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Understanding population dynamics is crucial in fields ranging from demography and urban planning
to environmental science. One common question is how to model population growth when the
population doubles over a certain period. In this article, we explore the scenario where a population
doubles every 33 years, assuming exponential growth, and focus on calculating the annual growth
rate.

Introduction to Exponential Population Growth

Exponential growth describes a process where the quantity increases at a rate proportional to its
current value. This model is often used to describe populations under ideal conditions where
resources are unlimited, and there are no constraints such as disease, migration, or resource
depletion.

Mathematically, the exponential growth model can be expressed as:

\[ P(t) = P_0 \times e^{rt} \]

where:

- \( P(t) \) is the population at time \( t \),
- \( P_0 \) is the initial population at time \( t=0 \),
- \( r \) is the growth rate per unit time (e.g., per year),
- \( t \) is the time elapsed.

Given this model, if we know the population doubles over a certain period, we can determine the
growth rate \( r \).

Understanding the Doubling Time

The doubling time is the period required for a population to double in size. In our scenario, the
doubling time is given as 33 years.

This key piece of information helps us find the growth rate \( r \) by setting \( P(t) = 2 P_0 \) when \( t
= 33 \).

Mathematically:



\[ 2 P_0 = P_0 \times e^{r \times 33} \]

Dividing both sides by \( P_0 \):

\[ 2 = e^{r \times 33} \]

Now, taking the natural logarithm of both sides:

\[ \ln 2 = r \times 33 \]

Therefore, the growth rate \( r \) is:

\[ r = \frac{\ln 2}{33} \]

This formula provides the continuous growth rate per year, which is what we interpret as the "annual
growth rate" in the context of exponential growth.

Calculating the Annual Growth Rate

Using the above relation:

\[ r = \frac{\ln 2}{33} \]

Calculate \( \ln 2 \):

\[ \ln 2 \approx 0.6931 \]

Now, divide:

\[ r \approx \frac{0.6931}{33} \approx 0.0210 \]

Expressed as a percentage:

\[ r \approx 2.10\% \]

This means that the population grows by approximately 2.10% each year under the assumption of
continuous exponential growth.

Interpreting the Results

The key takeaway is that an exponential growth rate of about 2.10% per year results in the population
doubling every 33 years. This insight is useful in various practical contexts:

Urban Planning: Estimating how quickly a city’s population might increase, aiding
infrastructure development.



Environmental Impact: Understanding how fast populations of certain species or human
populations grow, influencing conservation efforts.

Public Health: Planning for healthcare resources based on expected population growth rates.

Applications and Examples

Let’s explore some practical applications where understanding the annual growth rate is vital.

Example 1: Population Projection

Suppose a town currently has a population of 50,000 residents. If the population doubles every 33
years, what will be the population after 66 years?

Using the exponential growth model:

\[ P(t) = P_0 \times e^{rt} \]

Plugging in the values:

\[ P(66) = 50,000 \times e^{0.0210 \times 66} \]

Calculate the exponent:

\[ 0.0210 \times 66 \approx 1.386 \]

Then:

\[ P(66) = 50,000 \times e^{1.386} \]

Calculate \( e^{1.386} \):

\[ e^{1.386} \approx 4 \]

So,

\[ P(66) \approx 50,000 \times 4 = 200,000 \]

The population would be approximately 200,000 after 66 years, showcasing the power of exponential
growth.

Example 2: Estimating Growth Over a Shorter Period



If we want to find the population after 10 years, starting with 100,000 residents:

\[ P(10) = 100,000 \times e^{0.0210 \times 10} \]

Calculate the exponent:

\[ 0.0210 \times 10 = 0.21 \]

Calculate \( e^{0.21} \):

\[ e^{0.21} \approx 1.23 \]

Thus,

\[ P(10) \approx 100,000 \times 1.23 = 123,000 \]

The population would grow to approximately 123,000 in 10 years.

Limitations of the Exponential Model

While exponential growth provides a useful approximation, real-world populations are subject to
various limiting factors such as resource availability, environmental constraints, and social changes.
As a result, actual growth rates often decrease over time, transitioning into logistic growth models.

