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Behovior of Dust Devils
I i o x .n l , n  L .  I v r . ; s

Departnrent  of  Geography,  Inr i iana Lin ivers i ty ,  l l lmrnington,  Ind.

; \  B S ' l ' l t . \ t  l

I l r h e v i o r  o f  d u s t  d c r i l s  i n  s e v c r a l  l ) r r t s  o f  N o r t h . \ n r c r i L l  i s  r , u t l i l c d ;  f r c l d  d a t a  a r e  p r c s e n t r d ;  a n d  t h e
g e n c a r l  b c h a v i o r  o f  d u s t  d e v i l s  i n  t h c s c  a r e a s  f o u n r l  t o  i r e  i n  s u b . t a n t i a l  a c c o r d  r v i t h  p h y s i c a l  t h c o r i e  p r a e n t e d
b y  I { u D p h r c y s .

T \ U s T  I r E \ t t , S ,  l I l \ r '  k n o $ r t  a s  s a t t d  t l c t i l s ,  r ' l r r r t l o n r  r n 0 t i o n s ,  r v l r i r l r  , ; r r r i l o t  l r t '  i l t I o u n t e t l

|  )  d u s t  u ' l J j r l s  n n ' l  d i , t b l o s , ' ) n v c  b l r . r r  d u -  f o r  r r i l h  a r r . v  c o l r f i t l c r r c e  l r r '  ; r p l r l i c i r t i o n  o f

sc l i bcd  L ' ) ' I n : r r r , v  ex l r i r ) r c r s  a r r t l  geog -  kno rv t t  p r i nc i l , l t s .
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raphers,  Lrut  halc rcceivcd l i t t lc  at tcnt iotr

f r on r  n t t t eo ro l og i s t s ,  l r oss i b l v  bccausc  t l r es t '
rv i t td f ratur t 's  atc Iuost  f rcqut ' r r t  r r ' l rcrc l ru-

r r r a r r  ac t i v i t i c s  : t t t r l  o c t r rP t t i r , n  a te  l ( , i r s t .
I ) r r t : r  l r c re  p r cs t , r t l r . , l  : r l o  l r ; r s rd  o r r  r  i su : r l

r , Lsc r r ' 1 r t i t i r t  o i  sev t ' r : r l  1 l r o r r s : r r r , l  r l r r s t  r l c v i l s

i r r  a r i d  r t ' g i ons  I t f l l t . t ' r r  ( i r u r l r r r ; r s ,  So r1o1 i1 ,
: r I r r l  t r I 0 d i c i r t c  I I r r l , . \ l l r l r t a ;  u r r , l  u r r  r r r u n t ' r -
( , us  i r l s t r un l cn t i t l  o [ r s r , r r ' : t l  i o l s  i r r  l l r c  U t : r l r
l ) r , s t . r t  u r t ' l L .  I i r r r l i r r g s  r l r r r i r r g  l l r i s  s l u d v
: t r c  i t t  s t r l t s t a t t t i l t l  l r r r , o l r l  l i t l r  l r l l v i o r r s  oncs
as  r cv i r , \ r { r ( l  by  I l un rp l r r c . ys  ( 19a0 ) .

G r l enn l  D t sc t t r r " r ' r os

A t ; 'p ie a l  dust  < l t 'v i l  is  a srnal l  rv l r i r l rv iu l ,
shapcd roughly l ikc a corr t ' ,  rv i t i r  t l rc  apcx
Ircar or  at  the grounr l  sur facc,  anr l  t l r t  bast '
son t c  d i s t r r t t ce  abo l c  g roun ( l  l c r c l .  l ) u . s l ,
n ' l r ich nrakes th is t ransi tor) '  lv inr l  f ( 'a turc
v i s i b l c ,  i s  o f  l o ca l  o r i g i n ,  r n t . l  a l ) l ) i t r r ' n t l ] ' i \
l un  i nc i r l cn ta l  con r l ) o ) l r ' n t ,  ha l i r r g  l i t t l r  i t r f l u -

cn (e  o r r  t l r e  n r cc l r r n i cs  o f  t l r c : r t r nosp l r t ' r ' i , ,
\ ' o l  t ( ' x .  r \  t yp i e  : t l  d t r s t  dcv i l  i s  sho l  r r  i r r
[ , ' l ou f tE  1 .  r \ J t houg l r  neu r ' ] r ' : r l l  r l u s t  r l r v i l s

r t ' se t t r L l r :  an  i r t ve r t c r l  cone ,  ex t r e r r r c  va r i : t l i o r r s
i r r  l i c i gJ r t ,  an r l  i n  t he  ) r c i g l r t - basa l  d i a r r r c t c r
r i r t i o ,  i r r t ,  r t x ' o t t t t t l t t , , l  i n  t l r e  l i e l r l .

'_f t,r.; nc'toHrcs

S tud l ' o f  t l r c  t r a j cc to r i es  o f  dus t  dev i l s
d i sc l os r s  t l r a t  t l r ey  l l t v c  r r r t uy  f o r r r r s  o f
r r r o l i o r r ,  l r r r g i r r g  f r r i r n  subs ta r r t i : r l l ; ' ' / . t : t t t

t h roug l r  " pu re  r a r r t l o r r t t '  t o  scve la l  s vs te r r r .

at ic  forrr re.  Comlr l icatcd "  rn ixe, l  cascs'  '

: r r e  f r cq t r cn t l y  c t t co r r l l c r c r l ,  as  a r c  ! r o r r -

