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Outline

* Climate in general
* Current Climate Changes
* Future Changes

e Climate Extremes
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K&ppen Climate Classification
for the Conterminous United States
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30-yr Normal Precipitation: Annual
Period: 1981-2010
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30-yr Normal Mean Temperature: Annual
Period: 1981-2010

Temperature (°F)
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Indigenous Populations Extend beyond Reservation Lands
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Figure 12.1. Census data show that American Indian and Alaska Native populations are concentrated around, but are not limited
to, reservation lands like the Hopi and Navajo in Arizona and New Mexico, the Choctaw, Chickasaw, and Cherokee in Oklahoma,
and various Sioux tribes in the Dakotas and Montana. Not depicted in this graphic is the proportion of Native Americans who live
off-reservation and in and around urban centers (such as Chicago, Minneapolis, Denver, Albuquerque, and Los Angeles) yet still
maintain strong family ties to their tribes, tribal lands, and cultural resources. (Figure source: Norriset al. 201 25).
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Climate 1s not static

South Dakota, Precipitation, January-December

Smoothed 1895-2012 Trend 1901-2000 —— Preci
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Seasonality of Precipitation
Spring is the Missouri Basin’s Rainy Season

Principal Pattern of Climatological Precipitation
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evere. Missouri River floads.aftep stem from the combination of a prolonged wet period,

College of Agriculture and Biologicfapjldesnowmelt, and heavy Spf'ing I‘ains.




Paleoclimate Perspective
Tree ring reconstructions of Palmer Drought Severity Index (PDSI)
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Climate variability in the Missouri
Basin

« ENSO

e PDO

« AO/NAO

e TAG

e WPWP

* LLocal conditions

* Climate change
e Others

* Note — much of the variability is still unexplained
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CLIMATE CHANGES
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Derived from

* http://nca2014.globalchange.gov/
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Observed U.S. Temperature Change

U.S. Average
2

Tempesines Changs (°F)

_ Hawai’i
€3
F Jl' g Il
é o B_a RN _GreatPlans South
Y000n 20n ACs B0m 804 OO o | c T S S5 5 0
- E AAAAAAAAAAA g,, - Il
) - — pons
1000 VﬂCI 80w 0O g . L] |
§ io0a0s ate 60n 80 o
Temperature Change (°F)
R N B O O &3 = =

<15 -15b-10 -1005 LO5000 00LOS O05w10 10bI1S >15

Figure 2.7. The colors on the map show temperature changes over the past 22 years (1991-2012) compared to the 1901-1960
average, and compared to the 1951-1980 average for Alaska and Hawai'i. The bars on the graphs show the average temperature
changes by decade for 1901-2012 (relative to the 1901-1960 average) for each region. The far right bar in each graph (2000s
decade) includes 2011 and 2012. The period from 2001 to 2012 was warmer than any previous decade in every region. (Figure

source: NOAA NCDC / CICS-NC).
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Observed Increase in Frost-Free Season Length

Projected Changes in Frost-Free Season Length
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= fmfn% between the last occurrence of 32°F in the spring
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Figure 2.11. The maps show projected increases in frost-free season length for the last three i 1 01- 1 y 14
decades of this century (2070-2099 as compared to 1971-2000) under two emissions scenarios, JS. .reglon durlng 1991-2012 relative to 1301 1960
one in which heat-trapping gas emissions continue to grow (A2) and one in which emissions S5 I frost-free season Iengih caor respond to similar

peak in 2050 (B1). Increases in the frost-free season correspond to similar increases in the N : - g ; -

growing season. White areas are projected to experience no freezes for 2070-2099, and gray Fo- gl'DWII"Ig S Iength' (FIgUI’E source: NOAA
areas are projected to expenience more than 10 frost-free years during the same period. (Figure I CICS-N C)

source: NOAA NCDC / CICS-NC).
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Observed U.S. Precipitation Change
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Figure 2.12. The colors on the map show annual total precipitation changes for 1991-2012 compared to the 1901-1960 average,
and show wetter conditions in most areas. The bars on the graphs show average precipitation differences by decade for 1901-2012
(relative to the 1901-1960 average) for each region. The far right bar in each graph is for 2001-2012. (Figure source: adapted from
Peterson et al. 2013%).
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Observed Change in Very Heavy Precipitation

