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The

Coming
(or Present)
Ice Age

A long-term perspective on the current
global warming fad

by Laurence Hecht

are noww inan (ce age and have been for abaoul the

past F million years. Ower the past BO0,000 of so

years, the Earth's climate has gore through eight dis-

finct eycles of roughly 100,000-pear duration. These cycles are
deiven by regular periodicities in the eccentricity, tilt, and pee-

oession of the Earth's odbil. In each of the past cight cyches, a

period of glacial buildup has ended with 2 medl, followed by 3

j roughly 10,000-year period—known as an interglacial—in

which relatively warm climates prevail over prisdoudly ice-

i civwesied Borthen latitudes.
L]
=

The Margerie Glacier in Clacier Bay Natignal Monument,
Alaska, ks a hyplcal fast-mgrving mouwnkatn glacier.
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Figare b
ORBITAL MOTION OF THE EARTH
ARDUMND THE SLM .

Earth's elliptical orbit. Johannes Kepler's discovery in the carly
17th ceriluny thal the planets move in ellipses shout e Sun,
with Bhe Sun at one fotus, and his elaboration of the Laws of tha
imsodann e the basts of all astronomical hypothesis conceming
climate. (vvepener, in fact had sudied classical astronomry and
wiote Ris dissertation al the Uinbversity of Berlin on the subject
“The Alphordine Tables for the e of & Modem Caloulalon™ a
recalculation of the ald tables used 1o atcenain the positions of
thwe Sum, Moon, and the five then-known plansts.)

Geometry of the Solar Cycles

Let PQ" AQ) represent the elliptical orbit of the Earth anound
the Sun al 5 (Figune 6). Looking dewn upon the Morh Pole of
the Earth, the orbital metion is counter-clociowise from Pio Y
o Ao O and back 1o Pagaid We have exaggerabod the ol-
lipee in oeder b simplify visualization of the processes de-
seribed. As the Sun sits at one foous of the ellipae, the distance
from Earth b2 3un b5 beast when the Earth is at P, the position
kncawn as porihedion, and greatest at A, the aphefion,

Let us examene the change in the amound of solar radsation
that vaill b received as the Earth mowves from aphelion to pei-
helion. (The radiation received a1 the edge of the Earth’s stmo-
sphene is known as insolation )

An ellipse B completely described by bvo parameters, the
length of ils semimajor axis, 2, and the value of the eccennici-
ty, & which is the factor by which 4 i multiplied o find he fo.
i, Measuring from the center of the ellipse (whene the semi-
mmapid and semimingr axes crossh, a focus is located al a
distance ae along the semimajor axis, The eccentricity € is thus
abways a number bebapen O and 1,

With thes in mind, we see lhal the perhelicn poinl, F, sis al
a distance [ = ae) from the Sum while the aphelion, A, is at the
distance (3 + i I, to simplsfy, we bet 3 = 1, then the delances
froarms the Sian Jne

F=1-g and
Aml+a

MNow, since the intensity of light varles as the inverse
spuane of the divtance from the sownce, the insolation at A

and Powill be:
iz Winler 1993-19%54 1181 CENTURY
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Figure 7
OBUCHUITY AND INTENSITY OF THE SLMN'S RAYS
Even without 3 &l of the axis, the variation i angle of
incidence of the Sun’s rays (a) woukd cause the poles i
be cooler, Increasing the angle of ohiiquity spreads the
eifect il

Figure 8
SEASONS AND OBLMILITY

Seasonal change results from the combined effect of
the orbifal inclination and the yoarly revolution of the
Earth srownd ihe ellipe. When the Earth's spon asis i
pointed away fram the pole of the ecliplic, the
Northern Hemisphore has ity shortést day (wintér 564
siice), while the Southern Hemisphere has i longest
dlay fsurnimer solsticel,




PRECESSIOMN AND CHAMGE OF POLE STAR
The Earth’s spin axis makes & complete rotalion around
the pole of the scliptic In a cpcle of agproximately
26,000 years. The pole grar is now Polaris, but abow
13,000 years ago If was Vega

Pom 141 = o
A:-Lﬂ i,

Andd the difierence of the hwo is;
1 1 4@

Mm-e 2 Y 4 -l

This is the maximum wasriation of insolation betwesn peribhe-
hon and aphelion, Sence for small values of ¢ the denominator
diifers insignificantly from 1, the value 4o provides a very good
appraximation for this flux diflerenoe,

The present valee of scceniricity for the Earth’s orbit is
QU0 7, and the variation in ircolation thus comes bo 0.068, oo
approximalely 7 percend. But the orbital ecoentricity is knoesan
o pass through a complete cycle In approximately 94,000
years, varying from near O (a chroular orbal] to 0.07. AL the lat-
ter value, the difference in insolation between aphefion and
perihelion becames 28 percen.