Sta t ionury  Du-s t  Det i l s . -Occ : rs iona l l y  a

dus t  d r rv i l  r r i l l  rn ig ra tc  to ,  o r  o r ig ina te  over ' ,

a  s l n a l l  t o 1 r o g 1 a t , 1 , i .  "  l t i g l t ,  "  a n t l  t l e r c
t  t  cRI t tP  t  '  f r l r  an  t ' r t t ' t tded  l , c r iod  ;  usua l l J

r c r n o v i r t g  l l l  l o o s r  t l u s t  : r r r r l  o t l r c r  l i g h t

r L . l r r i s  f r o r u  t h c  i r n r n c r l i a t t  l i r i r r i t y .  T l r i s

r o n r r r r 0 l l l y  o c c r t r s ,  i n  l l i l t .  d r ' s r l t  & f c i t s ,  o \ ' 0 r

l a r g r , : r D t l r i l l s ,  . \ t t  I r l l e r r r r '  ( , : t s o  t v ; r s  o l r -

s ( , r I C ( l  s { r t t i ( ,  . 1 ' ( ' i l I s  : t l l ( r ,  r l t t r i r ' , 1  l l r C  C O n s t r U C -

l i o n  t i f  : r  l : r l g r '  n r i l l r r l t r t  c r r r l r : r t r l i r n c n t  n c a r

; \ ) t a r ,  S o r r r r r i t .  I  r r  l r r i r l r r r o r n i r r g ,  : r  ) t t r g , t

r l L r s t  t l c v i l  s l l ( l ( l ( , 1 r l . t '  : I l ) 1 , ( " l r r ' r l  : t t .  t l r c  e n r l  o f

l l r t '  e r t t l t : t t t k r n e n t ,  l n r , l  t t ' r r r o r r , , l  l l r ,  r ,  f r  ' , ' ,  . i ,

l r r o r i t r t e t t , l l '  o l { t  r l r l r i i '  . r ' ; r r ' , 1  r , t  - r , , , .  j . , '

r l l r c  ' r r n t  d i a h l o  i , s  r u r r c n t  a n l o n (  S l , r r n i . i r . s p c i r k -
i n g  p c , 4 r l c .  A  f e r v  l n r l i a l r  a l o n S  t h c  s h o r c  o f  t h .
O u l f  o f  C a l i f o r n i r  t a l l  t h c . t  s a r n c  u l r i r l r r i n c t s  z r o l i r u r
( l t :  u t c i a  ( s a n d - n r i l l s ) ,  a  t c r r n  p o s s i b l y  l c a r n c d  f r o n t
S l r a r r i s h  J e s u i t s  i n  t h c  l a t e  I  6 0 0 s ,  r v h o  t r u g l r t  a n
. r b r i d g t t  f o r n r  o f  S p a n i s h  i n  t h e  a r c a .

l i r c .  I .  . , \  t yp ica l  dur t  d$ i l ,  ap1 ; ro r imate ly  2 ,000
f re t  l r igh ,  i r i  the  Dugwa) '  \ ' a l l r ] .  U tah .  The brs t
i s  jus t  above t l re  S tan .bury  shorc l i r r .  l l o t ion  o f  tb t
dus t  dev i l  i s  f rom lc i t  to  r igh t  in  lh is  r i cw.
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hour for  four hours.  Erosion was hal ter l ,

and the t lust  devi l  broken up, 'by park ing a

bul ldozcr at  tho encl  of  the f i l l .  A eimi lar

caso, reportcd by Pieeto from the vicinity of

Cr i ro,  Egypt ,  is  c i tat l  by l lumplrrcyr  (1940'

P ,  l ) . t / .

Migratory Du.st Dcrils.-Commonly, duet

r lcv i ls  are not  stat io lary,  but  nrovc s lowly

nnd errat ieal ly  in a fa i r ly  t lef in i te d i reet ion.

In rome instances,  th is d i rcct ion is  deter-

nr ined by a srnal l  topograpl ic  r idge,  sucl t  as

s rsilroad enrbtnkmcnt, road fill, or aneicnt

blr. Morc often, the net travel of a migra.

tory tluat rlevil. is about the same as that

of the local rvind, although the total travel

ol the base of the dust devil, apparcntly due

to pure random wander ings of  the axis,  is

usually considerably greater, as is indiceted

in FIounn 2.

Systemotic Dttst Deail Molion.-ln a few
rlish-shapcrl playae, dust tlevils follorv a regu-
lar epiral course, on windless clays. Thie
behavior has been observeil in thc Ajo
Ia l ley (centered about Lat .  32o25'  N;

Long. l l2 '48 'W),  Ar izone, ancl  Sal ine Yal ley
(centerer l  about Lat .  36 '40'N;  Long.
117'35' \M), California, by the rvriter, ancl
har been reported' to h im as oecurr ing in
rcveral cireular playas in central Nevada.
This motion is diagrammed in FIounr 3.
Rotation of the path of the tlust devils, in
both areas observetl, was always counter-
clockwiae, although the vortices rotateal
tither wsi, anil in some instances (ap-
pDrently) reversed direction after passing
oror rmall obstecles. In the Ajo Yalley,

TRAJECTORY OF DUST DEVIL

[tc. 2. Trajectory of dust dcvil when miSrsting
under infl.uence of wind.

.rrcral ilust devils, in t}e gamo track, but
r0vtral eireuits apart, may bo present aimul-
taneoutly. This wae not seen' in Ssline
Ynl ley.

Tra jeetory Conf rols.-tr'ielcl observationp
tnrlieate that the trajectory of a ttust alevil

is  largcly contro l lcd by local  topography

where there i r  l i t t le  or  no regionrr l  wind;

but that, whcn regional rvind reachcs e

dofinito speod, approximating thrce milea pcr

I

Frc. 3. Trajectory of dust devils in windls
wealher in a circular playa.

hour in many areas, the rvind, and not thc

loeal topogrrphy, becomes tlrc nrain con-

trolling faetor.

At  the per ipher ies of  sorne descrt  basins,

suc)r as thq Palrranagat anrl Snake Yalleys,

in eoutheastern Nevada, and Danvin Wash,

California, loeal canyon rvinds, of eonyec-
tional origin, uro<lify clust devil trajectoriee
markedly.

