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A l l  s t rong  winc's p i c k  up n;uch d u s t  f rom t h e  s o i l  sur face ,  
and i f  loose 11.a t e r i a l  be p l e n t i f u l  , t h e  windstorm w i l l  
boco~t~e a dustst.or111 and t h e  a i r  so t h i c k l y  f i l l e d - w i t h  d u s t  
t h a t  i t  w i l l  b e  d i f f i c u l t  t o  see o r  t o  breathe.  

-- E. E. Free (10) 

Today's res ide r i t s  o f  t h e  Great  P l a i n s  w i l l  agree r e a d i l y  w i t h  t h e  
preceding statement  hy M r .  Free. Anyone who has 1 i v e d  i n  t h e  P l a i n s  
f o r  o n l y  a s h o r t  tinre: has corw t o  r e a l i z e  t h a t  i t  i s  a wirldy place-one 
cl  i m a t o l o g i s t  has c a l  l e d  t h e  cen te r  o f  t h e  P l a i n s  the w i n d i e s t  i n l a n d  
a w a  i n  t h e  U n i t e d  Sta tes  (9)--and t h a t  when wind e r o s i o n  occurs,  t i l e  
dus t  d r a s t i c a l l y  and o f t e n  d r a m a t i c a l l y  a f f e c t s  t h e  q u a l i t y  o f  o u r  
e t ~ v i r o w ~ e n t .  Because o f  i t s  geographica l  l o c a t i o n ,  t h e  P la i r l s  a rea  i s  
w b j e c t e d  t o  bo th  de5 e r t  and s tcppe kit ids o f  dus t s t o r ~ ~ ~ s .  Deser t  s to r r~ ls  
a r i s i n g  i n  t h e  a r i d  has ins  o f  Hew Mexico, Ar izona,  Utah, and Southern 
C i i l i f o r n i a  ca r ry  dust sometimes westward toward the  P a c i f i c  b u t  o f t e l l -  
t i~ r tes  eastward i n t o  t h e  P l a i n s  reg ion .  Steppe s t o r n ~ s  o c c u r r i n g  on t h e  
P l a i n s  n~ost ' ly  blow dirst  f rom p lace  t o  p lace  w i t h i n  the P l a i n s  S ta tes .  
I n  t h i s  paper we cons. ider t he  why, how ~ c h ,  consequences, and f u t u r e  
p rospec ts  o f  dus t  r c s u l  t i n g  f rom P l ~ i r l s  duststornls.  

Why? 
Soi 1 Cond i t i ons  

Wind e r o s i o n  i s  caused by a  s t rong,  t u r b u l e n t  wind b low ing  across 
an unpro tec ted  s o i l  s u r f a c e  t h a t  i s  smooth, bare, loose,  d ry ,  and f i n e l y  
g ranu la ted  ( 6 ) .  S o i l  cond i  t i o n s  , t h e r e f o r e ,  have cons ide rab le  b e a r i n g  
on wind eros ion .  Great  depos i t s  o f  l oess  and a l s o  ex tens i ve  areas o f  
sandy s o i l s  e x i s t  on t h e  P l a i n s .  I n  t h e i r  n a t i v e  s t a t e s ,  most o f  those 
P l a i n s  s o i l s  a r e  c h a r a c t e r i s t i c a l l y  l oose  and f i n e l y  g ranu la ted  a t  t h e  
sur face .  A l t e r n a t e  w e t t i n g  and dry ing and f r e e z i n g  and thawing tend  t o  
b reak  s o i l  c l ods  i n t o  f i n e r  aggregates. Under na tu ra l  c o n d i t i o n s  g rass  

- u s u a l l y  p r o t e c t s  t h e  f i n e  s u r f a c e  m a t e r i a l  o f  these s o i l s  f ro i l l  e r o s i o n  
by wind. Ilowever, a:, soon as t h e  grass i s  des t royed o r  t h e  sod broket l  
and t h e  s o i l  l e f t  bare, t h e  f i n e  su r face  s o i l  becomes h i g h l y  s u s c e p t i b l e  
t o  wind e r o s i o n  ( 5 ) .  

K ind o f  A g r i  c u l  t u r e  

The k ind  o f  a g r i c u l t u r e  c a r r i e d  o u t  i n  the Great P l a i n s  a f t e r  sod 
i s  broken a l s o  i s  conducive t o  wind eros ion .  Producing wheat and sorghums 
on a l a r g e  s c a l e  can l eave  wide expanses o f  l a n d  near ly  ba re  d u r i n g  e a r l y  
s p r i n g  when winds re i lch peak v e l o c i t i e s .  The d r a s t i c  d i s tu rbances  r e s u l t -  
i ng when t h o s e  l:.i nck o f  crops rep1 ace n a t u r a l  vuge-ta t i o n  acccl c r a t e  w i ~ i d  
r ros i o n  processes ~ ; r~c :~~~cnt lous ly  i n  t h e  i l a  t, g e n t l y  u t l t l u l a t i ~ ~ g .  t r ee1  ess 
P l  i t . i~ is  w1w.e the sweep of' I.lw w i t ~ l s  i s  i l m s  1: unl)r*ol;c:~~ by l , o l ~ i ~ ! j t ~ ~ p i ~  i c  
i\%ri:!j~jliiri t i c s  ( I ) .  



