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4. Climate Change Scenarios 

This chapter provides brief guidance on how to develop climate change scenarios and where to go for additional information on techniques or for software and data.  Much has been written on the use of climate models in developing climate change scenarios, and we do not replicate that here.  Instead this chapter provides a roadmap to a number of different sources of information.

After a brief discussion of what climate change scenarios are and why we create regional climate change scenarios, and a review of what is known about regional climate change, this chapter answers the following questions:

} What data are available?

} Why do we use climate change scenarios?

} Where can observed climate and climate model output be obtained?  
} Where can tools for downscaling be obtained?  
} Where can tools and studies that allow for regional comparison of model output be obtained?

4.1 What Are Climate Change Scenarios?

Scenarios are plausible combinations of conditions that can represent possible future situations.  Scenarios are often used to assess the consequences of possible future conditions, how organizations or individuals might respond, or how they could be better prepared for them.  For example, businesses might use scenarios of future business conditions to decide whether some business strategies or investments make sense now.  
4.2 Why Do We Use Climate Change Scenarios?

Climate change scenarios are scenarios of plausible changes in climate.  We use them to understand what the consequences of climate change can be.  We can also use them to identify and evaluate adaptation strategies.  
We create climate change scenarios because predictions of climate change at the regional scale have a high degree of uncertainty.  By regional scale, we typically mean the sub-continental scale to country level to provincial level.  Although it is likely that temperatures will eventually rise in most regions of the world,
 changes at the regional scale in many other key variables, such as precipitation, are uncertain for most regions.  Even where the direction of change is certain or likely, there is uncertainty about the magnitude and path of change.  We create scenarios as tools to help us understand how regional climates may change so as to understand how sensitive systems may be affected by climate change.
Climate change scenarios should meet the following criteria:

1. Consistent with anthropogenic influences on climate

2. Internally consistent; changes in related variables need to make physical sense (Mearns et al., 2001).

The best way to ensure these conditions are met is to confer with experts on climate change to check that scenarios are consistent with estimated changes in global climate and with regional climatologists to check if regional changes are consistent with what is known about regional climatology.

If the regional climate change scenarios are to be used in a V&A assessment, they must provide information on the climate variables needed by V&A assessors at a spatial and temporal scale needed for analysis.  This may require daily or even sub-daily data at spatial levels as fine as a farm field.

It is critical to keep in mind that regional climate change scenarios are not a prediction of future climate change, but rather a tool to communicate what could happen as a result of human-induced climate change and to facilitate understanding of how different systems could be affected by climate change.

Figure 4.1 is an example of how to use climate models to create regional climate change scenarios for use in a V&A assessment.  The process should begin with identifying needs.  This concerns what questions are being asked.  Typically, these questions are defined by stakeholders.  The next step is to identify which climate variables are needed.  This should include climate variables whose change will affect the systems being studied.  
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4.3 Regional Climate Change

Table 4.1 very briefly summarizes what is known about changes in regional climate as a result of increased atmospheric GHG concentrations.  
The IPCC has assessed the state of knowledge on climate change, its impacts, and mitigation of GHG emissions.  Its reports, including one on the science of climate change, can be accessed at http://www.grida.no/climate/ipcc_tar/.

	Table 4.1.  State of knowledge on regional climate change

	Climate variable
	Change
	Degree of confidence

	Mean global sea level risea
	Mean sea level rise will accelerate; IPCC projects 0.1 to 0.9 metres by 2100.
	Virtually certain

	Temperature rise
	Increase.  IPCC projects global mean temperature to increase by 1.4(C to 5.8(C by 2100.  Regional changes will vary.  High latitude and inland areas will likely have more warming than global average.
	Likely

	Precipitation change
	Direction generally uncertain.  Very high latitude areas and equatorial regions could see an increase.  Mediterranean region may see a decrease.  Change in other areas is generally uncertain, but more information can be obtained by careful examination of model output.
	Relatively low (the degree of confidence in projections of regional precipitation change is relatively low).

