Integration of MGS TES FFSM eddies and MOC-observed dust storms, MY 24-26
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Introduction
Fast Fourier Synoptic Mapping (FFSM) of MGS (Mars Global Surveyor) Thermal Emission Spectrometer

MY 26
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TES FFSM eddy phase speed (3.7 hPa, 55° S) and
MOC-observed dust storm migration speed (53° S), MY 24

. . . 5 21
(TES) temperature data (3.7 hPa) shows the presence of eastward traveling waves in the southern hemi- 115 - | | | | | | | | | | | | | | | -
: . : , 190.9 : - -
sphere, with highest amplitudes from ~50-60° S (Barnes, 2006). We hypothesize that these waves are tran- I = 50 | Eddies (global) ey=050x+11.9; R2=0.88
sient baroclinic eddies. We present an examination of these eddies and dust storms observed in Mars Or- 1807 3 ~ + Storms (all sectors) +y=058x+11.1; R?=0.42
biter Camera (MOC) imagery for MY 24-26, L,.=165-192°, 189.2 = 19— —
TES FFSM eddies & MOC-observed dust storms, 3.7 hPa, 55° S 188.5 = - -
: .. : : : MY 24 MY 25 188.0 — = 18 —
Integration of these data shows a strong association between eddies and dust storms, including: 1) com- o7 g™ i — s e — T i . -
parable propagation speeds, and 2) comparable periodicities. These results suggest a causal relationship ool ’{ o e ool E s E E
between baroclinic eddies and local storm initiation and migration. 186.3 < ~ 1863 18 1862 = T+ L -
185.7 - —— — 1857} 17 185.6 - 2 16 - —
Methodology 185.1§ 1851, 16 185.0 -3 = -
s , , 184.5 | 1845 15 184.4F : g 15 | — —
The longitudinal extent of dust storms was estimated from MOC daily global maps (Noble, 2016). Eddy ‘a5 | e T & .
phase speed and storm migration speed, ¢, was calculated using: 183.3 | 1833 13 1832 14 -
c(x) = Ax/At, 182.8 / 182.8 ‘_12 182.6 - N
where Ax = (r,,*cosp)* AL, 1, is planetary radius, ¢ is latitude, A is longitude, and ¢ is time. 182.2 — — 1822, o 1e2f 13 =
181.6 F ~ 1816 — 10 1815; - -
] ] . ] . 181.0 — 1810 —9 1809 12 n -
The eastern edge of dust storms was used in the calculation of their migration speed. A total of 82 storm 180,58 R 1803 . -
pathways were calculated and are presented below. Since the majority of eddy speeds are based on a 179.9 — 179.8 —7 1797, 11 | -
360° change in longitude (AL), storms pathways were filtered to match eddy A\, and are presented in 179.3 ¢ — 1792 —6  179.2 - .
178.7 - 178.7 & —5 1786 10 & | | | | | | | | | | | | | | | | | N
subsequent figures. 178 1 71k - . 165.4 167.3 169.3 171.0 172.8 1745 176.4 177.8 179.4 181.1 182.8 184.1 185.8 187.4 188.8 190.6 192.3
177.6 i 177.5 3 17741 ~Ls (eddy at 45° E)
. . . o _ 177.0E 177.0 2 176.9
Distribution of TES FFS_M eqdy phase Speed (3.7 hPa, 55° 5) and MOC-observed = 176.4 . [ - TES FFSM eddy phase speed (3.7 hPa, 55° S) and MOC-observed dust storm migration speed (subset = A A >200°), MY 25, Ls = 165-188°
dUStStOrmmlgrathnSpeed(53°S), MY24—26,LS=165-192° o ' - éPDS 176.3 23|_|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||_|
175.8 175.8 ¢ —sol ¢ 175.7 N _
N ¥ e T - _fsol # B n
N ACZo.s = 0.17 Aq0.5 - 0.61 ACZo.s — 1.46 Aq0.5 - 1.02 ACZo.s — 058 | 175.3 - 1752 —é 175.2 I HHHHHHHHHHHH|HH|\\H|HH|HH|HHH\ \H\|HH|\\H|\\Hh\H|HII|IIII|IIII|IIII|IH\|HH|\\H|HH|H\\|\H\|H\\|\H\|\H\|HH|HH|HHH il 22—_ e Eddies 5} =0.0161 x3 —-0.488 xz +471 x + 197, R2 =0.76 ]
22 | | | | | = 1747 rarl g 180 210 240 270 300 330 0 30 60 90 120 150 180 - - 0 00172070491 2% 4 443 x +3.26, K> 204 5
- | N | | | | | | | | = : = Longitude (°E) - =0. : . 26, R“=0. -
. . 174.1 174.1F — - B
“E = 173.6 173.5 ‘ e ]| I .
