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Infroduction

» Weather and Climate are both current issues that are pressing in
recent years due to “exireme occurrences’.

@ usaToDAY

2021 was a deadly year for weather: 20
disasters killed more than 600 Americans

f Doyle Rice, USA TODAY
Mon, January 10, 2022, 2:14 PM - 3 min read
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= 2021 was another catastrophic and deadly year for weather and climate disasters in the

USA, federal scientists announced Monday. There were 20 separate disasters that

each cost at least $1 billion in damage, the National Oceanic and Atmospheric

» December 2021 - Record warmth across the Midwest -
including two strong severe weather events.



Infroduction

» Climate change as an issue has been wrestled with in
political circles for a couple decades. htip://ipcc.ch

Sixth Assessment Report: 2022

Synthesis Report

» There is no doubt that Earth’s

climate has warmed since the mid-to- | Apg synthesis Report: Climate
late 1800s — and the rates have been Change 2022
different at different fimes. September 2022


http://ipcc.ch/

Infroduction

» Most acknowledge some role for humans - although

many believe that humans are the sole cause of current
climate change.

Global Land and Ocean Temperature Anomalies, January-December
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» Nonetheless climate has changed on earth for as long as
there has been an atmosphere.



Missouri Average Annual Temperature

(1895-2021)
1901-2000 average: 54.5°F
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Source: NOAA/Missouri Climate Center




Missouri Average Winter Temperature
(Dec-Jan-Feb, 1895-2021%*)

*The winter of 2021 is defined as Dec 2020 and Jan, Feb 2021

Missouri Average Spring Temperature
(Mar-Apr-May, 1895-2021)
1901-2000 average: 54.1°F — A 5 yr. running mean
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Missouri Average Summer Temperature
(Jun-Jul-Aug, 1895-2021)

63.0
1901-2000 average: 75.5°F —— A 5 yr. running mean
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'1901-2000 average: 56.3°F

Missouri Average Autumn Temperature
(Sep-Oct-Nov, 1895-2021)

A5 yr. running mean
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Climate at a Glance

www.ncdc.noaa.gov/cag/

Missouri Maximum Temperature

Missouri Annual Maximum Temperature

Year

1895-2021 Trend
(+0.2°F/Century)

For 17 out of the
past 24 years
(1998-2021),
annual max temp
has been above
average, 71%.
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v ENVIRONMENTAL INFORMATION

Climate at a Glance

www.ncdc.noaa.gov/cag/
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Year

1895-2021 Trend
(+1.3°F/Century)

For 21 out of the
past 24 years
(1998-2021),
annual min temp
has been above
average, 88%.



Missouri Winter Maximum Temperature
(Dec-Jan-Feb, 1895-2021 %)
*The winter of 2021 is defined as Dec 2020 and Jan, Feb 2021

1901-2000 mean: 42.0°F 1896-2021 Trend
(+1.2°F/Century)
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Missouri Summer Maximum Temperature

(Jun-Jul-Aug, 1895-2021)
1895-2021 Trend

1901-2000 mean: 87.1°F
(-0.8°F/Century)
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1901-2000 mean: 65.6°F —

Missouri Spring Maximum Temperature

(Mar-Apr-May, 1895-2021)
1895-2021 Tre
(+0.8°F/Cent
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Missouri Autumn Maximum Temperature
(Sep-Oct-Nov, 1895-2021)

1901-2000 mean: 68.0°F 1895-2021 Trend

(-0.6°F/Century)

Climate At A Glance: www.ncdc.noaa.gov/cag/



Missouri Winter Minimum Temperature
(Dec-Jan-Feb, 1895-2021 %)
*The winter of 2021 is defined as Dec 2020 and Jan, Feb 2021
1896-2021 Trend
1901-2000 mean: 22.1°F +2.0°F/Centur

Missouri Spring Minimum Temperature
(Mar-Apr-May, 1895-2021)

