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This report describes the morphology of the 2012
summer U.S. central Great Plains drought, placing
the event into a historical context, and providing a
diagnosis of its proximate and underlying causes.




Executive Summary

This report describes the morphology of the 2012 produced a substantial summertime dry signal over
summer U.S. central Great Plains drought, placing the central Great Plains during 2012. O'"cial season-
the event into a historical context, and providing al forecasts issued in April 2012 did not anticipate

a diagnosis of its proximate and underlying caus- this widespread severe drought. Above normal

es. Precipitation de$cits for the period May-August temperatures were, however, anticipated in climate
2012 averaged over the central Great Plains were models, though not the extreme heat wave that

the most severe in the instrumental record since  occurred and which was driven primarily by the ab-
1895, eclipsing the driest summers of 1934 and sence of rain. Our integrative assessment of histori-
1936 that occurred during the height of the Dust  cal data, climate simulations, and seasonal forecasts
Bowl. The drought developed suddenly, with near thus paints a picture of an extreme drought event
normal antecedent precipitation during winter and that may not have had extreme forcing as its cause.
spring over the Great Plains giving little forewarning The interpretation is of an event resulting largely

of the subsequent failed rains. The event did not  from internal atmospheric variability having limited
appear to be just a progression or a continuation of long lead predictability. This is a characteristic quite
the prior year's record drought event that occurred = di&erent from that of the prior year's southern Plains
over the southern Great Plains, but appeared to be drought that spanned October 2010-August 2011,

a discrete extreme event that developed in situ over and for which appreciable early warning capability
the central U.S. The proximate cause for the drougheéxisted owing to a strong sensitivity of that region to
was principally a reduction in atmospheric mois- La Ni*a conditions. The outcome and value of such
ture transport into the Great Plains from the Gulf of an assessment, beyond scienti$c merits of better
Mexico that normally provides the major source of understanding what produced the 2012 drought,
water vapor for the region in summer. Processes thais two-fold. It clari$es whether such drought could
would provide air mass lift and condensation during have been anticipated, and it suggests investments
the wet season over the Great Plains were mostly that may lead to better guidance on mitigating
absent, including a lack of frontal cyclones in the  e&ects of future drought. Assessments of this sort
early stages of drought development followed by a help inform scienti$c pathways for creating more
suppression of deep convection in mid-late summer actionable information for stakeholders that are
owing to large scale subsidence and atmospheric vulnerable to drought-related hazards, even when
stabilization. forecast skill is expected to be low.

Climate simulations and empirical analysis suggest
that neither the e&ects of ocean surface tempera-
tures nor changes in greenhouse gas concentrations






The Drought's Morphology

Drought conditions developed rapidly over the
central Great Plains during late spring 2012, and
intensi$ed in summer. The tracking of drought
severity via the U.S. Drought Monitor revealed
extreme drought to be initially con$ned to the
southern Plains in November 2011, a remnant of
the record setting drought of Texas and Oklahoma
that began in late 2010 (Fig. 1, top left). In Fall 201
only a narrow swath of moderate drought extendec
northward thru eastern Kansas to Minnesota, and
no extreme drought existed over the central Plains
While some concerns existed that the southern
Plains drought might expand northward.into the
grain belt, little indications to this e&ect were
initially observed. Indeed, much of the central

US Drought Monitor

1 Nov 2011 1 May 2012

4 Sept 2012

4 Dec 2012

Great Plains became drought-free by May 2012
(Fig. 1, top right), and considerable recovery was
even occurring over the Southern Plains. There
were also concerns about the possible e&ects of

Figure 1 U.S. Drought Monitomnaps for select periods during 2011-
12. First color level (DO, yellow) denotes abnormally dry, and last
color level (D4, dark red) denotes exceptional drought. $ép://
droughtmonitor.unl.edu for more details.

unusually high surface temperatures over the Great©f €xtreme drought, Conditions became comparable