50 i 7: 173.0 173.0 — = -22 -20 -18 -16 -14 -12 -10 -8 FI-:GSM-;Lm;)ZeraSJre snor:aly?c) 8 10 12 14 16 18 20 22 E E
= T T ] 172.4 172.4 — o -
: ] 1719 ; 1718 - = Storm line thicl.<ness: apparent convective structure B -
19 ; R 7: | . S g rry\ggium - T
- - 171.3 171.2 —  Tlow 191 N
— —— — —————— 0: minimal/none — —
= 18 | — 4 N - . ] 170.7 170.7F - .
2 F T T * 2 170.2 170.1 = 18| . . -
- Ve = 169.6 169.6 ) L Z
a 6 = 169.0 169.0 ’ E b ‘ —
- g Zj - 168.5 - 168.5 g - -
15 o 167.9 167.9 6 ]
- -+ . 167.4 167.3 : -
14 |— — 166.8 166.8 5 ]
- - 166.3 166.2 - i
~ e . E1 B _
13 = - + + = 165.7 ’ IW 165.7 B ~
— Percentiles: i i N 165.2 i o e 165.1 M o oo i, i o s 14 -
12 — :\E;vomglirel?gtgﬁtq : — —— + — 180 210 240 270 300 330 0 30 60 90 120 150 180 180 210 240 270 300 330 0 30 60 90 120 150 180 B B
~ Notches: 95% Cl, béotstrapped e i e B - 13 __
11 MY 26 MY 26 MY 25 MY 25 MY 24 MY 24 MY 24-25 MY 24-25 MY 24-26 MY 24-26 o o - - u -
eddies storms eddies storms eddies storms eddies storms eddies storms Kernel density estimates of TES FFSM eddy phase speed and MOC-observed dust storm migration speed, MY 24-26, L ; = 165-192°, 55° S B ) B B
n= 10 25 13 29 13 28 26 57 36 82 |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| | N 10— ]
X = 15.74 16.20 15.40 15.27 15.70 14.86 15.55 15.07 15.61 15.41 0.5 — | Percentiles MY 24-26 eddies  —| | — MY 26 eddies — 2 02 - B N
Qos = 15.56 15.73 15.95 15.34 16.41 14.95 16.02 15.00 15.98 15.40 o ) 1 . 2 - : - .
S = 0.90 2.47 1.73 1.97 2.00 2.18 1.83 2.06 1.62 2.24 0.4:_ i?gm _: :_ _: ()] B i 19 L |1|65_|2| [ L] ]] |1|67_|3| [ 1]] |1|69_|3| [ L] ]] |1|71_|()| [ 1]] |1|72_|8| L] I1I74.I5I L] |1|7|6|4| L] |1|7|7|8| L] I1I79.I4I L] |1|81_|1| L] |1|82_|8| L] |1|84_|1| [ L] ]] |1|85_|8| [ 1]] |1|87_|4| L]
s2 = 0.82 6.12 2.98 3.88 3.99 4.73 3.37 4.26 2.62 5.04 B 90th 1C ] 0.1— — .
y1 = 0.71 0.83 -0.85 0.31 -0.77 0.01 -0.71 0.11 0.77 0.49 z uln . - i Ls (%)
B2 = 0.42 1.80 -0.18 -0.22 -0.86 11.32 -0.72 -0.80 0.14 0.73 IR gy . - -
Ws,p = 0.95, 0.623 0.93, 0.098 0.87, 0.048 0.98, 0.886 0.87, 0.054 0.94, 0.102 0.89, 0.009 0.98, 0.395 0.92, 0.01 0.98, 0.14 E E E E 21 —— aaEn _{ | 1_ — — |
ol I E ; | NW flow
- - - -  1=0.55 TES FFSM eddy phase speed (3.7 hPa, 55° S) and MOC-observed MY e
o1 |- - - - - p=0.73 dust storm migration speed (53° S), L,=165-192°, MY 24-26 ® 24 .
- 1F - 20 — r,=0.85[0.63,0.94] o 55 |
Distribution of TES FFSM eddy phase speed (3.7 hPa, 55° S) and MOC-observed = e u - - 0.98x+0.17 ] .
