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1. Introduction 

 

The purpose of this document is to assist in selecting and using climate change scenarios for use 
in impacts, vulnerability and adaptation analyses in resource management. The document 
refers to projections provided by climate modelling centers for the 4th Assessment of the 
Intergovernmental Panel on Climate Change analysis (IPCC 2007, Appendix I). These are also 
referred to as the third Coupled Model Inter-comparison Project (CMIP3). The projections 
incorporate model improvements over those used for the 3rd Assessment, but uses the same 
scenarios of greenhouse gas emissions as the 3rd Assessment.  The range of projected changes 
in climate from the 4th Assessment is similar to those of the 3rd though individual models 
projections may differ between the assessments. 

Climate models come in various forms depending on the nature of the question being asked 
and the relevant time and spatial scales. Coupled atmosphere ocean general circulation models 
(OAGCM) are the most complex and provide projections of future climates. They simulate 
physical processes of atmospheric and ocean circulation and produce a range of weather and 
climate variables for the Earth for grid boxes of about 40,000 km2.  Earth-system models of 
intermediate complexity (EMIC) are less complex are used to simulate for longer time frames at 
a coarser scale than OAGCMs and answer differ questions. Regional climate models (RCM) are 
used to dynamically downscale OAGCM to a finer spatial resolution 500 to 2500 km2) for 
specific areas of the world. Resolution is further increased by applying statistical downscaling 
(Fowler et al. 2007) or the delta method (Wang et al. 2006) to OAGCM and RCM data. The 
reliability of GCMs, EMICs or RCMs is evaluated by how well they can simulate the climate of 
the past 100 years. 

There is a wide range of projections of future climates available from these models. This is a 
result of different greenhouse gas emissions scenarios, differences between models in the 
methods they use to parameterize various atmospheric and oceanic processes, and differences 
in weather conditions used to start the simulations. No one model simulation is considered 
more likely than another, though some GCMs are considered better than others at simulating 
the current climate (Glecker et al. 2007, Werner 2009). Model projects are best viewed as one 
way to obtain a spatially and temporally consistent set of climatic or weather conditions to use 
for climate change impact assessments. 

 

1.1. Greenhouse gas emissions scenarios 

Scenarios of emissions over the 21st century are based on assumptions about possible future 
economic growth, populations change, technological development and international 
cooperation to reduce emissions. The A1 storyline describes a future world of very rapid 
economic growth, global population that peaks in mid-century and declines thereafter, and the 
rapid introduction of new and more efficient technologies (IPCC 2007). The three A1 groups are 
distinguished by their technological emphasis: fossil intensive (A1FI), non-fossil energy sources 
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(A1T), or a balance across all sources (A1B). The A2 storyline describes a heterogeneous world. 
The underlying theme is self reliance and preservation of local identities. The B1 and B2 family 
of scenarios parallel the A1 and A2 scenarios but the emphasis is on global solutions to 
economic, social and environmental sustainability, environmental protection and social equity. 
None of these emissions scenarios includes intentional societal reductions to greenhouse gas 
emissions, such as may be expected to occur under an international treaty. Success of global 
treaties could result in emissions at or even lower than the B1 emissions scenario, but even 
with the ability to stabilize climate if greenhouse gas emissions cease , projections with an EPIC 
show that BC still faces adapting to climate change that is significant compared to historical 
variability (Weaver et al .2007). On the other hand recent emissions have been larger than any 
of the IPCC emissions scenarios (Le Quéré et al. 2010). Consequently, climate projections based 
on the B1, A1B, and A2 emissions represent a reasonable low, middle and high range to 
consider for impact, and adaptation analyses. 
 

1.2. Climate data 

Although most studies have focused on changes in temperature and precipitation, the global 
climate models produce a wide range of climate variables including solar radiation, wind speed 
and humidity. Scenarios are usually presented as average changes in monthly values from 
present conditions for three time periods (2020s, 2050s and 2080s) for each grid cell. These 
values can be considered to changes in normals (30 year averages). However, data are also 
available for some models and scenarios at a daily time step on an annual basis from now to 
2100. These data are used to estimate statistics of variability and extremes.  
 
Downscaled projections for use in resource management studies are available as individual 
points (Wang et al. 2006) or as gridded data at various scales. Temperature, precipitation and 
some derived variables are readily available. Research is underway to downscale data on the 
statistics of variability and extremes for point sources. 
 