\\rinds o f  t h e  Great  P l a i n s  

'The s LrDoi~g w i  tlds o f  the Gtqc{lt: I ' la ins irrc 11ri111c Illovers o f  d u s t  i n t o  
t h e  a t i ~ ~ o s p l w c  ( t'i gure 1  ) . Soi 1  p a r t  i c l  e i ~ l o v e ~ w n t  bey i ns when w i  r ~ d  d rag  
~ t r d  1  i f  t f ot-ccs ovcra::oillc g r a v i t y  forcc: (18, 30). The I l ~ r e s t w l d  dr;lg 
f w c c j  rrkcc5:st.y t o  s I:dr f: s o i  1 IIIOVCIIICII~ rdrlges f 1-0111 0 . U s  t o  14.0 dytlesl 
C I A  2 ,  depending or) s o i l  g r d i  11 d i a ~ ~ ~ e t ~ t * ,  d e n s i t y ,  ang le  o f  repose, and 
f t > i c t i o n  between oth i : r  g r a i n s .  L i f t  f o r ces  equal about 0.85 o f  t l i r e s h o l d  
t h y  ( 4 ) .  I - i c l d  s o i  i s g e n c r d  l y  do not have a d e f - i n i  t e  threshold wind- 
q w d ,  b u t  d u w  s m d  w i l l  beg-it) t o  i ~ ~ o v e  whet1 windspced 'I. f o o t  above t h e  
s u r f a c e  i s  about 13 11.p.h. ( 3 ) .  A1 though l i f t  and d rag  f o r c e s  i n i t i a t e  
p w t i c l e  laove~wnt ,  s x i  1  p a r t i c l e s  ( e s p e c i a l l y  f i n e  d u s t s )  a l s o  a r e  f o r c e d  
i n t o  t h e  a i r s t r e a m  ty impacts o f  t h e  l a r g e  s a l t a t i n g  p a r t i c l e s  (4 ) .  The 
voti Ka tman-Prandt l  1  :)gari t l m i c  equa t i on  descr ibes  t h e  windspeed p r o f  i 1 e 
i n  t he  l ower  p a r t  of' b o t h  wind tunne l  and a tn~ospher i c  boundary l a y e r s ,  
iind i s  g i ven  by: 

where u, i s  mean v e l o c i t y  a t  h e i g h t  Z,  u, i s  f r i c t i o n  v e l o c i t y  d e f i n e d  
a s  (;o/p)1/2 where l o  i s  s u r f a c e  wind drag  and p i s  f l u i d  d e n s i t y ,  k i s  
von Karnlan's cons tan t  (0.4) ,  D i s  e f f e c t i v e  rougliness h e i g h t ,  and Zo i s  
ii rougtrt~css p i~ ran le te r .  Iti t h  c a r e f u l  windspeed p r o f  i 1 e  i~~easurements , the 
q u a t i o t l  can be used t o  compute average su r face  wind d ray  under u e u t r a l  
s t a b i l i t y  c o n d i t i o n s  ( 1 7 ) .  

Once p a r t i c l e s  e n t e r  t h e  a i r s t r e a m  near  the sur face ,  random c u r r e n t s  
moving f rom the su r f i l ce  upward w i  11 c o n t a i n  h i g h e r  c o n c e n t r a t i o n s  o f  
p a r t i c 1  e s  than  w i  11 those moving downward f rom above. Consequent ly,  t h e r e  
i s  a n e t  d i f f u s i o n  of p a r t i c l e s  upward as l o n g  as p a r t i c l e  c o n c e n t r a t i o n  

- m a r  the  su r face  i s  ' l a rger  than par t i c l e  c o n c e n t r a t i o n  above. Because 
any wind s t r o n g  enough t o  move s o i  1  i s  t u r b u l e n t ,  random windspeed f l u c -  
tua t i o n s -  h o r i  z o n t a l  , 1 a t e r a l  , and v e r t i c a l  --caused by s u r f a c e  rougluless 
e l  c-ments and convec t i on  f rom su r face  h e a t i n g  a r e  always p resen t .  Veloc-  
i t i e s  o f  random v e r t i c a l  c u r r e n t s  u s u a l l y  equal 1/10 t o  1 /5  o f  t h e  average 
h o r i z o n t a l  v e l o c i t y .  Thus, a  10-n~.p.h. wind n i igh t  have a  1- t o  2-m.p.h. 
v e r t i c a l  component, r j h i ch  i s  s u f f i c i e n t  t o  l i f t  s o i l  p a r t i c l e s  up t o  0.1 
r i m .  i n  d iameter .  

I n  t he  Great  P l a i n s ,  e r o s i v e  winds are g e n e r a l l y  s o u t h e r l y  and have 
cons ide rab le  capacit:y f o r  moving s o i l ,  e s p e c i a l l y  i n  the c e n t r a l  Great  
P l a i n s  ( f i g u r e  2 ) .  liowever, above t h e  thresh01 d  windspeed, d u s t  concen- 
t r a t i o n  and windspeed a r e  no t  c o r r e l a t e d ,  p robab ly  because s u r f a c e  con- 
d i  t i o n s  s t r o n g l y  c o n t r o l  d u s t  c o n c e n t r a t i o n  (7 ,  12) .  Average windspeeds 
d u r i n g  duststor ins i n  the 1950's were generally below 30 m.p.h., and below 
20 n1.p.h. a t  20 pe rcen t  o f  t h e  37 Great  P l a i n s  s t a t i o n s  analyzed (12) .  
Thus, duststorn is  occur more f r e q u e n t l y  than do h i  yh -ve loc i  t y  winds ( tab1 e 
1 ) .  

Groughts 

Severe w ind  e r o s i o n  and d u s t s t o r ~ m  are c l o s e l y  correlated w i t h  
r ' r o w j h t s  ( f i g u r e  3 )  ; t t w r e f o r c ,  rmrr w n c e  c y c l e s  a r e  d i f f - i c u l  t l o  predict. 



From 1854 t o  1972, major duststornls occurred 14 times. The frequency 
o f  occurrence ranged from 2 t o  15 years, b u t  7 o f  t h e  14 s to rn~s  occurred I 
on an approximate 10-year cyc le .  The per iods l a s t e d  1 t o  6 years; median 
du ra t ion  was about 2 .4  years. 

How Much? 

