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Models have established oceanic causes of N. 
American drought:

e.g. Great Plains precipitation variability since 1856
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gases

Tropical 
Pacific SSTs 

are 
dominant, as 

seen in 
simulation of 
last century 

of soil 
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Mechanisms for drought 
have been proposed based 
on SST-forced models.  
Forced-mid-latitude ridge 
and descent, northward 
shifted storm track.

winter half years of 
1950s drought

GOGA Oct-Mar 1948-1957 Average

P-E (color), 250 mb Height (contours) Sfc T (color), 850 mb Height (contour)
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Summer half years of the 
1950s drought.  SST-
forced mid-latitude ridge 
and also evidence of N. 
Atlantic forcing of low 
level low.  

GOGA Apr-Sep 1948-1957 Average

P-E (color), 250 mb Height (contours) Sfc T (color), 850 mb Height (contour)
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The modeled circulation and 
P-E anomalies for the 1930s 
drought look much like 
those for the 1950s drought 
‘cos of La Nina-warm N. 
Atlantic for both.

GOGA Oct-Mar 1932-1939 Average

P-E (color), 250 mb Height (contours) Sfc T (color), 850 mb Height (contour)
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1930s and 1950s 
similarity is in summer 
half years as well

GOGA Apr-Sep 1932-1939 Average

P-E (color), 250 mb Height (contours) Sfc T (color), 850 mb Height (contour)
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Despite the modeling progress the lack of long 
atmospheric data sets made validation of the 

mechanisms of drought difficult.  In particular how 
similar really were the Dust Bowl and 1950s droughts 
given the more northward center of the Dust Bowl?

Enter:  The 20th Century Reanalysis!  
And the US CLIVAR Drought WG experiments.
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SST-forced 
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summer omega
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During the Dust Bowl, 
strong continental-

centered subsidence at 
variance with that 

expected from 1930s SST 
forcing
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What explains Dust Bowl 
departure from normal 
pattern?

Hoerling et al. (2009) appeal 
to internal atmospheric 
variability.

But the Dust Bowl drought 
was unique in that wind 
erosion, caused by poor 
land use practices, created 
vast dust storms 

Fig. 1.—Wind erosion in the Great Plains in the 1930s. An irregular line bounds the
Great Plains region as delimited by the Great Plains Committee. Source: Adapted from
“General Distribution of Erosion” (U.S. Dept. Agriculture, Soil Conservation Service, Au-
gust 1936).

Thursday, November 4, 2010
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contemporary observations of 
dust storms and modeled dust 
storms 
(GISS model, Cook et al. (2008, 
2009))

MABCH 1936 MONTHLY WEATHER REVIEW 87 

lower Great Lakes during the day and reached the vicin- 
ity of Buffalo at 5 p. m. on the 24th. This motion would 
carry the air to New Hampshire by about midnight. 
The path indicated goes northeastward through Iowa, and 
gradually curves eastward over the Lower Great Lakes 
region, approaching New England from west-nort’hwest. 

This path is verified by observational evidence of dust- 
falls. Dust was observed to spread over central Kansas 
and aloft over the eastern portion of that State on the 
24th, appearing a t  high levels even a t  North Platte, Nebr. 
During the airplane observation a t  Omaha, begun a t  
4 a. m. on the Nth, dust was observed between 3,330 and 
3,430 meters. From that station eastward to Buffalo, no 
observation of the dust was noted, because general cloud- 
iness prevailed without precipitation; and the obscur- 
ing effect of the dust, which a t  this time was only aloft, 
could not be distinguished from that of the clouds. The dust 
became apparent in northern New E‘ork when rain which 
had mixed with the dust to produce mud was observed. 

The conditions in the “dust bowl” on February 23 
when this dust began to be raised are described in the 
report of Glen H. Phillips, Weather Bureau observer at  
Pueblo, Colo. He writes: 

Black, swirling clouds of dust rolled over practically every county 
[in Colorado] south of the 40th parallel and east of the 105th 
meridian. The air was heavily laden with dust over this area, 
reducing the visibility to practically nothing in many localities and 
completely halting motor traffic. Pueblo experienced the worst 
storm since the St. Patrick’s Day “black blizzard” of 13 years ago. 
Semidarkness enveloped the entire southeastern portion of the 
State and artificial light was used during midday. 

