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Abstra ct. Div erse phenomena such as the distribution of earthquak es, price
variations of cotton futures, frequencies of cit y sizes and so on all follow sim-
ple power laws. Possibly some of the complexities of global warming/climate
change yield to a similar mathematical analysis. In what appears to be deeper
than mere analogy we de�ne weather events to be weatherquakes, just as seis-
mic events are referred to as earthquak es. We postulate the \W eatherquake
Hyp othesis" from which we conclude that the prop ortion of extreme weather
events among all weather events can be expected to increase as concentrations
of greenhouse gases,such as carbon dioxide, increase in the atmosphere.

1. Intr oduction

The French mathematician, JeanBaptiste JosephFourier (March 21, 1768- May
16, 1830), created the term \greenhousee�ect" and initiated a study as early as
1824of the phenomenonthat term describes,cf. [9, 10]; namely, light from the sun
passesthrough the atmospheremuch as it does through the glassof a greenhouse,
heating the contents. Much of the heat energythusgeneratedremainstrapp edclose
to the earth by the atmosphere,much as the greenhousetraps heat within itself.
We present this paper asone(small) mathematical step further in the journey that
Fourier began.

In 1860, scientist John Tyndall experimentally determined that gasessuch as
CO2, carbon dioxide, and water vapor were major contributors to the greenhouse
e�ect. He observed that thesegases,not the massively more abundant oxygen and
nitrogen, were the most e�ectiv e in trapping thermal energy.

In 1896,Swedish scientist, Svante August Arrhenius (February 19, 1859- Octo-
ber 2, 1927), 1903Nobel Prize winner in chemistry, studied e�ects of atmospheric
concentrations of CO2 on ground level temperatures. Motiv ating Arrhenius washis
desireto explain ice ages,and his careful calculations werebasedin part on certain
experimental data available at the time. Details in the work of Arrhenius, [1], may
easilybe criticized from the vantage point of the 21st century . For example,someof
the numerical valuesof constants carefully calculated by Arrhenius are not in agree-
ment with numerical valuesusednow. Also, he likely believed that global warming
would be an unalloyed blessing, averting ice ages,an understandable position in
1896. Finally he thought, basedon anthrop ogenic CO2 emissionsat the time he
was working, that it would take humans about 3000 years to double atmospheric
CO2 concentrations.
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Thesedays the role of atmosphericCO2 concentrations in the scienceof ice ages
is still considerednontrivial, but other mechanismsare believed to precipitate \ice
age events." Also the time it is taking humans to double the CO2 concentration
in the air is of the order of 100 years,not 1000. But as for his major thesis, which
he was the �rst to articulate, namely: increasing emissionsof CO2 leads to global
warming { Arrhenius's work remainsintact. Although someof the numerical values
usedor calculated by Arrhenius can be called into question, the basic form of his
\greenhouselaw" remains the same; and he derived this law from basic scienti�c
and mathematical principles. Using this law and the numerical valueshe calculated
for various constants, Arrhenius predicted that doubling CO2 concentrations would
result in a global averagetemperature rise of 5 to 6 degC. The Intergovernmental
Panelon Climate Change(IPCC) calculatedin 2007a 2 to 4.5degC rise; fairly good
agreement given that over a century separatesthe two sets of numbers, numbers
which rely on the accuracyof certain measurements.

From a referencepublished about 102 yearsafter [1], namely, page2718of [14],
we seeArrhenius's greenhouselaw for CO2 stated as:

(GreenhouseLaw for CO2) � F = � ln(C=C0);

where C is CO2 concentration measuredin parts per million by volume (ppmv);
C0 denotesa baselineor unperturb ed concentration of CO2; � is a constant (IPCC
gives� = 6:3, [14] gives5.35); and � F is the radiativ e forcing, measuredin Watts
per square meter, W

m 2 , due to the increased(or decreased)value for C, the inde-
pendent variable. Radiative forcing is directly related to a corresponding (global
average) temperature; becauseby de�nition radiativ e forcing is the change in the
balancebetweenradiation coming into the atmosphereand radiation going out. A
positive radiativ e forcing tends on averageto warm the surfaceof the Earth, and
negative forcing tends on averageto cool the surface.. (We will not go into the de-
tails of the quantitativ e relationship between radiativ e forcing and global average
temperature.)