	Intensity of peak precipitation
	Increase on average.  This does not mean that all precipitation events become more intense.
	Very likely in many areas

	Drought
	Increase in most mid-continental areas during summer.  
	Likely 

	Flooding intensity
	Increase in many areas.
	Likely 

	Tropical cyclone wind and peak precipitation rate
	Increase in some areas.
	Likely 

	a. Sea level observed at the regional level will be increased by local uplift or decreased by local subsidence.

Sources:  Houghton et al., 2001; Stratus Consulting, 2004.


4.4 Observed Climate Data

In creating climate scenarios, one of the first things to do is identify the relevant climate variables that are important for the system, place or sector to be examined.  Whether analysts can develop scenarios for the variables may depend on whether data for these variables exist in the observed record or whether they can be obtained from climate models.  Observed climate data for a country are probably available through a country’s meteorological service.  
Meteorological global data sets are also available.  For example, the IPCC Data Distribution Centre (http://ipcc-ddc.cru.uea.ac.uk/obs/index.html) contains gridded observed data in a number of formats, including:

} Mean climatology for 1961–1990 on a global (all land area) 0.5 ( 0.5° gridded data set 

} Ten year mean climate data at 0.5 ( 0.5° resolution from 1901 through 1990

} Thirty year mean data at 0.5 ( 0.5° resolution for 1901-1930, 1931-1960, and 1961-1990

} Data visualizations at 0.5 ( 0.5° resolution for 10-year and 30-year mean data.

In addition, observed climate data have been compiled at:

} International Research Institute for Climate Prediction (IRI) (http://iridl.ldeo.columbia.edu/docfind/databrief/cat-atmos.html)

} U.S.  National Climate Data Center’s Global Daily Climatology Network (http://iridl.ldeo.columbia.edu/SOURCES/.NOAA/.NCDC/.GDCN/).

4.5 Types of Climate Change Scenarios

There are several types of climate change scenarios.  They range from scenarios that are devised arbitrarily based on expert judgement (arbitrary climate change scenarios) to scenarios based on past climate (analogue climate change scenarios) to scenarios based on climate model output.  
4.5.1 Arbitrary climate change scenarios

Arbitrary climate change scenarios are changes in key variables selected to test the sensitivity of a system to possible changes in climate.  These are often uniform annual changes in variables, such as temperature and precipitation.  An example is combinations of 1°, 2° and 4° increases in temperature combined with no change and increases and decreases of 10% and 20% in precipitation.  Different changes can be assumed for different seasons.

These scenarios are most useful for testing the sensitivity of systems to changes in individual variables and combined changes.  Analysts should be careful to keep arbitrary changes consistent with what is possible under climate change and avoid implausible combinations of variables.  This should be done by consulting with climatologists and examining estimates of regional changes in climate from climate models (see below).

4.5.2 Analogue climate change scenarios

Analogue, or past climates, can be created from historical instrumental records of climate or from paleoclimate reconstructions.

The instrumental record will often be a complete multi-decadal record of often daily or sub-daily weather observations.  The advantage of these data is that they will be recorded at each observation station and thus could provide better information on regional distribution of climate than many climate models.  In addition, the data may be recorded on a daily or sub-daily basis and thus can provide information on observed daily and even diurnal climate variability.  These data will also reflect historical extreme events and variability.  They are likely to contain temperatures that will be cooler on average, however, than future climate conditions.  In many regions such as Africa, the number of observation stations is limited and, in many cases, the record is incomplete.

Paleoclimate reconstructions can go hundreds or even thousands of years back in time.  They are called reconstructions because they are based on proxy data, such as measurements taken from tree rings, boreholes and ice cores.  Their advantage is that, by covering a longer period of time than the instrumental record, they may include more variance of mean climate conditions (that is periods with more warmth, cooling, wet or dry conditions than in the instrumental record).  Their disadvantages include inaccuracies in the estimation of past climates, low temporal resolution (e.g., they may estimate seasonal or annual climates), and incomplete coverage.

