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9. Integration

Climate change impacts do not happen in isolation from each other.  What happens in one sector or region can affect other sectors or regions.  Indeed, impacts that are the result of a climate impact on another sector, region or population can be as important as the direct effects of climate change.  For example, irrigated agriculture could be more sensitive to reduced deliveries of water for irrigation if climate change resulted in a decline in runoff than to the effect of higher temperatures on crop yields.  It may be important for policy makers and other stakeholders to understand how a sector, community, region or nation could be affected in total by climate change, and what the total economic impact may be.  This can be useful to understand the severity of climate change, to set policy goals for adaptation and mitigation, and to understand how climate change could affect sustainable development (e.g., meeting Millennium Development Goals).  In addition, it may be important to know how different sectors, regions or populations compare in terms of relative vulnerability to help set priorities for adaptation.  
Two types of integration are briefly covered in this chapter.  One, cross-sectoral integration, involves integrating impacts across related sectors.  These are sectors that can be directly affected by climate change and by climate change impacts in other sectors.  Cross-sectoral integration involves examining sectors that are interrelated, such as water resources and agriculture.  For example, human health can be directly affected by increased temperature extremes, which can cause heat stress.  It can also be affected by changes in water resource management.  For example, cisterns and other devices used to capture rainfall can also be breeding grounds for mosquitoes that can transmit disease.

The second type of integration, multisector integration, involves combining results across all impacts in all sectors.  The point of this is to estimate the total effects of climate change or to compare relative impacts and vulnerabilities across sectors.  This involves examining impacts across sectors using a common method to sum, compare or contrast results.  This is essentially a synthesis of results.  Note though that such integration often involves examining sectors that may not be closely related, i.e., where vulnerability in one sector can be analysed independent of vulnerability in another sector.

The two types of integration can be complicated and can involve a substantial amount of work to address in a national communication, particularly if quantitative integration is involved.  But the work can be worth the effort because integration can also yield important and interesting results and insights.  Given the difficulty of quantitative integration, it is recommended that, at a minimum, qualitative integration be conducted.

9.1 Cross-Sectoral Integration

Both qualitative and quantitative methods can be used for cross-sectoral integration.  Both methods are briefly discussed.

9.1.1 Qualitative cross-sectoral integration

Qualitative methods involve identifying linkages and at the least the direction of impacts.  These rely on application of expert judgement, which requires understanding of sectors and linkages.  Table 9.1 shows a simple example for agriculture and water resources.  The arrows indicate the direction of change in impacts on a particular sector.  A down arrow next to agricultural production means that agricultural production decreases; a down arrow next to human health means that human health can decline.  A drier climate reduces water supplies, which can result in reduced water supplies for agriculture.  At the same time, a drier climate can result in reduced crop yields and increased water demand for agriculture.  
	Table 9.1.  Simple integration of climate change impacts

	Climate change
	First order impacts
	Second order impacts
	Responses/feedbacks

	Drier climate
	Water supply (
	Agricultural production (
	Increased demand for water for irrigation, potentially further reducing water supplies.

	Wetter climate
	Vegetation cover ( 

Standing water (
	Human health ( 
	Wetter conditions increase potential for disease transmission.  One possible response is increased use of pesticides, which has the potential to harm natural vegetation.


In contrast, a wetter climate can result in more favourable conditions for disease transmission, which could adversely affect human health.  Among the potential responses are increased applications of pesticides, which can adversely affect the environment and human health.  
Simple qualitative tables such as these can be useful for identifying linkages among sectors, but cannot quantify how the climate change impacts in one sector may affect another sector.  
Another way of displaying such relationships is through figures.  Figures make it easier to see how sectors can affect each other.  Figure 9.1 is an example of a figure displaying the links between sectors.

It is recommended that such tables or figures be used to identify linkages among related sectors.  These figures can serve as a map for modelling linkages.  Even if it is not feasible to model linkages, the figures can help analysts and stakeholders identify and think through the cross-sectoral implications of climate change.


[image: image1]
9.1.2 Quantitative cross-sectoral integration

Quantitative integration involves linking models for related sectors or applying models that integrate across sectors.  One approach is to tie together two or more models of related sectors.  This requires that outputs of one model feed into another model, so common variables expressed at common spatial and temporal units are used.  Often, transformations are necessary.  Linking two models that may not have been built to integrate with each other can be challenging.