For the record, cf., [2], preindustrial concentrations of CO2 are estimated to
have been about 280 ppmv. From [2], p. 43, we seea table of global, average
annual CO2 concentrations from 1960 when it was 316.91ppmv to 2006 when it
was approximately 381.84ppmv. In this table the function of CO2 concentration
versustime is essentially an increasingfunction from 1960to the present (neglecting
the annual 
uctuation).

The greenhouselaw of Arrhenius is surely an idealized simpli�cation of reality,
asare all mathematical models. But practitioners of climate science�nd this model
quite useful, with predictive value. We would like to point out an equivalent for-
mulation of the greenhouselaw is obtained by exponentiating both sides to base
e � 2:718281828: : : , obtaining e� F = ( C

C0
)� : If we replace C with x and rename

the left side of this equation f [x] and let � = C � �
0 , the greenhouselaw is seento

be a special caseof what mathematicians refer to as a \p ower law." Thus

(Power Law in General Form) f [x] = � x �

Let us make some simple observations, which we will use later, about power
laws in generalwith independent variable x. If we take the (natural) logarithm of
both sidesof the above power law in general form we get ln f [x] = � ln x + ln � .
If one graphs the log of the dependent variable, i.e., ln f [x], versusthe log of the
independent variable, i.e., ln x, if � is not zero onegets a straight line with slope �
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and vertical axis intercept of ln � and horizontal axis intercept (� ln � )=� (if slope
� is not zero).

Conversely, if a collection of data points (y; x) yields a log-log plot that is a
straight line, i.e., the points (ln y; ln x) lie at least approximately on a (non vertical)
straight line, then y can be given by a power law in terms of x, i.e., y = � x � , where
� is the slope of the line and � is determined by (what would be) the axis intercepts
(if the the log-log line is extrapolated if necessaryto intersect at least the vertical
axis).

There is also another characterizing property of a power law, namely, self-
similarity or independence of scale. What this means is that if the independent
variable is \rescaled," i.e., multiplied by a constant, the basic form of the relation-
ship is unchanged, i.e., � does not change,only � changesto a di�eren t constant.
Thus in the caseof a set of data points which obey a power law, if the independent
variable is rescaled, the straight line log-log graph translates to another straight
line parallel to the original, i.e., with the sameslope.

Before leaving this intro duction, let us return brie
y to [14], page2718. We note
that the radiativ e forcing formula for CO2 is among the simplest of such formulas
for trace greenhousegases.Other greenhousegases,such as CH 4 and N2O, yield
radiativ e forcing functions that are at least super�cially far more complex than
simple power laws. Note that for methane, CH 4, and nitrogen dioxide, N2O, the
proportionalit y constants corresponding to the � in the greenhouselaw for CO2

aboveare much smaller, with estimatesvarying from .036to .12; but concentrations
of CH4 and N2O are measuredin parts per billion by volume, ppbv, indicating that
thesegasesare potent even in relatively small concentrations. Chloro
uoro carbons,
CF Cs, yield a simple linear radiativ e forcing function, namely, such forcing is a
multiple � of changesin concentration measuredin ppbv, where values for � vary
from .22 to .33. (Radiativ e forcing, � F , is measuredin W

m 2 throughout.) Finally,
we would be remiss if we did not mention that even though water vapor has a
residencetime in the atmospheremeasuredin days, cf., [13], page 27, the IPCC
has recently stated that its amplifying e�ects could more than double the warming
causedby CO2 on a global scale.

Towards a simpli�ed look at global warming from our perspective we state an
open problem. Can the \W eatherquake Hypothesis" (stated in Section 3) be de-
duced from acceptedbasic principles of mathematics, physics and chemistry if the
concentrations of all trace greenhousegasesare held �xed except for CO2, which is
assumedto obey the GreenhouseLaw for CO2? This over-simpli�ed model might
not exist in reality, since many things are inextricably linked; but a successful
demonstration using only basic principles that the Weatherquake Hypothesisholds
in such a situation would be a powerful argument indeed.

2. The Ear thquake Distribution and Other Power Laws

The excerpt (literally photocopiedand electronically reproduced) from [12], page
105, is well known in somecircles and unknown in others, so we include it here as
Figure 1. It is truly an amazingly simple set of data, given that it emanatesfrom
the complexity of earthquakes.

