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Introduction
The motivation to organize this workshop was the result of several key events that occurred in early 2015. First, we
became aware that the United States was to assume leadership of the Arctic Council in April 2015. This provided
an excellent opportunity to inform the science community and the public about the importance of the Arctic
and why changes that are occurring in this region are important to the United States. Second, there is growing
concern and debate occurring in the science community regarding the implications of climatic changes in the
Arctic on mid-latitude weather and climate events. Although there are scientific uncertainties about the linkages
between changes in the Arctic climate (i.e., reductions in snow and sea ice, warming temperatures, etc.) and midlatitude weather patterns in winter and summer, the implications of these changes on agriculture, water resources,
ecosystem health and other sectors for the Great Plains and Midwest regions of the U.S. could be profound. As we
proceeded to pursue the idea of organizing this workshop, it became clear that the goal of the workshop should
be to explore both the science associated with changes in Arctic climate on U.S. weather patterns as well as the
implications of these changes on the frequency of extreme weather patterns (e.g., severe weather, droughts, floods,
heat waves). Because of the importance of the central U.S. as one of the principal breadbaskets of the world, it was
clear that the focus of this workshop should be on the implications of a changing climate on both the agriculture
and water resources sectors.
The stated objectives of the workshop were:
• To build awareness of the importance of changes in the climate of the Arctic region on the United 		
		
States and other regions;
• To initiate an interdisciplinary dialogue within the science community and between scientists and 		
		
practitioners on the implications of changes in Arctic climate on Great Plains and Midwestern 		
		
agriculture and water resources as well for other regions of the U.S. (e.g., California and 			
		
other western states); and
• To identify, evaluate and propose actions in support of regional adaptation and mitigation strategies in
		
response to and in anticipation of a changing climate on the Great Plains and Midwestern regions
		
of the U.S.
In addition to producing this workshop summary report, the expected outcomes of this workshop were to:
• Create a workshop website to host reports, extended abstracts and PowerPoint presentations from the 		
		workshop;
• Publish the workshop summary in the scientific literature in order to create an archive of information 		
		
on which future Arctic-related activities could build;
• Develop collaborative alliances within and between federal agencies and with interdisciplinary 			
		
research entities at universities and elsewhere in order to better prepare for the effects of changing
		
weather patterns in the U.S.
• Provide programmatic guidance to USDA, NOAA, the Department of State and other federal agencies 		
		
as well as for state agencies and other entities.
This workshop was timely given the growing body of scientific literature on the influence of changes in the Arctic
on mid-latitude weather and climate patterns. We are confident that the results of the workshop will also be
beneficial to the work of the Arctic Council over the term of the U.S. leadership and beyond.
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Extended Abstracts
An Arctic Connection to Extreme Weather in Mid-Latitudes:
New Evidence, Mechanisms, Metrics, and Emerging Questions
Jennifer Francis
Department of Marine and Coastal Sciences, Rutgers University, New Brunswick, New Jersey
Does it seem as though your weather has become increasingly “static” lately? Day after day of cold, rain, heat,
or rainless skies may not be a figment of your imagination. Extremes in weather patterns are clearly on the
rise, and there is increasing evidence that rapid Arctic warming – so-called Arctic amplification – may be
playing a role.
Arctic amplification describes the tendency for high northern latitudes to be more sensitive to warming or
cooling relative to the rest of the northern hemisphere. This heightened response is linked to the presence of
snow and sea ice, and the feedback loops they trigger. For example, as sea ice retreats, sunshine that would
have been reflected back to space by the bright ice is instead absorbed by the ocean, which then warms the
water, and melts even more ice. As the Earth’s temperature has risen since the fossil-fuel revolution following
World War II, Arctic temperatures have increased at more than twice the rate of warming in northern midlatitudes (Fig. 1). A dramatic indicator of this warming
is the loss of Arctic sea ice in summer months, where
the areal coverage has declined by about 40% and the
ice volume by about 60% in just the past three decades
(1). This leaves the Arctic ice cover much thinner and
more vulnerable to any abnormalities in winds, ocean
currents, or injections of warm air from the south.
Studies have shown that the main driver is increased
greenhouse gases resulting mostly from burning fossil
fuels (1).
But Arctic amplification is not confined below the
nearly ubiquitous low-level temperature inversion.
The extra heat being absorbed by the vast expanses of
open water, once covered in ice but now exposed, is
substantial. Come fall, most of that heat is released back
to the atmosphere, resulting in elevated geopotential
heights with anomalies that increase with height over
the Arctic (Fig. 2). All that extra heat and realignment
of the north/south gradients cannot help but affect the
weather, both locally and on a large scale. But how?
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Figure 1: Difference in near-surface temperature anomalies
between the Arctic (north of 70ºN, cyan) and mid-latitudes
(30ºN-60ºN, blue) during autumn (Oct.-Dec.).

The Arctic is generally colder than mid-latitudes, and it is primarily this difference in temperature that propels
the upper-level west-to-east river of wind known as the jet stream. This atmospheric feature tends to follow a
wavy path as it flows around the northern hemisphere between about 30oN and 60oN, (at an altitude where
jets fly, hence the name). So as high latitudes warm more than mid-latitudes, this north-south temperature
difference weakens, which has two impacts on the jet stream.

Figure 2: Zonal-mean anomalies in air temperature (left), geopotential height (middle), and zonal wind (right) during 1997-2014 relative to
1979-1996, from 40oN to 80oN and from the surface to 250 hPa.

The first effect is to slow its west-to-east winds, a phenomenon that is already occurring (Fig. 2., right plot).
Upper-level winds around the northern hemisphere have decreased most during autumn months (Oct.-Dec.),
which is exactly when sea-ice loss exerts its strongest effect on the north-south temperature gradient. Particular
regions exhibit even larger drops in wind speed, such as over N. America and the N. Atlantic, where winds have
slowed by about 14% since 1980 (2). Rossby wave theory tells us that a decrease in the west-east flow tends to
slow the eastward progression of the large north-south waves in the jet stream. Because these waves control the
formation and movement of surface weather systems, slower wave progression means that weather conditions
will be more persistent, which may lead to extreme events caused by prolonged conditions (e.g., hot and cold
spells, drought, and floods). Because the atmospheric circulation is so chaotic, however, it is difficult to detect a
clear signal of this change amid the noise. As Arctic amplification continues to strengthen, these effects on jetstream waves and weather patterns are expected to become more apparent.
The second way that Arctic amplification is expected to influence the jet stream and our weather is by
increasing the “waviness” of the jet stream (2-4). Recent work shows that sea-ice loss in certain areas causes jetstream ridges in those regions to intensify, which amplifies the ridges and creates a deeper trough downstream.
This effect has been elucidated by analyses of observations (5-9) and model simulations (5-7), particularly as
it relates to cold winters in northern hemisphere continents. Large swings in the jet stream allow frigid air
from the Arctic to plunge farther south, while warm, moist tropical air can penetrate farther northward in
the intense ridges. The past two winters in North America
fit this pattern to a T, with drought and abnormal heat
experienced in connection with the persistent ridge along
the west coast, accompanied by cold, snowy winters in the
east. This pattern is also associated with shifting sea-surface
temperature patterns in the N. Pacific Ocean – a fluctuation
known as the Pacific Decadal Oscillation – but it appears
that sea-ice loss, which has been most pronounced in the
Pacific sector of the Arctic in the past two winters, has
prolonged the pattern and exacerbated its impacts (7, 10).
New work also suggests that weather patterns are becoming
more persistent during summer months, as well (11,12),
owing to the tendency for a weaker jet to split over
continents and to meander more. AA in summer results
primarily from earlier snow loss in spring (Fig. 3) and,
consequently, the earlier drying/warming of underlying soils
(14,15). Water resources, agriculture, and fire seasons will be

Figure 3: Differences between observed and normal
snow cover during June in the northern hemisphere
from 1967 to 2015. Data are from the Rutgers Global
Snow Lab, http://climate.rutgers.edu/snowcover.
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disrupted by any changes in summer patterns that alter the frequency and intensity of precipitation, dry spells,
and heat waves. Because Arctic amplification is weakest in summer, however, natural variability may dominate
changes in summer weather, at least for the near future.
While much progress has been made in recent years to understand the mechanisms by which Arctic
amplification affects the large-scale circulation of the northern hemisphere – the jet stream in particular – there
are still many puzzles to solve. The diagram in Fig. 4 presents a “state of the art” of Arctic linkages to midlatitude weather patterns. The two main branches emanating from Arctic amplification divide recent findings
into two main categories – one related to intensified ridges and the other to effects of slowing jet-stream winds.
Red, blue, and black shapes indicate whether the mechanism tends to occur mainly in summer, winter, or all
year, respectively. Dashed shapes indicate where a mechanism is still a hypothesis, and thus additional work is
required to verify its existence and importance. The main gaps in our understanding at this point revolve around
the detection of changes in high-amplitude jet-stream patterns – such as shifts in the frequency and duration of
blocking anticyclones – and whether those shifts are caused to some degree by the rapidly warming Arctic. Many
new approaches and metrics are being developed, and targeted model experiments are being performed. This is
a fast-evolving research topic, analogous to the climate system itself, and one that has captured the interest of the
media and public.
While it’s difficult to say with any certainty whether Arctic amplification played a role in causing or exacerbating
any particular extreme weather event, the evidence for a linkage is mounting. It is difficult to imagine that losing
half of the sea ice floating on the Arctic Ocean – a key component of the Earth’s climate system – could have no
effect at all on the large-scale circulation. Clearly the tropics still wield the largest stick in terms of energy and
global influences, but this “new kid on the block” (AA) will likely have impacts that our outside our sphere of
experience, resulting in more weather surprises in the future that are sure to affect water resources, agriculture,
and our familiar way of life.

Figure 4: Graphical
summary of
research progress
in understanding
linkages between
Arctic amplification
and mid-latitude
weather patterns.
Red (blue) shapes
indicate mechanisms
that occur primarily
in summer (winter)
months. Dashed
shapes indicate
uncertain linkages
that require further
work to verify.
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Arctic Change and Possible Influence on Mid-Latitude Weather Extremes
Judah Cohen
Atmospheric and Environmental Research, Inc., Lexington, Massachusetts 02421, USA
Introduction
The Arctic has warmed more than twice as fast as the global average, a phenomenon known as Arctic
amplification (AA). These profound changes to the Arctic system have coincided with a period of ostensibly
more frequent events of extreme weather across the Northern Hemisphere mid-latitudes, including extreme
heat and rainfall events and recent severe winters. The possible link between Arctic change and mid-latitude
weather has spurred a rush of new observational and modeling studies. These studies have argued that heavy
precipitation events and heat waves are at least partially attributable to Arctic warming. A growing number of
recent studies even argue that recent severe winter weather is related to AA. In part due to the high impact of
extreme weather on our society, some of these studies linking AA to the increased frequency of extreme weather
have garnered public and media attention. At the same time, uncertainties from the large intrinsic variability of
the system, the short observational record due to the recentness of AA and the shortcomings of global climate
models have also resulted in much skepticism in any argued links between AA and severe weather.
Arctic Amplification (AA)
Global surface temperatures are projected to warm due to rapid increases in greenhouse gases (GHGs) and over
the entire length of the instrumental record, temperatures have undergone a warming trend (IPCC, 2013). The
most significant and strongest warming globally has occurred in the most recent 40 years; with Arctic temperatures
warming at nearly double the global rate (Screen and Simmonds 2010). Coupled climate models attribute much
of this warming to rapid increases in greenhouse gases (GHGs) and project the strongest warming across the
extratropical NH during boreal winter due to ‘winter (or Arctic) amplification’ (Cohen et al. 2014).
Rapid Arctic warming and sea ice loss has had significant impacts locally, particularly in late summer and
early fall. September sea ice has declined at a rate of 12.4% per decade since 1979 (Stroeve et al. 2011) so that
by the summer of 2012, nearly half of the areal coverage had disappeared. This decrease in ice extent has been
accompanied by approximately 75-80% loss in volume (Overland et al. 2014). Anomalously low sea ice during
the summer exposes darker (i.e., low albedo) ocean water to sunlight, producing strong Arctic warming via
direct radiative impacts and anomalous latent and sensible heat fluxes. This reduction in summer sea ice
extent subsequently affects fall re-growth of Arctic sea ice, allowing for warmer and moister Arctic air masses,
particularly over nearby continents. The ensuing feedback contributes to amplified warming of the Arctic relative
to the rest of the globe (Fig. 1a,b; e.g., Serreze and Francis 2006).
Snow cover in spring and summer has decreased at an even greater rate than has sea ice. June snow cover alone
has decreased at nearly double the rate of September sea ice (Derksen and Brown 2012). The decrease in spring
snow cover has contributed to both the rise in warm season surface temperatures over the Northern Hemisphere
(NH) extratropical landmasses and in the decrease in summer Arctic sea ice. The rapid loss of snow cover in the
spring and summer has also contributed to the amplification of Arctic warming.
Linking AA to Extratropical NH Climate Variability
With the Arctic at record warm levels, the eight years between 2007 and 2014 have exhibited the lowest
minimum sea ice extents recorded in September since satellite observations began, with an all-time record
low in 2007 followed by another in 2012, when sea ice extent fell below 4 million km2 for the first time in the
observational record. However while the Arctic continues to warm, NH continental winters have recently grown
6

more extreme across the major industrialized centers. Several of these seven winters following the low sea ice
minima have been unusually cold across the NH extratropical landmasses (Cohen et al. 2012, 2013, 2014). The
recent winters of 2013/14 and 2014/15 were characterized by record cold and widespread snowstorms across
the eastern United States and Canada with the most intense cold-air outbreak in decades associated with the
weakening of the polar vortex both winters. Cohen et al. (2009) argued that the occurrence of more severe NH
winter weather is a two-decade long trend starting around 1990 (Fig. 1c). Whether recent colder winters are a
consequence of internal variability or a response to climate change remains an open question.