Moreover, the assumption of a constant growth rate might not hold in practice due to policy changes,
technological advancements, or unforeseen events.

Summary and Conclusion

In this article, we have demonstrated how to determine the annual growth rate of a population that
doubles every 33 years under the assumption of exponential growth. The key steps are:

Express the doubling condition mathematically: \( 2 = e^{r \times 33} \).1.

Take the natural logarithm: \( \ln 2 = r \times 33 \).2.

Solve for \( r \): \( r = \frac{\ln 2}{33} \approx 0.0210 \) or about 2.10% per year.3.

This calculation is fundamental in demographic studies, resource planning, and understanding the
implications of population growth trends. While the exponential model offers a simplified view, it
provides valuable insights into how populations evolve over time under idealized conditions.

Remember: The actual growth rate can vary due to numerous factors, but understanding the basic
mathematical relationship helps in making informed projections and analyses.



Frequently Asked Questions

How do you calculate the annual growth rate given a
population doubling every 33 years?
The annual growth rate can be calculated using the formula r = (2)^{1/33} - 1, which represents the
exponential growth rate per year when the population doubles every 33 years.

What is the approximate percentage increase in population
per year if it doubles every 33 years?
The approximate annual growth rate is about 2.1%, derived from r ≈ (2)^{1/33} - 1 ≈ 0.021 or 2.1%
per year.

How is exponential growth modeled mathematically in this
context?
Exponential growth is modeled by the formula P(t) = P_0 (1 + r)^t, where P_0 is the initial population,
r is the annual growth rate, and t is time in years.

Why is understanding the annual growth rate important in
population studies?
Knowing the annual growth rate helps in planning resources, infrastructure, and policy-making by
predicting future population sizes based on current trends.

If the population is 1 million today and doubles every 33
years, what will it be after 66 years?
After 66 years, the population will have doubled twice, resulting in 4 million (since 1 million 2 2 = 4
million).

Can the exponential growth model be applied indefinitely in
population studies?
No, because real populations are limited by resources and environmental constraints, causing growth
to slow down or stabilize over time, deviating from the ideal exponential model.

Additional Resources
A Population Doubles Every 33 Years. Assuming Exponential Growth Find The Following: (a) The
Annual Growth

Population growth modeling is a fundamental aspect of demographic studies, urban



planning, environmental management, and resource allocation. When a population
doubles at a consistent interval—such as every 33 years—this pattern suggests an
underlying exponential growth process. Understanding the rate at which a population
grows annually provides critical insights into future trends, policy formulation, and
sustainable development strategies. In this article, we explore how to determine the
annual growth rate assuming exponential growth, dissecting the mathematical principles
involved, and illustrating their practical implications.

---

Understanding Population Growth: The Basics

What Is Exponential Growth?
Exponential growth occurs when the increase in a quantity is proportional to its current value. In the
context of population dynamics, this means that as the population size increases, the number of new
individuals added each year also increases proportionally. Mathematically, exponential growth can be
expressed as:

\[ P(t) = P_0 \times e^{rt} \]

where:
- \( P(t) \) is the population at time \( t \),
- \( P_0 \) is the initial population,
- \( r \) is the growth rate (per year),
- \( t \) is time in years,
- \( e \) is Euler's number (~2.71828).

This model assumes that the growth rate remains constant over the period considered, which is a key
assumption in many theoretical analyses.

Why Focus on Doubling Time?
Doubling time is a straightforward way to quantify how quickly a population expands. It is the period
necessary for a population to double in size. When a population doubles every 33 years, it provides a
tangible metric that can be used to infer the growth rate \( r \) in the exponential model.

---

Mathematical Relationship Between Doubling Time and
Growth Rate



Deriving the Formula
Given the assumption of exponential growth, the population at time \( t \) is:

\[ P(t) = P_0 \times e^{rt} \]

If the population doubles over a period \( T \) (here, 33 years), then:

\[ P_0 \times e^{rT} = 2 \times P_0 \]

Dividing both sides by \( P_0 \):

\[ e^{rT} = 2 \]

Taking the natural logarithm of both sides:

\[ rT = \ln(2) \]

Solving for \( r \):

\[ r = \frac{\ln(2)}{T} \]

This formula directly links the doubling time \( T \) to the annual growth rate \( r \).

