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1 Introduction

1.1 Background

The Millennium Ecosystem Assessment intends to use scenarios as one of the main tools to assess the possible future state of ecosystems and their functions for human society under different assumptions. These scenarios intends to be both qualitative and quantitative. The quantitative scenarios are developed by the Global Modeling Exercise that involve coupling and running experiments with a set of global models. In order to simulate certain Ecosystem Services these models are run using a set of storyline-based assumptions for 'driving forces' such as population, economic developments and technology dynamics. The exercise produce consistent and globally-comprehensive quantitative information about important aspects of global ecosystems. These include crop production, status of freshwater resources, land cover and fishery yield. 

1.2 Aim of global modeling within the Millennium Assessment 

The role of modeling within the Millennium Assessment (MA) have several priorities. This is first of all a check of the consistency of the used storylines, that are describing the scenarios. Furthermore numerical information will be provided by the modeling. This information will be computed taking into account regional details and the results will also be presented on a regional scale. In addition the global modeling will provide an insight into policy alternatives based on the used scenarios and story lines. 

2 Models used in the Global Modeling Exercise of the Millennium Ecosystem Assessment

2.1 Introduction

This exercise couple and run a set of global models with harmonized inputs and outputs. The models are used to produce consistent and globally-comprehensive quantitative information about important aspects of global ecosystems, their services, and their impacts on human well-being. Quantitative scenarios are generated about crop production, status of freshwater resources, land cover, fishery yield, and other important indicators of ecosystems. First the models have been soft-linked, and run with a set of drivers consistent with the storylines developed by the Scenario Working Group. Next, the calculations from the various models are harmonized into a set of consistent quantitative scenarios. Finally, the quantitative scenarios are harmonized with the scenario storylines by revising the storylines and re-running the models. The cycle of revising storylines and quantitative scenarios will be repeated until a rich set of qualitative and quantitative scenarios are produced with as high a level of consistency as possible. The model exercise will have world-wide coverage, and a time horizon up to 2050, with less detail up to 2100. Indicators about ecosystem services in the categories of “provisioning”, “regulating” and “supporting” services are computed.

The models are run with a consistent set of inputs and output formats, and the output of some of the models will serve as input to other models involved. The models currently involved in the Modeling Exercise are: 
1. The IMPACT model of IFPRI, United States which computes global agricultural production according to different world regions and selected countries.

2. The WaterGAP model of the University of Kassel, Germany which computes global water use and availability on a watershed scale.

3. The AIM global change integrated model of the National Institute for Environment Studies, Tsukuba, Japan which computes land cover and other indicators of global change on a world-wide basis, with emphasis on Asia. 

4. The IMAGE 2 global change integrated model of RIVM which computes global land cover and other indicators of global change.

5. The ECOSIM model of world fisheries of the University of British Colombia, Canada which relates fish catch to trophic levels in marine ecosystem regions (not integrated at this stage). 

The inputs to the models will be harmonized by adopting a set of inputs consistent with the storylines of the MA Scenarios Working Group. The outputs to the models will be harmonized by using an agreed-upon set of output indicators with particular temporal and spatial details.

In the following sections a brief description of the applied models is presented. The description contains information on the input data necessary to run the models, the provided output information and its resolution in time and space as well as the basic dynamics of the model and main model assumptions. Further details are provided on the history and on the main projects the model was applied for in the past. For more detailed model information a reference list is added.

2.2 AIM

Asia-Pacific Integrated Model (AIM)

The Asia-Pacific Integrated Model (AIM) is a large-scale computer simulation model developed by the National Institute for Environmental Studies in collaboration with Kyoto University and several research institutes in the Asia-Pacific region. The AIM assesses policy options for stabilizing global climate, especially in the Asia-Pacific region, with objectives of reducing greenhouse gas emissions and avoiding the impacts of climate change. The AIM model has been used in the development of one of the marker scenarios for IPCC/SRES. Modelers and policy makers have recognized that climate change problems have to be solved in harmony with other policy objectives such as economic development and environmental conservation. The AIM model has thus been extended to take into account a range of environmental problems such as ecosystem degradation and waste disposal in a comprehensive way. The extended version was used for UNEP’s GEO3 report. Long-term scenarios of environmental factors quantified using AIM/Water, AIM/Agriculture and AIM/Ecosystem have been utilized for MA. 