Fevonluln, Geocnapnrc Coxottloxs

Dust tlevils &re most frequt'ntly seen in

broai l  ar id basins,  where therc is  l i t t le  sur-
faco vcgctation, and much loose strlnce dust.

Thie tluet layer need not be thick, therc
being enough dust on rrany suppessflly
baro rock aurfaees,  sueh as t l re Snako River
lava pla in (southern Id,aho),  or  t l re Pinacate
lava field (northwestcrn Sonora), to make

dust devils clearly vieiblc.
Duet clevils aro rarely seen in areas of

deeiduous forest, well watererl grasslands,

oalt marshcs, or over lakes. Whcre local
relief ig considerable, as in badlands, dis-
secteal plateaus, or mountains, tlrey are
aeldom reported.

FAVo&ABLE AruosrHruc CoNDrrroNs

In geographically favorablc arcas, clust
tlevils oeeur most frequently in clear weathcr,
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\yhcn the Burface has been hcatccl for some

hours, anil wlten there ie little surface wintl.

Uncler these conditions, the surface air ie

very hot with respect to that a few hunclred

feet aloft, and the lapse rate, near the

ground, is deciderlly auperadiabatic. Typi'

cal favorablo conditions, measuretl tluring a

" Great-Basin-High t '  reginrc,  arc:  surface

temperature,  160otr ' ;  onc foot  above eurface,

142"F;  f ive feet ,above surfaee,  116' l ' ;  500

feet  abovo surfacc,  100"F;  2,000 fcet  abovc

aurface,  92oF1 "rough air"  at  2,500 foet . r

These atmospheric couilitions, both in

theory anrl in the fielcl, ars i,he eame as those

fevoring development of inferior, or

"watert '  miragee (see Humphreye 1940, p.

1 5 1 ) .

- I'rer,o OssgnvltroNs

Although clust devils occur in many parts

of the world, in a variety of environtnents,
their behavior, wlrcrever notccl, ie about the

Bame, as aro tho dimensions, and other fac-

tors involveil. A largo part of the observn-

tional data hcro prescntcrl, anrl all of tho

instrumcntnl ilnta, war obtainecl in tho Srrlt,
Lako Dcacrt, Utah. So far rs e,rn bcfr]

torminci l ' i rom numcroua obscrvat ionn c lac-
whcro, all cluet <lcvils trro dynamically

similar,
Eclation to Mirngcs.-Idcntity of condi-

t ions favor ing oecurrcneo of  r lunt  i lcv i ls  and

of infer ior  miragcs hns bcen mcnt ioncr l

proviouBly. Whcn o dust alovil occurs in a

rnirago nrca, tlro rcflectivo surfnco i8 dis-

ruptcd ncar tlro baao of tho vortcx (whieh

is opproximately tho apex of tho invcrtcil

cono), ancl the clust rlevil apparently "eats
a holo" in tho mirage, This ie rhown

echematically in tr'tsunp 4, tho actual bouncl-

aries aa aeen being somewhat iudcfinite.

Longth of the r'window" along the trajec'

tory of the clugt tlevil ie commonly from

200 to 1,000 feet; width ie commonly 100

to 500 feet.

A rlust tlevil can sometimes bo started by

IVol. 28

crcating a minor disturbance in a tnirage,

as by firing a mortar gheil into the "lake,"
or by driving a jeep through it. In some

instances, the path of a medium-sized ani-

mal, auch as a jackrabbit or a coyote, across

the desert, is marked by a euccession of

smal l  ( lu3[  dsvi ls .  I t  is  qui te poseible,

a l though not  ronelusively shown by f ie ld

observat ions,  that  most  drrst  i lev i ls  are
t  J star ter l  t  '  by srnal l  animals.

Flc.4.  "Holc"  or  "window" in mirage
produced by dust devil.

Usual Dimensions.-Heights of dust devilr

rango from a few feet to a ferv thousand

fcot, values execeding 2,500 feet being un.

common. Major  d inmetcrs ("  top ")  are

almoet. invar iably lem t l ran hal f  t l rc  l rc ig l r t ;

ancl arc urually Icss thoir one.thiril of that

dimonsion,
In ecnriarid nrcaE, or 

'locolizctl 
dry arclr

in humir l  rcgions (ruch as plor tcd f ic ldr  or

now filln), tluet dcvila rrrcly execcrl 100 fcct

in l ro ig l r t .
In nrnny nrcas of  t ruo t lcscr t ,  heightr

ovcragc about 600 fect .  T l t is  l inr i t  io

roacbed in many parts of  t l to r 'Durt  Bowl, t '

in  tho Rcr l  Dcsert  of  Wyoming,  and in thc

Pecos Vallcy of Texas.
' Wherc aridity is extreme, and regetation

nearly or cntirely laeking, as in parto of

the Salt Lake Desert, Death Valley, tltc

tleserts bordeling on the Gulf of California'

ancl parts only of the Atacama Deaert,

visible heights of from 2,000 to 2,500 feet

are commonly attainetl,

Several tluat-latlen rvin<l vortices' tower'

ing more than 5,000 feet above grountl, hare

beea aeen by the writer in Baja Californir'

Thero, which Ewept out orer the Gull and

raisetl watorgpouts, may represent I marl'

mum tlevelopmenb ol dust tlevil action; ot

may havo boen tornaclos. As these dieturb'

BUI , IJETIN AMERICAN METEOROI 'OOICAL SOCIETY
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t Thc first three temD€ratures vere measured with
a fine-wire tbermocouple, polished to minimizc thc
cfiect of incid.nt rgdiation. The two uppcr-eir tcm-
Dcrrtur6 vcrt mcasurcd with i diD-sucam thcrmom-
;tcr. Both tbemomctcrs vere chcclcd by comparisoa
with I stendrd Wclther Burcau statioD thermom€t€r.
A "boundary laycr" condition ls ruspcctcd at thc
gurfacc.
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ru t t t i ng  | l  n t i no r  ( l i s l r l r l ) l I t l t ' t '  i t t  t t  t t t t r t r g t l t

