HRERNREEN
[]
Jubgdogtdbootdbootdd

DUST DEVILS ON EARTH AND MARS

Jooooooooooognd
U4 o

U200 20 290



g

00000, Balme and Greeley (2006) 0000, 00000000000000O
gogbboboooobobobooooobon.

oo, bbbbbbbiboboboodddoooooooooooo
go,bogooobo,gbobboooobbboooobobbooobooboboa
gogbbobboogo. boog,ooobbobb,buoooobbobobodad
gobodobobooobo.oob,oboboo,bo0bboo,ogbboobobo
0000000000000 00. D00, 000000 (boooooooo)
gogbboboog,bbbgoobbobuoogbb,ggobbbooooboobooboa
goboboo.gbbogobboboobbuooo,oogobobbuooobboo
g, gobbobbodooooooobobouoooobobo. ooo,bbbobogod
gobbuooobbuoogbboodgbbo,obboogob.buooobboo
gobbo,ggobobbogoobobo,obboooobbboogbooboobod
gd,gd,gggobbbbbbououoooooobob,bbbobbodagd
go.



U110

g20

2.1

2.2

u30

3.1

gooo 4
gobbooogn 7
0 7
211 O00DO0O0 .00 o 7
212 0000 .. 00000 o 8
213 0000000 ... 00 o o 9
214 000OODOOODOODOODOO .« 000000 10
215 0000000 ... oo oo 12
OOODO0O .o 13
221 00000 .0 00 o 13
222 00000 .00 00 oo 16
223 00000 .00 0 o 16
224 00000DO0ODOO0O ..o oo 17
225 0Ob0OODOOOOOOOOOOoOoOoboOoDOg .o, 18
gobbooodgn 25
OOO0OD00O0 .0 25
3.1.1 000000 .o oo 25
3.1.2 0000 .o 26

0020020290 (D0 0O0O)



3.1.3 O00D00O0O0O ..o s 27

3.14 0O000DOOO0OO0OOODOOOOOnD © o000 oo, 27

3.2 OOODOO .o 28

321 O0O0D00O .00 28

322 0O0O0OD0O0O .00 29

323 O0O0ODO .00 29

324 0O00O0ODOOOOOOODOOOOODODO ©o 0oL, 29

040 0000O0O0OOOOOO 32

41 DUO0O0O0O0O0O0O0O0OOO0O00 ..o o000 32

42 000000 0o 33

43 OD0O0O0OO0O0OO0OO0OO0O0Oooooooboooooog ... 34

st Uouboobbbbbooooodogd 37

el 00O 42

g 44

gooo 45
O O 0

1.1 000000000 (Balme and Greeley, 2006) . . . . .. .. ... 5

1.2 000000000 (Balme and Greeley, 2006) . . . . . ... ... 6

21 600000000000000O0O0O0O00OO0ODOQO (Balme and
Greeley, 2006) . . . . . ... 20

0020020290 (D0 0O0O)



2.2

2.3

24

2.5

2.6

2.7

5.1

2.1

2.2

2.3

24

2.5

3.1

4.1

0000000000000 00 (Balme and Greeley, 2006) . . . . 21
Ryan and Carroll (1970) 0 00000000 (Balme and Greeley,
2006) .« e 21
oot 2mdggoouooboboobobbboooon
0000 (Metzger et al., 2004a) . . . . . ... ... ... ... ... 22
Rankine0 0O 00000 (Balme and Greeley, 2006) . . . . . . . . 22
00000000000 (Balme and Greeley, 2006) . . . . . . . .. 23
0000000000000 000 (Balme and Greeley, 2006) . . . 24
goooooboobobobboboobbobobotbbooduuouuooaa
000 (Greeley and Iversen, 1985)) . . . . . . .. . ... ... ... 38
[]

00000000000 (Balme and Greeley, 2006) . . . . . . . .. 9
0000000000000000 (Balme and Greeley, 2006) . . . 13
00000000000000000 (Balme and Greeley, 2006) . 14
0000000000000 000000D000 (Balme and Gree-

ley (2006) D0 DDOO) © oo ooee e 17
O0000000000000000000 (Balme and Greeley, 2006) 17
000000000000000000 (Balme and Greeley, 2006) 26
000000000000000000000000000 (Balme

and Greeley, 2006) . . . . . ... 34

0020020290 (D0 0O0O)



010 gooo 4

010 oo

0000000000000 000000000000000000000A0,
gogoobobbodoooooobobobbboooooooobobobobboboooa
gob.booobbuoogbbooobbuooobo,oobbuooobboo
gobodbobooobooboboobobooboobboob,obbuoobobo
ggbbbuooobobbooog,booogbbbooooboo.

gddooodooooouoouououoooooooooobobbb, o000
gogoobbobobbodooooooobbboooooooobobobboogd
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000000,00000000000000000 Balme and Greeley (2006) O
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0 1.1: 000000000.

() 000000000000 DO0O0O0O0O0O0O0O0O0O0OO0. DOoO0O0oooOOO
000o00oo0ooooooooooooOo,00oooogooo.ooogooon
S. Metzger/M. Balme/T. Ringrose, Planetary Science Institute, Tucson, and Open
University, Milton Keynes.

(hyaOOOOOOOOO.O0OO0O20m. 00000000000 0OOO. 0000
0 O Image credit S. Metzger/M. Balme/T. Ringrose, Planetary Science Institute,
Tucson, and Open University, Milton Keynes.

() 000000000000 U0DOOOOOOOODOOOOOOODODODO. OO
Om 0000000 O0DOO,0000000000. 000000 L. Neakrase,
Arizona State University, Tempe.

(d) 0000000000 O0OO0O00DOO0O0O0. DOOoO0o0oUODooOOoO0OO, o
000000000 0OD0O0. 000000 S. Metzger, Planetary Science Institute,
Tucson.

(Balme and Greeley, 2006)
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6

dark track -

dust devil

0 1.2:. 00o00oooog.

(a) MPF-IMP(Mars Pathfinder-Imager for Mars Pathfinde) 0000000000
0000000000000. 000 1020m000000000 (Metzger et al.,
1999). OO0O00O0OOOD0OOO0,000000000000O00O0O0OOO0OO0OO0
O0OD0OO0O0O. 0000 2000 IEEE. NASA MPF images 165020033, 165020103, and
165020173 0 0000000000O0.

(b) MER Spirit Navigation 0 00000000, 000000000000C0OO.
00000 m. 00000 2N170391683ESFAAFQP1560L0OM]1, sol 496. 00O OO
00 NASA/Jet Propulsion Laboratory (JPL).

(0000000000 DO0O0UDO0OO0ODO0OUOOO. D000DOUOOOOO
0000.0000100m. DOO0O0O0O0O0O0O00O. MOC NA(Mars Orbiter Cam-
era Narrow Angle) image R1104573(Malin Space Science Systems image of the day
MOC2-600) 00000000000 O. 000000 NASA/JPL/Malin Space
Science Systems.

(d) MOC NA image M1001267 000 000000100m 00000000000
0O.000000 NASA/JPL/Malin Space Science Systems.

() 0000000 ODODODOOOOOUUOUOOUODO. DODDDOO MOCNAOO
0000000000 0000000D000. NASA Planetary Image Atlas image
PIA02376 00000000 . O0DOO0OO NASA/JPL/Malin Space Science Sys-
tems.

(Balme and Greeley, 2006)
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20 O40O0O00oddn

21 OO0Oogood

211 0O0O0O0O0OO

0000000 00oooDO0oDooooooooDOoDO,0oooDoDoooon
050000000 (Hess and Spillane, 1990). 000, 000000000 OO,
000Do0000ooDoO0,0000000b0000DoOo00oooDO. DoOoo
000,0000000000000000000 (Sinclair, 1973), 000000
00000000000, 000000000000 10°00 (McGinnigle, 1966;
Sinclair,1973; Mattsson et al., 1993), 00, 000000000000 O0O0O0OO
ooodopoooooooooo.

ooo0ooooboooD,UmU00 1IkmO0O0, 0000000 100mO0000O0
(Mattsson et al., 1993). Sinclair (1965), Flower (1936), Williams (1948) 0D 0 OO
g, gbbobbod 1200 3smddonoon,snbn 3-50m, 3300 50-300m, U
00000800 300mO0000000000O00000O0O. 000, Bell (1967)
g, gbbbbodgd oo-200mbbbboggoooooboogg. ogd
godoob,bbbuddgouoooonbooobobbooooonoooo
(Ives, 1947), 0000000000000, 0000000000OOOOOOOO
0,0000000000000000D000. Sinclair (1966) 0, 00000
gddddddgddo sgoouoouooooo.1ooooobobooooo
gooooooo. bbb 1o ooguoooooo,ooooon
oo boobobobbbbob. 20000000
gogogguobbooobood,guobbobbobbdoooooooobooon
U obobboododobobuoooobbooooooobboooo. 3ggooo
guoooooooobobbobboo, bbb, oo oooouoooon
goo.

O Sinclair (1965, 1969), Ryan and Carroll (1970), O O Snow and McClelland
(1990) 0, 0000000000000 00ODOOO, 000000000000

0020020290 (D0 0O0O)
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gbod. 021000000, 000000,0000000m000. O0OO,
0000000000000 000000" 000. 000000, Snow and
McClelland (1990) O Metzger (1999)0, 00 00000000,00000000
gbbod,uggbbodbooobuoobbooboooboobbuooboo
gbooooboobooboob.ooo,b 21d0000000,000 500x% 300m
0000000000000 Carroll and Ryan (1970)000000. 0000, O
gogooobboobob,bbboooooobobobobbbooa, o0, bougd
O00000000000000000000D000. Renno and Bluestein (2001)
g,0400000000,0b0b0b00000obbo,booooobobood
gogbobouoooobood.

0000o00ooooo (0 22)0,00000000D0D00O000, 00000
(Metzger, 1999). Metzger (1999) O, Eldorado Valley OO O O0O0O0O0O0OOOO
goggesoovoob,gdobo4bbbbbbbobooooooooouogo
gdddooo.ooooooooooboooboobo,ooooooooooon
0,0000000000000000 (Ives, 1947; McGinnigle, 1966) 0, 0 0 O
0,000000000000000D000000 (Sinclair, 1973) 0000000
O0.0000000 (Sinclair, 1973; Balme et al., 2003a) 0000, 0000000
god,jgdoooooobbbbbbooooooooooo, oo
O0000,00000000000D0000000000D00O0 (Metzger, 1999).
Metzger (1999)0, 0000000000000 0O00OO0OOOOOOOOOOO.
gob,gdgooobou,gobbbogoooobboooobo,oooooo
ooooooo,vooooooboooooooobobo. oooobo,b0bo0o0od
guoooooooooboobo,bbbbbbuooodoo,ggouuoouooon
gogoooobobbobboooong.

O0000,0000000,00000 (subvortices) 000, (Williams, 1948; Sin-
clair, 1973; Ryan and Carroll, 1970; Hallett and Hoffer, 1971; Metzger, 1999;
Balme et al.,; 2003a), 000 000000000000 0O0O0O0OOO (Williams,
1948). Hallett and Hoffer (1971)0, 00000, 0000,0000000000
O000. Metzger (1999)0, 0000000000, 00000000,0000
0000000 ooooooOoooboooooooOo,oo0oo,00o0oo0oon
00000000 oooooooooooog.

2.1.2 0O0O0OO

0000000000000 00O000DO000DO000,00b000bO00DOO00DOO
(Durward, 1931; Flower, 1936; Williams, 1948; Sinclair, 1965). 0 2.10, 0000

"0pDD00000,000000000000000000000O0D0OO00.

0020020290 (D0 0O0O)
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00000000000000,0000000000000000000000
000000000000, 000000000000 (000 2mO00000)
0000000000000000 (6500000000000 (Sinclair, 1965)).
Brooks (1960) 0, 00000 100000000000000000000000
00000000000,0000000000000000000000000
0000000D0000. 00000000000, Sinclair (1965)0, 0000
00000000000000000000000000.000000,000
0000000000000000000000, Brooks (1960)0 000000
000.0000000000000000000000000,0000000
000000000000000000000000000,000000000
000000000 (Morton, 1966)000000000000.000,0000
000,000000000000000000000000000000000
00000 (Williams, 1948).

