
Prediction of Seasonal Meteorological Drought Onset and Termination over the Southern
Great Plains in the North American Multimodel Ensemble

RICHARD SEAGER , JENNIFER NAKAMURA , AND MINGFANG TING

Lamont–Doherty Earth Observatory, Columbia University, Palisades, New York

(Manuscript received 28 January 2020, in Þnal form 30 June 2020)

ABSTRACT: The predictability on the seasonal time scale of meteorological drought onsets and terminations over the
southern Great Plains is examined within the North American Multimodel Ensemble. The drought onsets and terminations
were those identiÞed based on soil moisture transitions in land data assimilation systems and shown to be driven by
precipitation anomalies. Sea surface temperature (SST) forcing explains about a quarter of variance of seasonal mean
precipitation in the region. However, at lead times of a season, forecast SSTs only explain about 10% of seasonal mean
precipitation variance. For the three identiÞed drought onsets, fall 2010 is conÞdently predicted and spring 2012 is
predicted with some skill, and fall 2005 was not predicted at all. None of the drought terminations were predicted on the
seasonal time scale. Predictability of drought onset arises from La NiñaÐlike conditions, but there is no indication that El
Niño conditions lead to drought terminations in the southern Great Plains. Spring 2012 and fall 2000 are further ex-
amined. The limited predictability of onset in spring 2012 arises from cool tropical PaciÞc SSTs, but internal atmospheric
variability played a very important role. Drought terminat ion in fall 2000 was predicted at the 1-month time scale but not
at the seasonal time scale, likely because of failure to predict warm SST anomalies directly east of subtropical Asia. The
work suggests that improved SST prediction offers some potential for improved prediction of both drought onsets and
terminations in the southern Great Plains, but that many onsets and terminations will not be predictable even a season in
advance.
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1. Introduction
According to the National Oceanic and Atmospheric

AdministrationÕs National Center for Environmental Information
(NOAA/NCEI) the average cost of drought in the United States
is $9.6 billion per year (NOAA/NCEI 2020a ) making it the second
most costly weather and climate phenomenon in the past three
decades (NOAA/NCEI 2020b ). The costs of drought are pri-
marily in the agriculture sector, but drought also impacts power
generation, recreation, and numerous other parts of the national
economy. Often not recognized, drought also has serious impacts
on the mental health of farming families and people in agricultural
communities with long-lasting effects [see U.S.-based review by
Vins et al. (2015)]. Improved understanding and forecasting of
drought at least provides the possibility of improved anticipation
of, and adaptation to, drought conditions with potential beneÞts
for people and society.

Understanding the physical causes of droughts in North
America, and the relative roles of ocean driving by sea surface
temperature (SST) anomalies and internal atmosphere vari-
ability has advanced considerably over the last two decades
[see recent review bySeager and Hoerling (2014)]. The role of
land surfaceÐvegetationÐatmosphere interactions in drought
evolution is also receiving increased attention (e.g.,Sun et al.
2015; Mo and Lettenmaier 2016; Otkin et al. 2016; Basara and
Christian 2018; Ford et al. 2017; Basara et al. 2019). However,
when a drought is occurring those impacted always ask when
will it end? Alternatively, when drought is absent wise managers

of water, land and ecosystem resources want to know the
likelihood of drought in the near future. Nonetheless, the
causes of drought onset and termination (DO&T) have re-
ceived limited attention ( Karl et al. 1987; Mo 2011; Maxwell
et al. 2013, 2017) compared to the causes of drought itself. The
causes of DO&T are inherently a more difÞcult problem than
the causes of the drought itself. Since DO&T refers to a change
over time it brings in higher-frequency components of the
climate system that may be highly random in time and dif-
Þcult to predict. In contrast, drought, as measured by soil
moisture, integrates precipitation less evapotranspiration
(ET) plus runoff ( R) over time and, hence, records lower-
frequency components of the climate system and can be
quite closely related to SST variations (Schubert et al.
2004a,b; Seager et al. 2005; Herweijer et al. 2006; Seager and
Hoerling 2014).