Figure 1. a) (right) Linear trend (°C
per 10 years) in December – February
(DJF) mean surface air temperatures
from 1960/61-2013/14. Shading
interval every 0.1°C per 10 years.
Dark gray indicates points with
insufficient samples to calculate a
trend. (left) The zonally-averaged
linear trend (°C per 10 years). b)
Area-average surface temperature
anomalies (°C) from 0°-60°N (solid
black) and 60°-90°N (solid red)
along with 5-year smoothing (dashed
black/red lines). c) As in a) but from
1990/91-2013/14. Shading interval
every 0.2°C per 10 years. Also note
different scales between a) and c).
Figure taken from Cohen et al. (2014).

Numerous compelling hypotheses linking changes in the Arctic to recent severe weather have been presented
(e.g. Liu et al. 2012; Francis and Vavrus 2012). They propose that a warming Arctic results in a wavier polar
vortex, leading to enhanced atmospheric blocking that often spawns extreme weather events.
The interaction between Arctic sea ice decline and the tropospheric circulation extends outside the Arctic and
across multiple seasons. Several studies have examined these delayed and remote responses to Arctic sea ice
decline, especially in relation to recent climate change. Francis et al. (2009), Jaiser et al. (2012), and Francis and
Vavrus (2012) suggest that late summer Arctic sea ice conditions modify static stability of the Arctic troposphere,
warm the lower levels, and ultimately change the poleward thickness gradient, implying a weakening of the polar
jet stream. The decrease in static stability, however, also suggests enhanced baroclinic energy at higher latitudes
and a change in the mid- and high-latitude planetary wave generation and propagation (Jaiser et al. 2012). Such
changes persist through the following winter, impacting mid-latitude weather systems and temperature patterns.
Honda et al. (2009) and Liu et al. (2012) use modeling experiments to illustrate that low summer Arctic sea ice
conditions promotes anomalous and persistent high pressure across the North Atlantic (i.e., the negative phase of
the North Atlantic Oscillation (NAO)), allowing for anomalously cold winters across much of Eurasia and parts
of North America. In an observational analysis, Hopsch et al. (2012) also found a tendency for a negative NAO
in late winter following low fall sea ice.
Links between summer Arctic sea ice variability and extratropical NH climate variability are not restricted
to the following winter season, however, Tang et al. (2014) and Francis and Vavrus (2012) argue that Arctic
amplification resulting from sea ice loss in fall and winter has imprints on the tropospheric circulation
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throughout the year, thus promoting weakened zonal flow and more frequent blocking episodes. Overland et al.
(2012) argue that sea ice melt promotes earlier snowmelt and enhanced melting of the Greenland ice sheet.
Extreme Weather, Blocking, and Links to Sea Ice Loss
Although the term extreme weather is used to describe a range of phenomena, their common trait is the
potential for high socioeconomic impact. Such events can be either short-lived (i.e., a strong hurricane or
blizzard), or persistent for several days or weeks (i.e., droughts and floods).
Atmospheric blocking events play a key role in many extreme weather events (Coumou and Rahmstorf 2012).
Blocking patterns result from the breakdown of the background flow pattern, which makes weather systems
move slower or even become stationary (Rex 1950a,b). Like boulders blocking a river, once an atmospheric
block forms, its impacts are felt both upstream and downstream of the block. For example, high winter
precipitation over California is oftentimes associated with persistent (or ‘cutoff ’) low pressure in the Eastern
Pacific (e.g., Carrera et al. 2004). Extreme cold temperatures during the winter months over Europe and North
America are associated with blocking anticyclones over northern Eurasia and Greenland, respectively (e.g.,
Thompson and Wallace 2001; Sillmann et al. 2011). The deadly Russian heatwave of 2010 was a direct result of a
stagnant upper-level ridge over western Eurasia (e.g., Dole et al. 2011). Blocking events have been implicated as
precursors for sudden stratospheric warmings (SSWs; Quiroz 1986; Martius et al. 2009), which in turn influence
surface weather evolution for up to two months later (Baldwin and Dunkerton 2001).
Strong evidence links the observed increase in extreme events with anthropogenic climate change (Coumou
and Rahmstorf 2012). However, the projected change in frequency and intensity of extreme weather events is
considered one of the principal yet more poorly understood impacts of climate change (IPCC 2013; Sillmann
et al. 2013). The main culprits for poor predictions of extreme weather events are a lack of understanding of
dynamics and feedback mechanisms driving variability in weather extremes and subsequent model deficiencies
(Christensen et al. 2008; Min et al. 2013). Quantifying the contribution of reduced Arctic sea ice to anomalous
circulation patterns is particularly problematic because many of the possible candidates forcing extreme weather
(e.g. sea ice) exhibit significant trends in the modern satellite era. This makes it impossible to establish a causal
link between sea ice anomalies and extreme weather using statistical methods and historical data alone.
I argue that this unforeseen trend is
likely not due to internal variability
alone. Instead, evidence suggests that
summer and autumn warming trends
are concurrent with decreases in Arctic
sea ice and increases in Eurasian snow
cover, which dynamically induces largescale wintertime cooling (Fig. 2). Arctic
warming in summer may also slow and
amplify atmospheric waves leading
to more extreme summer weather.
Understanding these poorly understood
responses to radiative warming of the
climate system has the potential to
improve climate predictions and our
understanding of severe or extreme
winter weather across the mid-latitudes
including the US.
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Figure 2. The schematic highlights a proposed way in which Arctic sea ice loss in
late summer through early winter may work in concert with extensive Eurasian
snow cover in the fall to force blocking a weakened polar vortex and ultimately
the negative phase of the N/AO in winter. Snow is shown in white, sea ice in
white tinged with blue, sea ice melt with blue waves, high and low geopotential
heights with red “H” (red represents anomalous warmth) and blue “L” (blue
represents anomalous cold) respectively, tropospheric jet stream in light blue with
arrows and stratospheric jet or polar vortex shown in purple with arrows. On
the right globe, cold (warm) temperature anomalies associated with the negative
phase of the winter N/AO are shown in blue (orange). Figure taken from Cohen
et al. (2014).
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1. Background
There are many reasons why the Arctic is important. Resource conservation, safe navigation, improved
commerce, national security, and societal impacts of Arctic change are all of key concern. This presentation
addresses the last item, summarizing scientific evidence of how the Arctic climate has changed and why such
change has occurred from a physical science perspective.
The presentation then examines the question whether Arctic change is having a detectable effect on middle
latitude weather and climate at this time. Initially proposed as a hypothesis by Francis and Vavrus (2012), the
supposition is that Arctic amplification of global warming may trigger a chain of events that ultimately lead to
increased extreme weather in middle latitudes. Various subsequent studies have explored these possible links,
and they are briefly discussed to illustrate what is currently known on how the Arctic matters for weather and
climate patterns.
Much of the research has examined late Fall/winter consequences of Arctic change. Here we present results
of new calculations to address how Arctic change is affecting the US Corn Belt during its growing season. It
has long been known that US corn production is most sensitive to July rainfall and, to a lesser degree, August
temperatures, dating from Wallace’s classic agro-climate study published in Monthly Weather Review in 1920.
We present results from a diagnosis of parallel climate simulations, one that includes Arctic change mechanisms
operating in recent years and the other omitting such drivers of Arctic change. These are compared for the
specific climate variables relevant for US Corn production, and an assessment of how Arctic change is likely
affecting central US water and agriculture is provided.
Finally, long historical time series of meteorological conditions during 1895-2015 are presented for the US Corn
Belt region. It is shown that climate in this region has become more favorable for corn production over the last
century, with a general increase of rainfall during July and a cooling of maximum daytime temperatures during
August. The presentation assesses whether Arctic change has been a critical factor creating a more favorable
summertime Great Plains climate.
2. Discussion
a. What is known about Arctic change?
The Arctic has warmed, with a larger rate of surface warming than that occurring over the rest of the world---a
global change pattern referred to as Arctic amplification (Serreze and Barry 2014). The timing of this warming
reveals that Arctic amplification emerged during the last 10-20 years, a period coinciding with a rapid observed
decline in Arctic sea ice. While the Arctic has warmed throughout the troposphere (as indeed much of the
global troposphere has warmed since the 20th century), little or no Arctic amplification has occurred in the free
atmosphere.
Physical considerations of the surface energy balance, in particular the increase in heat transfer to the
atmosphere from exposed Arctic Ocean surfaces compared to ice surfaces, indicates that the amplification of
*___________________
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Arctic surface warming has largely been driven by sea ice loss. Such sensitivity is affirmed in climate model
simulations, which also produce Arctic amplification in historical experiments of atmospheric models driven
by specified time varying Arctic sea ice (e.g. Kumar et al. 2010). Furthermore, historical simulations of coupled
ocean-atmosphere models (CMIP5) driven only by the change in greenhouse gases (GHG) and anthropogenic
aerosols generate a decline in Arctic sea ice and a warming of the Arctic Ocean that largely reproduces the
observed pattern and its rate of change.
The interpretation of observations and models is thus of an Arctic climate system undergoing rapid change
that is now largely (but not entirely) responding to human-induced climate change. The observed decline
in September Arctic sea ice extent of ~13%/decade since the 1990s is of a rate roughly expected from effects
of increasing GHG emissions. When Arctic climate is examined over the last 10-20 year average, Arctic
amplification of surface warming is mostly a symptom of human-induced change through sea ice and snow
cover feedbacks (and other factors including water vapor and cloud changes) that are strong drivers of high
latitude climate. Some fraction of Arctic sea ice variability, especially on shorter time scales of year-to-year
swings, is however unrelated to human-induced change. Natural factors also contribute to Arctic climate change
on multi-decadal time scales, as suggested by the fact that the Arctic climate experienced a transitory warming
during the first decades of the 20th century when anthropogenic forcing was small.
b. What is known about Arctic change impacts?
Arctic communities have experienced direct and visible effects of climate change owing to the strong local
control on weather and seasonality of climate exerted by sea ice. For instance, the impact of storms on coastal
communities is now radically different as they more often traverse open water rather than ice. The overall
warming of the Arctic tundra has had additional effects on permafrost and ecosystems that are key to habitation
in the Arctic.
Are such major changes in the Arctic affecting lower latitudes, in particular to an extent that noticeable changes
in climate and weather patterns in middle latitudes are now being detected? Francis and Vavrus (2012; hereafter
FV12) posed a hypothesis that, as a consequence of Arctic amplification, mid-latitudes would experience
increased extreme weather resulting from a dynamical change in the westerlies and the behavior of atmospheric
waves that are linked to the jet stream.
Climate science is fundamentally a hypothesis driven discipline, and experimentation is key to testing theories.
Numerous studies have thus emerged to test the FV12 conjecture. Ultimately, confirmation of theories only
counts if they are the result of predictions, but to date precise forecasts of the location and timing of extreme
weather events resulting from Arctic change have not been attempted. Notwithstanding, the merit of a theory
lies in its refutability, falsifiability, and testability; the various chain of events envisioned by FV12 have thus
undergone extensive scrutiny. For example, the key first link in the proposed causality chain was tested by
Perlwitz et al. (2015), who addressed the question of why the deep Arctic troposphere has warmed in the recent
decade, and whether the deep warming was due to sea ice loss. Their results, consistent with a body of modeling
evidence and physical arguments, show that sea ice loss only warms the lower-most troposphere, while other
processes (originating from outside the Arctic) has been driving the deep tropospheric warming over the polar
cap. Their analysis thus provides an alternate interpretation of Arctic-mid latitude interactions over the past
decade ---- deep tropospheric conditions over the Arctic have been more responding to lower latitude weather
and climate, rather than forcing them. The results further affirm prior findings that weakening of the surface
poleward temperature gradient due to Arctic amplification is largely ineffective in influencing the mid-latitude
jet stream owing to its shallow atmospheric warming effect at this time.
The detectability of Arctic change impacts on the jet stream has been most recently considered in Barnes and
Screen (2015). They present evidence for substantial decadal variability in the location and intensity of the jet
using a 140-yr historical observational data set. The recent decadal conditions are shown to be neither unusual
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nor extreme from the perspective of intrinsic climate variability. The presence of such significant decadal
variability indicates that an effect on the jet stream from Arctic change is unlikely to be detectable at this time.
The overall effect of global climate change on temperatures and the jet stream is shown to be very different from
that expected from Arctic amplification alone, as shown in Barnes and Polvani (2015). Projections for the latter
half of the 21st century using CMIP5 models indicate that while the primary warming in the lower troposphere
will occur over the Arctic, the primary warming in the middle and upper troposphere will occur in the tropics,
increasing the pole-to-equator temperature gradient through a deep atmospheric layer. There is no model
consensus on how the jet stream will respond overall in the Northern Hemisphere, either its strength or its
location, perhaps owing to a “tug-of-war” between tropical and Arctic effects (Barnes and Polvani 2015). In
summer, when Arctic amplification of surface warming is much weaker, the jet stream is especially dependent on
tropical deep tropospheric warming.
Arctic change is, however, having a clear and present impact on some types of mid latitude weather. A direct
consequence of Arctic amplification is that the reservoir of cold air over the polar cap is much diminished. This
leads to a significant and detectable reduction in cold air outbreak severity in mid-latitudes. Screen et al. (2015)
provide evidence for a substantial reduction in daily temperature variability over the contiguous US in winter
as a result of Arctic change. Two case studies of 2014 cold winter conditions over the Great Upper Midwest
(Wolter et al. 2015) and the eastern United States (Trenary et al. 2015) affirm the conclusions of Screen et al.,
noting a reduction of daily temperature variability and showing that the frigid 2013/14 Midwest winter was 20100 times less likely than in the late 19th century.
c. How Has Growing-Season Climate Changed in the Corn Belt?
In Louis Thompson’s (1962) report on how various weather factors influence US corn production, empirical
evidence was presented of a particular sensitivity to monthly mean July rainfall and August temperature.
According to data at that time, climatological conditions for corn yields in Illinois were estimated to be suboptimal, and that cooler/wetter conditions would lead to higher bushel/acre yields.
In this presentation, we show that observed summer conditions over the US Corn Belt have become cooler (for
daytime maximum temperatures) and wetter since the early 20th century. Since 1990, a majority of summers
have experienced cooler daytime maxima and wetter conditions than the long term average.
We present the results from a new set of climate model simulations specifically focused on identifying how
Arctic change has impacted Great Plains summer climate, and especially whether it has been responsible for
this more favorable growing regime in recent decades. Climate conditions in two parallel sets of historical
simulations are compared, one subjected to the known changes in greenhouse gases, ocean temperatures and sea
ice concentration, and a second in which the recent sea ice concentrations and related Arctic ocean temperatures
are set to a 1979-1989 climatology.
For July and August, although the sea ice loss is near its maximum, the experiments reveal little impact on
climate of the Arctic, and no significant effect on the corn belt of Nebraska, Iowa, Illinois, Indiana, and Ohio.
The weak sensitivity in the Arctic in summer is because of the reduced air-sea contrast during the mild perpetual
summer days, limiting the thermodynamic impact of sea ice removal (compared to winter). This weak Arctic
change is further ineffective in driving a remote dynamical effect on the jet stream and weather patterns of lower
latitudes. Thus, the various thermodynamic and dynamic links surmised to occur in association with Arctic
amplification largely fail to operate in summer, with little direct effect on mid-latitudes. The more favorable
climate over the Corn Belt experienced in recent decades is thus unlikely the result of Arctic change.
3. Conclusions and Next Steps
The presentation showed that sea ice loss, largely resulting from human-induced climate change, has been the
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main cause for an Arctic amplification of surface warming. Sea ice loss however has been found not to drive a
deep tropospheric warming over the Arctic, and observations indicate no Arctic amplification of warming in
the middle and upper troposphere. As a result, the critical first link in a hypothesized chain to connect Arctic
amplification to mid-latitude weather extremes is weak and the jet stream is not being appreciably perturbed by
Arctic change at this time. Any effect of Arctic change on mid-latitudes that may be occurring would furthermore be undetectable given the large intrinsic variability in weather and climate. An exception is that Arctic
amplification is having a substantial and detectable influence on mid-latitude weather by reducing the variability
of daily temperature ---- a diminished reservoir of high latitude cold surface air reduces winter cold air outbreak
severity in middle latitudes.
As has been emphasized recently, it is important to understand how a changing Arctic is affecting weather and
climate in different seasons and regions (Francis 2015). Here we have examined how Arctic change has affected
summertime growing season conditions over the US Corn Belt. Our model results and physical considerations
indicate no effect on either July rainfall or August temperature in the Midwest, two key variables for water resources and agricultural productivity.
Yet, growing season climate has become more favorable for corn production, though for reasons that are unknown. Next steps are to evaluate physical processes linking temperature and rainfall in the corn belt, and
further determine how long term change (not just Arctic sea ice loss) is affecting these processes. It is especially
important to account for this “US Warming Hole”, to explore reasons for the absence of warming or unusual
heat waves in recent decades, and to reconcile the current conditions with climate projections calling for a much
hotter corn belt climate in coming decades.
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Located on University of Nebraska–Lincoln's Gudmundsen Sandhills Laboratory, the camera location shows the winding stream of a branch
of the Middle Loup River as it cuts through the Nebraska Sandhills. "Mick's Slide" is towards the back of the frame; a blowout of sand in the
hillside, "Mick's Slide" has taught UNL researchers much about the geology and evolution of the Nebraska Sandhills, the largest stabilized
sand dune region in the hemisphere.
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A New Look at Precipitation Extremes in the Central United States
Kenneth E. Kunkel
Cooperative Institute for Climate and Satellites
North Carolina State University and NOAA’s National Centers for Environmental Information
Introduction/Background
Numerous research studies have documented an increase in extreme precipitation events in the U.S. over the
past 30 years or so. The recent Third National Climate Assessment (NCA3) summarized a number of these
studies (Walsh et al. 2014). They show that the increases are most prominent in the northern and eastern U.S.
This paper provides an update and some further in depth analysis of the NCA3 results. A set of 726 longterm stations from the U.S. National Weather Service’s Cooperative Observer Network (COOP), distributed
throughout the U.S., was used to identify extreme daily heavy precipitation events. Extreme events were defined
as 2-day precipitation totals exceeding the threshold for a 1 in 5-year recurrence. Annual time series of the
number of events were constructed for each station. The station results were aggregated to 1º x 1ºgrid box
time series by averaging the number for all stations in the grid boxes for each year. Regional time series were
constructed as the average of all grid boxes in the region. These constructed regional averages are referred to
herein as the “Extreme Precipitation Index” (EPI).
Regional definitions were the same as used in the NCA3. For the coterminous U.S., there are 6 regions:
Northeast, Southeast, Midwest, Great Plains, Northwest, and Southwest.
Discussion
Annual time series of the EPI for the Northern Great Plains (NGP), the Midwest (MW) and the Northeast (NE)
regions are shown in Figures 1, 2, and 3, respectively. The values for 2015 represent accumulated counts through
October 15, 2015 and the final value for 2015 may increase depending on events during the remainder of 2015.
A notable characteristic is the generally above average values during the 2000s in all regions and during the
1990s in the Northeast and Midwest. In all regions, the highest annual value on record has occurred in the 1990s
or 2000s, exceeding earlier records by a considerable margin.
Another characteristic is the very high interannual variability in the 2000s, particularly in the Northern Great
Plains and Northeast. Some of the high peaks are associated with notable flooding events, such as 2008 in the
Midwest and 2011 in the Northeast. Some low values are associated with drought episodes, such as the low value
in 2012 in the Northern Great Plains. The magnitude of variability is higher than any previous period of similar
length.
Kunkel et al. (2012) studied the meteorological causes of extreme precipitation events. In their study, they
analyzed daily events exceeding a 1 in 5-year recurrence interval. The meteorological cause of each event was
identified as one of the following: extratropical cyclone near a front (ETC-FRT), extratropical cyclone not near
a front (ETC-NFRT), tropical cyclone (TC), mesoscale convective system (MCS), air mass convection (AMC),
North American Monsoon (NAM), and upslope flow (USF). They found that events occurring near a front
accounted for about half of all events, but represented about 90% of the overall trend.
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Figure 1. Annual time series of the Extreme Precipitation Index (%
deviation from long-term average) for the Northern Great Plains
for 1901-2015. The values for 2015 are for a partial year through
October 15.