Plains during March on soil moisture conditions.
Nonetheless, estimates of the monthly averaged
column soil moisturé over the contiguous US for
April did not reveal extreme soil moisture de$cits
over the central Great Plains, with conditions
resembling the map of the 1 May U.S. Drought
Monitor. But then the expected rainy season

failed. Absent were the usual abundance of slow
soaking rain systems and evening thunderstorms
that characterize Great Plains climate from May
through August, and as a result surface moisture
conditions greatly deteriorated. By early September
(Fig. 1, bottom left), estimates of surface moisture
conditions revealed that over three-quarters of

the contiguous U.S. was experiencing at least
abnormally dry conditions with nearly half of the
region (the central Plains in particular) experiencing
severe-unprecedented drought. In this way, the
comfort of having entered late spring virtually
drought-free was abruptly replaced by the distress

to those experienced a quarter-century earlier
during 1988 by a previous generation of inhabitants,
and the combination of rainfall de$cits and high
temperatures even rivaled those observed by their
forebears during the Dust Bowl.

Consistent with the Drought Monitor maps, the
Palmer Drought Severity Index (PDSI; Palmer 1965)
for August 2012 (Fig, 2. left) identi$es the core
region of the drought to be the central Plains region,
with the most extreme moisture de$cits occurring
over the western Plains. A central U.S. epicenter

for the drought is also a"rmed by the May-August
standardized rainfall de$cits (Fig. 2, middle) with -2
standardized departures being widespread from
Colorado to Missouri.

Much of the dry region also experienced hot
temperatures (Fig. 2, right). The combination of
low rainfall and high temperatures is typically seen
during summertime droughts over the central U.S.

1Monthly averaged column soil moisture is estimated routipeit CPC using a one-layer “bucket” model
driven by monthly precipitation and temperature. See Huang et(@996) in Additional Reading.
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PDSI Anomalies
Aug 2012
Versus 1895-2000 Longterm Average
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Figure 2. The Palmer Drought Severity Index (PDSI) for August 2012 (left), the standardized precipitation departures for May-August
2012 (middle), and the surface temperature departures for May-August 2012 (+C, right). Data source is the NOAA U.S. Climate Divisions.

The historical relationship between rainfall and drought, accumulated above normal rainfall for the
temperature de$cits (Fig. 3) suggests, however, thatprior 6-month period through summer 2012. This
2012 could have been appreciably warmer (perhapsgreatly improved their soil moisture balance, and
by ~1+C) given the severity of rainfall de$cits alone.the Drought Monitor indicated northeast Texas to
The scatter plot shows that 2012 was the driest

summer in the historical record Central US
(-34 mm departure), though the temperature May-Aug PPT vs. May-Aug Tmp
anomaly of <2+C was exceeded by two prior 3 -
summers -- 1934 and 1936. Indeed, although the 251 .
2012 summer experienced less rainfall over the 2| %
central Great Plains than in either 1934 or 1936, i, L
those years were about 0.5+C warmer. > .
o H Wy '{ % |o @
Daily rainfall time series from observations taken £ 05 .'"‘v-','_ ¥ ,.3 .
at weather stations across the Great Plains (Fig. 4) g 0 L ." . .;
illustrate the timing of drought onset. Consistent § B N ®
with the Drought Monitor tracking, the event B i b i,
commenced suddenly in May. Further, the core o S| & ° .
period of the drought appears to be May-August ' i «
2012. The daily time series reveal that after a period R
of near to above normal winter and early spring 1 .
precipitation at most stations over the central Great - R R ~ROe -G e iR T

Plains, rains abruptly failed in May. For instance,
there were virtually no rainy days at Cedar Rapids, Fioure 3. The obeerved relationshin b MavA
. . . igure 3. The observed relationship between May-August

lA_dunng May' Likewise, ‘JU|y s_aw no m_easurable averaged rainfall departures (mm, x-axis) and surface temperature
rain at Omaha, NE. Both are climatologically wet departures (+C, y-axis) over the U.S. central Great Plains. Reference
months SO the |ack Of any raln was a severe |OSS period is 1895-2012. The 2012 departures are -34mm, and <2.1+C,