1895-2021 Tre
1901-2000 mean: 42.6°F —— (+1.4°F/Centu
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Missouri Summer Minimum Temperature
(Jun-Jul-Aug, 1895-2021)

. 1895-2021 Trend
1901-2000 mean: 64.0°F (+0.9°F/Century)

Missouri Autumn Minimum Temperature
(Sep-Oct-Nov, 1895-2021)

1895-2021 Trend
1901-2000 mean: 44.5°F (+0.8°F/Century)
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Climate At A Glance: www.ncdc.noaa.gov/cag/



Average Annual Dew Point Temperature
Columbia 1920-2021

Long-term average: 43.7°F — M— 5 yr. running mean
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NOAA/Missouri Climate Center



A\_ 5 yr. running mean
M_. 5 yr. running mean
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Average Autumn Dew Point Temperature (°F)
Columbia, MO, Sep-Oct-Nov, 1920-2021
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Long-term average: 45.1°F

Long-term average : 41.9°F —
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A/\_, 5 yr. running mean

Columbia, MO, Dec-Jan-Feb, 1920-2021*
*The winter of 2021 is defined as Dec 2020 and Jan, Feb 2021

Average Winter Dew Point Temperature (°F)
Long-term average: 23.4°F

Columbia, MO, Jun-Jul-Aug, 1920-2021

Average Summer Dew Point Temperature (°F)

p
I

1921.37

1?20-21

Long-term average: 64.3°F

70.0

(4,) dwal juiod maq 491ui 3Sesany (4,) dwa] 1ul0d maQg Jowwing a8esany



Missouri Average Annual Precipitation
(1895-2021)
1901-2000 average: 40.50”
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Average Winter Precipitation (in.)
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Missouri Average Winter Precipitation
(Dec-Jan-Feb, 1895-2021%)

*The winter of 2021 is defined as Dec 2020 and Jan, Feb 2021

1901-2000 average: 6.41" ——
1915-16

AA_S yr. running mean

2018-19

e —t=0

Iy

—

1,

1]
|

i

i
1]

[ —

X‘l

1

>

L
lu » 1976-77
1963-64 &

Average Spring Precipitation (in.)
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Average Summer Precipitation (in.)
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Missouri Average Summer Precipitation
(Jun-Jul-Aug, 1895-2021)
1901-2000 average: 12.03" —

A 5 yr. running mean
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Average Autumn Precipitation (in.)
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Missouri Average Spring Precipitation
(Mar-Apr-May, 1895-2021)

'1901-2000 average: 11.84” —— A 5 yr. running mean

Missouri Average Autumn Precipitation
(Sep-Oct-Nov, 1895-2021)

1901-2000 average: 10.20” ——

AL 5 yr. running mean
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Number of Daily Rainfall Events = 3-inches in Missouri

1895-2021

1895-2019 average: 17.2/year
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Source: NOAA/Missouri Climate Center



Median Date of Last Spring Frost (< 32°F) Median Date of First Fall Frost (< 32°F)

Long term (1895-2019)
I10:6 I .‘ vs'

In g.eneral, th-e last In general, the first fall
spring freeze is freeze is occurring
occurring about 6 about 5 days /ater...
days earlier...

Source: NOAA/Missouri Climate Center Source: NOAA/Missouri Climate Center



Definitions

» Weather - instantaneous conditions which can be
measured using state variables.

» Climate - Is the long-term or time mean state of the
earth-atmosphere system and the state variables along
with higher order statistics. Also, we must describe
extremes and recurrence frequencies



The Climate System — What is it?

» The Earth-Atmosphere system is an integrated system of
which the atmosphere is only one part!




