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Editor’s Note
While global climate change and its possible consequences grab headlines in the news
media, it is often forgotten that the Earth’s climate has always been characterized by
natural variability at multiyear to multicentury timescales.  Natural climate variability
includes decadal climate variability (DCV), which is manifested throughout the world in
“cycles” or events of long-persistent droughts and wet periods. The Missouri River Basin
(the Basin hereafter) is a prime example of a region in which DCV events are evident.
Anecdotal and recorded evidence show that these droughts, wet periods, and other
weather-climate consequences of DCV events significantly impact water resources,
agriculture, economy, and society in the Basin.  The purpose of this quarterly newsletter,
Missouri Basin Climateer, is to continuously inform the Basin farmers, water
managers, other stakeholders, and policymakers about the current status of DCV
phenomena, related droughts and wet periods, and their possible impacts on the Basin.

Articles in this inaugural issue of Missouri Basin Climateer describe a research project,
funded by the NOAA-Climate Program Office-Sectoral Applications Research Program,
undertaken by a team of researchers from the Center for Research on the Changing
Earth System; National Drought Mitigation Center, University of Nebraska-Lincoln; and
Institute of Water Resources, U.S. Army Corps of Engineers to quantify and understand
impacts of DCV events on water resources, agriculture, and economy in the Basin.  We
have also created a special section for this project on the Virtual Center for Decadal
Climate Variability (DecVar; www.DecVar.org/MRB_project.php).  Missouri Basin
Climateer and other materials about this project will be available from DecVar.

We welcome feedback from readers, including brief (1-2 pages) articles for subsequent
issues from farmers, water managers, researchers, policymakers, and others interested
in DCV impacts in the Basin.  Please send your articles and other contributions for the
next issue before 1 April 2009 to mrb@crces.org.
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1. Introduction to the Missouri River Basin
Vikram M. Mehta and Norman J. Rosenberg
Center for Research on the Changing Earth System, Maryland

Of the 18 Major Water Resource Regions (MWRRs; Figure 1) of the U.S., freshwater
withdrawals for irrigation are greatest in California, the Pacific Northwest and the Missouri River
Basin (the Basin hereafter).

Figure 1: The 18 MWRRs of the Conterminous USA showing, as well, the (“4-digit”)
Hydrologic Unit Areas as Defined by the US Geological Survey.

The Basin covers more than 500,000 square miles and a part or all of 10 states (Montana,
Wyoming, Colorado, North Dakota, South Dakota, Minnesota, Iowa, Nebraska, Kansas, and
Missouri), numerous Native American reservations, and parts of the Canadian provinces of
Alberta and Saskatchewan. People living in the Basin depend on the Missouri River for drinking
water, irrigation and industrial needs, hydro-electricity, recreation, navigation, and fish and
wildlife habitat.  The Basin contains some of the country’s most sparsely-populated agrarian
counties as well as a number of large metropolitan areas such as Omaha and Kansas City on the
Missouri River and Denver at the foothills of the Rocky Mountains. Grain crops for food and feed
provide much of the Basin region’s agricultural income. About 117 million acres are in cropland
in the aforementioned states. Of that total, about 12 million acres are irrigated.

The vulnerability of the Basin fluctuates, of course, with precipitation variability forced by large-
scale climate variability, especially at interannual and decadal timescales which explains 60-70%
of the total variance of annual-average precipitation.  For example, during a major, multiyear-to-
decadal (hereafter referred to as decadal) drought, such as that in the late 1980s and the drought
of 2000-01 to 2008, inflows in the Basin were insufficient to fully support reservoir-based
recreation and Missouri River navigation.  Conversely, too much water in the Basin reservoir
system during above-average precipitation years of the 1990s resulted in greater than normal
water releases from the reservoirs, which threatened the viability of farming and homesites in the
Basin floodplain (the Missouri River Basin Association; http://www.mrba-missouri-
river.com/interest.htm). Decadal droughts in the Basin deplete the stored water to the extent that
water rights tensions flare up between upstream and downstream states and an equitable
distribution of the Basin water becomes a matter of national concern.
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Contributors to decadal climate
variability
•  Ocean-atmosphere interactions
•  11- and 22-year solar cycles
•  18.6-year lunar tidal cycles and their
   lower harmonics

