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Imagine that your first job is to predict the distribution of plants on Earth

Where do you start?           How do you start?



Part 1
A global overview

Big Cottonwood Canyon



The potential distribution limits of plants are often 
related to two abiotic factors: 

•   water
•   temperature

Abiotic controls over plant distribution:
• climate and microclimate
• role of water availability
• site water balance
• leaf area index - water, ecosystem
• constraints imposed by temperature



Let’s review the basis for
• geographic climate variation
• seasonality
• microclimate

The uneven latitudinal 
solar heating and axis tilt 
of the Earth result in 
predictable latitudinal 
gradients in climate.



The uneven solar heating and axis tilt of the Earth result in 
predictable latitudinal gradients in climate

cosine
relationship



The Earth rotates around the sun with a current tilt of 23.5 °.



Equinox  - March 21,  September 21

vernal
equinox

autumnal
equinox



Solstice  - June 21,  December 21

summer
solstice

winter
solstice



The uneven solar heating
and axis tilt of the Earth 
result in predictable latitudinal 
gradients in climate.

As warm, moist air rises in 
equatorial latitudes, this air moves 
north and south until the moisture 
has precipitated and then the air 
mass cools and air descends.

Ascending air creates a low 
pressure zone. Descending air 
creates a high pressure zone.



The differential heating results in the
establishment of cells and wind patterns



climatedataguide.ucar.edu



https://science2017.globalchange.gov/

And the data show that global 
temperatures are increasing





And the data show that global precipitation amounts are 
increasing in some locations, while decreasing in other places

https://science2017.globalchange.gov/



Part 2
Temperature and 

precipitation gradients 
influence plant distribution





Temperature and Elevation

On average the atmosphere cools 6.5°C for each 1 km 
increase in elevation (lapse rate)

- a dry atmosphere has a lapse rate of 9.8°C per km 
- the lapse rate in a moist atmosphere is nonlinear 

and depends on the total amount of water in the 
atmosphere.

Thus, mountain tops (in general) tend to be cooler than 
low lying areas.

However, at night, colder, denser air sinks into valleys 
(cold air sink or temperature inversion)



Consider how temperature might place 
limits on plant distribution

low freezing temperatures
•  tree lines
•  freezing tolerance

high temperatures
•  high temperature tolerance
•  transpirational water loss



Temperature influences plants in two ways 

•  transpiration by virtue of the
potential evaporative gradient

•  capacity to develop, metabolize, and   
maintain growth activities



Freezing temperature 
tolerances often limit the 
upper elevation limits of 
a perennial species

Water deficit and drought 
tolerances often limit the 
upper elevation limits of 
a perennial species

Climatic factors typically govern the lower and upper 
elevational distribution limits of a perennial species

Latitudinal differences can substitute for elevational 
differences in predicting these distribution patterns



Big Cottonwood Canyon
Vegetation

Quercus gambelii (Gambel oak)
Juniperus osteosperma (Utah juniper)

Pseudotsuga menziesii (Douglas fir)

Picea engelmanii (Engelman spruce)

Abies concolor (white fir)

Abies lasiocarpa (subalpine fir)

Pinus flexilis (limber pine)

Species distributions 
change with climate

1,600 m
420 mm precipitation

3,000 m
2,200 mm precipitation



Big Cottonwood Canyon
Vegetation

Pseudotsuga menziesii (-30°C)

Picea engelmanii (-60°C)

Abies concolor (-30°C)

Abies lasiocarpa (-40°C)

Species distributions 
change with climate

1,600 m

3,000 m

Elevational species replacements reflect two constraints:
• water deficits (lower elevational limit)
• cold temperature tolerance (upper elevational limit)

Frost resistance 
of buds



Freezing temperature 
tolerances often limit the 
upper elevation limits of 
a perennial species

Water deficit and drought 
tolerances often limit the 
upper elevation limits of 
a perennial species

Climatic factors typically govern the lower and upper 
elevational distribution limits of a perennial species

Latitudinal differences can substitute for elevational 
differences in predicting these distribution patterns



Tree line

Glacier NP



Tree line becomes lower as one moves poleward

Mountain
peaks

Vegetation
limit

Tree
limit



Part 3
Evapotranspiration and 

plant distribution



Evapotranspiration is the sum of 
• transpiration from plants
• evaporation from soils

H2O
(transpiration)

H2O
(evaporation)



Precipitation increases with elevation, resulting in the presence of 
more mesic vegetation at higher elevations.  This replacement occurs
until one reaches the tree line, the upper limits of tree distribution.
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The relationship between precipitation and elevation is often linear.
Note that there are even strong differences in precipitation between
the Salt Lake City airport and the mouth of Red Butte Canyon.
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Precipitation increases with elevation, resulting in the presence of 
vegetation requiring more water at higher elevations.  This vegetation 
replacement occurs until the tree line, the upper limits of tree distribution.