Applying the Formula with a 33-Year Doubling Time
Using the specific doubling period:

\[ r = \frac{\ln(2)}{33} \]

Since \( \ln(2) \approx 0.6931 \):

\[ r \approx \frac{0.6931}{33} \]

\[ r \approx 0.021 \]

Expressed as a percentage:

\[ r \approx 2.1\% \]

Therefore, the annual growth rate \( r \) is approximately 2.1%.

---

Implications of the Calculated Growth Rate



Understanding the Growth Rate
An annual growth rate of approximately 2.1% indicates a population increasing steadily each year,
compounding over time. This rate is moderate compared to historical growth rates in certain regions
but significant enough to lead to rapid increases in population size over decades.

Forecasting Population Trends
Knowing the annual growth rate allows demographers and policymakers to project future population
sizes using the exponential growth model:

\[ P(t) = P_0 \times e^{0.021 \times t} \]

where:
- \( P_0 \) is the current population,
- \( t \) is the number of years into the future.

For example:
- After 50 years:

\[ P(50) = P_0 \times e^{0.021 \times 50} \approx P_0 \times e^{1.05} \approx P_0 \times 2.86 \]

meaning the population would be approximately 2.86 times its current size.

- After 100 years:

\[ P(100) = P_0 \times e^{2.1} \approx P_0 \times 8.17 \]

which underscores how exponential growth can lead to substantial increases over extended periods.

---

Broader Context: Factors Influencing Population
Growth

Natural Resources and Carrying Capacity
While mathematical models provide a theoretical framework, real-world population growth is
influenced by ecological constraints, such as food availability, water resources, healthcare, and
environmental limitations. The exponential model assumes unlimited resources, which is rarely the
case, leading to models like logistic growth that incorporate carrying capacity.

Socioeconomic Factors
Factors such as birth rates, death rates, migration patterns, and government policies significantly
impact growth rates. For instance:



- High fertility rates drive faster growth.
- Improved healthcare reduces mortality, increasing growth.
- Migration can alter local population dynamics.

Historical Context and Future Trends
Historically, human populations have experienced phases of rapid growth, stabilization, and decline.
The current global population growth rate varies across regions, with some countries experiencing
near-zero or negative growth, while others continue to grow rapidly.

---

Applications and Limitations of the Exponential Model

Practical Applications
- Urban Planning: Understanding growth rates aids in infrastructure development.
- Resource Management: Forecasting future population sizes helps allocate resources efficiently.
- Health and Education: Planning for future needs in healthcare, education, and social services.
- Environmental Impact: Estimating future ecological footprints and sustainability challenges.

Limitations and Assumptions
- The model assumes a constant growth rate, which is rarely maintained indefinitely.
- It ignores environmental constraints and social changes.
- Population growth often follows a more complex pattern, influenced by policies, technological
advances, and unforeseen events.
- Doubling time may change due to shifts in fertility, mortality, or migration.

---

Conclusion: The Significance of the 2.1% Growth Rate

The calculation of an approximately 2.1% annual growth rate from a population doubling every 33
years provides a vital quantitative insight into demographic dynamics. While this figure offers a
simplified snapshot based on the assumption of exponential growth, it underscores the importance of
understanding population trends for sustainable development. Policymakers, urban planners,
environmentalists, and social scientists rely on such models to anticipate future challenges and
opportunities. Recognizing the limitations of the exponential model also prompts the incorporation of
more nuanced approaches that consider ecological, social, and economic factors, ensuring a more
comprehensive understanding of population changes in an ever-evolving world.

---



In summary, assuming exponential growth, a population that doubles every 33 years grows at an
approximately 2.1% annual rate. This fundamental relationship between doubling time and growth
rate equips stakeholders with a predictive tool to navigate the complexities of demographic change
and plan effectively for the future.
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