. .’ . . and shown by the red asterisk. Dashed line is the linear relation
Likewise, the western Plains sites of Goodland, KS between temperature and precipitation variability. Note that for
and Cheyenne, WY saw only infrequent rains of light extreme dry conditions, temperatures are appreciably warmer
intensity during July and August. By contrast, Dallas- than predicted by this linear $t. May-August departures are

. averages over the multi-state region (WY, CO, NE, KS, MO, IA). Data
Fort Worth, which was near the center of the 2011 source is the NOAA U.S. Climate Divisions.

Precipitation (mm)



Interpretation of Origins of 2012 Central Great Plains Drought

be drought-free in May 2012. Oklahoma City also curves in Fig. 4, reveals the period from September
showed strong signs of recovery from the 2011 thru February to be normally dry over central Plains.
drought with above average rains falling through  Thus, it is unlikely that su"cient precipitation could
May 2012, but skies cleared and June through July materialize in that period to redress the severe

was virtually rain-free. de$cits accumulated during the normally wet

_ N N season of late spring/summer. In this sense, while
As of this writing, drought conditions that in hindsight we might speak with con$dence about
established by the end of summer 2012 remain  he time of drought onset, judgment on its duration
mostly in place. Neither the termination nor must await the outcome of the 2013 wet season.

the duration of this drought is yet known. The
climatological rainfall, illustrated by the smooth

Daily Precipitation 1 Jan 2013+31 Dec 2012
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Figure 4. Daily precipitation time series during 2012 for indicated stations. For each station, top panels show the climatological
precipitation (smooth curve), the actual 2012 precipitation, and their di&erence (color shading; brown denotes a de$cit, green a
surplus). Lower panels show the occurrences of daily precipitation events. Data source is NOAA Climate Prediction Center.



It is expected that water supply reductions in the
semi-arid western portions of the drought where
reservoir storage was depleted by lack of rains
will also have long-term impacts, as will livestock
health and its long term e"ect on herd stocks.
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The 2012 Drought's Impact

The suggestion that 2012 was a ##ash drought® at An additional comment regarding corn yields

least concerning its rapid onset over the central during 2012 helps to illustrate the severity of the
Plains, is supported by the above-mentioned drought's impact. The USDA indicated that the

time series of daily rainfall and the sequence of 2012 yield of about 123 bushels per acre was the
drought monitor maps. Impacts also emerged quite lowest since 1995. But even that con$rmation of
swiftly. Loss estimates by the end of July 2012, greatly compromised production fails to convey the
before drought severity peaked, were =128wWw. severity of crop failure. Fig. 5 shows the time series
kansascityfed.org/publicat/mse/MSE_0312.pd1ft of U.S. corn yield (per acre) since 1866, the most
remains to be seen if the economic e&ects of the  prominent feature of which is the growth in yield
2012 drought will approach prior events, including since about WWII as a consequence of improved
the 1988 drought that in#icted =78 billion in losses agricultural practices and more productive and

and the 1980 event that caused =56 billion in lossesheartier strains of seed. ? However, 2012 corn yield
(adjusted for in#ation to 2012 dollarsyvivw.ncdc. fell strikingly below the recent trend line. The 2012
noaa.gov/billions/events.pdj. Broad sectors were  crop yield de$cit and the implied climatic impact
a&ected, and continue to be a&ected, by the 2012 was ahistoric eventFigure 6 shows the annual yield
drought. Notable for the swiftness of impacts was departures (computed relative to appropriate trend
the reduction in crop yields caused by lack of timelylines). ?In terms of absolute loss in bushels of corn
rains, as discussed further below. Also, curtailment production, no single year since 1866 experienced
of commerce on major river systems occurred owingso large a curtailment as occurred during 2012.

