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& dynamic modelling program {(DYNAMO) of the globsal
mateorological system has been developed for the purpose
of ernhancing the understanding aof the variables involved
in estimating the probability of the polar ice caps eithee
melting or swelling. This program takes into account about
sixty climatolegical variables, which are incorporatec
into & matrix of equations that are solved

simultanecuwsly for evaluating possible increases or
decreases of ice accumulatiorn in the polar ice caps. Thae
key parameter in this evaluation is the accumulation of
carbon dioxide in the esrth’'s atmosphere resulting from
the burning of fossil fuels. The resulting greenhouse
effect perturbs the heat balance of the earth’'s
atmosphere, generating i1n the changes evaluated in thie
study.

Becrauss of the great number of assumptions and limited
amount of available data, 1t is not possible to make
guantitiative predictions at this time. In this ongoing
study, marny iteratieons will be needed to narrow the margin
ot uncertainty.



Imtroducton

This study comprises & block simulation pr gram intendad
to show trends that couid later be investigated in finer
detail with & general cairculation model (GOM; Slmulatimﬁ
syestem.

ver the past few decades, the concentration of carbon

dipnide in the earth s atmosphere has imcreased from about

D00 to Z50 parts per million, and this rate of
concentration appears to be accelerating. Ore effect of
this phernomenon 1o to induce the warming of the searth’ s

stmosphere, thereby periturbing the gleobal climatolooy.

e purpose of the following study is to explore the
potential eftects upon the polar ice caps. IF complete
meiting were to coouwr, for instance, the mean sea level
woulid rise about 200 feet, Accompanying this melting, the
ceas wonld bDe warmed several degrees. For each degree of
mean temperature increase, the seawater would ewpand by an
incresased depth of about five feet.
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SERS .

2. Fasasive glaciation.

Z. Fartial melting of the ice caps followed by massive
glaciation.

4, Glaciation followed by melting of the ice caps.

. A dyrnamic balarmce, resulting in neither melting of
the ice ceps nov glaciation.

The tollowing study shows that nome of these alternatives
can be ruled out until more data and & better understanding
of the relationships is developed. The method

of approach is to construct an aralyvtic model for the
purpose of evaluating the effect of each variable upon the
ice pack and then perturbing thece variebles over itheir
expected ranges to determine the sensitivity. ar exact
analysis is not possible, and only relative, gualitative
Lilts can be obtairmed.
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finalysis

The accompanying diagram 1s a representetion of the
ralyvtic model employsd in this analysis. Circles in thig
dzagram represent the input scurces of data., Farallel lines
in theee circles represent tables of previously compiled
ieta. The "tanks' represent the levels of accumulated
rezges of moisture. The "velves" are the rates of Flow of
this muisture. The small beads are the controlling
constants associated with these flow rates. The "clouds"
are the occearnic scuwrces and sinks of the masses of
moisture under study. Dashed lines represent the chanmegls
of information flow, and sclid lines are the paths of
molseture floaw.
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In the upper left-hang corner, the set of circles represent
the time—-related increacses of carbon dioride in the
atmoasphere, and the agcompanying heating due to the
greenhouse etfect. Becsuse of uncertainties in carbon
diowide concentrations, the lower rangs, normal range and
upper range of variation are can51derEu.

The northern hemisphere 1 consiogred to be comprised of
three sones: squatorial, tesmperste, and polar. Gepodesic

convertion cells, calleg Hadley cells, ococupy these thres
rones. Significarnt guantities of moisture are transferregd
from cell te cell by air cuwrrents analegous to streams in

thes occean. Massive guantities of water are evaporated from
+ e ard carric v the Hadiey celle. There,
+ b e ocohidenses cliouds and returne to the seas

via precipitation. The of moisture transfer and
precipitation is evaluated in the DYNAMO program shown in;
the appendix. Equatiors wuesed in thise program are based
primarily upon the law of conservation of matter: that
which ocoes 1n eguals that which goes= out plus that which
remains bebind., Flow rates are evalusted 4rom the best
zvallable deata in the literature. FReferences are inciaded
in the DYNAMD program shown here.