Wind eros ion and duststorms have been conunon i n  t h e  P l a i n s  s ince  
whi te  nian f i r s t  came i n t o  the area and probably even before.  Q u a n t i t a -  
t i  ve n~easurei~ients o f  dust  general l y  have n o t  been made', b u t  t h i s  excerp t  
froni t h e  o f f i c i a l  weather records a t  Dodge City, Kansas, i n d i c a t e s  severe 
dusts torms i n  t h a t  reg ion  nlore than 80 years ago--before c u l t i v a t i o n  
began ( 5 ) :  

A p r i l  8, 1890 A t  10 a.m. the  dust  i n  the  a i r  was so dense 
t h a t  ob jec ts  r o l ~ l d  n o t  be d i s t i ngu ished  100 yards o f f .  No 
one who could poss ib l y  remain indoors was on t h e  s t r e e t .  

Other evidences o f  dust  du r ing  edrly t imes ,  and perhaps some of 
the  f i r s t  attempts a t  q u a n t i t a t i v e  i n t e r p r e t a t i o n ,  a re  found i n  Udden's 
(26)  est imates o f  s o l  i d  suspended mate r ia l  i n  duststorms: 160 t o  126,000 
tons per cub ic  111ile o f  dust.  H i s  data showed t h a t  l a t e  i n  t h e  19th  cen- 
tury an average o f  850 m i  11 i o n  tons o f  dus t  were be ing c a r r i e d  1,440 
m i les  each year  i n  Western Uni ted States. 

I n  more recent  t imes Judson (15), i n  es t ima t ing  worldwide sediment 
c o n t r i b u t i o n s  from d i f f e r e n t  sources, concluded t h a t  sediment d e l i v e r e d  
t o  the oceans by wind amounted t o  about 66 x l o 6  t o  397 x lo6 tons per  
year, o r  o n l y  about 1 percent  o f  h i s  est imated t o t a l  d e l i v e r y  f rom a l l  
sources. He t h e r e f o r e  considered wind erosion,  compared w i t h  water  
erosion,  vo lumet r ica l  ly  unimportant i n  de l  i v e r i n g  sediment t o  t h e  oceans- 
and perhaps i t  i s ,  f r u m  a worldwide geo log ica l  s tandpoint .  However, i n  
t h e i r  e f f e c t s  on l o c a l  environment, p a r t i c u l a r l y  i n  t h e  Great P la ins ,  
wind eros ion and dust;!itorms a re  extremely important .  According t o  the  
1965 Nat iona l  Inventovy o f  S o i l  and Water Conservat ion Needs (8), wind 
eros ion i s  the  dominmt  problem on about 33 m i l l  i o n  acres o f  land i n  t h e  
Great P la ins  States,  where damage 1/  fro111 wind eros ion has averaged 5 
m i l  1  i o n  acres per yeav f o r  the  pas'i: 20 years and ranged froni 1 t o  16 
m i  11 i o n  acres d u r i n g  the past  35 years. 

I 

I n  t h i s  s e c t i o n  we w i l l  present  a v a i l a b l e  i n fo rmat ion  on dust loads 
du r ing  the 1930's and 19501s, when t h e r e  was ser ious wind e ros ion  on t h e  
P la ins ,  and compare i I: w i t h  i n f o r n ~ a t i o n  on dust loads d u r i n g  t h e  19601s, . /  
when the  i n f l u e n c e  of' ser ious wind eros ion was r e l a t i v e l y  s l i g h t .  

1 

Dust i n  the  1930's 

Quant i  t a t i  ve data  on dus tl oads d u r i n g  t h e  1930's are meager, but  
the 1 i t e r a t u r e  conta ins  n m y  statements on t h e  s e v e r i t y  o f  the s i t u a t i o n .  

According to USDA S o i l  Conservat ion Serv ice Wind Erosion Con- 
d i t i o n s  - Great P l a i w ,  "Summary o f  Local EstirnaLcs as o f  May 31,  1971, . 
for tho  I O I  Wi ncl C i m i  cirr S c ! ~ w m  . " I 



For exaniple, Lawrence Svobida, a young farmer who went th rough the dust- 
bowl days i n  Meade County, Kansas, i n  h i  s  book "An Empire o f  Dust"  ( M ) ,  
descr ibes  t h e  s o - c a l l  cd "b lack  b1 i z z a r d s "  thus:  

The dus t  became t h i c k e r  and t h i c k e r ,  obscu r i ng  t h e  landscape 
and c o n t i n u i n g  t o  grow i n  d e n s i t y  u n t i l  v i s i o n  i s  reduced t o  
1,000 yards o r  l ess .  Then i f  t h i s  i s  t o  be a  r e a l  dus ts to r i i ~ ,  
a t y p i c a l  "b lack  bl  i z z a r d "  o f  t h e  d u s t  bowl, t h e  wind con- 
t i w e s  t o  i r ~ c r e a s e  i t s  v e l o c i t y  u n t i l  i t  i s  b low ing  a t  40 t o  
50 m a p a h .  Soon e v e r y t h i n g  i s  moving, both f a r n ~ l a n d  and pas- 
ture a l i k e .  The f i n e  d u s t  i s  sweeping a long a t  e x p r e s s - t r a i n  
speed, and w l w i  t h e  ve ry  sun i s  b l o t t e d  ou t ,  v i s i b i l i t y  i s  
reduced t o  50 f e e t .  P i l o t s  f l y i n g  i n  these s t o r ~ a s  r e p o r t e d  
t h e  atn losp l -we 2 o r  3 tni 1  es up 1 aden w i t h  dus t .  

Assuming t h e  v i s i b i l i t i e s  no ted  by Svobida t o  be reasonab ly  accura te ,  
and u s i n g  r e l a t i o n s h i p s  between v i s i b i l i t y  and dus t l oad  developed a t  t h e  
Wind Eros ion  Labora tory  i n  t h e  19501s,  the  nlaxin~uo~ d u s t l o a d  dur ing t h e  
1930 stornls could  have been about 9,800 tons per c u b i c  m i l e .  