: - L ml . — s B
dust storm migration speed (53° S), MY 24-26, Ly = 165-192°, storm subset = AA > 200° - MY 24-26storms 1 MY 26 storms - &6(RSE)=1.11 . 165 |
01— I ] 19 — 2 * 170 -
—  Wilcoxon signed-rank test, two-sided T =140 T =279 - - -F — = Raq =0.698 ® 175
~ a=0.05 z =-0.90 z =-0.59 n N s . - Neoic =18 ® 180
22 | 6 =0.29 6 =0.19 — 02— —- — - P o 18
- 6 =-0.38 6 =-0.16 . - r ] -
51 [ p-value = 0.37 p-value = 0.56 s 03— A - 18 - Region
- - - ml . - e
20 i Aq0.5 = 063 Aq0.5 = 049 Aq0.5 = 116 Aq0.5 = 062 Aq0.5 = O 46 7: 0.4f_ _f f_ _f - X -II_-I
- | ' | | ' | | ' | | ' | | ' | - - 1k . 17 — Kernel
19 | — ] 05— —= — - density
: : L1 1] | [ | L 111 | L 111 | [ | L1l | [ | L 111 | L 111 | [ | L 111 | [ | L 111 | [ | [ L 111 | [ | [ | [ | [ | [ | [ | L1l | [ | L 111 | L 111 | [ | L1l | [ | [ — j
: N . L L : [ | [ | [ | FTTd | I I | FTTd | FTTd | FTTd | [ | FTTd | FTTd | FTTd | [ |.| [ FTTd | FTTd | FTTd | [ | FTTd | FTTd | FTTd | [ | [ | FTTd | FTTd | [ | I IIVIIY| |24|- I (;(LI T 1TU) E 006
T: 18 ; . + . , L L 7: 05 :— I\g\i%g eddies —: :— n=13e ies —: é 16 — 88421
£ - - - = uls N s
— 17 — i — 0.4 — — — o B
T . - 1 . -
s | . - uln . -
w16 \. | ' — 03— — = — % 15 -
- A Zj : - 1F - | Summary
15 | - 02| I - The various measures of comparison indicate a strong association between eddy phase speed and storm
- N | - F 1 | h migration speed, and suggest a causal relationship. We hypothesize that dust storms in this season be-
14 — — T 1 ] - . . . . - . . . . .
- - - 1k . - tween 45-60° S are associated (in part) with cold fronts, a characteristic of baroclinic eddies. We invite the
13 | * 1 T - ; als - 13 | modelling community to conduct high spatial and temporal resolution simulations to test this hypothesis.
—  Percentiles: i i - n “,2121? storms - “,’:121‘71 storms ] - .
12 —— -Boxes: 25th-75th . oo i + ] 01— —= — = =
— -Whiskers: IQR * 1.5 ] — - - - ]
— Notches: 95% Cl, bootstrapped B e B N [ Hin _ 12 [— ] References
11 MY 26 MY 26 MY 25 MY 25 MY 24 MY 24 MY 24-25 MY 24-25 MY 24-26 MY 24-26 “E b B - . : : .
eddies storms eddies storms eddies storms eddies storms eddies storms - 1F - - + Barnes, J. R., 2006: FFSM Studies of Transient Eddies in the MGS TES Temperature Data. Second
n = 9 9 13 13 13 13 26 26 35 35 s i 7 - - , , ) .
= 15.86 16.09 15.40 15.34 15.70 14.93 15.55 1514 15.63 15.38 = 1t : L S International Workshop on the Mars Atmosphere: Modelling and Observations, Granada, Spain
qos = 15.76 16.39 15.95 15.46 16.41 15.25 16.02 15.40 16.01 15.55 e —HE B - f 0.1 0.2
s = 0.87 1.07 1.73 1.73 2.00 2.51 1.83 2.12 1.63 1.94 — 1 — — =
- 1F - - St bset = AL >240° , : :
$2 = 0.76 1.15 2.98 3.00 3.99 6.31 3.37 4.51 2.67 3.77 05: s Storm subset = A )= 180° = | | | | | | | | orm Tu > | g . Noble, J., R. J. WI|SOﬂ, B. A. Cantor, M. A. Kahre, J. L. HO”IﬂgSWOFth, A.F. C. Brldger, R. M. Haberle, 2016:
= 0.68 -0.60 -0.85 0.13 -0.77 -0.08 -0.71 -0.13 -0.81 -0.41 S . ] o b b b b b b b e e b e e b b b P P P e P P P A . . . .
ﬁz = 072 _034 _018 _098 _086 _169 _072 _119 _011 _083 . L1 |1|2| | | I1LI | | |1‘|1| | 1 I1LI | | |1|6| | 1 |1|7| | 1 |1|8| | 1 I1LI | 1 |2(|)| | | I2L (| I2|2| | 1 |2:|3| | 1 I2LI | 1 IZLI (| [ | L 111 | [ | [ | L 111 | L 111 | [ | [ | [ | L 111 | [ | [ | [ | L 111 | [ 1010 11 12 13 14 15 16 17 18 19 20 21 Maps Of Structu red aerOSOI aCtIVIty durlng the MY 25 planet_enCIrCIIng dust Storm On MarS. AGU Fall
Ws,p=| 096,078 | 00950655 | 0.87,0048 | 0.96,0751 | 0.87,0.054 | 091,016 | 0.89 0009 | 00950183 | 0091,0.006 | 0095, 0.127 spoed (m-s°) e S Eddy speed (m-s~) Meeting, San Francisco, CA




