Climate Study: Recent Findings for the
Missouri Basin

Interstate 29 underwater: Missouri River flooding in Omaha, NE June 2011.
PhOtO by Lar'l’y GEIger'. [https://franceshunter.wordpress.com/zol1/06/20/9reat—missouri-river—flood»of—ZOl1/]
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The Missouri Basin had a bit of an
extreme event in 2011




Missouri Basin Climate Research
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* Climate Assessment Report: Causes for
Hydrologic Extremes in the Upper Missouri
Basin

e Seasonal Precipitation Forecasts Over the
Missouri Basin

Explaining Hydrologic Extremes in

* Climate Assessment Report: Understanding and st

Explaining Climate Extremes in the Missouri
River Basin Associated with the 2011 Flooding

* Explaining Climate Extremes: An Assessment of
the 2011 Missouri River Basin Flood

https://www.drought.gov/drought/dews/missouri-river-basin/reports-assessments-and-outlooks
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o e s Missouri River Basin
June 2011 Runoff

__Fort Peck: 4.0 MAF (250%)

mson 6.5 MAF (242%)

{\ F‘\xgahe 1.0 MAF (239%)

FortiRandall: 0.9 MAF (613%)

avins Point: 0.3 MAF (169%)
) Sioux City: 1.1 MAF (382%)

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



Attribution of Missouri Basin Climate
Variability

e 2011 prompted NOAA investigation into drivers CLIMATE ASSESSMENT REPORT

 Recent variability in annual flows emerged

Annual Runoff above Sioux City, IA

Million Acre-Feet

Historic Drought Periods

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

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 Missouri River Basin Flood
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Major Findings
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Was 3 rare occurrence, and 3 comparable event has low probabiity for recurning
in the immediate future

A Caveat 10 the conclusion that the Sooding was the resst of 3 sequence of
naturally occurning dimate condibons is the fact that annwal flow in the Upper
Misscur! Baun has been more volatie In recent decades compared to price de
cades dating 1o 1998, Specically

+  Nine of the ten highest anrmial runcMs in the Missoun Basin hstorical recoed
were found to have occurred after 1970, and

«  Year-to-year vanabidity of annual runoff has Inceased dramatically In recent
decades peincipally due 10 an iIncrease in high flow everts.

The report does not address the underlying cause for post-1970 increase in the
frequency of hgh runoffs events, but recommends further investigation of poss-
ble factors in order to better inform decision makers on the risks for future severs
flooding events in the Missourn River Sasn

Given these events and the hydrology of the Missourt Basin, it was reasonable
to expect that the subsequent 2012 year would also be susceptible to flooding
The previous five years had expenenced above-average annual precipitation in
the upper basin, reslting In progressively Ngher annual nuncff froen 2008-2011
However, the observed 2012 anewal runc in the Missour! Basin was Delow ror-
mal. The dimate conditions themselves had not changed much Detween 2011
and 2012, and the concentrations of human-caused greenhouse gases were
basically the ame.

The fate of 2012 Missourt River runolf was apparently not set by the pre-existing
conditions of 2011 anymore than pre-existing conditions determined the fate of
2011. Instead, in both 2011 and 2012 annual runcff depended primarily on me-
teorclogical factors, which abruptly retumed the basin from flooding conditions
in 2011 to drought conditions in 2012. The similar Lrge-scale dimate conditions
of 2011 and 2012 serve a3 3 lesson on the power of short-term variations in
weather 1O Chuse CONLrasting IMpacts on the Missouri River Basin's annual runof!.

For mors information, contact

Robert.S. Webbanoaa.gov, or

Martin MHoerlingsnoaa gov

NOAA Earth System Research Laboratory
325 Broadway, Soulder, Colorado 80305

ATMO;

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

Visit us onfing at




Upper Missouri River Basin

Red line: inter-annual standard
deviation (20-yr moving window)

Runoff exhibits increasing inter-
annual variability since 1975

1900 1010 1920 1930 1940

WY PPT (PRISM)

Areal precipitation variability
increasing not nearly as dramatic
over last 40 years

Precipitatiol

What is the mechanism
behind this disparity? « Changes in precipitation intensity
* Changes in seasonality
* Changes in antecedent moisture

Runoff source: USACE; Precipitation source: PRISM; image: image from: NOAA Climate Assessment Report; prepared for

USACE DeC 2013 [http://www.esrl.noaa.gov/psd/csi/factsheets/pdf/noaa—mrb—climate—assessment—report.pdf]
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Seasonality and Regionality of Runoff Sources in the Upper MRB

Upper MRVB Climatological Precipitation

EOF 1 897% Observations-PRISM EOF 2 7%

Factor Loadings
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Observational Analysis of Change in the

Missouri River Basin

Observed Discharge from UMRB:

 During the 117 years of record-keeping (1898-2014)---
 the 4 highest flow years have occurred in the last 40 years (1975-2014)

* 10 of the highest 13 runoff years in the UMRB have occurred in the last
40 years

* 9% increase in average annual flow in last 40-yrs compared to prior 77
year average

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



Explaining Hydrologic Extremes in
the Upper Missouri River Basin

Major Findings

The iIncreased frequency of high annual runoff events in
the Last 40-yeur period, 33 measured by naturalized runoff
at Sloux Oty, lowa, resulted mainly from the land surface
response to Increased predipitation faling over the UMRE.
Runoff production was shown to be especially sensitive to
two features of cbserved meteorological changes during
1975-2014 jrelative to 18951974

« A seasonal wetting that saw the largest percentage
Increases (+12%) ocour during the cold season (October-
March)

« A regional wetting that saw the strongest wet trends
ocour over South Dakota and the eastem one-third of the
upper basin (up to +20%).

