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How do ecosystems change when 
climate changes?
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The climate – ecosystem question

How do ecosystems change when climate changes?

Theophrastus; 3rd century BC
Alexander Von Humboldt; early 19 th century
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The climate – ecosystem question

How do ecosystems change when climate changes?

Holdridge Life Zones; 1967
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A focus on vegetation
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Evidence of species migration

Payette et al. 2022

Allen & Breshears 1998

White spruce tree in the tundra; Roman Dial

Bore a l browning  ne a r Dunve g a n, Albe rta ; Devin 
Letourneau
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Goal: Qua ntify  p ote ntia l s hifts  in b iom e s  a nd  
c lim a te  s p a c e  us ing  Hold rid g e  Life  Zone s  a s  a  
s truc ture d  fra m e work
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Holdridge Life Zones as climate space

Biotemperature : Average annual temperature, 
capped from 0º to 30ºC
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Holdridge Life Zones as climate space

Biotemperature : Average annual temperature, 
capped from 0º to 30ºC

Precipitation: Average annual precipitation (mm/yr) :
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Holdridge Life Zones as climate space

Biotemperature : Average annual temperature, capped 
from 0º to 30ºC

Precipitation: Average annual precipitation (mm/yr) :

Aridity Index: PET/Precipitation
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Classifying Holdridge Life Zones

Boreal wet forest
Biotemperature : 4.24ºC
Precipitation: 707 mm/yr
Aridity: 0.354

Cool temperate wet forest
Biotemperature : 8.49ºC
Precipitation: 1414 mm/yr
Aridity: 0.354
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Classifying Holdridge Life Zones

Boreal wet forest
Biotemperature : 4.24ºC
Precipitation: 707 mm/yr
Aridity: 0.354

Cool temperate wet forest
Biotemperature : 8.49ºC
Precipitation: 1414 mm/yr
Aridity: 0.354

Minimize Euclidean distance with hexagon centroids
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Application to CESM LENS

LENS2 – Macro Perturbation Design
20 members
10 standard

10 MOAR+COSP
(10- year interval starts from PI Control)

1001 1011 1021 1031 1041 1051 1061 1071 1081 1091 1101 1121 1131 1141 1151

…

n = 90
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Application to CESM LENS

10- yr rolling averages of CESM output

1855 to 2095

SSP3- 7.0 (original LENS2)
• 90 ensemble members

SSP2- 4.5
• 16 ensemble members

SSP5- 8.5
• 15 ensemble members
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Results – Holdridge Life Zones SSP3

38 zones

Ensemble average
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Creating collapsed zones

13 zones
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Probability of HLZ shift

SSP3- 7.0 (n=90)
collapsed zone changes

High probability of change in 
boreal/arctic

No change in tropics?
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Tropical “stability”

capped at 30ºC
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Biotemperature changes

Year 2000 biotemperature zones Year 2100 biotemperature zones

“Tropical” = 24ºC – 30ºC 

??? = >30ºC



HOLDRIDGE LIFE ZONES

Biotemperature changes

Year 1967 annual temperature

Holdridge (1967)
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Biotemperature changes

Year 1967 annual temperature
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Biotemperature changes
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Creating new zones
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Creating new zones
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Results – Holdridge Life Z ones SSP3

Ensemble average:  SSP3 - 7.0
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Results – Holdridge Life Z ones SSP3

Ensemble average:  SSP3 - 7.0
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Results – Holdridge Life Z ones SSP3

Ensemble average:  SSP3 - 7.0
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Results – Holdridge Life Z ones SSP3

Ensemble average:  SSP3 - 7.0
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Results – Holdridge Life Z ones , other SSPs
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Net land area change

Net gains:
cool temperate forest
warm temperate desert & forest
supertropical biomes
tropical forest (SSP2 only)

Net losses:
tundra
boreal forest
steppe
chaparral
tropical desert & dry forest
tropical forest (SSPs 3 & 5)
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Net land area change – tundra & boreal
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Net land area change – tropical
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How are biomes shifting?

SSP3- 7.0 ~55% of landscape transitions
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How are biomes shifting?

BorealTundra Tropical
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How are biomes shifting?

SSP3- 7.0SSP2- 4.5 SSP5- 8.5

~45% ~55% ~65%
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Probability of shifting by 2100
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Timing of biome shifts

White spruce tree in the tundra; 
Roman Dial

Brooks  Ra ng e , AK You are here
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Timing of biome shifts

Toolik Lake, AK You are here
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Timing of biome shifts

central Canada You are here
Boreal browning 
near Dunvegan, 
Alberta; Devin 
Letourneau
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Timing of biome shifts
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Timing of biome shifts

White spruce tree in the tundra; 
Roman Dial

Brooks  Ra ng e , AK You are here
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Required species migration

MacDonald 1993
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Required species migration
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Required species migration

Earth system models need to model vegetation shifts 
prognostically
 C om pe tition, c lim a te  fe e d ba c ks , e tc .
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Conclusions

1. C lim a te  s pa c e  is  pre d ic te d  to s hift ra pid ly a c ros s  the  C ESM 

e ns e m ble

2. C ha ng e  is  ha ppe ning  now

3. Ma ny e c os ys te m s  a re  proje c te d  to re q uire  m ig ra tion ra te s  fa r 

a bove  wha t m os t s pe c ie s  his toric a lly  ha ve  a c hie ve d

4 . Tim ing  of s hifts  is  unc e rta in 
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Thank you!
Questions?
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