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~ /1 degrees F at Browns Valley, MN (Itasca County)
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Figure 3. Rate of Temperature Change in the United States, 1901-2008

This figure shows how average air temperatures have changed in different parts of the United
States since the early 207 century (since | 901 for the lower 43 states, 1905 for Howail, and 1918
for Alaska).

a
Gray interval: -0.1 to0.1°F
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Observed U.S. Precipitation Change, 1991-2011 vs. 1901-1960 Average

Draft Third National Climate Assessment, 2013
Alaska U8, Average

: Percent Change
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Geographic Disparity in Precipitation Change-IPCC 2013



RECENT SIGNIFICANT CLIMATE TRENDS
IN MINNESOTAAND THE WESTERN
GREAT LAKES

- TEMPERATURE: WARM WINTERS AND HIGHER MINIMUM
TEMPERATURES

MOISTURE: GREATER PRECIPITATION; HIGHER VARIABILITY;
AND GREATER CONTRIBUTION FROM THUNDERSTORMS

DEWPOINTS: GREATER FREQUENCY OF TROPICAL-LIKE

ATMOSPHERIC WATER VAPOR




Minnesota Mean Annual Temperature Trends

Minnesota, Average Temperature, January-December
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Temp trend is upward and more frequently above the
90t percentile, pace is 2°F per century.



Trends In mean monthly temperatures at Austin, MN
1971-2000 normals vs 1981-2010 normals (F)

Month Min Change Max Change Mean Change
January +3.0 +2.1 +2.5
February +0.1 +0.2 +0.1
March -0.1 -0.1 -0.2
April +1.3 +0.2 +0.7
May +0.9 -0.8 +0.1
June +1.6 -0.4 +0.5
July +1.1 +0.2 +0.7
August +1.6 +0.4 +1.0
September +1.3 +0.6 +1.0
October +1.7 -0.3 +0.7
November +2.1 +1.7 +1.9
December +2.2 +1.4 +1.8




Twin Cities Mean Annual Temperature Trends

Minneapolis-St. Paul, Minnesota, Average Temperature, January-December

Binomial Filter 1895-2015 Trend L LY
‘ HL.3°F Decade Ave: 44.8°F
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Temp trend is upward and more frequently above the
80t percentile, pace is 3°F per century.
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Trends in mean monthly temperatures in the Twin Cities
1971-2000 normals vs 1981-2010 normals (F)

Month Min Change Max Change Mean Change
January +3.2 +1.8 +2%5
February +1.0 +0.5 +0.7
March +0.8 +0.7 +0.7
April +1.0 +0.8 +0.9
May +0.4 -0.7 -0.2
June +1.0 +0.2 +0.2
July +1.1 +0.1 +0.6
August +0.3 +1.0 +0.6
eptemberee..... +1.6 +0.6 +1.0
~ October +0.8 -0.4 - +0.2
November +1.4 +1.1 +1.2
December +1.4 +0.7 +1.0



Minneapolis-St. Paul, Minnesota, Minimum Temperature, December-February

| 890-2015 Trend I -2(NN)
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Change in average winter minimum temperature is 4°F per century
in the Twin Cities climate record
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.
Consequences of Warmer Temperatures

Change in depth and duration of soll freezing

More rapid breakdown of crop residues

Earlier planting opportunities based on soil temperature
Extension of the mold and allergy season

Change In survival rates of insect pests, parasites, plant
pathogens, and soil microbes

Increased number of freeze/thaw cycles/ more intermittent
snow cover during winter

Longer growing seasons

Generally less Heating Degree Days (HDD)



Minnesota, Precipitation, January-December
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Minneapolis-5t. Paul, Minnesota, Precipitation, January-December
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Change 1n Annual Precipitation
“Normals” for Minneapolis/St Paul, MN

PERIOD

1941-1970
1951-1980
1961-1990
19/71-2000
1981-2010

AMOUNT (IN.)
25_93”
26 136
2836
29 40"
31.16”

20 percent InCcrease since 1941-19/0 period
-~ Extremes: 1;\54 in 1910, 40.15” in 1911
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Minneapolis-St. Paul, Minnesota, Precipitation, December-February
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Increase in heavy rainfall by region

S 0-9% B 10-14% N 15-19% B 20-29% M 30-39% N +40%

Source: National Climate Assessment. National Climatic Data Canter



Precipitable Water (inches)

ALL Soundings for MPX

2.4

Jan Feb ar Apr May Jun Jul Alg Sep Oct Mowv Dec Jan

01Jan 00 UTC

Daily Min (Thin Line): 0.06 75% Moving Average: 0.46
Min aning AFEFEQE: 0.08 Median MDF"‘IQ Average: 0.32

