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Understanding the relationship between dew point and relative humidity is fundamental to grasping
the dynamics of atmospheric moisture. When examining how these two parameters interact,
especially when one remains constant while the other changes, it reveals important insights into
weather patterns, comfort levels, and processes like condensation and evaporation. Specifically, if
you hold the dew point constant and increase the relative humidity, you are essentially observing
how the air's moisture content relative to its maximum capacity at a given temperature influences
atmospheric conditions. This article explores what occurs in such a scenario, breaking down the
concepts, the physics involved, and the practical implications.

Foundations: What Are Dew Point and Relative
Humidity?

Understanding Dew Point

The dew point is the temperature at which air becomes saturated with moisture, leading to
condensation if cooled further. It is a measure of the absolute moisture content in the air,
independent of temperature. A higher dew point indicates more moisture in the air, while a lower
dew point signifies drier conditions.

Key points:

- Dew point remains constant unless moisture is added or removed.
- It is a direct measure of the amount of moisture present in the air.
- Dew point is unaffected by temperature changes unless the moisture content changes as well.

Understanding Relative Humidity

Relative humidity (RH) is the ratio of the current absolute humidity to the maximum possible
absolute humidity at a specific temperature, expressed as a percentage. It indicates how “full” the
air is of moisture relative to its capacity at that temperature.



Key points:

- RH varies with temperature and moisture content.
- At a fixed moisture content, increasing temperature decreases RH, and decreasing temperature
increases RH.
- RH can reach 100% when the air is saturated, leading to dew, fog, or clouds.

The Relationship Between Dew Point and Relative
Humidity

Mathematical Connection

The dew point and relative humidity are intertwined through the concept of vapor pressure and
saturation vapor pressure.

- Vapor pressure (e): The partial pressure exerted by water vapor in the air.
- Saturation vapor pressure (es): The maximum vapor pressure at a given temperature.

The relative humidity is calculated as:

\[
\text{RH} = \frac{e}{es} \times 100\%
\]

Given that the dew point corresponds to a specific vapor pressure:

\[
e = e_{dew\,point}
\]

Holding the dew point constant means the vapor pressure remains unchanged.

Implication of Holding Dew Point Constant

Since vapor pressure is directly related to the dew point, fixing the dew point effectively fixes the
amount of moisture in the air. Any change in relative humidity then must result from a change in the
saturation vapor pressure, which depends on temperature.

Key insight:

- When dew point is constant, the absolute moisture in the air remains unchanged.
- Changes in relative humidity are driven by temperature variations.



What Happens When You Increase Relative Humidity
with a Constant Dew Point?

Scenario Description

Suppose you have a body of air with a fixed dew point—say, 10°C (50°F). The vapor pressure
associated with this dew point remains constant. Now, if you increase the relative humidity, what
does that imply about the temperature of the air?

Physical Explanation

Since the vapor pressure (e) is held constant (due to the dew point being fixed), an increase in RH
must result from an increase in the saturation vapor pressure (es). Because es depends solely on
temperature, this can only happen if the temperature increases.

Therefore:

- Increasing relative humidity at constant dew point requires raising the temperature of the air.

Step-by-Step Analysis

1. Initial Conditions:

- Dew point: remains at 10°C.
- Vapor pressure: fixed, corresponding to the dew point.
- Initial temperature: T₁ (say, 15°C).

2. Desired Increase in RH:

- For example, from 50% to 80%.

3. Effect on Saturation Vapor Pressure:

- Since vapor pressure is constant, increasing RH from 50% to 80% implies:

\[
\text{RH} = \frac{e}{es} \times 100\%
\]

- Rearranged:

\[
es = \frac{e}{\text{RH}/100\%}
\]



- As RH increases, es must decrease if e remains constant. But because e is fixed, it cannot decrease;
thus, to achieve higher RH, the temperature must change to alter es.

4. Adjusting Temperature:

- To match the fixed vapor pressure (from the dew point), and increase RH, the temperature must
increase so that the saturation vapor pressure (es) increases, approaching the fixed vapor pressure.

Conclusion:

- Increasing relative humidity at constant dew point requires an increase in temperature.

Implications of the Change in Temperature and
Humidity

Atmospheric and Practical Consequences

1. Perceived Comfort:

- As temperature rises with constant moisture, the air becomes more humid relative to its capacity,
potentially leading to a sense of increased humidity and discomfort.

2. Dew Point and Dew Formation:

- Since dew point remains constant, the potential for dew or condensation at the dew point
temperature stays unchanged.

3. Condensation and Dew Formation:

- If ambient temperature rises above the dew point, condensation ceases, but the potential for dew
formation at the dew point temperature remains unaffected.

4. Weather Patterns:

- Changes in temperature and humidity influence cloud formation, fog, and other weather
phenomena, especially if the local temperature approaches the dew point.

5. Physical Processes:

- Evaporation rates, transpiration in plants, and other moisture exchange processes are affected by
the temperature-humidity interplay.

