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Understanding solar elevation angles is crucial for various applications, including solar energy
installation, agriculture, climate studies, and even urban planning. Denver, Colorado, situated at a
latitude of approximately 39° North, serves as a reference point for many solar-related calculations.
When considering a location south of Denver, the change in solar elevation angles becomes an
important factor to analyze. This article explores how solar elevation varies for locations south of
Denver, the science behind it, and its practical implications.

Understanding Solar Elevation and Its Significance

What Is Solar Elevation?

Solar elevation, also known as solar altitude, refers to the angle between the sun's rays and the
horizontal plane at a specific location on Earth. At solar noon—the time when the sun is at its highest
point in the sky—the solar elevation angle is at its maximum for that day and location.

This angle influences:

- The intensity and duration of sunlight received
- The efficiency of solar panel systems

- The shading and positioning of structures

- Agricultural growth patterns

Factors Affecting Solar Elevation

Several factors determine the solar elevation angle at a given location and time:

- Latitude of the location

- Day of the year (solar declination)
- Time of day

- Earth's axial tilt and orbit

The key variable for this discussion is latitude, which directly influences the solar elevation angle
throughout the year.



Latitude and Its Impact on Solar Elevation

Latitude and Solar Geometry

Latitude is the measure of how far north or south a location is from the Earth's equator, which is at 0°.
Denver's latitude of 39°N means it is situated in the Northern Hemisphere, relatively mid-latitude.

The solar elevation angle at solar noon can be approximated by the formula:
\[ \text{Solar Elevation at Solar Noon} = 90° - |\text{Latitude} - \text{Solar Declination}| \]
Where:

- Latitude is the location's latitude
- Solar Declination varies from +23.5° (summer solstice) to -23.5° (winter solstice)

This formula highlights that as you move southward (decreasing latitude), the solar elevation angle at
solar noon increases, assuming the same solar declination.

Effect of Moving South of Denver

When moving south of Denver:

- The latitude decreases (e.g., 38°, 37°, or lower)
- The solar elevation angle at noon increases, meaning the sun appears higher in the sky
- The duration of direct sunlight during the day can be longer, especially during winter months

Example:

| Location | Approximate Latitude | Change from Denver | Expected Solar Noon Elevation (Summer
Solstice) |

I | | I |

| Denver | 39°N | Baseline | ~73.5° |

| 1° South | 38°N | 1° south of Denver| ~74.5° (Summer solstice
| 2° South | 37°N | 2° south of Denver| ~75.5° (Summer solstice

) |
) |

Note: These are approximate values assuming the same solar declination.

Seasonal Variations in Solar Elevation

Summer Solstice (Around June 21)



- The solar declination is at its maximum (+23.5°)
- Solar elevation angles are highest
- Moving south results in a higher solar elevation, leading to more intense sunlight

Winter Solstice (Around December 21)

- The solar declination is at its minimum (-23.5°)
- Solar elevation angles are lowest
- The difference in solar elevation between locations becomes more pronounced

Implication: The change in solar elevation for a location south of Denver is more significant during
winter months, improving sunlight exposure during shorter days.

Practical Implications of Solar Elevation Changes

Solar Energy Systems

- Panel Tilt Optimization: South of Denver, higher solar elevation angles mean solar panels can be
tilted at different angles for optimal performance.

- Energy Yield: Increased solar elevation can enhance the energy yield during winter months,
especially for systems designed to maximize winter sunlight.

Architecture and Urban Planning

- Shading and Building Design: Buildings in southern locations receive more direct sunlight during
winter, influencing window placement and shading devices.

- Passive Solar Heating: Higher solar angles improve passive solar heating potential in southern
locations.

Agriculture and Ecology

- Crops sensitive to sunlight can benefit from increased solar elevation, especially in winter.
- Changes in solar angles influence microclimates and plant growth cycles.

Mathematical Modeling of Solar Elevation Change

To quantify the change, solar elevation angles can be calculated using the following simplified formula
for any given time:



\[ \text{Solar Elevation} = \arcsin(\sin \delta \times \sin \phi + \cos \delta \times \cos \phi \times \cos
H) \]

Where:

- \(\delta\) = Solar declination

-\(\phi\) = Latitude of location

-\(H\) = Hour angle (related to time of day)

By comparing the solar elevation angles at different latitudes during the same day, especially at solar
noon where \(H = 0\), the impact of moving south can be directly observed.

Example Calculation at Solar Noon:

- For Denver (39°N):

\[ \text{Elevation} = 90° - |[39° - \delta| \]

- For a location 2° south (37°N):

\[ \text{Elevation} = 90° - |37° - \delta| \]

- During summer solstice (\(\delta = +23.5°\)):

- Denver: \(90° - |39° - 23.5°| = 90° - 15.5° = 74.5°\)
- 37°N:\(90° - |37° - 23.5°| = 90° - 13.5° = 76.5°\)

This demonstrates a roughly 2° increase in solar elevation at solar noon when moving southward.