Ma1 i n a  (19) r e p o r t e d  t h a t  d u s t  f r om a February 7, 1937, dus ts to rm 
i n  the  Texas-Oklahoma Panhandle depos i ted  as much as 200 pounds pe r  ac re  
on snow i n  Iowa, 500 n: i les away. Weather records  a t  Dodge City, Kansas, 
iind Goodwell, Oklahoina, revea l  t h e  number o f  dusts torn ls  fro111 1933 t o  1940: 

Year 
--*. 

Dodge C i thy Goodwell 

About t h e  o n l y  q u a n t i t a t i v e  measurements o f  d u s t  c o n c e n t r a t i o n  i n  
the  1930's were made by Langham e t  a l ,  (16)  a t  Goodwell, Oklahoma. I n  
siilripl i n g  29 stornls i n  1930 and 1937, they ob ta ined  an average concent ra -  
t i o n  a t  t he  30-inch h e i g h t  o f  33 - + 14 n t g . / f t e 3  o f  dus t ,  when average 
\;indspeeds were 23.2 4- 2.5 n~.  p. h. T h e i r  tnaxiniuni and nlinin~ilel ~ w a s u r e d  
ccncen t ra t i ons  were 1'15 -+ 32 and 5 + 0 n lg. / f t  . 3 ,  r e s p e c t i v e l y .  Those 
da ta  f i t  t h e  d u s t l o a d  v i ? i b i l  i t y  reTa t i onsh ips  developed i n  the  1950 's  - 2 t  our  Wind E ros ion  Labora tory .  Therefore, t h e  dus t loads  assoc ia ted  w i t h  
t ~ l a x i ~ u u n ~  and a v e r Q q e  ti~c!asured coricen tra t ions  would be 7,1100 and 324 tons/  
w i l e 3 ,  r e s p e c t i v e l y .  

Dust i n  t h e  1950's 

Chep i l  and Woodruff ( 7 )  n~easured dust  concen t ra t i ons  i n  24 dust- 
s torms i n  westcr-n Kan:as and eas te rn  Colorado i n  t h e  s p r i n g  o f  1954 and 



1955. They ob ta ined  at) average c o n c e n t r a t i o n  a t  t h e  6 - f o o t  h c i y h t  o f  
6.54 m g . / f t m 3 ,  when average windspeeds a t  t h e  8- foo t  e l e v a t i o n  were 20.8 
m. p. h. T h e i r  ~naximum and niinilnum measured concen t ra t i ons  were 37.58 and 
0.09 n ~ g . / f t .  3 ,  and t o t a l  dus t loads  assoc ia ted  w i t h  t h e i r  n~aximum and 
average measured concen t ra t i ons  were 1,290 and 224 tons/n l i le3,  respec- 
t i v e l y .  

When Hagen and Woodruff ( 1  2 )  analyzed h o u r l y  observa t ions  o f  
weather on dus ty  d a j s  d u r i n g  t h e  1950's a t  37 weather s t a t i o n s  i n  t h e  
Great P l a i n s ,  they  no ted  t h a t  Dodge City, Kansas, averaged.22.6 d u s t y  
days per  yea r  i n  th ,3t  decade, compared hi t h  59.5 days p e r  y e a r  i n  t h e  
1930's.  V i s i b i l  i ty and dus t  concent ra t - ion  and hours and days o f  d u s t  
f o r  a l l  37 s t a t i o n s  d u r i n g  the 1950 decade a r e  sunmiarized i n  t h e  curnula- 
t h e - f r e q u e n c y  d i s t r i b u t i o n  curves o f  f i g u r e s  4 and 5. Median concentra-  
t i o n  was 4.85 n~g./m. 3 ,  b u t  approx imate ly  4 pe rcen t  o f  t h e  obse rva t i ons  
had c o n c e n t r a t i o n s  exceeding 100 n~g ./n. 3 .  Median annual hours o f  d u s t  
was 45 ,  b u t  rnore than 150 dusty hours were recorded i n  20 pe rcen t  o f  t h e  
r e p o r t s .  A lso,  i n  t h e  1950's t he  average duststor111 l a s t e d  6.6 hours and 
i nvo l  ved areas averag ing  188 square iwi l es . Wind e r o s i o n  c o n t r i b u t e d  
a n  average o f  about 244 n l i l l i o n  tons per  y e a r  o f  d u s t  t o  t h e  a t~sospher i c  
p a r t i c u l a t e  l oad - - fa  r exceeding t h e  30 ~ n i  11 i o n  tons  p e r  y e a r  co~nmonly 
used as w ind  e r o s i o n ' s  c o n t r i b u t i o n  t o  t h e  a i r  p o l l u t i o n  l o a d  (27) .  