Again quoting from [12], page2, we read the following explanation of the mag-
nitude scale for earthquakesusedby Gutenberg and Richter.
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\The magnitude scale number is intended to be logarithmic in the maximum
amplitude of earth motion at a �xed distance. The smallest shocksrecorded (only on
sensitive instruments at a distance of a few kilometers) are of magnitude 0; shocks
of magnitude3 are usually felt; shocks of magnitude41

2 are capableof causing slight
damage;major earthquakesrange from magnitude 7 to magnitude 81

2 . Increase in
the magnitude by half a unit corresponds to multiplication of the energy released by
a factor of 10, so that there is a ratio of about 1017 between the energies released
in the largestand the smallest earthquakes."

Thus the �rst column of data in the Gutenberg-Richter Table, Figure 1, is the
magnitude of earthquakes. We are told that the numbers in this �rst column are

Figure 1. Gutenberg-Richter Table

logarithms (presumably to base 10) of something we shall refer to for simplicit y
as earthquake intensity. If we take the logarithm, to base10, say, of the second
column, which is the number of earthquakesof a given intensity occurring in a given
year, we notice a simple invariant. The sum of \log of intensity of event" and \log
of the number of events of that intensity (per year)" is approximately constant,
namely, 8.

The Gutenberg-Richter data thus yields a log-log plot which is approximately a
straight line. This is an empirical fact, i.e., the resultsof actual measurements of real
earthquakes. This (linear) approximation gets better the larger the geographical
area involved and the longer the interval of time. (There is now an abundanceof
earthquake data, cf., [3] page 13, for just one of many examples.) A priori there
seemsto be no obvious reasonwhy the number of earthquakesof a given intensity
is so simply related to the intensity of those earthquakes. Nevertheless, it is an
observed fact. Confronted with such a fact, we try to think of somesimple principle
that might \explain" it; a simple axiom from which the fact can be deduced.

The mathematics of the situation leads us directly to such an axiom. The
Gutenberg-Richter data yields a linear log-log plot which must comefrom a power
law, as explained in the intro duction. The numerical valuesof the slope and inter-
cepts of the line so determined depend on the units chosento make measurements
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and the actual values measured. These actual values are of great importance in
geology, but to a \pure" mathematician the essential fact is that the log-log plot is
a straight line. This fact all by itself tells us that we are dealing with a phenomenon
that is independent of scale, e.g., a phenomenondescribed by a power law.

In this particular casewe can take the statement (where C is a constant and
logs are to base10):

\log of intensit y of event" + \log of the number of events of that intensit y (per year)"= C,

and get by exponentiation the equivalent statement:
[\in tensit y of event"] times [\n umber of events of that intensit y (per year)"] = 10C .

Said informally, our axiom states that there is no preferred \size" or \scale" of
earthquake. Nature expends the sametotal energy shaking the earth at one point
on the Gutenberg-Richter scaleas it does at any other point on that scale. The
bigger the quakesthe fewer there are of them, and the relationship betweennumber
and intensity is fairly precise, namely, the relevant log-log plot is very close to a
straight line. (To get the actual numerical value of the slope and intercepts of
this straight line requires a closer look at actual data.) Our axiom, which we have
just informally stated, is thus qualitativ ely equivalent to the Gutenberg-Richter
Law, i.e., the table in Figure 1. Our axiom that \Natur e has no preferred size of
earthquake" is equivalent to the appropriate log-log plot being a straight line, without
specifying precisely the slope and intercepts of that line.

It is in this qualitativ e spirit that we ask the question: To what type of probabil-
it y distribution (or probabilit y density function) does the Gutenberg-Richter Law
lead? Let z denoteearthquake intensity, where z � 1, then the magnitude, x, of an
earthquake of intensity z, is x = 1

2 log10 z, where the 1
2 re
ects the historical fact

that a 1
2 increaseon the Gutenberg-Richter scalecorresponds to multiplying the

corresponding earthquake intensity by 10. We can thus write the following power
law

N [z] = � (:1)
1
2 log 10 z = � z� 1

2 ;

for z � 1; as qualitativ ely corresponding to the the Gutenberg-Richter Law for
earthquakes,where N [z] is the number of earthquakesof intensity z.

Sincewe are looking for a probabilit y distribution we changevariables from z to
x (if for no other reasonthan that

R1
1 z� 1

2 dz is not �nite) and get N [x] = � (:1)x ,
for x � 0. This is a normalized, continuous form of what we will call the geometric
probabilit y distribution corresponding to the earthquake data in Figure 1, if � =
(
R1

0 (:1)x dx) � 1 = � ln (:1) � 2:30259:
Thus our axiom, that Nature has no preferred size (or scale) for earthquakes

implies that earthquakesare geometrically distributed if the number of earthquakes
is plotted versusmagnitude, i.e., the logarithm of intensity.