4.5.3 Climate model based scenarios 

Climate models are mathematical representations of the climate.  Although there are many uncertainties with models such as climate models, they do enable us to simulate how global and regional climates may change as result of anthropogenic influences on the climate.  
Models of both global and regional climate exist.  Global climate models range from simple, one-dimensional models such as MAGICC, which is briefly described below, to more complex models such as general circulation models (GCMs).  GCMs model the atmosphere and oceans, and interactions with land surfaces.  They model change on a regional scale, typically estimating change in grid boxes that are approximately several hundred kilometres wide.  GCMs provide only an average change in climate for each grid box, even though real climates can vary quite considerably within several hundred kilometres.  
Older GCM runs, roughly up to the early 1990s, tended to simulate current conditions and static conditions in the future, typically for CO2 doubling.  Since then, more sophisticated GCMs have been developed that allow us to simulate changes in climate over time.  Such simulations are referred to as “transient” runs.  These newer models are “coupled” models; that is, they simulate the atmosphere and oceans as well as their interactions.  These are called atmosphere-ocean general circulation models (AOGCMs).  
Some GCM output can be obtained from the IPCC Data Distribution Centre (http://ipcc-ddc.cru.uea.ac.uk/obs/index.html) and from SCENGEN (see below).

4.6 Downscaling from GCMs 

Climate change scenarios often require higher resolution (smaller grid boxes) than GCMs can provide.  To develop higher resolution outputs, results from GCMs are “downscaled”, that is, transformed into results at a smaller scale than GCM grid boxes.  There are three basic options for downscaling:

} GCM output combined with historical observations

} Statistical downscaling

} Regional climate models.

4.6.1 GCM output combined with historical observations

This approach, which has been used in a number of studies, involves combining average monthly changes from GCMs (typically averaged 30 years of simulated data) with a historical data base.  The observed record is changed by the change in GCM output from current (e.g., late 20th century conditions) to the CO2 doubling or to a particular time in the transient run.  Typically, observed temperatures are increased by the absolute increase in temperatures in the GCM run and observed precipitation is changed by the percentage change in the GCM run.

The advantage of this approach is that it is relatively easy to apply and can provide a scenario at the spatial and temporal scales of the historical climate data base.  The disadvantage is that it assumes a uniform change within each grid box and uniform change within months.  Using average GCM output does not account for possible changes in inter-annual variability.

Many studies have used output from individual grid boxes, but some question the reliability of such data.  Hewitson (2003) suggests averaging GCM output in the grid box with the eight adjoining grid boxes to smooth out changes from grid box to grid box.  Cubic splines can also be used to smooth out grid scale variation.  
4.6.2 Statistical downscaling

Statistical downscaling develops high resolution changes in climate based on larger scale output from GCMs.  Relative to modelling, it is a simpler method for developing high resolution data.  It may be particularly useful for simulating change in regions where features such as small islands and mountainous areas are not captured by GCMs.  
Statistical downscaling is based on the presumption that the relationship between the large-scale variables (predictors) and the small-scale variables (predictands) remains the same under climate change as under present climate.  This may not always be the case.

The IPCC developed guidance on the use of statistical downscaling.  It can be obtained at http://ipcc-ddc.cru.uea.ac.uk/guidelines/StatDown_Guide.pdf.

The Statistical DownScaling Model (SDSM) has been applied globally using the Hadley model (HadCM3) and is available at http://www.cics.uvic.ca/scenarios/index.cgi?Scenarios.
4.6.3 Regional climate models
Regional climate models (RCMs) are much higher resolution models that focus on a region, typically at a continental or subcontinental scale.  Their grid boxes are 50 km or less across.  They are therefore able to capture many regional features that GCMs cannot.  However, RCMs must be run with boundary conditions from GCMs (e.g., changes in pressure patterns, sea surface temperatures), so there are typically RCM runs for only a few GCMs.  Some applications are for limited periods of time, e.g., a simulated decade.  The advantage of RCMs is that they can provide better spatial representation of climate change than GCMs, but they cannot correct for errors in boundary conditions.  
The IPCC developed guidance on the use of RCMs.  It can be obtained at http://ipcc-ddc.cru.uea.ac.uk/guidelines/dgm_no1_v1_10-2003.pdf.

4.6.4 Brief review of options

Table 4.2 provides a brief summary of the advantages and disadvantages of options for creating climate change scenarios.