1.3. Selection of future climates 

There are many model and scenario combinations and resulting climates but a small subset is 
adequate for most climate change studies. Specific models may perform better in certain 
regions due to the focus placed on representing processes that are strong drivers in that area – 
i.e., cryospheric processes in the Canadian Global Climate Model (CGCM), or convective 
processes in the Geophysical Fluids Dynamics Laboratory (GFDL).  Analyses of model 
performance (Glecker et al. 2007, Werner 2009) have identified models that perform well in 
predicting the recent past and current climate over North America, though performance varies 
depending on season and variable. Review of these studies by PCIC (Werner 2009) has resulted 
in selection of specific models and scenarios that are recommended for use in BC. Specifically, 7 
models in concert with three emission scenarios cover a wide range of future climates for BC.  
 
Before choosing one or all models it is necessary to decide what the climate change data are to 
be used for. Is there a desire to evaluate the impact of specific emission trajectories, to  
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Figure 1. Forecasts of change in summer (June, July, August) precipitation for the A2 
scenario in 2050 for (a) the Canadian model CGCM3 and (b) the United Kingdom model 
HADGEM1. (Source: www.pacificclimate.org) . 

 

http://www.pacificclimate.org/
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 consider most and least case changes in climate, or to assess sensitivity of resources to changes 
in climate? The third form of analysis provides the most flexibility because it will also provide 
information to address the first and second interests. In this case GCMs are chosen based on 
specific changes in climate.  
 
1.4 . Viewing Climate Change Scenarios 
 
One of the best ways to compare models to assess the range of projections is graphs of changes 
in precipitation and temperature for specific seasons and areas of interest.  Forecasts of future 
climates for western North America as a whole and sub regions of BC are available for a range 
of GCMs, scenarios, variables, months and time slices are available from the Regional Analysis 
Tool on the PCIC web site. For example, Figure 1a shows the percentage change in summer 
(June, July and August) precipitation in 2050s for the Canadian model CGCM3, A2 scenario 
while Figure 1b shows the forecast for the same time and scenario from the United Kingdom 
model HADGEM1. The blocky nature of the figures indicates the size of the grid boxes of the 
simulations. Although both models are considered to be “good” models, they produce 
substantially different pattern and magnitude in change in precipitation for BC.   
 
It is useful to compare a range of models for a scenario or a range of scenarios. This can be 
done for a single variable and the variation of time is also visible (Figure 2). The Pacific Climate 
Impacts Consortium’s Plan2Adapt web site is also useful for viewing and comparing scenarios.  
 
 

2. Recommended Sets of Scenarios 

 
It is not necessary that all model/scenario combinations be used in a climate change analysis. If 
two models produce similar climate conditions for the same or different emissions scenarios 
then there is nothing gained by using both outputs in an analysis. Review of the outputs should 
be used to indicate what models provide the range of climate change need for testing 
sensitivity to change.  A different selection might be made if there is a need to evaluate the 
impact of a specific change by a specific date. It is emphasized that the models should primarily 
be used to provide a spatially and temporally consistent set of climatic or weather conditions to 
use for climate change impact assessments.  
 
The following three model/emission scenario combinations are recommend as a minimal set for 
climate change studies: 
 

• Hot and dry – HadGEM A1B run 1 
• Warm and wet – CGCM3 A2 run 4 
• Cooler and less dry – HadCM3 B1 run 1 
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Figure 2. Change in mean temperature for 15 GCMs and A1 and B2 scenarios in the central 
Kootenay region, for 2020s, 2050s and 2080s. Line is the Median, Dark grey 25th & 75th 
percentiles; Light grey 10th & 90th percentiles. (Source: www.plan2adapt.ca) 
 
 
A further 6 models can be added to this if the interest is to bound the range of future climate 
projections (Figure 3, Table 1).  Shown on the right hand side of Figure 3 are two runs from the 
same model for the same emissions scenario. The differences result from slight differences in 
starting conditions and the stochastic nature of the models. 
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Figure 3 - Projections of changes in annual temperature and precipitation changes between 
1961-1990 and 2050s (2041-2070) in BC for a range on models and emission scenarios (blue 
diamond). Models selected to bound the range of future climates are indicated by the red 
diamonds. The black dots on the red diamonds indicate the recommended minimal set of 
projections. Model abbreviations are explained in Appendix I. (Source: www.pacificclimate.org). 
 
 
Table 1: Models and emissions scenarios to bound the range of future climates illustrated in 
Figure 3. Abbreviations are explained in Appendix I. 
 