The Climate System

» The other parts of the climate system are:

- Cryosphere (Glaciers, Antarctica)

- Oceans (and freshwater too)

- Lithosphere (dirt, continents)

- Biosphere (life - Plants and Animals)




Sub-seasonal and Seasonal
Forecasting

» In this part of the world - there are three basic
phenomena which drive sub-seasonal (one to four
weeks) and seasonal range forecasting:

» El Nino and Southern Oscillation
» Atmospheric Blocking

» Teleconnections



El Nino and Southern Oscillation
(ENSO)

» is a two-to-seven year warming of water in the Eastern
Tropical Pacific that impacts weather and climate world-
wide.
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» Influences weat

A e

< Warm Episode Relationships

NWSINCEP
CLIMATE PREDICTION CENTER



ENSO - Current State — Where are

we going?

» August 2022 - La Nina “three-

Weeak centered on 03 AUG 2022
SST (*C)
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Atmospheric Blocking

» Atmospheric jet stream behavior is complicated

Individual Obs hgt m
[ndividual Obs hgt m =70 NOAA/ESRL Physical Sciences Division

/, \ .
7 . Blocking

» Blocking - gene
mid-latitude anc

NCEP Rean sis GrADS image



Teleconnections

» Teleconnections - are typical jet stream wave patterns
that impact certain large-scale areas of the world (6,000

- 10,000 km, one to two weeks).
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December 2021 versus 1889

» December 2021 was anomalously warm - but we've
seen it before.

2m  Composite Anomaly (1981-2010 Climatelogy)
19215917 tm 192/5%1 5921



National Drought Monitor

» Current Drought Conditions - short-term no improvement

Map released: August 11, 2022
Data valid: August 9, 2022




Ouvur Winter Forecast 2021 - 2022
Recap

» Fortemperature, we'll stay to the warm side on normal, roughly 0.5
sigma (1.0 - 2.0 F above normal). Similar to the last few years: some
early and late season cold.

» Precipitation, we're going to stay slightly on the wet side of normal,
up to 0.5 sigma above normal. (from about -0.5 inches to +1.1
inches). Similar to last year.

» Snow: Warmer doesn’'t always mean less snow, we'll say roughly 15 -
20 inches this year.



Our Forecast — Summer 2022 -
Recap

» We're going to go with a repeat of 2021, toward the warm side
bu maybe not as strongly as last year. Temperature will be
about +0.5 to +1.0 sigma above normal - which is about 1 -2 F,
with more humid conditions.

» We're going to lean toward precipitation being above normal
following last year. This is the closest analogue. (about +0.5
sigma to +1.0 sigma: about +2.6 inches to +5.2 inches), this is
somewhat good news for agriculture, depending on how spring
goes. The winter has been somewhat dry across MO.



Our Forecast
Recap -f

> jfion is well under normal. We shouldn'f g
for forecasting above normal. Our total for
CEP and climatology get 0 out of 4. We wer
'- y good on temperature.

A_:

> ng We forecast La Nina to end even if there wer

hree -peat.




Fall 2022 - CPC ovutlooks

» Temperature - projections are for above average
temperature across the western and northeastern USA

(¥) Seasonal Temperature Outlook
; 2




Fall 2022 - CPC Outlooks

» Precipitation - look for drought to continue in spite of

recent improvement?.
Seasonal Precipitation Outlook

Valid: Sep-Oct-Nov 2022
_ Issued: July 21, 2022

- n

g “ E_qual
';’;Ch‘jances

‘ Chances

¥
&
j
i

4 =l

' ( Probability (Percent Chance) "“-\ A

‘\ CEqual \ ~ Above Normal Below Normal 7
. hances Leaning "~ [C] 33-40% 3340% [ \_Leaning
Above \_ [ 40-50% 40-50% [ S Below

Equal
B 50-60% Gpances -60%.
B % ] Likel
. 70-80% 7080% W > goo
I 80-90% 80-90% [N

I 90-100% 90-100% N /




CPC Winter Outlook — 2022 - 2023

» Temperature - the fourth straight year the forecast has
look like this.

Seasonal Temperature Outlook

Valid: Dec-Jan-Feb 2022-23
~ Issued: July 21, 2022
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CPC Winter Outlook 2022 - 2023

» Precipitation — again consistent with dry conditions
across the south, but wet in the Ohio valley?