to reduced water #ow, a situation that continues  The 43 bushel/acre productivity loss, though only
many months after the drought. It is expected that 26> less than expected by USDA, equates to the
water supply reductions in the semi-arid western  total U.S. productivity of 1960. If measured as a >
portions of the drought where reservoir storage wasde$cit as is shown in Fig. 6, then 2012 was about the
depleted by lack of rains will also have long-term  second most severe curtailment of corn production
impacts, as will livestock health and its long term  on record, eclipsed only by 1901, and comparable to

e&ect on herd stocks. the decline in 1936.
Preliminary USDA estimates of farm and food It is from such historical data that the USDA o&ered
impacts of the 2012 droughtwyww.nass.usda. its initial expectation, in spring 2012, that annual

gov) indicate corn yield (per acre of planted crop) corn yield would be about 166 bushels per acre.
was about 123 bushels. This is 26> below the 166 That outlook was based mainly on extrapolating
bushel yield expectation that the USDA had at the the recent trend in corn yields. This is a reasonable
commencement of the growing season. Likewise, prediction given that year-to-year variations
soybean yields were estimated at 39 bushels, 10> are mostly small relative to the trend 2signal® of
below the early season projection of 44 bushels. Thiselentlessly improved yields. Of course, these
was the lowest soybean yield since 2003. Owing to variationsPrelative to trendbare mostly the result
the late onset of drought conditions over the Centralof interannual climate variability. The question
Plains, wheat production was not signi$cantly is thus whether this drought could have been
iImpacted. Drought conditions adversely impacted anticipated, and if actionable prediction of climate
pasture growth and range land quality, which when impacts on crop yield might have been rendered.
combined with elevated corn and soymeal prices,

adversely a&ected livestock and draft capacity, a

situation that will unfold over several years

(www.fao.org/wairdocs/ILRI/X5446E/x5446e€02.htm
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Figure 5. Historical U.S. corn yields from 1866 to 2012 (bushels/acre). Linear $t to di&erent segments of the time
series shown in solid lines, including regression formula. The 2012 yield is plotted in the blue circle, based on
August estimates. Subsequent data revised the 2012 yield downward to about 123 bushels. Data source is USDA.
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Figure 6. Historical U.S. corn yield de$cits from 1866 to 2012 (bushels/acre). De$cits computed relative to the
trend lines of Fig. 1. All years having greater than a 20> de$cits are highlighted and shown with red circles. The
2012 yield de$cit is plotted in the large red circle, based on August estimates (the circle sizes are not proportional
to de$cit magnitudes). Subsequent data through the end of the growing season revised the 2012 yield de$cit

8 downward to about -26>. Data source is USDA.
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Summertime Great Plains rainfall has
been in an upward trend since the early
20th Century, and the last major drought
occurred 25 years ago in 1988. The 2012

drought thus was a Dclimate surpriseb,
and would not have been anticipated
from simple considerations of central U.S.
rainfall behavior in the recent past.




The Historic 2012 Drought
and its Antecedent
Conditions
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Figure 8. U.S. seasonal
soil moisture anomalies
(mm) during the 12-month
period antecedent to the
occurrence of dry May-
August conditions over the
central Great Plains (lower
right panel). Soil moisture
has been estimated by
driving a one-layer bucket
water balance model

with observations of
monthly temperature and
precipitation. The data set
spans 1948-present, and
the method is described in
Huang et al. (1996).
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Figure 9. U.S. seasonal
precipitation anomalies
(mm) during the 12-month
period antecedent to the
occurrence of dry May-
August conditions over the
central Great Plains (lower
right panel). Note also the
prior severe rainfall de$cits
in summer of 2011 over
the southern Great Plains.
Data source is the NOAA
U.S. Climate Divisions.
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Figure 10. As in Fig. 9,
except for the composite

U.S. seasonal precipitation
anomalies (mm) during the
12-month period antecedent
to the occurrence of dry
May-August conditions over
the central Great Plains.
Based on the average of the
9 driest May-August events
during 1895-2011, including
1934, 1936, 1901, 1976, 1913,
1988, 1953, 1911, and 1931.
Data source is the NOAA U.S.
Climate Divisions.
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Figure 11. As in Figure 10,
except for the composite

U.S. seasonal precipitation
anomalies (mm) during

the 12-month period
subsequent to the

occurrence of dry May-
August conditions over the
central Great Plains. Based
on the average of the 9

driest May-August events
during 1895-2011, including
1934, 1936, 1901, 1976, 1913,
1988, 1953, 1911, and 1931.
Data source is the NOAA U.S.
Climate Divisions.