Conclusion

Moving south of Denver, which is located at 39°N latitude, results in a measurable increase in solar
elevation angles throughout the year, especially during the peak summer months. This increase
means the sun appears higher in the sky, leading to more intense and direct sunlight exposure during
the day. The practical implications of this include optimized solar panel positioning, enhanced passive
solar heating potential, and altered shading and microclimate conditions.

Understanding these variations is essential for professionals involved in solar energy system design,
architecture, agriculture, and environmental planning. By accounting for latitude-based solar
elevation differences, one can maximize energy efficiency, improve building performance, and better
understand ecological patterns.

In summary:

- Moving south of Denver decreases latitude, increasing solar elevation angles.

- The most significant differences occur during winter months when the sun is lower in the sky.

- These changes influence solar energy harvesting, building design, and ecological factors.

- Properly modeling and understanding solar elevation variations can lead to better planning and



resource utilization.

Harnessing the sun's power effectively requires a thorough understanding of how solar angles change
with geography. Knowing how moving south of Denver impacts solar elevation angles helps in making
informed decisions for sustainable development and renewable energy deployment.

Frequently Asked Questions

How does the solar elevation angle change for a location
south of Denver at the same latitude during the same time of
day?

The solar elevation angle increases for locations south of Denver because they are closer to the
equator, resulting in a higher sun position at the same time.

If Denver is at 39°N, how would moving south impact the solar
elevation at solar noon?

Moving south of Denver would result in a higher solar elevation at solar noon, as the sun appears
higher in the sky closer to the equator.

Would a location south of Denver experience longer daylight
hours?

Yes, locations south of Denver generally experience longer daylight hours during certain times of the
year due to the higher solar elevation.

How does the change in solar elevation affect solar panel
efficiency in areas south of Denver?

Higher solar elevation angles increase the potential for solar panels to capture more sunlight, thereby
improving efficiency.

During summer solstice, how does the solar elevation angle at
a point south of Denver compare to Denver itself?

At the summer solstice, the solar elevation angle south of Denver would be slightly higher than at
Denver, meaning the sun is more directly overhead.

Does the change in latitude affect the intensity of sunlight
received at a location south of Denver?

Yes, a higher solar elevation angle south of Denver results in more direct sunlight and increased solar
intensity.



How does the solar elevation change throughout the year for
a location south of Denver?

Similar to Denver, the solar elevation varies seasonally, reaching higher angles in summer and lower
in winter, but overall, the angles tend to be higher due to the more southerly position.

What is the impact of moving south of Denver on the angle of
solar incidence during winter?

The solar incidence angle becomes less steep (more direct sunlight) during winter when moving
south, leading to higher solar elevation angles.

How would the solar elevation at a location south of Denver
compare during sunrise and sunset?

The solar elevation angles at sunrise and sunset would be higher at a location south of Denver,
resulting in a longer and more direct sunlight exposure during those times.

Can understanding the change in solar elevation for locations
south of Denver help in planning solar energy systems?

Yes, knowing that solar elevation increases south of Denver helps optimize the placement and
orientation of solar panels for maximum efficiency.

Additional Resources

Denver Is Located At A Latitude Of 39N. How Would Solar Elevation Change For: A Location South Of
Denver

Understanding how solar elevation varies across different latitudes is critical for applications ranging
from solar energy planning to agriculture and climate studies. Denver, Colorado, situated at
approximately 39°N latitude, serves as a reference point for examining how solar angles shift as one
moves southward. This article delves into the underlying principles governing solar elevation,
explores the specific impact of moving south of Denver, and discusses the practical implications of
these changes.

Fundamentals of Solar Elevation and Latitude

Before analyzing the specific effects of moving south of Denver, it's essential to understand the basic
concepts governing solar elevation and how they relate to geographic latitude.



What Is Solar Elevation?

Solar elevation, or solar altitude, refers to the angle between the sun’s rays and the horizontal plane
at a specific location and time. It varies throughout the day, reaching its maximum at solar noon, and
also shifts across seasons due to Earth's axial tilt.

Relationship Between Latitude and Solar Elevation

The maximum solar elevation angle at solar noon during the solstices can be approximated by:

- Summer Solstice: Solar elevation = 90° - |latitude - 23.5°|
- Winter Solstice: Solar elevation = 90° - |latitude + 23.5°|

For the equinoxes (around March 21 and September 23), the sun is directly over the equator, and the
solar elevation at solar noon is approximately:

- Solar elevation = 90° - latitude

This relationship underscores that the higher the latitude, the lower the maximum solar elevation
angle, especially during winter.

Impact of Moving South of Denver: Geographical and
Astronomical Considerations

When considering a location south of Denver, the primary factor influencing solar elevation is the
change in latitude. Since the Earth is a sphere, moving south reduces the latitude number, resulting in
a different solar angle profile.