Source Nlmal N{cyclnnic) N(zmlicyc]onic) Notes
Durward [1931] 29 30 0 very small whirls, height < I m
Flower [1936] 374 199 175
Williams [1948] 21 9 12
Brooks [1960] 100 100 0
Sinclair [1965] 144 60 84 Sinclair’s own data
J. E. McDonald (1960) 38 9 29 reported by Sinclair [1965]
CDOP 88 53 35 reported by Sinclair [1965]
Carroll and Ryan [1970] 588 314 274
Fitzjarrald [1973] 154 86 68 same location as Carroll and Ryan [1970]
Total 1536 860 (56%) 677 (44%)

0 2.1: 0000000000000000. Mita1 0, 000000000000
poooooboboobobOooboodD. Nedonie 00D oooooO
00000 . Nantieyeronicy 1000000000. 0000000,00000000
0O00oooooooog. CDOP O, Cooperative Dust Devil Observation Program
gooooao.

(Balme and Greeley, 2006)

2.1.3 0000000

00000000, 0000000000000000 (Flower, 1936; Williams,
1948; Sinclair, 1969; Hallett and Hoffer, 1971; Snow and McClelland, 1990; Matts-
son et al., 1993; Metzger, 1999). 000000 D 1000,0000 1700000
000000000 (Sinclair, 1969; Snow and McClelland, 1990; Mattsson et al.,
1993; Metzger, 1999). Sinclair (1969) O Metzger (1999) 0, O O0O00O0O0O0O0O
000000000000 0000D0000. Sinclair (1969)0, 0000000

0020020290 (D0 0O0O)
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gbobobobobobobooooobobobobobobob,booon
gobboooobobuooobbobuooobbbuoogbbboogbboog.
000000, Metzger (1999)0, 00000000000 11000000000
gobooodg,buogobbooobbooobbog isomubobogobood
gogo.

000b00oo0O0o0o0o0bO0obOoooooobo01loboooooboOoDbOoo,ooon
O000D0000000D00000O0O000 (Sinclair, 1969; Snow and McClelland,
1990). Carroll and Ryan (1970)0, 00 0000000000000 0OOOOO
00000, 00000o0opooooo0oooooobooooooooooon
O0000000000000000000. Sinclair (1969)0, 00000000
00o0o0oodooooo,000b0dboo0ooooooooooooD,ooon
0000000000000 00D00DDO00oDo0o0DooooDoOooDoOon
oooo.

214 0O0O0O0OO0OOOOOODOODOOO

gbogoboobobboobo,boobgooboobobobo.

(1) OOODOOO (Brooks, 1960; Crozier, 1964; Sinclair, 1964, 1965, 1966, 1969;
Carroll and Ryan, 1970; Crozier, 1970; Ryan and Carroll, 1970; Hallett and
Hoffer, 1971; Ryan, 1972; Fitzjarrald, 1973; Sinclair, 1973; Idso, 1974, 1975;
Schwiesow and Cupp, 1975; Schwiesow et al., 1977; Snow and McClelland,
1990; Metzger, 1999; Balme et al., 2003a; Farrell et al., 2003; Houser et al.,
2003; Tratt et al., 2003; Williams, 1948; Farrell et al., 2004; Renno et al.,
2004; Towner et al., 2004)

(2) 0000 (Durward, 1931; Freier, 1960; McGinnigle, 1966; Mattsson et al.,
1993; Rossi, 2002)

(3) DOOODODOO (Hess and Spillane, 1990)
(4) 00000 (Metzger, 2001)

(5) OO (Flower, 1936)

(6) OO (Mattsson et al., 1993)

(7) 00000000 (Grant, 1949)

0020020290 (D0 0O0O)
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O Sinclair (1966)0, 00 0000000000000 OOOOOOOOOOOO
googboobobobo,obobobob,bobobo,obobooooon
gbbooobog,oboobboobbooboobboobbooboon.
gbobobobobobuoooooobobobobobo,obobooon
gboobobooboobbooboobbooboobbooboobbon
goooog.

googoobbbbobobobbbobooodooooo. bbboboooooggo
O0000,00,0000000000000 (Mattsson et al.,, 1993). OO0
0,0000007P000,00,000000000000000000000
00 (Sinclair, 1969) 000 000. 0000000000000 OOOOOOO
O0.000,0000000000000000000 (Brooks, 1960). 0O O
0000000000000 (Sinclair, 1969), 000000 (Metzger, 1999) 0 O
giddooodoooouoouuu,oooooooooooooooo
00000000 (McGinnigle, 1966; Mattsson et al., 1993; Metzger, 1999). O
gobooobooobobo,bogobboobboobob. obbd, Metzger
(1999)0, 00000 4000000000000000,000000D0000O
gboobogobogo,vo2goooboboboob,boboobobobon
O0000000. Metzger (2001)0, 0000000000000 O0OOO0OO
gobbuoogbbbooobbobooob,1igbbooobbbuooobbod
00 . Williams (1948), McGinnigle (1966), Hallett and Hoffer (1971) O Hess and
Spillane (1990) 000000000 OCOO0OODOOO0ODOOOOODOOOOO
gogbbboooob,dgoooboooobbboooobbbuooonn.

gogbobobogoobobooooboboboooob,

(1) DDOoODO0OO0O000O0

(2 0000000000000 O00OO0OOOOOO,0000000000
g

(3) 0000000000

goo.

O Sinclair (1969) 0, 00 0000000000000 O0O0DOOOOO,

(1) DDO00oooooooooooo

(2) 0000000000

20po00,000000000000000000000.

0020020290 (D0 0O0O)
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(3) D0U00O0ODO0OO0,00000D0000,0000O,0D00000ODO0O00
gbooobuooboobooboon

(4) 0000000000000 O0O0,0DD0D0D000 (O0O,00000000
00000)0oooo

gogboboooggbood.

215 0O0Oooood

ggggoobbbobbbobooodoogg,bbbbbbooobobbbboo
(Idso, 1974). O O O, Snow and McClelland (1990) O Metzger (1999) 0, 00, O
gggdgoobbbobbbooooogbbbobb,dooooooobboboboo
0, 000000000000 b00b00bob0o0boboooboon. Metzger
(1999), Ives (1947), Mattsson et al. (1993)0, 300 0000000000000
0000000000000 0000000000000. Ives (1947)0,400
goboooobooooboooobog,robooboboooono, 60km O
000000000000 00000000000000. Ives (1947), Sinclair
(1969), Metzger (1999) 0, 0000000000000 0O0O0OOOOOOOO
O00000,00TIves (1947)0,00 300mO000000 10000000CO0O0O
gogooboooo.

gbogooobgoobobo,bobobgobbobooboboo.bobon
gobobuooobbuooobbo. ogbb,o0bbuooobbuooobboo
gboboobboobboobooobooob. bboobobooobooo
gooo,n22000000000000000b00b000400b0b,000
OobooOobOoobDoobO0ooo0oobOoboboobDoOoDooog. Carroll and
Ryan (1970)0, 000 100 kmO 000 750000000000000000
goboboobooooobooog.

0020020290 (D0 0O0O)
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Study Reference Dates T,, days Niotal A, km? Mean Activity, d 'km™2
Fitzjarrald [1973] Jul—Oct 12 156 0.15 86.67
Carroll and Ryan [1970] Apr—Sep 10 1151 0.15 767.33
Snow and McClelland [1990] May—Aug 61 2117 64.50 0.54
Snow and McClelland [1990] Apr—May 36 1017 33.80 0.84
Sinclair [1969], Tucson Jun 11 610 500.00 0.11

Sinclair [1969], Avra Valley Jun—Jul 22 1663 388.00 0.19

0 22: 0000000000000O00O0.

7. 00000000, Mt 000000000 OCO0O0ODODO, ADOOODOOO
good.

(Balme and Greeley, 2006)

22 OO0OnO

godoobdooooooooooooooooobo,oouo,o0oooo
goodoooooooo. oo, oo oooooo,onogooooon
0. 0ood,jobooooouoo,oooouooooooooooo. oo
oo, ddodooooooodooooooooooooooooogg,
gooodoooobooooooooooo,ooboooooobooooon
gdoudoooood. toudoo, oo ououoooouoodgo
000 (Sinclair, 1973; Metzger, 1999; Tratt et al., 2003; Metzger et al., 2004a).

O00,00000000000000DOO0. 00000, 000b0o0ooobOon
000,0000000000D00000bOoo,000o0boooooooag,
0000000o0ooooooooooooooDooDooooOo. booooooon
O0000,00000000000. 00200000,0000000000A0
00 (Metzger and Lancaster, 1995; Metzger, 1999; Balme et al., 2003a; Metzger
et al., 2004a, 2004b; Towner et al., 2004) 000 1000000000000 0O0O
000 (Ryan and Carroll, 1970; Carroll and Ryan, 1970; Ryan, 1972; Fitzjarrald,
1973)0, 0000000000000 CO0O0O0.

221 0O0O0O0OO

0000000,00000000000000,0000,000000000
000000000000000000000.0000000,0000000
00000000000000000000,00000,0000v00000
woOoooo.0000,V,=(V2+0U%)Y2, 00000000000000 (0
000)00000000000. 0000000000000, Sinclair (1964,

0020020290 (D0 0O0O)
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1973) 00000 2m00000000000,00000000,0000000O
0000 (Balme et al., 2003a; Metzger et al., 2004b), 000000 23mO0 000
0 (Kaimal and Bussinger, 1970) D 000000.

Q 7 y —1 — —1 ; —1 .
Study Reference N Vincan, m's Vinaxs m's Vi means M S Vi max, m's Wincan, m's Winax, m s

Sinclair [1964] 4 - - 9.3 13 -

Ryan and Carroll [1970] 80 4.2 9.5 - - 0.7
Fitzjarrald [1973] 11 7.3 11.5 - - 1.3
Sinclair [1973] 3 10.8 1.5 - - 133
Metzger [1999] 5 13.6 22 - -
Balme et al. [2003a] 10 - - 17.0 25
Tratt et al. [2003] 3 8.8 11.0 3.3

0 2.3 00000000000000000. D00D00000,0000000
0000000000000 0O00O0OD00O0. Tratt et al. (2003) D0000O0O0O0O
0,02m00000000. Tratt et al. (2003) 0035mO0000000. NO
gooooobobobobgoogoo,voobobobooooo,v,oogooog
oooo,wioiooooOOoO0OOoOO00. Vaen 000000000, Vipae 000
gogboooboobooobooobooog.

(Balme and Greeley, 2006)

o0 230, 0000000000000 O00O00o00ooOobo. vo,oooo
5-10ms™' 000,000 20ms™'00000. V,0,02ms™ 00000000
gdooooouoo, ooo, oot (lidar)TB’DDDDDDDDD Vv, oa,
11ms~*(Bluestein and Pazmany, 2000) O 22ms~!(Schwiesow and Cupp, 1975) O
ooodooobo. oo, 000 boooboboooooo 400 10
0000, 000, Sinclair (1973), Ives (1947), Hallett and Hoffer (1971) 00 0 O
ogoooo,wioboooooooooooooooo. ogoo,goooooo
O000000002ms'00000,00000 1oms™'O000.

0 Ryan and Carroll (1970)0, 0000000000000 000O00O0OO0OO (O
O2m0O V,WOOOoooooooooooooboobooooob,soubon
0000000000). 0000000, 00000000D0DO00,00000
googobboo,bbob,bbbbuouoooooobobbobboag,ugd
0000000000000 0000000 (O 2.3).

O0ooo0ooooooooooooooo,00ooooooooooooonon
00000,000000000.00000000000000 (Sinclair, 1964,
1973; Kaimal and Bussinger, 1970; Fitzjarrald, 1973; Metzger, 1999; Balme et al.,
2003a; Tratt et al., 2003) 0, 0000000000 COOO0OOOOOOOOO

BO0po00D : 0000,000000000000.000000000000000000
gobooboobobobooboboo. oboobuooboobooboboobobo,ooboooa
gobooboooboooboobogoobooooboab. booboo,bbooboboooboobo, o
gbooooooa.

0020020290 (D0 0O0O)
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gbobobooo,obdboboboboboooboboboboboboon
gbbodb,gbbodbooobugobbooboooboobbuooboo
O000. 000,000 24(Metzger et al.,, 2004a) 0000000, 00000
gobobuooobbuooobboodobbooobob.ooob,oooboboo
00,0000 RankineO ™ (O 2.5)000. Sinclair (1973)0, 000 2m 00 10m
O,Rankine0 0000000000000 DODOOO, 00000 (Tratt et al.,
2003)0,00000000000000OOODOOO0OOOOODOOOOOOO
0,0000000000000000000000-'000»-"Y200000
O000obOoobO. RankineOOOOO, 000000000000 0O0O0DOOO
ggbobooggooboood.