Model Emissions run 
CGCM3  A2 4 
HadCM3  B1 1 
HadGEM A1B 1 
GFDLCM21 A2 1 
CSIROMK30 B1 1 
NCARCCSM30 A1B 5 
GISS-EH A1B 3 
CGCM3 A2 5 
ECHAM5 B1 1 
MRICGCM232A B1 5 
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3. Using Climate Projections 
Selecting climate change scenarios should be done in concert with an understanding of how the 
data will be used. Some important things to consider when starting a climate change impact 
analysis are:  
 

• Geographical area: e.g. GVRD, Okanagan 
• Subject: e.g. water supply, tree growth 
• Relevant climate variables: e.g. average  temperature, summer precipitation, spring 

snowpack    
• Spatial resolution (do you really need high resolution?) 
• Output required – maps, graphs, tables 
• Availability of data 
• Capacity to obtain and analyse data 

 
 Examples of selecting and applying the climate change data are presented below. The maps, 
figures and data used in t his report are available through the web. Sources for maps and some 
data include www.plan2adapt.ca, www.pacificclimate.org . A stand-alone software package 
that provides elevation corrected historic and future climate data for any location in western 
North America (ClimateWNA – Appendix III) is available from 
www.genetics.forestry.ubc.ca/cfcg/ClimateWNA/ClimateWNA.html .  
 

3.1. Illustrative Purposes 

The concept is to view the degree of climate change in a region and how it varies with models 
and emission scenarios. This may be to aid in selecting specific projections for detailed analysis 
using gridded data or to provide descriptive input to impact analyses. Figure 4 shows an 
example from the Plan2 Adapt web site. One emission scenario for one GCM is shown 
compared to current climatology. The bar on the right side of the graph shows how this specific 
projection compares with projections from other GCM emission scenario combinations. 

 

3.2. Impacts analysis 

It is important to take account of the range of uncertainty in climate projections. Depending on 
need and resources any number from 3 - 10 scenarios would be analyzed. Choosing is a 
balancing act of "bookending" a range of change for given region over different seasons. It is 
preferable not to be tied to a specific emissions scenario and focus on the climate changes 
projected. Some impacts require daily information and this adds additional constraints of data 
availability and data management. 

 
 

http://www.plan2adapt.ca/
http://www.pacificclimate.org/
http://www.genetics.forestry.ubc.ca/cfcg/ClimateWNA/ClimateWNA.html
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Figure 4: Historical and projected snowfall in 2050s for the Comax-Strathcona region. The 
projection is for the A2 emission scenario in the Canadian GCM3 model. The blue diamond on 
the right shows how this projection compares to a wide range of other model and emission 
scenarios. (Modified from www.plan2adapt )  
 

3.3. Sensitivity analysis 

Sensitivity analysis uses selected changes to climate variables to illustrate the sensitivity of a 
system, e.g., ecosystem, stream flow, to change in the variables, e.g., winter temperature, 
summer precipitation. This approach has the benefit of not being tied to a specific emissions 
scenario or time frame but provides data that can be used to assess a range of projections. The 
following changes from the 1961-1990 baseline are recommended: 
 

• Temperature: +1°C, +2°C, +4°C 
• Winter precipitation: -10%, +10%, +30% 
• Summer precipitation: -30%, -10%, +10% 

 
For temperature, the change would be applied to all days of the year equally and to night-time 
lows and day-time highs equally. For precipitation, there are different changes recommended 
for winter (December-January-February) and summer (June-July-August). We recommend a 
constant change to all days of these seasons, with a linear transition from one change to the 
other in the shoulder seasons. The changes are to total precipitation only. It is further 
recommended that changes be made to a single variable and separately to a combination. 
 
 

http://www.plan2adapt/
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Figure 5: Sensitivity analysis of illustrating the influence of increasing winter temperature and 
precipitation on snow accumulation and disappearance under a lodgepole pine forest at Upper 
Penticton Creek. (From Spittlehouse 2008). 
 
An example of a sensitivity analysis is shown in Figure 4. A snow accumulation and melt model 
(Spittlehouse and Winkler 2004) was used to determine the daily snow depth under a forest 
canopy for winter 2001/02. The effect of a changing climate was evaluated by modelling the 
response to 2 and 4°C increases in the 2001/02 daily temperatures and to a 4°C increase in 
temperature plus a10% increase in winter precipitation. A 2°C warming resulted in a midwinter 
melt period, reduction in snow depth, an earlier start to the main snowmelt period and the 
snow disappearing about 2 weeks earlier than under current conditions. A 4°C warming was 
large enough that early snow accumulation was reduced resulting in a reduction in peak snow 
depth by 50% and the snowpack disappearing about a month earlier than under current 
conditions. Increasing precipitation only slightly offset the effect of a 4°C temperature increase. 
 