Similar conditions were reportecl in western Oklahoma, 
the Texas Panhandle, northeastern New Mexico, and at  
Dodge City, Kans. 

The reports from northern New York give an interest- 
ing account of how the dust was precipitated late the 
following day out of the upper air along with the raindrops. 
At Buffalo, light dust had been observed in the afternoon 
by airplane pilots, who reported i t  as occupying a layer 
between 6,000 and 10,000 feet altitude. In the evening, 
between 7 and 8:15 p. m., the dust was brought down with 
x misting rain, which produced n thin coating of niud 
visible on polished objects such as automobiles. A t  
Oswego, a t  5:30 p. m. the sky was darkened by heavy 
clouds of a yellow color. Breaking of the clouds shortly 
after sunset showed the yellow color quite prominently. 
Subsequently reports were received of a small deposit of 
dust on automobiles which had been out between 5 and 
7 p. in. ’ The dust was reported at  the following stations 
in the vicinity: Watertown, Tupper Lake, Alexandria 
Bay, and Willsboro. 

At Canton, N. Y., there was a light fall of dust with 
the rain which occurred late in the afternoon and in the 
evening. H. E.  Heyer, Weather Bureau official at  
Canton, writes: 

Motorists report that the windshields of their cars became so 
heavily streaked with mud as to interfere seriously with vision, 
making it necessary, in some cases, to stop and clean off the mud 
deposit. 

The (lust-laden air from the southwest was acting along 
a warm front against a colder air mass to the enst. Over 
northern New England the air rising upward along the 
sloping warm front surface had reached a height such that 
snow was formed instead of rain. This snow showed the 
presence of dust just as had the falling rain. Falling 
with the snow, the dust produced a striking effect in the 
peculiar brown color it gave to the snow. 

DUSTSTORMS OF FEBRUARY AND MARCH 1936 IN THE UNITED STATES 

By R. J. MARTIN 

[Weather Bureau, Washington, D. O., April 19361 

The Weekly WeatheT and Crop Bulletin for the week 
ending February 4, 1936, carried the following statement: 
“The soil conhues  much too dry in the sout,hwestern 
Plains, cent8ering in southwestern Kansas and southeastern 
Colorado, with strong probability of drifting and dust- 
storms unless more moisture is received soon.” 

Moisture s&cient to relieve the droughty conditions 
failed to materialize; and numerous and severe dust- 
storms occurred over southeastern Colorado, northeastern 
New Mexico, western Kansas, and western Oklahoma in 
February. Late in the month, dust was reported as far 
east as Missouri, and some cooperative observers in 
Texas reported crop damage. In western, and some 
central, sections of Kansas the storms were of marked 
intensity; and on the 22d, visibility was so reduced by dust 
in portions of Colorado that pedestrians collided with one 
another in attem ting to get about during the height of 
the storm. On &e 24th, dusty conditions prevailed in 
portions of northern New York. These last two storms 
are described in the February 1936 MONTHLY WEATHER 
REVIEW. 

The accompanying chart shows the number of days with 
duststorms or dusty conditions in March 1936, and is 
based onlv on reDorts from first-order stnt’ions of the 

Early in March, duststoms were reported in eastern 
New Mesico, where conditions were more favorable for 
t,heir inception t,han in t,he preceding year, and in most, 

. - -~  _. - -~ - 

Number of days with dustatorms, or dusty condltions, March 1936.-W.A. M 

other sections of the dry southwestern area, especially in 
the Oklahoma Panhandle and southeastern Colorado. 