Mow, the Earth is not simply a moving poinl, but a solid
boxdy of mone oF less sphevical shape, M rotaies aboid an axis
that is inclined o the plane of the ellipse by a certain angle
knoawn as the angle of obliguity, It is this inclination of the
Earth's axis, which is nonw about 23.5 degrees, that causes the
main difference in temperature between polar and equatorial
regions. The flus of the Sun's rays striking the Earth obliquely
is spread over a greater surface ares than that of the rays that
strike ina mone perpendicular direction. Even withow! that
obliguity there would be some varlation in temperature be-
tween pole and equater, because of the changing angle at
which the paralled rays of the Sun will strike the circular arc
that repeesenits the Eanth's surface (Figure 7 An increase in the
angle of obliquity tends fo exacerbate this effect.

Seasonal change, that & the yeardy patsage through spring-
summier-iall-wvainler, is caused by the combined Eﬁctdﬂ't:?'-

PRECESSIIN AMND LOCATION OF THE SOLSTICE
The precession cycle changes the location on the
eflipse where the winter and swmmer solslces cocur,
The appraximate positions oa e ellipie sne shown for
i soilslices sody:

bital inclnation and the yearly revolution of the Earth anound
the ellipse. In the course of a year, the Earth's axis of eolation
will posnt 1o the safme approximate direction in the distant sky,
no matter where on the ellipse we find ourshees Figune 81
Hawewer, in one annual revalution sround the Sun, the axis
will lake up all orienlations with respect 8o the line perpendic-
ular % the plane of the ellipse and passing theough the center
of the Sen, which is known as the pole of the eolintic. Yen
th Earth's apin auid is pointed vy irom the pobe of the eclip-
tic, lhe Morthern Hemisphere experiences ils shorest day,
knonwn as the wanber solstioe, O the same day, the Southenn
Hemisphers experiences ils longest day, the summer sodslice.
The opposite situation ocouwrs at the position 180 degrees
arcand the ellipse,

1 the s o theer Eavrth hasd no rotion of its own, Lhe seasons
wiuld always occur at the same paints in the arbit. But the
direction im the sky Lo which the Earth’s axis of rofation points
varies on a cycle of approximately 26,000 years. In the
coure of that cycle, the spin axis makes a complete rotation
argund the pole of the eclipiic, one odedous consequence of
which is a change In the pole star ([Figure 9. Another oonse-
quence, which was noted by the ancient astronomers, was
the long-period change of that constellation in which they
obierved the Sun rising on the day of the vernal (spring)
equinos. Later comparison of the physical dynamics of this
phenomenan to the precession of a spinning top jthe wob-
bling as it winds down) led to the name precession of the
equings for the 26, 000-year cycle,

A5 resuln of this phenomenon, we must take inlo accoun
where on the ellipse the winter and summer solstices oocuwr,
Whn the Earth is 31 Pin Figure 6 and the axis @ baened 180
degrees away from the Sun, we will have wintér in the
Morhemn Hemisphere, That was the situation in approximabe-
by thie yesr 1250, Todry we have moved a bit oa the preces-
sion cycle and lind the Modhem Hemisphere winter oo
r'ing al I'DI..ISH!.- the position shown in Figlun.- 10,

In addition to the phenomentn known as precession of the
equines, the perurbations in the Eafh's osbit caused by ihe
mation of the other planets, modt notably lupiter, cause a
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Figure 11

ADVANCE OF THE PERIHELION
OR ORBITAL PRECESSION

Perturbations in the Earth’s orbit, the result of the
mobion of the other planels (in particelar, Juprler) cause
a phenpmenon known as advance of the peribelion or
precession of the orbil, in which the complele cycle of
precession lakes approximately 21,000 years, nol
26,000

el
INSOLATION AND THE BQUIAL AREA LAWW

As Kepler demonsirared, the rate of motion of the Earth
in its elliprical orbit 5 mof umiform;: Planels move maone
swiftly when near to the Sun al peribelion than when at
aphelion. In this ellipse of high ecceniricifty, & = 05,

the planet takes the same lime to move from aphefion
to B as it takes from perihelion ro Q. The rate of
change of the angle that the radvus vector makes with a
fixed direction is inversely proportional fo the square of
the distance between the Sun and planet. This is the
same law that describes the diminution of fnsolation
wilth distance,

phenomenon known as precession of the avbrl, or advance
of the peribelion. The result is that the complete cycle of nes
turn 80 the pasition where Madhern Hemisphere winter og-
curs al P lakes approximatedy 321,000, not 26,000, years
{Figure 11).