SR v:nno-oo-

AT ,
v |
W | i ﬂl-..'. —f.-' L
".,._L.u. oo Northwest | - z | .|I
j 00 200 4n B 80n 00 l_,f-ull 3‘ '
F
ﬂioﬁazznhwa B0n 30y Ol Great ans North ; 0 50 No‘nheasr
s Midwesl '

Change )
%
@

5o Hawar woo.'t.-o.m s 00s :
10008 204 404 808 8Os OO0 . L
Cecade = == — =
Wy -
.0 \L— # " A |
S & !o
*TS EQ AL
-0 )
oo 20 s B0y N

L ’\J

Figure 2.17. Percent changes in the annual amount of precipitation falling in very heavy events, defined as the heaviest 1% of all daily
events from 1901 to 2012 for each region. The far nght bar is for 2001-2012. In recent decades there have been increases nationally,
with the largest increases in the Northeast, Great Plains, Midwest, and Southeast. Changes are compared to the 1901-1960 average
for all regions except Alaska and Hawai'i, which are relative to the 1951-19860 average. (Figure source: NOAA NCDC / CICS-NC).
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Observed Change in Very Heavy Precipitation
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Figure 2.18. The map shows percent increases in the amount
of precipitation falling in very heavy events (defined as the
heaviest 1% of all daily events) from 1958 to 2012 for each
region of the continental United States. These trends are larger
than natural vanations for the Northeast, Midwest, Puerto Rico,
Southeast, Great Plains, and Alaska. The trends are not larger
than natural vanations for the Southwest, Hawai'l, and the
MNorthwest. The changes shown in this figure are calculated
from the beginning and end points of the trends for 1958 to
2012. (Figure source: updated from Karl et al. 2009°).



Trends in Flood Magnitude

Change
per Decade (%)
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Figure 2.21. Trend magnitude (triangle size) and direction (green = increasing trend, brown =
decreasing trend) of annual floed magnitude from the 1920s through 2008. Local areas can be
affected by land-use change (such as dams). Most significant are the increasing trend for floods in
the Midwest and Northeast and the decreasing trend in the Southwest. (Figure source: Peterson

L5
etal. 2013%).
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Figure 11. Streamgages in the Missouri River watershed with statistically significant trends in annual streamflow for water years 1960-2011.
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Annual Surface Soil Moisture Trends

Change in soil moisture (m®* m=2 y™")
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Figure 3.2. Changes in annual surface soil moisture per year over the period 1988 to 2010 based on multi-
satellite datasets. Surface soil moisture exhibits wetting trends in the Northeast, Florida, upper Midwest, and

Northwest. and drying trends almost everywhere else. (Images provided by W. Dorigo™).
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Seasonal Surface Soil Moisture Trends

Change in soil moisture (m* m= y)
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Figure 3.3. Changes in seasonal surface soil moisture per year over the period 1988 to 2010 based on multi-satellite
datasets.” Seasonal drying is observed in central and lower Midwest and Southeast for most seasons (with the exception
of the Southeast summer), and in most of the Southwest and West (with the exception of the Northwest) for spring
and summer. Soil moisture in the upper Midwest, Northwest, and most of the Northeast is increasing in most seasons.

(Images provided by W. Dorigo).
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ADDITIONAL LOCAL
CHANGES
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* http://www.ncdc.noaa.gov/cag/time-

series/us
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Summer Temperature
Trends (June — August) SD
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South Dakota, Climate Division 7, Average Temperature, December-February
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Inches

Wyoming, Precipitation, January-December
1895-2013 Trend 1901-2000
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inches

North Dakota, Precipitation, January-December
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Summer Precipitation
Trends (June — August)
SD

South Dakota, Climate Division 6, Precipitation, June-August

Smoothed 1895-2013 Trend 1901-2000 —— Preci
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South Dakota, Climate Division 6, Precipitation, March-May

1895-2014 Trend . 1901-2000
+0.11"/Decade Avg: 5.57"