4.7 Selecting Climate Change Scenarios

It is helpful to understand what is known and not known about possible changes in climate for the region of interest.  One way to do this is to look across a number of GCMs to see what they project about regional climate.  Although this may not completely bound uncertainty about regional climate change, it can be a useful indicator of how broad the uncertainty may be.

	Table 4.2.  Advantages and disadvantages of climate change scenario options

	Options
	Sub-options
	Advantages
	Disadvantages

	Arbitrary scenarios
	
	Easy to create and apply

Can represent broad range of potential changes in climate
	Combinations may be physically implausible

Could represent very unlikely changes in regional climate

	Analogue scenarios
	Instrumental record
	High spatial and temporal resolution

Captures climate variability
	Recent record captures only a limited increase in GHG concentrations

	
	Paleoclimate reconstructions
	Can reflect a wider range of climate conditions than instrumental record
	Forcing conditions not the same as anthropogenic increases in GHG concentrations

	Climate models
	GCMs
	Simulate global response to increased GHG concentrations

Internally consistent
	Low spatial resolution

Models have different starting conditions and parameterizations, which makes comparison of results challenging

	
	RCMs
	Substantially higher spatial resolution
	Will not correct for mistakes of GCM

Limited applications, i.e., run with few GCMs

Often run for limited time periods

	
	Statistical downscaling
	Relatively easy way to obtain high spatial and temporal resolution output based on GCMs
	Will not capture change in relationship between GCM variables and climate at the local scale


There are several tools and information sources for examining GCM estimates of regional change.  They all rely on pattern scaling to standardize the output of GCMs.  Pattern scaling employs regional changes in temperature and precipitation from a particular GCM relative to global mean temperature increases from the same GCM.  These patterns can be compared across GCMs to assess differences between models, as an indication of uncertainty.  The patterns can also be modified by changes in global mean temperature, to reflect regional change at different levels of global climate change.

The tools include the following:

} MAGICC/SCENGEN (Wigley and Raper, 2002) uses a one-dimensional model of climate (MAGICC), and allows a user to select emission scenarios, climate sensitivity, time scale and other factors.  MAGICC estimates change in global mean temperature and sea level rise – the same model was used in the IPCC TAR for this purpose.  The SCENGEN component uses the global-mean temperature output from MAGICC to scale up the results from 17 transient GCMs to give regional output on temperature and precipitation on a 5 ( 5° grid.  MAGICC/SCENGEN also allows a user to compare average change in temperature or precipitation simulated by the GCMs relative to intermodel variability (that is, differences in projections of regional temperature and precipitation changes by different models).  This is an indication of whether or not the models are in agreement on the direction of change.  MAGICC/SCENGEN also allows users to examine change in inter-annual variability for individual GCMs.  
ú The model can be obtained at http://www.cgd.ucar.edu/cas/wigley/magicc/.
} COSMIC (Williams et al., 1998) also uses a one-dimensional climate model to estimate changes in global mean temperature and sea level rise.  It uses pattern scaling to adjust output from 14 GCM runs.  These models tend to be older than the ones in MAGICC/SCENGEN.  COSMIC has downscaled the model output (using cubic splines) to 0.5 ( 0.5° grids and then aggregated up to the country level using population and area weights.  The user selects emission scenarios, climate sensitivity, the GCM to be used, and whether population or area weights are used.  Year-by-year results for temperature and precipitation are given at the national level.  
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COSMIC can be obtained (at no cost) by registering with Dr.  Larry Williams of the Electric Power Research Institute (LJWILLIA@epri.com).

} The Finnish Environment Institute published a report entitled “Climate Change in World Regions” (Ruosteenoja et al., 2003) which compares GCM output on temperature and precipitation for sub-continental regions around the world.  The report can easily be consulted for level of agreement and range of estimates for changes in temperature and precipitation at the sub-continental scale.  The report also uses two GCMs to estimate natural variability in temperature and precipitation so analysts can assess whether changes in climate are beyond natural variability.

ú The report can be obtained at http://www.environment.fi/default.asp?contentid = 103483&lan = EN.

