
The Astronomy of the Earth’s Orbital Dynamics for the 
Winter Solstice 

What causes the seasons is that the Earth leans slightly 
on its axis like a spinning top frozen in one off-kilter 
position. Astronomers have even pinpointed the precise 
angle of the tilt: 23.44 degrees off the perpendicular to the 
plane of orbit. This planetary pose is what causes all the 
variety of our climate; all the drama and poetry of our 
seasons, since it determines how many hours and minutes 
each hemisphere receives sunlight.  

The Winter Solstice occurs exactly when the Earth’s axial 
tilt is farthest away from the Sun at its maximum of 23.5 
degrees at the South Pole. Though the Winter Solstice 
lasts an instant in time, the term is also colloquially used 
(like “Midwinter”) to refer to the day on which it occurs. For 
most people in the high latitudes this is commonly known 
as the shortest day when the Sun has its lowest arc in the 
sky. Thus the seasonal significance of the Winter Solstice 
is in the reversal of the gradual lengthening of nights and 
shortening of days. Depending on the shift of the calendar, 
the Winter Solstice occurs some time between December 
21 and December 22 each year in the Northern 
Hemisphere, and between June 20 and June 21 in the 
Southern Hemisphere.  



Due to the Earth’s elliptical orbit, neither the earliest 
sunset nor the latest sunrise fall exactly on the Winter 
Solstice. The earliest sunset occurs earlier than the 
solstice (by as much as two weeks), and the latest sunrise 
later. For one or two weeks surrounding both solstices, 
both sunrise and sunset get slightly later or earlier each 
day. Aside from the science of astronomical calculation, 
there is actually a very simple way to figure out the 
changing seasons, the tilt of the Earth’s axis, the rough 
date of the solstice. Look at how the rising (or setting) 
point of the Sun changes during a year. When the Sun 
rises or sets the furthest to the south, it is Winter Solstice. 
(If it’s furthest to the north, it’s Summer Solstice.) 
Measuring the difference between the maximum altitude of 
the sun reached on the days of the solstices gives twice 
the tilt of the Earth’s equator, and hence the tilt of the 
Earth’s axis of rotation, and so forth. 
 
Like a spinning top, the Earth's orbit wobbles so that over 
the course of a precessional cycle, the North Pole traces a 
circle in space. This wobble causes what is called the 
“precession of the equinoxes.” (The precession of the 
equinoxes is a measure of the slow clockwise motion of 
the equinoxes along the ecliptic due to the motion of the 
Earth’s axis of rotation around the pole of the ecliptic; the 
angular movement of the spin axis of an object around an 
axis fixed in space.) The position of the equinoxes and 



solstices shifts slowly around the Earth’s elliptical orbit. 
Precession changes the date at which the Earth reaches 
its perihelion (the point in the path of a celestial body that 
is nearest to the Sun), serving to amplify or dampen 
seasonal climatic variability. For example, the Earth 
currently reaches its perihelion on January 3, close to the 
Northern Hemisphere's Winter Solstice. Precession is the 
Earth’s slow wobble as it spins on axis. The precession of 
Earth wobbles from pointing at Polaris (North Star) to 
pointing at the star Vega. When this shift to the axis 
pointing at Vega occurs, Vega would then be considered 
the North Star. This top-like wobble, or precession, has a 
periodicity of about 23,000 years. At present, the Earth is 
at perihelion very close to the Winter Solstice. 
 
In our solar system, the Earth’s orbital plane is known as 
the ecliptic, and so the Earth’s axial tilt is officially called 
the “obliquity of the ecliptic.” (Obliquity: the angle between 
the planes of the celestial equator and the ecliptic. In 
astronomy, axial tilt, or obliquity, is the angle between an 
object's rotational axis, and a line perpendicular to its 
orbital plane. The shape of the Earth’s orbit varies from 
nearly circular—eccentricity approaching 0.00—to more 
elliptical. Its orbital eccentricity is 0.017. Eccentricity is a 
measure of how an orbit deviates from circular.)  
 
