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NIDIS Goals

ALeadership andetworking among all sectors of the economy and services to
monitor, forecast, plan for and cope with the impacts of drought

ASupport drought researelincluding indicators, risk assessment aasdilience

b

ADevelop educational resources
Interactivesystems, and tools
to promote sound decision
making drought awareness,
andresponse




NIDIS Regional Drought Early Warning
Information Systems
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Objectives of the Missouri River Basin
DEWS

A Provide and develop a forum for a diversg YN o———
group of federal, tribal, state, and local @m A SIGN THAT | \ THE SPRINKLER
stakeholders that represent the water & T ovER?
and land resource management
communities, to strategize and develop
appropriate, relevant, useful and readily
available drought, climate, weather and
water-related information.

A Developan understanding of the existing observation and monitoring
networks, data, tools, research and other planning and mitigation
resources available forREWS.

A ldentify the economic sectespecific and geographic needs for future
monitoring, prediction, planning and information resources.




2014 Missouri DEWS Kickoff
Meeting

A Networksfor regional drought monitoringnd
planning

A Betterunderstanding of drought as a hazard,
A Educatiorand outreach to citizens, agencies and | ‘
A organizations in the basin

Gaps identified:

A Create or revisit state drought plans.

A DEWS development in the context of
floods/droughts

Next Steps:
A Improve understanding of vulnerabilitg drought.

A Partnerwith states and tribes to create near
improveddrought plans.

A Initiate a series of regional or sHiasin meeting$o
understand impacts and ways inform drought risk
management.




Missourl River Basin DEWS Plan

A Task 1 Working with Tribes
on Drought Early Warning

A Task 2 Working with States
on Drought Early Warning

A Task 3 Across Basin
Activities (e.g. monitoring)




MRB Tribes and the DEWS

jbal Lands in the Missouri River Basin
BIACKT

A September2014:MissouriRiver Basin Tribes
Workshop on Extreme Everaisd Drought
Resiliency Journey Museum, Rap(dity,SD

A Next steps:

I Exploring opportunities texpand andtrengthen
monitoring capabilities throughoutribal lands

i Investigatingpartnerships withtribal collegego
build capacity for climatand droughtplanning
efforts with theirspecific tribe

i Continuingoutreach to the tribes in the basin
through several mechanismmcludingdirect
outreach to tribal councils.

i Expandindunding potential withother federal
agencies and programs.




MRB Tribes and the DEWS

A Wind River IndianReservationfUSGS
Wind River Indian Reservation SHOSH

G rant) and Surrounding Area +

Cli D i -
I Drought Climate Summary . ::u&wm:ﬂ,m
ammer

i Wind River Drought Plan - Summer Was Warm and Very Dry

. . . The summer was characterized by very dry conditions across the Wind River Region*. Most areas re-
A G re a‘t P I al nS Trl bal Wa‘ter Al I Ian C_Q4 ceived only 50 percent of normal precipitation, at best. The following locations experienced a top 10 dri-
est summer on record: Burris (4th driest), Riverton (6th driest), Black Mountain (8th driest), and Boy-
sen Dam (10th driest) (see page 2 for periods of record). As for temperatures, most of the region was

SO uth Dakota tri be@ rou g ht Vu I n e rab i I ity 1-2°F above normal for the su.rnmclz I_—]cvwmr, it was much warmer in_ the northern part of ﬂ'l.L‘ region,
where temperatures ranged from 4-53°F sbove normal As a result, Basin and Worland had their warm-
H H “1: est summers on record. (*Note: The Wind River Region refers to the Wind River and Upper Bighorn Basins.)

Assessment (BIA Tribal Climate Resilience
Breaking down the summer by month, June was by far the warmest with temperatures about 4-6°F above normal.
P ro g ram) It wias warmest in Basin where it was an astounding 8.4°F above normal, and Basin had its warmest June on record.
June was dry, especially in the northern and eastern parts of the region where precipitation was less than 23 percent
of normal. Black Mountain and Thermopolis had their 3rd driest Junes on record. July’s temperatures were closer
T to normal, ranging from sbout 1°F below normal to 2°F above normal. However, the dryness continued into July
I D eve I O p m e nbf Wate r Reso u rce and was extreme with some areas receiving less than 5 percent of normal precipitation. Burris and Lander (airport

station) only received a trace of precipitation the entire month and had their driest Julys on record. August was the