In a recent observational study,Seager et al. (2019, hereafter
SNT) advanced understanding of DO&T. They identiÞed co-
herent continental-scale patterns of seasonal time scale soil
moisture change over time associated with precipitation anom-
alies that were themselves associated with hemispheric-scale
circulation anomalies. The results showed the southern Plains to
be a geographic center of these large-scale patterns.SNT then
developed criteria for drought onset and termination in the
southern Plains using three land data reanalyses. An important
result of SNT was that seasonal time scale soil moisture DO&T
was driven by precipitation anomalies and that there were no
clear driving roles for ET (inßuenced by temperature anomalies)
nor R in creating drought onset or termination. SNT used the dif-
ferent land data reanalyses to identify three onsets and terminationsCorresponding author: Richard Seager, seager@ldeo.columbia.edu
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in the post-1979 period and determined the associated continental
and hemispheric scale anomalies in precipitation, circulation, water
vapor transports and SSTs. All onsets and terminations were
associated with northerly and southerly ßows, respectively,
and associated anomalous moisture exports and imports.
However, SNT also found that the ßow anomalies occurred
within a variety of hemispheric scale circulation anomaly
patterns. SNT further found that these DO&Ts and driving
circulation anomalies were not consistently related to SST
anomalies that might provide predictability on seasonal time
scales. The clear exception was fall 2010 when La Niña con-
ditions drove drying over the southern Plains and induced
drought onset, a case that has been studied before (e.g.,
Seager et al. 2014). According to SNT, other onsets and ter-
minations of drought were most likely driven by internal at-
mosphere variability. Their argument was essentially that
while droughts, as phenomena that integrate surface moisture
ßuxes over time, can be driven by ocean variations and hence
be potentially predictable on a seasonal to interannual time
scale, their onsets and terminations are likely controlled by
internal atmosphere variability and fall between the initial
value and ocean boundary condition sources of predictability.

However, SNT was a purely observational study. Here we
report on how well DO&Ts are forecast in the operational
seasonal predictions systems of the National Multimodel
Ensemble (NMME; Kirtman et al. 2014). These systems
forecast SST from imposed initial conditions. Several of the
models also initialize soil moisture anomalies but not vege-
tation anomalies (e.g., leaf area index). Predictability of
precipitation on the month to seasonal time scale can arise
from the prescribed initial values and the successful predic-
tion of SST and how it inßuences atmospheric circulation and
then precipitation.

For the case of DO&T, the potential role of SST anom-
alies is clear since they can persist or evolve in a way that
drives circulation anomalies over the southern Great Plains
that lead to diminished or enhanced precipitation and fa-
voring drought onset or termination. Both a cold (warm)
tropical PaciÞc and warm (cold) tropical North Atlantic
favor decreased (increased) precipitation over the southern
Plains (Schubert et al. 2009; Kushnir et al. 2010; Nigam et al.
2011; Seager et al. 2014; Pu et al. 2016). To simulate this, the
models must need to forecast the SST, the connection of that
to diabatic heating in the atmosphere and the driving of Rossby
waves and then the connection of circulation anomalies to
precipitation over the Plains. Models can have biases and in-
adequacies in each of these steps that connect remote SSTs to
local precipitation. As the forecast evolves the model must also
simulate how interactions between the land surface and the
boundary layer further inßuence how precipitation evolves
over the forecast period (Basara et al. 2019).