Main model assumptions and basic structure

AIM/Water estimates country-wise water use (withdrawal and consumption in agricultural, industrial and domestic sector), country-wise renewable water resource, spatial distribution of water use and renewable water resources with resolution of 2.5' x 2.5', and basin-wise water stress index. Figure 1 presents an overview over the main components of the AIM/Water sub model. Future scenarios of population, GDP, technological improvements and historical trend of population with access to water supply are the basic inputs used in the estimation of water use. The country-wise water use is then disaggregated to grid cells of raster data in proportion to the spatial densities of population and cropland. The change in renewable water resource is estimated by considering future climate change as input data. In order to obtain a water stress index, water withdrawal and renewable water resource are compared in each river basin. See also Harasawa et al. (2002) for a more detailed description.

AIM/Agriculture estimates potential crop productivity of rice, wheat and maize with the spatial resolution of 0.5o x 0.5o. Figure 2 shows a conceptual overview over the AIM /Agriculture sub model. Climatic factors are then taken as inputs to simulate net accumulation of biomass through photosynthesis and respiration. They include monthly temperature, cloudiness, precipitation, vapor pressure, and wind speed. The physical and chemical properties of soil such as soil texture and soil slope are also considered in estimating suitability for agriculture (Takahashi et al., 1997).

AIM/Ecosystem is a global computable general equilibrium model. The model structure is schematicly shown in figure 3. It is an economic model with 15 regions and 15 sectors. The model has been developed for the period 1997-2100 with recursive dynamics (see Fig 3). Prices and activities are calculated in order to balance demand and supply for all commodities and production factors. AIM/Ecosystem model is linked to AIM/Agriculture model in terms of land productivity changes resulting from climate change. The main drivers of this dynamics are population, production investment and technology improvement. In this model, various environmental issues such as deforestation and air pollution are included. These interact with the economy through provision of resources and maintenance and degradation of the environment. This model thus estimates consistently economic activities such as GDP and primary energy supply, the related environmental load such as air pollution, and environmental protection activities such as investments in desulfurization technologies (Masui et al., forthcoming). 
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Fig.1  Structure of AIM/Water
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Fig.2  Structure of AIM/Agriculture
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Fig.3  Structure of AIM/Ecosystem
2.3 IMPACT

International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT)

The International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT) was developed in the early 1990s as a response to concerns about a lack of vision and consensus regarding the actions required to feed the world in the future, reduce poverty, and protect the natural resource base as part of IFPRI’s 2020 Vision for Food, Agriculture and the Environment Initiative (Rosegrant, Agcaoili-Sombilla, and Perez 1995).

Early on, IMPACT was recognized as a leading agricultural sector model for assessing the global food situation, and has been applied to a wide variety of contexts for medium- and long-term policy analysis of global food markets. Applications include commodity-specific analyses (for example, for roots and tubers [Scott, Rosegrant, and Ringler 2000], for livestock [Delgado et al. 1999], and for fisheries [Delgado et al. 2003]); regional analyses (for example, the consequences of the Asian financial crisis [Rosegrant and Ringler 2000], or the role of China in global food markets [Rozelle and Rosegrant 1997]); and the analysis of alternative food preferences (Rosegrant, Leach, and Gerpacio 1999). Analyses based on IMPACT projections have also been carried out for the World Bank, the Asian Development Bank, the FAO, and national governments. In 2002 a separate IMPACT-WATER model was developed that incorporates the implications of water availability and nonagricultural water demands on food security and global food markets (Rosegrant, Cai, and Cline 2002).

Model Structure and Data 

IMPACT is a representation of a competitive world agricultural market for 32 crop and livestock commodities, including all cereals, soybeans, roots and tubers, meats, milk, eggs, oils, oilcakes and meals, sugar and sweeteners, fruits and vegetables, and fish commodities. It is specified as a set of 43 country or regional sub-models, within each of which supply, demand and prices for agricultural commodities are determined. The country and regional agricultural sub-models are linked through trade, a specification that highlights the inter-dependence of countries and commodities in global agricultural markets. The model uses a system of supply and demand elasticities incorporated into a series of linear and nonlinear equations, to approximate the underlying production and demand functions. World agricultural commodity prices are determined annually at levels that clear international markets. Demand is a function of prices, income and population growth. Growth in crop production in each country is determined by crop prices and the rate of productivity growth (Figure 4). The model is written in the General Algebraic Modeling System (GAMS) programming language. The solution of the system of equations is achieved by using the Gauss-Seidel method algorithm. This procedure minimizes the sum of net trade at the international level and seeks a world market price for a commodity that satisfies market-clearing conditions. 

