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Understanding the sun angle in Saint Paul, Minnesota, during the solstices is essential for various
applications, including agriculture, solar panel installation, architecture, and understanding
seasonal weather patterns. Located at approximately 45 degrees North latitude, Saint Paul
experiences significant variations in solar elevation throughout the year, particularly during the June
and December solstices. These variations influence daylight duration, solar energy availability, and
the overall climate experienced in the region.

In this article, we will explore what the sun angle is, how it changes throughout the year, and
specifically what the sun angle is in Saint Paul during the June and December solstices. Additionally,
we'll discuss factors influencing the sun angle and practical implications of these solar positions.

Understanding the Sun Angle and Its Significance

What Is the Sun Angle?

The sun angle, also known as the solar elevation angle, is the angle between the sun's rays and the
horizontal plane at a specific location and time. It determines how high the sun appears in the sky.
When the sun angle is higher, the sun is more directly overhead, leading to more intense sunlight
and longer daylight hours. Conversely, a lower sun angle indicates the sun is closer to the horizon,
resulting in less direct sunlight and shorter days.

Why Is the Sun Angle Important?

- Solar Energy Collection: The efficiency of solar panels depends heavily on the sun's angle. A higher
sun angle generally means better solar exposure.

- Climate and Weather Patterns: The angle influences the amount of solar radiation received,
affecting temperature and weather.

- Agriculture: Sunlight exposure impacts crop growth and planting schedules.

- Architecture and Urban Planning: Knowing sun angles helps optimize building design for natural
lighting and heating.



Sun Position During Solstices at 45° N Latitude

The two key solstices—the June (Summer) and December (Winter) solstices—mark the points in the
Earth's orbit when the tilt of the Earth's axis is most inclined toward or away from the sun. These
positions create the most significant variation in sun angles throughout the year.

The June Solstice (Around June 20-21)

- Marks the longest day of the year in the Northern Hemisphere.
- The North Pole is tilted toward the sun.
- The sun reaches its highest point in the sky in Saint Paul.

The December Solstice (Around December 21-22)

- Marks the shortest day of the year.
- The North Pole is tilted away from the sun.
- The sun reaches its lowest point in the sky in Saint Paul.

Calculating the Sun Angle in Saint Paul During the
Solstices

To understand the sun's position, we use the solar elevation angle formula:
Solar Elevation Angle at Solar Noon = 90° - |Latitude - Solar Declination|
Where:

- Latitude: For Saint Paul, approximately 45° N.

- Solar Declination: The angle between the sun's rays and the plane of the Earth's equator, varying
throughout the year.

Solar Declination During the June Solstice

- The sun's declination reaches approximately +23.5°, as the Earth tilts toward the sun.
Calculation:

Solar Noon Elevation in Saint Paul during June:



=90° - |45° - (+23.5°)]
= 90° - |45° - 23.5°|
=90°-21.5°

= 68.5°

Interpretation:

At solar noon during the June solstice, the sun is approximately 68.5 degrees above the horizon in
Saint Paul.

Solar Declination During the December Solstice

- The sun's declination reaches approximately -23.5°, as the Earth tilts away from the sun.
Calculation:

Solar Noon Elevation in Saint Paul during December:

=90° - |45° - (-23.5°)|

=90° - |45° + 23.5°|

=90° - 68.5°

=21.5°

Interpretation:

At solar noon during the December solstice, the sun is approximately 21.5 degrees above the horizon
in Saint Paul.

Additional Factors Influencing Sun Angle Calculations

While the above calculations provide a good approximation, several factors can influence actual
solar angles:

- Time of Day: The calculated angles are for solar noon; the sun's position varies throughout the day.
- Atmospheric Refraction: Causes the sun to appear slightly higher than its geometric position,
especially near the horizon.

- Local Topography: Mountains, buildings, and terrain can shade the sun and alter perceived angles.



- Day Length Variations: Longer daylight hours in summer versus winter are directly related to
higher and lower sun angles.

Practical Implications of Sun Angles in Saint Paul

Understanding the sun angles during solstices has multiple practical applications:

1. Solar Panel Installation

- During the June solstice, solar panels should be tilted closer to the optimal angle (~68.5°) for
maximum energy capture.

- In December, the lower sun angle (~21.5°) requires different tilt adjustments to maximize solar
efficiency.

2. Building Design and Architecture

- Designing windows and shading devices to optimize natural lighting and reduce cooling loads.
- Planning for passive solar heating, especially in winter, by leveraging the low sun angle to warm
interiors.

3. Agriculture and Gardening

- Knowing the sun's path helps in planning planting schedules and selecting crop types suited for
seasonal sunlight exposure.

4. Climate and Weather Prediction

- Variations in solar insolation contribute to seasonal temperature differences.