, r  l r y  f l r i n g  u  t t t o r t n r  * l r l l l  i t t t o  I l t r t  " l r t l t t ' t "
, r  by  d r i v i ng  t  , ecp  t l r r ough  i t '  l n  so rnc

i ns tBnccs ,  t he  pa th  o f  n  n t c t l i u l n ' s i zed  an i '

rD:r l .  aucl t  l l8  & jackrobbi t  or  i l  ( lo) 'ot { l '  l ! ( ' ros8

l l rc  descrt ,  is  Inarker l  bY t t  succt lss ion of

.nral l  r lust  r ' lc l i lg '  I  t  is  qui to possib ' lc ,

; r l thouglr  not  conelusivc lv s l tos l l  b,v i ie l r l

, hse rva t i ons ,  t ha t  t t t os t  d t t s i  r l c v i l s  a re
'  '  s tar ted t '  by smal l  ani tnals '

| \ ' o l .  9 l i A i r r i l ,  1 0 4 7  ] \ ta ' l  lu l , l : s

0neos  r ) c ( ' l t n . ( , r l  i t r  l l r r . l . , t .  l l ( r , n i l g r  i r r r r r r r , r l i .
t t t o i y  f o l l o r l i r r g  t  r l l x i r . r , r r l i r g  f n l l r v i r r r l ,  n r r r l
I ) r 0ced i l ) g  r r  s r r r r r l l  l r r r r r . i l r n r , ,  t l r c i r  c l nsx i f i cn .
t ion is  eonrcu'hat  doubt. fu l . '

Numerous  o l t s c r t  l r t i r , r r s ,  i t r  : r  r ons  o f  : r r l c .
qu& to  dus t  s r rP I l v ,  sho rv  t hn t  l l r t  r . i s i b l c  t o l
o f  a  r l u e t  r l o v i l  c o i n c i r l t s  r l r r i t r .  r , l o s e l v  r r i t l r
t l r C  l c v e l  l r t  s  l r i , . l r  : r  I l r r . g c  s r r r , r k r ,  e , r l r r l r r r r
" m u s h r o o u r s ' ,  a l t c r  i n i l i a l  s t ; r l r i l i z r t i o t r
(F I c .  5 ) ,  T l r i s  c l c r t r t  i r , r r  i s  : r l so  I r a t  r r f  t l r c
basc  o f  i t  zonc  o f  ex t  r r . r r r c  a l  r r r os I l 1c1 i r ,
t u rbu l c r r cc ,  o r  ,  I  b r r n r l r i r r oss , , '  l r s  r l c t o r . r n i r r c r l
by  f l y i ng  t h rough  i t  i n  ; r  l i g l r t  p l nn t , .  L ; r pse
r i l i e  changcs  f r o rn  r l i s t i t r c i l . r .  su l r l r . a , l i ub t t i r ,
be l o r v  t h i s  t u rbu l cn t  z r t n t , t o  s l i g l r i l y  s r r l r .
adiabat ic  (as shorrn Lr"v r : r r l iosorrr lc  obst , r r . : r_
t ions) abovc i t .  Tn a f ( , \ \ .  i r rs t ; rnces onlr . ,  a
r vcak  i n f c l i o r  n r i r nge  u . : r s  no l r . r l  t r t  l l r i s  l r , r . r . l .

Behn t i o r  u . i t h  r ( s l t r t l  t r t  ( ) l t s l t r l t s . _
Dus t  dev i l  t r n , i ec to r i es  a r t , r r t o t l i l i t , r l  o r  i n .
t c r r up ted  b1 ' a  nun rbe r  o f  o l r s t t r t . l r . s ,  r r r ; r r r r .
o f  t he rn  t opog rap l r i ca l l . r ,  r r r i l r o r .  A l t l r oug i r
cach  a rea  l r : r s  i t s  o r . n  l o r , ; r l  1 r1 , r , 111 i ; 11 . i 1 i r , s ,  l l r c
fo l lorv ing gcncral l t i rs  st , r , r r  . jus l  i f icr l .

W h e n  a  d r r s t  r l e r i l  ( , n ( , r ) u n t ( , r o ; r  l o l r r i -
g rap l t i c  h i g ) r ,  i t  t onds  l o  e l i r r r b  t o  t l r e  sun r .
n i t ,  and  t l r cn  t o  , ,  e t n . r 1 ,  "  t  l r r r . c .  . J . l t c  r l r r s f
dcv i l  w i l l  no t  usua l l v , l 0sc t , n r l  i r  s l o l r { t ,  evcn
i l  a i dc t l  l t y  n  r v i n , l . .  I t  r v i l l ,  ) r ( ) r \ . r , \ . ( , r ,  r r { , r . o

_ l r c .  
5  " l l u s h r o r , n t i l g '  , , f  s n r . r k e  r , r l r r r l n s .  l n

fi i',iT'l'?'"i';, J*',ll;l :J,, J l:r "# *J,1'; ;,,::i,','o;!
lcross a s lope rr i t l r  l i t i lcr  f lcr . i i r t ipn,  u l lcss
in l luence, l  by a lor .a l  r r i r r r l .