One form of quantitative sectoral linkage builds on models discussed in this handbook.  The water chapter (Chapter 6) discusses models that integrate supply and demand.  In particular, the WEAP model was designed to be used to integrate water supply and demand in different settings.  Among its modules are ones that calculate surface and groundwater run-off.  The agriculture chapter discusses crop models that estimate changes in yields and water demand (see Chapter 7).  The CERES models can be used to estimate changes in crop water needs
(i.e., how much water a field needs, whether from precipitation or irrigation).  CROPWAT and WEAP can use the information on crop water needs from the CERES models to estimate change in regional demand for irrigation, with CROPWAT focusing on the design and management of local irrigation schemes.  WEAP can use changes in crop water requirements to estimate irrigation demands in a watershed context while incorporating changes in socio-economic factors such as population, economic growth and technology to estimate the effect of those changes on water demand.  
WEAP integrates the socio-economic changes along with the climate change impacts on water supply and demand to project how much water irrigation would be available, given changes in supply and other demands (which could also be estimated or for the sake of simplicity assumed to remain unchanged).  The change in irrigation water supply could be used in the CERES models to estimate change in crop yields.  These models have been used to examine integrated impacts of climate change on water resources and agriculture in several regions around the world (Strzepek et al., 1999; Rosenzweig et al., 2004).
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Another approach is to apply models that integrate related sectors across part of an economy.  As opposed to linking models that were built separately, these integrated models were built to analyse multiple sectors and interactions between them.  An example is the use of the Egyptian Agricultural Sectoral Model (EASM) to examine how changes in water supplies, available land and crop yields would affect agricultural production in Egypt (Yates and Strzepek, 1998).  Egyptian agricultural production would be affected by direct effects of climate change on crop yields and demand for irrigation and indirectly affected by changes in water supply (flow of the Nile) and arable land (sea level rise inundating agricultural land in the Nile Delta).  The analysis found that changes in water supply could have a much greater impact on agricultural production than changes in crop yields or availability of land.

This example illustrates the value of integrated assessment.  It is not so much about providing specific numbers as identifying and assessing interactions and the relative importance of relationships among different sectors.  The Egypt example points out that change in water supply could be the most critical factor affecting Egyptian agriculture; it would be more difficult to come to this conclusion by examining agriculture in isolation from other related impacts.  Such information can be important for identifying the source of vulnerability to climate change and addressing adaptation.

9.2 Multisector Integration 

The purpose of multisector integration is to help understand how a society as a whole might be affected by climate change.  It is intended to help understand the breadth of climate change impacts (e.g., what sectors, regions, populations might be affected) and the potential severity of impacts (e.g., how many people could be harmed, how much might economic output be changed).

To be effectively applied, multisector integrations need to be as comprehensive as possible, i.e., covering as many affected sectors, regions and populations as possible.  In addition, it is helpful, although not necessary, that a common metric be used.  A common metric, such as the number of people affected or monetary impact, allows for direct comparison of magnitude and summing of impacts across sectors.  
If use of a common metric is not possible, even a list of affected sectors based on different metrics or qualitative scaling of impacts (see discussion of multicriteria in Chapter 10) can be a useful communication tool.  Such a qualitative (or virtual qualitative) approach to integration may be the simplest form of integration, but it can also be quite informative.

There are both relatively simple and more complex methods for quantitatively combining results across many sectors, regions or affected groups.

Simple quantitative integration involves listing of impacts using a common metric, which is often monetary units.  This is particularly appropriate for economic sectors because they place a monetary value on goods and services.  Results from non-economic sectors, such as human health or biodiversity, can be expressed in monetary terms, but because these sectors are not market sectors (they are not typically traded in markets), such monetary valuations can be complicated to develop, involve much uncertainty and may not be meaningful to all potential users of results.  
Table 9.2 gives examples of estimates of sectoral climate change damages for the United States.  Results for the United States are presented because many of the sectoral estimates are based on sectoral studies done for the nation.  Many of the estimates of sectoral damages in the table, however, were based on the judgement of the authors.  In contrast, to date, there are no comprehensive estimates of sectoral impacts of climate change on developing countries based on studies of impacts within the country.  Some estimates are available (e.g., Nordhaus and Boyer (2000) estimate sectoral impacts for India and China; and Mendelsohn et al. (2000) estimate country-by-country net economic impacts), but these are essentially extrapolations of analyses in developed countries.
	Table 9.2.  Estimates of economic impacts of climate change on the United States (billions 1990 U.S.  dollars)

	
	Cline, 1992
(2.5°C)
	Fankhauser, 1995
(2.5°C)
	Nordhaus, 1994
(3°C)
	Titus, 1992
(4°C)
	Tol, 1995
(2.5°C)

	Agriculture
	17.5
	3.4
	1.1
	1.2
	10.0

	Forest loss
	3.3
	0.7
	a
	43.6
	a

	Species loss
	4.0
	1.4
	a
	a
	5.0

	Sea level rise
	7.0
	9.0
	12.2
	5.7
	8.5

	Electricity
	11.2
	7.9
	1.1
	5.6
	a

	Non-electric heating
	-1.3
	a
	a
	a
	a

	Mobile air conditioning
	a
	a
	a
	2.5
	a

	Human amenity
	a
	a, b
	
	a
	12.0

	Human mortality and morbidity
	5.8
	11.4b
	
	9.4
	37.4

	Migration
	0.5
	0.6b
	
	a
	1.0

	Hurricanes
	0.8
	0.2b
	
	a
	0.3

	Leisure activities
	1.7
	a, b
	
	a
	a

	Water supply
	
	
	