In the remainder of this sectionI would like to brie
y indicate the wide variety of
natural phenomenadescribed by power laws. References[3, 18] discussmany such
phenomena. In 1963Mandelbrot discovered that the distribution of price changes
for stocks and commodities such as cotton follow power laws. There are Zipf 's
laws from as early as 1949 which are power laws that describe frequenciesof city
sizesand word frequencies,say, in English. Power laws similar to those describing
price variations are associated with the extinction of species,with extinction rates
replacingprice variations. In [17] extinction/ev olution processeshavebeenmodeled
by using feedback, iterated nonlinear maps, in particular.
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ProfessorEllen Zweibel, formerly at the University of Colorado, Boulder, now at
the University of Wisconsin, Madison, informs me that solar 
ares follow a power
law, cf., [3], and B. Dennis, Solar Physics, v. 100, 1985,p. 465.

3. Wea ther quakes and Global Warming/Clima te Change

Climate is, by de�nition, weather statistics. Thus one might supposethat any
number of mathematical tools might be applicable to the study of climate and
weather. In particular, since power laws appear in such a wide variety of natural
phenomena,one might investigate the possibility that a power law might �nd a
place in the study of climate/w eather.

We shall use the terms \w eatherquake" and \w eather event" interchangeably.
We can ask: What is the distribution of the number of weather events as a func-
tion of event intensity, or as a function of the logarithm of event intensity? It
would be easyto wave our hands and say that sinceweather events are in
uenced
by many small and seemingly unrelated random e�ects that the distribution of
weather events should approximate the normal distribution. Of course,we could
have madethe samehand waving argument about earthquakes,which we have seen
are distributed geometrically when plotted as a function of the logarithm of event
intensity. Ultimately this question is to be answered by empirical observation of
weatherquakes,someof which has beendone, cf., [5].

The alert reader will have noticed that we have not given a precise de�nition
of weatherquake, other than a tautological one. Neither have we given a de�ni-
tion of intensity of a weatherquake or how to go about measuring same. These
considerationsare actually part of our Weatherquake Hypothesis.

The W eatherquak e Hyp othesis. There exists a de�nition of weatherquakeand
there exists a de�nition of intensity of weatherquakesuch that Nature has no pre-
ferred size(or scale)of intensity of weatherquake.

We wish to include in our de�nition of weatherquake all possibletypesof events,
such as hurricanes, tornados, thunderstorms, rainstorms, droughts, dust devils,
wind, breezes,blizzards, and so on. There is evidencethat onecan de�ne intensity
such that power laws do indeed appear, cf., [5]. There is also contrary evidence
of an interesting variety. It appears that hurricanes can exhibit statistics that are
distinct from \Guten berg-Richter" analogies,cf., [7]. We seeat least two possible
reasonsfor this: the de�nition of intensity that is used, in [7], for example, (which
can be changed); or more fundamentally , the profound interaction of an extreme
atmospheric event with a large body of water, such as an ocean. Careful treat-
ment of these issueswould take us far from the normal contents of a mathematics
journal. For example, one can change the de�nition of intensity of a hurricane
and then rework the statistics. This is very interesting meteorology, but a paper
doing this would be much longer than this one. Another approach is to enlargethe
de�nition of weatherquake to include interactions of the atmospherewith the land
and sea,and this has the potential of yielding a more abstract, \all encompassing"
analysisof energy
o ws { which is beyond us at the moment. More in line with our
weatherquake hypothesiswe note that ProfessorJe�rey Weiss,at the University of
Colorado, Boulder, has pointed out to us that it is possiblefor weather events to
have more than one distinguished scale. He noted that hurricanes switch from one
scaling law to another at 85 knots, which is coincident with the formation of the
hurricane eye. This phenomenonwas also mentioned in a talk by Christopher C.
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Barton of the United States Geological Survey (U.S.G.S.). It is already noted in
[5] that even when power laws clearly apply to weatherquakes,di�eren t exponents
can appear and be associated with di�eren t typesof weather phenomena.