Proximate Causes for the
2012 Drought

Why did the 2012 drought happen the way it did@ high 700 hPa speci$c humidity located in the cen-
This is meant as a simple starting query towards tral and western Great Plains (top left) (though this
interpreting the drought, though recognizing that  moisture is also related to the nocturnal low level jet
answers to this question alone may provide lit- in the western Great Plains).

tle predictive understanding. As is common with . _ .
droughts, atmospheric moisture in both absolute ~ DPuring late spring/summer 2012 the typical north-

and relative measures is typically degcient, and 201%/ard 700 hPa meridional wind along the Gulf Coast
was no exception. A second, and often inexorably Was much reduced (Fig. 12 bottom right). The sea-

linked factor is the absence of processes that pro- SOnal mean anomaly of about -1 m/s (anomalous
duce rainfall over the central Plains. These include €duatorward #ow) was 50> of the magnitude of the
springtime low pressure systems and their attendingtYPical northward #ow. There was thus an apprecia-

warm and cold fronts that act to lift air masses and Ple reduction in the typical moisture transport into

produce widespread rains. During summertime, the the continent. Consistent with this, the summertime
key process involves thunderstorms that normally /00 hPa speci$c humidity was anomalously low in

occur with considerable frequency and from which the Great Plains (bottom left). Departures of about

the majority of precipitation falls in July and August. “0-> 9/kg over the Great Plains were on the order
Both of these mechanisms were largely absent or O @ 10> reduction of climatological water vapor

inoperative to considerable degree in 2012 over the content. Of course, the general absence of migratory
central Great Plains. low pressure systems across the central Plains would

have entailed a similar lack of large scale air mass lift-
A principal source of water vapor in summer over ing and precipitation, while simultaneously reducing
the central U.S. is the Gulf of Mexico region, with  the in#ux of Gulf moisture.
vapor-laden air transported inland and northwards _ _ o _
to the continent's interior by mean southerly winds. Analysis of relative humidity provides another
Figure 12 illustrates this latter feature using the longindication of the extent to which dryness prevailed
term mean 700 hPa meridional (north-south com- N the lower troposphere during summer 2012 over

ponent) wind (top right) which shows a peak 2 m/s th_e Great I_Dlains. T_he top p_a_nels of Fig. 13 show the
magnitude immediately on the coast of southwest climatological relative humidity at 850 hPa (left) and

Texas. This is partly related to mean transport linked 90 hPa (right). Note in particular the 700 hPa axis of
to the clockwise air motion around the subtropical high relative humidity that normally characterizes
high located over the Atlantic Ocean. The in#ux is the Great Plains region from northern Texas to Can-
also related to the integrated e&ects of migratory ~ da (top right). This feature was essentially absent

mid-latitude storm systems, especially in the spring-during summer 2012, with departures of -10> run-
time when they exhibit a geographically preferred  NINg from northern Texas to Montana (lower right).

cyclogenesis in the lee of the southern Rocky Mount N€ refative humidity was even further reduced at
tains and then track northeastward to the Great 820 hPa with widespread deScits of greater than

Lakes. It is in association with the circulation around-10> almost exactly matching the scale of the rain-
such storms that Gulf of Mexico moisture is intermit-fall departures (see Fig. 2). Itis worth noting that the
tently, but strongly, drawn northward. These mean relative humidity reductions at 850 hPa were some-
and transient features are thus primarily responsibleWhat greater than one would have surmised from
for the in#ux of moisture that maintains the axis of 1ust the fractional change in speci$c humidity. This

