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Webinar Tips

Å Mute phones to reduce background noise (*6 or ñmuteò button). 
Do not put call on ñholdò if your organization has hold music.

Å Type questions in the chat box (lower left). We will track the 
questions and answer as time permits at the end of the 
presentation. 

Å Additional opportunities for Q&A:

o Post-presentation Q&A session (11:00-11:30)

o Post-webinar Q&A write-up of remaining questions (if 
needed)

o Email CIG: cig@uw.edu

Å Presentation will be posted at:
http://cses.washington.edu/cig/outreach/webinars/vegmodel710.shtml

http://www.fs.fed.us/wwetac/workshops/webinar/clim_veg_model_webinar.pdf

mailto:cig@uw.edu
http://cses.washington.edu/cig/outreach/webinars/vegmodel710.shtml
http://www.fs.fed.us/wwetac/workshops/webinar/clim_veg_model_webinar.pdf


Adaptation Challenges

ÅClimate is changing and impacting many ecosystem components.

ÅPast experiences will be a less useful guide to future conditions.

Ecophysiology

ωSpecies ranges
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!ŘŀǇǘŀǘƛƻƴ ŎƘŀƭƭŜƴƎŜǎ ŎƻƴǘΩŘ

ÅMany present-day planning decisions have time horizons that 
will be affected by climate change.

ÅCombining climate models with vegetation models can help 
better define plausible future conditions. Use in planning has 
been limited, however:

ïDecision makers have limited experience with models, model 
output, and integrating output into decision making processes;

ïDeveloping scenarios can be expensive (both in terms of time 
and $) and therefore require tradeoffs when implementing; and

ïIntegrating vegetation models and climate models brings a new 
level of complexity to traditional modeling activities.



Adaptation Planning

1. Inform understanding of 
current priorities and 
vulnerability to climate change;

2. Evaluate how climate change 
will impact those priorities; and

3. Develop management 
strategies for increasing 
resilience of priorities given 
likely impacts.

But, at what scale, and with which tools??

The goal is to use best available science to:



Webinar Objectives

Review key considerations for: 

ÅSelecting greenhouse gas emissions scenarios and 
climate models, 

Å Integrating climate scenarios in vegetation 
modeling, and

ÅSome considerations in applying modeling output 
for adapting to climate change.

Review key sources of uncertainty in climate and 
vegetation modeling and how these are 
addressed in model/scenario selection.



Global Climate Models (GCMs)

ÅMore than 20 GCMs 
developed by 
modeling centers 
around the world.

ÅGCMS break the 
world into large (~60 
to 180 miles) grid 
sizes and model 
complex interactions 
between the 
atmosphere, ocean, 
etc. within each grid 
cell.

Adapted from http://www.ucar.edu/news/releases/2004/images/CLIMATE8.gif



Dƭƻōŀƭ /ƭƛƳŀǘŜ aƻŘŜƭǎ όD/aǎύ ŎƻƴǘΩŘ

After Henderson-Sellers and McGuffie, 1987

http://www.geosc.psu.edu/~dbice/DaveSTELLA/climat

e/climate_modeling_1.htmNCAR

GCMs respond differently to the same 
emissionsbecause they have different ways of 
characterizing components of the climate 
system, including:

Å sensitivity to greenhouse gas concentrations;

Å how physical processes that affect climate are 
constructed and described (e.g., viscosity of the 
ocean);

Å how feedbacks between the processes are 
modeled (e.g., how fast the ocean warms once ice 
cover diminishes past a certain point)

Some things are common to most or all models; 
others are treated differently from model to 
model.

Mote et al. 2008



Example: Model comparison for observed (20 th century) PNW temperature trend

Mote and Salathé, 2009

The differences between modelsare one of the larger 
sources of uncertainty in generating climate data
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Approaches to Choosing Climate Models 
for Regional Purposes

Modified from original image: 

www.psdgraphics.com

NASA Earth From Space (SeaWiFS)

Example: 

18 GCMs

1. All models are equally plausible.

Å Average all 18 models together = ensemble

3. Some models perform better than others. 

ÅSelect best performing models for ensemble -

Ensemble

Warmest Coolest

2. All models are equally plausible, but 

We want to plan for a range of scenarios.

ÅSelect ñbracketingò models

Driest

Wettest
Ensemble

Filter 18 models based 
on performance 
criteria: trend, 

pressure, means, etc



Greenhouse Gas Emissions

Combine different estimates of population growth, technology development, 
ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ όŜΦƎΦΣ Ŧƻǎǎƛƭ ŦǳŜƭǎ ǾǎΦ άƎǊŜŜƴέ ŜƴŜǊƎȅύΣ ŜǘŎΦ

Source: IPCC AR4 Summary For Policy Makers

Emissions Temperature change
Model 

Range



Choosing Greenhouse Gas Emissions Scenarios

ÅNo one emissions scenario is considered more likely than 
another.

ÅChoice of scenarios is in large part a function of risk 
management: are you risk tolerant vs. risk averse?