10% Moving Average: 0.15 Daily Mean (Thin Line): 0.33 Max Moving Average: 1.05
25% Moving Average: 0.22 Daily Max (Thin Line): 0.90

Radiosonde history of PW at MSP since 1948
(Most record high values have occurred since 1990)



Observations — Minnesota Trends

Minnesota Mega-rain Events

August 6, 1866, Southern Minnesota

July 17-19 1867, Central Minnesota

July 20-22, 1909, Northern Minnesota
September 9-10, 1947 Iron Range

July 21-22, 1972, Grand Daddy Flash Flood
June 28-29, 1975, Northwest Minnesota

July 23-24, 1987, Twin Cities Superstorm
June 9-10, 2002, Northern Minnesota
September 14-15, 2004 Southern Minnesota
August 18-20, 2007, Southern Minnesota
September 22-23, 2010 Southern Minnesota
June 19-20, 2012, Northeast Minnesota

*Defined as 6” or greater rains cover at least 1000 square miles and a peak amount
of 8” or greater
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A ‘by-eye’ estimate of the total area covered by 107 of rain over the 7 years of 2004-2010 appears to be near 1400 s5q.

mi. or about 200 sq. mi per year. Given that the area of the southern 3 layers of counties looks to be approximately
20000 5q. mi. the areal fraction of the socuthern three counties coverad by 10" per year appears to be approximately
1/100: i.e. at the rate of coverage for the last 7 years an area equal to the whaole southern three county area could be

covered in about 100 years.

@ 5tate Climatology Office, DNR-Eco/Waters, September 2010

MNDNR State Climatology Office
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Conseguences of Changes In Precipitation
Quantity and Character

Altered irrigation, tile_drainage, runoff,
sediment, and shoreline management

Change in storm sewer runoff and culvert
designs

Mitigation of soil erosion via buffers, contours,
and cover crops

Mitigation of flooding potential

Impact on insurance risk and claims
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Trend in episodes of dewpoints of 70 F or higher

Annual Hours of Dew Point Temperature => 70
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Frequencies of tropical-like dew points (70 F or higher) and

assoclated Heat Index values for the Twin Cities since 1945w ws
Year Hours with DP-of—Range of Heat

70 F or greater Index Values (F) »

1949 303 08 - 11207 i S

1955 345 |
1957 243 . i Q8 e P
1959 317 ' ” | | bt
1960 259
1978 252
1983 392 o
.1987 302
1995, - 387
1997 264
1999 254
2001 357
2002 512
2010 256 98 - 111
2011 347 98 — 118 (*134)

ZAONRC 2438 2% gt S



_. J Forecast Heat Index - Wed Jul 20
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The Great Heatwave of "11. Heat indices will top 100 again today from the Great Plains eastward to
the Great Lakes, Ohio Valley and southeastern USA, gripping the eastern 2/3rds of America.

Created: O7/20/11 at 03128 UTC

July 19-20, 2011
Heat Wave

Heat Index:
112°F Faribault
114°F Mankato
114°F New Ulm
114°F Waseca
117°F Owatonna
118°F Red Wing
119°F Twin Cities
110°F Albert Lea
114°F St James
114°F Fairmount
121°F Austin
134°F Moorhead



Historical Minnesota
Heat Waves:

1883, 1894, 1901,
1910, 1917, 1921,
1931, 1933, 1934,
1936, 1937, 1947,
1948,
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A Poodle in the sky

For those who doubt or wish to dismiss the evidence
he data indicate it is happening and ¢

Lis clearly poor
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Pig In the sky

Snail in the sky

www.cloudappreciationsociety.org


http://www.cloudappreciationsociety.org/gallery/index.php?showimage=4277
http://www.cloudappreciationsociety.org/gallery/index.php?showimage=4277
http://www.cloudappreciationsociety.org/gallery/index.php?showimage=1192
http://www.cloudappreciationsociety.org/gallery/index.php?showimage=1192

@ Climate Change in MN:

Understanding our Role

O OMRO O

Will Seuffert, Executive Director

The Environmental Quality Board
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e [nternational action

e Federal action

e State policy

* MN Clean Energy Economy

e Emissions trends and forecast

* What do we do next? State strategles for
climate action
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@ The Environmental Quality Board
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Governor’s office

Five citizen members

Board of Soil and Water Resources
Department of Administration
Department of Agriculture
Department of Commerce
Department of Employment and
Economic Development
Department of Health
Department of Natural Resources
Department of Transportation
Metropolitan Council

Pollution Control Agency
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111D: Proposed Clean Power Plan Rule

