solow model, what impact does a decrease in
technological progress have on the growth of total output?

Total output growth slows down because technological progress is the key factor fueling increases in
productivity and output; a reduction diminishes the growth rate of total output in the long run.

Does a permanent decrease in technological progress affect the convergence
of economies in the Solow model?

Yes, it can slow or prevent convergence to a higher steady-state level of income per capita if technological
progress is the main driver of growth, potentially causing economies to stagnate at lower levels.

What are the short-term effects of a permanent decrease in technological
progress in the Solow model?

In the short term, capital per worker and output per worker may not immediately decline, but over time, the
growth rates decline, and the economy approaches a lower steady-state growth trajectory.

How does the decrease in technological progress influence the savings rate's
role in the Solow model?

While the savings rate determines the level of capital accumulation, a decrease in technological progress
primarily affects growth rates; thus, the savings rate's influence on steady-state levels remains, but the
growth driven by technological progress diminishes.

Can policy interventions offset the effects of a permanent decrease in
technological progress in the Solow model?

Policies that promote human capital, innovation, or technological development can partially offset the
slowdown, but a fundamental decrease in technological progress limits the long-term growth potential
regardless of such policies.



What is the intuitive reason behind the reduction in the steady-state output
per worker after a decline in technological progress?

Because technological progress enhances productivity, a decrease directly reduces the rate at which output
per worker can grow, leading to a lower steady-state level of income per capita in the long run.

How does a decrease in technological progress affect the model’s
predictions about income inequality across countries?

If technological progress slows globally, income convergence may slow or halt, leading to persistent income
disparities, especially if some countries rely more heavily on technological advancement for growth.

Additional Resources
Suppose The Solow Model With Technological Progress: The Permanent Decrease in the Rate of Technological
Growth

The Solow growth model, a foundational framework in macroeconomics, provides invaluable insights into the
long-term determinants of economic growth. When extended to include technological progress, it captures the
crucial role innovation and technological change play in shaping economic output over time. A key aspect of
this extended model involves understanding how changes in the rate of technological progress—specifically, a
permanent decrease—affect the economy's steady state, growth trajectory, and overall prosperity. This
comprehensive review explores the implications of such a decline within the Solow model with technological
progress, dissecting the mechanisms at play and their broader economic significance.

---

Understanding the Solow Model with Technological Progress

Before analyzing the effects of a permanent decrease in the rate of technological progress, it is essential to
grasp the core structure of the Solow model with technological advancement.

Core Assumptions and Components

- Production Function: Typically modeled as a Cobb-Douglas form:
\[
Y(t) = F(K(t), A(t) \cdot L(t))
\]
where:
- \(Y(t)\) is total output,
- \(K(t)\) is physical capital,
- \(L(t)\) is labor input,
- \(A(t)\) is the level of technology or productivity factor.

- Technological Progress: Assumed to grow at a constant rate \(g\), such that:
\[
A(t) = A_0 e^{gt}
\]

- Labor Force Growth: The labor force expands at a constant rate \(n\):
\[
L(t) = L_0 e^{nt}



\]

- Key Variables:
- Capital per effective worker: \(\hat{k} = \frac{K}{A L}\)
- Output per effective worker: \(\hat{y} = \frac{Y}{A L}\)

- Steady State: The economy reaches a point where capital per effective worker and output per effective
worker grow at the rate of technological progress \(g\) and population \(n\), respectively.

Long-Run Growth Dynamics

In the presence of technological progress:

- Per Capita and Per Worker Growth: In the long run, the growth rate of output per worker stabilizes at the
rate of technological progress \(g\).
- Per Effective Worker: Capital per effective worker (\(\hat{k}\)) converges to a steady state, determined by
the savings rate, depreciation, and the growth rates \(n\) and \(g\).

---

The Effect of a Permanent Decrease in the Rate of Technological
Progress

A permanent decrease in \(g\) signifies that the economy's technological progress rate drops to a lower,
constant level indefinitely. This change can originate from various real-world factors such as reduced
innovation, technological stagnation, or structural shifts in the economy.

Immediate Theoretical Implications

- The primary consequence is a lower long-term growth rate of output per worker.
- The economy will still converge to a new steady state, but the growth rate of output per capita will now
be \(g_{new} < g_{old}\).
- The steady state levels of capital per effective worker and output per effective worker are affected
indirectly.