Figure 2. Annual time series of the Extreme Precipitation Index (%
deviation from long-term average) for the Midwest for 1901-2015.
The values for 2015 are for a partial year through October 15.

Figure 3. Annual time series of the Extreme Precipitation Index (%
deviation from long-term average) for the Northeast for 1901-2015.
The values for 2015 are for a partial year through October 15.

They used a different definition of regions than the NCA3, instead using regions defined by the National
Climatic Data Center (NCDC). Figure 4 shows time series of the number of events caused by fronts for the
NCDC regions most closely aligned with the NCA3 NE, MW, and NGP regions. In all of these regions, there is a
strong upward trend over the period of 1910-2009 (their analysis stopped in 2009).
Most extreme precipitation events in these regions occur in the warm season. An interesting dimension of the
Kunkel et al. (2012) findings is that, even in the summer, most events in the above regions were associated with
fronts. This raises interesting questions about climatological characteristics and trends of fronts during a time of
year when they are naturally weaker with weaker jet stream dynamics and (arguably) weaker links to larger-scale
patterns.
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Conclusions and suggested next steps
Historical analysis of precipitation observations indicates a strong upward trend in both the number and
interannual variability of extreme precipitation in northern and eastern portions of the U.S. A meteorological
analysis shows that this is predominantly a reflection of more events associated with the warm and cold fronts of
extratropical cyclones. This is a proximate “cause” but raises the question of why? With respect to the particular
focus of this workshop, fronts are an intrinsic feature of the mid-latitudes and jet stream dynamics. The role that
large scale teleconnections play in this, including the effects of Arctic amplification and sea ice loss, is an obvious
path for research inquiry. An interesting dimension of this is the major contribution of summer events to the
overall trend and to the trend in events associated with fronts.

Figure 4. Decadal time series of an index of the number of events occurring near the warm or cold front of an extratropical cyclone for four
regions in the north central and northeast U.S.
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Healthy Soils as the Cornerstone of Climate Resilience for Agriculture
Jerry L. Hatfield
Laboratory Director and Supervisory Plant Physiologist
USDA-ARS National Laboratory for Agriculture and the Environment
Introduction/Background
Agricultural production is dependent upon a reliable water supply and limitations to productivity are often
the result of the inability of the soil to provide adequate water (Hatfield, 2012). This is particularly evident
in rainfed environments which are dependent upon precipitation events to replenish the soil water profile.
Under irrigated conditions, where water is indirectly supplied to the surface from either surface or ground
water supplies and these supplies overcome the short-term variation in precipitation. Crop productivity is
directly related to water availability supplied by the soil. Egli and Hatfield (2014 a and b) showed that corn and
soybean yields across the Midwest were a direct function of the soil quality as defined by the National Crop
Commodity Productivity Index (NCCPI) and only in irrigated counties was the relationship between NCCPI
and crop yield nonsignificant.
Climate change will increase the rate of soil water evaporation and crop evapotranspiration (ET) because of
the increase in temperature and saturation vapor pressure deficit, thereby creating the potential for soil water
deficits, crop drought stress, and economic losses. These effects are likely to occur unless they are mitigated by
an increase in precipitation, an increase in use of supplemental irrigation; or adaptation of practices creating an
increase in crop water use efficiency. One of the adaptation strategies to increase water availability is through an
improvement in soil organic matter to increase the soil water availability as recognized by Hudson (1994). The
projections of climate change for the United States through 2100 reveal that spring precipitation across the upper
Midwest is expected to increase while summer precipitation across all of the United States and in particular the
central US is expected to decrease (Melllio et al., 2014). Coupling this change with the increase in water demand
for the crop ET has the potential to create cropping systems which suffer from increased yield limitations due to
water deficits, especially in soils with low water holding capacity.
Projections of climate change in the US reveal two different responses. Drought can be expected to increase
but this is offset by an increase in the frequency of extreme precipitation events (more than 5 cm in 24 hours).
Hayhoe et al. (2007) and Mellio et al. (2014) and this trend is expected to be present in many regions of the US
(Lettenmaier et al., 2008). One consequence of excessive rainfall is soil erosion in fields without adequate cover to
reduce the impact of the intense rainfall. More rainfall concentrated into high precipitation events will increase
the likelihood of water deficiencies at other times because of the changes in rainfall frequency (Hatfield and
Prueger, 2004).
The ability of the soil to infiltrate and store precipitation is affected by the soil organic matter content. The
continual loss of organic matter or nutrients from the soil through the combined processes of tillage and residue
removal affects the physical, chemical, and biological processes and leads to soil degradation (Hatfield, 2014).
Once a soil is degraded the susceptibility to erosion, compaction, and crusting increases and leads to a reduced
biological capacity within the soil. All of these factors begin to limit the ability of the soil to supply adequate
water for plant growth and creates a production system extremely susceptible to variations in weather during
the growing season. Improving our soil and reversing the trend in degradation is a necessary step for climate
resilience. Lal (2015) detailed the progression in agricultural systems when conservation agriculture is adopted
that improve the ability to enhance climate resilience. Karlen et al. (2015) didn’t address climate resilience
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but did show a framework for evaluating different conservation practices available from the Natural Resources
Conservation Service (NRCS) which could enhance the soil resource. These factors lead to the potential to enhance
the soil resource and create climate resilient agricultural systems and the dynamics of climate smart agriculture
were discussed by Steenworth et al. (2014) in which they showed the value of the soil as the foundation.
Discussion of presentation content, key messages, research needs/gaps, policy suggestions
Degradation of the soil is increased through the use of tillage and residue removal and the first affect observed in
this process is the decrease in aggregate stability. This leads to crusting and compaction of the soil and reduced
infiltration of precipitation causing runoff and increased erosion. As the topsoil is eroded we observed reduced
plant growth and productivity leading to reduced biological activity and reduced soil productivity. The impact of
degraded soils is observed in the increased variation in production within fields among years and a decrease in
overall productivity as observed in county level yields with differences in the quality of the soils. To increase soil
health or the soil aggradation process requires that the first step be the implementation of practices which create
a soil microclimate creating a stable environment for the soil biological complex. For the soil biological complex
to function at the maximum efficiency there is a need for an adequate temperature range, food, and water supply.
Maintaining the temperature regime and soil water within the range requires a residue layer to temper the
extremes. Soil biological activity is necessary for the increase in organic matter content leading to improved soil
water availability, nutrient cycling, and soil structure.
Climate resilience is a function of all factors that contribute to providing water and nutrients to plants
throughout the growing season. If the soil doesn’t supply these two critical factors then productivity will vary
whenever there is variation in temperature or precipitation. Since the variation in these two factors are expected
to increase in the near-term, a soil with limited water holding capacity and limited nutrients will exhibit
increased variation in productivity. The process of enhancing the soil is the key to climate resilience.
Key messages to understand the intersection healthy soils and climate resilience:
1. Soil degradation is a facilitated by tillage and residue removal
2. Soil degradation is a process with the first evident change in the aggregate stability at the soil surface
3. Degraded soils exhibit lower productivity and greater variation in productivity when variation in 		
		weather occurs
4. Soil aggradation is based on creating a stable microclimate for the soil biological system and facilitated
		
