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The climate — ecosystem question @

How do ecosystems change when climate changes?
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The climate — ecosystem question @ ‘& NCAR
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How do ecosystems change when climate changes?
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Climate space

optimum temperature

Performance

Equator - wards Polewards
Lower elevation Higher elevation

Brito - Morales et al. 2018
Ohlemiiller 2011 >

Temperature

Rainfall

5 HOLDRIDGE LIFE ZONES



Climate space

optimum temperature

1) \
o :
cC 1
@©
S
S
T
) A
o
Equator - wards Polewards © T
Lower elevation Higher elevation = E
= =
waw  com & :
>
Brito - Morales et al. 2018 WARMING
Ohlemiiller 2011 > >

6 HOLDRIDGE LIFE ZONES Temperature Temperature



Climate space

optimum temperature

1) \
o :
cC 1
@©
S
S
T
) A
o
Equator - wards Polewards © T
Lower elevation Higher elevation = E
= =
waw  com & :
>
Brito - Morales et al. 2018 WARMING
Ohlemiiller 2011 > >

7 HOLDRIDGE LIFE ZONES Temperature Temperature



Climate space
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A focus on vegetation & |2 NeaAR
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Atmospheric CO, at Mauna Loa Observatory

Scripps Institute of Oceanography
NOAA Global Monitoring Laboratory
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Evidence of species migration & | @ Near
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Goal: Quantify potential shifts in biomes and
climate space using Holdridge Life Zones as a
structured framework



Holdridge Life Zones as climate space
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Holdridge Life Zones as climate space NCAR
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Holdridge Life Zones as climate space
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Classifying Holdridge Life Zones @
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Classifying Holdridge Life Zones $ @nNcar
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Application to CESM LENS

LENS2- Macro Perturbation Design
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Application to CESM LENS § #nNcar

10 yr rolling averages of CESM output
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Results — Holdridge Life Zones SSP3
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Creating collapsed zones @
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Probability of HLZ shift
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Tropical “stability” S
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Biotemperature  changes & @nNcar
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Biotemperature = changes
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Biotemperature = changes
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Biotemperature = changes
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Creating new zones @
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Creating new zones S
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Results — Holdridge Life Z ones SSP3
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Results — Holdridge Life Z ones SSP3
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Results — Holdridge Life Z ones SSP3
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Results — Holdridge Life Z ones SSP3
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Results — Holdridge Life Z ones, other SSPs
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Net land area change - tropica
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How are biomes shifting? ZANCAR
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How are biomes shifting? ZANCAR

OPERATED BY UCAR

Tundra Boreal Tropical

cool temperate forest

boreal forest o0l temperate forest supertropical forest

tropical forest

ool temperate forest

boreal forest boreal forest supertropical desert

tropical forest
tropical desert

~—— tropical dry forest

boreal desert

boreal forest "
(subtropical forest)

tropical desert
chaparral

warm temperate fcrest] -
warm temperate desert] [
steppe

polar desert

subtropical forest
chaparral

2000 2100 2000 2100 2000 2100

HOLDRIDGE LIFE ZONES



How are biomes shifting? ZANCAR
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Probability of shifting by 2100
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Timing of biome shifts Z2NCAR
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Required species migration @ \ ZANCAR
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Required species migration @ \ ZANCAR
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Earth system models need to model vegetation shifts
prognostically

» Competition, climate feedbacks, etc.
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Conclusions

1. Climate space is predicted to shiftrapidly across the CESM
ensemble

2. Change is happening now

3. Many ecosystems are projected to require migration rates far
above what most species historically have achieved

4. Timing of shifts is uncertain
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