Dust i n  t h e  1960's  

Sn~ i  t h  e t  a l e  (.?2, 23) and Twiss (25) operated a network o f  dust- 
t r a p p i n g  s i t e s  ( i n c l u d i n g  10 s t a t i o n s  i n  t h e  Great  P l a i n s )  f r om 1963 t o  
1967 t o  o b t a i n  i n f o ~ w a t i o n  on d u s t - d e p o s i t i o n  r a t e .  They found t h a t  t h e  
mean month ly  d e p o s i t i o n  r a t e  ranged f rom 7  pounds p e r  ac re  i n  December 
a t  Akron, Colorado, t o  1,164 pounds per  ac re  i n  May a t  Tr ibune,  Kansas ; 
they  es t imated  t h a t  t h e  years  r e q u i r e d  t o  d e p o s i t  1  ac re - i nch  o f  sediment 
would range f rom 91 ,it Tr ibune,  Kansas, t o  1,245 a t  Water Val l e y ,  Texas, 
( t a b l e  2 ) .  The low dus t -depos i t i on  r a t e s  a t  Water V a l l e y  suggest t h a t  
cuch o f  t h e  dus t  suspended f rom sandy s o i l s  l o c a t e d  o n l y  a  s h o r t  d i s t a n c e  
nor thward i s  swept p i~edon i inan t ly  nor thward and nor theas tward  by t h e  p re -  
v a i l i n g  s o u t h e r l y  winds and occas iona l  c y c l o n i c  stori i is. That  tendency 
o f  m i d - l a t i  tude dust-deposi  t i o n  r a t e s  t o  decrease eastward a long  t h e  
c e n t r a l  s to rm t r a c k s  i s  shown i n  f i g u r e  6. Rates decrease most r a p i d l y  
between Tr ibune and Hays, Kansas, b u t  c o n t i n u e  t o  decrease eastward t o  
Coshocton, Ohio, about  1,025 m i l e s  f rom Tr ibune.  Beyond t h a t  p o i n t  t h e  j 

t 

r e l a t i o n  t o  d i s t a n c e  f rom western Kansas i s  l o s t ,  i n  t h a t  r a t e s  i nc rease  
I 

- a t  Marcel 1us and M a r l  boro.  

C o r r e l a t i o n  analyses by Srni t h  e t  a l .  (23)  showed p o s i t i v e  r e l a -  h 
t i o n s  between d u s t - d e p o s i t i o n  r a t e s  and some power o f  n ~ o n t h l y  windspeed 
and r a i n f a l l  , suggest ing  t h a t  cons ide rab le  sediment i s  c a r r i e d  down by 

i 

p r e c i  p i  t a t i  on. Us in!] w i  ndspeed, r a  i n f a l  1  , and va r i ous  seasonal parameters 
( though n o t  n e c e s s a r i l y  t h e  sawe ones f o r  a l l  l o c a t i o n s ) ,  t hey  a l s o  

1 

developed severa l  mu1 t i  p l  e reg ress ion  equat ions t o  p r e d i c t  month ly  d u s t  
L t 

k 
depos i t i on .  For  example, f o r  Tr ibune,  Kansas, t hey  developed t h i s  equa- 
t i o n :  

Y - -493 + 192X1 + R.0X2 * 0.?R75X3" 



where Y = month ly  d e p o s i t i o n  r a t e s  i n  pounds per  ac re  
XI = Dodge City, number o f  3 -hou r - i n te rva l  occurrences o f  d u s t  
X2  = Tr ibune,  rnolithly r a i n f a l l  i n  ~ I I I I .  
X 3  = k d g e  C i t y ,  average windspeed i n  m./sec. 

But f o r  Clanha ttm they  developed t h i s  equat ion :  

where Y = lnonthly d e p o s i t i o n  r a t e  i n  pounds per  ac re  
X I  = Goodland, p rev ious  lnonth average windspeed i n  m./sec. 
X 2  = Dodge C i ty , ,  c u r r e n t  nionth average windspeed i n  m./sec. 
X 3  = nu~ i~be r  o f  d i i y ~  w i t h  r a i n f d l l  - > 2.54 I I ~ .  

To determine du!;tloads d u r i n g  a p e r i o d  o f  r e l a t i v e l y  l i t t l e  w ind  
e ros ion  ( t h e  'I 9 6 0 4 s ) ,  Hagen and Woodruff ( 1  2 )  analyzed a v a i l a b l e  da ta  
f r o m  12 se lec ted  Southern Great  P l a i n s  s t a t i o n s .  (One o f  t h e  s t a t i o n s ,  
k d y e  City, Kansas, averaged o n l y  6.9 dus ty  days pe r  y e a r  i n  t h e  1960's  
c o ~ ~ ~ p a r e d  w i t h  59.5 a r d  22.6 dus ty  days per  yea r  d u r i n g  t h e  1930's  and 
1 9 5 0 ' 5 ,  r e s p e c t i v e l y .  ) As summarized i n  tab1 e  3, average d u s t  concen- 
t r a t i o n  f o r  a l l  12 s t , i t i o n s  d u r i n g  t h e  1960's  dropped about 24 percent  
ft-otil the 1950 average. S i m i l a r l y ,  t h e r e  was a 78.6 pe rcen t  decrease i n  
d u s t  passage du r  i n y  t h e  1960 ' s  conlpared w i  t h  t h e  1950's .  Maxilw111 d u s t  
pbssage occur red  a t  Goodland, Kansas, where i t  averaged 246,000 tons  pe r  
v t r t i c a l  square w i l e  m n u a l l y  d u r i n g  t h e  1950's b u t  dropped t o  about  
81,000 tons annual l y  i n  t h e  1960 's .  Estitr lates f rom these dust-passage 
d a t a  o f  t he  t o t a l  d u s t - p a r t i c u l a t e  l o a d  suspended by w ind  e r o s i o n  f o r  
t h e  1960 's  a r e  77 m i l  l i o n  tons annua l l y ,  o r  about  69 pe rcen t  l e s s  than  
t h e  244 1 1 i i  11 i o n  tons aer- y e a r  es t imated  d u r i n g  t h e  19501s, a decade o f  
r e  se r i ous  w ind  eros ion .  

Those est i t~late:;  o f  t o t a l  p a r t i c u l a t e  l o a d i n g  can be compared w i t h  
n : t .asure~ imts  o f  d u s t  d e p o s i t i o n  by Smith e t  a l .  (23)  f rom 1964 th rough 
1966 f o r  5 s t a t i o n s  i a  t h e  Great  P la ins-Nor th  Pla t t e ,  Nebraska; Hays and 
Manhattan, Kansas; and K i e s e l  and Water Va l l ey ,  Texas. Smith e t  a1 . mea- 
sured 547 k i lograms p:r hec ta re  per  yea r  o f  d u s t  depos i t ed  on t h e  l a n d  
w r f a c r .  For  t h i s  si31ne p e r i o d  we would es t ima te  480 k i l og rams  pe r  h e c t a r e  
p e r  year  suspended. The nearness o f  these c a l c u l a t i o n s  p rov ides  c r e d i t -  
a b i l i t y  t o  t he  tilethod used t o  e s t i n ~ a t e  the  t o t a l  dus t load .  

