Why Earth Has Seasons:
Tilt, Sunlight, and Orbit

- Major misconception: seasons : ;
are caused by Earth’s distance .
from the Sun . ‘

- Real drivers: 23.4° axial tilt,
sunlight angles, and
day-length variation

- A fixed tilt means opposite
hemispheres have
opposite seasons

- Goal: Explain the tilt-sunlight
connection and seasonal

opposites i q




Dispelling the Distance Myth: A Simple Reality Check
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® Earth’s orbit is nearly circular, varying only ~3 million miles out of 93 million.
® |f distance caused seasons, the whole Earth would share summer simultaneously.
® |n reality, December brings winter to the North and summer to the South.

® The clincher: Earth is closest to the Sun (perihelion) in early January—mid-winter
in the Northern Hemisphere.



Perihelion and Aphelion: The Numbers Don't Lie
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The Real Culprit:
Earth's 23.4‘_’ Axial Tilt

e Earth’s rotation axis is
tilted ~23.4° from the
orbital perpendicular

® The tilt direction stays
fixed in space, always
pointing toward Polaris

e The fixed tilt means
first one hemisphere,
then the other, leans
sunward



Obliquity: The Angle That Shapes Our Climate
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How Axial Tilt Creates the Seasons:

Geometry in Action
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tilted toward
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In June, the North Pole
leans toward the Sun:
direct sunlight, long days.

In December, the South
Pole leans toward the Sun:
indirect light, short days
in the North.

Hemisphere tilted
toward the Sun =
summer; tilted away =
winter.

The tilt direction stays
fixed; the orbiting Earth
swaps which hemisphere
gets the direct rays.




The Flashlight Analogy:
Direct vs. Indirect Sunlight

e - Straight flashlight = small,
bright circle of intense
energy—like direct
summer sun.

e - Tilted paper = larger,
dimmer ellipse—same
light spread over more
area, like winter sun.

e - Sun high overhead: energy
concentrated on less
surface.

e - Sun low in sky: energy
spread thin over a wider
surface, reducing heating.




Sunlight Through the Atmosphere: Path Length Matters
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» Sunlight travels the

shortest atmospheric
path when directly
overhead

Low-angle sunlight
Crosses more
atmosphere, losing
energy

Scattering and
absorption reduce
heating before light
reaches the surface

Spreading energy +
atmospheric filtering
makes low-angle
sunlight far less
effective



Day Length: The Second Powerhouse Factor
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Solstices and Equinoxes: The Four Seasonal Markers

MARCH EQUINOX ® 2026 Dates (UTC): Mar 20
March 20 (UTC) Equinox, Jun 21 Solstice,
Sep 23 Equinox, Dec 21
Solstice

e Solstices: maximum tilt

toward/away from Sun;
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e . SOLSTICE SOLSTICE longest and shortest days
December 21 June 21 (UTC)
(UTC)

® Equinoxes: tilt perpendicular
to Sun; roughly equal day
and night worldwide

® Northern summer =
Southern winter; opposite
hemispheres, opposite
seasons

SEPTEMBER EQUINOX
September 23 (UTC)



Understanding the Calendar: |
Astronomical vs. Meteorological Seasons
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® Astronomical seasons: defined by solstices and equinoxes — the Sun's position relative to Earth.

e Meteorological seasons: based on the civil calendar (e.g., winter = Dec 1 - Feb 28) for
consistent climate records.

® For explaining the physical cause, we use astronomical definitions driven by tilt and orbit.



A Tale of Two Hemispheres:
Opposite Seasons Explained

. 284
Northern : ;4—-\/
e June: Northern Hemisphere ;Ilf;g'tsfv?;ze et

tilts toward Sun - summer; Sun - summer
Southern tilts away - winter

e December: Southern

Hemisphere tilts toward Sun > e d
summer; Northern tilts away > |/ 4
|
winter \ ;
Y /
~ - //
| i i s " o " A
® Christmas in Australia . ~ SR\ e o g
falls mid-summer with e : \ S
: e ]
long, hot days S Hemisphere
. . = [t .
/ tilted away
' from Sun > winter

® One simple cause: fixed 23.4° Sk o
tilt as Earth orbits the Sun - 4 ' s Orbit Around the Su

A
C <@ June Position )




Why Latitude Matters: Poles, Tropics, and Mid-Latitudes
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¢ Equator: Sun nearly
overhead year-round,;
minimal temperature
change, often wet/dry
seasons

e Mid-Latitudes: classic
four-season cycle
(spring, summer,
fall, winter)
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® Tilt angle combined with latitude determines seasonal sunlight extremes




Putting It All Together:
The Cause-and-Effect Chain
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Fixed axial tilt -
varying Sun angle —
changing solar energy
concentration

Fixed axial tilt -
varying day length -
changing total daily
solar energy

Sun angle + day length
together determine
seasonal temperature
patterns

This chain operates
simultaneously in both
hemispheres, producing
opposite seasons



Check Your Understanding: Can You Explain the Seasons?
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warmer; longer days

and sunlight, not distance.

¢ |dentify the error:
“Earth is closer to the Sun
in summer, so it's hotter.”
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