heat balance ot the poler ice psack was conducted. This

L o balance took into consideration (1)igrngwave radiation
erchange between the ice srnow surtace and the ambient
and clouds, {2)shortwave radistion received from the
Wy, {(Treflected solar radia+ion diuwe to albedo of the

Mow, (drheat carried to the icelsnow by precipitation,
ff>1at=h1 heat ot condensation due to condensation or
evapuoration of molisure fraom the i1ce/snow surface,
{Sicanvective heat transfer between air and icelsnow, (7
the degree of cloud cover, and {(Hiheat of fusion of melting
ar freering ice/snow. The resultant guantity is the rate of
sernsible and latert heat ingrease or decreass in the
ice/snow. This guantity determines the rate of freszing o
melting. For the present, evaiuation of convective hezst
tramsfer was held i1in abeyance until suviteble relationships
are developed. Wind velocity dats sre not readily
avallable.
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Resulte of Evaluation

After considerable difficulties were encountered in
debugging the accompanying DYNAMO program, & successful run
for & complete year was obtained. The greatest difficulty
proved to be instability. lcing/melting seemed to progress
in unstable cycles dus to inaccurate evaluation of transfer
af moistuwe between the Hedley cells and inasccurate
evaluation of the rates ot evaporation from the ocean
surface. By the time these problems were corrected,
insufficient time remained to conduct the sensitivity

sEvaltations.,

Tre aroompanying set oy curves show the following:
i. The simulaticon esccurastely tracks the erperimental

data on carbon dickide increase.

T, Moisture in the Hadley cells tends toward eguilibrium
values in about two weebs.

Z. An inconsistency exis=its between the rate of 1ce
inmrease and the evapoe
o f Lig the temperastures at bhie
intertare between ses and air is reguired. More
temperatuwe data is needed +tor cloud conditions.

4, Temperatuwre dats 1n the three zones are highly
responsive to carbon dicowide conmcentration.

Pe More dats are needed on clowd cover in the polar

w1y =

atiocn rate. Therefore, a more
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Disrussion

The present approach is tc prognosticate that, 1+ the
atmosphere is heated, the ice pack will melt. This is not
necessarily the case., evern i+ the temperature elevation due
to carbon dioxide concentraticn in the poler zome is three
times as great as it is i the equatorial zone. How can the
heat be carried down to the 1ce?™ Warm atr rises and cold
air sinks down, The (e tends natwrally to shield itselds
with & blanket cof cold air. Measurements of heat baleances
ot ernow packs have shown that about 70X of the snow—melt
resulte from direct sunlight, and 20% from all other
sources combined. 1+ the sky is overcast durirng the summer
monthe, direct sunlight cannot reach the ice/snow surface.

The ratic of the total volume of the poler cells toe the
combined volumes of the sguatorial and temperate cells can
e shown to be $3.084%8, Thise means that about 12 times as
much air is availabie for transter to the polar zones as
there is available to be carried away from the polar zones.
& small increase of evaporation in the eguatorial and
tenperate rones can result in a twelve-fold increase ot
precipirtation in the polar zones. Incresased transport of
malsture to the polar zone will tenmd to incresse the cload
cover there, Such & combineatiorn of circumstances could
readily result in massive glaciaticon.

ng, convestive heat transfer and warm rains
iv mnegate this tendency towara galciatior

i i
tween glaciation and melting is

The only conclusicon that carn be drawn at this time is  the
the resalis are inconclusive, More datas are needed and
more advanced analytic technigues need to be developed +to
rescolve the Soguestions. Cruds approzimations have bean
shown Lo inadegueate. The value of this simulation
pragram can be greatly enhanced by means of a constructive
dialog between the :nterested parties. Specialicsts in

climatology, meteceroclogists, generalists and cyberneticians
cann =11 contribute maeterially to this study by working
together rather than by competing, Considering that the
future of our earth might be at stake, such cooperation is
impsErative.
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