0000000000 0000000000000000 (Sinclair, 1966), OO
go,bogoobobbooobobobooobobobooobobobo,obbbod
000000000 (Sinclair, 1966, 1973). 00000 O00OO0OODOOOOOOO,
gobobooobbooobboo.gbbooobbooobb,oobboo
0000000000000 00000000000. Balme et al. (2003a) O,
0.0omUO0 19mO0000oooobbobobbboodgoooooobooboon
gobobooob,ogbbuogbbuoobbido 2zmbbogobbod
gooooo.

0 Kaimal and Bussinger (1970), Sinclair (1973)00 0000000000000
gogoboobooa. bbooobo,gooobobbbbooooobb,bbodad
0000 (Kaimal and Bussinger, 1970; Sinclair, 1973). Metzger (1999) O, 2m O
gogoboboooogbbobbouooooboboboooooobob. oon,
gbbodbbogobuoobbooboo, bt ombb mgbogooboood
O00000oooooooooogg. (O 2.6)

O0000o0oOo®o0ooooo,

(1) 00000000000 (00000000000000000000000)

(2) 0D0DO0DO0O0OO0O0OO0O0O0 (0O0O0O0O000)

(3) Rankine 0000, 0000000000000000000000000
0000000000

goob,0booboboo. bdgoooooobb,bbboobbood. gd

MRankine : 0000000000000 O0000DDO00O0OOOO,0000000
gobobobobooo,0o0b0ob00 200000, 00000, 000DbO0O00DOODOOOOO
gb,000000000000000000.

BO000D0000,0000000000000000000000,000000000000
gbooo.oo,boooobooboooooboo0o,0oooboooooboobooooooDo.

0020020290 (D0 0O0O)
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gboboobbgobboobboobboo. obbuooobooobooo
goob.goboobgoobobuooboboobob,0bobooboboon
gboobgobobbobooboo.bobobo,o 27booboobon
goo.

ggboboboooooboboog,bbbo,g0obbbbuooogbobod
O0000000000. Sinclair (1966)0, 00000000000000O0O0OO
gbbodbooobogobbooboooboo,booboobbuoobobo
000000000000000000. 2000-4000mO00000, 024ms™ 100
gbbodgob,dgbbooiloobboobuoobbooboo,oobobuogbbo
oobooob 1-skmO000000000O. OD00O00OO,0D000000000
gboboo,b0bugbooobbogbbuoobbooobboobbuoobobg
0. Sinclair (1966) 000, 00000000000000000,0000000
gogo,bbobbouoogobboobobouoooobboooog. bobog,d
gooobooboD kmbOO00O00O0,0000000D00000O00 kmOO
U obbbuooggobbobooooobbbbouoooooboboboooao. o
gobo,bogbbodbooobooboboobobooboobboobobo
ggbboboooobboboooobobb,oobbbod.

222 0O0O0OOO

O00000000000,000000000000000 (Sinclair, 1964, 1973;
Fitzjarrald, 1973; Metzger, 1999; Tratt et al., 2003). 00000000000 2.4
O000000.10000000000,0000000 (Sinclair, 1969, 1973; Tratt
et al.; 2003), 00 0000000000000 (Metzger, 1999), 20000000
000ooOoOo0o000. oopoboobo0o0obooboooo,0o0b3mbobO00oad
0000000 (Tratt et al., 2003), 0000000 3SmO000000O00OCOOO
0000 (Kaimal and Bussinger, 1970). 00 0000000000000 0O0O0O
00000000000 (Ives, 1947; Ringrose, 2003), D000 0O0O0OD0O0OCOOO
oooDooooooooog.

223 00000

goooboboobb,bbbbouoooog,oooobb,bbbobbodagd
O00.00000,Ives (1947) 0000000000000 OOOOOOODODO
000,00 25000000000. Ringrose (2003)0, 000 0.04m, 1.0m, 1.8m
gboboobbooobooobobo,boooboobbooboobnbuoobbo

0020020290 (D0 0O0O)
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000000 0000 N  h[m| S[HZ AT [C

Sinclair (1964) ooooo 4 ~2 ~1 +400+8
Sinclair (1973) goobooo 3 ~ 2 ~1 4350045
Metzger (1999) guoooon  ~20 2 ~ 10 +800+22
Tratt et al. (2003) 0OOO0O 5 1003 ~1 +100+3

0 24: 0000000000000000000000.
NOOOOOOOoooooooooooo. AOOOODOOODOODO,SO0000
go0ooooOoooooOooooooOooooogoo,Argoooogoo.
(Balme and Greeley (2006) 000 00)

gbogb.ogboboobuogboobboobuoobboobobooboonboo
0000000000, Metzger (1999) O Ringnose (2003) 0000, 00000
gobobuooobboogobboodgbb.ooobooo,bbooobbod
0000000000000 00000000000 (Ringrose (2003) 0,000
oooooOooOoOoOoOoOOOODOOODODO. ),000000000O0D0ODODOO
gogbbbuoooobboooooobob.

Study Reference N AP, mbar
Ives [1947]° 1 —15 to —80
Sinclair [1964] 4 —2.5to —4.5
Sinclair [1973] 3 —2to —7.0
Metzger [1999] ~20 0 to <—15
Ringrose [2003] 10 —1.5 to —10°
Tratt et al. [2003] 5 —0.3to —1

0 25 00000000000000000O0O0. NOOOOOOOOOOOO
0ooooo,Ap0D00000OC0OD0ODOO0ODOODOODOOOOODOO.
(Balme and Greeley, 2006)

224 000OOOLOOOOOO

goboogobobda,bbuogb,oobob,gboboodgbbuogobad,od
gbuogbobodobdao.bobodg,obodobobobobog,obdagbo

0020020290 (D0 0O0O)
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0000000000000 00o0o0 (Freier, 1960; Crozier, 1964, 1970; Farrell
et al., 2003,2004). 0000000, 0000000000, 10°%¢ cm3-107e”cm™3
000000000000 00. Farrellet al. (2004)0, 00000000000
00000000000 oooooooooooboDoooooooboooooon
0000000000000 (Ette, 1971). OOOO0O0O0OO,00000000O
00000, 0b0000o0opoooooooodoobooooooooooon
O0000000,0000000000000. Farrell et al. (2004)0, 0000
O0oooOoooooooooosMVOOODODDODOOOOooOoDOoOooo.

O000O0O0DDO, Houser et al. (2003)0,000000000C0CO0O0O0O0OO0O
00000.000,00000000000000000D0000O0 (3-30Hz) O
gobobog,bbuggbbogbbbuooobbooobbo.gobboo
g, gobbobosogobbobboogooobobbooooobobood
00 12000000000000000000. Houser et al. (2003)0, 000
0000 0000000000 ULFODOO0O0)0oOoo0o0o0o0oooooo. oo
ULFoOogoog,ogog,bogboobuooboobooboob,obd
gobboooobbooobbobuooobbboooobbbooobbooo.

225 UJU0U0bobobooobbbouoooooon

gooooboboo,ggoobbobbuoo. oo, bbb uooooooo
I I I A 1y I I A
gobobuooogoboobuooooouobbobboooobobboooooo
(Rossi, 2002). 000000000000 OODOOOOOOOODOOOO,OOO
oo, bbboddoogubooobodoooooooobobooboooon
gdddddddoo.oboooobb,ddddoooobobobobooooon
goooobob. bbb, ggoubbbbooooooo,bbooooooo
oo, 0opoobobobobobobobobobbbobo0, 000 mbbboooon
00000.000000,0000000000000000 (<25pum)000
godd,ggibbbbboboooooogo.oooooon
g, gggoooooooobbo,bbbobbbboooooooououooon
0000000000000 (Gillette and Sinclair, 1990). Mattsson et al. (1993)
U, bgooboogoooobo,obbuooobbuooooboo,bobobon
goooooooobobobboooog.

00000000000000000,000000000000000000
0000000000000000000000. 000140mO003 x 10-3kg
m~%'000000000,000000000000000000 (Gillette and
Sinclair, 1990), 00000 (<26pm) 0, 0000 (01.6 x 10%kg m~2s~1) 0 O

0020020290 (D0 0O0O)
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5% 00000000000, D000 LOO0U0UDUDUOD0DODOoDoODOOOOOO
gooogooobobbbobood. bbbooboobobbbobobooboooouoooo
0000000000000 0. 000, Renno et al. (2004) 0, 00 100m OO
1x107%kgm2s ' 0000000000000 O00O0, Metzger (1999)0, 000
000000000000.6x10%kgm 2100 44x10%kgm 210000
goboboodo.bbuoggbbooobb,gobbbooobbuooobbod
gbobooobobooobboob kgbOODOODODOODODOODODOO
O0000000000.000000000, Gillette and Sinclair (1990) 0, O O
O00000,2umO0000000000O0COODOOOOO 2300000000
g,0boggobobboooobbo,ogbobbuoooobbooogbbboo
gboobooobboobuodgb.bobboobuoobboobooboobbo
gbbodbooob,gbooobuoobbogboooboobboobbo
O00000000000000. Camkur et al. (2004)0, 0000000000
goobobbbbobooooobbobobbbouooooobbobobboogd
gob,0gooboobooogooobo.

goobooboboobobooboboobboob,oobbooobobbonoobo
gobbuoodgbbbooobbobooob.booobboobbo,obbod
gobodboboooboobobooboboooboobbooboboo,boobobo
gobbboogbbbuoodg,bbuoogbbboodg,bbouooobbbod
O000000. Greeley et al. (1981) O Greeley and Iversen (1985)0 000000
000000000 (Hsuand Fattahi, 1976) 0000000, 000000000
gogobobbobbbouooooooobbobbboooooooobobbboogoa
gogbboobobbodooooobobbbbbbouoooooobbobboago
gobobooobbooo. bb,gbbbuooobbuooobboooboboa
00000000000 000D0O0000ooooOgg, Greeley et al. (2003)
goddododoodououodudoooodydouuu, 000U Ua
00000000000000000000. 000,0000000 (APOO
O00000)0D000000000D00000O0O0O. Neakrase et al. (2004) O,
gogobbbbbbouooooobbbbbouoooooobbobbobougo
g,obobobobobbbbbbbobbbobbooodddddoooooooooo
000000000000000. (Metzger (1999) 00000000, 0.6 x 1073
00 44x10%kgm™2s~'0000,000000000.2x 107200 5 x 1073kg
m?'000.) 00000000000,0000000000000000
gogoobbobbbooooooobbobobbbuooooooboboboboboogd
ggbbobuoooobbooooooh.

0020020290 (D0 0O0O)
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60

@
o

o1 a) Sinclair (1969) b) Sinclair (1969)
Avra Valley census 269 Tucson census
50 N=1674 50 J N=508
o [V
; 40 ;é) 40 4
5 5
8 515 3 162
o 30 3304
o
g o
§ k=
§ 20 g 20 4
& &
200 Ll
10 10
38 11
0 0
<3 3-15 15-30 >30 <3 3-15 15-30 >30
Dust devil diameter (m) Dust devil diameter (m)
30 ¢) Sinclair (1965) L d) Carroll and Ryan (1970)
N=425 370 N=588
25 114 60
® © 50 4
8 <]
3] 2 83 85 ®
5 340
© | 62 | o
2 1 230 165
£ =
8 10 45 8
K & 20
5 104
10 31 17
0 — 0 P P20 o
<15 153 3-6 6-12 12-25 25-46 >46 <15 15-3 3-6 6-12 12-25 25-46 >46
Dust devil diameter (m) Dust devil diameter (m)
60 100
€) Snow and McClelland (1990) ) Snow and McClelland (1990)
AOC 1986 census 90 4 910 AOC 1987 census
50 1060 N=2117 N=1009
1006 80 4
704
240 2
5 e
o |3 60
5 5
§ 30 § 50 4
o o
E: g 40 4
€ 20 <
£ 2.
& £ 5l
10
50 o 33 -
0 1 0 | o
<1 1-10 10-100 >100 <1 1-10 10-100 >100
Dust devil diameter (m) Dust devil diameter (m)

0 21 600000000000000000000000.