3.4. Exploring range of sensitivity – GCM based bounding box 

This approach is to be taken when it is important to consider physically consistent changes in 
different variables from a coherent plausible scenario rather than, or in addition to, arbitrary 
bookend described above. The set of model/emission combinations (Table 1, Figure 3) provides 
a wide range over most of BC in both temperature and precipitation for most seasons. The set 
includes two runs from the same model. This is intentional, as it allows for an estimate of the 
difference that can occur with two models differing only by initial conditions (for most of BC, 
these two runs differ from each other by more than most). To investigate the range of GCM 
changes by season and variable for a custom region 



12 
 

3.5. Exploring differences in emissions scenarios 

 
Table 2: Paired sets of emission/model combinations. 

 
Model Emissions run 
CGCM3  A2 1 
CGCM3 B1 1 
HadCM3  A2 1 
HadCM3  B1 1 
GFDLCM21 A2 1 
GFDLCM21 A2 1 
ECHAM5 A2 1 
ECHAM5 B1 1 
NCARCCSM30 A2 1 
NCARCCSM30 B1 1 
CSIROMK30 A2 1 
CSIROMK30 B1 1 

 
There may be a desire to compare specific emissions scenarios that represent specific economic 
and social pathways. A recommended set of paired A2 and B1 scenario/model combinations is 
shown in Table 2. 
 

3.6. Time series analysis 

Time series analysis requires daily data for a number of years and is useful for doing risk 
analysis. There are a number of projections available that have daily data available and include 
those GCM/scenario combinations listed in Tables 1 and 3. However, there are two other 
approaches that use the change information from the GCMs but are computationally 
inexpensive ways to produce specific climate change scenarios. One approach is to take an 
existing time series (say 20 years of data) and adjust it based on GCM data as was done in the 
analysis in section 3.3. In this case the mean changes but the variability around the mean and 
the temporal pattern stay the same. A second approach is to use a weather generator, e.g., 
LARSWG (Semenov et al. 1998). The current time series is used to generate a statistical 
description of the distribution of the data. These distributions and the climate change data are 
then used to create a set of future weather data. Spatial extrapolation of such data is also 
possible (Semanov 2007).  

An example of time series analysis is shown in Figure 6. It is an extension of the analysis shown 
for one winter in Figure 5 to 19 years of data. In this case the length of the snow season is 
shown. Under current conditions this can vary from around 175 days in a warm year to over 
230 days in a cold snowy year. Warming by 2°C reduces the length of the season by about 20 
days, mainly at the end of the season. A 4°C warming affects both ends of the snow season 
resulting in it averaging about 60 days short than at present. 
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Figure 6: Influence of warming of winter air temperature by 2 and 4°C on the length of the 
snow season (Days). Frequency of days in 10-day bins for a 19 year weather record at Upper 
Penticton Creek Experimental Watershed are presented.  
 
3.7 Extremes 
 
Summaries of extremes form the GCMs are available (Kharin et al. 2007, Tebaldi et al. 2006). 
Statistical downscaling of regional climate model projections is underway through the Pacific 
Climate Impacts Consortium. The approach follows that of the European Union’s Stardex 
project (www.cru.eua.ac.uk/projects/stardex/) and Buerger et al. (2009). A variety of methods 
to downscale the data are being evaluated. 
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Appendix I: Global Climate Models 
 

Abbreviation – IPCC 
ID 

Center and Location 

BCCR-BCM2.0 Bjerknes Centre for Climate Research (Norway) 

CGCM3.1(T47) Canadian Centre for Climate Modelling and Analysis 
(Canada) 

CSIRO-Mk3.0 CSIRO Atmospheric Research (Australia) 

CNRM-CM3 Meteo-France, Centre National de Recherches 
Meteorologiques (France) 

ECHO-G Meteorological Institute of the University of Bonn, 
Meteorological Research Institute of KMA, and Model 
and Data group (Germany and Korea) 

GFDL-CM2.0 US Dept. of Commerce, NOAA Geophysical Fluid 
Dynamics Laboratory (USA) 

GISS-AOM NASA/Goddard Institute for Space Studies (USA) 

FGOALS-g1.0 LASG/Institute of Atmospheric Physics (China) 

INM-CM3.0 Institute for Numerical Mathematics (Russia) 

IPSL-CM4 Institut Pierre Simon Laplace (France) 

MIROC3.2(medes) Center for Climate System Research (The University of 
Tokyo), National Institute for Environmental Studies, 
and Frontier Research Center for Global Change 
(JAMSTEC) (Japan) 

MIROC3.2(hires) 

MRI-CGCM2.3.2 Meteorological Research Institute (Japan) 

ECHAM5/MPI-OM Max Planck Institute for Meteorology (Germany) 