Seasonal Precipitation Outlook

~ Valid: Dec-Jan-Feb 2022-23
" § TS Issued: July 21, 2022
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Winter 2022 - 2023 Ovutlook

» CPC forecast is for a warm fall in most places and equal
chances for the upper midwest. They are going for continued
drought in the center of the USA but wet in the east. But, we're in
a La Nina three-peat, and last year is looking like a good
analog where MO is trapped between a ridge in the rockies and
a tfrough in the east. This meant warmups and cool downs after
December.

» La Nina conditions were in place this time last year and they are
predicted to be as strong or stronger than last year.



Winter 2022 - 2023 Ovutlook

» A third factor has entered the fray — the Tonga - Hunga Volcano.
This belched a lot of water vapor into the stratosphere. A
greenhouse gas. See this link:

» https://scitechdaily.com/massive-tonga-volcano-eruption-
blasted-enough-water-to-fill-58000-olympic-size-swimming-
pools-into-stratosphere/?fbclid=IwAR2YO0fOm9fs-
8IQNMQ xQE-imBwv4GqgvplyroGiWUAmMBcKjuBMXxIEII5SGQ



https://scitechdaily.com/massive-tonga-volcano-eruption-blasted-enough-water-to-fill-58000-olympic-size-swimming-pools-into-stratosphere/?fbclid=IwAR2YO0fOm9fs-8tQNMQ_xQE-tmBwv4GgvpJyroGjWUAmBcKjuBMxtEIi5GQ

Our Forecast — Winter 2022 - 2023

» We're going to go with a repeat of 2021-2022, toward the warm
side into the December period, then cooler and snowy on the
back end. Temperature will be about 0.5-1.0 sigma above
normal - which is about 1.5-3 F, with more humid conditions.

» We're going to lean toward precipitation being around normal
following last year. This is the closest analogue. We'll also
forecast snow to be around 15 inches this winter.



Our Forecast — Winter 2022 - 2023

» Reasoning:

» We think that with similar conditions in place to last year,
that is a good start. Also, La Nina conditions have persisted
since Fall 2020. Three straight La Nina years is very unusual.
The best models project us to stay in La Nina conditions. As
we go into mid-August, there is some evidence those up
and down temperature swings that dominated last winter
wish to continue this year.



mmunity  llaborative in,
ail, and now Network

» Please consider joining CoCoRaHS. This data is used by agencies
to decide crop loss information. It's worth it o you to join Missouri
CoCoRaHS. (State Climatologist Patrick Guinan). MO has been a
CoCoRaHS state since 2006.

» http://cocorahs.org

» Email: lupoa@missouri.edu



http://cocorahs.org/
mailto:lupoa@missouri.edu

Missouri Climate Center

Climate Change

H . o U.S Global Change Research Program: http://www.globalchange.gov/
» Missouri Climate Center P 9 :

2018 National Climate Assessment: https://ncaz015.globalchange.gov/

2014 Mational Climate Assessment: http://nca2014.globalchange.gov/

> hﬂ'p://Climqi'e.missouri.e National Oceanic and Atmospheric Administration (NOAA):

http:/ www.noaa.gov/climate
MOAA Climate Portal: hitps://www.climate.gov

MOAA U.S. Climate Resilience Toolkit: https://toclkat.climate.gov

Midwestern Regional Climate Center#s Climate Trends Tool:
http:/fmroc.isws.illinois.edu/mw_climate/climateTrends.jsp

USDA Midwest Regional Climate Hub: https://www.climatehubs.oce.usda.gov/hubs/midwest

Mational Centers for Environmental Information State Climate
Summaries: https://statesummaries.ncics.org

NASA Global Climate Change: hitp://cimate.nasa.gov/

US EPA Climate Change: htips://19january2017snapshot.epa.gov/climate-impacts/ climate-change-
mpacts-state_ html

Real Climate: http://www.realcimate.org/

Climate Science Centers: http://wwy