Latitude Shift and Its Effect on Solar Elevation

Suppose we consider a point directly south of Denver at varying latitudes:

| Location | Approximate Latitude | Latitude Difference from Denver | Expected Effect on Solar
Elevation |

| | | | |

| Denver | 39°N | 0° | Baseline |

| Colorado Springs | ~38°N | 1° south | Slight increase in solar elevation at solar noon |

| New Mexico (e.g., Albuquerque) | ~35.1°N | ~3.9° south | Noticeable increase in solar elevation |
| Texas (e.g., Austin) | ~30.3°N | ~8.7° south | Significant increase in solar elevation |

The primary trend is that moving south reduces the latitude value, leading to higher maximum solar
elevation angles at solar noon, especially during the winter months when the sun is lower in the sky.



Quantitative Estimation of Solar Elevation Changes

Using the approximate formula for maximum solar elevation at solar noon:
\[ \text{Solar Elevation} = 90° - |\text{Latitude} - \text{Solar Declination}| \]

- During the summer solstice, the solar declination is approximately +23.5°
- During the winter solstice, it's approximately -23.5°

Example Calculations:
At Denver (39°N):

- Summer solstice: 90° - |39° - 23.5°| = 90° - 15.5° = 74.5°
- Winter solstice: 90° - |39° + 23.5°| =90° - 62.5° = 27.5°

At Albuquerque (35.1°N):

- Summer solstice: 90° - |35.1° - 23.5°| = 90° - 11.6° = 78.4°
- Winter solstice: 90° - [35.1° + 23.5°| = 90° - 58.6° = 31.4°

Implication: Moving south from Denver increases the maximum solar elevation during both solstices,
most notably during winter, when the sun's angle is the lowest.

Seasonal Variations and Latitude: A Closer Look

The influence of latitude on solar elevation isn't uniform throughout the year. The seasonal variation
is more pronounced during winter and summer solstices.

Summer Solstice: Increased Solar Elevation

- Moving south increases the maximum solar elevation at solar noon.
- Regions closer to the equator (lower latitude) experience more direct sunlight during summer,
improving conditions for solar energy collection.

Winter Solstice: Enhanced Sun Angles

- Moving south results in a higher solar elevation during winter, mitigating the low-angle problem
common in higher latitudes.

- The difference in winter solar elevation between Denver and locations further south can be upwards
of 4-5°, which, while seemingly small, significantly influences insolation and solar panel efficiency.



Equinoxes: Consistent Solar Angles

- During equinoxes, the solar elevation at solar noon is directly related to latitude: approximately 51°
at Denver, increasing as one moves south.

Practical Implications of Solar Elevation Changes

Understanding how solar elevation changes with latitude is vital for multiple practical applications.

Solar Panel Orientation and Efficiency

- Tilt Angle Optimization: Regions further south generally benefit from higher optimal tilt angles

during winter, as the sun is higher in the sky compared to higher latitudes.

- Energy Yield: Increased solar elevation during winter enhances insolation, potentially improving solar
panel energy yields in southern locations.

Solar Access and Shading

- Higher sun angles reduce shading issues in built environments.
- Southward locations experience less shading during winter mornings and afternoons, optimizing
solar access.

Climate and Agriculture

- Solar angle influences temperature and sunlight exposure, affecting crop growth and climate
patterns.
- Southward regions may have warmer winters due to increased solar insolation.

Design and Planning Considerations

- Architects and urban planners should account for higher solar angles when designing solar facades
or shading devices.

- Energy models should incorporate latitude-based solar angle data to accurately predict
performance.



Additional Factors Influencing Solar Elevation
Perception

While latitude is a primary determinant of solar elevation, other factors also play roles in the actual
solar position and intensity.

Earth’s Axial Tilt and Orbital Variations

- The tilt of Earth's axis (~23.5°) causes seasonal variations.
- Slight orbital eccentricity can cause minor shifts in solar declination.

Local Topography and Obstructions

- Mountains, buildings, and trees can obstruct solar rays, affecting perceived solar elevation and
insolation.

Altitude of the Location

- Higher elevations (e.g., Denver at 1,600 meters) receive slightly more solar radiation due to thinner
atmosphere, enhancing the impact of latitude on solar angles.

Summary and Conclusions

Moving south of Denver at a constant longitude results in a predictable increase in the maximum
solar elevation angle during both the summer and winter solstices. This increase is primarily driven by
the decrease in latitude, which positions the sun higher in the sky at solar noon.

Key takeaways include:

- Higher Solar Elevation: Southward locations experience higher solar angles, especially during winter,
improving sunlight exposure.

- Enhanced Solar Efficiency: Increased solar angles can augment the effectiveness of solar energy
systems, reducing shading and tilt requirements.

- Seasonal Dynamics: The magnitude of change is most notable during winter months when the sun is
lowest, providing opportunities for optimizing winter solar gain.

- Design Implications: Architects and engineers should tailor solar panel orientations and building
designs based on the local solar elevation profile, which shifts with latitude.

In conclusion, the simple yet profound relationship between latitude and solar elevation underscores



the importance of geographic considerations in renewable energy, architecture, and environmental
planning. As one moves south of Denver, the sky appears brighter and the sun higher, with tangible
benefits for solar resource utilization and climate resilience.
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