IMPACT generates annual projections for crop area, yield, production, demand for food, feed and other uses, prices, and trade; and livestock numbers, yield, production, demand, prices, and trade. The current base year is 1997 (three-year average of 1996-98) and the model incorporates data from FAOSTAT (FAO 2000), commodity, income, and population data and projections from the World Bank (WDI 2000, World Bank 1998, 2000) and the UN (UN 1998), a system of supply and demand elasticities from literature reviews and expert estimates, and rates for malnutrition from ACC/SCN (1996)/WHO (1997) and calorie-malnutrition relationships developed by Smith and Haddad (2000). For MA purposes, the projections period has been updated from 1997-2025 to 2100. Additional details can be found in Rosegrant, Meijer, and Cline (2002).



References

ACC/SCN (United Nations Administrative Committee on Coordination–Subcommittee on Nutrition). 1996. Update on the Nutrition Situation, 1996. Geneva: United Nations Administrative Committee on Coordination–Subcommittee on Nutrition.

Delgado, C.L., N. Wada, M. Rosegrant, S. Meijer, and M. Ahmed. 2003. Fish to 2020: Supply and demand in a changing world. Washington, D.C.: International Food Policy Research Institute Book Series (in press).

Delgado, C.L., M.W. Rosegrant, H. Steinfeld, S. Ehui, and C. Courbois. 1999. Livestock to 2020. The Next Food Revolution. IFPRI 2020 Vision for Food, Agriculture, and the Environment Discussion Paper No. 28. Washington, D.C.: International Food Policy Research Institute.

FAO (Food and Agriculture Organization). 2000. FAOSTAT database. Accessible via FAO home page at http://apps.fao.org/.

Huang, J., S. Rozelle, and M.W. Rosegrant. 1997. China's food economy to the twentyfirst century: Supply, demand, and trade. IFPRI 2020 Vision for Food, Agriculture, and the Environment Discussion Paper No. 19. Washington, D.C.: International Food Policy Research Institute.

Pandya-Lorch, R. and M.W. Rosegrant. 2000. Prospects for Food Demand and Supply in Central Asia. Food Policy 25(6): 637-646.

Smith, L. and L. Haddad. 2000. Explaining Child Malnutrition in Developing Countries: A Cross-Country Analysis. IFPRI Research Report. IFPRI: Washington, DC.

Rosegrant, M. W., X. Cai, and S. Cline. 2002. World Water and Food to 2025: Dealing with Scarcity. Washington, D.C.: International Food Policy Research Institute Book Series. 

Rosegrant, M.W., S. Meijer, and S. Cline. 2002. International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT): Model Description. Washington, D.C.: IFPRI.

Rosegrant M. W., M. S. Paisner, S. Meijer, and J.Witcover. 2001. Global Food Projections to 2020: Emerging Trends and Alternative Futures. Washington D.C.: International Food Policy Research Institute.

Rosegrant, M.W. and P. B. R. Hazell. 2000. Transforming the Rural Asian Economy: The Unfinished Revolution. Hong Kong: Oxford University Press.

Rosegrant, M.W. and C. Ringler. 2000. Asian Economic Crisis and the Long-Term Global Food Situation. Food Policy 25(3): 243-254.

Rosegrant, M.W., N. Leach, and R.V. Gerpacio. 1999. Alternative futures for world cereal and meat consumption. Proceedings for the Nutrition Society 58(2): 219-234.

Rosegrant, M.W. and C. Ringler. 1997. World Food Markets into the 21st Century: Environmental and Resource Constraints and Policies. The Australian Journal of Agricultural and Resource Economics 41(3): 401-428.