Time Series

0= Precip

'
1900

31
o
-

' ' ' ' ' ' ' ' '
1910 1920 1930 1940 1950 1960 1970 1980 1990

SOoUTH DAKOTA STATE UNIVERSITY

College of Agriculture and Biological Sciences

'
2000

Inches

'
2010

'
1900

T 280

T 260

T 240

T 220

T 200

1180

T 160

T 140

1120

sIPWINA

Spring and Fall
Precipitation Trends SD
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Average Jun,Jul,Aug Dew Points
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Annual Reference Evapotranspiration: 1935-2009
Aberdeen, SD

Overall Mean: 954 mm
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Calculated based on temperature index




Other changes

* Winter warming
* Higher dew points/humidity

* Lower summer highs — reduced E'T
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PROJECTED CLIMATE
CHANGES




Emissions Levels Determine Temperature Rises
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Changes

* Complex — not just overall warming
* Precipitation changes

* Changes during year

e Max/min

e [.ocational
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Projected Temperature Change
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Figure 2.8. Maps show projected change in average surface air temperature in the later part of this century (2071-2099) relative
fo the later part of the last century (1970-1999) under a scenario that assumes substantial reductions in heat trapping gases (B1,
left) and a higher emissions scenario that assumes continued increases in global emissions (A2, night). (See Appendix 3: Climate
Science, Supplemental Message 5 for a discussion of temperature changes under a wider range of future scenarios for various
periods of this century). (Figure source: NOAA NCDC / CICS-NC).
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Projected Temperature Change of Hottest and Coldest Days
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Figure 2.20. Change in surface air temperature at the end of this century (2081-2100) relative to the turn of the last century (1986-2005)
on the coldest and hottest days under a scenario that assumes a rapid reduction in heat trapping gases (RCP 2.6) and a scenario
that assumes continued increases in these gases (RCP 8.5). This figure shows estimated changes in the average temperature of
the hottest and coldest days in each 20-year period. In other words, the hottest days will get even hetter, and the coldest days will

SOUTH DAKOTA STA Dbeless cold. (Figure source: NOAA NCDC / CICS-NC).
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NEWER SIMULATIONS FOR PROJECTED PRECIPITATION CHANGE (CMIP5 MODELS)

Rapid Emissions Reductions (RCP 2.6) Continued Emissions Increases (RCP 8.5)

Winter pri Winter Spring

Precipitation Change (%)

~
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Figure 2.15. Seasonal precipitation change for 2071-2099 (compared to 1970-1999) as projected by recent simulations that include
a wider range of scenarios. The maps on the left (RCP 2.6) assume rapid reductions in emissions — more than 70% cuts from current
levels by 2050 — and a corresponding much smaller amount of warming and far less precipitation change. On the right, RCP 8 5
assumes continued increases in emissions, with associated large increases in warming and major precipitation changes. These would
include, for example, large reductions in spring precipitation in the Southwest and large increases in the Northeast and Midwest.
Rapid emissions reductions would be required for the more modest changes in the maps on the left. Hatched areas indicate that the
projected changes are significant and consistent among madels. White areas indicate that the changes are not projected to be larger
than could be expected from natural vanability. (Figure source: NOAA NCDC / CICS-NC).
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Projected Precipitation Change by Season
Higher Emissions (A2)

Winter

Precipitation Change (%)
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Figure 2.14. Projected change in seasonal precipitation for 2071-2099 (compared to 1970-1999) under an emissions scenario that
assumes continued increases in emissions (A2). Hatched areas indicate that the projected changes are significant and consistent
among models. White areas indicate that the changes are not projected to be larger than could be expected from natural vanability.
In general, the northern part of the U.S. is projected to see more winter and spring precipitation, while the southwestern U.S. is
projected to experience less precipitation in the spring. (Figure source: NOAA NCDC [ CICS-NC).
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Annual Maximum Precipitation
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Changes in Consecutive Dry Days
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Figure 2.13. Top panels show simulated changes in the average
amount of precipitation falling on the wettest day of the year for
the period 2070-2099 as compared to 1971-2000 under a scenario
that assumes rapid reductions in emissions (RCP 2.6) and one
that assumes continued emissions increases (RCP 8.5). Bottom
panels show simulated changes in the annual maximum number of
consecutive dry days (days receiving less than 0.04 inches (1 mm)
of precipitation) under the same two scenarios. Simulations are
from CMIP5 models. Stippling indicates areas where changes are
consistent among at least 80% of the models used in this analysis.
(Fiqure source: NOAA NCDC / CICS-NC).