Vu I n e rab I I ItyAsseSS m e ntS P rocess an d coolest summer month with temperatures ranging from 1-3°F below normal. Precipitation across the area ranged

. from 50 percent of nermal in the west to 150 percent of normal in the east. The dry conditions of the summer caused
G u I d e bOO k streamiflows tosuffer across thearea, The northern part of the Wind River Region in the Upper Bighorn Basin was ex-
periencing drought conditions as of the end of August, but the reservation stayed out of drought during the summer.
Homwever, if the dryness continues, the region will have to be monitored closely for developing drought conditions.

I Development of WateResource
VulnerabilityAssessments to Build Tribal

Departure from Normal Temperature (°F)
June 1, 2016 - August 31, 2016

Percent of Normal Precipitation (%)
June 1, 2016 - August 31, 2016

Resilience
A 4 Kansas Based Tribe&Engagement
Workshops &Grants

Maps produced by the High Plains Regional Climate Center and are available 2t hitp/iwww.hprecunledu/maps/current

I Kansadndian Nations Drought Vulnerability
and Resiliency Assessment (BIA Water
Resources Management & Climate
Resilience Grants)




States and the DEWS

A Drought Simulations
(tournament)with Vulnerable
Communities ireastern
Kansas (Dec. 2016)

A Identify states in the MRB that
have incorporated drought
iInto their multrhazard
mitigation plan(NDMC)

A MontanaDemonstration
Project (NDRP)

A SubState Mapping/Planning
effort

A Wyoming Monthly Water Brief
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A LONG-TERM VISION FOR THE FUTURE OF
WATER SUPPLY IN KANSAS

Developed based upon input from the citizens of Kansas

JANUARY 2015
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Across Basin Activities

Quarterly Climate Impacts
and Outlook

ational - Significant Events for December

U.5. Selected Significant Climate Anomalies and Events

for February 2017
Thee Morthest, Great Basin, and
Marthem Rockies had a calder
it On Feb 25, an EF-1 tomado
Warna and dry condibians Impacted western WA, injuring
Gfh 2 e hol i smaw for parts ane persen, This was the first Fab)
| contiguous LS. was in i sy J s the frst Fe

L drought, down slightly

e o Chicags had no measureable

snow for Feb - anly the

third time since 1885. Drasght expanded and intensified

‘a« thve Mississippi River Valley,

WV and WY had their wettest wintar ‘Sauthesst, snd Mid-Atlantic.
on record, while CA was second
wettest Widvspraad flocding was
abserved across the West. LA amd TX had thasir wameest winter on
recard, Thirty-fous mare states wara musch
‘warmer than average.

The average U.S. temperature during February was 41.2°F, 7.3°F above average, and the second
wrarmest on record. The winter U_S. temperature was 35.9°F, 3.7°F above average, and the sixth
highest on record. February U5 precipitation was 221 inches, 0.08 inch above average. The winter
precipitation total was 8.22 inches, 1.43 inches above average, and the eighth wettest on record.

Please Mote: Material provided in this map was compiled from NOAA'S State of the Climate Reports.

For mere information please visit: http:/fwwvenode.neaa gov/sotc

Regional - Climate Overview for December 2016 -

Temperature and Precipitation Anomalies

Departure from Mormal Temperature (°F)
December 1, 2018 - February 28, 2017

Percent of Mormal Precipitation (%)
December 1, 2016 - February 28, 2017

Missouri River Basin

March 2017

Highlights for the Basin

It was the sixth warmest winter for the U.S., with
the majority of the extreme warmth to the south
and east of the Basin. The exception was Missouri,
which had its 4th warmest winter on record.

It was also the aighth wattast winter for the 1S,
The Basin had extremes on both ends of the
spectrum, with Wyoming {wettest), Colorado (Sth
wettest), and Morth Dakota (Gth wettest) ranking
amaong the wettest winters on record and Missouri
ranking 10th driest.

Mumerous locations set new temperature records
in February - even beating out those set in recent
years. & new February record of 87°F in Goodland,
K35 crushed its old record by 5°F, set just last year.
Meanwhile, Denver, CO had its earliest 30°F+
day on record with a high temperature of B0°F

on February 10th. This beat the previous record,
March 16, 2015, by over a month.