Recalling thai the most importand astronomical reguirgment
for glacial advance is a siring of mild summens in which the
2151 CENTURY
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Figure 13
MILANKOVITCH CURVES
AMND THE LAST GLACIATION
Milankovitch calculated variations of the orbital and
rotational parameters of the Earth, and climate, over the
pas 130,000 years and the next 20,000.

In (3}, the obliquity of the ecliptic (solid line) and the
eccenlicily of the orbit (dashed line) are shown. The
dash-dot line gives the variation of the angle between
perihelion and the position at vernal equinoe, now
abeut 90%, and going from 0 to 3607 in about 20,000
VTS,

The variation of the average daily insolation from the
vitfues of the year 1950 Is shown w (bl with T onif of

the vertical scale corresponding o 25 waills pdr gquang
e,

Bt Adagied brom A Beger, 1077, Cplssiia) Machans, ol 155 23 sne
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winber snow buildup is not completely erased by melf, we are
now in a position to examine how the orientations of the or-
bit might contribute to mecting this need.

Astronomy and Climate

It might at first appear that the occurrence of Norhern
Hemisphere summer at A, combined with a relatively high
eccentricity, would produce the most favorable conditions.

However, we have vel o take one other consideration into
account, The rate of motion of the Earth in its elliptical orbit
is mot unifiorm. As Kepler was able to demonstrate, the planets
mpve miore swifily when near to the Sun at position P than
when at position A. He was able to define the rate of change
of velocity as such that the radius vector of the moving planet
sweeps oul equal areas on the sudface of the ellipse in equal
times fthe Equal Arca Law), The case is ilustrated for an el
lipse of high eccentricity (e = 0.5) in which the planet's mo-
tion in one-tenth of a year is marked out in portions of the or-
bit near peribelion and aphelion (Figure 12). When this



variation in fime i3 analyzed more chosely, it is found that the
rater of change of angle that the radius vector makes with a
fimed duection |4 inversely proportional fo the sguane of the
distance between the Sun snd planel. Thus, the same mathe-
matical law thal describes the diminution of insolation with
distance also describes the diminution In rale of change of
the angle of the radivs vecios,

The comsequence is that the planet intercepts the same
gquantity of solar radiation for each degree of angular rotation,
althaugh it passes through each degree of rotation at a vary-
ingg rabe, Thus, if the ot is divided up inio four quadiants,
swch as by the points P O, A, Q@ and ithe lines connecting
thesm fo the Suwn, the planet will receive exactly the same in-
solation in all four quadrants, The trick i3 o recognize that
the time spenl in hMHWMnHMwmnﬂAI:
langer than that spend in the two smaller quadrangs thad sur-
round P Thus, the same insolation is received over a longer
rumber of days in the two larger quadrants and its Alux dersi=
by peor day |5 consequenily less,

IF winter solstice ocours at P, climatologists call the bao
smaller quadrants caloric winfer and the two larger ones
crlorc jummer. One sees then thal another way of descrilbing
the condition described above is to say that the wwmmer i
lurwcr and milder {at least with respect 8o solar insadation)
than winder, The difierence in length betwoen caloric summer
and winier can be as gread a5 33 days, A3 the present e, the
difference i 7 days. This will vary with the eccentricity,
which, a8 we have mentioned, has a cycle of about 94,000

yiars.

Ay the position of the winger solstice moves around the ol
lipse, a pair of perpendicular limes drawn through the Sum will
always describe the four sessonal positions. Thus it can be
seen that a cycle of 21,000 years' duration will be superime-
posed on the longer cycle of 94000 years' durabich. Lot us
suppose, for example, that we begin 1 a point in time when
the winter solitioe i a1 P and the orbital eccenlricity is at a
maximum, The greatesi excess in the number of days of
caladic summer over winler will then be expeienced, and
comequently thi ket flux density of the summer msalation,
Agsuming the proper meteorclogical dyrnamics, ithis should be
an ideal position for the rapid advance of glacistion,