Å!ƭǘŜǊƴŀǘƛǾŜ Υ aƻŘŜƭ ǘƘŜ άŜƴǎŜƳōƭŜ ƳŜŀƴέ ƻŦ ƳǳƭǘƛǇƭŜ ŎƭƛƳŀǘŜ 
models for one to a few emissions scenarios (B1, A1B, A2)

Ç Advantage:  helps address computational limitations; 

reduces influence of internal model variability  in any single 

model 

Ç Disadvantage:  Future may not look like the ñmeanò; natural 

variability in the climate system diminished by using only 

the mean change

http://www.google.com/imgres?imgurl=http://www.wit.edu/library/PICS/smokestack.jpg&imgrefurl=http://www.wit.edu/library/ref_sources/mgmt280.htm&usg=__Gefl-nmCyotSlIXkHjAnHLbItE0=&h=853&w=1280&sz=59&hl=en&start=3&itbs=1&tbnid=19FCpCU8Fe-kpM:&tbnh=100&tbnw=150&prev=/images?q=smokestack&hl=en&gbv=2&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.wit.edu/library/PICS/smokestack.jpg&imgrefurl=http://www.wit.edu/library/ref_sources/mgmt280.htm&usg=__Gefl-nmCyotSlIXkHjAnHLbItE0=&h=853&w=1280&sz=59&hl=en&start=3&itbs=1&tbnid=19FCpCU8Fe-kpM:&tbnh=100&tbnw=150&prev=/images?q=smokestack&hl=en&gbv=2&tbs=isch:1


A Note About Timing and Emissions

Differences in scenarios, and thus changes in climate and related 
impacts, do not strongly diverge until after mid-21st century.

This is true at the global scale and, as a result, at the regional scale as well.

IPCC 2007 Projected Warming for the Pacific Northwest

Mote and Salathé 2009



Choosing GCMs/Scenarios

1. Are multiple scenarios and multiple GCMs needed for 
impacts modeling, or is an ensemble mean sufficient?

2.   Do the models and emission scenarios selected match the 
risk framework (risk tolerant vs. risk averse)?

3. Do the models chosen have good fidelity to 20th century 
observations using a regional focus?

4.    Is the spatial and temporal scale of the climate information 
appropriate to planning or decision making?



Scale and Statistical Downscaling

Global climate models do not project climate at a scale as fine as we 
ǿƻǳƭŘ ƭƛƪŜ ŦƻǊ ƛƳǇŀŎǘǎ ǎǘǳŘƛŜǎΣ ǎƻ ǿŜ άŘƻǿƴǎŎŀƭŜέ ǘƘŜƳΦ

~200 km (~125 mi)
resolution

~5 km (~3 mi)
resolution



Scale and Statistical Downscaling

To do this we:

ÅTake historical climate 
and map it to a grid 
(~ 3.5 mi)

ÅCompare each grid cell 
ǘƻ ŀ ŎƭƛƳŀǘŜ ƳƻŘŜƭΩǎ ƎǊƛŘ 
cell  (~ 100 mi)

ÅUse the difference 
between them to adjust 
the future projections at 
the same coarse grid



Downscaling Methods

ÅDifferent applications have driven the development of 
downscaling methods. 

ÅThe method you choose should be informed by the 
process you are trying to understand in the future.

ÅTwo general approaches:

-- Statistical downscaling (e.g., composite delta, BCSD,
hybrid delta)

-- Dynamical downscaling (i.e., Regional Climate
Modeling)



Statistical Downscaling

ÅComposite delta:{ƛƳǇƭŜΣ Ŝŀǎȅ ǘƻ ŜȄǇƭŀƛƴ άǎƴŀǇǎƘƻǘέ ƻŦ 
average future conditions. 
ïSuitable when you want to know the mean change at a monthly 

time step.

ïEx: Changes in future vegetation distribution by biomes

ÅBias Corrected and Spatially Downscaled (BCSD):
Produces a transient (i.e. continually varying) daily time 
series.
ïSuitable when you want to model the change in variability around 

monthly mean, changes in extremes at a monthly time step, or 
frequency of extreme events.

ïEx: Changes in phenology   

Downscaling Methods:

Other methods that pull features from both 

methods (e.g., hybrid delta) are available



Advantages:

Å Modeling of the climate system 

at finer spatial scales (5-50 km, 

or 3-32 mi resolution);

Å Can represent major 

topographic features, land 

surface effects;

Å Can simulate small extreme 

weather systems.

Disadvantages:

Å Computationally demanding

Å Adds to uncertainty from 

GCMs - GCMs constrain 

outcomes

Dynamical Downscaling (Regional Climate Modeling)

Downscaling Methods:

Suitable for processes driven by local feedbacks.



Caveat on Scale

ÅA finer scale does not necessarily mean the projections are 
more realistic or better constrained. 

ÅGenerally, all methods can be stepped down from the 
monthly to a daily or finer time step but you have to make 
certain assumptions that can add to uncertainty.

ÅAdditional key questions: 
ï Is more to be gained by finer downscaling? 

ï Is it worth the additional cost and potential uncertainty?

ïHow does the scale of information match the detail of the ecosystem 
impact model being used?



Empirical Climate Interpolation
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Limitations of Interpolated Climate Models

ÅCurrent methods of predicting temperatures in mountains 
rely on existing weather stations

ÅMost stations located in cities, valleys and at low elevations, 
so we have to interpolate.

ÅDAYMET uses constant lapse rate (6.5 deg C/1000 meters); 
PRISM is refining lapse

ÅThin plate spline models (e.g. ANUSPLIN) fit the data to 
elevation locally, using differences between nearby stations. 



Challenges of Predicting Temperatures in 
Complex Topography

Variations in temperature variability are known 
to exist, but are not captured by current 
models. 

ÅVariable lapse rates

ÅCold air pooling at night

ÅMid-slope thermal belts

ÅInversions



Temporal and Spatial Variability in Nocturnal Air 
Temperatures in Two North Idaho Mountain Ranges

Holden, Cushman, Crimminsand Littell in review