When a dust  dt ,v i l  cn( ,oulr tc16 . r  topo-

.  
t  L o c a l  I n t l i u n  f i . h r r n r . r r r  (  r lni:\11' :li:i:"r::,Tiir i:. ii,{ #- }li {i}i

Iili,,.t'rniiil ;\!"s',1:itj::"J1, -6i* ir"; i' u' .'"i,j
i:g, Ir:h, nr i,unrtersr.url .;'" 

". "1"',Jiljil,' l;"'iii::,llf,ii: rlJ,1,TJil""""i'"ndT:'J..1? r"t' cnt, i., q;are ier

g t t t p l r i l  l o r v  o f  r r n r r l l  r l i r r r c r r x i o r r s ,  r r r r , l r  n l  r r
r l i t c l r  r r r .  l r r u r l l  r t r r x l r ,  i l  r r x r r r r l l . v  , , . j r r r r r p l  , t

l l r t ;  l o r v ,  l r s  j r r  l ' r c t :Hn  ( i ,  i Jon rc  l o r . a l  t no r l i .
f i ca t i on  o f  t hc  t r a j cc to r y  may  occu r  i f  t he

I ' r , ; .  6 .  I l c l r , r v i , r r  . r , f  a  
, r i u s t  d e v i l  r h c n  c r r . i n F

i,.';"x'i . ltliii:',j^1;,i;l;.,,il;n jilll: :li;:"illnf
,i,,,lT' ",ni:i;,,, liillol".l:"u1i .l",iXf'"^a,l:";j]; "i,1

l rnglc bct t r .ocn r l r rst  r lcr . i l  t ra joctor l ,  ant l
t l i t c l r  c r r u r sc  i s  a r . r r l r , .

\ \ ' ) r cn ; r  t l u s t  dc r i l  l r : r r . c l s  f r o r r r  a  l a l r r l
I r re l l  tu : t  \ \ .a lor  sr t r f l r r ,c ,  i t  ber,ontcs in-
v is ih lc,  brr t  tho \ .or tox r loc. , l  not  l locca\al i ly
r l i s s i p l r t l  i r r r r r r e r l i a t c l . v ,  : r n r l  i t  r r r ay  r a i sc
\ t l ) i t { , r : } l , s  o r  sa l t  r r . l r i r l s  f o r  a  sho r t  d i s t a r r ce .
r \ l l i ' r r r l r l s  t o  f o l l o r v  t l r r r r r .  vo l t i l c s  o \ , ( , r  11 . t 1 , l o r ,
l , .y  usr '  ( ) f  y icrr ) r rg r l ,  ,  ic<,r ,  drrr :h l rs  l to l l , r iz .
r l lK  s ( , r ( , ( . 1s ,  \ \ ' { f r ( ,  } t o t  c r r t i r t , l y  s t : r , c l s s l . r t l ,  bu t
j r r t l i ca l c , i  a l t r r os l , l r t , r i c  t r r r bu le r r r r ,  f o r  so rnc
t i r n r l  a1 ' 1 i ' r  r l i r : t 1 r I r , : t r i r r r r , c  o f  l o r r r r ; r l l r . . v i s i l l l c
l l i r l c r r c l  o f  r r i r  r r r o t i o r r .  \ \ . i l l r  o r r r ,  pos r i b l c
( , \ c ( ' p t i o r r ,  l r r t , v iO r r s l . y  c i t ed ,  dus t  r l , , v i l s  d0
r ro t  I r o r l ucc  l . i r t e l s l ou t s  l , l r en  f l l c y  f 11yg1
0u t  ovo r  r v : r t t r  g t r r f l r t , r , s .

l ) t t r a t i t t r t  u i l d  J . . n / t l h  r t l , l . r u r I . . _ , 1 ,1y , , , y .
r t l . i c : t l l r ' ,  ; r  d t r s l  r l c v i l  ( , ; n r  r . { , l l  i n u r r  t o  o x i s l ,
i f  r l l t i o ru r r . l . ,  r r r r l  i l  i t  r , r l r ; r r r s lB  t l r ( ,  i r l i t i l i l l , i o
sup I l v  o f  l r ca t cd  a i r ;  an t l ,  i f  i n  n ro t i on ,
uu t i l  i t  l r : r r . c l s  ou t  o f  a  f a ro rab l c  cnv i r on .
nr  cn f .

I ' : r l o r . : r b l c  r r r t , t t , o ro l og i ca l  eon , l i t i ons ,  i r r
h i gh . l a t i t u r l e  desc r t s ,  c x i s t  f r on r  abou t  t r vo
hou rs  r f t e r  sun r i s c  un i i l  t  sho r t  t i n r c  a f t e r
s l lnset ,  or  somerylr ; r t  r r rore f l ran fourteen
lrours t l t r r ing the srrr runt , r  grason. Conse-
qtrent ly ,  the theoret ical  I i rn i t  of  i l re durat ion
of  a stat  ionar.y dust  r lev i l  in  such an en-
v i ronnrcnt  is  s l ight ly  less than thc length of

Flc,  4,  " I Io le"  or  "window" in miragc
produccd bY dust  doi l .

asuol  Dintensions.- l lc ig l r ts  of  dust  r lcv i ls

rango f ronl  : t  fcrv fcct  to a fcrv thousand

feet ,  valuee cx( 'cc( l i I rg 3,500 fcct  bcing un'

r ommon .  I I a i o r  d i ; r l n c t c r s  ( "  t o1 r  " )  a r c

a lmos t  i n ra r i ab l - v  l t ' s s  t l r an  ha l f  t l r t '  l r o i g l t t ;

; r nd  o r c  t t su : r l l . 1 ' l e ss  t l r an  onc - t l r i r d  o f  t ho t

r . l inronl ion.

I n  gem i t r r i t l  a r cas ,  o r ' l o r t l i z r ' , 1  t l r y  t r r c r t x

in hunr id r t 'g iona ( : l l ( ' l r  i ls  Jr losrr l  l i t ' l r ls  or

new f i l ls) ,  duet  r lev i ls  rar t ' ly  c. tc t ' t ' r l  100 fcct

in }e ight ,

I n  mnny  n r c&s  o f  t  r t t c  dcso r t ,  l t c i g l r t s

avc ragc  abou t  600  f cc t .  1 ' b i s  l i r r r i t  i s

r eached  i n  t na r r y  pa r t s  o f  t l t c  " f ) us t  I l o r v l , "

iu tho l lc , i  f tcscr t  of  \ \ '1 'otu ing,  anr l  i l  t l rc

Pecos Val lcy of  Texas.
'Whore 

ar id i ty  is  cxtr t 'mc,  l rnr l  vcgctal ion

nca r l y  o r  o t r t i r e l y  l uek i ng , : t s  i t t  1 r : t r t s  o f

t ho  Sa l t  Lako  l ) c sc r t ,  I ) c l r t h  \ - ; r l l c ) ' , 1 | c

, l osc r t s  bo rde r i ng  on  t l r e  Gu l f  o f  Ca l i f o rn i a ,

end parts only of  t l tc  Atacantr t  Dcsert ,

r i s i l ' l o  hc i g l r t s  o f  f r on r  l l , 0 ( ) 0  t o  9 ,500  f ec t

r r o  c ( ' n lmon l ) '  n t t i r i t t n r l .