Goal: Reduce carbon intensity of existing fossil fuel power
plants in the U.S. by 32% by 2030 (below 2005 baseline)

* Trading encouraged across states

e Allows flexibility for compliance within the
limits of permanent, verifiable, enforceable




75" Minnesota state policy

e Reduce energy use 1.5% a year through cost-effective
efficiency measures

e 25% of states energy be derived from renewable energy
resources by the year 2025
e 1% solar mandate/ 10% goal

 Reduce statewide greenhouse gas emissions:
v 15 percent by 2015
v" 30 percent by 2025
v' 80 percent by 2050
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Clean energy jobs have grown much faster
than the overall state employment
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Intensity of GHG emissions compared to gross state product Intensity of GHG emissions compared to population
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What progress have we made on emissions?

200mM :
Historic Forecast

Energy efficiency
180M

Electricity from renewable energy

Emissions avoided

160M

Commercial
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CO2-eqguivalent tons
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20M
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Emissions by sector, historic and forecasted
Electric Power | Transportation | Agrculiure | Industrial ' Residential = Commercial  Waste Management Activity (group)
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Business as Usual

2015 Goal

R . . —

2025 Goal
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What do emission reduction strategies
look like in Minnesota?

=
¥

Energy Supply

40% Renewable
Energy Standard

50% Renewable
Energy Standard

Repower Sherco
1&2 to natural gas

Retire Sherco 182

Repower one unit,
retire the other

111(d) Scenarios

Energy
Demand-Side

Management

Combined Heat and
Power

SB2030 Buﬂding
Guidelines

2.5%/yr Energy
Efficiency

Thermal Renewable
Energy

=

Transportation

and Land Use

Transportation
Pricing

PAYD Insurance

Carbon Tax

Fuel Tax

Compact Metro
Development

Metro Mass Transit

Electric Vehicles

TLU-2&3 (combined)

Agriculture

Fertilizer Reduction

Cover Crops

Increase Perennials

Advanced Biofuels

State Biofuel Goal

3

Forests,
grasslands,
and wetlands

Protect Peat lands

Best Management
Practices

Community Forests*

Conservation of
natural land*

Waste
Management

‘Waste Water
Treatment

Efficiency




Total forecasted business as usual greenhouse gas emissions and
potential emission reductions from sectors

2015 Goal

2025 goal
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B Waste Management GHG Reduction
B Agriculture GHG Reduction
' Forestry and Other Land Use GHG Reduction
B Transportation and Land Use GHG Reduction
B Energy Supply GHG Reduction
B Residential, Commercial, Industrial and Institutional GHG Reduction
GHG Emissions after all policies implemented
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How much is a million metric tons of
CO2 equivalent?

or

or




Energy Supply Sector

Minnesota exports $18
billion a year for fossil fuels

What can we do?

 [nstead of investing capital into updating old coal
plants, retire them and replace with natural gas or
wind.

* Increase state renewable energy requirements.
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Renewable Energy Standard

2015 -
2030 GHG 2030 NPV of societal Cost
reduction | reduction | costs, 2015 - | effectiveness | 2016-2030 (avg) Gross
s (Tg s (Tg 2030 (million | (52014/tonne | State Product/ 2030
CO,e) CO,e) $2014) CO,e) Jobs
40%
Scenario 7.5 67 (5620) ($8.20) +$177/ + 1,510
50%
Scenario 13 08 (S404) ($3.66) +$228/ + 1,820

***Next Generation Goal is to reduce annual emissions by ~50 million metric tons of

CO2e by 2030*2030**




Demand-Side Energy Management Sector

What can we do?

e Remove barriers for local governments to implement building
codes with stronger efficiency requirements than state code.

e Harness renewable thermal energy that we currently waste (CHP)

* [ncrease efficiency requirements for utilities to support efficiency in
our homes and businesses.

Return on Investment



‘@‘ Energy Efficiency: Residential, Commercial, Industrial

Residential, Commercial, Industrial and Institutional (RCIl)

NPV of
societal
2015 -2030 costs, 2015 Cost
2030 GHG  cumulative — 2030  effectiveness 2030 Gross
reductions reductions (million (52014/  State Product/
(Tg CO,e) (Tg CO,e) S2014) tonne CO,e) 2030 Jobs
SB 2030, Zero-
Energy Transition
Codes 9.3 54 (S2,050) (S34) -S6 / +2,750

***Next Generation Goal is to reduce annual emissions by ~50 million metric
tons of CO2e by 2030**



£ Transportation and Land Use Sector

What can we do?

e Reduce driving through pricing mechanisms, densification
of urban areas, and expanding public transportation

e Zero emissions vehicles, like electric vehicles.