(a) Sinclair (1969), Avra Valley, (b) Sinclair (1969), Tucson, (c¢) Sinclair (1965),
(d) Carroll and Ryan (1970), (e) Snow and McClelland (1990), AOC 1985 census,
(f) Snow and McClelland (1990), AOC 1987 census.
NOOOOOOoooooobooobOoO.oooobooobooobooooboo
000000000000, c00D0D000000O00. ¢O Flower (1936), Williams
(1948), Sinclair 0 0 0 0 O O Cooperative Dust Devil Observation Program of the
Institute of Atmospheric Physics, Tucson(Sinclair (1965)000)00000000
goboooooo.
goboobobboobooobuoobuoobuooboobooooo.

(Balme and Greeley, 2006)
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21

10.0

0 22: 000000000000000.

(a) JO00O0ODO0OOOOOOOO0.
(hyOOOUOODOOUOOOOOUOOooOOooooovooooog.
(ODO00ODOOO0UODOOUODOOOUOOOUOOVOODOOO.
al000Im0O,00000000000000. 000000 S. Metzger, Planetary
Science Institute, Tucson. bO OO0 10m(D 0000 )0, 00000000000
O000. 000000 S. Metzger, Planetary Science Institute, Tucson. ¢ 0 00O
Os50m0,00000000000000O0. 0000000000000, 000
000 S. Metzger, Planetary Science Institute, Tucson.

(Balme and Greeley, 2006)

Virax (Ms™)

2.0 4

1.0 4

0.0

25 25

2.0 4 . 2.0 1 :

15

0 2.3: Ryan and Carroll (1970) 00 0000000.

() 0000000000000 0 DOOODDOO0ODDOO0D Vaex0OODO
oooooo.

(b)) 0000000000 Vaex 0000000000000 0 Wiax 000000
oooo.

()00 DDOOOODOODODOODOOD W 0OODOODODOODO.
000,00000000000000D0000.

(Balme and Greeley, 2006)

0020020290 (D0 0O0O)
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25 30
Time (s)

B[] (5

0  Wind speed (ms-1) 12

0 24 000000000 2m000000000000000000O00O000O0
0.
gboobooooooooobooo,obooooo0oooooboooboooooon
gbobooboooooobooobbo.oobooobooooboooobooboooon
ooooooooD 4amOd00d0o0oDO0. O000bOooooDooboooog
goobo.obobo,b00b00ob0ooooboobobooobobooboooooDo.
(Metzger et al., 2004a)

Tangential velocity

Ry
Distance from centre
of vortex

[0 2.5: Rankine 000 O 0ODODO.

0000000000000 U0U0 (DoboOoUoooooUooOooUoooo)oo
0000o00oO0O00oOo000UO0 (DobooU0ooooOoUooOoooooD)boooo
ooo0.o0o000000o00000oo0oo00000ooo0O0 R, 00000000V,
ggod.

(Balme and Greeley, 2006)
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0 2,6: O0O00D0OO0O0UOO0OOO. DOOUDODOO0DOOOOOOO. OODOOOOo
ggbobooboboobboobbooobboobbuoobbuoobbooboboo
gobogoooo.booboob,0oboobobooboobooboboobg
gogogdoboobooooobobobboooobbbbo.bo,ooobbbog
ggoboooboboobobuooobooobboobboooboooboob.bo
goootboboooboooboobobooooboboboo,boobooboboboog
(00000O0O0000UD), 0000000000000 0D0O (bobooooo
Oooooooooon).

(Balme and Greeley, 2006)
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Z | 100s to 1000 |
= meters height
&
2 |
o_ _ _ _ _ _ _ _ i
(s2]
z |
O
i e

===Z70sTo 100s =\ =0
— ’ meters height|
G
L
2 | | |
%
z F |
g |
~
zZ
o)
o
i

=0

o
%

5R to 10R

(0 2.7 0000000000000000. ROOODODOOOOOOOOO,U,V,W
gooobooobo, bbb, 0bgbooob. oboopowoboboooooog
goboooo,boboooboobooboboooboobooboooob. o
00000000000,0000001ms™'0002ms~'000.00000
00000000 1-30 Sinclair (1966) 00 0000000O0OO.

(Balme and Greeley, 2006)
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030 ottt

000000000000, VO(Viking Orbiter) 00O O0O0ODOOOO0OOOOOO
O0000000000000000000 (Thomas and Gierasch, 1985), 0 OO
O0,0000000000000000 (Neubauer, 1966; Gierasch and Goody,
1973). 0000000000 VOOODOOOOOOOODOO,00000 MOC(Mars
Orbiter Camera) 0 0000000000000, 00000000000000
000000 (Edgett and Malin, 2000; Malin and Edgett, 2001)(0 1.2(c) OO
1.2(d)). OOOODOOO, MEX(Mars Express) 0 HRSC(High-Resolution Stereo
Camera) 0000000000 (Stanzel et al., 2005). 00000000000
000,000000000000 (Grant and Schultz, 1987), 000000000
000000000 (Edgett and Malin, 2000). 0000000 MOCO NA(Narrow
Angle)D00000OD0OO0OO0O0O0O. 0000000 MPF(Mars Pathfinder) 0 O
0000 IMP(Imager for Mars Pathfinder)(O 1.2(a)) O MER(Mars Exploration
Rover) 0 Spirit(0 1.2(b))00000000000000000000. 00,00
0000, Viking(Ryan and Lucich, 1983; Ringrose et al., 2003) O MPF(Schofield
et al., 1997; Murphy and Nelli, 2002) 0000000000000 OO0OOOOO
gobobooobbooob.booobbooobbooobobooboo,boa
goobobbbodooogobbbbobbouoooooobbobbooago
gogbbobuogoobbboooooobobboooonn.

3.1 OOO0Oog

3.1.1 0O0ooon

0000bOo0ob0ooboboooboooooooboo,bo0bo0bo0oboOod km
oo, 0bbmbbo0o0o00,jdddgogoobobbbbobon
00000000 (Thomas and Gierasch, 1985). MOC O WA(Wide Angle) O 1
0000000000 100000000000000 (Edgett and Malin, 2000;
Malin and Edgett, 2001). O 3.10, 0000000000000 COO0O 100
gooobo,gboobuooodobboodbobbbooooboboooog.

0020020290 (D0 0O0O)
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MEROOOOOOOO (ODOO, NASA MER Spirit press release, 19 August 2005,
http://marsrovers.jpl.nasa.gov/gallery/press/spirit /20050819a.html) O, 0 0 0O O
000000000000000 (0 1.20)0000 Ll(a)-(c)00), 00000
00000 IMPODOOOOOO (Metzger et al., 1999, 2000) 00000 .

Study Reference Data Source N H, km D, m
Direct Imaging Methods®

Thomas and Gierasch [1985] Viking (orbiter) ~100 1to2.5 70 to 1000
Wennmacher et al. [1996] Viking (orbiter) ~30 mean ~1.3 ~100
Edgett and Malin [2000] MOC WA (orbiter) NA <6 NA
Metzger et al. [1999] MPF IMP (lander) 5 0.05 to 0.25 15 to 80
Biener et al. [2002] MOC WA (orbiter) NA 0.4 to 2.6 <1750
Ferri et al. [2003] MPF IMP (lander) 14 NA 15 to 550
Fisher et al. [2005] MOC NA (orbiter) >20 0.17 to 1.8 28 to 509
Fisher et al. [2005] MOC WA (orbiter) >14 3.8 to 8.5 NA

Indirect Methods®

Ferri et al. [2003] MPF AS/MET 19 NA mean ~200¢
Ryan and Lucich [1983] Viking 1 Lander Met 40 NA 10 to 700
Ryan and Lucich [1983] Viking 2 Lander Met 78 NA 10 to 950
Ringrose et al. [2003] Viking 2 Lander Mect 8 NA 20 to 450°

00 3.1: 0000000000 D00D000000. NO,00000000000
00, HOODODDOODODOOO, DoOOODOO. ASIO Atmospheric Structure
Investigation, MET O Meteorology Experiment, Viking Met 0 Viking lander Me-
teorology Experiment 00 0 00O .
0PO000000O0O00O0D,00000000000000000000000.
oc0o000,00dgooooooooooon.
04dQgooo00o0o,lms-l0000000.
Ocfddooooooboooooooooooooooooboooog.

(Balme and Greeley, 2006)

0000000000 (CO0000000000000)0,0000000000
0000000000000, Edgett and Malin (2000), Malin and Edgett (2001)
0 Balme et al. (2003b) 0, 000000000000000mO0000,00
000000000000000000000000000000000000
000.000000000000000000mO00,0000000000
oooooo.

3.1.2 0000

gobboogoooboooobboooobbuooo. ooobbboooo
gooobobooogooboboooooobbooooooboboooooo
0000, Ryan and Lucich (1983) O Ringrose et al. (2003) 000000000
gogoooooo.
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3.1.3 0OO0OUgogg

OMPFOOOOOOOOOOD8ODIUODODODDOODODDOODODOODOOO (Murphy and
Nelli, 2002) 000, 0000000000C0O00O0OOOOOOOOOO. 0000
g,ggobb 12000 3o000dgobbobob. ooo,gobbobobbogd
O00000D000O. Ringrose et al. (2003)000 Viking20OOOOOOO
gobbboooooobobo,gbbbuooobboboooobobo,obbobod
goboodgilzeooodo. odg,bboggbboog,bbuobobooobboo
gogbboboogobobo3sobobobogooboobbooooooboo.

3.14 U0OO0OOOOOOLOOOOOOOO

gbbooboouoouoouoouooooooooooooono, oooo
O0000000000000. 0000000 100,000000 MOC(Mars Orbiter
Camera) 00000000, 0000000000000 0O0O. OODODOOO
goodooooooodouoouooobooooooo, ooboooooon
gobododooooouon. oou, oo oouooooouooo
oo, boboboooooooooooodoooooboooooooon
O (Gibbons et al., 2005). 0000000000000, 0000000O0COCO
000000000,0000000000000000OO000O0O00OOO0O (O
00O, Balme et al., 2003b; Fisher et al., 2005). OO0 000000000 OOO
00000000000, 0000000 (O030°N, O190°E (Edgett and Malin,
2000; Fisher et al., 2005; Cantor and Edgett, 2002)), 00 00O (O 40°N, O 90°E
(Fisher et al., 2005)) 0000000000000, 0000000 (O050°S, O
340°E (Balme et al., 2003b)) 000000000 0OO0O0OOOODOOOOOOO.
Fisheret al. (2005) 0000, 00000000000000000C0DOOOO0O
gododoooododuo. oo ouoboouoooouooouo
gooooooooobodoooooooboo. obdooog,ooooooon
0000000000000 0000oooooooboboOoOoOoOoOoad. Geissler
(2005)0,000,0000,00000000000,0000000 (O45°N,
O08°E)0 45°NO 0 60°NI 0000000000 OOO0OO0O0O0OO0O,000
00000 (50°S, 210°E) 0 40°SO0 60°SO 0000000000 OOOOOO
000000000000, Grant and Schultz (1987) O Balme et al. (2003b) O
O0,40°c00 60°SOO00DODOOOOOODODOOOOODODODODOOOOOODO.

0 Balme et al. (2003b) 0, 00 0000000000000 (DO0O0OOOOO
0000000) 0000000000000 00000000000000g
gogoboob. gob,bbboooooobobo,doooobboobodad
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goobobob.obobob,boboboboboboboooooobooba,
gobobdobobobobuoooooo,gbobobobobuobobooon
gbod. gobooboobogboob,gobgascboetboobon
gbobobobobobuoooooobobobo,obobobobooon
gbogobgooboboobooboobg.

0 VikingODOOOOOOOO MGS(Mars Global Surveyor) D0 0000, 000
000o00ooooooooopoooooooooooooooooooo. oo
00000, 00000b00D00ob0O000o0o00b0obOobOOobOOoDOooDooon
000 (Ryan and Lucich, 1983; Thomas and Gierasch, 1985; Cantor and Edgett,
2002). 00, 00000000000000O00O0OO0O0OO0O0OO0OOO0O0O00O0
00 (Balme et al., 2003b). OOOO0000, 0000000000 ODOOCOO
00000000 oOoooooooog.