S r , . . r . rR l  , l i r " t  l ; r r l c r r  r v i n , l  l o r t i r c s ,  t owe r -

ing more t i r : ru 5,( r0( l  l ' r ' r ' t  a l )o\ ' ( '  grr r t ln(1,  Lt tYc

becn aeen by the sr i t t ' r  in  l t : r , i r t  ( 'a l i forrr ia '

Therc,  which rnept  out  ovcr t l t t r  Gul f  and

rnired rt'rterrpouts, ln:I)' re!rest'trt & lllaxl'

r nu . t  , i ,  r , ' 1 , ' i r n16n l ,  o f  r l us t  r i e1 . i l  a c t i on ;  o r

nray h&vo bt ' r 'n  tor t rar l t ts '  As t l rcse disturb '

OF OUST OEVIL
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the legal clay. No rlust tlevil seen by the
writer, or reportecl to him, has even cloeely
approacherl this limit; few havo lastecl for
even half of thie tlreoretical rnaximum.

A rough relation has beeo noted between
the gizo of a dust tlevil ancl the timo rvhich
it larts. An average figure, based on ob-
servations in the Balt Lake Desert, is one
hour of duration for each thousand feet
of height, provided the duet devil, during .
this time, does not travel out of tlre favor-
able geographical environment, or into a
cloud ehaalow.
, Net length of trajectory of a dust tlevil
migrating undcr the influence of wind can
be rletermined by simple and obvious compu-
tations, but. groso length, or total travel,
ig aomewhat more ilifrcult to compute. One
carcfully conducteil gct of measurementg
intlicated the gross travel of a migrating
tlust devil was about 212 t\mes the net
travel l  whi le another geries showetl that the
gross travel equallecl the local wind apcetl
plus 4)! mph. Ae the winil speed in tho
area where tho testa were conductecl was
close to 3 mileg pcr hour when tluet ilevile
were moEt nume rous, it cannot be gtateal
with any confirlenco.whether gross dust tlevil
travel is better expressed by CS or S { .K,
where B - wind speeil, C snd lf ar€ con-
rtante.

Duet tlevile. with a height of about 2,500
feet (tr iangulated), a l i fe of seven houra,
and a net travel of forty niles have been
seen by the writer in e few instances on ths
Bonnsvillo Salt Flats in western Utah (bce
USC and GS Solt Lalcc Citg Sectional
Aoronautical Map). Such devclopment is
oxceptional cvcn for tlis area, which is
topographieally anil rnetcoro16gically €x-
tromely favorablc to dust dovil developmcnt.
Net couree.and rate of travel in these in.
gtances wag about the sams as tho local
wi:rd, and extinction. of the tlust devils
wag due to t ' running out of environment.t t

Yortea C6nititdons.-Attempts to measure
the horizontal and vertical wincl componente
in rlust tlovils, by chaaing them in e jeep,
snd ixserting a portable airmeter into the
vorter, disclosed that both tho horizontal
and v€rticel componente erc€edeal 20 miles

IVo]. 28

pcr hour,  the l imi t  of  dependab)e indicat ion

of the airmeter,

Temperaturc measurements,  made by in.

serting o thcrmocouple into the vortex, indi

cate that internal temperature is lower thal

that of extern&l air by several alegrees.

This value may be as great as eix degrees

(I ' ) ,  a l though, because of  the ef fect  of  re.

hicle vibration on tho briilge ga'lvanometcr,

ancl possible crrors in plaeement of ihc

thermocouple, considerable error is possible.

In one instance rvhere a dust devil passcd

over a fixecl recoriler, air temperature rosi

2Fo above its prcrious average value, thcn

fcll 5F' belorv it, antl returned to the

original valuc, all in one minute, Because

of rccorder danrping, these values are not

maxima. Initial temperature rise is tcnta.

tively attributetl to friction of heated eand

on the thermocouple.
A piece of metal inserted into a dust ileril

a few feet above the grouncl becomcr

strongly chargecl with respect to ground, the

amount of charge and its polarity being ap.
parently a function of the nature of thc

tlust particles.
'Wjren 

an aneroid baronrcter was inserted

into a dust devil, the indicated pressurr

rose alightly as the outer, tlust-larlen zont

was penetrated, then fell markeclly neat

the center, u'hich is largely free of dust.

fnternal pressures from 12 to 2% inchcs

of mercury belorv those outside were i-nili '

cated by this procedure.

Becauec clust dcvils carry various objects

aloft, such as mice rnil tumbleweeils, al'

other dctcrmination of the vertical rsind

componcnt cnn bc mtde on the assumpt io!

that tho wind speed nceessary to carry an

object uprvar<l is not less than the mariimun)

speed of  f rcc fa l l  of  that  samc objet t

( " terminal  vc loci ty t t ) .  The largest  object

seen to fall from a rluat devil being r

kangaroo rat (Digtgdontgs 8P.)r the terminai

volocity of this animal was measurcd by

dropping several of them from the top of

the control torver and timing the last 20 feet

of fall. Tlris lvas founrl to vary from 2i

to 30 mph, the animal being apparently

unhurt efter lancling, although usuaiiy rctJ

angry. This woultl intlieate that the Dlri

mum upwarcl component ia a clust deeii
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per hour, the limit of clepentlablo intlication

of the airmeter'

Temperature measurements, matle by in-

serting a thermoeouplo into the vorter, incli'

cate that internal temperature is lower than

that of external air by several degrees.