The role of soil moisture initial conditions in the context
of DO&T is interesting to consider. DO&Ts are deÞned
here in terms of soil moisture shifts of sufÞcient amplitude
from the normal or wet to the dry tercile (onsets) and from
the dry to the normal or wet tercile (terminations) of the
historical soil moisture distribution. For onsets, it is unlikely
that the seasonal precipitation declines were impacted by

the generally weak soil moisture anomalies at the start of the
season. For terminations, the dry soils could either fa-
vor drought persistence if the soil moistureÐprecipitation
feedback is positive or favor termination if the feedback
is negative (dry soils lead to enhanced precipitation).
Quantifying feedbacks between soil moisture, ET, and
precipitation are confounded by persistence in soil mois-
ture, atmosphere circulation (e.g., persistent anomalies
driven by SSTs) and precipitation. Tuttle and Salvucci
(2016), taking care to account for persistence in an obser-
vational study, suggest that the soil moistureÐprecipitation
feedback is positive in the arid to semiarid inland regions of
North America and negative in the humid east. This could
be explained in terms of the varying roles of energy and
water limitations on ET, the varying contributions of ET
and moisture convergence to precipitation, and the coupling
between surface energy and water ßuxes and boundary layer
and precipitation processes [see discussion and references in
Tuttle and Salvucci (2016)and the recent review byMiralles
et al. (2019)]. Notably, Tuttle and Salvucci (2016) identify
the Great Plains as a region that is transitional between
positive and negative soil moistureÐprecipitation feedbacks
and hence has weak feedbacks. Looking solely at the case of
afternoon summertime convection in the southern Great
Plains, Welty and Zeng (2018) found no overall driving of
precipitation by morning soil moisture due to canceling effects
of enhancement and suppression for high or low moisture
convergence regimes. In contrast to this lack of evidence of
strong soil moistureÐprecipitation coupling in the southern
Great Plains, Seager and Hoerling (2014)identify this as the
region of North America with the highest ratio of SST-forced
to total precipitation variability. Therefore, here we focus on
the role of SST-based predictability of DO&T.

In the following section, we describe the data used and the
methods, followed by results in section three and discussion
and conclusions to follow. It is concluded that potential for
seasonal prediction of DO&Ts is modestly more than SNT
thought based on observations alone.

2. Data and methodology
In the observational study of SNT, the deÞnition of DO&Ts

was based on soil moisture transitions using data from the land
model reanalyses within the North American Land Data
Assimilation Two (NLDAS-2) dataset ( Xia et al. 2012a,b). The
land models in NLDAS-2 are driven by observed and re-
analyzed surface air meteorology and precipitation. Soil mois-
ture is not available for most of the models that participated in
NMME, and hence here we focus on precipitation, that is,
meteorological drought. SinceSNT showed that DO&Ts were
driven by precipitation anomalies, the work, therefore, focuses
on the predictability of the driving mechanisms of DO&Ts in
recent history. We will analyze the DO&Ts identiÞed by SNT
based on cross-NLDAS-2 model agreement on soil moisture
transitions. In SNT DO&Ts were identiÞed as seasonal tran-
sitions in standardized soil moisture anomaly of at least one
standard deviation magnitude. Onsets are from the middle or
upper tercile to the lower tercile, and terminations from the
lower tercile to the middle or upper tercile of the statistical
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distribution of anomalies. As such, since droughts can begin or
end over seasonal or longer time scales, the DO&Ts do not
need to come in pairs. These were the only six seasonal time
scale DO&Ts in the post-1979 record for which there was
agreement across the NLDAS-2 models. The DO&Ts are

d drought onsets: OctoberÐDecember (OND) 2005, OND
2010, AprilÐJune (AMJ) 2012 and

d drought terminations: JanuaryÐMarch (JFM) 1990, OND
2000, JuneÐSeptember (JAS) 2006.