3.2 0OOOOO

3.21 00000

Oobooooooooboooon, Viking 10,200 MPFOOOOODOOO
ooboobooooooooooooooDoDO. 000 MER Spirt0 000000
oboboooboboooboo. MPFOOODOOOODOOOOODOODO,
0000000000000 (Schofield et al., 1997). OO0, 0000000000
ooboobooobooboo,oobooboobooboobooboOoobn
ooooob,000000000000. 0000b00b00obO0b0b00bOobO
oooooooboobobobooo.ooo,MpFOOOOOOODOODOO,
ooboooboooooooboobo,b00bo0oboobooboobooDn
0. Ryan and Lucich (1983) 0000000000 Viking 100 2000000
0000000000,00000 1.6m000 42ms'0000000000O0
0.000,00000000000003ms™'00000000000,000
gbogobgbooboovyogoooobobooboobo.boboob, o
OobobOoooooobobooobOboooo0oobobo0oOoDogn. Ringrose et al.
(2003)D0000O0O0O0OODOODODOO,00 Viking20OOOOOOODOOOO
obooooooooooovbobo, MpFOODODOODOOODOOOOOO
gboboboooboobooboboooboooboobobobboob. obooboo
00000000000,0016m00046ms™ ' 000000000000, 00
00000000000 5000000000000000 100ms™'0000 (O
2210000000000 RankineOOOODOODO)OOOOO. Ringrose et al.
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030 goobooodgn 29

(2003) 0000000000 OOOOOOOOOOOOOOOOOOODOODOO
gbooboboboboboo,boobobobobobobuobobooon
gbgobgobooboobooboon.

3.22 00000

gobobooobooo,boboobooooboooobo,oo0,MPFOOO
00000 VikingDOOOOOOOOOOOODOOOOOO (Ryan and Lucich,
1983). Murphy and Nelli (2002) 0 MPFOOOOOOOO 7900000000
O000000000,0050005Pa(00.0750000.75% )000000000
O, 000000000000, 0000000000,0000000000
(00OD0ODO0O0O00O0ODO0OO0O0U000)D0DO0ODO0O0O0O,00000 1PabD0OO
goo.

3.2.3 0O0OOOO

O Viking MPFOOOUOOO0ODOOOOOO0O0O0DODODO0O0O00O0DODOOO0 56K
ggbobo.bobooooobobooooobb.boboog,bbobodo
gboobob,bobobgobobooboobobobobobobobooon
gogboboooggbood.

3.24 J0OU0OOODOOODOOOOOOOOOO

goooooooo,boobbbbbbofoooooa,gooooooon
O00000ooooo0o0Oo0. 0oooooooooo 1% 0000,0000
O0000000000050% 0000000000000 (Geissler, 2005). OO
goboboogoobobboooouobobbooooobbboooooo
gogobo,MPFOOUOOOOODOOOOOOODOLDODOOOOUODLDDLDDOOO
0000000000000 (OO0 O0UUUU0OOO0)OOoOoOoOOOd (Smith
and Lemmon, 1999).

gbbodbooobuoobboobboooboobba,boobbodobbdo
googoobbbbbobobbbobotbddgooooooo. oooggo
gbobobobobooboobooboboobobo,obobobooboon
O00000000000000000000000000 (Greeley et al., 2005),

lopDo0000,070Pa000, 0000 0.75% 000.
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ooooooooooooooooooooObO. 000000, 00000000
oo0oooOoo0oooOooO0ooooOoOoooOoooDoo,00oobo0oooooooDoo
O0000000. Thomas and Gierasch (1985) 0 VikingO O OOOO0O0O0O0O0O
O,000000000000,03-05000000000000,0000000
000 3x10%kgm00000000. 000,000000 10pmO,000
oooboooo2omdoooo. MPF-IMPOOUOODOOODOOODOOOO
O, Metzger et al. (1999)000000000000000034% 000000
000000.000,000000000,010°00 10%em200000,
Thomas and Gierasch (1985) 00 0000000000000,

gbooobooboobbooboboobbooboobbooboobbon
gooobooobo,bobooboobuoobooboboon.

(1) 00000000000 000000000000, 00000 (0 7ms™!
(Metzger et al., 1999)), 00 000000000000 (O20ms™! (Renno
et al., 2000; Ferri et al., 2003; Renno et al., 2004)) 000 000000.

(2) DO0DODODOO0D0DO0D0O0OO00OOODODODOO0ODO0DOOOOOO,0o0D0O0,000
gbogboobooboobogboobuoobuoobooboooonboo.

(3) DOOOOOoOoOoOODODODODODDODDDODOOOOOOOOOOOOOOOO
goboboo,bobg,oobobooboboobo,boboobobon
gogbobobooooobood.

(4) 000000000000 O0O0O00OOOO0O0DO0OODOODOOODOOO
gooo.

gbogobo,boobooboobobbob,0oboobobboboobon
gooboboboobobobobobouobooboobobobobo,ooon
gboobgobobbobobooboo23b000.

gbobobobobooooboboboboboboobobob,bobon
goooggoboobb. ooooooooooooobobbbobobobobboogo
gboobdoob,bobobgobobooboobobobobobobobooon
gogogoobbbbobobobbboood. bboboobbboboodoogoo
O00oooOo0ooDbo0o0oooO0oOooDO0O0. o0D MER Spirit000O00OO0
gobbobooogbooboboa,gobbbuodgbbbuoodab,buoogbooboboo
0000000000000 0000000000000000000 (Greeley
et al., 2005). Metzger (2005) 0 MERO OO OOOODOOOOOODOOOOOO
000D000000o0o0s0% 000000000000000000D0000O0
gobobooobooda.gobbog,bbugobbuoobbbuooobboo
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gboobobooboobbooboobbooboobbooboobbon
oo.

goddoooooooododoooooooouuu, o000 Looo
00000 (Greeley et al., 2003). OO0 O0D0D0DO0D000DO0DO0DOOOOOODOO,
Greeley et al. (2003)0, 000000000000 0O000OODOOOOOO0OO
U,100mbO000000000000000000O00O00OO000OO0O0O0O0O0.
gbooboboobodgbogbogboboobobooboobooboobb. o
gbobobgoboooobogoooboboboo,bobobobobon
gbboobuodgbogboboobobooboobobob.booboobbo
00,01x107%kegm2000000000000000000.7% 000 APO
0000000000000 00000000 (Balme and Greeley, 2006), O O
gogboboboogooobooooooobo.
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40 OO0t

4.1 UO0O0Ooodooooogon

00000000, 00000000o0o00ooDooooooooOo,onoon
gooddooooooduouoooooou. oo ooouooouo
O00o000oo0ooooooooooooooooo,00oo0o0ooooon
gooooooouodoooooou. oo, dbodogodmtid 10mOodo
O0oo0o0oooooono,0oo00oooooooooooooooooooonn
000 (Ryan and Carroll, 1970; Carroll and Ryan, 1970), 0000000000
0000000bO0o0bOO0o0bOOooDoobDboOoDoO. oboobooo 3000
O0000000000000000D0O00 (Sinclair, 1966; Carroll and Ryan, 1970;
Snow and McClelland, 1990), 0000000000000 O0O0OO0O0OO,O00
gooddooooooduoooooououooouo. ooouooouao
O0ooo0oooooo,00o0o00oo0oooooooooooooooonn
00 (Sinclair, 1966; Kaimal and Bussinger, 1970; Ryan and Carroll, 1970; Hess et
al.,, 1988). 00000000000 kmOOOOO0DOOOO (Sinclair, 1966) 0, O
gudodo, oo ouooooouoouoouooouoo
O00oo0o0ooooooon,0oo00ooooooooooooooooooonn
goo. oo, oo ooooouoouoouoogo
ogooodoooooooo,goooboooooobogooooooooon
gddodobooouooudo, oo ouooouoouoouooooo
ogoooobo,oooooooooood.

000000o0doDO00000o0oDOooooOooDoooDoooOoDOooDOo,oooon
O0o0o0ooo0oooooooooooooooooooooooooooo. oo
00,00 (Kanak et al., 2000; Kanak, 2005) 0 O O (Rafkin et al., 2001; Michaels
and Rafkin, 2001; Toigo and Richardson, 2002; Toigo et al., 2003) 0 0O O OO
00 LES(Large Eddy Simulation) 000000000000, 00000000
00000000000 oOooooooDoOooooooDooooooooon
000d0o00dDoDOO00. 0oO0,000000doo0,0o0gdooooooon
00o0oDo0oOooDoooOOo. 0oo0o0oooooooooooooon,ooon
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gbgobobooboobobooboboboboobooboboobon.
gboboboboboooboobobobobuobooobob,boboooon
gboobgobobobobbobboboobooboobooboon.

4.2 0OOO0OOO

00000000000000000000000000000000000 (Sin-
clair, 1969; Hallett and Hoffer, 1971). 000, 000000000000000O
0000000000000 (Mattsson et al., 1993), 000000000000
ooooooo.

gbbodbooobuoobboobboooboobboob,obbodobbo
gbooobo,00b00 0kmbOOoO0OOo0oOOo0OoOooOobOOobOobOobDobDooon
goboo.

gddddodoodooooooououououuooou,doooooooooo
R.OUbbuoobooboboobuoobooobuoobuooboobb,oobo
O00000000000000000000000 (Morton, 1966). DOOO0ODO

v
Ro =57 (1)

oooooo.ocoovoog, Logbogogoooog,@ubobobobn
gooobgob. 0 410,boobooboobobobboobooobuoobon
. gogoobbbbodoooobbbbuooodobobbboood »>1000,
gobobuooobbog.gbbog,boggoboogobbuooobbod
gogbbobooooobn.

gogobbbbbbuooooobbbbbouoooooobbbobbboadao
000, Carroll and Ryan (1970) O Fitzjarrald (1973) 000000000000
O000mOO00000000O0O0O00O00. Carroll and Ryan (1970) 0000
gbbodbogobuogbboobooob,gbboooboobbuogbobo
gobbuooobboodgbbo,obbuoobbooobboodobb. o
goobobbobbbouooooooobbbbooooooobbobbbogd
000000000000 (Carroll and Ryan, 1970), 000, 000000000
b mdgoobobooogobobbogoobbobooogoobod
gogoooobbbbbbbobbbooodd. bbobobobbooododaaaad
O0000000000000D00000 (Sinclair, 1969) 000 0 O, Renno et al.
(2004)0000000O0O0O0ODOOOOOOOOOOOOOOOOOOOOODOO
gobobobobbobodooooooobobbouoooooobbobbooogo

0020020290 (D0 0O0O)



040 goboboooooboon 34

Dust Devil Type Vms ' 2Q0 L, m

Earth (typical) 10 10°* 10

Earth (extreme) 20 104 100
Mars (typical) 30° 1074 100°
Mars (extreme) 100 104 2000°

2 x 10

5 x 107

3
2

4 x 10°

1 x 107

2

00 4.1: 00000000000000000000O0000O000.VOOoOoOoo
gooooooooooooo,Qoooooooooboo,Loboogooooooo
0000 (00000000o0oUOon),R, 000000000. Earth (extreme)
0000 Metzger (1999) 000 00000000O0O0OOOOOOOOOO.

0 » 00 Ryan and Lucich (1983) 00000000,

0°c00 Ferriet al. (2003)0000000O0.

0 400 Rngrose et al. (2003)00000000.

0 ° 00 Biener et al. (2002) 00000000,

(Balme and Greeley, 2006)

gobobuooob.bog,bbuggbbuoodgbbooobbboooboo
goboobboooboob,oobuoobboobbooboobbuoobbo
O0,00000000LESODODODOOOOO (Kanak et al., 2000; Kanak, 2005).
gogoobobobobbbobooooooboboboobbbboodgooobooboobood
gbobo,d0bbuodgbbuogobooobbobboobbuoobboooboo
0. 000000000DO0DO,0000D0 LESODODOO0OO0O0ODODObOOO
O (Rafkin et al., 2001; Toigo et al., 2003), 0000000000 O0OODOOCOOO
gogbobobuoooobobboooobobbuoooobobboooooobooo.

gobbboooobobuoooobbboooobb,oobobobo,obnbbod
000o000oooooooooO0o0U0U0Oo,000 (Doooooooood
0000000)0000 (0D0DO0DO0D0DODO0DO0DO0OO)ODDOOOOOOODODOO
gobobuooobboodobboo.gbb,ogbbuooobbuooobboo
ggbob,dgoobobobouoodoon.