Thig value may be as greot as six clegrees

(F), although, beeause of the effect of ve'

hicle vibration on thc bridgc galvanometer,

anil possible errors in placement of thc

thermocouple, consiilerable error is possiblc.

Iu one inetance rvltere a dust devil passcd

over a ffre<l tecorder, air temperature rosc

2Fo sbore its previous avcrage value, then'

fell 5Fo below it, and returned to the

original value, all in one minute. Becausc

of rceorder damping, these values aro not

maxima. Initial temperature riso is tenta'

tirely attributecl to friction of heatecl eand

on tho thermocouPle.
A piece of metal ineertetl into a tlust devil

a few feet above tho grountl becomes
strongly chargetl with reapect to grountl, tho

amouut of chargc anil its polarity being ap-
parently a function of the naturo of thc

dust partieles.
'When 

an aneroid bnromcter was insortcd

into a dust devil, the intlicated pressurc

roso elightly as tho outer, dustladen zone

was penetrated, then fell marketlly neer

tho center, rvhich is largely freo of tlust.

fnternal pressures ftom 12 to 2Yt inches

of. mercury below those outgitle were indi'

cated by thie proce<lure.
Becsuee tlust dcvils carry varioua objcctc

aloft, ruch as rnice anil tumbleweecla, an'

other tletermination of ths vertieal wind

conponent can bc mailo on the aBsumption
that the wintl speecl necesoarJr to carry an

object upwaril is not less than the rnaximum
rr-r.d ol frec fall of tlat same object
/"'.+rmi.ual velocity"). Tho largeet object
try:, lo fall from a dust devil being a

iralgaroo nt (Dipydomgs sP,)r the terminal
ldocity of thig auimal was meaaured by
dropping sereral of them from tho top of
the control tower and timing the lagt 20 feet
of fall. Thie was fountl to vary from 25
to 30 mph, the animal being apparently
unhurt efter landing, although ueually very
ongry. This woultl htlicate that the mari
utum upwartl conponent in e ilust ilevil
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erceeds 25 miles per lrour. If, aa has been
reportetl by oome deeert residents, but not
sccn by thc rvritor, cottontaile and jack-
rabbits are carried aloft by durt devile,
the upwarcl component may exceed 3b miles
per hour, the terminal velocity of a jack-
rabbit (which is etunned and internally
injurod on lantling).

Occasional passsge of dust devils over
fired rvind recording stations gave inclica-
tione of horizontal winds that acceierated
from near zero (0-3 mph) to speeds of from

. 50 to mors than 90 mph, anrl tlren returned
' to approximately their previous low value,

gll within 30-100 eeconds. Durirg this
camo interval, the rvinil vane rnade geveral
complete revolutions. Speerl tracea over-
lapped whon winrl speeds exceeded about
90 mflr, and .the ilireetion recorder clicl not
rcspond to yane rotations at a rate exceod-
inig 10 rpm. In several instances, recorcl-
0rs were found rvith all bearings burned
out, ond all cavitiea packed with oand, due
lpparently to a dust devi l  . ,camping, at i l re
ingtrument station.

Application of etaudaral engineering
computatione to damage causecl when large
rlust devils passed through an outcloor etor-
rgo yard intlicated that the maximum over-
turning force (the square root of the eum
of the equares of tha horizontal and vertical
forcer) in no instance equaltecl that pro-
duced by a wintl of 1b0 mph; that the
horizontal component exceetletl tbo vertieal;
tlut the maximum force was concentrateil
in a path legs tlran ten fect wide ; anil ilrat
winrl rpced 25 fect on each side of the
rontral tlack in no observeri inetanco or.
cmdeil 20 mph, The above computations
*tro eorrected for the alt i tude (4,800,
ns l ) ,  bub no t  fo r  pose ib le . , rock ing ' ,  o r
resonanco eftostg,

MnrnoRor,oorcar, Broxrncencn

Both theory ancl felcl observations indi-
cate that duet devile are normal phenomena
in flat sreae whqn wind apeed is low ancl
the lapso rate is eteep. fn moat general
tarms, the frequency of occurrence of dugt
devils iB a clirect, but not simple, function
of the magnitude of local thermal instabil-
it1 not otherwise rolieveal. yerticel tlimen-
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aiona of  dust  devi ls  are l imi ted,  at  least  jn
part ,  by the vert ieal  extent  of  th is in-
stabi l i ty .

In most deaert areae, and sonre otherr,
the nct ineident radiation ia of auch magni.
tude that air temperatures, if the gurface
air wcre confinccl, rvoulcl exeeed those actu-
ally rccorded by many degrces. Disposition
of this "entropic excess" is usuaily attrib-
uted to convective motione of the Iower
atmosphcre. That thesc motions take place,
anil that their magnitude is sometimcs ver).
grcat, is amply ahorvn by air currents in
the immediate vicinity of cumuli. In most
clesert, ancl aome other, areas, hotvever, tle
maguitude of such convections is entirely
inadequate to account for all thermal relief.

Where terraiu ia favorable, therrnal relief
ig attained by lateral migratiou of heated
air to cooier areas. The peripheral anabatic
winde of some desert basins are an extreme
dcvelopmcnt of thie effect. Witlr one or
trvo doubtful erceptione in tlre Death Valley
aren, thcse also are of ineufficient rnagnitude
to bring about tbe known reduction of air
temperature. Tlrey may, lrotvever, in some
instancea, rause aB ntuch as half of it.