In the earlier phase of this project we used century-long precipitation time series over the Basin
and found that interannual El Niño-Southern Oscillation (ENSO) variability explains less than
20% and that decadal (>7 years) timescale  variability explains approximately 40-50% of the total
variance.  The interannual and decadal precipitation variability is thus responsible for 60-70% of
the total precipitation variance in the Basin. These precipitation (and snow accumulation and
stream discharge) estimates are also reflected in the percentage area of the Basin under severe to
extreme drought conditions. As shown in Figure 2, the fraction of the Basin experiencing severe
to extreme drought in the 20th century has ranged from 20% to 60% or more at interannual to
decadal timescales. From 2000-01 to 2008 much of the Basin experienced such a drought.

Figure 2: Percent area of the Missouri River Basin experiencing severe to extreme
drought between January 1895 and March 2004.  Based on data provided
by the National Climatic Data Center, NOAA; Copyright 2004 National
Drought Mitigation Center.

2. Introduction to Decadal Climate Variability Phenomena
Vikram M. Mehta
Center for Research on the Changing Earth System, Maryland

Research on decadal climate variability (DCV)
dates back to at least the 19th century, perhaps to as
far back as when sunspots were first seen to vary in
number, size and location on the Sun.  One
anecdote suggests that Meton of Athens, an
engineer in charge of the Athenian irrigation
system, speculated in 400 B.C. about solar
variability as the cause of rainfall variability in and

around Athens.

Observers have identified solar cycles of roughly 11 and 22 years, and fluctuations in lunar tidal
strength of 18.6 years, as well as lower harmonics of these cycles. Because of the hypothesized
influence of the 11 and 22 year solar cycles and the 18.6-year lunar cycle on earth’s climate, early
researchers invoked the phrase “decadal climate variability” to describe climate “cycles” with 10
to 20 year repeat intervals.
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Figure 4: This figure shows the “Niño 3 Sea Surface
Temperature Index,” with El Niño, higher temperatures,
in red, and La Niña, lower temperatures, in blue. It
shows two El Niño bursts, one from the mid-1890s to
1905 and another from the mid-1970s to the late
1990s, and one La Niña burst from the early 1940s to
the late 1950s.

Figure 3: Overlaying solar radiation fluctuations with
changes in sea surface temperatures in the second half
of the 20th century suggests that a much longer record
would be needed to draw a meaningful conclusion about
whether the two are normally in or out of phase.

What causes decadal climate
variability?
Numerous causes of decadal climate
variability have been hypothesized.  At
the center of many of them is natural
variability in ocean circulations and
ocean waves bouncing between
continental boundaries, and their
interactions with the atmosphere.  Also,
radiation from the Sun undergoes near-
cyclic variability at 11 and 22 year
periods, setting off reactions in different
parts of the Earth’s systems -
atmosphere, oceans, ice, land and
vegetation. Each system reacts at its
characteristic speed, atmosphere
adjusting in days to weeks, and oceans
over months to centuries.

Figure 1 shows perhaps the
oldest definition of decadal
climate patterns based on
the 11 year sunspot cycle,
dating back to at least
Renaissance times.  This
particular example is of sea-
surface temperature (SST)
anomalies in the tropical
Pacific, overlaid with solar
radiation fluctuations. They
appear to be in synch during

the 1960s and 1970s, but move out of phase in the 1980s and 1990s. Such phase shifts are why
solar and lunar explanations fell out of favor
around the mid 20th century.

Another way to define a climate variation lasting
approximately a decade is from the duration of
“bursts” or groups of more frequent phenomena,
such as El Niño- La Niña events, hurricanes and
other tropical cyclones, extreme precipitation or
heat.  The example shown in Figure 2 (below)
depicts the so-called Niño3 SST index, a measure
of the El Niño- La Niña variability in the tropical
Pacific.  In this time series, there are two bursts of
El Niño events (red) from the mid-1890s to 1905 or
so, and from the mid-1970s to the late-1990s.
There is also one burst of La Niña events (blue)
from approximately the early 1940s to the late
1950s.  Each of these bursts lasts approximately
10-20 years.