Earth’s axial tilt or obliquity varies from 24.5 degrees 



(maximum tilt) to 22.1 degrees (minimum tilt) over the 
course of a 41,000-year cycle. The current angle of the 
Earth is 23.44 degrees. It is this inclination of the Earth’s 
axis of rotation that is the reason for the seasons. Like 
precession and eccentricity, changes in tilt thus influence 
the relative strength of the seasons, but the effects of the 
tilt cycle are particularly pronounced in the high latitudes 
where the great ice ages began. The axis remains tilted in 
the same direction towards the stars throughout a year 
and this means that when a hemisphere (a northern or 
southern half of the Earth) is pointing away from the Sun 
at one point in the orbit then half an orbit later (half a year 
later), this hemisphere will be pointing towards the Sun. 
This effect is the main cause of the seasons. Whichever 
hemisphere is currently tilted toward the Sun experiences 
more hours of sunlight each day. To an observer on the 
equator standing all year long looking above, the Sun will 
be directly overhead at noon in March (Vernal Equinox), 
then swing north until it is 23° 26’ away from the zenith in 
June (Summer Solstice). In September (Autumnal 
Equinox) it will be back overhead, then at the Winter 
Solstice in December it will be 23° 26’ away from the 
vertical again. 
 
Depending on the Gregorian calendar, the December 
solstice occurs annually on a day between December 20 
and December 23. December 20 and December 23 



solstices occur less frequently than December 21 or 
December 22 solstices in the Gregorian calendar. The 
Gregorian calendar, which is used in most Western 
countries, has 365 days in a common year and 366 days 
in a leap year. However, the tropical year, which is the 
length of time the Sun takes to return to the same position 
in the seasons cycle (as seen from Earth), is different to 
the calendar year. The tropical year is approximately 
365.242199 days but varies from year to year because of 
the influence of other planets. The exact orbital and daily 
rotational motion of the Earth, such as the “wobble” in the 
Earth’s axis (precession), also contributes to the changing 
solstice dates. 
 
Again, the reason we have seasons is the 23.5 degree tilt 
of the Earth’s axis. But sometimes people wonder if 
seasons have anything to do with the distance of the Earth 
from the Sun. We know that can't be the case, because 
the seasons are opposite in the Northern and Southern 
Hemispheres. However, if we look at the Earth’s orbit 
closely, we find that it is not exactly circular. Rather, it is 
an ellipse, which is an oval shape, or a very slightly 
flattened circle. The Sun is at one focus of the ellipse. This 
means that the Earth’s distance from the Sun does vary. 
(It is important to note that Earth does not move at a 
constant speed in its elliptical orbit. Therefore, the 
seasons are not of equal length: the times taken for the 



Sun to move from the Vernal Equinox to the Summer 
Solstice, to the Autumnal Equinox, to the Winter Solstice, 
and back to the Vernal Equinox are roughly 92.8, 93.6, 
89.8 and 89.0 days respectively. The consolation in the 
Northern Hemisphere is that spring and summer last 
longer than autumn and winter, when the December 
solstice occurs.)  
 
The point where the Earth is closest to the Sun is called 
“perihelion” (from the Greek peri, close or near, and helios, 
meaning sun). Perihelion takes place on January 3, which, 
of course, is during winter for the Northern Hemisphere, 
and summer for the Southern Hemisphere. The point 
where the Earth is farthest away from the Sun is called 
“aphelion” (Greek ap, away from, and helios, sun). 
Aphelion takes place on July 4, which is winter for the 
Southern Hemisphere and summer for the Northern 
Hemisphere. Thus, actually the Earth and Sun are closest 
during the Southern Hemisphere summer. On December 
21 or 22, the Earth has gone halfway around its orbit, and 
is opposite the point where it was on the Summer Solstice. 
The situation is exactly reversed. The Southern 
Hemisphere of the Earth is tilted toward the Sun, and the 
Sun’s rays are perpendicular to the earth's surface at 23.5 
degrees south. This means that On December 21 or 22 
the Earth is positioned so that The North Pole is tilted 23.5 
degrees away from the Sun relative to the circle of 



illumination during the December solstice. On this date, all 
places above a latitude of 66.5 degrees N are now in 
darkness, while locations below a latitude of 66.5 degrees 
receive 24 hours of daylight. This is the subsolar point: the 
Sun is directly overhead at noon at this latitude. This is 
called the Winter Solstice. 