Consequences 

Lawrence Svobida c losed  h i s  book "An Empire of Dust"  (N), w r i t t e n  
i n  1938 a f t e r  he had endured 9 years  o f  extreme ha rdsh ip  i n  the d u s t  bowl 
a t  Meade, Kansas, w i th ,  "My own humble o p i n i o n  i s  t h a t  w i t h  the excep t i on  
o f  a f e w  favored  l o c a l i t i e s ,  t h e  whole Great  P l a i n s  r e g i o n  i s  a l r e a d y  a 
dese r t  t h a t  cannot  be rc?c l i i i n~ed through t h e  p lans  and l a b o r s  o f  man." 
Lir. C e c i l  H. Hsd lc igh  ( 2 7 )  used l t ~ c  d i t t y ,  "Mdy t h e  gusty wind t h a t  blows 
t h e  l a d i e s  s k i r t s  knee-high a l s o  blow dus t  i n  t h e  naughty man's eye," t o  
say t h a t  t h i s  p robab ly  rep resen ts  t h e  o n l y  case where in a  b e n e f i t  has 
been a t t r i b u t e d  t o  a i r b o r n e  dus ts  i n  day-to-day l i v i n g .  We now know tha t  
even the  s e r i o u s  wind erosion o f  t h e  dus t-bowl d ~ y s  d i d  n o t  c o t ~ ~ p l e t e l y  
r u i n  t h e  l i l nd ,  a s  Svabida had thou! j t~t ,  b u t  we a l s o  ktww t l i d t  perhaps t h e  
Lcnef i t s  o f  wi r d  ero : , io~ l  and b l  owi rig s o i  1 mily ve ry  we1 1  be 1  i w i  tctl t o  
t h o s e  c i  tcd i 11 tlw Wi i t l lc i ( j l~  t l i  t t y .  



Genera l l y  wind e ros ion ,  b low ing  s o i l ,  and d u s t  have a  bad e f f e c t  
on ou r  environnicnt.  Because dus t  o f t e n  t r a v e l s  thousands o f  ~ w i l e s ,  a l l  
people a r e  af fected--urbban and r u r a l .  A i r b o r n e  s o i l ,  p o l  l u t i n g  the a i r  
we breathe,  i s  bo th  an i r r i t a n t  and h e a l t h  depressant.  When b low ing  d u s t  
becoses so dense as t o  be c lassed a  "b lack  b l i zzard , ' '  as i t  was i n  t h e  
19301s, i t  k i l l s  l i v e s t o c k ,  b i r d s ,  w i l d  game, and humans--1,600 p e o p l e .  

a a r e  e s t i l ~ ~ a t e , d  t o  have d i e d  f rom t h e  e f f e c t s  o f  dus t  and hea t  d u r i n g  1936 
( 2 4 ) .  B lowing d u s t  a l  so obscures v i s i  b i  1 i t y  and i n t e r f e r e s  w i t h  a i r  
t r a f f i c ,  causes autosutr i  l e  acc idents ,  f o u l  s r i lachinery bear ings  and 
e l e c t r i c a l  s w i  t c h i n y  apparatus, and depos i t s  d u s t  i n  h o ~ ~ ~ e s ,  o f f i c e s ,  
schools,  and s to res .  2 a l s o  sandblasts ,  abrades, and k i l l s  p l a n t s  and 
thereby reduces t h e  q u a n t i t y  and qua1 i tp o f  ou r  food supp l i es .  L e f t  
uncon t ro l l ed ,  i t  b u r i e s  i r r i g a t i o n  d i t c h e s ,  fences, and roads. By 
r e i ~ ~ o v i n g  s o i  1  fro111 i t s  source, wind e r o s i o n  a1 so r u i n s  a y r i c u l  t u r d  land ,  
iind i t  reduces c r o p  y i e l d s  by removing s i l t ,  c l a y ,  o rgan i c  ma t te r ,  and 
p l a n t  n u t r i e n t s .  The I -esu l t  can be econoniic d i s a s t e r  t o  i n d i v i d u a l s  
d, i n  extreme cases, t o  whole s o c i e t i e s .  

Fu tu re  Prospects 

Where do we stand today? Are  we now-through research  and i t s  
a p p l i c a t i o n  by the  S o i l  Conservat ion and Ex tens ion  Serv ices;  th rough 

- nlore knowledgeable farmers w i t h  b e t t e r  a t t i t u d e s  than i n  the 1930's and 
1950's;  through i r r i g n  t i o n ,  b e t t e r  farm machinery, plans f o r  a r t i f i c i a l  ly  
i n c r e a s i n g  p r e c i  p i  t a t - i  ~ n ;  and through governnwl t  conse rva t i on  programs- 
a t  a s tage we can c o n t r o l  wind eros ion ,  r e c a l l  i n g  t h e  d u s t  bowl o n l y  as 
a sad memory? O r  w i l l  we con t i nue  t o  have wind e r o s i o n  and a b a d l y  
po l  1  u t e d  environnlent dnd p o s s i b l y  even another  d u s t  bowl and economic 
d i s a s t e r ?  

Data prtesented i n  t h i s  paper show t h a t  s u b s t a n t i a l  q u a n t i t i e s  o f  
d u s t  move i n t o  t h e  atniosphere even d u r i n g  t h e  s o - c a l l e d  "good" yea rs .  . 

