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Once in a  
Blue Moon
Stephen R. Wilk

One way to make a  
blue moon: use a blue  

filter. That’s what Kostian  
Iftica did on July 2, 2004, when 
he photographed this full moon 

rising over Brighton, Mass.

The idea that a “blue moon” occurs in 
a month with two full moons may 

have originated in the March 1946 Sky 
& Telescope. In that issue, James Hugh 
Pruett misinterpreted the work of an ear-
lier S&T author and the Maine Farmer’s 
Almanac. Pruett wrote that, seven times 
in 19 years, there are 13 moons in a full 
year—11 with one full moon and one 
with two; he took the latter to be the 
month with a “blue moon.” The idea was 
repeated in later issues, and from there 
the usage spread. 

However, as a subsequent S&T article 
notes, the true definition used by the 
Maine Farmer’s Almanac is different—it’s 
that the “blue moon” is the third moon 
that occurs when there are four moons in 
a season of the year. In other words, there 
is not a blue moon, but the Blue Moon. 

In the almanac, each full moon is given 
a name—Hunter’s Moon, Harvest Moon, 
Sturgeon Moon, etc. If there were an exact 
division of the days of the month into the 
days of the year—that is, if the lunar year 
and the solar year coincided exactly—that 
would be the end of the story. But they 
don’t. A lunar year has about 354 days, 
while a solar year has 365.25 days.

Moon is Blue’ is recorded in the 16th 
century as a way of saying that something 
could not be true.” However, the Oxford 
English Dictionary notes usages of “blue 
moon” as meaning “rare” from 1821, 
1876 and 1869. 

Yet the fact that moons that seem 
blue in color do appear on rare occasions 
must give us pause. Marcel Minnaert, in 
his 1967 OSA lecture, noted that “blue 
moons” are sometimes reported when 
the full moon is surrounded by bril-
liant orange or purple clouds at sunset. 
The moon’s normal white seems blue by 
comparison.

There is another sense in which the 
moon and the sun can appear very blue 
even without such contrast. A famous 
case of blue suns and moons occurred in 
September 1950 in Canada and northern 
Europe, and another more recently in 
New Mexico in 1991. What causes such 
celestial objects?

Normally, atmospheric scattering is 
dominated by gases that follow Rayleigh’s 
rule, in which the scattering varies with 
the inverse fourth power of the wave-
length. This is the reason for our blue sky: 
Short-wavelength blue is preferentially 

If one does not add extra days or an 
occasional extra month to the calendar, 
the months of the lunar year end up 
circulating through the solar year. Thus, 
in the Muslim calendar, the month of 
Ramadan—which begins with the astro-
nomical new moon—can occur in any 
season. In the Hebrew lunisolar calendar, 
an added month is called Adar I, and the 
normal month of Adar is then renamed 
Adar II.

The Maine Farmer’s Almanac also 
added an extra month whenever four 
lunar months occurred in the same 
season. But instead of calling it “Hunter’s 
Moon II,” the extra moon is called “Blue 
Moon,” regardless of the season in which 
it occurs. Thus, year to year, Harvest 
Moon always shows up in the fall, during 
the harvest season. 

As for the phrase “once in a blue 
moon,” general opinion seems to be 
that it originally meant “never.” A 1528 
pamphlet is the first citation found thus 
far, and the quote, modernized, reads “If 
we say the moon is blue, we must believe 
that it is true.” The Oxford Dictionary 
of Idioms notes that “the color blue was 
an arbitrary choice in this phrase. ‘The 
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Why does the phrase “once in a blue moon” mean “rarely”? Is it because, 
on unusual occasions, atmospheric conditions conspire to create a moon 
that appears blue? Or does a “blue moon” occur when there are two full 
moons in a single month—another uncommon occurrence?  
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extinction curve follows the same pattern 
as the extinction cross-section, which 
tends toward a limiting value of 2.