CCSM3 

PCM National Center for Atmospheric Research (USA) 

UKMO-HadCM3 Hadley Centre for Climate Prediction and Research, 
Met Office (UK) UKMO-HadGEM1 
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Appendix II: Example of CO2 Emission Scenarios 
 
 
 

 
 
Trajectories for CO2 emissions (Giga tonnes of carbon per year) for the A1B, A2 and B1 
scenarios (Adapted from IPCC 2007). 
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Appendix III: ClimateWNA 

 
ClimateWNA is a computer program that enables the user to obtain selected monthly climate 
variables for any point in western North America. Historic data and future possible climates 
simulated by global climate models are available for individual points and as gridded data for 
use in geographical data systems. The data are elevation correct and represent weather station 
climates. Climate change data are applied to a 1961-90 normals base using the delta approach. 
ClimateWNA is an adaptation of ClimateBC (Wang et al. 2006) by increasing the spatial range 
and adding more variables. The software is available for free from 
www.genetics.forestry.ubc.ca/cfcg/ClimateWNA/ClimateWNA.html .  Gridded data created 
with ClimateBC and ClimateWNA are available at http://windy.pcic.uvic.ca/tools/select and at 
www.pacificclimate.org . 
 
 

 
Screenshot of ClimateWNA. 
 
 
 
  

http://www.genetics.forestry.ubc.ca/cfcg/ClimateWNA/ClimateWNA.html
http://windy.pcic.uvic.ca/tools/select
http://www.pacificclimate.org/
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Appendix IV: Web sites for Climate Change Data 
 
 
ClimateWNA software - www.genetics.forestry.ubc.ca/cfcg/ClimateWNA/ClimateWNA.html  
 
 Gridded data http://windy.pcic.uvic.ca/tools/select and  www.pacificclimate.org 
 
Maps and figures www.pacificclimate.org and www.plan2adapt.ca  
 
 

http://www.genetics.forestry.ubc.ca/cfcg/ClimateWNA/ClimateWNA.html
http://windy.pcic.uvic.ca/tools/select
http://www.pacificclimate.org/
http://www.pacificclimate.org/
http://www.plan2adapt.ca/

	Introduction
	The purpose of this document is to assist in selecting and using climate change scenarios for use in impacts, vulnerability and adaptation analyses in resource management. The document refers to projections provided by climate modelling centers for th...
	Climate models come in various forms depending on the nature of the question being asked and the relevant time and spatial scales. Coupled atmosphere ocean general circulation models (OAGCM) are the most complex and provide projections of future clima...
	There is a wide range of projections of future climates available from these models. This is a result of different greenhouse gas emissions scenarios, differences between models in the methods they use to parameterize various atmospheric and oceanic p...
	Greenhouse gas emissions scenarios
	Scenarios of emissions over the 21st century are based on assumptions about possible future economic growth, populations change, technological development and international cooperation to reduce emissions. The A1 storyline describes a future world of ...

	Climate data
	Selection of future climates

	Recommended Sets of Scenarios
	Using Climate Projections
	Illustrative Purposes
	The concept is to view the degree of climate change in a region and how it varies with models and emission scenarios. This may be to aid in selecting specific projections for detailed analysis using gridded data or to provide descriptive input to impa...

	Impacts analysis
	It is important to take account of the range of uncertainty in climate projections. Depending on need and resources any number from 3 - 10 scenarios would be analyzed. Choosing is a balancing act of "bookending" a range of change for given region over...

	Sensitivity analysis
	Exploring range of sensitivity – GCM based bounding box
	Exploring differences in emissions scenarios
	Time series analysis

	Literature Cited
	Bürger, G., D. Reusser, and D. Kneis. 2009. Early flood warnings from empirical expanded downscaling of the full ECMWF Ensemble Prediction System. Water Resour. Res., doi:10.1029/2009WR007779.
	Fowler, H.J. S. Blenkinsop and C. Tebaldi. 2007. Linking climate change modelling to impacts studies: recent advances in downscaling techniques for hydrological modelling. Int. J. Climatology 27:1547-1578.
	Spittlehouse, D.L. 2008. Climate change, impacts, and adaptation scenarios: climate change and forest and range management in British Columbia. Technical Report TR045, Research Branch, BC Min. Forests and Range, Victoria, BC. http://www.for.gov.bc.ca/...

	Weaver, A.J., K. Zickfeld, A. Montenegro, and M. Eby. 2007.Long term climate implications of 20050 emissions reduction targets. Geophysical Res. Letters 34:L19703, doi:10.1029/2007/GL031018