- pass

300 miles of buz-only shoulders e IANGS Roundabouts eliminate Idling

provide an alternative to heavy traffic.
allowed buses to bypass congestion, :
vvvvvv Solo drivers pay; buses, carpools
increasing ridership. :
= = and motorcyclists do not



= Zero Emissions Vehicles

2015 - 2030
2030 GHG cumulative

reductions reductions (Tg 2030 Gross State
(Tg CO,e) CO.e) Product/ 2030 Jobs

1.25 5.5 -$65/-1,220

ZEV Standard
(100% RE)

ZEV Standard

(0% RE) (0.02)

(0.42)



Forestry Sector

CARBON REDUCTIONS, NATURALLY

15 Billion metric tons of CO2

Minnesota's peatlands are estimated to store
the equivalent of about 15 billion metric tons
of carbon dioxide.

A A‘A A, ‘AA

5.8 Billion metric tons of CO2

Minnesota's forests store the equivalent of
about 5.8 billion metric tons of carbon dioxide.




WATER USAGE ON THE RISE

1.4 Trillion gallons of water per year

Minnesotans overall water use has risen from
about 850 billion gallons per year in the mid-1980s
to almost 1.4 trillion gallons per year in 2010.

More than 70% of landfill waste could be recycled

70 % or composted, conserving resources and preserving
landfill capacity.

What can we do?

e \Water conservation
 Decreasing the
amount of material

going to landfills

e Turning into energy
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Greenhouse gas reductions (total in-state and out-of-state) and
average employment from policies as stand-alone options

M Agriculture
. 'l Energy Supply
W Forestry and Other Land Use
20% RES B Residential, Commercial, Industrial and Institutional

I Transportation and Land Use
W Waste Management

Cumulative 2015-2030 Total
GHG Reduction (TgCO2e)
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Going Forward...

 How do we value and account for co-benefits and
cross-sector outcomes?

e How do we partner with local governments to

maximize the reach of our policies and tailor them
to communities?

* How do we partner with the private sector to

support partnerships that can maximize mitigation
benefits?

e How do we best align strategies?
e How can we hold ourselves accountable?
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Framing the Work We Do

Jason Willett, Director of Council Sustainability




Vulnerabilities




Accountability

MISSION, VISION, VALUES

OUTCOME

STRATEGIES

SUCCESS MEASURES

L ACTIONS

Thrive MSP 2040

Environmentally Sustainable Region

1. Leading by example in operations
2. Helping others

Indicators (operational and regional)

Work plans {operations and CCEST]



Vision...

“...aresilient region that minimizes its adverse
contributions to climate change and air quality and is
prepared for the challenges and opportunities of climate
change.”

f—
Mzoﬁm

Thrive vsr

Other Air Emissions

Climate Mitigation Climate Adaptation Mitigation
e Energy efficiency e Infrastructure planning e “Clean Air Minnesota”
 Renewable energy * Flood mitigation * Health impacts
« Combined heat &  Emergency response  Non-attainment
power e Drought planning

 Methane capture/use

 Industrial process
Improvements



Counclil Strategies

Lead by example Help others

y A LAl S

LOCAL PLANNING | OCAL |
HANDBOOK

Welcome to the Local
comprehensive plans.

PLANNING
OVERVIEW » Provides clear :

¢ Provides tools,

¢ Individualizes c

COMMUNITY e Connects comi
PAGES

¢ Helps commun
* Provides resou

« Highlights local

LOCAL PLANNING
HIGHLIGHTS Some of the new tools

Community Pages -




Climate Change and Environmental
Sustainability (CCEST)

* Coordinated communications

* Maintain Council Sustainability Plan

* |dentify and track metrics

* Facilitate Implementing demonstration projects at our facilities
* Support demonstration projects in the communities

* Collaborate with partners

A

METROP 1:



CCEST 2016 Work Plan

* Behavioral Campaign with ES and MT

* Council-wide lighting project

* Communicate the impact of mass transit on emissions
* Regional climate data

* Develop Urban Forestry Program

* Enhance Technical Assistance for Governments




CCEST 2016 Work Plan

* Advance solar
* |nvestigate leveraging purchasing and contracting
* Improve and partner strategically with Xcel across Councill

* Implement Council-wide building energy management
systems

* |nvestigate Sewage Thermal Energy Recovery

A

METROP 1:



Lead by Example

Strategy

Operating our wastewater and

INimize

transit systems to m

emiSsSIions
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Emissions Mitigation & Climate Adaptation

Sara Smith, MCES Sustainable Operations Manager
Jeff Freeman, Metro Transit Senior Project Coordinator

pa
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Types of Emissions

* Greenhouse Gases — atmospheric gases that
contribute to climate change.