Rosegrant, M.W., M.C. Agcaoili-Sombilla and N. Perez. 1995. Global food projections to 2020: Implications for investment. IFPRI 2020 Vision for Food, Agriculture, and the Environment Discussion Paper No. 5. Washington D.C., International Food Policy Research Institute.

Rozelle, S. and M.W. Rosegrant. 1997. China's past, present, and future food economy: Can China continue to meet the challenges? Food Policy 22(3)(June): 191-200.

Scott, G.J., M.W. Rosegrant, and C. Ringler. 2000. Global projections for root and tuber crops to the year 2020. Food Policy (25)5: 561-597.

UN (United Nations). 1998. World population prospects: 1998 revisions. New York:

United Nations.

WHO (World Health Organization). 1997. WHO Global Database on Child Growth and Malnutrition. Programme of Nutrition. WHO Document #WHO/NUT/97.4. Geneva: World Health Organization.

World Bank. 2000. Global Commodity Markets: A Comprehensive Review and Price Forecast. Developments Prospects Group, Commodities Team. Washington D.C.: The World Bank 1998. World Development Indicators on CD-Rom. Washington, D.C.: The World Bank.

2.4 WaterGAP

Water – Global Assessment and Prognosis 

The WaterGAP model has been developed at the Center for Environmental Systems Research at the University of Kassel in Germany in cooperation with the National Institute of Public Health and the Environment of the Netherlands. The aim of the model is to provide a basis (i) to compare and assess current water resources and water use in different parts of the world, and (ii) to provide an integrated long-term perspective of the impacts of global change on the water sector. WaterGAP belongs to the class of environmental models which can be classified as ‘integrated’ because they seek to couple and thus integrate different disciplines within a single integrated framework. In this section a brief overview of the model is presented; for more detailed descriptions of the model the reader is referred to Alcamo and Henrichs (2002) and Döll et al. (2003). The WaterGAP model was applied in several global and regional assessment studies on the current and future state of water resources in the recent past. For further information see Alcamo et al. (2003), Lehner et al. (2001) or Alcamo et al. (2000).

Main assumptions and basic model structure
WaterGAP comprises two main components, a Global Hydrology Model and a Global Water Use Model (Figure 5). The Global Hydrology Model simulates the characteristic macro-scale behavior of the terrestrial water cycle to estimate water resources, while the Global Water Use Model computes water use for the sectors households, industry, irrigation, and livestock. All calculations cover the entire land surface of the globe (except Antarctica) and are performed on a 0.5° by 0.5° spatial resolution (this is presently the highest feasible resolution for global hydrological models because climatic input is usually not available at higher levels of detail.)

The model was used to calculate the water availability and water withdrawals in more than 10,000 'first-order' river basins that cover the entire land surface of the earth except the ice caps. These river basins either drain into the ocean or into inner-continental sinks and include 3565 basins with drainage areas larger than 2500 km2. The 34 largest 'first-order' basins (with areas greater than 750,000 km2) are further sub-divided to improve the assessment of the water resources. 
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Fig.5: Schematic representation of the global model of water availability and water use WaterGAP 2

The Global Hydrology Model of WaterGAP
The WaterGAP Global Hydrology Model calculates a daily vertical water balance for both the land area and the open water bodies at each of the 0.5° cells (Figure 6). The vertical water balance for the land fraction in a cell consists of a canopy water balance and a soil water balance. These are calculated as functions of land cover, soil water capacity, and monthly climate variables (i.e. temperature, radiation, and precipitation). The canopy water balance determines which part of the precipitation is intercepted by the canopy and directly evaporates, and which part reaches the soil as throughfall. At this level, the soil water balance subdivides the throughfall into evapotranspiration and total runoff. A different vertical water balance for open water bodies is applied to lakes, reservoirs, and wetlands (based on a global 1-minute wetlands, lakes, and reservoirs map by Lehner and Döll (2001)), where the runoff is computed as the difference between precipitation and open water evaporation. The sum of the runoff produced within a cell and the discharge flowing into a cell from upstream is transported through a series of storages that represent groundwater, lakes, reservoirs, wetlands, and the river itself. Finally, the total cell discharge is routed to the next downstream cell following a global drainage direction map (Döll and Lehner 2002) to compute river discharge.