4.3 UO0O0ODO0OO0OO0OO0OO0O0OO0OO0O0OO0O0
HEN

00000 RennoOd OO (Renno et al., 1998, Renno and Bluestein, 2001; Renno
etal.,2004)0,00000000000000O0O0O0OOO. DODOOOOOOO
0000OO00OOoooDoooooooooooDooooooobooo,ooooon
0,0000000000000D0,D0000000000D000D0000O00A0
0o00Do00ooOooooOooobOo0ooDbOoooboooooooo. booo
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gbog,ooboboobgobobobgoobobgoboobo.bobbobon
gooobuoobdpg,000boobobobobbobbobbobbonDny
O00. Renno et al. (2004) 0000, 000000000000000O,

Ap = (Po — Do)

oepee[GH)@ @) e

000,000,p00000000000000000,7,0p, 000000
oo o, RUUCOC0U0OCOCUUULULULULULUULUULUUUO O
O,c,000000000000,ATr00000000000000DOC0OO
0000, Renno and Ingersoll (1996) 0 0 O O

cpnFin
AT ~ [ —2 2 3
<8£aRgHT3> ’ ()

gooob obo, /Ry,0bobobobobobb,egbbobboo,gdobonO
O0,HO0CO0O0O0,7T.000000 (DODODODOOOOUOOUODOODOOOO
0000000)0oooooo.

00000000, (2Q)007n<1000 Ap/p, <1000 000000000
00000000000000000000,00000

YNCpPoc AT
Ap~ L2227 4
P RT., (4)

gooob,0bobboboobooboon

AT 1/2
Vmax ~ (%) (5)

000.000,V,,000000000000

gbobodbog,bodbooobuoobbooboooboobbuoobobo
gobooda,gbbbooggbbobogad.

0000000,0000000,000000000000000000000
00,0000000000000000000000000000000000
00.00,00000000000000000,(3),(4), (500000000
00000000000000000. (500000000000000000
0000 (Tratt et al., 2003) 0000000000, 0000000000000
00000000000000,0000000000000000000000
000, (3)000000000000000000000000. 000000
000,000000,000000000000000. Renno et al. (2000) 0,
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gobooboMPFOOOOOOODOOOODOOOOODOO,000000D0O
O0000000000000o0O, Toigoet al. (2003)0, 00000000000
gboobooob,oobboobboobuoobooboboobb. bgg,bon
0000000 Renno et al. (2000000000 45kmO00000 5-6km 0000
gbooboobobbobooboobgoobobbob.

0O Lorenz and Myers (2005) 00 0000000000000 0O00O,000000
gbbodgbboobboooboobuoobobodob,obbuoobbooboo
gbogoboooboboobooboob. bboo,bobboobgoobo,n
gbbodgbbooboboooboooboo,bbogbooobooobbuoooo
gbogboobooboboobobo.bo,bgbboboobobobon
gobobuooobboo.gbbuoodgb,ggobbuooobbooobboo
gobobooobbooobboo.gbboo,bbooobbooobboo
goboo,gobbbuoooboboboogoob,booooboobooa.
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50 Uttt
HRERE

00ooboooboobooboo,dobo0boobgo1o00mbardgnd
O00,052mbar000 (Young, 1971), 000000000000 OOOO,O
O00000000000. Greeley et al. (1976, 1981) O Iversen and White
(1982)00O0O0oOoOoOoO0OO0O,0000O0OO 8o-100pmIO0O000D0 (DODODODOO
0)00000000000,000000000000D0000O000O0O00OOO
g, bobbobtbdooooouoboboboooon
0000000000 (0 5.1). 000000,00000000000Q000O
0, <2umO000000 (Pollack et al., 1979, 1995; Smith and Mars Pathfinder
Team, 1997; Tomasko et al., 1999; Lemmon et al., 2004), 00000000000
0000000000000 00000,000000000 (Hess et al., 1977;
Schofield et al., 1997; Magalhaes et al., 1999), 00 0000000000000
000 (Haberle et al., 1999) 0 000000000. OO0OOO0ODOOOOOOO
gd,ggoooooooobbbbbbobtbooooooo,goooooo
00000000 (Cantor et al., 200) 00 0000000000000 0O0O0O0O
(Kahn et al. 1992; Zurek et al. 1992). Greeley et al. (1992) 000000000
gobbooooobouoooobobuoooub. bbb ooobbboooo
00 (0000000000000 0000000O0ODOODO)000D0O0OooOoOO
0000, GCM(Genaral circulation Model) 00 000 O0O0O0O0OOOOOOO
000000 (Newman et al., 2002).

godoboobooouoooooouoooooooboooboooooboon
O000000000000000,00000004 Thomas and Gierasch (1985) O
000 VikingOODOOODOOODOOoODOOoDoOOooOOoOoOoO,000b000booooad
O0ooodooooooooooo,0ndodoobogdoooonogooon
00000000000 (Neubauer, 1966; Gierasch and Goody, 1973). OO 00O
oo,MGSOO0OO0OOO0O00OO0OOO0O0ODOOO0OO0OOO0O0ODOOO0OOoOOOOooO
goooooobooooooooooooooooobbbooooooobo. oa,
0000000000000 00000D0O00 (Clancy et al., 2000; Richardson,
1998; Liu et al., 2003; Smith, 2004) 0000, 0000000000000 0OOO
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00 5.1: 0000000000000 00O00O00O0OO0OODOUOOOOOng.
ggboooobooboooboobooboobbooboobL. oobbooboa,
00000000 ooooooooog,0numiddllm OO0, 000000
goooooo,bboooobobbooooooobog.

(Greeley and Iversen, 1985)

gbbodgbbodgbbooobobbooboboobooobooooboa,bbo
gbogoobooboobbooboobbooboobboobuoobbon
ggbbobugoobbbooooobobooogbn.

02x10%kgm2yr 0000000000000 O0O0OOOOOO,00000
0000000000000 (Pollack et al., 1979). OO O, MPFOOOOOODO
0000000000000 000C0OoooooO00 (Rover Team, 1997), 00O
gbobob.gbooboboboobobobobooobobobooon. o
gogboboobbodoooooobbobobbbooooooobbobbboogo
0000000000000 00000000 Balme et al. (2003b)0, 0000
gobobuooobboobbbuooobbooobboo.gbb,o0obboo
gbobobobobobobooooobobobobo,obobobooon
gogobbbobbbouoooooobobbobbouoooooobbobobboogo
000000 (Fisher et al., 2005). Ferri et al. (2003) 0, MPFOOOOOOOO
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gbogoobooboobbuooboobbooboobbooboobbon
O00000000000Doo0o0oooooo, o0, Fisher et al. (2005) 0, 00O
gboooboobboobobuoobboobooboobboobbooobon
oo.

ooodoooooo,bodoooodooooogoooonooooon
gogbobboooobobooooboboo,bbbboooobobboooobob,da
O000DOo00,0000000000O0000000DO0000O00OD. Balme
and Greeley (2006) 0000, 0000,000000000000 ()0D0OO0OO
g0o0O000OO0O0O0O00O000O0 (nUoUDUDUUDUDUDUDODU0O0. ocooooo-
oooooo,

D~ NFLA. (6)
oo, Do, 00bddddooooobooooooooooooo, NO
0000000000000000000000, FOOOO0OD0DO00000000
000000000,L000000000000000,000,A4A000000
godoooooooooooooouooooo. booooooooooaa,
ooodoooonoooooo,onodooooboooonogooon
gooooodooooooodooooooooooooooooon. oooo
oo, 0ogooooonooooonoooboooonooooon
O000000b00dd RennoODODOO0OO0DDOOODOOOOD FOOODOOO
goooooooon. goobooooooooonooooboooon
godooodooooo,oooouooboooo,boognogooooao
gooooobooooouooo. oo, o0gogobooooooooooon
oo, 0doodoobogo,ogoooooooonoooogooooon
gogooooooooooooon.

ggbobuoooobbobooad,
1

gbd,«0gbgbgooooboboobob, yoboobooooboooo
000,A0000000000000D0000,000,m,000000000
googoobbbbbobobbboboobododgooog. bbooooogoo
gbooboob,bobobgobobooboobobobobobobobooon
goboo,gbbugbboodbbiudctdgbbugoobob.oobboo
000000000000 (0OOo0O0000ODO00D0UoOoOOo0D0DOoODOOoOoO
00 (Metzger,2005))0, 00 000000000000000O0OO0OOOOO0O
goooobogoa.

oo oo, b0 0ooooa
gobobuooobboogbbo,0bbuoobbooobbooob.bod
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o,GCMO0O0ODOO00DOOO0O0OOOO0ODOOOoOoDOOOOoDbOOoOoDbOOO
O (Newman et al., 2002; Basu et al., 2004). 0000000, 000000000
OobooOobooooobooeceMbOooboOobooobooboooboDboo
googd,boobooboobboobuooboobobooobbo.goobo,o
gbooobooboobbooboobbooboobbooboobobon
goboobgo,gbbooboobuoobooboooboboo.

O Newman et al. (2002) O Basuet al. (2004)0, 000000000 COADO
00000 RennoOOOOOOOOODODO. O0O0O0O0O0O0O0O0DO0DODOOOOO
gbbooog,bodbbgoboobobuoobboobbuoobbooboo
O. Newman et al. (2002)0 0 0000000000000, 000000000
Oo0o00oopoOoo0o0oooooADOOOOOODOOOOO,0Db0D0000
O000000000000000 (Greeley and Iversen, 1985) 00000000
O0000000000. Basuetal. (2004)000000000000O0O0OCOO
O00000000. Newman et al. (2002) 0000000000 OOOOOOO
gbbodgbbooboogb,obbodbobbuoobbuoobbodoboo
0. 000,Basuetal (2004)0000000000O0O0O0OOOOOODODODOO
ooopoooobo,AC00DOOCO00DOUOODOOObOO.

O Newman et al. (2002)0, 0000000000000O000OOOO0O0O430°
gobodbboobboooboooboo,boobobbuoobboobbo
gobbuooobbuooobboodobbooo.bbooobbo,obbod
040°0000000000. Newman et al. (2002) 0 Basu et al. (2004) 0 0O
goobbbobbbouoooooobbbbbbouoooooobbobbboogd
O00000000000. Basuetal. (2004)0,000000000000DOO
gobobuoogbbto.gdb,ggobbuoodgbbooobbuooobboo
O0MPFOOOOOOOOOOOOUOOODODOOODODODOOOOOOOO (Ferri
et al., 2003) 00 000000O0O0O. Basuetal. (2004)00000000000
gbobodbboogobooboboobboooboob,oobuoobobuoobobo
gobbuoogbboooboo,20bbuodgbbooobobbuooobbod
O000000. 0000000000000 0000 (Cantor and Edgett, 2002;
Balme et al., 2003b) 000, 000000000000 OCOO0OOOOOOOO
gobobooobbooob.boodb,ggubbuooobbooobboo
gobbuooobbuoogbboodobbooob. oo, bbuooobboo
gogboboboooobood.

goggoobobboboobbbbooddoooooooobobb,03bbboougd
gbogbboobodbuogboobooboboo.buoobuooboobbo
gobobuogobbo,0bbogobobuooobbuooobbooo.bbod
o0,00000000000D00DO0bO0bOO0O0b00obo00ooooboOon, Ruft and
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Christensen (2002)0 0000000000000 00O00OOOOODOOOOO
gbbooobodgbogbb.oobuooboobboobuooboboouaboo
gboobobooboobbooboobbooboobbooboobbon
gb,gb0bouogbbodbooobuoobbooboooboobbooboo
go.
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el OO0

googo,bobobooboobbooboobbo. boobo0bd ™m0
goob,b0dooobbbooooooboboboooo,bbbooooooboboga
gbob.ogobooobbuoobobuooobooobboob.boooboo
gobobobooobbbooooobobooo,bbooobo,boooobobbod
gbogboboobuodgbodgbogbobobob.ooboobooboobbo
gobobooobbooobbooob.booobbooooboobooboa,bbod
gobbboodgb,bogoobobobag,bbuogoobbouoogbbbod
gogoboobobbooooooobbobbbboboooooooobobobooo
gd.bbo,o0bbbuoodbbobuooobobboooobbbooogobbod
g,0ogdoboboooobobuooobboobbb.ogobbuooobobod
RankineOO OO OODO,000000000C0ODLO0OODOOOOOOOODOO
gogbobobooooboboooan.

gogbboo,gobobbgoobobobuooobbb,ouobbboooboboobod
gogo,bbobbougogobbob. oob,bbbbuoooobbobbodad
gobbboooobobuooooobb,oobbboooboboboooo,bod
gobbuooobbuoodobbo. ogbbuooobobooob,ogobboo
gobodbbobooobuoobbooboboo,boobbuoobboobobo
ggb. oo, gobbobobuoooooobobbbuooooobbob,odd
gogbboboogobbbooooobobboooboobobooooboboboon.

gbobodbboobobooboooboobbo,gbbooboobuooboo
gobbuoobobooobbbuooobb.uog,buooobobuooobboo
gobboboooobobog,bbbuooobbboooobobo,obbbod
goodbbbboooddddoooooooouoououuo,ooooooo
LESO00O0O0000DO00DO. 00, 0000obooooboboobooooboo
U0, Renno0 0000000000, 000000000000000O00D00OO
ggbobuogoobobuoooobobboogobooog.

gbobodbog,bodbooobuoobboobbooboobboobobo
gbbodbodg.gbo,bbodg,ugbbodboboobooob,obobo
gbobogobogobbodg,oggbboobbuoobbuoonoboonoog
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gbooobogboobobobooobbo,boboboobooboboboboobn.
gobobgoboboooobobobob,0boobobobobobobooboon
gbobobobobo,boboboboboobobobobobobobooon
goGcéMUOODOoooooooooooog.
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L1 [

gogobobobbouoooodg,g bbob,bb oooooobboboboo
goddo. ogooooobb bbooboob,obobbbbobbobooooad
ggbobbbuooooobobobbuoo. oo bbbbuooooobobobodao
gooogooobbbb. ooooooboobbboobobobbbobooooooaa
ggboobooggboboobod.

gbbodbooobuogobbooboooboobbooboboob,obbo
gogoooo.

