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PES IS one ofithe suite oftinstruments onboard the MARS EXPRESS (ESA) mission
Mars Express launched from Baikonur-oniz June 2003
Arrived on Marson December: 2003

PrS first goservation of Mars op Japuziry 20024
14 wyears ofiatmospheric- monitoring

2017-2018 MEx mission extension confirmed
Mission extension till the end of: 2020 currently under discussion
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Planck Function @ 275.5 K (dashed)
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CO: PFS SWC Spectrum (reduced)
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llemperature vertical profiles , Wwater ice and dust epacities
(Sagginetal., 2011) —>

Improved and eptimized Reeval Cote (Grassi et al., 20055 Wolkenberg et al., 2018)

= Bayesian approach with Levenberg-Marguardt method
= New definition ofi Sasmatrix

The ofi PES
= Increased max. number of iterations allowsHthes detectiontofdifferent: thermal oradients
= Stabilization gamma parameter vardes with iterations in, the atmosphere, as demonstrated by the
= New derivation of surface temperature effective’ modeling i the: same  spectrum  of
= Optimization for dust storms apsoerbingrand emiting @-branches:

— Orbit #4338 Ls=240°
— Orbit #4670, Ls=280°
— Orbit #4508 Ls=320°
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Typical quality of PES spectra modeling for Typical quality of PES spectra modeling
of the atmosphere. Black curves: single spectra (MY28). Black curves: single spectra measured by

measured by PES. : synthetic spectra. PES. : synthetic spectra.




12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX
| MY 29 | MY 30 | MY 31 | MY 32

| MY 33
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12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

Sivee=sSEYL REFRISVAL oF DUsE AN (€= opAGFrI=S (N FR= POLAR R=Ec) [e)NS
DIUSTT

TES - Horne et al. (2009)

Latitude

aerosol in the
winter high
latitudes
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79 The region of extremely
m dust clear air in the
. winter tropics has also
‘ I;. been observed by MCS-
NS MRO.
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Aerosol in the

winter high latitudes also
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(likely CO, ice retrieved
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12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

Sivee=sSEYL REFRISVAL oF DUsE AN (€= opAGFrI=S (N FR= POLAR R=Ec) [e)NS
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EMDiwithimproyed imictophysicsiand radiatively
active'watcrice'clouds (INavarro ctal.y 2014)
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LMD (IEcfevreretall, 2008) GEVEVIarsiiNeatyand i acrdeny 2017)

Model integrated ice surface area (cm?2 cm—2)
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12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

DIUSTE DALY CYelE

PESINMEXIPERFORMS OBSERVATIONS AT ALL LIS

Dust Daily Cycle - Non Dusty Season (all MY5s)
(Ls < 200° and Ls = 330°)

N: 0-40° N lat
S:0-40° S lat
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12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

DIUSTE DALY CYelE

PESINMEXIPERFORMS OBSERVATIONS AT ALL LIS

Dust Daily Cicle - MY 28 GDS
(200° < Ls < 330°)

N: 0-40° N lat
S:0-40° S lat

Local Time




12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

ApriEl [ON EQUATORIAL CLe)lp) B=Lf
Sezttizll Distriovtion ziniel Pzijly Cyels

Spatial distributions of nighttime clouds at Ls = 60-120
— DALY €YClE

PES/MEX: PERFORMS OBSERVATIONS ATFALL LTS

Ice opacity vs Local Time - Ls=50-140°, Lat=0-30°
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12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

MARTIAN CLIMATE AND ATIMOSPHERIC CIRCULATION

Ls 180-240° Ls 240-300° Ls 300-360° Ls 0-60° Ls 60-120° Ls 120-180°
PFS Temparature Fields MY=29 Ls=180-240 PFS Temperoture Fislds MY=29 Lse240-300 PFS Temperatire Fields MY=29 Ls=300-360 i PFS Temperature: Fields MY=30 LsmD-60 FFS Temperalure Fields My=30 Ls=80—120 PFS Temperature Fieids W=30 Ls=120~180

EFFEGT OF DUSTRONFATIMOSPHERIGCHIEMPERATURES

See Wolkenberg et al. on Wednesday

PFS Temperature Fields MY28—MY30 Ls=240-300




12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

BUILDING IHEMOSIF COMPREAENSIVE DATABASE
OFEATIMOSPHERICIPARANMENERS EORIMARS

TIHE DATASEN OF RETRIEVALS PRESENTED HERE IS BEING USEDASHINPUIF FEORNHE

(DISGRI-BASED) IS USED

VERITHCAL PROEILES O IENMPERATURESH(0-50km)
DUSHF OPACINY (column-integrated)
ICE OPACIHNYS (column-integrated)
SUREFACE ENMPERATURE
V- VWATER VAROR (MR, pr-um; column-integrated)
v CARBON NMONGOXIDE (VMR; column-integrated)