If all thermal relief not otherryise ac-
counterl for is attributerl to dust devils (or
similar vortices, not nccessarily visible),
then they may be creditecl with a maximum
relief of one-thirul of the total.

tr'ielcl observations suggest, but computa-
tions do not conclusively demonetrate, that
there is an upper limit to the amount of
thcnnal  rc l ic f  which can be brouglr t  about
by ordinary (or clo,seiurl) convection, aud
a lower limit (perhaps 101'o lapse from
surface to 100, feet above it) below which
tlust devile are negligible factors in tLermal
relief.

' Coxcr,usrox

By application of physical theory to tlre
sketchy data then available, Ilumplrreys
(1940, pp. 151-155), prior to 1928, outlired
a theory of duet devil behavior lvhich is
supported by obeervations hero clescribeal.
Extension of this theory, to cover air motion
within the vortex, ahoultl be practicable with-
in tbe near future.
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Fiell data here presentecl are regarded whirlwinds similar to tlust rievils, but in.

as a second approximat ion,  probable error  v is ib lc beeause of  laek of  dust .
being bctween 70 and 20Vo. Further obncr.
vations, to a highel degrce of occuracy,  cKNorvLEDc.\tENTS

ehoulal be made as Eoon as instrument ate-
veropments make them por,,.*._. ,.1[;;tn";r":"ff:::i, ;: ;;:r*tH; ,

Field instrtrurents lrow.(1lnu). avai lable i , i l .n"i .or,n,"ntar data; to sr.. Ios6 Juan,which are sufficiently portablc, to.l 
.o:" 

t" oi qulrouuquila, Arizona, for informativs ,areas where duet devi ls are plenti ful are. ,-in general, too srow , :{,.1 :;;i4l;;; il f;t1:'}T:".i.';1"1",,rffi:;:1"1-fflT* I
too subject to clust damage, to permit greBter .,nitt lou".tigutione in the salt Lake Desert; !dats refinements,

Relief of . r entropic exees'cE, r by dust 
and to Dr' s' w' Grinnell, of stanfor{l c}

trovils in 6esert areas ;;;r; o..;;..;; 
university, for lrelpful iliscuaeions of ir' (:(

i ts  re lat ive magni tucre,  ; ; ; ; t " ; . t&"; ;  
et rumentat ion ancl  f ie ld problema'  

I
,  t l

conditione, needg more accurate iletermina- RsFEnrNcs rl
tion; ae doee the magnitutle of aimilar
thormal adjustmente, in 

-nondesert 
s';";; uy ""0fl*.il'i,*;oia,tli,?.,illl;: 

ol thc Ab, 3d td., 
-l

;
Meteorology Articlel for Illgb-Scbool Stualentl sl

The Mnreh 3-7 issuc of  Currcnl  Sciencc and Auiat ion which goos to h igh.srhr ,o i  i
s tnt lcnts througlrout  tho conntry,  ie dcvoted almost  exclueivoly to meteorology,  Tl rcre:r r . '  : ' i id r ( r t r u , I U t  r r r r u u B r t u u !  l r r u  c U t l r l t r J r ,  r B  O C V O f , e q  & l m O S [  e X C l U S r V O l y  L O  m e t e o r o l 0 g y ,  I  l t o r e  : l r r ,  , , 1
art ic les on t (Rader anr l  Weathcrt t ,  t 'Weat l rcr ,  Cl imrr tc and Businesst ' ,  in  u l r i r :h the Amrr i .  ] . t
ean Meteorological  Society 'g intercst  in inc luetr ia l  metcorology ia quotet l ,  '  'Wcst  Colst  ] :1
Wea the r  Hop t ' , ' r - g ,  Sou thea r t  l l u r r i canc ,Op t , , ,  ( .A r co ta l  Lan i l i ng  A i r l s  Dxpe r imen r  : i
Stat iont t ,  "Weather to Order" .  Al l  ar t ic les are i l lustr f l ted.  In t l re ecct ion on "sciencr ; ;
Act iv i t iest 'are prceentcd 13 qucst iona of  fact ,  10 qucst ions for  thought,  5 th ings to do,  and ; .
reforences to 8 reeent ar t ic lce about weather.  Also in "Sky Quiz"  arc 5 mul t ip lc choicc ; :
questions, for example, t I Atomie bombs may some day be used to control the tveather, t, ::.
make rain, or to smaah hurricanes, Truo or falsel" This is a question to which the ,,:'
meteorologists still alo not know the answer. The illuatrations include a rsrvin station, rn ;:
nutomobile squaahed by an uprooted tree, hurricane damage, maps of weather spots of thc ;i,
worltl ancl of the United States, ehowing the locotions of the hottest, coltlest, uettest, tlriest,
snowiest, sunniest, cloutliest, wincliest, and stornriest weatller, a radioeonde balloon, a pro 

r'
poller type of air mixer for orchards to prevent frost, a rvind vane-anemometer assembly, i,
woeth€r planc, rnihr landing
f tproving room".-C, F, B.

$pparetus, anrl the Nortlr American Aviation 75.ton steel ,r;
l ' r r

Weather Catastrophes

In the 10 years 1937-1946, there were 96 weather catastrophes in the United States
causing 31137 deaths, or 10,5 and 24,27o of the respective totals of all catastrophes in this
perioil, accortling to a compilation of the Metropolitan Life Insurauce Company, publisherl
in their Stotistical Bulletin, Mar,, 1947, pp. 1-4. By "cataetropho" is meant an accidr'rt
or condition killing 5 or more people. Thero wero 14 occasione rvhen thc loss of life sr.
100 or more, of which 6 were weather, ranking lst (1938 hurricane, 682 l ives), 3rd (f93;
Ohio-Miaeissippi valley floode, claiming 360), 7th (Feb,-Mar. 1938, soutlrern Californir
f looda, 181),9th (1944, June 23 tornadoes in Pa., W. Va., ancl Md., 159), l l th (19.1t,
Apr. 19, tornrdoeg in Okla,, Mo,, anil Ark., 119), ond 13th (1949, r\[ar. 17, tornrdoeu il
gouthern ond miclweetern etatel, flf ).-C. ,t.. .B.
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