— Blogenic emissions — occur as the result of
combustion or decomposition of biological materials.

— Anthropogenic emissions — caused or influenced
by humans.

* Criteria Pollutants — air pollutants that affect ambient
alr quality.

A

METROP 1:



Counclil Greenhouse Gas Emissions

2008 2009 2010 2011 2012 2013 2014
mVICES mTransit MTS + State Goal

450,000

400,000

350,000

300,000

250,000

200,000

150,000

100,000

Metric Tons Carbon Dioxide Equivalent

50,000




The 18% reduction In
Council emissions IS
equivalent to....

METROPDLITAN
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MCES Greenhouse Gas Emissions by Source

300,000

250,000

200,000

150,000

100,000
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2008 2009 2010

mTreatment Plant Energy
Biosolids Incineration

2011

2012 2013 2014

m\Nastewater Process N20
—Population Served

3,500,000

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

500,000

Population Served



Emissions Reductions

* Reduced energy
purchases by 23% - I

|

— Lighting redesign
— Facility recommissioning
— Energy optimization of
processes
* Reusing steam for heat
and electricity

* Additional pollution
controls on Iincinerators
Solar development
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Forecasted Greenhouse Gas Emissions

200,000

175,000

150,000

125,000

.— 100,000
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2015

2020
mTreatment Plant Energy
m\Nastewater Process N20

2025
Biosolids Incineration
—Population Served

2030

3,500,000

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

500,000

Population Served



MCES Future Plans

* Renewable Energy (solar, green tariff)
* Continue to consider our emissions In future plans
* Meet permitting requirements

A

METROP 1:



Climate Adaptation: MCES

* Stormwater demonstration projects
* |Inflow and Infiltration program
* Build up flood walls at plants




Transit IS Sustainable

* Displaces single occupancy vehicles
* Generates less than half of the emissions.
°* |n 2014,140,000 metric ton net savings.

* Moving our understanding forward:

— FiIne tuning the metrics

— Developing individual modal (Rall, Bus, Commuter Rail)
components

— Creating site and mode specific scorecards

A

METROP 1:




Metro Transit Greenhouse Gas Emissions
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Forecasted Transit Greenhouse Gas Emissions
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Fleet Projects

* Electric Bus
— 2015 Manufacturer and transit agency visits
— 2015 Bus demonstrations
— Operational modeling
— Economic modeling

* Electric staff pool vehicles B8
— Pilot project -
— Two 2016 Nissan Leafs
— Positive economic analysis
— 100+ MPG Equivalency

METROPOLITAN
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Counclil-wide: Forecasted Greenhouse Gas Emissions

450,000

400,000

/ 15% Reduction by 2015 30% Reduction by 2025
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Leading by Collaboration & Helping Local Governments
Lisa Barajas, Council Manager of Local Planning Assistance
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LOCAL PLANNING

HANDBOOK

PLANNING "

OVERVIEW

PLAN ELEMENTS
COMMUNITY "

PAGES

REVIEW PROCESS '
LOCAL PLANNING |

HIGHLIGHTS

LOCAL |

Welcome to the Local
comprehensive plans.

* Provides clear
* Provides tools,
¢ Individualizes c
* Connects comi
¢ Helps commun
* Provides resou
¢ Highlights local
Some of the new tools

Community Pages -

Collaborations

* To support region-wide and
state-level efforts

* To support efforts of local units
of government

A
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Regional & State Level
Collaborations

* Environmental Quality * Metropolitan Energy
Board Policy Coalition
— Climate Strategies and e Clean Air Minnesota

Economic Opportunities

* State (Interagency)
Energy and Climate
Team

* |nteragency Climate
Adaptation Team

* Community Solar
Gardens

®* Support state agencies
In thelr emissions
reporting

* _...and others!

A

METROP 1:



(1) Supporting Local

Climate

Vulnerability U ﬂ |tS Of
Assessment _-
‘ Government
Stormwater,

Efficiency, & P N

Technical I/l Grants

Assistance to

Local Gov'ts Urban
Forestry

Program
- Development

Level Data for
- the Region
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PLANNING
OVERVIEW
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B Assessing the Vulnerability

Climate of the Bullt Environment
Vulnerability

Climate impacts related to:
Assessment

 Water Flooding and Inundation
e Temperature
 Freeze-thaw cycles
 Urban heat island

Two pronged approach:
1. Assess of our regional systems and assets
o Strategies to address vulnerabilities

2. Develop suggested strategies applicable for local
governments




Any Questions?
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