In order to discussthe correctness of thismode, it isimportant to know what each of thevariables
standsfor. Thevariablesthat can bechanged area, b, ¢, aice, terit, aland(). Inthismode , astandsfor the
longwaveradiation lost to spacethat doesn’t depend on thetemperature, bisthe coefficient of temperaturein
theequation for longwaveradiation lost to space. Thevariablecisthe coefficient of heat transport; itismore
commonly known ask. Aiceistheabedo of ice. Thetemperature at which the surface becomesice coveredis
terit. Findly dand() isan array that givesthea bedo of theground in each latitudinal section.

Withinitial conditionsand al the solar constant, theoutputis...

Zone Tenperat ure Al bedo
80- 90 -13.5 0.62
70- 80 -12.9 0.62
60- 70 -4.8 0. 45
50- 60 1.8 0.41
40- 50 8.5 0. 36
30- 40 16.0 0.31
20- 30 22.3 0.27
10- 20 26. 9 0. 25

0- 10 27.7 0. 25

The ice edge is at 71.42 degrees north.
| nput paraneters
Fraction of solar constant 1.
A= 204 B= 2.17
C= 3.8
I ce al bedo= .62 Changes at -10 Deg C

Theaboveinformation correspondsto what onewould think it should be. In order to show correctness,
| will change each of the variables and make an educated guess about the outcome.

First 1 will changea. | will makeavery smal (25) and the zones should warm up considerably. Thisis
because, when aissmall, thereisamuch smaller amount of radiation lost to space (it stayson earth). With aset

to 25, theoutput is...



RESULTS

Zone Tenper at ure Al bedo
80-90 72.8 0.50
70- 80 73.7 0. 50
60- 70 78.0 0. 45
50- 60 84.6 0.41
40- 50 91.3 0. 36
30-40 98.9 0.31
20- 30 105. 2 0. 27
10- 20 109. 7 0. 25

0- 10 110. 6 0. 25

The ice edge is at 0O degrees north.
| nput paraneters
Fraction of solar constant 1.
A= 25 B= 2.17
C= 3.8
I ce al bedo= .62 Changes at -10 Deg C
Theabovefigurescorrespond to my prediction. Now if aisvery large, say 1000, then the planet should
beicecovered and very cold becausethereisno radiation staying on earth. | will not show all output so that |
may saveatreebut | will say that the equator isat -396.0 Degrees Celsius (whichisbel ow absolute zero).
Now tolook at b. Changing b should have the same effect as changing abecause theformulafor long
waveradiation (R) lost to spaceisR =a+ b* Temperature(zone). Thedifferenceisthat it takesasmaller
adjustment of b to get the sameresultsasalarge changein a. For example, if astaysat 204, b must be changed
toroughly .35 afactor of 6.2 whereasawas changed by afactor of 8.16. However thelarger b that ischosen
meansthereislassof adifference between zones. Infact asb goestoinfinity, all zonestendto 0 DegreesC.
Thisisbecausebisacoefficient.
| will now analyzec. Recall that ¢ standsfor thetransport coefficient. That meansthat if | put alarger
vaueinfor c, heat will be shared by neighboring zonesmore. Thismeansthe zona temperatureswill becloser
to the mean temperature. When the model isrun with ¢ = 49, thetemperaturesrangefrom 12.9t0 17.3. Witha

small cvalue, thetemperature differences between zones should grow. When c =.1 Temperaturerangeis-60.7

t047.8. Alsorecall that with the default valuestherangeis-13.5t0 27.7.



Now | will predict what will happenwith changesin aice. Theabedo of iceiswhat aice standsfor.
Albedoistheability of somethingto reflect light and heat. Thedefault value of aiceis.62. Thismeansthat 62%
of the heat that hitsiceisreflected. If thisnumber wereto grow, more heat would bereflected and lost, causing
adropintemperature. If the number islowered it causes an increasein temperature. Onething to point out
thoughisthat sinceit isthat albedo of ice, there should beno (or very little) changein the zonesthat aren’t
covered withice. For example, if aice=.9thenthetemperature at the north poleis-22.5 (colder than before)
and thetemperature at the equator is26.8 whichisvery closeto thedefault smulation. If aicedropsto nearly
zero, i.e. .1, thenitisexpected that theice areaswill warm up and possibly not beice covered any more. Thisis
because with alow ice albedo, less heat isreflected thus more heat staysaround. When aice=.1thereisno
surface of theearth that isice covered. Thenorth poleisat -9.7 degreesCelsiussoitisamost ice covered.