S ince 1953 the  B i g  Spr ing ,  Texas, area has averaged 27 days p e r  y e a r  w i t h  
b lowing  d u s t  ( l l ) ,  which shows t h a t  we have n o t  y e t  so l ved  t h e  problem, 
cannot r e l a x  o u r  e f f o r t s ,  and perhaps ought  t o  t h i n k  about  deve lop ing  

1 

e f f e c t i v e  1 and-use po l  i c i e s .  Even though i n d i c a t i o n s  a r e  t h e  d u s t  bowl 
days w i l l  n o t  be repeated, no one knows e x a c t l y  what would happen if t h e  
e n t i r e  P l a i n s  area shou ld  have a  d rought  worse than any p rev ious  one. 

t 

i 
Some, l i k e  U. S. Weather Se rv i ce  C l i n ~ a t o l o g i s t  L o t h a r  Joos (14), b e l i e v e  
t h a t  widespread i r r i g a t i o n  o f  the P l a i n s  has so changed t h e  c l i m a t e  t h a t  

L 
t he re  w i l l  Lie more r a i n f a l l  and, t h e r e f o r e ,  no s e r i o u s  droughts.  Others,  1 

however, b e l i e v e  t h a t  t h e  l a r g e  acreages o f  s o i l  t h a t  have been p u t  under 
i r r i g a t i o n ,  e s p e c i a l l y  under  t h e  c e n t e r  p i v o t  systems, a r e  h i g h l y  suscep- 
t i b l e  t o  wind e ros ion  and cay w e l l  be is se r i ous  a source f o r  dus t  i n  t h e  
a i r  as a r e  d r y l a n d  s o i l s  (21) .  

The Congress o f  t h e  U n i t e d  Sta tes  has passed t h e  Clean Air Act .  
The Env i ronn~enta l  P r o t e c t i o n  Agency (EPA) i s  charged w i t h  c a r r y i n g  o u t  
t h e  va r i ous  p r o v i s i o n ?  o f  t h i s  Ac t .  The States,  however, a r e  g i v e n  an 
o p p o r t u n i t y  t o  assume r e s p o n s i b i l i t y  f o r  e s t ~ b l i s h i n g  standards d e f i n i n g  
tiif ambient a i r  qua1 i l:y i n  terms o f  average and rnaxitt~uil~ q u s n t i  t i e s  o f  
s p e c i f i c  p o l l u t a t l t s  t h a t  w i l l  be p e r w i t t e d  (2U). Should they f a i l  t o  
a c c e p t  t h i s  r c s p o r ~ s i  l; ' 1  i t y  , then cont ro l  atld a h  tetllctlt a c t  ious a r e  t r a n s -  
fcrrc-~d LO t h ~  f '~( I ( : \~ i l l  (iov(:rn~w 11 t . 



Several  S ta tes  ( e  .g., Iowa and Kansas ?/) a l r e a d y  have developed 
standards f o r  s u l f u r  di( : )x ide, p a r t i c u l a t e s ,  carbon i~~onox ide ,  t o t a l  o x i -  
d e n t s ,  and hydrocarbons. The S t a t e s  appa ren t l y  a r e  t a k i n g  two d i f f e r e n t  
approaches t o  c o n t r o l  p i i r t i c u l a t e s :  ( a )  t o  e s t a b l i s h  s tandards as a  
f u n c t i o n  o f  l a n d  use, or1 (b )  t o  e s t a b l  i s h  un i f o r l u  r e q u i r e ~ ~ ~ e r i t s  r e g a r d l e s s  
o f  1  oca t ion .  Iowa has proposed s t m d a r d s  us i r q  approach (a ) ,  where 
d i r e c t o r s  o f  c o n s e r v a t i m  d i s t r i c t s  w i l l  have power t o  t ake  l e g a l  a c t i o n  
t o  s top  e ros ion .  We c a m o t  now meet a i r - q u a l i t y  c r i t e r i a  f o r  p a r t i c u -  
l a t e s ;  hence, we 111ust dc a t e t t e r  j o b  o f  c o n t r o l l i n g  s o i l  b l o w i t q  t han  
we have i n  t h e  pas t  4/. I f  we may judge f rom t h e  r e l a t i v e l y  " tough" 
measures taken by EPA t c i  en fo rce  water-qua1 i ty standards, i t  seems r i o t  
unreasonat~ l  e t o  be1 i e v e  t h a t  s u i  tab1 e abiiten~eri t p r a c t i c e s  c o u l d  be en- 
f o rced  by such measures as w i t h h o l d i n g  payment o f  subs id ies  and r e f u s i n g  
t o  g r a n t  govern~wnt- insr. i red loans t o  i n d i v i d u a l s  o r  areas. 

We have made s u b s t a n t i a l  progress i n  c o n t r o l 1  i n g  wind e r o s i o n  and 
dus t .  T h i r t y - f o u r  p e r c m t  o f  t h i s  c o u n t r y ' s  70 m i l l i o n  acres  hav ing  w ind  
el-osion a s  i t s  dorllinant p rob l  ecn i s  now adequate ly  p r o t e c t e d  b y  good fa rm ing  
p r a c t i c e s .  Spec ia l  wincl-erosion c o n t r o l  p r a c t i c e s  such as s t r i p c r o p p i n g ,  
she1 t e r b e l  t s ,  and emergency t i  11 age adequate ly  p r o t e c t s  an a d d i t i o n a l  59 
p w c e n t  o f  these  70 n ~ i l l i o l l  acres;  so, on the  average, o n l y  about  7 pe r -  
c e n t  o f  t he  70 ~ i ~ i l l i o n  iicri.s blow each year and c o n t r i b u t e  dust t~ t h e  
h t ~ ~ ~ o s p t ~ e r e .  We be1 i e v e  we have t h e  knowledge and t c c l ~ n i c a l  s k i l l s  t o  
reduce t h e  percerltage s t . i  11 more. Perhaps we w i l l  never  s o l v e  t h e  problem 
c o n ~ p l e t e l y ,  b u t  we can bave r e l a t i v e l y  c l e a n  a i r  i n  t h e  P l a i n s .  
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Tab1 e 1  . - - S i x t y - f o o t - e l  c v a t i o n  w i  ndspeeds and recurrence i n t e r v a l  s i n  
the Centra l  Great P l a i n s .  