History is full of pivotal events related to climate --
precipitation, surface temperature,
river flow, droughts, and wet
periods that have affected the course
of civilizations.  Persistent droughts
(i.e., early 1900s, mid-1960s to
early 1970s, 1980s, and late 1990s-
to early 2000s) and wet periods (i.e.,
1880s-1890s, 1930s-1940s-1950s,
and recent years) in India were
associated with DCV phenomena.
Decade-long droughts in the North
American Great Plains led to
adverse impacts on many sectors
and people, including out-migration
of people, especially in the 1890s,
1930s, 1950s, 1980s, and years
since 2001-02. Northwestern United States experiences decadal climate variation in precipitation,
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stream flow, fish catch, and forest fires, and the Southwestern United States and Mexico, in
precipitation. Socio-economic-political instability in the Nordeste region of Brazil is linked to
multiyear to decadal droughts.  The suffering caused by the Sahelian droughts in the 1970s-
1980s-1990s is well-known. Long-term variability in numbers of hurricanes and other tropical
cyclones in the Atlantic, Pacific, and Indian Oceans is also well-known.

Scientists hope that by arriving at a better understanding of the cycles of the Earth’s many
subsystems, they will be able to provide more reliable forecasts of precipitation, temperature, and
other climate events a season, a decade or longer in advance. Such information could be used to
anticipate food shortages, avoid crop losses, protect habitats and reduce suffering and mortality.

Subsequent articles in this series will describe major DCV phenomena, their known societal
impacts, and DCV forecast efforts.

3. Nebraska Pilot Project
Norman J. Rosenberg1, Vikram M. Mehta1, Michael J. Hayes2, Cody L. Knutson2,
and Meghan Sittler2

1 Center for Research on the Changing Earth System, Maryland
2 National Drought Mitigation Center, Univ. of Nebraska-Lincoln, Nebraska

In an earlier phase of this project, we interviewed a representative cross-section of stakeholders
and policymakers in Nebraska, and to some extent in Iowa, in December 2006 to gather
information about their perceived needs for climate information. Discussions were held with over
30 local and regional water managers, policymakers, farmers, and researchers in Nebraska and
western Iowa.  Some of the major organizations represented in this study were Central Nebraska
Public Power and Irrigation District, Bureau of Reclamation, Army Corps of Engineers, Nebraska
Farm Bureau, Tri-Basin Natural Resource District, National Park Service, and various
departments and centers within the University of Nebraska–Lincoln system.

Figure 5: Meghan Sittler and Cody Knutson explaining the purpose of our visit to the
Nebraska City Adaptive Management Group meeting near Hamburg, IA.

These stakeholders’, policymakers’,
and academic researchers’ very
positive and articulate responses to
our questions led to the following
major conclusions:
(1) impacts of persistent, decadal,
hydro-meteorological anomalies are
qualitatively different compared to
impacts of year-to-year anomalies;
(2) agriculture, water resources for
municipalities, power plants, and
navigation in the Basin are much

more vulnerable to decadal drought events than to year-to-year events; (3) there is an evident
need for decadal drought outlooks; (4) any particular DCV-related drought/wet period event can
have differing sectoral and economic impacts in the various geographical portions of the Basin
(e.g., recreation in Montana and the Dakotas, irrigation in Nebraska and Kansas, and navigation
in the downstream States); (5) municipalities and industry, particularly power generation, are
sensitive to drought/wet period-related changes in water supply everywhere in the Basin; (6)
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farms along the Missouri River are much more vulnerable to persistent floods than to persistent
droughts; (7) while crops are, of course, sensitive to changes in weather associated with year-to-
year hydro-meteorological anomalies, modern crop breeding is increasing their resilience to
short-term climate variations; (8) the addition of new dimensions to research are necessary, such
as the need to include groundwater in total impacts of droughts/wet periods on water availability
and very important impacts on unmanaged ecosystems, and in land-use, such as areas being
driven at this time by the Conservation Reserve Program and the introduction of biomass
cropping; and (9) a much more detailed study, with questions focused on individual groups and a
wider range of economic sectors, is needed for the entire Basin.

