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Where will plants migrate as it gets warmer?

Мore free environmental science resources аt: www.ScienceJournalForKids.org

We know that the climate is changing. All living things have 
one of three options: move, adapt or die. Migrating to a 
more suitable climate is a typical response from animals. 
But plants, which we think of as stationary organisms, 
can do that too. Indeed, we expect that many plant 

communities may shift to new territories, more suitable 
for their preferred lifestyle (in terms of air temperature, 
rainfall and amount of sunlight). Will they find such places, 
though? We set off to try to understand that change better.
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Did you know that animals are not the only living things 
that can migrate? Plants can do this too! In fact, since 
the last Ice Age (25,000 years ago), entire biomes have 
shifted in response to the increase in temperature. 
Coniferous forests, for example, have moved north into 
Canada – an area previously covered by ice. 
Today, we are bracing for another temperature spike 
as part of human-caused climate change. This time, 
however, the rise is taking place 10 times faster than it 
did at the end of the last Ice Age. After studying plants 
for many years, we began wondering how they will 
respond to such fast changes. Other scientists before us 
have studied how a particular species (for example, “the 
blue oak species” of California) would respond. But we 
decided to look at the plant community as a whole (for 
example “a redwood forest”).  
We don’t know exactly how the climate will change in the 
future. This will depend on the decisions society takes 
now. If we decide to dump more greenhouse gases in the 
atmosphere and expand the area we use for agriculture, 
the temperature will increase more and faster than if 
we collectively decide to put some limits on our impact. 

So instead of trying to predict the future, we decided to 
test more than 50 different future climate scenarios in 
a computer model we created. Our study site was the 
area around our university: San Francisco Bay Area in 
California. 
We wanted to find out the following: 
1. What determines where plants live? Climate?   
      Topography? Soil?
2. How will each of the future climate scenarios affect 
    these plant communities?
3. Which factor is more important for the plants: 
      temperature or rainfall?
4. Will vegetation change more in some places than 
     other? 
We hypothesized that plants would be safer from climate 
change in particular types of landscapes: for example, 
cool coastal areas, moist, shady slopes and valleys with 
deep soil. The results surprised us.
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Methods

Results
Our model predicted that the composition of plant 
communities would change dramatically as the climate 
changes. In warmer and drier climate, shrublands and oak 
woodlands will expand while grasslands and coniferous 
forests will decline. (Fig. 1, 2)

We then ran the model to test our initial hypothesis. The 
types of landscapes we thought would be safe havens for 

plants actually turned out to be very sensitive to changes 
in the climate. At coastal sites, where the winters are 
warmer and rain is more abundant and on north-facing 
hills, vegetation communities are predicted to shift even 
faster than in other places. These may not serve as refugia 
from the new conditions, as we thought.

We used a computer model to test the different scenarios. 
Scientists often create computer models to try to figure 
out how complex systems work, and what might happen 
in the future. A model is a bit like a digital experiment. 
First, you program the computer with all the rules you 
know about the system: for example, the optimal growing 
temperature for each plant species. Then you manipulate 
different variables, such as air temperature, precipitation or 
type of soil. Afterwards, you let the experiment run, i.e. let 
the computer calculate what would happen in each different 
case. Finally, you collect the data – in our case the output 
was a map of where the plants would migrate to in the 
future. Models are never perfect but they help us when we 
want to look far into the future, and when it’s not possible 
to do the actual experiments on the ground. 

The variables we put into our model were:

   Mean annual air temperature: increased between 0.5 and 
   6 degrees C

   Precipitation (i.e. rainfall): increased or decreased as 
    much as 40%

    Soil depth: varies between 10 cm and 4 meters

    Wind speed: varies between 1 and 9 meters per second

     Solar radiation: varies between 400 and 5000 Watthours 
    per square meter

0
5

10
15

0 1 2 3 4 5
Increase in temperature (˚C)

La
nd

 a
re

a 
co

ve
rs

 (%
)

Figure 1:
Model’s prediction for Redwood forests. As the temperature increases in the diferent climate scenarios,
the land area covered in Redwood forests decreases. (Left)
A person standing in front of a giant Redwood sequoia tree. (Right)
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Discussion

Conclusion

Like most of the globe, our study region will experience 
warming in both summer and winter temperatures. 
Changes in precipitation, however, are a bit harder to 
predict. (Hence, we tested scenarios with either increase 
or decrease in rainfall.) Interestingly, the model showed 
that even if it rained more in the future, the higher air 
temperature would erase the effect of this increase in 
rainfall. All that extra water would simply evaporate. 
Therefore, the San Francisco Bay Area will be drier 
regardless of how much more rain may fall. 