Projected Change in Heavy Precipitation Events

Rapid Emissions Reductions (RCP 2.8) Continued Emissions Increases (RCP 8.5)

1 2 3 4 5 6 7

Figure 2.19. Maps show the increase in frequency of extreme daily precipitation events (a daily amount that now occurs once in 20

years) by the later part of this century (2081-2100) compared fo the later part of last century (1981-2000). Such extreme events are
projected to occur more frequently everywhere in the United States. Under the rapid emissions reduction scenario (RCP 2. 6), these

events would occur nearly twice as often. For the scenario assuming continued increases in emissions (RCP 8.5), these events would
occur up to five times as often. (Figure source: NOAA NCDC [ CICS-NC).
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Figure 10. Projected Fort Peck Peak SWE.
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Figure 11. Projected Garmison Peak SWE.

SOoUTH DAKOTA STATE UNIVERSITY

College of Agriculture and Biological Sciences




4. Projected MJJ Runoff

Figures 12 and 13, as well as Table 13, show the projected MIT runoff for Fort Peck and
Garrison, respectively. Also refer to Table 15 for further discussion
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AN AN NN NN NN NN NN NN N N S
= RO-1.TI03. 03171 3765 % onf SR Ean)-0 3400 loz] ciboeRAMPN) }'—
1 1 1

Range
— AR

Garrison May-July Runoff in
1000 Ac-ft

1992 Hirir
1997

Figure 13. Gamizon projectad MJJ runoff.

SOoUTH DAKOTA STATE UNIVERSITY

College of Agriculture and Biological Sciences




Projected Changes in Soil Moisture for the Western U_S.

Figure 2.22. Average change in

Mid-Century Changes End-of-Century Changes soil moisture_ compared to 1_9?1-
Hi - o (A2 2000, as projected for the middle
her Emissions Scenario (A2) of this century (2041-2070) and

late this century (2071-2100) under
two emissions scenanos, a lower
scenario (B1) and a higher scenario
(A2).”" The future drying of soils
in most areas simulated by this
sophisticated hydrologic model
(Vanable Infiltration Capacity or VIC
model) is consistent with the future
drought increases using the simpler
Palmer Drought Severity Index
(PDSI) metric. Only the western
U.S. is displayed because model
simulations were only run for this
area. (Figure source: NOAA NCDC
1 CICS-NC).
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Water Supplies Projected tc Decline

No Climate Change Effects Climate Change Effects

Water Supply Sustainability Risk Index (2050) Water Supply Sustainability Risk Index (2050)
Il Extreme (29) I Extreme (412)
I High (271) I High (608)
[] Moderate (821) 1 Moderate (1192)
[ Low (2020) 1 Low (929)

Figure 8.1. Climate change is projected to reduce the ability of ecosystems to supply water in some parts of the country. This is true
in areas where precipitation is projected to decline, and even in some areas where precipitation is expected to increase. Compared
to 10% of counties today, by 2050, 32% of counties will be at high or extreme risk of water shortages. Projections assume continued
increases in greenhouse gas emissions through 2050 and a slow decline thereafter (A1B scenario). Numbers in parentheses indicate

number of counties in each category. (Reprinted with permission from Roy et al., 2012.7 Copyright 2012 American Chemical Society).

SOoUTH DAKOTA STATE UNIVERSITY

College of Agriculture and Biological Sciences



SOUTH DAKOTA
College of Agriculture ¢

Streamflow Projections for River Basins in the Western U.S.