by maintaining a temperature and water regime within optimal ranges
5. Climate resilience is created by providing soil water, nutrients, and oxygen throughout the life cycle of 		
		
the plant to offset the variation in weather
6. Expected variation in weather due to climate change will increase seasonal variation in temperature 		
		and precipitation
7. Enhancing the soil has the potential to decrease variation in productivity except for the extreme events
Research needs and gaps critical to enhance climate resilience in agricultural systems:
1. Determine the rates of soil degradation under different tillage systems and residue removal for a range
		of soils
2. Determine the rate of soil aggradation under different management regimes and soils to the offset 		
		climate variation
3. Evaluate soil erosion rates under different tillage and residue removal practices
4. Evaluate the interaction of climate variation, soil health, and yield variation of different crops to 		
		
determine the most effective path to increased climate resilience
5. Evaluate the effects of improved soil health on the reduction of risk in production of crops under 		
		
different climate scenarios
6. Determine the role of genetic resources in enhancing climate resilience
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Suggestions for policy include:
1. Provide incentives for reduced tillage and maintenance of residue on cropping areas.
2. Provide incentives for enhanced soil health based on soil carbon and water quality and reduced risk in
		crop production
Conclusions and suggested next steps
Soil health is critical to climate resilience of cropping systems to variation in weather directly related to climate
change. Variation in production is a function of the quality of the soil resource and soil degradation increases
the inability of the soil to supply water. Since crop production is dependent upon soil water content, climate
resilience is impacted by the inability of the soil to capture and store precipitation for crop water use. Soil
degradation is increased by tillage and residue removal and current agricultural practices increase erosion and
decrease soil water holding capacity. Increased soil health can enhance climate resilience; however, producers
and landowners must become aware that climate resilience can be achieved through adoption of practices that
enhance soil biology in their soils.
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Located at Audubon’s Rowe Sanctuary, this camera location provides a bird’s eye view of a braided river channel and shifting sandbars along
the central Platte River. The location is also one of several major roosting sites for migrating sandhill cranes during spring migration. Between
late February and early April, nearly 500,000 sandhill cranes will use this critical stretch of habitat in south-central Nebraska.
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Using the Arctic Oscillation to Improve Agricultural Decisions
Guillermo A. Baigorria1
School of Natural Resources and Department of Agronomy & Horticulture
University of Nebraska–Lincoln. Lincoln, NE 68583-0968, USA
Introduction/Background
Crop yield variability in space and time is almost always largely determined by variability in the weather, then
by pest and diseases incidence, and the use of inputs and technology (Babb et al. 1997, Wheeler et al., 2000).
An excellent forecast of weather conditions for the upcoming agricultural season would be really valuable
for farmers as it would promote better decisions about what, when and how to cultivate a crop under the
best management program (Quiring and Blair, 2000). Climate systems such as El Niño Southern Oscillation
(ENSO) and the North Atlantic Oscillation (NAO) have been demonstrated to considerably influence ecological
processes (Stenseth et al., 2003). The El Niño and La Niña episodes affects weather and climate variability
worldwide, causing interannual fluctuations of temperature and precipitation (Ropelewski and Halpert, 1989;
Quiring and Blair, 2000; Higgins et al., 2007) whereas NAO represents the dominant climate pattern in the
North Atlantic and in the Mediterranean, affecting the number and paths of storms and their associated weather
(Gordo et al., 2011; Senseth et al., 2003). The Pacific Decadal Oscillation (PDO) and the Arctic Oscillation (AO)
are linked to recent interdecadal fluctuations. PDO is associated with these fluctuations over the western and
southern U.S., while the AO is also associated with them but to a much lesser extent over the southeastern U.S.
(Higgins et al., 2007).
Teleconnections, or teleconnection pattern, pertains to a persistent, large-scale circulation anomaly within the
atmosphere. There are several teleconnections identified around the planet and they directly or indirectly drive
the local and regional climate patterns. These patterns last weeks, months or even years and are often referred to
as preferred model of low-frequency variability, affecting very large areas, including entire ocean basins (Quiring
and Blair, 2000) and directly affecting agriculture. These teleconnections constitute the basis of categorical
seasonal climate forecasts (Cabrera et al., 2009; Royce et al., 2011).
CropClimate is a platform intended to produce climate-related useful information for agricultural decision
makers at scales finer than county level. Based on the state-of-the-art knowledge in categorical seasonal climate
forecasts, soil and agronomic information, and dynamic models and tools; producers, lenders, agrochemical
companies, and others can tailor their management and services according to the forthcoming season. By
exploring these modeling capabilities CropClimate’s focus is to improve field management of food, fiber, and fuel
crops for more sustainable production systems. CropClimate.org is part of several tools and methods developed
by the International Consortium of Categorical Climate Forecast Applications (IC3FA) lead by University of
Nebraska-Lincoln. IC3FA has as objective to use globally available categorical seasonal climate monitoring and
forecasts (teleconnection indices) and to translate them into useful information for decision makers.
Discussion of presentation content, key messages, research needs/gaps, policy suggestions (if applicable)
Monthly Arctic Oscillation (AO) indices are constructed by projecting the monthly mean 1000-hPa height field
anomalies over 20°N-90°N latitude onto the leading EOF mode. Both time series are normalized by the standard
deviation of the monthly index (1979-2000 base period). Since the loading pattern of AO is obtained using the
monthly mean height anomaly dataset, the index corresponding to each loading pattern becomes one when it is
normalized by the standard deviation of the monthly index. (Higgins et al., 2000, 2001, 2002; Zhou et al., 2001).
____________________
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The AO is an important Arctic climate index with positive and negative phases, which represents the state of
atmospheric circulation over the Arctic. When the AO is in its positive phase, a ring of strong winds circulating
around the North Pole acts to confine colder air across Polar Regions. This belt of winds becomes weaker and
more distorted in the negative phase of the AO, which allows an easier southward penetration of colder, arctic air
masses and increased storminess into the mid-latitudes (http://ossfoundation.us/projects/environment/globalwarming/arctic-oscillation-ao). The negative phase brings higher-than-normal pressure over the polar region
and lower-than-normal pressure at about 45 degrees north latitude. The positive phase brings lower-than-normal
pressure over the polar region, steering ocean storms northward, bringing wetter weather to Alaska, Scotland
and Scandinavia, and drier conditions to areas such as California, Spain and the Middle East.
Over most of the past century, the Arctic Oscillation alternated between its positive and negative phases. Starting
in the 1970s, however, the oscillation has tended to stay in the positive phase, causing lower than normal arctic
air pressure and higher than normal temperatures in much of the United States and northern Eurasia (http://
ossfoundation.us/projects/environment/global-warming/arctic-oscillation-ao). While the value of the AO index
was strongly positive in the early 1990's compared to the previous forty years, the value of the AO has been low
and variable for the last nine years (http://www.arctic.noaa.gov/detect/climate-ao.shtml). However, due to the
warming effects of climate change it is projected to have an increase in the number of negative phases of AO.
Together with soils, genetics and management, crop yields are the crop response to the aggregated effect of
daily weather during the cropping season and even few months before planting (soil moisture). Although some
specific weather event such as a freeze event or hail can cause a crop to fail, yields cannot be link to a specific
behavior of a given meteorological variable (e.g., corn yields in the Midwest do not depend on July’s rainfall).
Climate effects on crop production is not linear, and complex processes must be taken into account before
attempting to use climate to predict yields.
Teleconnections vary on their level of persistence, from multidecadal (e.g. Atlantic Multidecadal Oscillation AMO) to monthly (NAO, AO, etc). Depending on the crop, a crop season varies in length, from almost a month
(e.g. radish) to several years (e.g. sugar cane). It also varies on ‘when’ the crop season begins, from large scale
signals (e.g. spring in the northern hemisphere begins on March whereas in the southern hemisphere begins in
September) to short scale signals (e.g. latitudinal effect of Sun’s movement on melting frozen soils). To be able to
measure the effects of climate in agriculture, it is necessary to match the spatial-temporal teleconnection signal
window with both, the spatial-temporal crop season window and the specific crop requirements. For instance,
after sowing, winter wheat needs to accumulate chilly units on freezing temperatures to be able to emerge; for
other crops, same temperatures after sowing will kill the embryos within the seed.
AO changes due to climate change can affect differently to different crops and even the same crop at different
regions. For instance; current corn varieties planted in most of the USA will be negatively affected by the
projected changes to a more frequent negative phase of the AO; whereas winter wheat will be mostly positively
affected (Figure 1). The effects of AO and other teleconnection indices on crops can be analyzed with
information provided by CropClimate.org.
Thus it is possible to project the positive and negative effects of changes on teleconnection indices on different
crops across all USA. What is important is that, within certain level of flexibility, crop management can be
adjusted according to the upcoming season-by-season climate. Decisions of what to plant, when to plant,
the selection of crop variety and crop insurance, investment in irrigation systems, etc., are some examples of
decisions that can be improved by using simulation platforms such as the one provided by CropClimate. This
climate to crop-management translation platform can be used by producers at field level, and by government
agencies, financial institutions and private industries when the information is aggregated at country level as
shown in Figure 1. Knowing the projected crop yield changes in the season by season levels as well as the long
term level will allow to fit better products and support for producers and to guide future research in agriculture.
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Figure 1: Inverse effect of the Arctic Oscillation negative phase on corn and winter wheat production in the USA.