The DO&Ts are spread over all four seasons and it would be
reasonable to expect differing levels of predictability given
the greater inßuence over North America of remote tropical
PaciÞc SST anomalies in the cold season than in the warm
season (Kumar and Hoerling 1998) and the expected greater
role of land surface feedbacks in the warm season than the
cold season (Koster et al. 2004; Miralles et al. 2019). The
work will assess how well the precipitation anomalies that
SNT showed drove these DO&Ts were predicted by NMME
models at lead times from 0.5 to 4.5 months.

a. Observations
The observed precipitation data over the southern Great

Plains are from daily Climate Prediction Center gauge ob-
servations using the topographic adjustment method of
the PRISM group ( Daly et al. 2000). These are the precip-
itation data used to drive the NLDAS-2 land models
and were obtained from https://ldas.gsfc.nasa.gov/nldas/
nldas-2-forcing-data. To examine the large-scale context
of the DO&Ts, we use geopotential heights and SSTs from
the National Centers for Environmental PredictionÐNational
Center for Atmospheric Research (NCEPÐNCAR) Reanalysis
(Kistler et al. 2001; obtained from https://iridl.ldeo.columbia.
edu/SOURCES/.NOAA/.NCEP-NCAR/.CDAS-1/.MONTHLY/
?Set-Language5 en) and precipitation over land and sea from
the Global Precipitation Climatology Project (GPCP) ver-
sion 2.3 (Huffman et al. 1997; obtained from https://iridl.
ldeo.columbia.edu/SOURCES/.NASA/.GPCP/.V2p3/.CDR/
index.html?Set-Language5 en).

b. The North American Multimodel Ensemble
The NMME is an ensemble forecasting system of coupled

models from U.S. and Canadian institutions. We ana-
lyzed seven NMME models that provided data for precipi-
tation, SST, and 200-hPa geopotential heights and covered
the period from 1982 to the present. Data were obtained
from the NMME database at the International Research
Institute for Climate and Society at https://iridl.ldeo.columbia.
edu/SOURCES/.Models/.NMME/ . The models within the
NMME have varied over time. Examining the IRI database
we found that for our purposes we could use the following
models (ensemble size in parentheses): NASA GEOS (4),
NASA GMAO (10), GFDL CM2.1 (10), GFDL 2.5 FLOR-
A06 (12), GFDL 2.5 FLOR-B01 (12), COLA CCSM3 (6),
and COLA CCSM4 (10). We consider forecast of seasonal
means at lead times of 0.5Ð4.5 months, i.e., for AMJ 2012,
which was a drought onset, we consider forecasts for AMJ
2012 initialized on 1 April 2012 (0.5Ð2.5 months lead time),

1 March 2012 (1.5Ð3.5 months lead time), and on 1 February
2012 (2.5Ð4.5 months lead time).

To deÞne precipitation anomalies within the NMME fore-
casts, account must be taken that, as the forecast progresses in
the coupled model, the atmosphereÐocean state will evolve
inßuenced by the speciÞed initial conditions and by a possible
drift of the model back to a preferred climatology. Hence
anomalies for the same month at different lead times must be
relative to different ÔÔclimatologies.ÕÕ We deÞne the anomaly,
say for precipitation P0, for calendar month m, in year n 5 nyr
at lead time l as

P0(m, nyr, l) 5 P(m, nyr, l) 2 �
N

n5 1
P(m, n, l), (1)

where N is the number of years in the NMME data. Hence,
climatologies are deÞned over all years of forecasts for each
speciÞc lead time.

3. Results

a. The in�uence of SST on monthly time scale precipitation
over the southern Great Plains
Essential to the assessment of how well seasonal time scale