While upper portions of the Basin received heavy
snowfall this winter, lower portions experienced

a “snow drought™ Season-to-date snowfall for
Bismarck, ND ranked as the 4th highest on record
{62.9 inches), while Lincoln, NE ranked as 2nd
lowest (6.9 inches).

Mountain Snowpack

Missouri Basin Mountain Snowpack
03012017
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There was a large contrast in temperatures
across the Basin this winter, with departures
ranging from 8°F below normal to 8°F above
normal. Generally, areas to the north and west
were below normal, while areas to the south
and east were above normal. This general
pattern held during December and January,
but much above-normal temperaturas were
widespread during February. By the end of
winter, records were nearly set on both ends
of the spectrum, as several locations ranked in
either the top 10 warmest or coolest winters
on record.

Contact: Natalie Umphlett (numphlettd@wunl adu)

Oveﬁll, precipitation was above to much
above normal for the majority of the Basin.
Most of Wyoming, central Colorado, northern
MNebraska/southern South Dakota, and portions
of Montana and Morth Dakota received at
least 200 percent of normal precipitation. On
the other hand, areas of eastern Colorado and
eastern Kansas, along with the majority of
Missouri were below normal. This resulted in
improvements in drought conditions in wetter
areas and the persistence or development of
drought conditions in drier areas.

Rud\l Mountain snowpack was off to a slow
start this season, but then quickly rebounded.
In some areas, snowfall was so heavy at imes
that ski resorts were forced to shut down.

By mid-March, mountain snowpack was
above average for the reach above Fort Peck
Dam {104%) and for the reach between Fort
Peck and Garrison Dams (137%). The U.5.
Army Corps of Engineers and the Bureau of
Reclamation are releasing water to make room
for an above-normal runcff year due to the
high snowpack. Plains snowpack has largely
melted due to extreme warmth.
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of year.
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Across Basin Activities

A Improving regional
monitoring

Upper Missouri Basin

Lower Missouri Basin

Proposed Upper Missouri Basin Network
SCAN Standard Sites (10)

SNOTEL Enhanced Sites (19)

SNOTEL Standard Sites (82)

US Climate Referance Network (15)

AWDN Enhanced Weather Data Network (13))
AVUDN Weather Data Network (67)

Proposed Automated Climate Stes (29)
Reservation Lands

A USDA Northern Plains

Climate Hub

Drought Impacts
and Outlook

ate Overview

Wyoming

Highlights for the State
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Across Basin Activities

A ldentify federal, state and private (NGO) interest and funding
streams and ways to leverage them for supporting drought
planning and assessment

i 9 EIl YLX S Preishsier Mitigatiorprogram

i Example:Burea@ ¥ wSOf I YFGA2y Qa 5 NRdzAKI
better utilized to support drought planning across the MRB.

i 9EFYLX SY .L!IQa 2FGSNJ alyl3aSyYSyi



2017 Lower & Upper Basin Strategic
Meetings

A Purpose: Assesshe current status of drought monitoring
and prediction; identify what tribes, states, watershed groups,
and municipalities are doing for anticipating drought; the
current status of drought planning and how early warning
Information matches these efforts; and identify next steps to
Improve theDEWS

A Lower BasinMarch 2017here) (KS, NE, MO, IA, CO 7 Tribes,
T TSR F3ISYOAS&aXEZ SiuOX
A Upper BasinMay 23251, 2017 Rapid City, SD

I Participants:State, Tribal, Federal governments, sectors (Ag., water
supply, universities)

i Y daytools workshop+ two days of prioritizing neX8teps



Recent Climate Studies: Findings for the
Missouri Basin

Interstate 29  underwater : Missouri River flooding in Omaha , NE June 2011.
PhO'[O by Lal’l’y GEIgeI’ [ https:// franceshunter.wordpress.com  /2011/06/20/great  -missouri -river -rood-of-ZOlll]



The Missouri Basin had a bit of an
extreme event in 2011
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ey gk et Missouri River Basin
June 2011 Runoff

__Fort Peck: 4.0 MAF (250%)

ﬁ::ispn: 6.5 MAF (242%)