Thenext variableto play withistcrit. Thisvariable representsthetemperature at which thesurfaceis
coveredwithice. Increasing thisvaluewill causethe average surfacetemperaturetofall. Thisisbecausethe
albedo of iceisgreater than that of ground, causing more hesat to bereflected awvay from Earth. Decreasing tcrit
should causeanincreasein average surfacetemperaturefor the samereasons as above. For example, when
terit=0, theiceedgeisat 55.7 degrees. Whenttcrit =-10, theiceedgeisat 71.42 degrees north. Thischange
inicelinecausesmoreof theearthto have ahigher albedo, reflecting more heat.

Finally, weget to aland(). Changing aland for ice covered latitudes doesn’t matter becausethe a bedo of
iceshould beused there. However, changing aand for | atitudes not covered inice should have the same effects
aschanging aice hasonice covered latitudes. For example, say the equatorial zone hasan albedo of .6 rather
than the default .254. This causesthe temperature thereto beabamy -4.6 degrees. Infact, the point wherethe
equator freezesiswhenitsabedo isroughly .68. On the other hand, if aand is decreased then the zone should
warmup.

Onelast variableto consider isthefraction of the solar constant, sx. All examplesgiven have been

wheresx = 1. If sxislessthan onethen the earth doesn’t get as much sun and the planet getscolder. If sxis



greater than onethen the planet gets more sun and getswarmer. Using the default values, and sx = .9and sx =

1.1yieldsthefollowing output...

Zone Tenperat ure Al bedo
80- 90 -22.3 0.62
70- 80 -21.7 0.62
60- 70 -19.9 0.62
50- 60 -8.5 0.41
40- 50 -2.5 0. 36
30-40 4.3 0.31
20- 30 10.0 0.27
10- 20 14. 1 0. 25

0- 10 14.9 0. 25

The ice edge is at 56.3 degrees north.

| nput paraneters
Fraction of solar constant .89
A= 204 B= 2. 17
C= 3.8
I ce al bedo= .62 Changes at -10 Deg C

RESULTS

Zone Tenper at ure Al bedo
80- 90 -1.3 0.50
70- 80 -0.3 0.50
60- 70 4.5 0. 45
50- 60 11.8 0.41
40- 50 19.1 0. 36
30- 40 27.5 0.31
20- 30 34.4 0. 27
10- 20 39.4 0.25

0-10 40. 3 0.25

The ice edge is at 0 degrees north.

| nput paraneters
Fraction of solar constant 1.1
A= 204 B= 2.17
C= 3.8
Ice al bedo= .62 Changes at -10 Deg C



By showing that modifying the program’ svariablesleadsto predicted resultsand the default results
comply with current knowledge, itissafeto assumethat themodel iscorrect. Theonly thing left to doisdiscus
thefirst two questionson pages82-83in*“A ClimateModel ling Primer” by K. McGuffie& A. Henderson-
Sdllers. Question 1 (a) asks, “What fraction of solar constant \glaciatesthe earth?’ | found that somewhere
between 78.917% and 78.918% alargeleap ismade and the earth isglaciated. | say alargeleap because
when sx =.78918, theicelineisat 25 degreesnorth, but at sx = .78917 the equatorial zone hasatemperature
of -42.9 degrees Celsius. For question 2(a) let a=225,b=1.1, c= 8, tcrit =-15, aice=.5, aland(i) = aland(i)
-1
Then sx must be between 90.141% and 90.142%. At sx =.90142, theicelineisat 35.0 degrees north. But at
sx =.90141, the equatorial zonetemperatureis-60.4

Exercise2(a) callsfor different K values. Remember that inthismodel, thevariable cand thevalueK
arethesame. A good way to describethe effects of avariable change on theclimateisby theiceline. WhenK
=3.81, theicelineisat 71.49 DegreesNorth, but when K = 3.74, theicelineisat 71.12. Soa.7 changeinK
caused a.37 degreeshiftintheiceline. That isroughly .5 degreesper 1 unitincreaseinK at intheareaof 3.88.
Theclimateisn't extremely senstiveto theK vaue. Obvioudy it doesmakeadifference otherwiseit would
havebeen | eft out of the equations, but alarge changein K causesonly asmall changeintheclimate. Exercise
2(b) Asksfor aprediction of thevolatility of the climateat small and largevaluesof K. | predict that asK gets
smdler theclimate getsless sengitiveto changesin thesolar constant. But with largevauesinK, asmal change
inthe solar constant can makealarge climactic shift. Using themodel and aK valueof .1, sx canbenearly .6
beforethe planet glaciates. But with K value of 49.9, the planet glaciatesat alittlelessthan .8. When K isthe
default valuerecall that the glaciated with 78% of the solar constant and that waswith K =3.8. SoforK’s
between about 3 and 50, not much changesin termsof the amount of solar constant needed to glaciatesthe

earth.