Conclusions and suggested next steps
CropClimate should be considered and used as the USA’s Agricultural Early Warning System to explore the
season-by-season effects of climate on agriculture and to guide producers and decision makers at all levels in
planning the near to long term future of food production and security in the USA.
The extrapolation of CropClimate-USA experience to other countries members of the International Consortium
of Categorical Climate Forecasts Applications (IC3FA) will allow USA to lead the international efforts on food
security under projected climate change.
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Introduction/Background
Quantifying the relationship between global-scale anthropogenic forcing and its implications for atmospheric
circulation patterns, specifically upper level wave patterns, is a challenging research area. Much of the research
connecting human-induced warming to changes in atmospheric circulation has focused on the Arctic, as this
area has been warming a rate much greater than that in the mid-latitudes. Various studies have suggested that
this “Arctic Amplification” is not only resulting in a rapid melting of Arctic sea ice especially during the summer
months, but could also be amplifying the jet stream in the months that follow (e.g., Francis et al 2009). A
more amplified planetary wave pattern tends to result in more regional weather extremes, such as an increase
frequency of precipitation anomalies and extreme temperatures (Screen and Simmonds, 2014, Overland et al.,
2015). While model results have yielded some evidence that low sea ice summers in the Arctic can contribute to
increased planetary wave amplification, the observational evidence remains somewhat inconclusive and highly
debated (e.g., Screen et al., 2012, Mori et al., 2014, Jaiser et al., 2011, Porter et al., 2011, and references therein).
This study examines the connection between sea ice concentration in the Beaufort and Chukchi Seas north of
Alaska and height anomalies in the following winter and early spring using NCEP (NOAA National Center for
Environmental Prediction) reanalysis data. Most of the atmospheric wave amplification in modeling studies
has the common theme of occurring within close proximity to summer sea ice negative anomalies (e.g., Screen
et al., 2012). Modeling studies have been beneficial in this area because observational evidence is challenging
due to the short time scales over which reanalysis and satellite data have both been available and reliable. With
that being said, recent research has shown some robust changes in atmospheric circulation using reanalysis
data (e.g., Francis and Vavrus 2014). Mori et al (2014) performed a similar study to this one over a different
region of the Northern Hemisphere. They ran model simulations using the European reanalysis to conclude that
changes in the Berents-Kara Sea ice concentration is affecting jet stream amplitude in Eurasia and subsequent
weather patterns. That study also found there are downstream implications to localized amplification. Our study
evaluates similar implications for the Midwest.
To start, we examine teleconnections height anomalies across the eastern Pacific Ocean have on regional
precipitation. While doing this, we examine the possibility that, even without the effect of long-term ocean
cycles, there is still a strengthening ridge south of Alaska that can be correlated with rapid sea ice loss over
the previous three decades. We tested precipitation patterns in the climate regions across the United States for
correlation to the geopotential height anomalies at these locations. Similar to previous studies on storm track, we
examine how height anomalies in these locations affect storm track across the continental United States, CONUS
(e.g., Bhatt et al. 2008; Screen 2013; Inoue et al 2012). This is done by testing the statistical significance of the
correlation coefficient between monthly precipitation data and geopotential height anomalies. The goal in the
first part of the discussion is to show that height anomalies within these areas can directly affect the precipitation
throughout some regions of the United States, but that it is regionally dependent.
Outside of the potential seasonal forecasting applications from this research, we seek to determine whether there
is a potential for semi-persistent long term ridging in the Pacific Ocean during these winter and early spring
____________________
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months. This would have long-term impacts on regional and seasonal precipitation patterns throughout the
United States. Our goal is not to pick one area and show that blocking patterns have increased or decreased at
that location, but rather, to show that several consecutive months have experienced semi-persistent ridging over
the past couple decades in similar locations. It can be hypothesized that, despite a ridge being centered at slightly
different locations from month to month, there will still be climate altering affects to regional precipitation. Since
the time period for this analysis is brief, we must consider the affects the SOI (Southern Oscillation Index) and
PDO (Pacific Decadal Oscillation) cycles have on height anomalies in our domain. During the time period for
this analysis, SOI shifts from primarily negative values, indicative of El Niño, to primarily positive La Niña years
in the 2000s. This could lead to signals of false increases in the geopotential height anomaly count within the
focus area. We develop an equation that empirically removes the role SOI has on the geopotential height field in
these boxes. This tells us the robust climate signal without the influence of this long term ocean cycle.
Finally, it is at this point that we will examine the possibility that changes in the synoptic pattern are influenced
by localized rapidly decreasing sea ice concentrations during the last two decades in parts of the Beaufort
and Chukchi seas. We examine if there is statistical significance to sea ice north of Alaska during August and
September to height anomalies within our area of interest during the winter and early spring. The highest
correlations to late summer sea ice concentration and height anomalies should be during the wintertime based
on results from previous research (e.g., Francis et al, 2009).
Results/Discussion
A ridge off of the west coast has long been tied to drier conditions in the western part of the U.S. (e.g., Bhatt et al.
2008). This is true for several grid boxes in this analysis during January through March, but especially in January.
The results indicate that the driest years will occur when the most significant ridging takes place in these areas.
There is also a noticeable downstream effect on precipitation in much of the Midwestern parts of the country, but
especially, the Upper Midwest. These results are a reversal of sign from the West, indicating that strong positive
height anomalies at these locations in February and April acts to bring heavy precipitation to these regions.
Naturally, downstream effects on precipitation are less than the regions closest to the height anomalies. The
remaining climate regions in the United States saw little or sporadic significance.
We show that SOI (ENSO) has strong connections to the height anomalies, especially in late winter. Our
research shows that a time series of seasonal January-February-March-April (JFMA) SOI, using a running mean
to eliminate some natural variability in the index, indicates that from 1979 to 2014 there is a steady increase
with little variability. PDO has an inversely proportional trend to SOI. As we can show, the two indices are in
phases that are closely tied to one another for sea surface temperatures in this part of the Pacific. SOI and PDO
historically have been shown to go through long term cycles that are longer than our 36 year data period. The
equation we develop is important to the analysis so that we can examine the climate signals after reducing the
effects ocean cycles have on geopotential height in the Pacific. This equation successfully reduces all statistically
significance SOI has on these grid boxes as well as greatly reducing the effect of PDO. After removing the SOI
influence, there is sufficient evidence in the yearly and running means that there are at least modest increases in
geopotential height anomalies during winter and early spring independent of these long term ocean cycles.
Our monthly results include sea ice concentration correlation with these height anomalies. These values show
that there is a connection between sea ice concentration north of Alaska in the late summer months with the
following winter and spring height anomalies. Like previous attempts to link the sea ice concentrations to height
anomalies, the strongest significance to wave patterns occur in late winter and the beginning of meteorological
spring. These correlation coefficients have confidence levels of at least 95% for at least one grid box in all four
months. Attempting to correlate sea ice with localized geopotential height anomalies in the Pacific Ocean isn’t
a new idea, but the procedure used seems to be a relatively new way of quantifying the link. The connection
between an increasing ridge and decreasing sea ice could be important for forecasting purposes, especially long
term when issuing seasonal forecasts. This would have hydrological impacts for the United States, but especially,
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in the western part of the country. The primary long-term forecasting applications this research could have will
be the focus of future projects.
After looking at monthly teleconnections for these anomalies, there is a possibility that some regions could have
multi-month periods of evolving precipitation patterns leading to increased potential for long-term floods and
droughts. JFM height anomalies are strongly connected with region precipitation in the West and Southwest. The
confidence level of 99.9% for January-February-March (JFM) precipitation in the western part of the country
means that if ridging continues to develop, seasonal dry conditions will continue for these regions. This is of
great concern, especially for California, because the majority of their precipitation usually falls during these
months and is vital for water in the region. Snowfall in the Sierra Mountains during these months eventually
become one the primary water source for California in late spring and during the summer as the snow melts
(Segal, 2013).
After adjusting the height anomalies to remove the effect of SOI, the contribution of sea ice to increased seasonal
ridging remains at a confidence level of 99%. The high confidence between the two suggests that sea ice acted to
increase the amplitudes of ridges forming in these months, while modulating any troughs that formed. The main
uncertainty here is an insufficient amount of years. Like previous studies on this subject, the greatest changes in
the amplification have taken place in the past decade and a half. Our results also show that most of the sea ice
concentration loss north of Alaska has occurred since the summer of 2000. This coincides with the time period
of significant changes to upper level jet stream patterns presented here as well as other research on this topic.
(e.g., Francis et al 2009)
While the confidence levels are less for downstream impacts on seasonal precipitation, there are statistically
significant results especially for Upper Midwest climate region. February has the highest confidence level that
precipitation patterns are affected by ridging in the Pacific Ocean. February shows the most confidence in
its connections to decreasing sea ice as well as high confidence the running means trending upward. Further
research is needed, but this could hint at stronger, or more frequent, February Midwestern snowstorms
as ridging increases in these areas. There are more influences on precipitation during April for the Upper
Midwest leading to the belief that flooding conditions during the melting season could become an issue in the
future decades.
Conclusions and Next Steps
Significantly decreasing sea ice concentrations north of Alaska in parts of the Arctic Ocean as well as the
Chukchi and Beaufort Seas is aiding in the amplification to wave patterns in the North Pacific off of the west
coast of the CONUS. Even when the effect of ocean cycles, such as PDO and SOI, are empirically removed from
the height anomalies, a robust climate signal of increasing height anomalies is still being observed. This research
provides increased confidence expressed in previous research that Arctic amplification is affecting wave patterns
across the Northern Hemisphere (e.g. Francis et al., 2009). The increased ridging off of the West Coast of the
United States not only affects the climate regions adjacent to that location, but also has downstream impacts
on precipitation. This has major hydrological implications on the ongoing drought in the West Coast as well as
late winter precipitation increases for the Upper Midwest. In 2012, R2 (NCEP-DOE Reanalysis 2 )data shows
that sea ice in late summer was so low that the area north of Alaska was almost entirely ice free. The following
winter and spring of 2013 the jet stream over most of the United States saw the most amplification during our 36
year analysis. With that being said, this sample size of ice free years is not adequate. At some point in the near
future, August and September sea ice concentration for this part of the Arctic will be near zero most years as
Arctic amplification continues to warm this part of the World at a much faster rate. Some research suggests that
the Arctic could be ice free frequently during the summer occurring sometime in the next 2 to 4 decades (Wang
and Overland 2009; Stroeve et al. 2007). When this happens on a regular basis, it is unclear how much more
the wave pattern will be affected. Based on this research there is marginally high confidence that years like the
amplification seen in 2013 and much of the last decade will become more frequent.
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Regarding future research, we would like to look more into the forecasting applications. For example, could
using sea ice concentrations actually improve seasonal forecasts for certain regions more than just using the
ENSO. Also, knowing the phase of PDO seems to be important. How does that factor into it? Also, we would
like to look at surface temperature. Surface temperature will likely have better correlations with these amplified
patterns than precipitation. We would like to see if understanding these concepts can better forecast winter
temperatures in the Midwest.
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Sunshine Beach is a public use area on Seminoe Reservoir just upstream from the dam and power plant. The shallow bay in the foreground
shows water level fluctuations throughout the year, caused by decisions about how much water to store and how much to release in the 1.0
million acre feet Bureau of Reclamation reservoir.

31

Drought-Fusion: A Union of Past and Present Drought Characteristics and their Impacts
Mark Svoboda, Michael J. Hayes and Won-Ho Nam
National Drought Mitigation Center, University of Nebraska–Lincoln, School of Natural Resources
Introduction
Daniel Connell, a research fellow from the Australian National University, posits that “societies will manage
climate variability and potential changes in climate in the same way that they manage droughts, for better or
worse”. Looking more deeply along those lines, one can certainly see the analogy and parallel themes linking the
characteristics of drought and climate change. Droughts typically evolve slowly and can cover large areas,
potentially affecting millions of square miles and millions of people while lasting months or years in the process.
In addition, the cross-cutting nature of drought across many economic sectors, coupled with both direct and
indirect impacts, makes drought stand out as one of the most costly of all hazards around the world, year in and
year out. Planning and preparing for future droughts builds more resilient societies, not only for drought events
but also for other extreme events and the effects of climate change.
The mission of the National Drought
Mitigation Center (NDMC) is to help
people lessen their vulnerability to
drought through a proactive drought risk
management approach. As a boundary
organization, the NDMC works with a
variety of stakeholders at all scales in
order to help better translate drought
science to the media, public, and policy/
decision makers. To help accomplish
this, the NDMC serves as a developer,
integrator and conveyer of a variety of
tools and methods as a means of creating
value added and usable information to
a variety of audiences through a variety
of dissemination vehicles. Stakeholder
input and feedback takes place from the
onset in the development of a variety of
Figure 1. The NDMC develops and integrates a variety of drought products and
decision support tools, databases and web tools as a means of producing value added and usable drought science information.
portals. This “fusion” (Fig. 1) of drought
This “fusion” process leads to a more comprehensive Drought Early Warning and
information is packaged and presented
Information System (DEWIS) approach.
through a variety of data, decision support
tools, resource guides and a web portal, which are all aimed at helping people understand, monitor and prepare
for drought. The NDMC serves as a catalyst in this process given its role in working with the National Integrated
Drought Information System (NIDIS) along with a variety of local, state, federal and regional organizations as
well as individual producers and citizens.
What Can We Learn from the Past?
We know from studying various pre-instrumental proxy data (e.g. tree rings, ice cores, lake sediment cores)
that droughts have the potential to last several decades. Paleoclimate data have shown that these multi-decadal
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“mega-droughts” were prevalent over multiple regions at one time. The impact today of such droughts on a
pan-continental scale would no doubt lead to impacts beyond anything reported in the modern era. In fact, the
roughly decade long Dust Bowl drought of the 1930s would pale in comparison to these paleo mega-droughts
of the past (Figure 2). Given the fact that climate is always changing, and is a moving target for planners and
managers, one of the challenges that global warming presents is in how we use and trust these paleo data in
planning and designing water systems for the future.

Cook et al.2014
Figure 2. Paleo droughts can be determined from “proxy” data such as tree rings to reconstruct historical drought indicators such as the
Palmer Drought Severity Index. The arrow points to the Medieval Warm Period, a time when droughts were more prevalent across the
central Plains.