Mathematical Representation and Dynamics

- The fundamental differential equation for capital accumulation per effective worker (\(\hat{k}\)) remains:

\[
\frac{d\hat{k}}{dt} = s \hat{f}(\hat{k}) - (\delta + n + g) \hat{k}
\]
where:
- \(s\) is the savings rate,
- \(\hat{f}(\hat{k})\) is the per effective worker production function,
- \(\delta\) is the depreciation rate,
- \(g\) is the technological progress rate.

- When \(g\) decreases:



- The term \(\delta + n + g\) diminishes, affecting the steady state.
- Since the growth rate \(g\) appears explicitly, the steady state for capital per effective worker
\(\hat{k}^\) is now:

\[
s \hat{f}(\hat{k}^) = (\delta + n + g_{new}) \hat{k}^
\]

- Steady State Level of Capital per Effective Worker:

\[
\hat{k}^_{new} = \text{a function of} \quad s, \quad \delta, \quad n, \quad g_{new}
\]

Given the form of the production function, a lower \(g\) typically leads to:

- Higher steady-state capital per effective worker because the required rate of capital accumulation per
effective worker decreases.
- However, the overall output per worker grows more slowly over time due to the reduced growth rate
\(g_{new}\).

---

Long-Run Effects on Economic Growth and Capital Accumulation

Understanding the long-term implications requires analyzing how the change in \(g\) influences both the growth
rates and the levels of key variables.

Growth Rate of Output per Worker

- Before the decrease: Output per worker grows at rate \(g_{old}\).
- After the decrease: Output per worker grows at a lower rate \(g_{new}\), reflecting the slower
technological progress.

\[
\text{Growth of } y(t) = g_{new}
\]

- Implication: The economy's capacity for sustained per capita growth diminishes, leading to a slower
convergence to a new growth trajectory.

Steady-State Capital per Effective Worker

- Because the depreciation and population growth rates remain unchanged, a reduction in \(g\) affects the
steady state such that:

- The steady-state capital per effective worker (\(\hat{k}^\)) may increase due to the lower \((\delta + n +
g)\) term.
- However, the per worker output's long-term level depends primarily on the level of technology \(A(t)\),
which grows at the new, lower rate \(g_{new}\).



Impact on Steady-State Output per Worker and per Capita

- The steady-state level of output per worker:

\[
y^ = A(t) \cdot \hat{f}(\hat{k}^)
\]

- Since \(A(t)\) grows at rate \(g_{new}\), the long-term growth rate of \(y(t)\) is now:

\[
\frac{dy}{dt} \approx g_{new} \cdot y(t)
\]

- Therefore, the economy experiences:

- Lower long-term growth rate.
- Potentially higher steady-state capital per effective worker if the savings rate and other parameters remain
unchanged, but with slower growth in actual output levels.

---

Graphical and Intuitive Perspectives

Visual tools can help clarify the effects of a permanent decrease in \(g\):

Transition Dynamics

- The economy initially remains on its existing growth path.
- Once the decrease occurs, the growth rate of output per worker drops from \(g_{old}\) to \(g_{new}\).
- The capital per effective worker tends to adjust to the new steady state, which may be higher or lower
depending on parameter interactions, but the critical change is in the slope of the growth trajectory.

Long-Run Steady State

- The key takeaway is that the long-run growth rate of per capita variables aligns with the new
technological progress rate.
- The economy shifts from a higher growth path to a lower, sustainable growth trajectory.

---

Broader Economic and Policy Implications

Understanding the effects of a permanent decline in technological progress has profound implications:

Impact on Living Standards



- Reduced growth rate means that improvements in per capita income happen more slowly.
- Over decades, this can limit improvements in living standards, especially in developing economies that rely
heavily on technological catch-up.

Capital Deepening vs. Technological Progress

- In the short run, increased savings and investment might raise the level of capital per worker, but cannot
sustain growth without technological progress.
- In the long run, sustained growth depends critically on the rate of technological innovation.

Policy Considerations

- Governments and institutions might need to invest more heavily in R&D,
education, and innovation to counteract the slowdown in technological
progress.
- Policies aimed at stimulating innovation could mitigate the adverse effects
of a declining \(g\).

Potential for Structural Shifts

- A decline in technological progress could lead to structural shifts in the
economy, such as:

- Increased emphasis on productivity-enhancing policies.
- Diversification into sectors less reliant on rapid technological change.
- Focus on human capital development to maximize the productivity of
existing technologies.

---
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