E Columbia River at Grand Coulee: Mik River at Nashua Missour River at Omaha
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Figure 3.4. Annual and seasonal streamflow projections based on the B1 (with substantial emissions reductions). A1B (with gradual
reductions from current emission trends beginning around mid-century), and A2 (with continuation of current rising emissions trends)
CMIP3 scenarios for eight river basins in the western United States. The panels show percentage changes in average runoff, with
projected increases above the zero line and decreases below. Projections are for annual, cool, and warm seasons, for three future
decades (2020s, 2050s, and 2070s) relative to the 1990s. (Source: U.S. Department of the Interior — Bureau of Reclamation 2011 ;‘1

Data provided by L. Brekke, S. Gangopadhyay, and T. Pruitt)
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Missouri River Run-off
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million acre-feet

- |

50

45

Tl o L =] Vel o LM =]
fa] ™M ™~ o~ — —

1994-93.28 UO]|jIW U] ‘youny

010¢
900¢
<00¢
8661
r66T
066T
9861
861
8/61
vL6l
0L6l
9961
961
8561
vsel
0ser
arel
[4:) !
8E6T
1 25°]8
oe6l
9Z6l
el
816l
16l
016l
906T
06Tl
868T
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Figure 4. Discharge and stage at Missoun River at Bismarck, North Dakota, Apnl-August, 2011, compared with
previous histonic stages
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Miszouri Basin RFC FPleasant Hill, M0; May, 2011 Monthly Percent of Mormal Precipitation
Valid at 675172011 1200 UTC- Created 63511 21:41 UTC

Combined Upper Missouri and Yellowstone Basins (Above Fort Peck and Garrison):

"Mountain” Snowpack Summary for 1997, 2011, and Average

Figure 17.  May 2011 percent of normal precipitation \Q} N RCS
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Figure 24. Mountain Snowpack Summary for Upper Missouri River and Yellowstone River Basins, 1997, 2011, and
Average Year.
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June-August 2012 Statewide Ranks

National Climatic Data Center/NESDIS/NOAA June-August 2012 Statewide Ranks
National Climatic Data Center/NESDIS/NOAA
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Bigger extremes

* Lemmon/Lead 2013 (near 507
* Canton/Sioux Falls 2014 (June 19.75”)
* Brookings 2010

* Breaking records by large amounts

SOUTH DAKOTA STATE UNIVERSITY
College of Agriculture and Biological Sciences



Total Precipitation - Jan through Dec - LEMMON, SD

Use navigation tools above and below chart to change displayed range

Zoom| 1yr | 10yrs |30 yrs [N From 1908 To 2014
40 -
35
30 -
v o
£ 25-
@) -
£ ﬂ
c i
S 20
= V-
[y
=
Q
S
g
o

4
1930 1942 1954 1966 1978 1990 2002 2014
Il
1925 1950 1975 2000
Il » |

Powered by ACIS




Summary

* Large number of variables in the climate of
the plains

* Variability issues — continue/worsen
* Overall warming should continue (trend)
* Precipitation increasing — w/large variabilities

* Shifting seasons
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Summary - 2

* SD-specitic
— Reworking state drought plan — opportunity for

interaction — drought planning

— Monitoring in the state http://climate.sdstate.edu

— Climate education opportunities

— SDSU Extension connections

SOUTH DAKOTA STATE UNIVERSITY
College of Agriculture and Biological Sciences


http://climate.sdstate.edu/
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Questions?

— Dr. Dennis Todey

— South Dakota State Climatologist
— dennis.todey(@sdstate.edu

— 605-688-5678

— http:/ /climate.sdstate.edu

— Facebook: SDSUclimate
— Blog: http://www.sustainablecorn.org/blog/
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Temperatures are Rising in the Midwest
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Figure 18.1. Annual average temperatures (red line) across
the Midwest show a trend towards increasing temperature.
The trend (dashed line) calculated over the period 1895-2012
Is equal to an increase of 1.5°F. (Figure source: updated from
Kunkel et al. 2013°).
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Records of wetness

e Instrumented — best

* Proxies — longer, but not as accurate

— Tree rings

— Lake cores (salinity)

SOUTH DAKOTA STATE UNIVERSITY
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Tree ring reconstructions
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Cocorahs

Daily Precipitation (inches x.xx), for the 24 hour period ending ~7:00 am
North Dakota 6/20/2014 race
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CoCoRaHS

* Volunteer precipitation monitoring
* Local information
* Plotted immediately

e Validation of local conditions

* Used by, state climatologists, NWS, various
other....
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CoCoRaHS

* 4 inch diameter rain gauge

* Sign up on-line

* Always looking for people

* http://www.cocorahs.org

* Help yourselves and us.....
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