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Current Trends
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Temperatures are rising

St. Paul, Minnesota, Average Temperature, January-December
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Winter lows are increasing most

St. Paul, Minnesota, Minimum Temperature, December-February
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Summer highs are not changing much

St. Paul, Minnesota, Maximum Temperature, June-August
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Summer lows are increasing
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St. Paul, Minnesota, Minimum Temperature, June-August
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Inches

It’s getting wetter!

St. Paul, Minnesota, Precipitation, January-December
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...Including During the Growing Season

Inches
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St. Paul, Minnesota, Precipitation, May-October
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Floods are more frequent

Flood magnitude and frequency in the central U.S., 1962-2011

Changes in flood magnitude (left) and frequency (right). Blue indicates increasing frequency and
red shows decreasing frequency. Credit: Nature Climate Change, 2015.




Looking Forward



Daily Maximum Temperatures
Expected to Increase Across All
Seasons
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Minimum Temperatures will increase
across all seasons
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Uncertainty in Precipitation
Projections
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Less precipitation will fall as snow

Snow Water Equivalent
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No clear trends in runoff

5 Runoff
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Reduced soil water storage (especially
in summer)

Soil Water Storage
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More evaporative deficit in
summer/fall

7 Evaporative Deficit
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Future Climate Analogs?



Seedlot Selection Tool

Web-based mapping application

Defines the center of the climatic space to be
mapped, and then maps all areas that fall within
a specified climatic distance

Within the mapped area, the degree of climatic
similarity is shown using different colors.

By choosing a future climate, the SST can be used
to examine how assisted migration might be used
to respond to climate change.
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30 years

FFP: Frost-free period

MAP: Mean annual precipitation

NORTH DAKOTA

MINNESOTA

Seedlot climate: 1981-2010
Planting site climate: 2011-2040 RCP4.5

r-.'linneap-:-lg . R
{ WISCONSIN

-34.5°C

171 days
779.0 mm

Milwaukee

GREAT c AI NS
NEBRASKA

. | UNITER

o

Indianapolis
InD FANA

MICHIGAN

srand Rapids

14 days (modified)
50.0 mm (modified)

SUPSHO!

Detroit g4

Colunybus

Torontoo | ake Ontario

Q

N
Fittsbur -;lh‘\yk

™

fVariable _________________[Center | Transferlimit (+/)

5.00 °C (modified)

Ottaw

o Roch
o}
Buffalo

O

Y

76.14° W

Low

Generated 12/14/2018 by the Seedlot Selection Tool

LY

39.23° N

M



51.21°N

: Transerimit (+/)_ |0
& EMT: Extreme minimum temperature over -34.2 °C 5.00 °C (modified)
30 years
FFP: Frost-free period 172 days 14 days (modified)
MAP: Mean annual precipitation 774.0 mm 50.0 mm (modified)
MINNES .. TA éz’/_/
MinDecep '9 WISCONSIN ks
Seedlot climate:1981-2010
Planting site climate: 2011-2040 RCP8.5 _ Torontog |
) Milw aukge rand Rapids
1IN G ¢ 5
[OWA D etroit .
G R EAT ‘! A I N S Chicago j
NEBRASKA
ILLINOIS Pittsb
R Denver UNITETD Indianapolis 4
? STATES INDFANA | Ginci >
GLORADO ’ : StLouis X Q 3
™ 229.2 M CANS MISSOURI = i O
R 5 4 Louisville s I
37.82°N

Low

Generated 12/14/2018 by the Seedlot Selection Tool

78.95° W



Climate Change Tree Atlas
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Losing Habitat

Cottonwood?
Northern white cedar
Black willow?

Silver Maple?
Boxelder?
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Retaining/Gaining Suitable Habitat

* Hackberry

e Bur Oak

* American elm
* Red mulberry
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Red Mulberry




New Habitat

Honeylocust

Red Maple
Sycamore

Swamp white oak
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Swamp White Oak

Low model reliability




Floodplain species not modeled or out

of range

S s zone
Bald cypress 4-9

Southern Pin Oak 4-8

River Birch 4-9

Shellbark Hickory 5-8

Sweetgum 5-9

Swap Chestnut Oak 5-9

Cherrybark Oak 6-9

Pecan 6-9



LIS

Current USDA Hardiness Zones

Plant Hardiness Zone Values |

% Zone: 5a

y Avg. Temp (F) : -19.7
Range (F) : -20 to -15
Latitude : 44.8441
Longitude : -93.2368

Average Annual Extreme
Minimum Temperature

Terrp (F}
-f0 to-55
-85 o -50
-A0 to-45
-45 to-40
-40 to-35
-3 to-30
-30 to-24
-25to-20
-20to-15
-15to-10

-10ta-5

-Ato 0
Oto s
5t010

Click on

1976-2005
Zone  Temp (F)
10t0 14

15 to 20
20 to 25
25 to 30
30 to 35
35 to 40
40 to 45
45 to 50
50 to 55
55 to 60
G0 to 65
65 to 70

[}
f=2

— || =
o ||

|
f=

[
[=)
=
o

the map to find your

| zone information

To ensure accurate
interpretation of the Zone, set
Zone Color Transparency to 0.

FOWERED EY &

esri




Hardiness Zone Projections

High emissions
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Vulnerability

Exposure
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Impact

SenS|t|V|ty >
Adaptive

Capacity



Adaptability

Matthews et al. 2011

Disturbance Factors

Pest, disease, fire, drought, flood, pollution, heat,
herbivory, invasive species, salt resistance

Biological Factors

Shade tolerance, edaphic specificity, propagation, pruning
needed, establishment, rooting conditions

-3 0 3



ADAPTIVE CAPACITY SCORE

Highest
possible
adaptability

biological score
o

-3 -2 -1 0 1 2 3
disturbance score



Species with High Adaptive Capacity

ooxelder

our oak
nackberry
noneylocust

red mulberry
silver maple
swamp white oak
sycamore




Species with Lower Adaptive Capacity

black willow
American elm
eastern cottonwood
green ash

northern white-cedar
peachleaf willow
river birch



Fundamental vs. Realized Adaptive Capacity

Fundamental External Factors
Adaptive Capacity e Habitat

 Phenotypic plasticity Fragmentation Realized Adapti
e Dispersal ability Past management €alize aptive

e Genetic Diversity Invasive Capacity
species/competition

e Life-history traits
(e.g., shade Pollution
tolerance) Land use change

Species adaptability scores Site characteristics

From Beever et al. 2015



Key Vulnerability Factors: Floodplain Forests
(from Handler et al. 2014)

Impacts:

* more variability in flood regimes

* more flooding may expand the width of the floodplain
e earlier and larger spring flood pulses

* [ower summer flows

e flashier hydrological systems

* increase in erosion during heavy precipitation events
Adaptive Capacity:

* low species diversity

* dispersal-mainly downstream/south?

* dams currently in place to control flood dynamics



Key Points

* The Twin Cities are getting warmer (especially at night)
and wetter (with more heavy rain events and flooding)

* Temperatures will increase even more in the future, and
we may experience more drought stress in the summer.

* The climate may be more similar Omaha, Nebraska and
we may shift up to a zone 5 or 6!

* Tree species that are more vulnerable:
 Northern white cedar, black willow, ashes, non-DED resistant
elms, cottonwood.
* Tree species that are less vulnerable:

* Bur oak, honeylocust, swamp white oak, hackberry, silver
maple