4. What is the DCV-MRB Project?
Vikram M. Mehta1, Norman J. Rosenberg1, Michael J. Hayes2, Cody L. Knutson2, J.
Rolf Olsen3, and Nicole A. Wall2
1 Center for Research on the Changing Earth System, Maryland
2 National Drought Mitigation Center, Univ. of Nebraska-Lincoln, Nebraska
3 Institute for Water Resources, US Army Corps of Engineers, Virginia

The climate of the continents is sensitive to what happens over the oceans; unusual warming and
cooling of vast oceanic areas creates such phenomena as the Pacific Decadal oscillation (PDO),
the tropical Atlantic gradient (TAG) oscillation, and the Indo-Pacific Warm Pool (WP).  In Phase
I, we found that these three decadal climate variability (DCV) phenomena significantly impact
the hydro-meteorology of the Basin. Records available from 1950 to 2000 show that decadal
droughts and wet periods in the Basin are attributable to combinations of phases of these three
DCV phenomena.

The primary purpose of the current phase of this project is to widen our understanding of drought
information needs from that gathered in the earlier phase by soliciting, evaluating, and
documenting stakeholder knowledge of DCV phenomena across the entire Basin. In order to
achieve this purpose, we are undertaking systematic assessments of the DCV-related perceptions
and drought information needs of various types of stakeholders and policymakers in the Basin for
decision support via a series of workshops, surveys, and web-based communication methods.

To help demonstrate the relationships between DCV and associated impacts in the Basin, we are
also developing retrospective scenarios for three DCV-related hydrologic events in the Basin; the
multiyear-to-decadal drought event in the mid-to-late 1980s and the current drought since 2000-
01, and the multiyear-to-decadal wet period event in the 1990s; and their possible impacts on
hydro-meteorology, water and crop yields, and regional economy. This work is essential to help
provide credibility of the relationships to stakeholders, be useful in fostering discussions on the
effects of DCV, and provide a starting point for discussion on the information needed to better
understand and effectively adapt to and cope with DCV-related droughts.
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SCENARIOS IMPACTS ASSESSMENT
OF DCV OF DROUGHTS/FLOODS OF USERS’
AND DROUGHTS/ ON WATER DCV-RELATED
FLOODS AND CROPS INFORMATION

NEEDS FOR
DECISION
SUPPORT

Figure 6: From scenarios of DCV-related droughts/wet periods to assessment of
users’ drought information needs.

This project, named An Assessment of Decadal Drought Information Needs of Stakeholders
and Policymakers in the Missouri River Basin for Decision Support and funded by the NOAA-
Climate Program Office-Sectoral Applications Research Program, consists of several
interconnected components as shown in Figure 6.  The project will be conducted via workshops
involving stakeholders and policymakers in the Basin; development of retrospective drought and
flood scenarios using statistical modeling of DCV indices and their associations with hydro-
meteorological variables in the Basin; and development of sectoral impact evaluations through
use of the Hydrologic Unit Model of the United States (HUMUS) and the Erosion Productivity
Impacts Calculator (EPIC) driven by the retrospective scenarios.  Retrospective scenarios of
hydro-meteorological variables, crop yields, and water flows will be compared with records of
actual hydro-meteorological variables, crop yields, and water flows, and, if sufficiently accurate,
these results will be a part of the DCV-related drought information to be provided to users in
workshops.  A dedicated, interactive website is being developed for continuous interactions with
the user groups about DCV phenomena and their impacts on the Basin.  The first two workshops
in this project will be held in Kansas City, MO on April 21-22 and in Helena, MT on June 24-25.
Further information about these workshops will be available from the DecVar Website and can
also be obtained from CRCES (mrb@crces.org) and NDMC (nwall2@unlnotes.unl.edu).