DO&Ts can be predicted over the southern Great Plains is the
extent to which SSTs, which are potentially predictable, inßu-
ence seasonal precipitation. Since the SSTs within the NMME
data are forecast, the best way to assess this is to look at the
0.5-month lead time (i.e., the forecast of the following month
from the Þrst day of the month) during which the forecast SST,
due to the longer-than-monthly time scale of SST anomaly
evolution, will deviate least from the observed SST. We com-
bine these 0.5-month lead time forecasts into seasonal means.
This will emphasize seasonal time scale processes over the
random atmospheric variability that will be more important in
the monthly data. Figure 1 plots the observed seasonal mean
precipitation anomalies for the southern Great Plains together
with, for each model, the ensemble mean and the spread (from
minimum value to maximum value) across the ensemble
members. Also, the last panel inFig. 1shows (i) the multimodel
mean and (ii) the spread across-model ensemble means and
(iii) the spread across models and ensemble members. Skill is
quite variable across the model ensemble ranging from a cor-
relation coefÞcient with the ensemble mean from 0.11 (COLA
CCSM3) to 0.54 (COLA CCSM4). The multimodel mean av-
erages across the maximum number of realizations of internal
variability and across model biases and errors and is expected
to provide the best estimate of the SST-forced signal and,
hence, the best forecast of the real world on seasonal time
scales. It provides a correlation of observed and modeled
seasonal mean precipitation of 0.47. In an unusual occurrence,
therefore, one model has a higher skill than the multimodel
mean. In sum, according to these models, about a quarter of the
variance of precipitation is caused by SST variations and hence
potentially predictable on the seasonal time scales of SST
persistence, evolution and predictability. The times of DO&T
are also shown inFig. 1. The three drought onsets were driven
by seasonal precipitation declines that were among the most
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FIG . 1. Observed and modeled seasonal precipitation anomalies (mm month2 1) over the southern Great Plains
for individual NMME models and the multimodel mean at the bottom right. Modeled values are from monthly
0.5-month lead time forecasts formed into seasonal means. Ensemble spread for each model is shown as pink
shading around the red line. For the multimodel mean the blue-gray shading is the spread of the ensemble means of
the individual models, and the pink shading is the spread of all the ensemble members across all the models.
Drought onsets and termination identiÞed based on soil moisture transitions in NLDAS-2 land reanalyses are
indicated as brown and green dots, respectively.
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extreme in the record but, notably, two of the drought termi-
nations were driven by only modestly wet seasonal precipita-
tion anomalies.

b. Forecasts at various lead times of seasonal precipitation
over the southern Great Plains

Figure 2 shows the time series of observed and forecast
precipitation at lead times of 0.5Ð2.5, 1.5Ð3.5, and 2.5Ð
4.5 months from the NMME ensemble. The model forecasts
are shown as the multimodel mean of model ensemble means
with both the spread across the model ensemble means and
the spread across the entire multimodel ensemble members
shaded. As expected, the correlation of the observed and

multimodel mean forecast is lower for these lead times (0.39,
0.30, 0.31 for increasing leads) than for the 0.5-month lead
time (0.47). This decrease must be due to errors developing
in the SST forecasts.

c. Forecasts at various lead times of DO&Ts over the
southern Great Plains
The analysis to date has considered the general predict-

ability of precipitation over the southern Great Plains so next
we turn to forecasts of DO&Ts. It is reasonably clear that
predictability drops as lead time increases. Hence,Fig. 3
presents a summary plot of prediction of DO&Ts at the sea-
sonal time scale of lead times of 0.5Ð2.5 months. For the