Summary of Key Points



- Holding dew point constant means the absolute moisture content remains unchanged.
- Increasing relative humidity under this condition necessitates an increase in temperature.
- This process results in a higher temperature while maintaining the same dew point and moisture
content.
- The atmospheric conditions become more humid in relative terms, which affects comfort, weather,
and condensation potential.

Real-World Examples and Applications

Indoor Humidity Control

- In HVAC systems, maintaining a fixed dew point (via dehumidification or humidification) while
increasing temperature (e.g., during heating) will raise the relative humidity.
- Understanding this relationship helps in designing climate control systems for comfort and health.

Aviation and Meteorology

- Pilots and meteorologists monitor dew point and relative humidity to predict fog formation, cloud
development, and icing conditions.
- Recognizing that increasing temperature with a fixed dew point increases relative humidity aids in
forecasting.

Environmental and Agricultural Considerations

- Crops and ecosystems respond to changes in relative humidity, which influence transpiration and
disease susceptibility.
- Farmers can adjust irrigation and other practices based on understanding these atmospheric
interactions.

Conclusion

In summary, if you hold the dew point constant and increase the relative humidity, you are
effectively increasing the temperature of the air. This is because the vapor pressure associated with
the dew point remains unchanged, and increasing RH requires the saturation vapor pressure to
approach this fixed vapor pressure. Since saturation vapor pressure is temperature-dependent, the
only way to increase relative humidity at a constant dew point is through warming the air. This
interplay has significant implications across various fields, including weather forecasting, climate
control, and environmental science, emphasizing the importance of understanding the nuanced
relationship between dew point and relative humidity. Recognizing this relationship enhances our
ability to interpret atmospheric conditions, predict weather phenomena, and manage indoor and
outdoor environments effectively.



Frequently Asked Questions

What occurs to the dew point when you increase the relative
humidity at a constant dew point?
The dew point remains unchanged because it is a constant measure of the moisture content in the
air, independent of changes in relative humidity.

How does increasing relative humidity while holding dew point
constant affect the air's temperature?
It causes the air temperature to approach the dew point, increasing the likelihood of condensation
and cloud formation.

Why does increasing relative humidity at a fixed dew point
lead to more discomfort or perceived humidity?
Because higher relative humidity makes the air feel more humid and sticky, even though the actual
moisture content (dew point) remains the same.

What is the relationship between dew point, relative humidity,
and temperature in this scenario?
While the dew point stays constant, increasing relative humidity indicates the current air
temperature is nearing the dew point, reducing the difference between them.

What practical implications does increasing relative humidity
at a constant dew point have for weather or indoor comfort?
It can lead to increased chances of dew formation, fog, or condensation indoors, affecting comfort
and potentially causing moisture-related issues.

If the dew point remains constant but relative humidity
increases, what does this say about the air temperature?
It suggests that the air temperature is rising toward the dew point, reducing the temperature
difference and increasing humidity perception.

Additional Resources
Dew Point

When exploring the dynamics of atmospheric moisture, understanding the relationship between dew
point and relative humidity is fundamental to grasping how moisture behaves in the air. Specifically,



if you hold the dew point constant and increase the relative humidity, what exactly has changed in
the atmospheric conditions? To answer this question comprehensively, we need to delve into the
concepts of dew point, relative humidity, and their interdependence, examining how variations
influence comfort, weather patterns, and HVAC systems.

---

Understanding Dew Point and Relative Humidity: The
Fundamentals

Before analyzing the effects of changing relative humidity at a constant dew point, it’s pivotal to
understand what these terms mean and how they relate to each other.

What Is Dew Point?

The dew point is the temperature at which air becomes saturated with moisture, causing water
vapor to condense into dew. It’s a direct measure of the absolute amount of moisture in the
air—meaning that regardless of temperature, the dew point indicates the actual moisture content.

- Key Characteristics of Dew Point:
- Independent of air temperature; it depends solely on moisture content.
- A higher dew point indicates more moisture (e.g., a dew point of 70°F suggests very humid air).
- It provides a stable reference for moisture content because it remains constant unless moisture is
added or removed.

What Is Relative Humidity?

Relative humidity (RH) is a percentage that indicates how saturated the air is with water vapor
relative to its maximum capacity at a given temperature.

- Key Characteristics of Relative Humidity:
- It varies with temperature; as temperature increases, the air’s capacity to hold moisture increases,
potentially decreasing RH if moisture remains constant.
- It is expressed as a percentage: 0% (completely dry) to 100% (fully saturated).
- It is a dynamic measure that fluctuates throughout the day and with environmental conditions.

The Relationship Between Dew Point and Relative Humidity

- At a fixed dew point, the actual moisture content in the air remains constant.
- Relative humidity, however, can change depending on the temperature of the air:
- Increasing the temperature while keeping the dew point constant decreases the relative humidity.
- Decreasing the temperature while holding the dew point constant increases the relative humidity.



This inverse relationship highlights why temperature plays a crucial role in determining how
saturated the air feels.

---

What Happens When You Hold Dew Point Constant and
Increase Relative Humidity?

Now, with the foundational understanding laid, let’s analyze the core scenario: maintaining a
constant dew point while increasing the relative humidity. At first glance, this might seem
counterintuitive because the two are interconnected, but understanding the mechanics reveals the
actual atmospheric changes involved.