Thus, it is quite likely that the collection of weatherquakesmay be partitioned
into a disjoint union of weatherquakesof di�eren t types,each type obeying its own
weatherquake hypothesis, i.e., its own power law with its own de�ning exponent.
Should this be the case,then our ultimate conclusion(seethe next section) regard-
ing extremeweather events remainsunchanged. Namely, asthe atmospherewarms,
a disproportionate increasein extreme weatherquakes,i.e., high peak power events
with high total energy, can be expected. We will show in Section 4 that this can
follow from the weatherquakehypothesis. If we allow for a disjoint union of typesof
weatherquakes,each with its own power law, it becomesmuch more di�cult to ar-
gueagainst theseweatherquakehypotheses.In any event, we are con�dent that the
collection of weatherquakes to which weatherquake hypothesesapply is de�nitely
not empty, cf., [5]. Thus the conclusionsthat follow below from the weatherquake
hypothesisare not vacuous.

As a practical matter not all weatherquakesaremeasured,nor can they be; many
(most) are too small to be noticed, let alone be measuredand recorded. All is not
lost, however, for one can look at data that is available and seeif power laws are
seen,e.g., the appropriate log-log plots are straight lines, cf., [5].

Before discussing a possible, rigorous de�nition of weatherquake (and weath-
erquake intensity), let's note some di�erences between earthquakes and weath-
erquakesthat likely a�ect our theory. An earthquake is characteristically of short
duration so the total energy of an earthquake and peak power exhibited can be
con
ated. Events such as pyroclastic 
o ws or lava 
o ws can be more like weath-
erquakes;especially lava 
o ws which can go on for extendedperiods of time, punc-
tuated by earthquakesthat are large enoughto register on the Gutenberg-Richter
scale. Weather events can occur over extremely large geographicareasand can last
far longer than the typical earthquake. Weather events can easily be thought of
as part of a continuous process,an energy 
o w, for example, occurring in a three
dimensional volume of atmosphere,over a given geographicalarea, for an interval
of time.

Thus we tentativ ely de�ne a weatherquake associated with a given geographical
area as follows. Look at the energy 
o w in the atmosphere occurring over that
area for a given interval of time. Partition this energy 
o w into a sequenceof
weatherquakesby observingconsecutive peaks(local maxima) in power, with local
minima in power separating a given event from the one that precedesand the one
that follows. Intensity should be a function of the peak power of and total energy
embodied in the event. (Thus peak power matters. Here and throughout we are
de�ning power as physicists do, as energy per unit time.) When real data is being
examined delicate questions arise in how to extract estimates of energy 
o w and
power from the data in the form it is presented. For example,peak wind velocity is
sometimesestimated after viewing the level of destruction of a weatherquake such
as a tornado. This then needsto be translated into peak power and total energy
of the event, not always a very rigorous process. Also, how coarselywe partition
an interval of time in the search for weatherquakes is again heavily in
uenced by
real life considerations,such as where instruments are located, how often they are
monitored and so on. We conjecture that the more geographicalareasconsidered,
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the higher the number of measurements taken in each geographicalarea, i.e., the
�ner the three-dimensionalgrid partitioning the spaceabove the geographicalarea
and the more frequently measurements are taken from each part of this grid, and
the longer the time interval, the better the weatherquake hypothesis is satis�ed.

4. Implica tions of the Wea ther quake Hypothesis f or Extreme Events

Following the samearguments used in the caseof the Gutenberg-Richter Law,
we seethat the Weatherquake Hypothesisimplies (restricting to onetype of weath-
erquake at a time if necessary)that a power law givesthe number of weatherquakes
as a function of the intensity of said weatherquakes. Also, from the samemath-
ematical argument used in the caseof earthquakes, it follows that the number of
weatherquakes (of a given type that follow a given power law) plotted versusthe
magnitude of weatherquake, i.e., logarithm of intensity of weatherquake, is a geo-
metric distribution. Let's supposethat this geometric distribution is Np[x] = � px ,
with 0 < p < 1, where it is easily seenthat � = � ln p if

R1
0 Np[x] dx = 1, i.e.,

we have a probabilit y distribution. Note that we are abusing terminology slightly
becauseprobabilists refer to this Np as the probabilit y density function of an ex-
ponential random variable if we write Np[x] = (� ln p )e( ln p )x , with x � 0. Below
we will use the term expectation of Np, i.e., E [Np], as probabilists do, namely,
E [Np] =

R1
0 x � px dx:

Thus Np[x] is the number, actually the number normalized, of weatherquakes
of magnitude x, where x is the logarithm of weatherquake intensity. If we de�ne
extreme weatherquakesto be those of magnitude x � a, then Tp[a] =

R1
a Np[x] dx

is a measureof the amount of \e�ort" Nature puts into extreme weatherquakes.
(This measurecan be consideredan understated measure,sincethe horizontal axis,
i.e., magnitude, is a logarithm of weatherquake intensity; and the logarithm of
intensity increasesfar more slowly than actual intensity.) The Tp[a] we refer to as
the \tail past a" of our distribution. In a real life situation, a is a numerical value
indicating a magnitude of weatherquake that no one deniesis extreme.

The proof of the theorem below involves only �rst semestercalculus integrals,
so we leave this proof as an exercisefor the reader.

Theorem 1. Given 0 < p < 1 and the normalized, geometric probability distribu-
tion Np[x] = (� ln p) px , with x � 0, the expectation, E [Np] satis�es

E [Np] =
� 1
ln p

. The \tail past a" of Np, Tp[a] = � ln p
R1

a px dx; satis�es

Tp[a] = pa :

If 0 < p < q < 1, then we have the following formula for the fractional increase in
the expectation of Nq relative to the expectation of Np:

E [Nq] � E [Np]
E [Np]

=
ln p
ln q

� 1:

We have the following formula for the fractional increase in Tq[a] over Tp[a]:

Tq[a] � Tp[a]
Tp[a]

=
�

q
p

� a

� 1:
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Let's interpret the above theorem in the context of weatherquakes. If we start
with an atmospheresatisfying Np and then warm it up, i.e., add thermal energy,
by the weatherquake hypothesiswe should then have an atmospheresatisfying Nq

for someq, 0 < q < 1. Thus there are three choices,q = p, q < p, or p < q. Since
we would expect that E [Np] < E [Nq], this implies that p < q.

Now one way to look at this is via the median, i.e., given p for what value of
a is Tp[a] = 1

2 ? From Theorem 1 we seethat a = ln :5=ln p. Thus as p increases
monotonically in the open interval from 0 to 1, a increasesmonotonically from 0
to 1 . Thus as p increasesNature puts half of its total \e�ort" into weatherquakes
of increasingmagnitude.

Henceif there is global warming, e.g., we passfrom p to q with p < q, it is clear
that Theorem 1 predicts an increasein the \e�ort" Nature allocates to extreme
weatherevents. It alsoappearsthat \under most circumstances"that asp increases
to q the relative increasein Tp[a] is proportionately larger than the relative increase
in the expectation, E [Np]. For instance, seethe exampleat the end of this section.

Note that ( q
p )a � 1 increasesas a increases,i.e., the higher the threshold we use

to de�ne \extreme weatherquake" the larger the relative fractional increasein the
\e�ort" Nature allocates to extreme weatherquakes. It is thus possibleto \c heat"
by taking \ a" su�cien tly large for a given p and q to achieve a predetermined
conclusionabout the relative rise in extreme weatherquakes. Thus if \ a is large,"
a relatively small increasein parameter p (from p to q) yields a modest increasein
expectation (from E[Np] to E [Nq]), but a much larger increasein extreme events.

Now let us observe something which may only be interesting in the mathemat-
ical sense. There is no way to be sure without �nding real empirical data which
matchesthe behavior we are about to describe in this paragraph. (We have not yet
found any such data, by the way.) Observe that pa ln p, for �xed a > 0, decreases
monotonically from 0, when p = 0, to � (ae) � 1 at p = e� 1

a . Then increasesmono-
tonically to 0 at p = 1. Thus if a is �xed, i.e., the sizeof extreme weatherquake is
determined, then it is possibleto �nd (in�nitely many) examplesof p < q such that
pa ln p = qa ln q, i.e., the fractional increasein expectation is the sameas the frac-
tional increasein the corresponding \tails past a." Just pick 0 < p < e� 1

a < q < 1
suitably. It is also clearly possibleto pick p and q in a similar fashion so that the
fractional increasein expectation is more than the fractional increasein \tails past
a." Of course,q must satisfy e� 1

a < q < 1, and the options for q becomemore and
more limited the larger a is.

Example. Suppose that weatherquakes are distributed according to N :1[x] =
� (:1)x , where � = � ln :1 = ln 10. The expectation of N :1 is � (ln :1)� 1 � 0:434294.
Let us choosea = 1, i.e., any weatherquake of magnitude x � 1 is extreme.

