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A11 the major tasks funded under this grant were completed
within the granting period. The full cloud catalog for Mars,
including all imaging data from the Mariner 9 and Viking Missions,
is complete. It currently exists as a research tool in digital
form at Cornell and at Washington University, St. Louis.

Analysis of the globai-scale behavior of cloud forms has
been performed and the primary results appear as two studies,

published in the Journal of Geophysical Research (Kahn, 1983;

1984; reprints attached). Spinoffs from this task include
investigation of regional and local cloud behavior (e.g., Kahn and
Gierasch, 1982, reprint attached, and work currently in progress).
the effects of clouds on deductions about surface features and
surface processes (Arvidson, Guinness, and Kahn. in preparation),
and examination of global and local cloud behavior using vis and
infrared data simultaneously (work currently in progress).

This project produced the first systematic account of the
climate of Mars, based upon observations. Cloud data were used to
determine spatially and temporally varying near-surface wind
direction, relative wind speed, static stability, and humidity
conditions on a global scale. Existing models of meteorolcgical
processes were critically reexamined in light of the new data, and
more stringent constraints were set on globa'l processes. Several
discoveries were made, including the large extent and seasonal
variability of the Mars equatorial Hadley cell, the failure of

high latitude winds to reverse direction in early northern spring,
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the change in meridional wind component in southern midautumn, and
the almost constant cloud cover in the northern hemisphere, during
spring and summer primarily by condensate clouds and in fall and
winter by condensates and dust. The implications of these
observations have been discussed in our publications. In
addition, support was found for theoretical predictions about
seasonal variability in static stability, siope wincs occurrence,
and relative wind speeds, and considerable detail that had
previously been lacking was obtained.

This work, and the continuing studies which it has
generated, are providing a better understanding of the processes
governing Martian climate, and are generating information critical

for the planning of the next mission to Mars.
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ABSTRACTS OF ARTICLES PUBLISHED UNDER THIS GRANT

JOURNAL OF GEOPHYSICAL RESEARCE. VOL. 7. NO. A2. PAGES 86°-880. FEBRUARY 1. 1982

Long Cloud Observations on Mars and Implications for Boundary Laver
Characteristics Over Slopes

RALPH KAMN AND PETER GIERASCH
Cemser for Radiwophysics and Spece R h. Comell U Y. lthacc. New York )4852

Viking orbrer images of Mars show several instances of long continuous cioud formations on the
slopes of Arsia and Pavonis Mons. We have searched all the images of be plane: for occurrences of
such formanocns. Only in the Tharsis repon were long clouds unambguously dentibed. We have
measured the tumes and Jocations of occurrence. the wavelengths and when possibie. Lbe apparen:
veloaity of mouon of these clouds. We have also Wabulated the wavelengths of paiches of npple clouds
that are often jound with the long formauons. The long clouds are ovserved only in the earlv morming
hours. suggesting Lhat they &re ASs0CIALed WIth draunage Winas due 10 & cOMd Dlapetary boundary laver.
We geveiop sunpie matbematical Mooeis 1O eXafune VRNOUS Aspects of such boundary laver winds:
these allow us 10 construct 3 compiete and seli-conmsient explanauon of all the observed features of
the cloud formanons. We use the results 10 characienze some pbysical properues of the Man

JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 88. NO. A12. PAGES 10.18%-10.209. DECEMBER |. 1983

Some Observational Constraints on the Global-Scale Wind Svstems of Mars
RALPH Kamx

Cornel! Umverniry

Wind dwecuon measurements from 3 vanety of indicators. Wken over several Mars vean and covenng
the entre pianel have been coliecied. These mciuce observauons of jec wave Ciouds bo! previous!y
stuciec. The data exhibii 2 hugh degree of conmsiency &nd seasonal reproducibibity. making 1t possible 10
mierpret most of the observanons m ierms of the zonally symmeinc crculauon of Man. We examune
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ume. The latitudioal extent of the squatonal Hadiey cell. when
observed. 15 probably larper than that predicted by nearly mvisid models of low-latitude arculsuon. The
crom-equavonal Hadley cell. and hugh-iatitude polewarc flows which occur in both bemuspberes dunng
the summeT 38840n5. MY se! addinOBA) CORSITRIDU ON the thermal forang mechaniems a1 these troes.

JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 89. NO. AS. PAGES 667 1=6688. AUGUST |. 198

The Spatial and Seasonal Distribution of Martian Clouds
and Some Meteorological Implications

RaLPH KAHN
Cormell Umwerney, lthaca. New York

The spanial and J ib of SIMOSPhenc Clouds. Orpanizec according 10 mmple
morpholope eniena. exhibi disunct patierns. When mustpreisd seli-conmiently uaing analopes 1o
tervesinal cloud forms and Maruan iemperaiure. wind GTECUOR. ADd Waler vADOT meRsUTEmeEnLs. pal-
1erns of cloud oscurTence provide some loose CORTITAINGS On SIODAI-acAle Dear-sutince Wind Spesc. siaLC
sabibty, and humdity. We have examned all Manner 9 and Viiag Oroner mmanes for tus study: we
concentrate pnmarily on the Jirper Vikiog daia set. Whenever observauons are possibie. relatively hugh
nesr-suriace winas appear 10 follow the ssasona! cap eages dunng early fall. laie winter, and spnng
Moderaie 10 high winas are aiso infer™sd In mud-latiiuoes fOr MuC sOULhern wanier anc i1n low latiuoes.
mamiy in the seeply sloping areas of Tharms. near the sOISUCES. Al Other lumes. lower winds are
suspecied. Hemsphenc asvmmetnes are traged 10 differences 0 atmosphenc hyéralion staie &nd 1o

global dust siorm reiaiec effects on the BUDOSPhENc \emperature sructure and the morth polsr cap
recesnion scheduie. Cloud ocourrence Gats sugpes: that the pesr-suriace daviume staiic sizbinty 18 low in
the northern humispher: dumng summer and 8! low lattudes dunng mud northern sprng. Relatively hugh
Stanc stabiiny 1s deduced bear the winter poles a3d plobally dunay e dust siorm seasun. In spite of low
AtMOSPhenc lemperaiures. Lhe CO! Qngly low v appatently preciudes the jorma-
uon of thuck waler ice ciouas a1 hugh lantudes m mud 10 lite Butumn and wanter in both bemuspheres anc
In southern mid-lautudes dunng sarly winiez. Dunng sorthern spnng and summer. salurabion con-
divons seem 10 be saniy achieved a1 Mud-laUludes. And condensaie Clouds are Abundan.. Lhe SITUALION 1S
complicated by atmosphenc dust in southern spnng and summer. Low latiluoes generally appaar 10 be
larther from saturaton than mud-latitudes, anc clouc. Jemerally form more sasily in the morthern
bemusphere Lhan 14 the soulh dunng COMMIIPORGING SERSONS.
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