Conclusion

In Saint Paul, Minnesota, located at approximately 45° North latitude, the sun's position during the
solstices varies significantly, influencing climate, energy, and daily life. During the June solstice, the
sun reaches an elevation of about 68.5° at solar noon, providing long daylight hours and intense
sunlight. Conversely, during the December solstice, the sun's elevation drops to approximately
21.5°, resulting in shorter days and lower solar intensity.

These variations are critical for optimizing solar energy systems, designing energy-efficient
buildings, planning agricultural activities, and understanding local climate patterns. By



comprehensively understanding the sun angles during these key solar events, residents and
professionals in Saint Paul can better adapt to seasonal changes and harness solar energy more
effectively.
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Note: The precise solar angles can vary slightly based on the specific year and atmospheric
conditions. For exact calculations tailored to specific dates and times, using solar position software
or online calculators is recommended.

Frequently Asked Questions

What is the sun angle in Saint Paul (45° N) during the June
solstice?

The sun angle at solar noon in Saint Paul during the June solstice is approximately 68.5 degrees
above the horizon.

What is the sun angle in Saint Paul (45° N) during the
December solstice?

The sun angle at solar noon in Saint Paul during the December solstice is approximately 21.5
degrees above the horizon.

How does the sun angle change between the June and
December solstices in Saint Paul?

The sun angle varies significantly, from about 68.5 degrees at the June solstice to around 21.5
degrees at the December solstice, reflecting seasonal shifts in sunlight intensity.

Why is the sun angle important for understanding seasons in
Saint Paul?

The sun angle determines the amount of solar energy received, influencing temperature, daylight
hours, and seasonal weather patterns in Saint Paul.



How can I calculate the sun angle in Saint Paul on any given
day?

You can calculate the sun angle using solar position formulas that consider the declination of the
sun, time of day, and your geographic location (latitude 45° N).

What is the significance of the 45-degree latitude in relation
to sun angles?

At 45° N, the sun's angle varies markedly across seasons, affecting the intensity and duration of
sunlight experienced throughout the year.

Does the sun reach its highest point in the sky in Saint Paul
during the June solstice?

Yes, during the June solstice, the sun reaches its highest point in the sky at solar noon, with an angle
of approximately 68.5 degrees.

Is the sun angle during the December solstice the lowest of
the year in Saint Paul?

Yes, the December solstice results in the lowest sun angle at solar noon, around 21.5 degrees,
leading to shorter days and less solar energy.

How does knowing the sun angles help in planning solar panel
installations in Saint Paul?

Understanding the sun angles allows for optimal positioning of solar panels to maximize sunlight
exposure throughout the year, especially during peak sun angles.

Are the sun angles in Saint Paul typical of other locations at
similar latitudes?

Yes, locations at similar latitudes experience comparable sun angles during solstices, though local
topography and climate can cause variations.

Additional Resources
What Is The Sun Angle In Saint Paul (45 Degree N) On The June And December Solstices?

Understanding the angle of the sun at a specific location on Earth is crucial for various disciplines,
including astronomy, meteorology, agriculture, architecture, and even cultural practices. In Saint
Paul, Minnesota, situated approximately at 45 degrees North latitude, the sun's position during the
solstices marks the extremes of the solar year, influencing daylight duration, solar exposure, and
seasonal behavior. This comprehensive investigation explores the precise sun angles at Saint Paul



during the June and December solstices, elucidating the science behind these phenomena and their
practical implications.

The Fundamentals of Solar Angles and Latitude

Before delving into the specifics for Saint Paul, it is essential to grasp the foundational concepts of
solar angles and geographical latitude.

Latitude and Its Influence

- Latitude refers to the distance north or south of the Equator, expressed in degrees.

- Saint Paul's latitude of approximately 45° N situates it in the mid-latitudes of the Northern
Hemisphere.

- The latitude influences the sun's path across the sky, with higher latitudes experiencing more
variation throughout the year.

Solar Declination

- The solar declination is the angle between the sun's rays and the Earth's equatorial plane.

- It varies seasonally, from approximately +23.5° during the June solstice to -23.5° during the
December solstice.

- This tilt causes the sun's apparent movement along the ecliptic and underpins the seasonal
differences in solar angles.

Solar Elevation Angle

- The solar elevation angle is the height of the sun above the horizon at solar noon.

- It is calculated based on the observer’s latitude and the solar declination.

- The maximum solar elevation at solar noon determines the intensity and duration of sunlight
experienced during the day.

Calculating the Sun's Angle at Solar Noon in Saint Paul

The solar elevation angle at solar noon (the time when the sun is at its highest point) is a vital
measure of the sun’s position.