FIG . 2. Observed and NMME ensemble forecasts for (top) 0.5Ð2.5, (middle) 1.5Ð3.5, and
(bottom) 2.5Ð4.5 months lead times of seasonal precipitation anomalies (mm month2 1) for
the southern Great Plains. The blue curve is the multimodel ensemble mean, the blue shading
is the spread of individual model ensemble means, and the pink shading is the spread across
all model ensemble members. Brown and green dots mark drought onsets and terminations,
respectively.
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FIG . 3. Actual and NMME forecast precipitation anomalies (mm month 2 1) during drought (top) onsets and
(bottom) terminations over the southern Great Plains for (left) the seasonal means of 0.5-month lead time forecasts
and (right) the shortest (0.5Ð2.5 months) lead time seasonal predictions. The left-hand bar shows the observed
anomaly from NLDAS-2, and the bar to its immediate right shows the multimodel mean with the individual models
to the right. The asterisks show the ensemble members for the individual models.
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seasonal predictions, shown in the right column ofFig. 3, for
example, prediction of AMJ 2012 is from 1 April 2012. For
reference we also show in the left column ofFig. 3 the monthly
time scale predictions. In this case, for example for AMJ 2012,
we show the average of 0.5-month lead time predictions from
1 April, 1 May, and 1 June 2012. These monthly predictions
assess how well DO&Ts might be expected to be predicted if
the SST anomalies were very well predicted. For drought on-
sets, OND 2010 stands out as being highly predictable on the
seasonal time scale. All but 3 of 64 ensemble members predict
drier than normal conditions and all ensemble means predict
signiÞcantly drier than normal conditions with remarkable
consistency across models. The multimodel ensemble mean
predicts a precipitation decline that is about three-quarters of
the observed value. In contrast, the drought onset in OND 2005
is not predicted at all and one model (CCSM3) errs on the wet
side. AMJ 2012 is an interesting case where all model ensemble
means predict a season ahead drier than normal conditions as
does the multimodel ensemble mean, though less than half of
the observed value. AMJ 2012 was not a case that the authors
of SNT thought to be potentially predictable in terms of SST,
because tropical PaciÞc and Atlantic SST anomalies were quite
weak at that time, and hence we will examine this drought
onset in more detail below. In contrast to the drought onsets,
none of the drought terminations were predicted on the sea-
sonal time scale in the multimodel ensemble.

The seasonal means of 0.5-month lead time monthly fore-
casts (Fig. 3, left column) are consistent with the successful
seasonal forecasts of drought onset for OND 2010. They also
suggest that the drought onset in AMJ 2012 would have been
more conÞdently predicted, and the drought onset in OND
2005 and the drought termination in OND 2000 might have
been predicted, if the SSTs had been better predicted at the
seasonal time scale.

Figure 4 shows the continental scale precipitation anomalies
associated with the observed drought onsets and the predic-
tions. For each observed onset, there was a strong negative
precipitation anomaly centered over the southern Plains with
wetter than normal conditions somewhere over the west coast
and over northeast North America. Especially for OND 2010,
and to some extent for AMJ 2012, the forecasts can pick up this
continental-scale rearrangementof precipitation at leads times out
to 2.5Ð4.5 months. Over western North America and the southern
Plains this pattern is suggestive of that which can be induced by a
cooler than normal tropical PaciÞc Ocean (Seager et al. 2014).
In contrast, a similar continental-scale pattern of precipitation
anomalies in OND 2005 was not predicted by the models at all.

Figure 5 shows the precipitation anomalies for the three
drought terminations. As expected, the continental scale pat-
terns are to some extent the opposite of those for drought onsets,
with wet conditions over the southern Great Plains accompanied
by drier than normal conditions over all or part of the American
West. The pattern for JAS 2006 is rather diffuse consistent with
SNT. Remarkably, in the multimodel ensemble mean, none of
these precipitation patterns were predicted at any lead time.

What gives rise to the greater potential predictability of
drought onsets than of drought terminations? In Figs. 6and 7
we show the hemispheric precipitation and 200-hPa height