Scenario Breakdown

- Initial State: Suppose the dew point is fixed at 60°F. This indicates the air contains a specific
amount of moisture.
- Change: The relative humidity increases from, say, 50% to 80%.

Key question: How can relative humidity increase while the dew point remains unchanged?

---

Physical Explanation of the Process

Since the dew point remains constant, the moisture content in the air (absolute humidity) does not
change. The only way to increase the relative humidity under these circumstances is by reducing the
air temperature. Here’s why:

- At a fixed moisture content: The absolute humidity (mass of water vapor per unit volume or per
unit mass of dry air) remains constant.
- Relative humidity depends on temperature: It’s a ratio comparing the actual vapor pressure to the
saturation vapor pressure at a given temperature.

Mathematically:

\[
\text{Relative Humidity} = \frac{\text{Actual Vapor Pressure}}{\text{Saturation Vapor Pressure at
current temperature}} \times 100\%
\]

Since the actual vapor pressure (linked to dew point) is constant, increasing the relative humidity
requires decreasing the saturation vapor pressure, which only happens when the temperature drops.



---

Implications of Increasing Relative Humidity at
Constant Dew Point

Understanding the process is crucial because it informs us about several atmospheric and practical
outcomes.

1. Temperature Drop and Its Effects

- Cooling of the air: To increase relative humidity with a constant dew point, the air must be cooled.
- Condensation risk: If cooling continues to the dew point, condensation will occur, leading to dew or
fog formation.

Practical implications:
- In HVAC systems, this principle explains why cooling indoor air increases relative humidity if
moisture levels are fixed.
- In weather, it shows how cooling moist air can lead to fog or dew formation.

2. Changes in Comfort Levels

- Perception of humidity: As relative humidity increases, the air feels more humid, which can
influence comfort levels.
- Thermal sensation: Higher humidity reduces the body's ability to cool itself via evaporation of
sweat, making it feel hotter.

3. Impact on Weather Patterns

- Fog and dew formation: Lowering temperature at constant moisture content can lead to fog or dew
formation, affecting visibility and local weather.
- Precipitation potential: If cooling causes condensation, it may trigger cloud formation and eventual
precipitation.

4. HVAC and Indoor Air Quality Considerations

- Dehumidification vs. humidification: HVAC systems often control humidity by cooling or heating
air. Understanding that cooling increases relative humidity at constant moisture is vital for
designing effective air conditioning strategies.
- Dehumidification: To reduce humidity, air must be heated or moisture removed, especially when
the dew point is high.



- Humidification: To increase humidity without changing moisture content, the air must be cooled,
which can sometimes lead to condensation if not carefully managed.

---

Real-World Examples and Applications

Example 1: Indoor Climate Control

Suppose a building’s indoor air has a dew point of 60°F and an initial relative humidity of 50% at
75°F. If the HVAC system cools the air down to 65°F, what happens?

- The dew point remains at 60°F (assuming no moisture is added or removed).
- The relative humidity increases because the saturation vapor pressure decreases at 65°F.
- The new relative humidity can be calculated, often rising above 70-80%, making the space feel
more humid.

Practical outcome: Without dehumidification, cooling can inadvertently increase indoor humidity,
emphasizing the need for precise humidity control.

---

Example 2: Weather Phenomena

- A moist air mass with a dew point of 65°F cools down overnight to 55°F.
- Since the dew point remains at 65°F, the actual moisture content remains unchanged.
- The relative humidity increases because cooler air has a lower saturation vapor pressure.
- Once the temperature reaches the dew point (55°F), condensation occurs, leading to dew or fog
formation.

This process illustrates how temperature drops at constant moisture content can lead to fog
formation—an everyday weather phenomenon.

---

Summary and Key Takeaways

- Holding dew point constant means the absolute moisture content in the air remains unchanged.
- Increasing relative humidity at this constant dew point requires cooling the air.
- Cooling the air reduces its capacity to hold water vapor, thus raising the relative humidity.
- Once the temperature reaches the dew point, condensation occurs, leading to dew, fog, or
increased humidity perception.
- In practical applications like HVAC, understanding this relationship helps in designing systems that
effectively control indoor humidity and temperature.

---



Final Thoughts

This exploration into the atmospheric relationship between dew point and relative humidity reveals
that increasing the latter while holding the former constant is fundamentally a matter of
temperature manipulation. It demonstrates the delicate balance of moisture and temperature that
governs weather patterns, environmental comfort, and engineering systems.

By recognizing that relative humidity is a temperature-dependent ratio and that dew point signifies
the moisture content, professionals in meteorology, HVAC, and environmental sciences can better
predict, manage, and optimize conditions across various scenarios. Whether aiming to prevent
condensation, improve comfort, or understand weather phenomena, appreciating this nuanced
interaction is essential.

In conclusion, when you hold the dew point constant and increase the relative humidity, what has
happened is a cooling of the air, bringing it closer to saturation and potentially leading to
condensation. This fundamental principle underscores the importance of temperature control in
managing moisture and comfort in both natural and built environments.
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