A tuning of the total discharge against measured values (GRDC 2000) is performed for 724 drainage basins world-wide (i.e. covering half the global land area, except Antarctic), such that the long-term average annual discharge is within one per cent of measured discharge. For drainage basins without measured discharge data, runoff factors are regionalized with the application of a multiple regression approach. A detailed description of the validation of the WaterGAP Global Hydrology Model is provided elsewhere (Döll et al. 2003).

Fig. 6:
Schematic representation of the Global Hydrological Model of WaterGAP 2 (from Döll et al. 2003). The vertical water balance of the land and open water fractions of each 0.5° by 0.5° cell is linked to a lateral transport scheme, which first routes the runoff through a series of storages within the cell. The resulting cell’s outflow is routed to the downstream cell following a global drainage direction map to calculate river discharge. [P: precipitation, Ec: evapotranspiration from canopy,  Ea: actual evapotranspiration from soil, Rl: runoff from land, Rg: groundwater recharge, Rs: surface runoff, Qb: baseflow, Epot: potential evapotranspiration] 

The Global Water Use Model of WaterGAP
The WaterGAP Global Water Use Model computes water withdrawals and consumptive water use for main water use sectors: households, industry, irrigation, and livestock. Water withdrawal is the total amount of water that is taken from the terrestrial part of the water cycle. Consumption is understood as the part of the withdrawal that does not return to the terrestrial water cycle. In other words, it is the proportion of water withdrawal that is lost by evapotranspiration during the various use processes. Water use in the households and industry sectors is computed annually, while for the irrigation sector the sub-model operates on a daily basis. 

Each sector’s water use is computed as a function of a ‘water use intensity’ and a ‘driving force’. Variables representing ‘water use intensity’ are per-capita water withdrawals (households), water withdrawals per unit of produced electricity (industry), gross irrigation water requirement per unit of irrigated area (irrigation), and per-animal drinking water use (livestock).

Over time, societies are subjected to ‘structural changes’ and ‘technological changes’, which can lead to changes in the water use intensity. Structural changes are introduced in the model to reflect the idea that variations in water use intensity are connected to the development of economies and lifestyles (households), the shifting of thermal to non-thermal power plants (industry), or changes in climate or the types of crops grown (irrigation). Technological changes run parallel to structural changes and usually lead to improvements in the efficiency of water use, and thus a decrease in water use intensities. 

For households and industry sectors, historical structural changes are estimated from data published by Shiklomanov (1997, 2000a, 2000b) for 26 different world regions. To be able to compute scenarios of country-specific future water use in these two sectors, assumptions on regional structural and technological changes are applied to country estimates for present-day (1995) sectoral water use (Shiklomanov 2000b, WRI 2000). These country-specific values are finally distributed to grid cells following the spatial distribution of population as well as information on urbanization and access to safe drinking water. 

Estimates for the irrigation sector rely on an irrigation sub-model, which calculates irrigation water requirements by cell that reflect an optimal supply of water to irrigated crops (Döll and Siebert 2002). To compute net irrigation requirements (i.e. water consumption), first the cropping patterns (rice and non-rice crops) and optimal growing seasons for each cell with irrigated land are modeled. Then, for each day of the growing season, the net irrigation water intensities are computed as the difference between the crop-specific potential evapotranspiration and the plant-available precipitation. Taking into account region-specific irrigation efficiencies (i.e. consumption to withdrawal ratio), gross irrigation water requirement per unit of irrigated area are computed. Irrigation efficiency and thus water withdrawals for irrigation is subjected to technological change (while irrigation water consumption is assumed to remain unaffected in the model by technological change). 

Once the water use intensities have been determined for each sector, total water use is obtained by multiplying water use intensities by the respective ‘driving forces’. The corresponding driving forces for each sector are country-level scenarios for population (households), electricity production (industry), irrigated area (irrigation), and number of livestock (livestock).
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IMAGE 