Most studies focus on how animal and plant communities 
will shift as a result of climate change either up-hill or 
towards the North or South poles where it’s a bit cooler. 

Our model, however, predicted a down-slope shift for 
some plant communities. We think that this is because 
valley bottoms typically retain more water available for the 
plants’ roots, and because it’s very cool down by the ocean 
in the San Francisco Bay Area.

Our model forecasts a shrubbier future for the Bay Area. 
Redwoods, for example, might be replaced by chaparral. 
We are not sure, however, exactly how this transition 
would occur. Will it be part of a gradual succession? Or will 
it be a lot more sudden as a result of a forest fire, disease 
or massive drought. Unfortunately, the exact likelihood, 
location and timing of such catastrophic events are hard to 
predict scientifically.

The government and many nonprofit organizations are 
working hard to conserve the biodiversity in our state. 
Their job, however, is made harder by the rapidly changing 
climate. It’s difficult to know where the current plant 
communities will migrate to in the years to come! For 
example, it is not sufficient to fence off a small area for 
a redwood national park and hope that the trees will feel 

comfortable there if the temperature and rainfall change 
dramatically. If we care about preserving all the species 
we currently enjoy, we need to set aside and protect 
multiple different areas where they can find a refuge from 
the changing climate. Finally, we should all go out to the 
forests often and enjoy them while we can. 
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Figure 2:
Model’s prediction for Chamise Chaparral. As the temperature increases, so does the land area covered by chaparral ecosystems. (Left) 
Chaparral landscape in California. (Right)
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Glossary of Key Terms

What is a future climate scenario? Why did the authors choose to consider 50 different scenarios 
instead of just choosing a couple?

What was the research question?

How would you interpret the title cartoon? Why a bird?

What is a scientific model? How does it work? What were the parameters in the model used 
for this research?
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Check your understanding

Deciduous vs. evergreen vegetation – Deciduous trees shed their leaves every fall and grow new ones in the spring. 
Evergreen trees keep their leaves (e.g. pines) even in the winter. Peach trees are deciduous whereas redwoods are evergreen.

Broadleaf vs. conifer trees –  Broadleaf trees have large, flat leaves. Conifer trees have needle-like or scale-like leaves. 
Broadleaves are usually deciduous and conifers are usually evergreen but not always. Dawn redwood trees, native to China, are 
conifers which loose their needles every winter. Oaks are broadleaf trees, and in California where we did this study, some are 
deciduous and some are evergreen.

Solar radiation – the amount of sunlight reaching an area. It depends on the latitude, season and slope and position of the 
land. It is measured in Watthours per square meter (Wh/m2). Solar radiation in the summer months is higher than in the winter 
months because the Earth is tilted so some places face more directly towards the Sun.

Topography – details about the location of a plant, e.g. the slope and orientation of the land where it grows, what other 
landscape features surround it etc. The model showed that topography has a big impact on whether or not a plant is affected by 
climate change.

Succession – one plant or animal community giving way to another after a disturbance such as a fire or windstorm. Overtime, 
on newly formed islands, mosses and lichens are replaced by grasses in a natural succession.

Refugia – locations which are safe havens for plants or animal species. We thought that national parks would serve as refugia 
from the changing climate but our model shows this may not be true.

OCTOBER 2015
WHERE WILL PLANTS MIGRATE, AS IT GETS WARMER?

http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0130629
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Frontmatter_FINAL.pdf
http://www.nps.gov/redw/index.htm