Formula for Solar Noon Elevation Angle

The general formula is:

Solar Elevation Angle at Solar Noon = 90° - |Latitude - Solar Declination|
Where:

- Latitude = 45° N for Saint Paul

- Solar Declination varies with the date; +23.5° during the June solstice, -23.5° during the December
solstice.

June Solstice (Approximately June 21)

- Solar declination = +23.5°

Applying the formula:

Elevation Angle = 90° - [45° - 23.5°| = 90° - 21.5° = 68.5°
This means:

- The sun reaches approximately 68.5° above the horizon at solar noon during the June solstice.
- The sun’s rays are quite direct, resulting in the longest daylight hours of the year.

December Solstice (Approximately December 21)

- Solar declination = -23.5°

Applying the formula:

Elevation Angle = 90° - |45° - (-23.5°)| = 90° - |45° + 23.5°| = 90° - 68.5° = 21.5°
This indicates:

- The sun is only about 21.5° above the horizon at solar noon during the December solstice.
- The sunlight is more oblique, leading to shorter days and lower solar intensity.

Implications of Solar Angles for Saint Paul Throughout
the Year



The variation in solar elevation angles across the year impacts numerous aspects of life and
environment.

Day Length and Solar Insolation

- During the June solstice, the high solar angle results in long daylight hours—approximately 15
hours of daylight in Saint Paul.

- Conversely, during the December solstice, daylight is limited to about 9 hours.

- The solar insolation, or incoming solar energy, is maximized at higher angles, influencing
temperature patterns and climate.

Temperature and Climate Effects

- Elevated sun angles during summer lead to more intense solar heating, contributing to warmer
temperatures.
- Reduced angles during winter result in weaker solar heating, contributing to colder conditions.

Architectural and Solar Design Considerations

- Knowledge of the sun’s angle assists architects in designing buildings with optimal natural lighting
and passive solar heating.

- For Saint Paul, windows and shading devices are often designed considering the high summer sun
(approximately 68.5° elevation) and low winter sun (approximately 21.5° elevation).

- For example:

- Overhangs can block high summer sun to reduce cooling loads.
- Larger south-facing windows can harness winter sunlight for passive heating.

Cultural and Practical Significance

- The sun’s position influences cultural festivals, agricultural practices, and outdoor activities.
- Farmers, for instance, tailor planting and harvesting schedules based on sunlight availability and
intensity.

Advanced Considerations: Solar Path and Azimuth

While solar elevation at solar noon provides a snapshot, the sun’s path across the sky throughout the
day offers a more comprehensive view.



The Solar Path in Saint Paul

- During the June solstice, the sun’s azimuth (compass direction) ranges roughly from 0° (due north)
at sunrise to 180° (due south) at solar noon, then back to sunrise.

- In December, the sun rises far to the southeast and sets to the southwest, with a lower maximum
elevation.

Effect on Shadows and Solar Access

- The sun’s low winter angle causes longer shadows, affecting building design and outdoor planning.
- The high summer angle results in shorter shadows, influencing landscape and urban design.

Limitations and Factors Influencing Solar Angle
Measurements

While theoretical calculations provide a solid baseline, real-world measurements can vary due to
several factors.

Atmospheric Refraction

- The Earth's atmosphere bends light, causing the sun to appear slightly higher than its geometric
position, especially near the horizon.
- Near the December solstice, this can add approximately 0.5° to 1° to the apparent solar elevation.

Local Topography and Obstructions

- Hills, buildings, and trees can obstruct sunlight, altering effective solar angles experienced at
specific sites.

Precise Timing and Variability

- The exact date of the solstices can vary slightly each year.
- Solar declination varies gradually, not instantaneously, leading to slight differences in solar angles.



Summary and Practical Takeaways

- In Saint Paul (45° N), the solar elevation at solar noon during the June solstice is approximately
68.5°, marking the peak of summer sunlight.

- During the December solstice, the sun reaches about 21.5° at solar noon, marking the depth of
winter.

- These angles influence daylight hours, temperature, shadows, and architectural design.

- Understanding these angles aids in optimizing energy use, planning outdoor activities, and
appreciating the natural rhythms of the seasons.

Conclusion

The sun’s angle during solstices at Saint Paul exemplifies the profound relationship between Earth’s
tilt, position in its orbit, and the resulting seasonal variations in sunlight. The approximately 68.5°
elevation at the June solstice signifies a peak in solar intensity and daylight, fostering the warmth
and vitality of summer. Conversely, the 21.5° elevation during the December solstice underscores
the winter’s subdued sunlight and colder climate. Recognizing and applying this knowledge
enhances our capacity to design sustainable buildings, plan agricultural cycles, and deepen our
appreciation for Earth's celestial dance.
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