0020020290 (D0 0O0O)



gooo 45

HRERERE

Baddeley, P. F. H., 1860: Whirlwinds and Dust Storms of India, Bell and Daldey,
London.

Balme, M., and R. Greeley, 2006: Dust devils on Earth and Mars, Rev. Geophys.,
44, RG3003, doi:10.1029/2005RG000188.

Balme, M., S. Metzger, M. Towner, T. Ringrose, R. Greeley, and J. Iversen,
2003a: Friction wind speeds in dust devils: A field study, Geophys. Res.
Lett., 30(16), 1830, doi:10.1029/ 2003GL017493.

Balme, M. R., P. L. Whelley, and R. Greeley, 2003b: Mars: Dust devil track
survey in Argyre Planitia and Hellas Basin, J. Geophys. Res., 108(ES),
5086, doi:10.1029/2003JE002096.

Basu, S., M. I. Richardson, and R. J. Wilson, 2004: Simulation of the Martian
dust cycle with the GDFL Mars GCM, J. Geophys. Res., 109, E11006,
doi:10.1029/2004JE002243.

Bell, F., 1967: Dust devils and aviation, report, Meteorol. Note 27, Aust. Bur.
of Meteorol., Melbourne, Victoria.

Biener, K. K., P. E. Geissler, A. S. McEwen, and C. Leovy, 2002: Observations
of dust devils in MOC wide angle camera images, Lunar Planet. Sci. [CD-

ROM], XXIII, Abstract 1048.

Bluestein, H. B., and A. L. Pazmany, 2000: Observations of tornadoes and other
convective phenomena with a mobile, 3-mm wavelength, Doppler radar, The
spring 1999 field experiment, Bull. Am. Meteorol. Soc., 81, 2939-2951.

Brooks, H. B., 1960: Rotation of dust devils, J. Meteorol., 17, 84-86.

Cakmur, R. V., R. S. Miller, and O. Torres, 2004: Incorporating the effect of
small-scale circulations upon dust emission in an atmospheric general circu-
lation model, J. Geophys. Res., 109, D07201, doi:10.1029/2003JD004067.

0020020290 (D0 0O0O)



gooo 46

Cantor, B. A., and K. S. Edgett, 2002: Martian dust devils: 2 Mars years of MGS
MOC observations, Fos Trans. AGU, 83(47), Fall Meet. Suppl., Abstract
P41A.

Cantor, B. A., P. B. James, M. Caplinger, and M. J. Wolff, 2001: Martian dust
storms: 1999 Mars Orbiter Camera observations, J. Geophys. Res., 106,
23,653-23,689.

Carroll, J. J., and J. A. Ryan, 1970: Atmospheric vorticity and dust devil rota-
tion, J. Geophys. Res., 75, 5179-5184.

Clancy, R. T., M. J. Sandor, M. J. Wolff, P. R. Christensen, M. D. Smith, J.
C. Pearl, B. J. Conrath, and R. J. Wilson, 2000: An intercomparison of
ground-based millimeter, MGS TES and Viking atmospheric temperature
measurements: Seasonal and interannual variability of temperature and dust
loading in the global Mars atmosphere, J. Geophys. Res., 105, 9553-9572.

Crozier, W. D., 1964: The electric field of a New Mexico dust devil, J. Geophys.
Res., 69, 5427-5429.

Crozier, W. D.; 1970: Dust devil properties, J. Geophys. Res., 75, 4583-4585.
Durward, J., 1931: Rotation of* dust devils * , Nature, 128(3227), 412-413.

Edgett, K. S., and M. C. Malin, 2000: Martian dust raising and surface albedo
controls: Thin, dark (and sometimes bright) streaks and dust devils in MGS
high-resolution images, Lunar Planet. Sci. [CD-ROM], XXXI, Abstract
1073.

Ette, A. I. 1., 1971: The effect of Hermattian dust on atmosphere electrical
parameters, J. Atmos. Terr. Phys., 33, 295-300.

Farrell, W. M., G. T. Delory, S. A. Cummer, and J. Marshall, 2003: A simple
electrodynamic model of a dust devil, Geophys. Res. Lett., 30(20), 2050,
d0i:10.1029/2003GL017606.

Farrell, W. M., et al., 2004: Electric and magnetic signatures of dust devils from
the 2000-2001 MATADOR desert tests, J. Geophys. Res., 109, E03004,
d0i:10.1029,/2003JE002088.

Ferri, F., P. H. Smith, M. T. Lemmon, and N. O. Renno, 2003: Dust dev-
ils as observed by Mars Pathfinder, J. Geophys. Res., 108(E12), 5133,
d0i:10.1029,/2000JE001421.

0020020290 (D0 0O0O)



gooo 47

Fisher, J. A., M. I. Richardson, C. E. Newman, M. A. Szwarst, C. Graf, S. Basu,
S. P. Ewald, A. D. Toigo, and R. J. Wilson, 2005: A survey of Martian dust
devil activity using Mars Global Surveyor Mars Orbiter Camera images, J.
Geophys. Res., 110, E03004, doi:10.1029/2003JE002165.

Fitzjarrald, D. E.; 1973: A field investigation of dust devils, J. Appl. Meteorol.,
12, 808-813.

Flower, W. D., 1936: Sand devils, London Meteorol. Off. Prof. Notes, 5(71),
1-16.

Freier, G. D., 1960: The electric field of a large dust devil, J. Geophys. Res., 65,
3504.

Geissler P., 2005: Three decades of Martian surface changes, J. Geophys. Res.,
110, E02001, doi:10.1029/2004JE002345.

Gibbons, A., F. Yang, P. Mlsna, and P. Geissler, 2005: Automated procedures
for detecting Martian dust devils, Lunar Planet. Sci.[CD-ROM], XXXVI,
Abstract 2005.

Gierasch, P., and R. M. Goody, 1973: A model of a Martian great dust storm, J.
Atmos. Sci., 30, 749-762.

Gillette, D. A., and P. C. Sinclair, 1990: Estimation of suspension of alkaline
material by dust devils in the United-States, Atmos. FEnviron. Part A,
24(5), 1135-1142.

Grant, C. G., 1949: Dust devils in the sub-arctic, Weather, 4, 402-403.

Grant, J. A., and P. A. Schultz, 1987: Possible tornado-like tracks on Mars,
Science, 237, 883-885.

Greeley, R., and J. Iversen, 1985: Wind as a Geologic Process on Earth, Mars,
Venus and Titan, Cambridge Univ. Press, New York.

Greeley, R., R. N. Leach, B. R. White, J. Iversen, and J. B. Pollack, 1976: Mars:
Wind friction speeds for particle movement, Geophys. Res. Lett., 3, 417-420.

Greeley, R., B. White, J. B. Pollack, J. Iversen, and R. N. Leach, 1981: Dust
storms on Mars: Considerations and simulations, in Desert Dust: Origin,
Characteristics, and Effect on Man, edited by T. Pewe, Spec. Pap. Geol.
Soc. Am., 186, 101-121.

0020020290 (D0 0O0O)



gooo 48

Greeley, R., N. Lancaster, S. Lee, and P. Thomas, 1992: Martian Aeolian pro-
cesses, sediments and features, in Mars, edited by H. H. Kieffer et al., pp.
730-766, Univ. of Ariz. Press, Tucson.

Greeley, R., M. R. Balme, J. D. Iversen, S. Metzger, B. Mickelson, J. Phoreman,
and B. White, 2003: Martian dust devils: Laboratory simulations of particle
threshold, J. Geophys. Res., 108(E5), 5041, doi:10.1029/2002JE001987.

Greeley, R., et al., 2005: Martian variable features: New insights from the Mars
Express Orbiter and the Mars Exploration Rover Spirit, J. Geophys. Res.,
110, E06002, doi:10.1029/2005JE002403.

Haberle, R. M., M. M. Joshi, J. R. Murphy, J. R. Barnes, J. T. Schofield, G. Wil-
son, M. Lopez-Valverde, J. L. Hollingsworth, A. F. C. Bridger, and J. Scha-
effer, 1999: General circulation model simulations of the Mars Pathfinder
atmospheric structure investigation/meteorology data, J. Geophys. Res.,
104, 8957-8974.

Hallett, J., and T. Hoffer, 1971 Dust devil systems, Weather, 26, 247-250.

Hess, G. D., and K. T. Spillane, 1990: Characteristics of dust devils in Australia,
J. Appl. Meteorol., 29, 498-507.

Hess, G. D., K. T. Spillane, and R. S. Lourensz, 1988: Atmospheric vortices in
shallow convection, J. Appl. Meteorol., 27, 305-317.

Hess, S. L., R. M. Henry, C. B. Leovy, J. A. Ryan, and J. E. Tillman, 1977:
Meteorological measurements from the surface of Mars: Viking 1 and 2, J.
Geophys. Res., 82, 4559-4574.

Houser, J. G.;, W. M. Farrell, and S. Metzger, 2003: ULF and ELF magnetic
activity from a terrestrial dust devil, Geophys. Res. Lett., 30(1), 1027,
d0i:10.1029/2001GL.014144.

Hsu, C. T., and B. Fattahi, 1976: Mechanism of tornado funnel formation, Phys.
Fluids, 19(12), 1853-1858.

Idso, S. B., 1974: Tornado or dust devil, the enigma of desert whirlwinds, Am.
Sci., 62, 530-541.

Idso, S. B., 1975: Observations of dust devils over water, Bull. Am. Meteorol.
Soc., 56, 376.

0020020290 (D0 0O0O)



gooo 49

Iversen, J. D.; and B. White, 1982: Saltation threshold on Earth, Mars and
Venus, Sedimentology, 29, 111-119.

Ives, R. L., 1947: Behavior of dust devils, Bull. Am. Meteorol. Soc., 28, 168-174.

Kahn, R. A., T. Z. Martin, R. W. Zurek, and S. W. Lee, 1992: The Martian dust
cycle, in Mars, edited by H. H. Kieffer et al., pp. 1017-1053, Univ. of Ariz.
Press, Tucson.

Kaimal, J. C., and J. A. Bussinger, 1970: Case studies of a convective plume and
a dust devil, J. Appl. Meteorol., 9, 612-620.

Kanak, K. M., 2005: Numerical simulation of dust devil-scale vortices, Q). J. R.
Meteorol. Soc., 131, 1271-1292.

Kanak, K. M., D. Lilly, and J. T. Snow, 2000: The formation of vertical vortices
in the convective boundary layer, @). J. R. Meteorol. Soc., 126, 2789-2810.