A “rain shadow” results in less rainfall at equal elevations on one side of the 
mountain versus the other. Consider rainfall amounts at Alta versus Park City.

Cloud is partly 
“rained out”

Precipitation occurs as a cloud 
decreases in mass as it is forced 
upward and over the mountain.



Slope aspect will influence water balance

In the northern hemisphere, south-facing slopes receive greater sun exposure 

In the southern hemisphere, north-facing slopes receive greater sun exposure

SN



Potential evapotranspiration (PET) 

Potential evapotranspiration (PET) is an 
estimate of the amount of water that would be 
lost to the atmosphere through the processes 
of evaporation and transpiration, assuming 
there was no limit to the evaporative water 
supply.

PET is similar to ‘pan evaporation”, which is 
the amount of water that evaporates from an 
open pan over a 24-hour period.

July pan evaporation rates 
4 mm/day in Brighton
9 mm/day in Salt Lake City

12 mm/day in Wendover



Actual evapotranspiration (AET) 

On the other hand, there is rarely enough water present to 
attain potential evapotranspiration rates. Instead the actual 
evapotranspiration or AET is the amount of water that is 
actually removed from a surface due to the combined 
processes of evaporation and transpiration.

In arid climates, precipitation is less than PET.

In humid climates, precipitation exceeds PET.

AET values can be low when soil surfaces are dry and 
plants have closed their stomates to reduce transpiration.



Forest-to-desert gradients follow precipitation gradients.

Gradients may be abrupt whenever rain shadows appear.

Plant distributions correlate with evapotranspiration

savannahforest desert

A geographic transect in New Mexico

High evapotranspiration rates Low evapotranspiration rates



Wasatch Front



https://driftlessprairies.org/wp-content/uploads/2018/06/Prairie-roots.jpg
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With different rooting systems, once established, plant 
not all species respond equally to water deficit periods

https://driftlessprairies.org/wp-content/uploads/2018/06/Prairie-roots.jpg


Drought effects on seedlings versus adults

Establishment is often the critical 
stage where drought effects 
impose their highest mortality 
rates, preventing seedlings from 
establishing even though mature 
individuals can persist at that site.

surface soils 
dry first



The growing season is the length of the year that 
plants can remain active and it is influenced by both

•  temperature
(active versus inactive)

•  water availability in upper soil layers 
(subject to potential evapotranspiration)

•  access to deep soil moisture
(not subject to evaporation)



Part 4
Plant leaf area is related 

to site water balance



Leaf area index (LAI)
is the m2 leaf area per
m2 ground area

LAI  =  m2 leaf area     
m2 ground area

1 m2



LAI is the sum of the areas of all leaves 
within a column above 1 m2 ground area.

LAI is not a constant, but may vary with 
plant water availability (leaf shedding).

LAI and vegetation type

LAI  < 1 deserts
LAI  =  1-3 shrublands
LAI  >  3 forests



Bonan Fig. 24.8, 2015



Forest-to-desert gradients follow precipitation gradients.

Gradients may be abrupt whenever rain shadows appear.

high LAI values     -->   -->   -->   -->      low LAI values



A sequence of coniferous tree replacements occur 
along annual precipitation gradients in Oregon

(mm)

dry

wet



Supportable LAI increases with increasing 
rainfall in the Pacific Northwest



Yet, the dry-end limits of tree distributions need not follow 
absolute precipitation patterns

250 mm lower limits for trees in Oregon (warmer)

180 mm lower limits for trees in Alaska (cooler)



Site water balance controls the amount of leaf area in a canopy

water balance  =  soil availability - evapotranspiration

soil availability = precipitation - (interception + runoff + percolation)

inputs

losses



The LAI maintained by vegetation is proportional to site water balance

coniferous trees



Glacier NP