Using historical meteorological data and and surface models,
the report paints 3 picture of an upper basin that Is inefficlent
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i converting annual precipitation to runoff. A runoff
coeMicient of only about 8% Indicates that less than 1/10th
of the annual precipitation falling over the upper basin Is
realized as runoff at Sloux City, lowa. This low runoff emdency
Is unique compared to other parts of the country, where for
example runoff efMclencies can be as high as 50% or greater
In the humid East and Pacific Northwest. UMRS efficiency

Is higher in the cold season, and thus the greater increase

In precipitation at that time of year led to an amplited

runoff response. Land model experiments demonstrate

an acute runoff sensitivity to soll molsture conditions

over eastern portions of the upper basin, especially in the
reach from Gavins Point to Siowx City. Higher soll moisture
conditions due o wetting in the last 40 years over that
mostly unregulated sub-basin have appreciably enhanced its
contribution to the upper basin's overall runcff production
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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 soll moisture conditions that further acted to Increase eMaency
In runoff production. The upper basin has warmed, which may have
slightly reduced runoff efficiency, though this effect has been far
eclipsed 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 varlations in the reglon’s dimate. The warming
trend, by contrast, was consistent with an emergent signal of human-
Induced climate change.

Wetter and warmer conditions In the UMRS are anticipated in the future
due to human-induced climate change. Under an aggressive emissions
scenario, the upper basin ks expected 1o warm by about 6°C by the end
of the 21st century. It Is currently unciear whether the impact of such
unprecedented wanming on future upper basin runoff will dominate
over precipitation changes, or éven over the typical natural precipitation
variabiity. Further Investigation is required on how annual runoff
eMmcency will change and whether year-1o-year runoff volatility wall
ncrease,

In the iImmediate future, runoff variations Induding extreme high and
how runoff years, will continue to be dominated by natural variabiity in
the upper basin. The report Indicates that predictions of such varlabllity
will benent from iImproved soll moisture monitoring, whose antecedent
land surface states were found to correlate with subsequent annua
runoff. However, the direct effects of precipitation will continue to
prevall in driving runoff variability. Overall, iImproved outiooks for annual
runoff and likelihood of looding will benefit most substantively from
Improvements In precipitation predictions at monthly, seasonal and

longer time scales.

For mose information, contact:

Ben.Livwheolorado.edu, or

Martin Hoerlingen ocaa gov

NOAA Earth System Research Laboratory
325 Broadwary, Boukder, Colorado 80305
Funding for this project was provided by
US, Army Corps of Engineers (USACE)
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Observed Change in Seasonal Precipitation

Missouri River Basin Change in Seasonal PPT
(1975-2014) minus (1895-1974)

Change in Millimeters
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Observed Change in Seasonal Precipitation (% Climo)

Missouri River Basin Change in Seasonal PPT
(1975-2014) minus (1895-1974)

(

Change as % of Climatology
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Summary of Station-Based Analysis for Cold Season

Mean pcpn has increased in the UMRB (1975-2014) vs (1901-2014) at most
stations, except western Montana

Frequency of very heavy rain days has increased, is aligned with mean pcpn change
A greater proportion of seasonal pcpn total is now contributed by very heavy rain

day.

Summary of Station-Based Analysis for Warm Season

Mean pcpn has increased in the UMRB (1975-2014) vs (1901-2014) at most stations
Frequency of very heavy rain days has increased, in aligned with mean pcpn change

Most stations show little change in proportion of seasonal pcpn contributed by very heavy
rain day except a few stations just above Sioux City.



Food for Thought




Precipitation Trends

Great Plains North Midwest U.S. Average
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Observed Change in Very Heavy
Precipitation

Observed Change in Very Heavy Precipitation |
‘ o \US. Average

50
19008 208 40y S0s 0O QO

- Great Plains North

19008 208 60s 808 00s

0+
- 0
Greal Plains South

WO"O“O!M.O‘OO.
Cocade

(!




Observed Change in Very Heavy Precipitation

Change (%)
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Source: National Climate Assessment - http://nca2014.globalchange.gov/



Trends in Flood Magnitude

Figure source: Peterson et al. 2013
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Streamflow trends (p=0.10) for stations with
continuous records 1960-2012

Preliminary Information — subject to revision. Not for citation



Projected Change in Summer Precipitation

Change in Summer Precipitation (%)
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Change in Summer Precipitation (%) Projected Change Precipitation

Figure 7: Projected change in summer precipitation (%) for the middle of the 21st century
compared to the late 20th century under a higher emissions pathway. Hatching represents areas
where the majority of climate models indicate a statistically significant change. Summer
precipitation is projected to decrease in the range of 5%—10% by 2050, although the changes are
statistically significant only in the central part of the state. Source: CICS-NC, NOAA NCEI, and
NEMAC.



Projected Change in Winter Precipitation
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Figure 7: Projected changes in winter precipitation (%) for the middle of the 21st century
compared to the late 20th century under a higher emissions pathway. Hatching represents
areas where the majority of climate models indicate a statistically significant change. Colorado is
part of a large area of projected increases in winter precipitation across the northern United
States. Source: CICS-NC, NOAA NCEI, and NEMAC.
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