Lemmon, M. T., et al., 2004: Atmospheric imaging results from the Mars Explo-
ration Rovers: Spirit and Opportunity, Science, 306, 1753-1756.

Liu, J., M. I. Richardson, and R. J. Wilson, 2003: An assessment of the global,
seasonal, and interannual spacecraft record of Martian climate in the thermal
infrared, J. Geophys. Res., 108(ES8), 5089, do0i:10.1029/2002JE001921.

Lorenz, R. D., and M. J. Myers, 2005: Dust devil hazard to aviation: A review
of United States air accident reports, J. Meteorol., 30(298), 178-184.

Magalhaes, J. A.; J. T. Schofield, and A. Seiff, 1999: Results of the Mars
Pathfinder atmospheric structure investigation, J. Geophys. Res., 104, 8943-
8955.

Malin, M. C., and K. S. Edgett, 2001: Mars Global Surveyor Mars Orbiter Cam-
era: Interplanetary cruise through primary mission, J. Geophys. Res., 106,
23,429-23,570.

Mattsson, J. O., T. Nihlen, and W. Yue, 1993: Observations of dust devils in a
semi-arid district of southern Tunisia, Weather, 48, 359-363.

McGinnigle, J. B., 1966: Dust whirls in north-west Libya, Weather, 21, 272-276.

Metzger, S. M., 1999: Dust devils as aeolian transport mechanisms in southern
Nevada and in the Mars Pathfinder landing site, Ph.D. thesis, Univ. of Nev.,

Reno.

0020020290 (D0 0O0O)



gooo 50

Metzger, S., 2001: Recent advances in understanding dust devil processes and
sediment flux on Earth and Mars, Lunar Planet. Sci. [CD-ROM], XXXII,
Abstract 2157.

Metzger, S., 2005: Evidence of dust devil scour at the MER Spirit Gusev site,
Lunar Planet. Sci. [CD-ROM], XXXVI, Abstract 2397.

Metzger, S. M., and N. Lancaster, 1995: Dust devil activity in a playa basin,
southern Nevada, Eos Trans. AGU, 76(46), Fall Meet. Suppl., F66.

Metzger, S. M., J. R. Carr, J. R. Johnson, T. J. Parker, and M. T. Lemmon,
1999: Dust devil vortices seen by the Mars Pathfinder camera, Geophys.
Res. Lett., 26, 2781-2784.

Metzger, S. M., J. R. Carr, J. R. Johnson, T. J. Parker, and M. T. Lemmon,
2000: Techniques for identifying dust devils in Mars Pathfinder images, IEFEE
Trans. Geosci. Remote Sens., 38(2), 870-876.

Metzger, S., M. R. Balme,W. M. Farrell, S. Fuerstenau, R. Greeley, J. Merrison,
M. R. Patel, T. J. Ringrose, M. C. Towner, and J. C. Zarnecki, 2004a:
Unwrapping the whirlwind: Measuring natural dust devils, Geol. Soc. Am.
Abstr. Programs, 36(5-11), 22.

Metzger, S., M. R. Balme, R. Greeley, T. J. Ringrose, M. C. Towner, and J. C.
Zarnecki, 2004b: Surface profiling of natural dust devils, Lunar Planet. Sci.
[CD-ROM], XXXV, Abstract 2063.

Michaels, T. I., and S. C. R. Rafkin, 2001: Simulation of the convective boundary
layer and dust devils on Mars, paper presented at 33rd Annual Meeting, Div.
for Planet. Sci. of the Am. Astron. Soc., New Orleans, La.

Morton, B. R., 1966: Geophysical vortices, Prog. Aeronaut. Sci., 7, 145-194.

Murphy, J., and S. Nelli, 2002: Mars Pathfinder convective vortices: Frequency of
occurrence, Geophys. Res. Lett., 29(23), 2103, do0i:10.1029/2002G1.015214.

Neakrase, L. D. V., R. Greeley, and J. D. Iversen, 2004: Dust devils on Mars:
Scaling of dust flux based on laboratory simulations, Lunar Planet. Sci.

[CD-ROM], XXXV, Abstract 1395.

Neubauer, F. M., 1966: Thermal convection in the Martian atmosphere, J. Geo-
phys. Res., 71, 2419-2426.

0020020290 (D0 0O0O)



gooo 51

Newman, C. E.; S. R. Lewis, P. L. Read, and F. Forget, 2002: Modeling the Mar-
tian dust cycle: 1. Representations of dust transport processes, J. Geophys.
Res., 107(E12), 5123, doi:10.1029,/2002JE001910.

Pollack, J. B., D. S. Colburn, F. M. Flasar, R. Kahn, C. E. Carlston, and D. Pi-
dek, 1979: Properties and effects of dust particles suspended in the Martian
atmosphere, J. Geophys. Res., 84, 2929-2945.

Pollack, J. B., M. E. Ockert-Bell, and M. K. Shepard, 1995: Viking Lander image
analysis of Martian atmospheric dust, J. Geophys. Res., 100, 5235-5250.

Rafkin, S., B. Haberle, and T. Michaels, 2001: The Mars regional atmospheric
modelling system: Model description and selected simulations, Icarus, 151,
228-256.

Renno, N. O., and H. B. Bluestein, 2001: A simple theory for waterspouts, J.
Atmos. Sci., 58, 927-932.

Renno, N. O., and A. P. Ingersoll, 1996: Natural convection as a heat engine: A
theory for CAPE, J. Atmos. Sci., 53, 572-585.

Renno, N. O., M. L. Burkett, and M. P. Larkin, 1998: A simple thermodynamical
theory for dust devils, J. Atmos. Sci., 55, 3244-3252.

Renno, N. O., A. A. Nash, J. Lunine, and J. Murphy, 2000: Martian and terres-
trial dust devils: Test of a scaling theory using Pathfinder data, J. Geophys.
Res., 105, 1859-1865.

Renno, N. O., et al., 2004: MATADOR 2002: A pilot field experiment on convec-
tive plumes and dust devils, J. Geophys. Res., 109, E07001, doi:10.1029/2003JE002219.

Richardson, M. 1., 1998: Comparison of microwave and infrared measurements
of Martian atmospheric temperatures: Implications for short-term climate
variability, J. Geophys. Res., 103, 5911-5918.

Ringrose, T. J., 2003: An investigation of Martian and terrestrial dust devils,
Ph.D. thesis, The Open Univ., Milton Keynes, U.K.

Ringrose, T. J., M. C. Towner, and J. C. Zarnecki, 2003: Convective vortices on
Mars: A reanalysis of Viking Lander 2 meteorological data, sols 1-60, Icarus,
163, 78-87.

Rossi, A. P.; 2002: Possible dust devils tracks detected in Tenere Desert, (Niger):
An analogue to Mars, Lunar Planet. Sci. [CDROM], XXXIII, Abstract
1307.

0020020290 (D0 0O0O)



gooo 52

Rover Team, 1997: Characterization of the Martian surface deposits by the Mars
Pathfinder rover, Sojourner, Science, 278, 1765-1767.

Ruff, S. W., and P. R. Christensen, 2002: Bright and dark regions on Mars: Par-
ticle size and mineralogical characteristics based on Thermal Emission Spec-

trometer data, J. Geophys. Res., 107(E12), 5127, doi:10.1029/2001JE001580.

Ryan, J. A., 1972: Relation of dust devil frequency and diameter to atmospheric
temperature, J. Geophys. Res., 77, 7133-7137.

Ryan, J. A., and J. J. Carroll, 1970: Dust devil wind velocities: Mature state, J.
Geophys. Res., 75, 531-541.

Ryan, J. A., and R. D. Lucich, 1983: Possible dust devils, vortices on Mars, J.
Geophys. Res., 88, 11,005-11,011.

Schofield, J. T., J. R. Barnes, D. Crisp, R. M. Haberle, S. Larsen, J. A. Magal-
haes, J. R. Murphy, A. Seiff, and G. Wilson, 1997: The Mars Pathfinder at-
mospheric structure investigation meteorology (ASI/MET) experiment, Sci-
ence, 278, 1752-1758.

Schwiesow, R. L., and R. E. Cupp, 1975: Remote Doppler velocity measurements
of atmospheric dust devil vortices, Appl. Opt., 15, 1-2.

Schwiesow, R. L., R. E. Cupp, M. J. Post, P. C. Sinclair, and R. F. Abbey, 1977:
Velocity structures of waterspouts and dust devils as revealed by Doppler
lidar measurements, Bull. Am. Meteorol. Soc., 58, 677.

Sinclair, P. C., 1964: Some preliminary dust devil measurements, Mon. Weather
Rev., 22(8), 363-367.

Sinclair, P. C.; 1965: On the rotation of dust devils, Bull. Am. Meteorol. Soc.,
46, 388-391.

Sinclair, P. C., 1966: General characteristics of dust devils, Ph.D. thesis, Univ.
of Ariz., Tucson.

Sinclair, P. C., 1969: General characteristics of dust devils, J. Appl. Meteorol.,
8, 32-45.

Sinclair, P. C., 1973: The lower structure of dust devils, J. Atmos. Sci., 30,
1599-1619.

Smith, M. D., 2004: Interannual variability in TES atmospheric observations of
Mars during 1999-2003, Icarus, 167, 148-165.

0020020290 (D0 0O0O)



gooo 53

Smith, P. H., and M. T. Lemmon, 1999: Opacity of the Martian atmosphere
measured by the imager for Mars Pathfinder, J. Geophys. Res., 104, 8975-
8985.

Smith, P. H., and Mars Pathfinder Team, 1997: Results from the Mars Pathfinder
camera, Science, 278, 1758-1765.

Snow, J. T., and T. M. McClelland, 1990: Dust devils at White Sands Missile
Range, New Mexico: 1. Temporal and spatial distributions, J. Geophys.
Res., 95, 13,707-13,721.

Stanzel, C., M. Pa” tzold, A. Wennmacher, E. Hauber, G. Neukum, and the
HRSC Col Team, 2005: First estimates of the forward velocity of Martian
dust devils from HRSC images, Geophys. Res. Abstr., 7, Abstract 06497.

Thomas, P. C., and P. J. Gierasch, 1985: Dust devils on Mars, Science, 230,
175-177.

Toigo, A. D., and M. I. Richardson, 2002: A mesoscale model for the Martian
atmosphere, J. Geophys. Res., 107(E7), 5049, do0i:10.1029/2000JE001489.

Toigo, A. D., M. I. Richardson, S. P. Ewald, and P. J. Gierasch, 2003: Numer-
ical simulation of Martian dust devils, J. Geophys. Res., 108(E6), 5047,
doi:10.1029/2002JE002002.

Tomasko, M. G., L. R. Doose, M. Lemmon, P. H. Smith, and E. Wegryn, 1999:
Properties of dust in the Martian atmosphere from the Imager on Mars
Pathfinder, J. Geophys. Res., 104, 8987-9007.

Towner, M. C., T. J. Ringrose, M. R. Patel, M. R. Balme, S. Metzger, R. Greeley,
and J. C. Zarnecki, 2004: A close encounter with a terrestrial dust devil,
Lunar Planet. Sci. [CD-ROM], XXXV, Abstract 1259.

Tratt, D. M., M. H. Hecht, D. C. Catling, E. C. Samulon, and P. H. Smith, 2003:
In situ measurements of dust devil dynamics: Toward a strategy for Mars,
J. Geophys. Res., 108(E11), 5116, doi:10.1029/2003JE002161.

Wennmacher, A., F. M. Neubauer, M. Pa" tzold, and K. Schmitt, 1996: A search
for dust devils on Mars, Lunar Planet. Sci., XXVII, Abstract 1417.

Williams, N. R., 1948: Development of dust whirls and similar small-scale vor-
tices, Bull. Am. Meteorol. Soc., 29, 106-117.

0020020290 (D0 0O0O)



gooo 54

Young, L. D. G., 1971: Interpretation of high-resolution spectra of Mars. II. Cal-
culations of COy abundance, rotational temperature, and surface pressure,
J. Quant. Spectros. Radiat. Transfer, 11, 1075-1086.

Zurek, R. W., J. R. Barnes, R. M. Haberle, J. B. Pollack, J. E. Tillman, and C.
B. Leovy, 1992: Dynamics of the atmosphere of Mars, in Mars, edited by H.
H. Kieffer et al., pp. 835-933, Univ. of Ariz. Press, Tucson.

0020020290 (D0 0O0O)