.{\ ~ ‘Oahe: 1.0 MAF (239%)

ortiRandall: 0.9 MAF (613%)

avins Point: 0.3 MAF (169%)

" @ Sioux City: 1.1 MAF (382%)

s ~ 2 Nebraska City
St. Louis

Total June 2011 Runoff = 13.8 MAF
Normal June Runoff = 5.4 MAF

X% % of Normal in June 2011
MAF Million Acre Feet

*Fort Randall runoff includes Big Bend



Missouri Basin Climate Research

Explaining Climate
Extremes 2
ey gl A

A ClimateAssessment Report: Causes for
Hydrologic Extremes in the Upper Missouri
Basin

A SeasonaPrecipitation Forecasts Over the
MissouriBasin

Explaining Hydrologic Extremes in

A ClimateAssessment Report: Understanding N I
Explaining Climate Extremes in the Missourl
River Basin Associated with the 2011 Flooding

A ExplainingClimate Extremes: An Assessment ¢
the 2011 Missouri River Basklood

https://www.drought.gov/drought/dews/missourriver-basin/reportsassessmentand-outlooks



Attribution of Missouri Basin Climate
Variability

A 2011 prompted NOAA investigation into drivers |y m——"—

Understanding and Explaining Climate Extremes in the

A Recent variability in annual flows emerged bR s R e

Annual Runoff above Sioux City, IA

Million Acre-Feet
70

Historic Drought Periods
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Regimes of persistent low flows, denoted by orange bars, denote hydrologic droughts within the basin.
Horizontal line shows the historical median value. Data source is USACE.
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An Assessment of the 2011 Mi;so‘uﬁ River Basin Flood
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011 Flooding Assessme

Annual Runoff above Sioux City, lowa

iy Mt e e

183 1500 BB 1930 1930 1030 ISFD ESER 1978 1960 1560 1806 3080

I ]

]

Time zeriez of the annual Miszouri River runoff [millian acre-feet]
above Sious City, lowa for 1598-2012. The 2013 value [red bar] is
a preliminary estmate. Regimes of persistent low flows, denot-
d by arange bars, denote hydrologic droughts within the basin.
Harizontal line shows the histarical median value. Data source is
USACE.

January-December 2010 Regional Ranks

~
Precipitation A'-Y‘/\

1w Driest
114 2 Womt \ “
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The historical ranking of regional precipitation for annual 2010
conditions [top). and for the subsequent January-May 2011
conditions (battom). Over the Missouri River Basin region, 2010
ranked 5th wettest since 1895, whereas the subsequent S-manth
period Januzry-May 2011 ranked 3z the historical westest since
1895. Note the dramatic contrast between conditions in the Mis-
souri Basin versus those immediately south. Data source is NOAA.

was a rare occurrence, and a comparable event has low probability for recurring
in the immediate future.

A caveat to the conclusion that the flooding was the result of a sequence of
naturally occurring dimate conditions is the fact that annual flow in tha Upper
Missouri Basin has been more volatile in recent decades compared to prior de-
cades dating to 1898. Spacifically:

« Nine of the ten highest annual runoffs in the Missouri Basin historical record
were found to have occurred after 1970, and

= Year-to-year variability of annual runoff has increased dramatically in recent
dacades principally due to an increasa in high flow avents.

The report does not address the underlying cause for post-1970 increase in the
frequency of high runoffs events, but recommends further investigation of possi-
ble factors in order to better inform decision makers on the risks for futura savera
flooding events in the Missouri River Basin.

Given these events and the hydrology of the Missouri Basin, it was reascnable
to expect that the subsequent 2012 year would also be susceptible to flooding.
The previous five years had experienced above-average annual precipitation in
the upper basin, resulting in progressively higher annual runoff from 2008-2011.
However, the observed 2012 annual runoff in the Missouri Basin was below nor-
mal. The climate conditions themselves had not changed much between 2011
and 2012, and the concentrations of human-causad greenhouse gases ware
basically the same.

Tha fate of 2012 Missouri River runoff was apparently not sat by the pre-existing
conditions of 2011 anymore than pre-existing conditions determined the fate of
2011. Instead, in both 2011 and 2012 annual runoff depended primarily on me-
teorological factors, which abruptly retumed the basin from flooding conditions
in 2011 to drought conditions in 2012, The similar large-scale dimate conditions
of 2011 and 2012 serve as a lesson on the power of short-tarm variations in
weather to cause contrasting impacts on the Missouri River Basin's annual runoff.