Drought in the Instrumental Past
Drought, a temporary aberration, is a very normal part of the climate cycle. As illustrated in Figure 3, we can
see the ups and downs of drought over the instrumental era. As noted earlier, the Dust Bowl years of the 1930s
stand out clearly, peaking at about 80% in the mid-1930s. What we shouldn’t ignore is that there are many
other examples of large-scale, intense droughts, such as the 1950s, late 1980s and more recently in the early
2000s, including 2010-2015 droughts of the southern Plains, Midwest/central Plains and the western drought in
California, Nevada, Pacific Northwest and surrounds.
Understanding our risk of exposure to drought, along with the impacts that can accompany such events, is an
important part of the drought risk management approach. Knowing our “drought climatology”, along with the
return intervals (frequency), duration, severity and other characteristics can help planners revise or develop
drought plans.
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As a way of helping people assess their
risk to drought exposure, the NDMC has
created a National Drought Risk Atlas
(DRA) (http://droughtatlas.unl.edu). The
DRA was launched in 2014 and contains
over 3,100 long-term, high quality climate
reference stations across the country. Over
1 billion climate/drought indice records
and gridded maps have been archived
and are freely accessible from the web
interface. The DRA contains drought index
values for the Standardized Precipitation
Index (SPI), Standardized Precipitation
and Evapotranspiration Index (SPEI),
Deciles, Palmer Drought Severity Index
(PDSI) and the self-calibrated PDSI.
The DRA was created to help answer
questions such as:
Figure 3. Time series of the PDSI from the historic instrumental record for the U.S. 		
• How does the current drought
compare to other droughts
historically?
• When was the last time a drought like this happened?
• How often (frequency) does a drought of this magnitude happen?
• Are we seeing any trends or characteristic changes in drought frequency or magnitude?
• What did the spatial footprint of the last drought look like?
For this initial study, the DRA was used (Fig. 4) to analyze and look for any changes in drought characteristics
such as frequency, duration, intensity and magnitude.
Time series for Urbana, Fairmont and Geneva were run using the various indices contained in the DRA. Figure
5 shows time of drought in red and periods of wetness in blue. Those times when all three locations shared
drought or pluvial (wet) periods are indicated by the shaded yellow (dry) and blue (wet) bars indicating that
these conditions were widespread across most of the north-central U.S. at the same time. Not surprisingly, the
Dust Bowl years of the 1930s stand out as do those in the 1950s, 1988-89 and the recent drought of 2012. The
larger wet patterns are found in the early 1950s, mid-1970s, early 1980s and then again in the early 1990s with
1993 being a very wet year.
So how does the recent drought of 2012 compare to the more iconic Dust Bowl year droughts? 2012 was a
remarkably hot and dry year for many locations in the north-central U.S. and country in general as shown in
Figures 6 and 7. In fact, Nebraska (and Wyoming) observed both its driest and hottest year on record in 2012.
For the north-central region, 6 states (IL, KS, MO, NE, OH and SD) recorded their hottest year on record and the
remaining states (ND, MN, IA, WI, MI and IN) came in at either their second or third hottest year with records
for all states going back to 1895. For 2012 as a whole, the southern tier states came in with dryness around or
below their top ten driest years. Keep in mind that these numbers reflect annual totals and as such don’t take
into account the actual timing of this drought, which came at a critical time of the growing season and peaked
between June and September. The seasonal ranks for summer 2012 indeed showed dryness across the entire
north-central region with Nebraska, South Dakota, Iowa and Missouri all experiencing top five record dryness
for the June-August period.
34

Figure 4. 186 climate stations from the NDMC’s Drought Risk Atlas were selected for the North-Central U.S. having a period of record of
1911-2012. Case study results focused on locations in Illinois (Urbana), Minnesota (Fairmont) and Nebraska (Geneva).

Figure 5. Drought indices for locations in Illinois, Minnesota and Nebraska as determined by the SPEI (12-month) in the North-Central U.S.
(3 STATES) during 102 years (1911-2012) of historical record. Station data are taken from the Drought Risk Atlas.
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Figure 6. Statewide temperature rankings illustrating how the drought of 2012 historically hot across the country’s mid-section and most
everywhere else. Source: National Climatic Data Center (NCDC), now the National Centers for Environmental Information (NCEI).

Figure 7. Statewide precipitation rankings illustrating how the drought of 2012 was fed by top ten dryness across the country’s mid-section.
Source: National Climatic Data Center (NCDC), now the National Centers for Environmental Information (NCEI).

36

The question that comes to mind a lot is can/does the “flash drought” of 2012 serve as a potential harbinger of
future droughts in a warming world given the influence of depleted soil moisture levels and record setting heat
during the growing season? Many annual record hot and/or dry years were broken for several locations during
2012, for a one year period only. The fact that the persistent, multi-year duration component was lacking, which
means as a whole the magnitude of the 2012 drought and its characteristics don’t lend itself well to those of the
1930s, which were decidedly of greater duration and thus magnitude.
In order to capture these larger drought footprints, we focused on the entire region in this initial analysis and
in the future we will be looking at state, basin or other various sub-regional breakdowns along with other parts
of the U.S. You can see from Figure 8 that 2012 brought drought to nearly two-thirds of the country. The timing
(summer/growing season) and rapid development (flash drought) caught many off-guard in the north-central
region given the wet period that proceeded it. At its peak, nearly 90% of the U.S. corn producing areas was in
drought and this applied to many other commodities as well as livestock.

Figure 8. The U.S. Drought Monitor showing the extent of drought across the country as of August 28, 2012. Over 62% of the Lower 48 states
were in at least moderate (D1) drought, marking the highest percent of the country in drought since the Dust Bowl years of the 1930s.

Final Thoughts
Are we on the precipice of seeing how drought characteristics today may be a harbinger of future droughts due
to a warming world? Only time will tell, but perhaps no other hazard like drought today that we have to deal
with and plan for can come close to the challenges that climate change will pose.
The linkages between drought, water, food security, and climate change illustrate complex problems, from which
solutions are going to depend on the information and integration that partnerships and networks provide. In
the end, it all comes down to the water, a commodity taken for granted all too often. Droughts can often force
conflicts over water and can provide us lessons on how to better manage this precious resource in the future.
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The Physics of Great Plains Drought: Its Predictability and Its Changed Risk in a Warmer World
Martin Hoerling1* and Ben Livneh2
NOAA Earth System Research Laboratory
University of Colorado-Boulder, Department of Environmental and Civil Engineering
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1. Background
Drought is broadly understood to be a condition of deficient moisture in the land surface (e.g. Wilhite and
Glantz 1987), a natural hazard associated with agricultural loss, water resource shortfalls, and other economic
impacts. The Great Plains, a region of primary US grain production especially corn and soybeans in its central
portions, has a distinct rainy season coinciding with its growing season of May through August. Grain yields are
highly sensitive to the meteorological delivery of timely and abundant rains.
In this presentation on the physics of drought, based largely on the study by Livneh and Hoerling (2015), we
focus on the land surface sensitivity to meteorological drivers, particularly precipitation and temperature. A set
of questions regarding the nature and understanding of drought are posed, answers to which are sought via a set
of land surface model (LSM) simulations driven by meteorological data derived from historical observations,
climate model simulations, and scenarios of plausible future change.
Are droughts and rainfall deficits synonymous? While it is well established that summer rains are critical moisture sources for the land surface supporting agricultural productivity especially in the Corn Belt (Wallace 1920),
temperature is also a critical variable particularly in late summer (Thompson 1962). Here we explore the joint
influence of temperature and precipitation on the land surface response during drought, focusing initially on the
2012 Great Plains drought as a recent case.
Is the drought prediction problem merely the seasonal rainfall prediction problem? As indicated in historical
LSM experiments (Livneh and Hoerling 2015), soil moisture is persistent on multi-seasonal time scales, and thus
its initial value is often a useful predictor of drought regardless of subsequent meteorological conditions (see also
Quan et al. 2012). Here we show the physical links between antecedent conditions and severe summertime Great
Plains drought.
How will Great Plains drought change as climate warms? LSM simulations using prescribed scenarios of temperature and precipitation change are diagnosed, and inter-compared to projections of drought change in the
Great Plains based on coupled climate models driven by projections of future greenhouse gas emissions (Cook et
al. 2015).
2. Discussion
a. A Case study of the 2012 Central Great Plains drought
A previous study on the meteorological causes of the 2012 drought characterized the event as a “flash drought”
that developed suddenly (Hoerling et al 2014). The event was preceded by near normal antecedent precipitation
during winter and spring, offering little apparent forewarning of the subsequent failed summer rains. The spring
of 2012 was, however, unusually warm. Large portions of the Corn Belt from eastern Colorado to Ohio recorded
their warmest March/April since record keeping began in 1895. Was the land surface materially dried by these
*____________________
Dr. Martin Hoerling, 325 Broadway, Boulder Colorado 80305; martin.hoerling@nooaa.gov
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antecedent temperature conditions, and how important were those for the drought risk in the subsequent summer as compared to the impact of failed summer rains?
Two different Land Surface Models (VIC and the Unified Land Model [ULM]) were driven by daily observed
meteorological forcing at a ~ 50 km scale from 1950-2013. The 1-meter depth soil moisture variability during
2002-2013 over the Central Plains agrees well among the two models and also with independent satellite estimates using the terrestrial water anomalies of the Gravity Recovery and Climate Experiment (GRACE) satellites.
A key finding from the land models is that the high spring temperatures did not materially reduce antecedent soil moisture. The subsequent summer drought, and severe soil moisture deficits, were largely the result of
diminished rains. The summer temperatures were also near record highs, and the VIC simulations indicate that
while approximately 70% of the Great Plains soil moisture was precipitation driven, 30% was related to evapotranspiration resulting from increased atmospheric demand owing to the heat (ULM indicated even greater
relative precipitation sensitivity).
The nature of summer drought in the Great Plains is typically one in which low rainfall and high temperatures
coexist. Diagnosis of the physics of that link indicates that most of the Great Plains summer temperature variability is itself a consequence of how rainfall alters the surface energy budget. As such, the net effect of failed
rains in 2012 on the drought was found to be larger than the 70% estimated from the LSM simulations.
b. General Characteristics of Central Great Plains drought
To overcome the limited sample size of observed Central Plains droughts, the meteorological and land surface
variations occurring in large ensembles of historical atmospheric model simulations (AGCM) are diagnosed. A
total of 1050 years of model data for the climate conditions spanning the post-1979 period are studied. The AGCM’s daily meteorology is also used to drive VIC simulations for this same 1050 years of data to explore uncertainties in land surface response to meteorological forcing.
The presentation explores the role of initial land surface conditions for the AGCM 1% simulated driest, and
also for the 1% of AGCM simulated hottest summers (May-August), totaling 10 events for each (e.g. 1% of 1050
years). Consistent with case study results of 2012, the summers having lowest rainfall also exhibited among the
lowest soil moisture by summers end, affirming again the prominence of precipitation control on the land surface and the associated drought severity. Antecedent soil moisture was found to be quite variable, and of limited
predictive value for the summer rainfall.
By contrast, the hottest summers exhibited somewhat more variable soil moisture deficits in summer, though
all were below normal. The result indicates that hot summers are usually linked with low rainfall in the central
Plains (as in 2012), with the rainfall mainly driving the soil moisture deficits rather than the temperatures driving the soil moisture deficits. Interestingly, the antecedent conditions for these hottest summers were much more
constrained than for the driest summers--- large spring soil moisture deficits occurred in all of the 1% hottest
summers. This indicates the important effect of soil moisture on the surface energy balance that largely dictates
the intensity of heat waves in general, and during droughts in particular.
Results of the surface energy balance, based on the model data, provide insight on the physics of drought, and
clarify the link between summer droughts and heat waves over the Central Plains. We find a linear relation between soil moisture and rainfall deficits in summer over the Great Plains. By contrast, a nonlinear relation exists
between soil moisture and surface temperature, with a rapid escalation in the magnitude of heat waves for incrementally drier land surface conditions as one progresses from moderate to severe drought. This is a symptom
of the nonlinear relation between surface sensible and latent heat flux, or more generally between soil moisture
and the Bowen ratio, which becomes asymptotically large (i.e. sensible heat flux exceeding latent heat flux) as soil
moisture progressively dries.
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c. How Will Great Plains Drought Change as Climate Warms?
The projected effect of increasing greenhouse concentrations is to warm the Central Plains and the planet overall
(IPCC 2013). Summer temperatures are expected to increase by more than 4°C by the end of the century under
an aggressive RCP8.5 emission scenario, though the magnitude of the warming varies among models. The
projected change in rainfall is far less certain for the Central Plains, with even the sign of mean summer rainfall
change uncertain. Cook et al. (2015) analyzed the result of a subset of the CMIP5 climate models subjected to
RCP8.5 emissions scenarios, and determined that high future emissions would lead to unprecedented drought
conditions during the last millennium. Their diagnosis of the climate models suggests a high risk of multidecadal droughts occurring over the Central Plains during the last half of the 21st Century exceeding persistent
droughts of the Medieval era. The physics of this is argued to result from an acute land surface drying resulting
from the high surface temperature. It is important to note, however, that not all models used in their study (17)
yielded such a strong sensitivity of drought risk, even though all models warm---indicating that open questions
remain on the physics of land surface responses to meteorological forcing.
In this presentation, we show 1-m soil moisture responses of VIC to a range of surface warming scenarios from
+1°C to +4°C. Also shown are the results for changes in precipitation from -20% decline to a +20% increase.
These roughly capture the range of projected Central Plains climate changes and also the range of multi-decadal
variability in historical rainfall. The results indicate that a 10% change in mean rainfall has a greater effect on
soil moisture than even a +4°C warming. A warming of +4°C alone, in the absence of rainfall change, is found
to reduce soil moisture, but with a magnitude that is appreciably less than 0.5 standardized departure of the
historical soil moisture variability over the Great Plains. This sensitivity is considerably less than implied by the
results of Cook et al. (2015).
3. Conclusions and Next Steps
Land surface model simulations indicate precipitation explained in excess of 70% of soil moisture depletion
during the 2012 summer Great Plains drought, and drove most of the Central Plains soil moisture variability
since 1950. Physical considerations and energy balance calculations reveal that growing season temperature
variability is strongly driven by precipitation, indicating that the net effect of rainfall on soil moisture is
appreciably greater than 70%.
A nonlinear relationship between soil moisture and the Bowen ratio of sensible to latent surface energy flux
indicates an amplifier of heat waves during severe drought conditions. The record hot summer in 2012 is thus
seen as largely consistent with the record low rainfall and resulting dry soil moisture conditions.
Antecedent wintertime-spring soil moisture conditions affect growing season drought probabilities, and
appreciably affect summer temperature though having less of an effect on summer rainfall.
Within a paradigm where precipitation deficits are the principal underlying cause for drought in the Great
Plains region, near-future semi-permanent drought conditions, as suggested by Cook et al. (2015) are unlikely
given the intrinsic variability in precipitation. The analysis presented herein finds that under various scenarios
of future warming, the land surface response of our land surface models is appreciably smaller than the effect
of interannual and decadal rainfall variations, implying low detectability of drought changes for the foreseeable
future.
Next steps will involve better understanding the physical reasons for differences among climate model
projections of Great Plains drought change. It was also noted in the presentation that Great Plains summer
temperature have not warmed during the last century, a situation that appears inconsistent with that expected
from effects of GHG forcing to date. Detailed study is needed to explain this “warming hole”, and determine
whether it has been a climate surprise of a highly variable Great Plains climate, or may be an artifact of changes
in forcing including land use and land cover that may not be well represented in climate models at this time.
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Summary of Breakout Discussions
In the afternoon of November 11th, two groups formed to discuss key issues related to water resources and
agriculture. These were structured conversations around prepared questions, facilitated by four conference
attendees with expertise in these areas. There were about 30 participants in each group. What follows are
summaries of the two discussions.
Water Resources Group
Key Concerns for the Water Resources Sector in Association with a Changing Climate
1. Water Availability. The issue of how to utilize our groundwater supply in the Central Plains amid
increasing drought conditions is a prime concern. There were serious concerns about decreased
future snowpack in the Rockies and its implications for the Central Plains. Management practice
considerations need to balance short-term concerns with longer-term. The question was raised
about at what point it would no longer be prudent to drill and pump water (water mining
concerns).
2. Water Management and Policy. Issues of water rights, competition between users, water use
allocations, infrastructure and water policy are key. Surface and groundwater resources are
separate legally, but in natural systems they intersect. The question of who owns water rights and
of one region sending water to another will be ongoing issues to address as the climate changes.
It was noted that interstate compacts and decrees are based on a wet record from the past, which
may now be incorrect. The difference between consumptive use and re-use needs to be explored.
It is critical to understand the intervals between the two extremes (drought and excessive
precipitation), if possible, in order to make informed decisions for management practices.
Conservation practices could be implemented as part of city policies. There are competing needs
between agriculture, environment, municipalities, energy generation and navigation in Nebraska
and in other states in the region. These conflicts are likely to become more pronounced in coming
decades. The need to prepare for more frequent flooding events is also an issue. Maintaining
bridges and other infrastructure in floodplains is critical.
3. Water Quality. There is an increased probability of sediment and other pollutants in our water
supply in the future. Flooding may exacerbate water quality concerns.
4. Energy Use. There are concerns about increased demand for electricity across sectors, which may
strain our energy supply.
Primary Mitigation and Adaptation Actions
1. Conservation. Decrease consumptive use of water. Increase storage (surface or underground).
		