12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

BUILDING IHEMOSIF COMPREAENSIVE DATABASE
OFEATIMOSPHERICIPARANMENERS EORIMARS

Develepment and Optimization of retrieval code for H;Orand €O
Full’ DISORT treatment

X2 minimization (least squares problem)

Levenberg-Marguardt appreach

Self-consistent retrieval: PES retrievals as input parameters
H,© and CO profiles, Psurfi from EMCD5:2

HITRANI201.2

CARBON MONOXIDE WATER VAPOR

4.7-pym CO BANDS 25-pym H,O BANDS

— PFS SWC spectrum
— Best-fit synthetic spectrum

SRRV AR TGN

— PFS LWC spectrum
— Best-fit synthetic spectrum




MY 26| MY 27 MY 28 | MY 29 | MY 30 | MY 31 | MY32 | MY33

PFS Atmospheric Temperature @ 0.5 mbar

PFS Ice Opacity
W :‘*,\ |

Solar Longitude (Ls)



12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

CLIMATIOLEOGY OFVWATER VAPOR




12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

CLIMATIOLEOGY OFVWATER VAPOR
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12 YEARS OF ATMOSPHERIC MONITORING BY: PES-VIEX

CLINMATOLOGY OFVWATER VARPOR

end of MY:26=beginning of MY 33

Trekhimoeyskiy et all (2015)

MY 27—31
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12" YEARS OF ATMOSPHERIC MONITORING BY: PES-IVIEX

CLIMATIOLOGY: OF WATER CARBON MONOXIDE
PRES
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12" YEARS OF ATMOSPHERIC MONITORING BY: PES-IVIEX

CLINMATOLOGY OFVWVATER CARBONIMONOXIDE

PFS

PES - ENICDIS:2

Latitude

BO
Solar Longitude Ls

Relative difference (%)




(\

RS T T Y

CONCLUS [ONS

AETER 14+ YEARS OF OPERATIONS PESHS STHLL WORKING NOMINALLY;
VWENUSED PESEMEXCLEVWE SPECTIRATO RETRIEVE ATIMOSPHERIG
TEMPERATURE, AND! DUSTFAND WATER IGE AEROGSOL GPTHGAL DEPITH.

63 FULL MARTIANNYEARS (27-32)... ANDIMORE WILL COME

SUGGESSEUL RETRIEVAL IN'WINTER POLAR REGIONS

SEASONAL, SPATHAL, INTERANNUAL, ANDIDAILY, VARIATIONS

DAILY: “CYCLE" OF SUSPENDED DUST ANDHICE

DUST ACTHVITY, QFHIRATES, GIDSHINI M Y281 (sEE TALK BY. WALKENBERG ON/ WEDNESDAY)

CLIMATOLOGY: OF H5OAND CO
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EXAIRA

COMPARISON OF K5O RETRIEVALS WATH
DIFFERENT €O, SROADENING FACTORS;

Broadening Factor Comparison
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EXTRA (1)

SUMULTFANZEOUS OR3SERVATIONS 08 FrlE WIARIFIAN VIS DEIERE 23Y
PES/NIEXCAND MINI=TIESY/MER: (Wolkenberg et al, 2009, JGR 114)

——Mini-TES RPUPOSES

——PFS
LT: 13.77

——PFS
—+—Mini-TES

LT: 16.32
Ls =214.35

Confirm, validity: oft PES' temperature
profiles: below 5 km by comparng them
with the Mini=TES retrievals:

~

w

A Lat = -0.21°
A Lon = -0.15°
ALT =0.19

n

A Lat =-0.08°
A Lon =-0.91 0

N

VEethoek

altitude [km]
altitude [km]

220 240 260
Temperature [K]

—+—Mini-TES

LT: 16.59
Ls =210.59

ALT=0.63 o
A Ls =-4,37

220 240 260
Temperature [K]

——PFS
——Mini-TES

LT: 14.74
LS =78.61

A Lat = -0.2°

Jemperature profiles retrieved from PES
and: Mini=TEST were' selected! according
to strict criteria.

Results:

s Retrieval  of temperature profiles
pelow 5 km' ebtained from: dewnward-
looking measurements by PESTIs largely.
consistent with: upward-leeking temp.
retrevals: from  MIni=IES' given: the
different vertical resoelutions of the two

altitude [km]

N

altitude [km]

n

AlLon=0.11°
ALT = -0.71

A Lat = 0.25°
ALon = 0.97°

ALT =0.11 o
ALS=—1.87

instiuments; and ™ thelr combined
uncertainties.

s Jemperatures at 370 m were in
most cases Identical from PES and from
MIRI-TIES.

m
240 260 280 300
Temperature [K]

240 26
Temperature [K]




EXTRA (2)

Histogram) of standard deviation of retrieved opacities
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(b) Tsurf < 220 K (b) Tsurf < 210 K
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» The variance of retrieved opacities Is clearly related to the values of the surface temperatures (SNR).
» | arger variances are observed for low surface temperatures, as one would' expect.
» [wo regimes of standard deviation, based on the surface temperatures.
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