For more information, contact:

D ATHOSD,

Robert.5.Webb@noaa.gov, or
Martin.Hoerling@noaa.gov

MOAA Earth System Research Laboratory
325 Broadway, Boulder, Colorado 80305

Funding for this project was provided by
.5, Army Corps of Enginears (USACE)

Visit us online at:
www.esrl.noaa.gov/psd/csi/



Observational Analysis of Change in the

Missourl River Basin

Observed Discharge from UMRB:

A During thell7 years of recortteeping 18982014}
A the 4 highest flow years have occurred in the last 40 years (P918)

A 10o0f the highest 13 runoff yeais the UMRB haveccurred in the last
40years

A 9% increase in average annual flow in lasy#compared to prior 77
year average

A doubling of the coefficient of variability in last 20yrs compared to first
20yrs



Explaining Hydrologic Extremes in

the Upper Missouri River Basin

Background

Nine of the ten largest flood events in the Upper
Missouri River Basin (UMRB) since records began in
1898 have occurred since 1970. Dry years have also
continued to occur, analogous to low runoff years
of the Dustbowl era. As a result, yearly volatility in
runoff has become much more extreme since 1970,
due mainly to changes in the character of high

runoff events.

Researchers from the National Oceanic and
Atmospheric Administration (NOAA) and the
University of Colorado’s Cooperative Institute for
Research in Environmental Sclences (CIRES) have
studied the physical causes for the recent increase
of high annual runoff in the UMRB and present their
findings in a new assessment report.

Major Findings

The increased frequency of high annual runoff events in
the last 40-year period, as measured by naturalized runoff
at Sioux City, lowa, resulted mainly from the land surface
response to increased precipitation falling over the UMRB.
Runoff production was shown to be especially sensitive to
two features of observed meteorological changes during
1975-2014 (relative to 1895-1974):

« A seasonal wetting that saw the largest percentage

increases (+12%) occur during the cold season (October-

March).

« Aregional wetting that saw the strongest wet trends

occur over South Dakota and the eastern one-third of the

upper basin (up to +20%).

Using historical meteorological data and land surface models,
the report paints a picture of an upper basin that is inefficient

%
e

at converting annual precipitation to runoff. A runoff
coefficient of only about 8% indicates that less than 1/10th
of the annual precipitation falling over the upper basin is

realized as runoff at Sioux City, lowa. This low runoff efficiency

is unique compared to other parts of the country, where for
example runoff efficiencies can be as high as 50% or greater
in the humid East and Pacific Northwest. UMRB efficiency

is higher in the cold season, and thus the greater increase
in precipitation at that time of year led to an amplified
runoff response. Land model experiments demonstrate

an acute runoff sensitivity to soil moisture conditions

over eastern portions of the upper basin, espedially in the
reach from Gavins Point to Sioux City. Higher soil moisture
conditions due to wetting in the last 40 years over that

mostly unregulated sub-basin have appreciably enhanced its

contribution to the upper basin’s overall runoff production.

4/
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Upper Missouri River Basin

50 Runsff
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Time series of water-year (1 October-30 September) UMRE runaff
{millian acre-feet) abave Siaux City, lows for 1898-2014 (top), and
waterpear precipitation average for the upger basin sbove Sioux
City [mm; bottom)]. Green bars highlight the three highest runoff
years in the record. A meazure of the year-to-year volatility is
shown in the red curves that plat standard deviation of water-year
values for 20-yr maving windows. Runcff 3t Sious City from USACE:
precipitztion iz PRISM.