Policy. Policies need to be re-examined, including government, management and pricing policies.
		
The issue of realigning private property rights in relation to water rights should be examined. 		
		
Proactive drought and flood planning is needed. The design of floodplain maps should be Water 		
		
supply planning should also incorporate climate change information.
2. Plant Adaptation. Crops could be adapted to a changing climate through genetic engineering.
		Infrastructure.
New infrastructure needs to be designed for increased future extremes.
3.
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Data and Information Needs for Effective Climate Responses
1. Planning for Future Variability. It is agreed that climate variability cannot be predicted. However, 		
		
planning for the future must continue. Various planning methods should be explored to 			
		
determine which strategies are most robust in face of uncertainty in order to make 				
		
good decisions. The areas of uncertainty should be characterized. Short-term versus long-term 		
		
climate impacts need to be addressed.
2. Soil, Water, Land and Weather Data. Data needs include the following:
		
a. Soil moisture monitoring
		
b. Land use data
		
c. More streamflow gauges/groundwater measurements
		
d. Understanding subsurface geology and surface water/groundwater interactions
3. Inter-Sector Communication. There is a need for increased communication between and among 		
		
sectors, agencies, organizations and academic institutions to share the most current and relevant 		
		
data. Interdisciplinary communication at academic institutions should be improved. There 		
		
is a need for the co-production of information in order to produce useful answers for 			
		
management – actionable science.
4. Social Science. There is a need for social science research on exposure and vulnerability to climate 		
		
changes. There is also a need to articulate social values regarding climate change, i.e.,, 			
		
how do social values intersect with expected changes in climate to determine what should be our 		
		
priorities for implementing adaptation and mitigation options.
Key Communication Strategies to Promote Changes in Water Management Practices
Various communication strategies were shared by the discussion participants:
1. Leverage trusted sources (e.g. local universities, local water providers, extension agents). Local 		
		
credibility is important. Scientists and researchers need to communicate with these trusted 		
		sources.
2. Communicate at the level your audience understands.
3. Make academic work accessible.
4. Make it safe for scientists to be protected from retaliation.
5. Talk about potential climate impacts first rather than the science. A bottom-up approach that 			
		
encourages taking action is more effective than losing people in the science. Communicate what 		
		
will happen and when and be honest about it.
6. Communicate the immediacy of the problem – this is a problem now, and it is also a global problem.
7. Separate climate change from climate variability; explain the difference between weather and climate.
8. In Nebraska, share stories of who fared better and worse during the historic 2012 drought to better 		
		
inform management practices.
9. Express that there are climate winners and opportunities in the midst of the changes.
10. Foster interagency and inter-entity collaboration and a bottom-up approach.
11. Collect polling information and share it.
12. Find a way to reach the climate change dismissive groups as well as the accepting groups.
Research Gaps and Priorities
1. Researchers should work more closely with managers concerning questions that involve actionable 		
		
science. There is a need for researchers to find out what kinds of information are needed 			
		
for specific scenarios.
2. Social scientists should be engaged (e.g. how people will be impacted, how to communicate 			
		information effectively).
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3. Cost-benefit analyses are needed (e.g. estimate of economic risks due to climate change).
4. Inter-agency communication-- and error propagation that can emerge-- through interagency efforts 		
		very important.
5. Ecosystem forecasts/impacts, pest management.
6. Implications to legal system from future uncertainties.
7. Consideration of the best institutional setting (public or private) for managing drought in Nebraska 		
		
(government, co-op, NGO, etc.) Scale is important. Managing our natural resources is key.
8. Land-surface models need improvement – there is difficulty in getting subsurface information.
9. The problem has become translating science into political will.
10. Soil moisture at all scales.
11. Global climate models: sea ice, snow cover, general precipitation (and downscaling issues).
12. Warm season convective precipitation research needed.
13. Carbon cycling, sequestration (how we manage carbon).
14. Overlapping water and agricultural research (policies cannot exist in silos).
Policy Options
1. Change the Farm Bill.
2. Start with local policy.
3. Science education at all levels (esp. K-12).
4. Funding is needed for an effective climate change program.
5. A serious reexamination of the governance system of higher education is needed to make it safe to 		
		speak openly.
6. Strongly advocate long-range planning at all levels.
7. Policy options need to be scaled (near- to long-term).
8. Millennials should be involved in policymaking.
9. Bring adaptive management into water laws.
10. Push back on anti-government culture.
11. Place a price on carbon.
12. Changing water supplies will impact the global economy and international relationships.
13. Policy changes are needed to address the fossil fuel industry.
14. Campaign finance reform is needed.
15. University of Nebraska could divest from fossil fuels.
Agriculture Group
Key Concerns for the Agriculture Sector in Association with a Changing Climate
1. Water Availability. Agriculture is dependent on water resources. Snowfall in the Rocky Mountains
directly affects surface water availability. Nebraska’s irrigation needs are high. The changes 		
in the Arctic will likely change water availability or alter its distribution and timing for 		
mid-latitude agriculture. Warmer temperatures may mean less snow, and/or earlier melting. We
need more storage capacity to hold water longer. The bigger question is whether 			
circulation patterns will change. The vast majority of pine forests are dead due to pine bark beetle
infestation—this changes the surface albedo and runoff patterns and rates, contributes to earlier
melt-off. The size of current water storage facilities may not be appropriate for the future. 		
Greater swings from wet to dry periods may make water management more difficult. Increasing
climate variability has an impact on many management decisions. With increasing demands
for water, the way water is allocated to ecosystems in the future will need to be reevaluated.
Bioenergy brings increased demand for water. Nebraska is the highest ranking 			
state for groundwater pumping; the current rate of pumping is not sustainable. Less than 1% of
Nebraska municipalities use surface water.
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2. Flooding. Currently, all dams are full in the Platte River watershed, and we are anticipating a full 		
		
snowpack. There is the question of where that water will go. Extreme flooding events will become 		
		
more common in coming decades.
3. Cropping Systems. Will we be able to grow the same crops? The Corn Belt is moving north. Can a 		
		
longer growing season be taken advantage of in management decisions? In some cases, crops can 		
		
be planted earlier, but in other cases not. We need to question this assumption that we will 		
		
still be able to grow corn for people and animals. Will it be appropriate to grow corn in the 		
		
climate of the future? We are close to reaching temperature thresholds whereby we will 			
		
not be able to keep up with irrigation needs. Grain yields go down with higher 				
		
nighttime temperatures. There may be physiological reasons to shift away from corn as well as 		
		
other reasons. Geneticists can tell us whether we can keep modifying corn to grow in new 			
		
environments. The Farm Bill is key- if we decide to support growing other crops, there can 		
		be changes.
Primary Mitigation and Adaptation Actions
1. Crops. New types of plants should be explored for changing climates. Cropping patterns need to be 		
		
more resilient. Planting could go back to perennial vegetation. Crop failure due to extreme 		
		
weather events is a growing concern. Crop insurance is beginning to recognize this fact.
2. Water Management. The Natural Resource Districts (NRDs) in Nebraska are unique. They are 		
		
watershed-based water management entities. The lessons learned from the NRDs may make them
		
important models for other states. The NRDs oversee a system of monitoring wells. 			
		
Regulations are based on these and crop irrigation requirements. The NRD system is unique 		
		
and provides an example of leadership in managing groundwater. The NRDs have taxing 			
		
authority. The NRDs have developed several incentive programs. They buy down water
		
allocation rights. They would like to switch out water-intensive crops in western Nebraskaand 		
		
have in place mechanisms to encourage that practice. They do retirements of groundwater 		
		
and leasing of surface water. There is a very diverse aquifer system in Nebraska which prevents 		
		
much groundwater pumping in some locations.
3. Soil Health and Land Management. Increasing soil resilience is a key need. Carbon sequestration in 		
		
agriculture must be considered. Some land should be converted to pasture. The USDA has ten 		
		
building blocks for adaptation- increase acreage in grasslands, pasture, easements, etc. Methods 		
		
for sequestering carbon in agriculture need to be explored. Agroforestry is a big 				
		
part of the solution.
4. Livestock. Livestock needs have to be considered along with agriculture with future climate changes.
5. Policy
		
The NRDs should do more to incorporate climate change planning into their long-term plans. 		
		
They spend a lot of time talking about floods but not enough time talking about drought. Their 		
		
charge is to protect groundwater. It has been politically too easy to ignore climate change for fear 		
		
of conflict. NRDs are required to update their hazard mitigation plan every					
		
five years; a climate change action plan should become a component of all strategies.
		
FEMA requires a hazard mitigation plan from every state and county to qualify for federal 		
		
funding. This is a way to deal with infrastructure needs.
		