Suppose there is a warming and p = :1 is replaced by q = :11, leading to
N :11[x] = 
 (:11)x , where 
 = � ln (:11) � 2:20727. The expectation of N :11 is
approximately .453047,which is about 4.32%greater than the expectation of N :1.
But the relative increase,f T:11[1] � T:1[1]g=T:1 is 10%. Of course, the situation is
more dramatic the larger a. For example, if a = 2, then the 10% becomes21%,
and so on.

5. Final Remarks

For want of a better placeto mention this, wenote that weatherquakeslikeearth-
quakesare limited in theory only by the sizeof the planet on which they occur. For
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example, on December 9, 1997, the Associated Pressreported a dust storm cover-
ing 20% of Mars. Also if the weatherquake hypothesis is true, then global cooling
should result in a decreasein the number of extreme weather events. It would be
interesting to search the historical record to the extent possibleand investigate if
a decreasein extreme weatherquakes accompaniedglobal cooling following large
volcanic eruptions such as: the August 1883 eruption of Krakatoa (or Krakatau),
Indonesia; Mount Pinatub o, in the Philippines, 1991; Tambora, in Indonesia, in
1815;Huaynaputina, in Peru, in 1600,cf., [15]. A similar question could be asked
of ice agespast, including the \Little Ice Age(s)."

We �rst becameinterested in the subject of this paper through conversations
with the late Dr. Roger Gallet. Dr. Gallet was a brillian t and innovative think er
with great mathematical abilit y. He presented a conjecture to me in roughly the
following form.

Gallet's Hyp othesis. The distribution of the world's weather eventsis suchthat
a rise in the average global atmospheric temperature produces a disproportionately
larger rise in the number of extremeweather events.

Dr. Gallet wasattempting to prove this conjecture from scienti�c �rst principles
using sophisticated mathematical tools, such as the statistics of extremes,cf., [11].
Whereasthe approach of this paper is extremely elementary and tied inexorably to
one probabilit y distribution, Gallet was attempting to create a more sophisticated
theory which would allow weather events to follow any one of a great variety of
distributions. He unfortunately passedaway before completing this work. Dr.
Gallet was motivated by the intellectual challenge of a di�cult problem, but he
was also motivated to do his part in dispelling the ignorance of climate change
which from the 1970son left many Americans less informed on the subject than
Arrhenius in 1896.

Ironically, there has beenno argument with the content of a lecture Dr. Gallet
gavein the 1970sin which heoutlined three scenariosof oceanacidi�cation. It turns
out his worst casescenariohas becomea veri�ed reality, cf., [6]. (Ab out half the
CO2 emitted by humans sinceindustrialization has goneinto the oceans,lowering
the pH of earth's oceans.) There is also little argument, at least at the present
time, that should fossil fuels be consumedat their current rate for the foreseeable
future, oceanlife as we have known it will ceaseto exist { due to this acidi�cation
e�ect. Even if we were to neglectglobal climate changeentirely , oceanacidi�cation
is reasonenoughto stop net carbon emissionsas soon as possible.

If one,however, actually pays attention to the statements of many scientists that
have studied climate their entire professionallives, there are other reasonsto stop
consumption of fossil fuels. Dr. James Hansen, for example, has estimated that
we must reduce CO2 concentrations in the atmosphere to 350 ppmv in the near
future, or else humanity will almost certainly face climatic tipping points which
likely will stress the human enterprise called civilization in extremely undesirable
ways. We note that in 2008 CO2 concentrations of 387 ppmv were measuredin
Svalbard, Norway.

We would be remiss not to point out that almost invariably the arguments put
forth by (often well funded) global warming skeptics are wrong. For example, it
hasoft beenassertedthat in the 1970sscientists thought that global cooling wasat
hand. If one checks the (peer reviewed scienti�c) literature of the time, one �nds
such assertionsto be myths, cf., [16].
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Political forceshave even goneso far as to censorscientists such as Dr. Hansen,
and we might add, other scientists that we have known personally, cf., [4]. But
things could be worse. Recall Fourier, who started \greenhousescience." He nar-
rowly missedbeing executedby guillotine for political reasons.

We invite the interested reader to continue participating in the interaction of
mathematics with environmental subjects. One possibleavenue is provided in [19].
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