Upper Basin Water Year Change
(1975-2014) minus (1895-1974)

Precipitation

Change a5 % of Climatolagy

M & 64 2 0 2 4 6 B IO

Average Temperature

4 075 05 035 B 05 05 075 1

The cbserved change in water-year (1 October-30 September)
precipitztion (% of climatology, top), and average surface ir
temperature [C, bottom). Changes are calculated by differencing
the &0-y7 average (1975-2014) from the Bl-yr average (1895
1574). Data source is PRISM.
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Conclusions

The report demonstrates a strong physical connection between the
increased frequency of high annual runoff events in the UMRE and the
increase in precipitation falling over the upper basin. Each of the nine
highest annual runoff years since 1975 were abnormally wet years. A
concentration of wetting during the cold season has been key, leading to
higher soil moisture conditions that further acted to increase efficiency
in runoff production. The upper basin has warmed, which may have
slightly reduced runoff efficiency, though this effect has been far
edlipsed by the increased precipitation.

The cause for these changes in meteorological conditions was also
briefly explored in the report. Most of the magnitude in observed
precipitation increases, and hence much of the runoff increases,
occurred via natural variations in the region’s climate. The warming
trend, by contrast, was consistent with an emergent signal of human-
induced climate change.

Wetter and warmer conditions in the UMRE are anticipated in the future
due to human-induced climate change. Under an aggressive emissions
scenario, the upper basin is expected to warm by about 6°C by the end
of the 21st century. It is currently unclear whether the impact of such
unprecedented warming on future upper basin runoff will dominate
over precipitation changes, or even over the typical natural precipitation
variability. Further investigation is required on how annual runoff
efficiency will change and whether year-to-year runoff volatility will
increase.

In the immediate future, runoff variations induding extreme high and
low runoff years, will continue to be dominated by natural variability in
the upper basin. The report indicates that predictions of such variability
will benefit from improved soil moisture monitoring, whose antecedent
land surface states were found to correlate with subsequent annual
runoff. However, the direct effects of precipitation will continue to
prevail in driving runoff variability. Overall, improved outlooks for annual
runoff and likelihood of flooding will benefit most substantively from
improvements in precipitation predictions at monthly, seasonal and
longer time scales.

For more information, contact:

Ben.Livneh@colorado.edu, or
Martin.Hoerling@noaa.gov
NOAA Earth System Research Laboratory
325 Broadway, Boulder, Colorado 80305

Funding for this project was provided by
US. Army Corps of Engineers (USACE)




Summary of StatiorBased Analysis foCold Season

A Meanpcpnhas increased in the UMRB (192914) vs (1902014) at most
stations, except western Montana

A Frequency of very heavy rain days has increased, is aligned with npean
change

A A greater proportion of seasongicpntotal is now contributed by very heavy rair
days

Summary of StatiorBased Analysis for Warm Season

A Meanpcpnhas increased in the UMRB (192814) vs 1901-2014) atmost
stations

A Frequencyof very heavy rain days has increaseslaligned with meanpcpn
change

A Most stations show little change in proportion of seasonatpncontributed by
very heavy rain day except a few stations just above Sioux.City
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MISSOURI'BASIN
FLOOD POTENTIAL OUTLOOK
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S. Army Corps Weekly Up

http:/fwww.nwd-mr.usace.army.mil/rcc/reports/pdfs/iweeklyupdate. pdf

Missouri River Basin — Weekly Update — 10 Apr 2017

Mainstem Reservoir Status:
< System storage is 58.7 mullion acre-feet (MAF), 2.6 MAF above the
base of the Annual Flood Control and Multiple Use Zone.
System storage increased 0.2 MAF during the past week.
More than 84 percent of the 16.3 MAF flood control storage zone
remains available to capture runoff.
Fort Peck, Garrison and Oahe reservoirs are captunng and storing
runoff, which is expected during this time of the runoff season.
As a result of the updated monthly runoff forecast, the navigation
service level has been increased 5,000 cfs:
+ Longer evacuation period at lower rate to reduce flood risk,
s  Provides enhanced service to authorized purposes.

Snowpack Conditions:
+* Mountain snowpack is slightly below average for the reach above
Fort Peck and 1s above average for the reach between Fort Peck and
Garrison.
#+ Traces of plains snow are present in western South Dakota, Montana
and Wyoming

April 4, 2017
{Roinased Thursday. Aav: 8, 2007}
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The Missouri River Basin snowpack normally peaks near April 15th.

Click Here for Comparison Plot to 1997 and 2011




Missouri Basin Conditions and Outlook

Westwide SNOTEL Current Snow Water Equivalent (SWE) % of Normal

Apr 11, 2017
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Next 3 Months (Apri¢ June)
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