Let the rotational axis then move through one-hall of it
21 0f0-year cycle of seasonal precession—10,500 yearns—
bringing ut 10 the position whene the winter solilice is oocur
ring at A As the eccentsicity will have lessened by only about
anedifth of its greatest value in this podition (it cyele of
change & not pedectly lingar), the Earth will now expenence
& st imtense daily Bux of solar radiation during the melathe
Iy brief caloric swmer, creating sdeal conditons for glacial
mlt, Thir winber, however, will be longer and colder than
nisrenal insofar as the solar flux affects i The outcome is per-
haps 3 ioasup, Half 3 precessional cycle Later, winter solstice
occurs again al P and the eccentricity is still relatively great.
Conditions for glacial advance are again good.

il DI'I|F rarely b the cade, however, that the sdeal situas
tign showldd oocwr, In which the maximum of ecoentricity and
a winter solstice at P take place simultanecusly, Ferher, a
third eyele, the one tha Milankevitch thoughi primary, sl
b considered—the vardation in the angle of obliquity over a
40,000-year period. When these added comsiderations ane

taken inbo sccount. & curve can be derived of the son illus-
traded for warious latitudes in Fiﬂ.m,r 13. The close relaticnship
brbwrpen the variations of average daily irsolation and the 4.
tirmated variation in average temperatune during the |ast
100, 000-yerar-plus ice age cycle is seen.

The relative smoathness of the future 20,000 years of the
cyche led Milankovitch at one point to forecast that the onset
of the pext 100,000-pear ice age would not accur for another
20,000 yearg, The situation i not so simple, however, One
sees a similar smoothness in the imsolation curve in the peri-
od 20,000 to 50,000 years before the present, when the o
age cycle was known 1o be advancing. In fact, toward the
maximum glaciation. Many other things must be taken into
account, and ane cannot use the mathematically derived
curves exactly as a fortune-telling wheel. One of the intenest-
ing features of the climate cyche is the fact that an advance of
glaciation seems o be seli-feeding, because of the inonease in
the Earth's swrdace albedo (the reflectance of incident light)

" gaused by a covering, of bright white ice or snow. The effect,

howiver, 5 never dinect, but is modulated by weather pal-
terma=the production of windi, clowds, ocean curment, and
all the many other inberrelated factors that make weather fone-
casting 4o difficull and imprecise a science.
Milankenisch's orem reflections on the validity of his theosy
of the astronomical cycles are worth noting: “The fluctuations
in the radiation recebved by the Earth over long periods of
e ase only ome component of the climate of the past, but
they ame the most impostam one, and, moreoyver, ont which i

amenable 1o precise investigation.”"
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prisangr in the state of Viginia on Now. 4, 1993, along with
frve ather associales of Lymnaon LaRoud e,

: mxampla, Hugh W Elzassser, 1507, “Gating ™ 10.000-ysar

-Elrﬂlmwll. i‘Fn'l:Irlhlr'l'l'l'llllll - HDH'[LHHIH
1580 “Soarcle Ewdeno : Greanhouse B,
Castury, Wirser, p. 28

2 HH, Lemb, 1905, Shmalls Higany and i Fotfors (Printetss, NoJ.:
|Prircafoen Lindy. Pasdd), pp. 43735

A Wamn Sohwarrhach, 108 HHHW Tha Fathar of Canundomal
Dl | Whmchaon, Wifis.: Science Tech. Inc.), p. 7B

4, Gehegrriach, p ik

& Sehwarrach, p 47,

I‘.Li..l, b, and M. Shackelion, 1576 “Varalions in the Eate

Qi Pacemaker of T ice Aped.” Soevce, Vil 15, pp. 112133,

T. Behwarriach, pp. 9708,

g-

A_ Beger, 1078, "Leng-lee varialons of calten insolalon Trou: Eha
‘s oridal plemenis.” Fpsparch, Vil §. pp. 125167
HH Lesb, 1985 Cimato MHslory aad s Fuum - Pringston
Lisiv. Prsad),

John |misdig and Kaiharine Paimgs Imprie, 1070, los Ages: Sodving e
iysieny {Hinice, W J - Erabrw Publishen)

ke §. Wanded, 1080, Eavty s’ Cogmay (Dafosd. Pargiemon Prsia)

ik A 1ﬂ1‘|ﬂ.ﬁ.pl]5-.nu. Encyclopedis of Earh Syslam
Soence, Vol 2. pp. 55508

mmmmm Tha Father of Confingnial Dnft
| arkann, Wikcoeain: Solence Tech, Inc. ) Orignadly publghad o V00 &8
Alfepd Wagans wnd da Dvilfl gar Konbingnls [Slufigarn Wissanchaftbcha

E

st CENTURY Winter 1993-1994