4.8 Sea Level Rise Scenarios

Sea level rise scenarios are generally easier to develop than climate change scenarios because unlike climate change, only one variable, sea level, is involved.  Furthermore, there is high confidence that sea level will rise.

Chapter 5 recommends using incremental scenarios of 0.5 and 1.0 metres of sea level rise above 1990 levels by 2100 to capture global (what is sometimes referred to as “eustatic”) sea level rise.  This is essentially the average global increase in sea level resulting from increased GHG concentrations.  
It is important to note that regional rates of sea level rise can vary.  This is the result of regionally differing rates of thermal expansion of the oceans as well as regional differences in atmospheric circulation, which can affect relative sea levels.  In addition, many coastal areas are either subsiding or being uplifted.  One tool to address this is the SIMCLIM Sea Level Generator developed at the International Global Change Institute (IGCI) at the University of Waikato in Hamilton, New Zealand.  This software enables users to generate future scenarios of sea level change that take into account the different factors that can affect sea level rise at the local scale.  The tool can be obtained for USD150 at http://www.climsystems.com/site/products/?id = 1.  Note that guidance on relative sea level rise scenarios will be provided in the future by the IPCC Task Group on Scenarios for Climate and Impact Assessment (TGCIA) (see http://www.ipcc.ch/activity/act.htm) via the IPCC Data Distribution Centre (DDC) web pages (see http://ipcc-ddc.cru.uea.ac.uk/).
4.9 Further Reading

For more detailed discussions on developing climate change scenarios, analysts are encouraged to read the following documents:

Houghton, J.T., Y.  Ding, D.J.  Griggs, M.  Noguer, P.J.  van der Linden, D.  Xiaosu, and K.  Maskell (eds.).  2001.  Climate Change 2001:  The Scientific Basis.  Cambridge University Press, New York.  
IPCC-TGCIA.  1999.  Guidelines for the Use of Scenario Data for Climate Impact and Adaptation Assessment.  Version 1.  Prepared by T.R.  Carter, M.  Hulme, and M.  Lal for Intergovernmental Panel on Climate Change, Task Group on Scenarios for Climate Impact Assessment.  Available at http://ipcc-ddc.cru.uea.ac.uk/guidelines/guidance.pdf.
Mearns, L.O., M.  Hulme, T.R.  Carter, R.  Leemans, M.  Lal, and P.  Whetton.  2001.  Climate scenario development.  In Climate Change 2001:  The Scientific Basis, J.T.  Houghton, Y.  Ding, D.J.  Griggs, M.  Noguer, P.J.  van der Linden, D.  Xiaosu, and K.  Maskell (eds.).  Cambridge University Press, New York.  Available at http://www.grida.no/climate/ipcc_tar/wg1/pdf/TAR-13.PDF.

Smith, J.B.  and M.  Hulme.  1998.  Climate change scenarios.  In Handbook on Methods for Climate Change Impact Assessment and Adaptation Strategies, J.  Feenstra, I.  Burton, J.B.  Smith, and R.  Tol (eds.).  Institute for Environmental Studies, Free University, Amsterdam.  Available at http://www.ivm.falw.vu.nl/images_upload/EBA2ED27-994E-4538-B0F0C424C6F619FE.pdf.  
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Figure 4.1.  Steps to develop climate change scenarios.











Other sources of information


The following are good sources of information on climate change scenarios:


IPCC TGCIA Guidelines for the Use of Scenario Data for Climate Impact and Adaptation Assessment.  Available at � HYPERLINK "http://ipcc-ddc.cru.uea.ac.uk/guidelines/guidance.pdf" ��http://ipcc-ddc.cru.uea.ac.uk/guidelines/guidance.pdf�.  


IPCC Data Distribution Centre Technical Guidelines and Other Supporting Material.  Available at � HYPERLINK "http://ipcc-ddc.cru.uea.ac.uk/guidelines/index.html" ��http://ipcc-ddc.cru.uea.ac.uk/guidelines/index.html�.








� Other anthropogenic activities, such as land-use change and emission of air pollutants, can have significant effects on local and regional climate change relative to the influence of increased GHG concentrations.
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