The blue (or other color) will be most 
pronounced when the particle size is re-
stricted to a small range, and between the 
first maximum and the first minimum of 
the van de Hulst plot. H.C. van de Hulst 
himself estimated that value of (4πa/
)(n–1) must be about 7.4. Assuming 
that for any likely aerosol the refractive 
index must be about 1.5, and assuming a 
wavelength of 4,400 Å, he ended up with 
a value of a of 0.5 µm. William M. Porch 
and his colleagues observed particle di-
ameter on several occasions and reported 
that the mean radius of particles must be 
between 0.4 and 0.9 µm.

R. Wilson, in his analysis of the 1950 
blue sun and moon, noted that the aero-
sol was in all likelihood due to droplets 
of organic oils distilled from the burning 
wood of Canadian fires, which would 
have a refractive index of about 1.5, 
and therefore the particles would have a 
diameter of about 1 µm. William Paul 
and R.V. Jones noted in 1951 that the 
size would be about 1.7 µm for particles 
having a refractive index of 1.3, or 1 µm 
for an index of 1.5.

The eruption of Krakatoa also 
produced anomalous colored suns. The 
effects reported in conjunction with 
volcanic eruptions are not always blue or 
green, and often include bright red suns. 
In the case of volcanic dust, the particles 
are likely to be silicaceous spheres. How-
ever, as Diran Deirmenjian points out, we 
also ought to consider nonspherical par-
ticles and absorbing particles. Silica has a 
refractive index of 1.55 to 1.45 through 
the visible; if the blue suns were due to 
Mie scattering from spherical particles, 
we ought to expect particles of about  
2 µm in diameter. 

So how often does a blue moon occur? 
Well, a sunset blue moon, as described by 
Minnaert, could occur anytime there’s a 
notable red sunset, which probably occurs 
several times per month. The “modern” 
blue moon that occurs when two full 
moons fall in a calendar month happens, 
on average, about once in every two and 
three-quarter years. The “almanac” blue 
moons seem to occur slightly less often, 
closer to once every three years.

But the true anomalous-scattering full 
moon occurs least often of all—several 
decades apart in widely separated areas of 
the world. If one were to require that the 
blue moons occur in the same place, then 
the frequency is on the order of a human 
lifetime. “Once in a blue moon” is rare, 
indeed. 

[ Stephen R. Wilk (swilk@comcast.net) is direc-
tor of technology applications at MXL and a 
visiting scientist at the Massachusetts Institute 
of Technology. ]

scattered, and the sun appears red at 
sunset because red is the least scattered 
of colors, especially through the longer 
atmospheric path at sunset. Something 
significant must occur to invert this scat-
tering order. 

Rayleigh scattering assumes widely 
dispersed, non-interacting particles much 
smaller than the wavelength of light. 
Arguably the simplest way to envision 
variations from this is to imagine widely 
dispersed non-interacting scattering cen-
ters that are no longer much smaller than 
the wavelength of light.

For the simplest case— scattering 
from spherical particles—Mie theory 
provides the solution. The general shape 
of the extinction versus the parameter 
2πa |n–1| / (where a is the particle 
diameter and n is the refractive index) 
looks very similar for most values. It’s an 
oscillatory function that starts at zero, 
then goes through a series of maxima and 
minima, tending toward a nonzero limit. 
As the index becomes larger than 1, more 
complex ripples are superimposed on the 
curve, and they reach closer to the origin. 
However, the overall shape is the same.

As a general rule, the color of trans-
mitted light through a considerable 
length of such scatterers is red if you are 
in a region of the plot where the slope is 
positive, and blue if you are where the 
slope is negative. At maxima the trans-
mitted light is magenta; at minima it is 
greenish.

One way to see the effect of Mie scat-
tering is to observe, as G.F. Lothian did, 
that interference between rays passing 
through the diameters of such particles 
and through the air will experience maxi-
mum (minimum) opacity when N is odd 
(even) in the equation

                         N      2a (n-1) =      .                               2

This can be rearranged to give

   2a             N  (n-1) =     .
                  2

The simple model works relatively well 
for the first “oscillation” or two but gets 
“smeared out” over several periods. The 

Marcel Minnaert, in his 1967 OSA lecture, noted 
that “blue moons” are sometimes reported when the 
full moon is surrounded by brilliant orange or purple 
clouds at sunset. 
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