1 
3 

12 
1 
3 - 

Dht  

hour 43  49 
hours 4 1 47  

40 hours :! 5 45 
day 2 0 3G 40 
ds, ys 2 4 29 34 
Tiron~ Zing-97-27)'" 

T a b l e  2.--Mean ~ c o n t h l y  i:.nd p r o j e c t e d  dust d e p o s i t i o n  r a t e s  f o r  f i v e  
Great P l a i n s  locat ions  based on n~easurcd r a t e  fro111 1963-1 967 
and bulk densi ty  o f  1 .325 ,  i .e . ,  deposited s o i l  weighing 150 
tons per  a c r e 4  nch . 

-I_ 

-----.- 
T r i  tune,  Hkrun, North Pix~, Sidney, ~aterVailK 

Month Kansas Colo~io - Nebraska Montana Texas 
----------.----..-----.- Lbs, /acre  - - . - - - - - - - - - - - - - - - - - - - .LL- I . . I  

Feb. 64 1 !I 24 
t?ar. 436 2!1 

- -..- 
July 'I 30 1 ;! 9 
kug . 122 8 2 
Sept,  95 138 
O c t .  57 12 

t c t a l s  3,284. 684 -- 642 378 --- 
Ihmter of 

dcposi t  1  
x r e - i n c h  91 ---- -- 4 :319 - 46U 794 1,245 
Ea t a  f ronl ~ w i s m  



Tab1 e 3. --Average dust1 oad and dust passage f o r  12 selected Southern 
Great P l a i n s  l o c a t i o n s  f o r  t h e  1960's as compared w i t h  the 
1950's. -- 

~usZiOa'd Dust passage 
- Locat ion  - 1950's 1960's 1950's 1960's 

tons/rni 1 e3 1,000 t o n s / v e r t i c a l  m i l e 2  

benver, Colorado 7.6 10 . 2 11.8 2.9 
1 .2  Pueblo, Colorado 22.1 4 * 4  48.3 . 

1, 

Dodge C i  ty  , Kansas 13.9 16.0 92.5 25.1 I 
246*1 80.7 I 

Goodland, Kansas 30.7 21.8 ;. I 

Topeka, Kansas 5.7 3.3 6.6 0.3 ! 
1,Jich-i t a ,  Kansas 6.7 7.3 29.9 5.2 I : 
Oklahoma C i t y ,  Oklahoma 9.1 3.5 2 7 J  8.8 I.; 
T u l s a ,  Oklahoma 5.2 3.9 2.3 1.0 1 
A111iiri110, Texas 12.8 6.9 132.9 ' 10.2 i: 
Cor-pus C h r i s  t i  , Texas 6.3 5.2 17.2 1.0 
M i  d l  and, Texas 12.5 6.9 80.8 15.2 

7.0 40.3 5.9 
I' 
I 

San Anqelo, Texas - -  8.7 i 

Average -- 13.4* 10.2* 61.3 13.1 
* A weighted average found by weighting the s t a t i o n  concentration by 

the number o f  hours a t  t h a t  concent ra t ion .  



F i g u r e  1 . - - R e l a t i v e  w i n d i n c : , ~  i n  t h e  Great  P l a i n s ,  as shown 
I,y i r i n  a l ~ i c l i  March w i  ndsp(?eds o f  less than  
30, 30 t o  35, a t l t l  over 35 1r.p.11. (cor-rr?clcd t;o 
35 -['rtc?t. i ihc~vc !~ t - r iunr l )  arc: i.xci?cxlcd 2 ~ . l cv ' ce~~ ' t  o f  
I :  I 1 4  ( 1  , :  ( 1 3 ) .  



F i g u r e  2.--Map of s t a t i o n s  i n  Great  P l a i n s  showing s t a t i o n  abbre- 
v i a t i o n  A ;  magnitude o f  wind erosion f o r c e s  8, i . e . ,  
r e 1  i l t i v e  c a p a c i t y  t o  alove so i  1 ; and preponder*ance o f  
wind erosion forces  C ,  i . e . ,  prevalance o f  p r e v a i l i n g  

.wind erosion cl- irection shown by arrow. O C I C ~  frm 
1 ;,I,, , , ,, , , , , I  I I,,( ,.I , I- (90) . 
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Figure 3,--Correlation o f  dust passage and drought f ndex for north- 
west Kansas. Drought index data from Brown and Bark ( 2 ) .  I 



G . 1 - 1  I I I 
100 1 IU 5 4 3 

i- 
DUST C O l C E N T R A l l O U  (MGIM~) 

Figure 4 .  --Cumulative frequency d i s t r i b u t i o n  f o r  more than 30,000 
hour l y  v i s i b i l i t y  observations and computed dust  con- 
cen t ra t ions  dur ing  dusty hours i n  the 1950's a t  37 Great 
P l a i n s  ! i t a t i o n s ,  D a t a  from tlagc!ri and Waadruff ( 1  2). 



Figure 5.--Curnula t i v e  frequencies o f  anrlual nutiher o f  hours and 
days c~f dust  a t  37 Great P la ins  S ta t ions  dur ing  1950's 
(370 i :~bservat ions f o r  each curve).  Data from Hagell and 



KILOMETERS x 0.621 = MILES 

Figure 6.--Average annual dust deposition a t  several s i tes i n  re lat ion to  distance north and 
east from arb i t rary  dust bowl. Data from Smith e t  a1 . (23). 