anomalies to examine the large-scale circulation context of the
DO&Ts. (As shown in SNT, during DO&Ts, the low-level ßow
and moisture advection are essentially in the same direction
but eastward shifted relative to the upper-level ßow). In the
observations the drought onsets are all associated with wave
trains that place high pressure over northern North America
and the southern Great Plains under northeasterly ßow that
will tend to be drying (due to moisture advection) and sub-
siding (due to thermodynamic and vorticity balances). In all
cases this local circulation anomaly tends to be within a wave
train with a low height anomaly at the North American west
coast and a high over eastern Siberia and the east coast of Asia.
Further, in all cases the drought onsets are also associated
with a westÐeast dipole of positiveÐnegative precipitation
anomalies over the Maritime ContinentÐequatorial PaciÞc
Ocean. Hence, there is a degree of commonality of the dy-
namical contexts of the drought onsets. The observed height
anomaly in OND 2010 is actually quite similar to the composite
height anomaly for La Ni ñas during SeptemberÐNovember
shown by Seager et al. (2014). That paper showed that, in the
fall season, the La Niña teleconnection is of higher zonal
wavenumber than, and quite different to, the more PaciÞcÐ
North America (PNA)-like pattern during winter and spring
and that SST-forced models instead simulate PNA-like La
Niña teleconnections in all seasons. Consistent withSeager
et al. (2014), in the forecasts, the drought onset in OND 2010 is
related to a PNA-like La Ni ñaÐdriven teleconnection. This
biased teleconnection was enough to drive drier than normal
conditions in the southern Great Plains across the model en-
semble (Fig. 3). The circulation anomalies during the drought
onset of OND 2005 also have some characteristics of the observed
fall La Ni ña teleconnection, although the tropical PaciÞc precip-
itation anomalies were much weaker than in OND 2010. The
forecasts do correctly simulate the pattern of tropical PaciÞc
Ocean precipitation anomalies in OND 2005, but weaker than
observed, and entirely fail to forecast the Northern Hemisphere
circulation anomalies. The predicted circulation anomaly in AMJ
2012 does have similarities to that observed even though it is much
weaker. Since the prediction of this drought onset was a surprise it
is considered in more detail below.

The situation for drought terminations is quite different
(Fig. 7). Although the observed 200-hPa circulation anomaly
places southerly ßow over the southern Great Plains, this oc-
curs within hemispheric circulation anomalies that are very
different for the three terminations. In addition, there is a
considerable difference in the precipitation anomalies: notably
the tropical Indo-PaciÞc anomalies for JFM 1990 and OND
2000 are almost opposite of each other. The forecasts for all
these terminations and at all lead times tend to predict reduced
precipitation over the equatorial PaciÞc Ocean but generally
very weak circulation anomalies, consistent with the inability
to predict the terminations ( Fig. 3).

Since predictability on time scales longer than a week or two
can come from SSTs, inFigs. 8and 9 we show the observed and
forecast SST anomalies during the DO&Ts. The cause of the
drought onset in OND 2010 is obvious: a strong La Niña event
which it has been shown drove a teleconnection pattern that
induced dry conditions over Texas and northern Mexico
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(Seager et al. 2014). This La Ni ña was well forecast at all lead
times analyzed and, hence, this provided the basis for the ro-
bust forecast of drought onset in fall 2010 out to a season in
advance. In OND 2005 there were also cold SSTs in the

equatorial central and eastern PaciÞc Ocean, consistent with
locally reduced precipitation ( Fig. 6), but these were not well
forecast even at the shortest lead time and not forecast at all
at longer lead times. The poor tropical PaciÞc SST forecast

FIG . 4. Predicted NMME multimodel mean precipitation anomalies (mm month 2 1) at indicated lead times together with, in the bottom
row, the observed anomalies for the three seasonal drought onsets.
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hindered successful prediction of the drought onset as made
clear by the limited success of predictions at the 0.5-month
lead times (Fig. 3). Successful forecast out to the seasonal
time scale of the warm tropical North Atlantic did not aid
the prediction of drought onset in OND 2005. In AMJ 2012

the PaciÞc SST anomaly pattern had a horseshoe of cold
anomalies that extended from the Aleutians along the
coast of the Americas and reached across the tropical PaciÞc
to the western equatorial PaciÞc and surrounded warm
anomalies in the central North PaciÞc. This pattern of SST

FIG . 5. As in Fig. 4, but for the three seasonal drought terminations.
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FIG . 6. Large-scale context of predicted and observed seasonal drought onsets. NMME multimodel mean precipitation (colors;
mm month2 1) and 200-hPa height (contours; m) anomalies are shown for the indicated forecasts lead times together with, in the bottom
row, the observed Þelds.
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