Weather gureau. *It will be seen that the greatest number 
occurred in the persistently dry area centering over the 
Southern Great Plains, the frequencyyzdecreasing rather 
uniformly with distance from this droughty source-the 
“Dust Bowl. ” 

During the week ending March 24 severe storms, some-of 
them the worst reported so far this yew, occurred in 
several southwestern States. Dust from western Kansas 
was carried through the air to the eastern part-‘of the State, 
but here the storms were not so severe as those of March 

Martin, 1936
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Based on wind erosion 
maps convert portions 
of model grid boxes to 
bare soil

Model created dust 
storms, the dust 
interacted with solar 
and longwave radiation 
intensifying the drought 
and moving it north

Observed 
1930s 
precipitation 
anomaly

Modeled with 
SST forcing only

Modeled with 
SST forcing 
and 
interactive 
dust
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GISS model simulation of Dust Bowl drought: 
SST + dust + crop failure Impact of dust and deveg

Precip

500mb 
omega

Dust and crop 
failure create 
observed 
drought 
pattern and 
matching 
continent-
centered 
subsidence
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Annual GP Indices, Std NADA V2A (solid) Model Mean (dashed)

(a) GOGA

Jan Jan Jan Jan Jan Jan Jan
1880 1885 1890 1895 1900 1905 1910

Time

-2
3 Std GP NADA

Std GP GOGA Soil Moisture

(b) POGA-ML

Jan Jan Jan Jan Jan Jan Jan
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Time

-2
3 Std GP NADA

Std GP POGA-ML Soil Moisture

Annual SW Indices, Std NADA V2A (solid) Model Mean (dashed)

(a) GOGA

Jan Jan Jan Jan Jan Jan Jan
1880 1885 1890 1895 1900 1905 1910

Time

-2
3 Std SW NADA

Std SW GOGA Soil Moisture

(b) POGA-ML

Jan Jan Jan Jan Jan Jan Jan
1880 1885 1890 1895 1900 1905 1910

Time

-2
3 Std SW NADA

Std SW POGA-ML Soil Moisture

The 1890s 
drought, relatively 
brief, is quite well 
modeled with 
tropical Pacific 
forcing dominant.

Great 
Plains, 
modeled soil 
moisture 
and tree ring 
PDSI

As above 
but for 
Southwest
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Winter COMPO 200 mb Height
Regression on TP * -1 Average Oct 1889 to Mar 1896
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1890s drought was 
associated with a 
La Nina but the 
circulation 
anomalies were not 
very typical in 20CR 
or model.

Thursday, November 4, 2010



19

500 mb Vertical Pressure Velocity (colors,contours), 850 mb Winds (vectors)

Oct-Mar 1889-1896 Apr-Sep 1890-1896
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20CR and the model 
circulation match 
well in the tropics but 
not so well over N. 
America.  In the 
model there is 
general southerly 
flow and descent 
forcing the drought.
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POGA-ML 1890-1896 Zonal Averaged U’V’
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For drought regimes:

1. Tropical tropospheric cooling 
⇒poleward shift of subtropical 
jet

2. jet shift ⇒ shift in the pattern of 
eddy momentum transport 

3. Balancing Coriolis torque 
⇒eddy-induced upper 
troposheric  flow subtropics to 
mid-latitudes.

4. Mass convergence in the mid-
latitudes ⇒ descent 
⇒suppressed precipitation.

At least in the tropical Pacific SST-forced model the familiar pattern of 
tropically organized transient eddy-driven descent is clear in the 1890s.

Need to see ensemble members 
in 20CR to check this
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Conclusions

1. 20CR allows examination of the similarities and differences of 
the 20th Century droughts and moving beyond SST-forced model 
simulations to validate proposed mechanisms.

2. 1950s drought akin to that expected from cold tropical Pacific- 
warm subtropical North Atlantic SST forcing.

3. 1930s Dust Bowl drought has, unlike SST forced droughts, 
massive continental-centered subsidence.

4. The Dust Bowl subsidence is consistent with dust aerosol 
forcing following crop failure.  Dust forcing worsened drought and 
moved it northwards explaining its unique spatial pattern.

5. 1890s drought - more work needed!
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