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C I i m ate Dyn am i CS Of At MOS p h e ri C C O I I a p Se Results Polar temperatures as a function of obliquity, luminosity, and CO; inventory.
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which controls atmospheric collapse, in terms of a single, globally uniform parameter. This assumption requires
reconsideration since at high CO; the details of the horizontal transport of atmospheric heat is significant and
may be variable with obliquity, surface pressure, and other factors.
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The obliquity affects the polar energy balance by shifting
upward the relationship between polar surface tempera-
ture and global mean surface pressure. This occurs be-
cause at high obliquity the high surface temperatures are
spread to higher latitude, which limits the geographic
region for which the surface temperatures are less than
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Using a Mars general circulation model (the MarsWRF model [Richardson et al. [2007]), we investigated the
details of the three-dimensional, time-varying climate dynamics at the threshold for atmospheric collapse.

Surface Temperature (K)
Surface Temperature (K)

Surface Pressure (Pa) Surface Pressure (Pa)

Results Okay, the atmosphere collapses. But what happens when the obliquity increases? What about inflation?

Greenhouse Layer Zero ObIICIUIty
SV . Set the eccentricity = 0, which removes - - - -
Heat . y="5 o 300 mb Inventory 600 mb Inventory With the collapse simulations, we start with all of
/ \ seasonality due to orbital eccentricity. = 30 ' the CO> in the atmosphere and then allow the cli-
e o . Ct02 is tt;\e gnly gtreenhouse gas; there is no E 95 N . mate to evolve. We also looked at the reverse proc-
Heat Transport Heat Transport atMmospheric water vapor. § g 20 ess, what we call‘inflation’ Inflation simulations
> - . : .
Lpf:izt\ilz‘l’f s 7 begin with the bulk of the CO, inventory as ice on
—_— Q) - .
NS = the polar caps and an atmosphere with a global
f—; g 10 - o "~ mean surface pressure of 1 mb. The results shown
(40) . . .
Results Examples of how CO; ice is deposited during atmospheric collapse. t 5 - > - to the left are for the 25° obliquity case. With these
@ o S — o) 1 o o - - simulations we identified the approximate location
el Z?Eg'sitg'ebf‘;tr“t);e . _ Z?Eg'sitg'ebf‘;tr“t);e 0 2 4 6 8 100 2 4 6 8 10 ofthelower stability point for the assumptions
g 2 g 2 i i .
5 15° obliquity 5 15° obliquity Time (years) Time (years) that we have made with our model.
S 0 20
g simulationsand S simulations and 6 mb Inflation 6 mb Collapse
3 80| forthe current 5 for faint young 3 . . . . . . . . The higher CO; inventories inflate to the same
| solar luminosity. . sun,i.e.~75% of o) lobal f imatelv 26
© S @ 7. Eachplotisfora © T © W Current solar lu- £ W\/W globad me.an surface préssure, ap.proxm?a ely |
- specified initial — o minosity. Each c o 6 - - - mb. Despite the large difference in CO; inventories,
4 mean surface 4 plot is for a speci- % 2 the equilibrium global mean surface pressure is
3 : S L TR n . . . .
g pressure: (a) 6 mb, 5 ¢ hed initial mean = v 4 very similar. The 6 mb simulation, on the other
2 (b) 60 mb, (c) 300 = surface pressure: o a , .
§ —s0| mb, (d) 600 mb, S - - (a) 6 mb, (b) 60 o v hand, does not inflate to 26 mb due to the limited
(€) 1200 mb, and e A mb, (c) 300 mb, e ~ - CO; inventory. The 6 mb simulation does, however,
e f e f . . .
© 0 (f) 3000 mb. © = S (d)600 [)nb, (g)f > 0 inflate to a state nearly identical to the collapse
7 50| 7 501 - - 1200 mb, - - - - - - - - . . . .
g The CO, ice distri- & . 2000 mb and {1 o 1 2 3 4 50 1 2 3 4 5 simulation,thusconfirming that thisis the stable
< 0 bution reflect s o - Time (years) Time (years) climate for a 6 mb atmosphere at 25° obliquity.
G both seasonal cy- % _,. - . The CO; ice distri-
cles and topogra- B | bution reflect References
o 1 =2 3 4 50 1 2 3 4 5 phy. o 1 2 3 4 50 1 2 3 4 s bothseasonalcy- Leighton, R. and B. C. Murray. Science, 153:136-144, July 1966.
Time lyears Time lyears Time [years] Time [years] cles and topogra- Haberle, R. M., D. Tyler, C. P. McKay, and W. L. Davis. Icarus, 109:102-120, May 1994.
1|O_2 0 10 101_102103 1|0_2 TR 101_102103 phy. Toon, O. B., J. B. Pollack, W. Ward, J. A. Burns, and K. Bilski. Icarus, 44(3):552 — 607, 1980.

CO, Ice Depth [meters] CO, Ice Depth [meters] M. I. Richardson, A. D.Toigo, and C. E. Newman. Journal of Geophysical Research, 112(E09001), 2007.