Farm Bill. Changes to the farm bill to encourage different crops would make the biggest 			
		
difference. This is difficult; the attention of policy makers and media tends to follow population 		
		
centers. It seems more difficult than ever to make changes to the Farm Bill given political realities.
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Data and Information Needs for Effective Climate Responses
• Soil moisture data.
• Groundwater levels. Some NRDs require meters on groundwater. Studies show that landowners will 		
		
use less water if they know how much they are using.
• Weather data. More weather stations are needed in Nebraska. The new Nebraska State Climate Office 		
		
can work with NRDs to set up more stations. There are soil moisture monitoring stations at 60 		
		
locations in Nebraska. COCORAHS is a resource for precipitation monitoring. Some 			
		
remote sensing is being used for precipitation data; this technique requires more research 			
		
in order to be more useful for monitoring precipitation. There is a need to match 				
		
those who are managing water with those who are monitoring. Scientists need to 				
		
know more about stakeholder use- how they use data to make decisions.
• Foodshed. We need to rebuild our foodshed in Nebraska. We don’t grow food here; we grow 			
		
commodities. We rely on grocery stores for our food. It is not sensible to rely on California for 		
		
our food – we need to grow the fresh produce that we need. Local food fits into mitigation 		
		strategies
• Usable climate data. Farmers need usable, reliable, and consistent information to make long-term 		
		
planning decisions. Many decisions are made from a series of incremental changes, all of which 		
		
need to be informed by good data and predictions.. Farmers tend to think that climate scientists 		
		
vary wildly in their predictions, when this is not the case—we need more coherent 				
		
and usable data for producers. It is very important to track needs to 					
		
stakeholders. It is helpful to identify short-term, mid-term and long-term scales.
• Empower farmers. Corporations are key players who need to be engaged. A lot of times it is the big 		
		
agriculture companies who in effect are doing the decision-making for farmers. There is a need to
		
put the decision-making back in the hands of the farmers.
• Sustainable agriculture. Sustainable agriculture is growing in Iowa and Nebraska. There is a much 		
		
wider array of choices in local food growing than is commonly thought. It fills a desire that many 		
		
people have who go into agriculture. This is a mitigation strategy. Current monoculture 			
		
operations are not set up to incorporate livestock. Diversified small family farms 				
		
were better resource managers.
Key Communication Strategies to Promote Changes in Agricultural Management Practices
• Proactive Communication. Temperature forecasts might suggest shifting the growing season—but this 		
		
may not align with precipitation patterns. How can we manage water differently to prepare for an 		
		
earlier growing season? It is hasn’t warmed very much in the Great Plains yet, but it might 		
		
accelerate. Can we get people to buy into adaptation strategies before the issues become evident?
• Usable Data. Climate data needs to be packaged so that it is usable. Linda Prokopy’s work is an 			
		
example of what we need more of- engaging social scientists and bridging the gap between 		
		
scientists and users.
• Reaching the intended audience. Who helps to disseminate climate information? Farmers go to 			
		
retailers and crop insurance folks, not always to extension—usable climate data must tap into 		
		
those networks to reach our targeted population. Farmers can play a big part in 				
		
mitigating C02 with carbon sequestration through plant matter. Nebraska’s rural poll showed that 		
		
61% of rural Nebraskans support a climate action plan. This should include increasing our soil 		
		
health through increasing biological activity. The series of sector-based roundtables the 			
		
University of Nebraska hosted in fall 2015 are an effort toward the development of 				
		
a climate action plan. FFA, faith communities, rural orgs should all 						
		
be working on communicating about climate change.
• Predominance of Corn Growing May Need to Change. The University of Nebraska supports increasing 		
irrigated agriculture around the state. This is no longer appropriate given the implications of 			
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climate change to the state. The government’s support of corn and soybeans limits options 			
for change. Much of the university’s grant funding—as well as climate scientists’ grant funding—is
tied to the support of corn and soybeans.

Research Gaps and Priorities
• Carbon Sequestration
• Diversified cropping systems- economic impacts and climate impacts. There is interest in the question 		
		
of how different cropping patterns could actually affect the climate. We have made so 			
		
many changes to the land that have already had an effect on our climate.
• Renewable energy storage.

Chuck Kennedy, White House photographer

Policy Options to Consider
• Changing the Farm Bill.
• Climate Action Plan. Have stakeholders talk about it? There will be so many demands on limited 		
		
resources that we need to set priorities.
• We need Gene Takle’s decision wheel diagram to apply to infrastructure decisions based on climate 		
		change.
• Renewable Fuel Standard needs to be reexamined. Forty percent of corn goes to ethanol.
• Renewable Energy Development. Incentives for wind farms in NE are needed. Sales tax abatement is 		
		
in place but there are not many incentives. Incentives are dependent on the federal 			
		
Production Tax Credit. The issue with wind farm development is that the energy transmission 		
		
is difficult; there are not enough transmission lines in rural areas. There are bottlenecks in 		
		
transmission on the national energy grid. How can we change policy to facilitate more renewable 		
		energy?
• New paradigms for decision-making. We need ways to make decisions based on a lot of uncertainty. 		
		
We already have lots of uncertainty in other areas in which we make decisions. Insurance 			
		
industry understands the issue of probabilities and risk. We need to apply this kind of 			
		
decision-making to agriculture.
• There needs to be an organized and cohesive push from the public to demand that elected leaders deal 		
		
with climate change in a long-term way. We are notoriously bad at looking into the future 			
		
and making long-term decisions. It is much easier as a public official to defer decisions to 			
		
a later time.
• Universities need to have the mindset that they not only do the research but they also must be engaged
		
in the evaluation of policy options. They are still trusted sources of information and can make a 		
		
very positive impact.

A sea lion watches from the rocks.

47

Recommendations and Next Steps

Chuck Kennedy, White House photographer

1. Consider scale (local to global)
		
a. Could have a broader, national workshop on this topic
		
b. Engage other nations dealing with Arctic issues
		
c. How to do this at a small scale too (e.g., Nebraska) – people’s world view really drives what 		
			
they are doing; engage citizen scientists to do politics
2. Engage with NGO sector
		
a. They should be in the conversation, they can help reach the public
		
b. But they often do not adapt national strategies and goals to local/regional scale
3. Create actionable science and engage stakeholders through NWS
		
a. NWS WFOs (Weather Forecast Offices): improve forecasts based on climate information, can 		
			
amplify message through media
		
b. Communication has improved across agencies and sectors – agencies that we’ve never engaged
			with before
		
c. Use recent events as a tool to engage the public
4. Reconvene this group within a year
		
a. Reconvene to discuss progress (perhaps update on dynamic conditions that change during U.S.
			
chairmanship of Arctic Council)
5. Move breakout group discussion points forward regionally
		
a. University working group to ensure these items get addressed – maybe through climate 		
			
resiliency group at UNL within Extension – climate change is an issue team, although you 		
			
could argue it would play a role in most of them
6. Foster discussion to break down barriers of mistrust between scientists and public
7. Conduct co-produced, interdisciplinary research
		
a. Incorporate temperature change/connections with Arctic research, not just precipitation, to 		
			
help with agricultural decisions
		
b. Social science research needed to bridge gap between when a decision is needed and when a 		
			
product is received (physical/social science must be integrated from the beginning)
8. Create internal working group to reconcile all this information
9. Develop a University of Nebraska (and other universities) climate action plan
		
a. Many people rely on land-grand institutions for guidance and leadership because they know 		
			
more about their region than anyone else, and they have more resources – what 			
			
they’re doing for the citizenry to help them cope
		
b. Bring together mid-latitude land-grant universities on this topic
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The President’s boat heading toward Bear Glacier.

Appendices
Workshop Program

Implications of a Changing Arctic on
Water Resources and Agriculture
in the Central U.S.

November 10-12, 2015
Nebraska Innovation Campus
University of Nebraska–Lincoln
School of Natural Resources
High Plains Regional Climate Center
National Drought Mitigation Center
Office of Research and Economic Development
Institute of Agriculture and Natural Resources

Robert B. Daugherty
Water for Food Institute

NOAA/National Integrated Drought
Information System (NIDIS)

USDA/Office of the
Chief Economist

Share with: #ArcticUNL
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Tuesday, November 10
8:00-8:30 Registration
8:30-9:00 Welcome and Opening Remarks

Don Wilhite, Professor, Applied Climate
Science, School of Natural Resources, UNL
Martha Shulski, Director, High Plains
Regional Climate Center, UNL
Roberto Lenton, Executive Director,
Daugherty Water for Food Institute,
University of Nebraska

9:00-10:00 An Arctic Connection to Extreme
Weather in Mid-Latitudes: New Evidence,
Mechanisms, Metrics, and Emerging Questions
Jennifer Francis, Research Professor,
Department of Marine and Coastal
Sciences, Rutgers University

Implications of Extreme Climate Events
for Water Management and Policy
Richard Palmer, Director of the DOI
Northeast Climate Science Center, 		
University of Massachusetts
A Fresh Look at Central U.S. Extreme
Precipitation Trends
Ken Kunkel, NOAA's National 		
Centers for Environmental Information

3:00-3:30 Refreshment Break
3:30-5:00 Building Resilience to a
Changing Climate Regime: Implications
for Agriculture in the Great Plains and
Midwest Regions

Mark Brusberg, Deputy Chief 		
Meteorologist, USD (Moderator)
10:00-10:30 Refreshment Break
Healthy Soils as the Cornerstone of 		
10:30-12:00 Implications of a Changing
Climate Resilience forAgriculture 		
Arctic on Mid-Latitude Weather Patterns
Jerry Hatfield, Research Plant 		
and Climate Extremes
Physiologist, National Laboratory for
Michael Hayes, Director, National
Agriculture and the Environment,
Drought Mitigation Center, UNL 		
USDA/ARS, Ames, Iowa
(Moderator)
Using the Arctic Oscillation to 		
Arctic Change and Possible Influence
Improve Agricultural Decisions 		
on Mid-latitude Weather Extremes
Guillermo Baigorria, Crop 		
		Judah Cohen, Principal Scientist,Climate 		 Simulation Modeler, UNL
		 Analysis Group, Atmospheric and
Discussant: Gene Takle, Director,
		 Environmental Research
Climate Science Program, Iowa State
Science of Arctic Change-Implications for
University, Ames, Iowa
Central U.S. Water and Agriculture
5:00-6:30 Dinner:
		Marty Hoerling, Physical Sciences
Banquet hall, Nebraska Innovation Campus
		 Division, NOAA/ESRL

12:00-1:30 Lunch
1:30-3:00 Building Resilience to a
Changing Water Regime: Implications for
Water Resources in the Great Plains and
Midwest Regions
Roberto Lenton, Executive Director,
Daugherty Water for Food Institute,
University of Nebraska (Moderator)
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7:00-8:30 Public Lecture:

Crazy Weather and the Arctic Meltdown:
Are they connected? 		

Jennifer Francis, Research Professor,
Department of Marine and Coastal
Sciences, Rutgers University

Wednesday, November 11
8:00-9:30 Climate Change, Drought
and Agriculture

Clinton Rowe, Department of Earth
and Atmospheric Sciences, UNL 		
(Moderator)
Trends in Climate Teleconnections
and Effects on the Midwest
		 Donald Wuebbles, Professor of
		 Atmospheric Science, University
		 of Illinois and Assistant Director,
		 Office of Science and Technology
		 Policy, and Zach Zobel, University
		 of Illinois
Drought Fusion: A Union of Past and
Present Drought Characteristics 		
and their Impacts
Michael Hayes, Director, National
Drought Mitigation Center 		
Mark Svoboda, Climatologist and
Monitoring Program Leader, 		
National Drought Mitigation Center,
UNL

Donald Wilhite (Moderator)
Panelists:
Douglas Bereuter, Co-chairman, 			
Chicago Council on Global Affairs' 		
Global Agricultural Development 			
Initiative; Member, State Department's 		
International Security Board (Arctic 		
Policy Study Committee)
John Berge, Manager, North Platte 		
Natural Resources District
Martha Kauffman, Managing 			
Director, Northern Great Plains 			
Program, World Wildlife Fund
John Hansen, President, Nebraska 		
Farmers Union

3:30-4:00 Refreshment Break
4:00-5:00 The Arctic Council and More:
U.S. Engagement on International Climate
Karen Florini, Deputy Special 			
Envoy for Climate Change,
U.S. Department of State

9:30-10:00 Refreshment Break
10:00-10:30 Climate Change, Drought
and Agriculture

10:30-12:00 Breakout groups
12:15-1:45 Lunch

Sunshine Beach, July 2011

Capturing Climate Variability and
Change in the Platte River Basin
Michael Forsberg, Conservation
Photographer

1:45-3:30 Management Strategies
Associated with a Changing Climate:
A Local, Regional and Global Perspective
(Stakeholder Panel)
Sunshine Beach, September 2013

Michael Forsberg, Conservation Photographer

The Physics of Great Plains Drought,
Its Predictability and Its Changed Risk
in a Warming World
Marty Hoerling, NOAA/ESRL,
Physical Sciences Division
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Thursday, November 12
8:00-9:00 Water Resources and
Agriculture Breakout Group Reports
9:00-10:30 Adapting to a Changing
Regional Climate

10:30-11:30		

Recommendations and Next Steps

11:30-12:00

Wrap-up and Adjourn

Pete Souza, Official White House Photographer

Martha Shulski, Director, High Plains
Regional Climate Center, University
of Nebraska-Lincoln (Moderator)
Panelists:
Linda Prokopy, Natural Resource
Social Science, Purdue University

Taryn Finnessey, Colorado Water
Conservation Board
Dennis Todey, South Dakota State
Climatologist, South Dakota 		
State University
Tom Buman, AGREN

WIFI Access:
Connect to UNL Conference
Open browser
Username: Arctic2015
Password: Innovate2015!

Questions:
Call/text Kim Morrow
402-405-9425

The University of Nebraska-Lincoln is an equal opportunity educator and employer.
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