	
	

	Availability
	7.0
	15.6b
	
	11.4
	a

	Pollution
	a
	a, b
	
	32.6
	a

	Urban infrastructure
	0.1
	a, b
	
	a
	a

	Air pollution
	3.5
	7.3b
	
	27.2
	a

	Total
	
	
	
	
	

	Billions
	61.1
	69.5
	55.5
	139.2
	74.2

	Percent of GDP
	1.1
	1.3
	1
	2.5
	1.5

	a.  Items that are not assessed or quantified or are judged to be small.
b.  0.75% of GDP.
Source:  Nordhaus and Boyer, 2000.


Table 9.3 gives an example of an aggregation for India.  The numbers are in billions of U.S. dollars per year, with the GDP in India expected to be $7.3 trillion.  Therefore, the effects are about 1% of GDP.  The estimates were not developed based on analysis in India, but are extrapolations from estimates of impacts in (Organisation for Economic Co-operation and Development) OECD countries.  The results should be treated as purely illustrative.
	Table 9.3 Estimated economic impacts of climate change on India in 2100 with a 2.5°C warming and no change in precipitation

	Sector
	Damages (billions of U.S.  dollars)a

	Agriculture
	53.2

	Forestry
	-0.1

	Energy
	21.9

	Water resources
	1.2

	Coastal resources
	0.1

	a.  Negative numbers are benefits.

Source:  Robert Mendelsohn, Yale University, personal communication, April 1, 2005.


Such aggregations should be treated with much caution.  Although all sectors are presented, often little information is given on the confidence of estimates.  Some estimates are taken from relatively specific studies of impacts (e.g., in agriculture), whereas others may be educated guesses by the authors (e.g., loss from catastrophe).  Furthermore, many factors, such as change in frequency of extreme events, are not considered in such studies.  So it is important to convey uncertainties, and such studies should be used as indications of relative impacts, not as predictions.

A much more complex method is to apply macroeconomic models.  Such models have been used to examine integrated impacts of climate change on countries such as the United States (e.g., Jorgensen et al., 2004).  The advantage of applying these models is that they can identify how costs of damages from or adaptation to climate change can reverberate throughout a country’s economy.  A disadvantage is that models must be built for each application.  These can be complicated and expensive to undertake.  Those interested in finding out more about national economic models can explore the web site of Regional Economic Models Inc.  (REMI; see Table 9.4).  Another form of integration is integrated assessment models (IAMs).  These models are intended to examine the climate system as a whole and are built for such purposes as examining the consequences of different development paths or greenhouse gas emission scenarios.  IAMs typically estimate population and economic growth, land use, greenhouse gas emissions, changes in climate and sea level, and impacts.  Many of these models address impacts in limited ways, although more recent models are addressing them more thoroughly.

Table 9.4 lists web sites for models discussed here.

	Table 9.4.  URLs for models discussed in this chapter

	Model
	URL

	WEAP
	http://www.weap21.org/

	DSSAT
	http://www.icasa.net/dssat/

	CROPWAT
	http://www.fao.org/ag/AGL/AGLW/cropwat.stm

	REMI (regional economic models)
	www.remi.com

	IMAGE
	http://www.mnp.nl/image/


One example of an IAM is the IMAGE model, developed in the Netherlands.  It is a global model, but it examines impacts at a 50 km grid scale.  The main components of the model are the energy system, the atmosphere and the terrestrial vegetation system.  The last includes natural vegetation and managed vegetation (e.g., crop agriculture).  IMAGE can be used to examine the potential consequences of different greenhouse gas emissions scenarios for unmanaged and managed vegetation in a country.  
9.3 Concluding Thoughts

Integration may be necessary to address questions posed by policy makers and other stakeholders and should be undertaken to help understand such matters as how impacts in one sector can affect another sector, particularly if those secondary effects overwhelm the direct effects of climate change.  It should also be undertaken if it is important to understand relative or total impacts on a country or society.  
As with applications of any models, integrated modelling needs to be thought of as a tool to help provide useful information.  There can be a tendency to become fascinated with linking models and building more complicated models to address increasingly complicated questions.  
The limitations of such models and tools should always be recognized and results should be interpreted with caution, but with an eye to what they can inform us about vulnerability and adaptation.
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Figure 9.2.  Water resources and agriculture integration using WEAP, CERES and CROPWAT.
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Figure 9.1.  Relationships among climate change, water supply and agriculture.  
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