17


















Underlying Causes for the
2012 Drought
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§F]gurE)15.(}stin FoPRo, 2x&pt fdr the
composite seasonal SST anomalies
(+C) during the 12-month period
antecedent to the occurrence of dry
May-August conditions over the central
Great Plains. Based on the average of
the 9 driest May-August events during
1895-2011, including 1934, 1936, 1901,
1976, 1913, 1988, 1953, 1911, and
1931. Reference period is a shorter
1901-1990 period in order to reduce
e&ects of the long term SST warming
trend. Data source is the monthly
NOAA Merged Land-Ocean surface
temperature analysis (MLOS).
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Figure 17. As in Fig. 15, except for the SST anomalies (+C) during the 12-month period antecedent to the occurrence of
dry May-August 2012 central Great Plains drought. Reference period is 1901-1990. Data source is the monthly NOAA
Merged Land-Ocean surface temperature analysis (MLOS).
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Figure 19. Box-whisker
plots of the May-August
CAMA4 simulated central
Great Plains rainfall
anomalies for 1979-2012.
Extreme wet and dry
members are shown with
blue and red asterisks,
respectively. The horizontal
dashed lines are the
model's 1-standardized
departures of May-August
rainfall. Green circles

plot the observed rainfall
anomalies for each year.
The area is comprised of
the 6-State region of WY,
CO, NE, KS, MO, and IA.
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Figure 21. The probability distributions of the rainfall departures
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Figure 22. Same as Figure 21, except the probability distributions of the

(mm) for the driest May-August central Great Plains CAM4 memberaimfall departures (mm) for the wettest May-August central Great Plains
each year's simulations during 1996-2012 (red curve) and for 1979€AM4 member in each year's simulations during 1996-2012 (red curve)
1995 simulations. There is a 20-member ensemble for each year, antt for 1979-1995 simulations. There is a 20-member ensemble for each
the driest member has been extracted. Each PDF is thus based ory&dr, and the wettest member has been extracted. Each PDF is thus
samples, which are displayed as red asterisks in Fig. 18. The area i|sed on 17 samples, which are displayed as blue asterisks in Fig. 18.
comprised of the 6-State region of WY, CO, NE, KS, MO, and IA. The area is comprised of the 6-State region of WY, CO, NE, KS, MO, and IA.

It is a speculative yet an
intriguing conjecture that,
while perhaps unbeknownst
and undetectable from the
observations, the recent 10-15

year period may have been
one of heightened risk for the
occurrence of a record setting
summer drought over the
central Great Plains.
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Figure 23. Box-whisker plots of
the May-August CAM4 simulated
central Great Plains surface
temperature anomalies for 1979-
2012. Extreme warm and cold
members are shown with red
and blue asterisks, respectively.
The horizontal dashed lines

are the model's 1-standardized
departures of May-August
temperature. The area is
comprised of the 6-State region
of WY, CO, NE, KS, MO, and IA.
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Figure 24. The probability distributions of the May-August central
Great Plains rainfall departures (mm) for CCSM4 equilibrium
simulations using Yr1850 external radiative forcing (blue curve) and
using Yr2000 external radiative forcing. Each run is 500 yrs long,

and plotted are the last 400 years of results. The atmospheric model
component in these coupled simulations is the same as used for the
1979-2012 AMIP runs of CAM4. The area is comprised of the 6-State
region of WY, CO, NE, KS, MO, and IA.






Prediction for the Summer 2012

April 2012

Figure 25. Equal-weighted
composites of 12 operational
centers' seasonal predictions
for May-July 2012 for global
sea surface temperature
departures (+C, top left), global
precipitation departures (mm,
bottom left), and for North
American sector precipitation
departures (mm, top right)
and for North American
sector surface temperature
anomalies (+C, bottom right).
Forecasts are based on April
2012 initializations. Data
source is the WMO GPC
project.
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