The IMAGE 2.2 modelling framework consists of a set of linked and integrated models, which together describe important elements of the cause(response chain of global environmental change. The main objectives of the model are to contribute to scientific understanding, in particular of the linkages between the various subsystems and their uncertainties, and to support decision-making by quantifying the relative importance of major processes and interaction in the cause-response chain. The framework and its sub-models have been described in detail in several publications (Alcamo 1998; IMAGE-team 2001). Important elements of IMAGE include its description of emissions of greenhouse gasses and regional air pollutants, climate change and land use change. In the model, socio-economic processes are mostly modelled at the level of 17 world regions, while climate, land-use and several environmental parameters are modelled at a 0.5 by 0.5 degree resolution. Figure 1 gives an overview of the IMAGE 2.2 model.
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Figure 7: Overview of the IMAGE 2.2 model 

Model overview

The IMAGE 2.2 modelling framework starts with two submodels that describe demographic and macro-economic developments. Next, a global energy model assesses the potential development of production and consumption of energy. Parallel, a set of interlinked models on agricultural production and consumption and land cover deal with the development of production and consumption of food, and the corresponding changes in land use. Results of these models are used to calculate emissions of air pollutants and greenhouse gases, while other submodels in a next step describe changes in the environment and climate system. Finally, an assessment is made of the different impacts for humans and ecosystems. Very important are the feedbacks between the various subsystems, such as changes in climate (precipitation and temperature) that impact crop and grass yields, taken into account in the IMAGE model. Consequently, the location of different types of agriculture and migration of natural ecosystems are considered depending these changes in climate and CO2 concentration.

The most relevant submodels for the purpose of the MA are the TIMER model on energy, the Land Cover Model on land use change and the climate modelling. 

TIMER describes the demand for 10 different energy carriers based on assumptions on the relationship between the demand for energy services and income, changes in technology and depletion dynamics. This model, together with the land-use changes calculated in the AEM/LCM model allow a detailed description of air pollution change and greenhouse gas emissions. 

The Land-Cover Model (LCM) of IMAGE simulates the change in land use and land cover in each region driven by demands for food, including crops, feed, and grass for animal agriculture, timber and biofuels in addition to changes in climate. The model distinguishes 14 natural and forest land-cover types and 5 man-made land-cover types. A crop module based on the FAO agro-ecological zones approach computes the spatially explicit yields of the different crop groups and grass and the areas used for their production, as determined by climate and soil quality (Alcamo 1998). In case expansion of agricultural land is required, a rule-based ‘suitability map’ determines which grid cells are selected. Conditions that enhance the suitability of a grid cell for agricultural expansion are its potential crop yield, its proximity to other agricultural areas and its proximity to water. LCM also includes a modified version of the BIOME model (Prentice et al, 1992) to compute changes in potential vegetation. The potential vegetation is the equilibrium vegetation that should eventually develop under a given climate. The shifts in vegetation zones, however, do not occur instantaneously. In IMAGE 2.2 such dynamic adaptation is modelled explicitly according to the algorithms developed by Van Minnen et al. 2000. The geographical explicit terrestrial carbon cycle, determining the carbon fluxes between the different vegetation types and the atmosphere, deals with the several land-use transitions and delivers the atmospheric CO2 concentration to the climate model (Leemans et al., 2002).

Finally, for climate change IMAGE is based on the MAGICC model that calculates global temperature change. Next, a method developed by Schlesinger et al. (2000) is used to calculate climate change at a grid level based on geographical pattern scaling of GCM results but also taking into account the non-linear cooling effect of sulphur on a regional basis.
History of the model and earlier applications

The first version of the IMAGE 1.0 model was described in Rotmans et al. (1990). This model was a global-average integrated structure for studying climate change issues. This model was used for evaluating polices at both the Dutch national and international level (e.g. IPCC, 1990). From 1992 onwards, development of the IMAGE 2 model started that, above all, deviated from the earlier version by realising that both socio-economic processes and environmental change do not take place at the global-average scale but at much more detailed levels (thus adding the regional descriptions and the 0.5 x 0.5 grid). Since 1992, applications of IMAGE 2 have been many including support of the Dutch government on climate policy, use in IPCC assessment report. In integrated assessment, IMAGE 2 has been a major model supporting the outlook chapters of UNEP’s Global Environment Outlook (in all three reports, the latest in 2002). Moreover, IMAGE was one of the six models that developed IPCC’s scenarios of the Special Report on Emission Scenarios (SRES). The IMAGE 2.2 model, the most recent version, was finalised in 2001. IMAGE 2.2 (including its energy model TIMER) contributed to IPCC’s Third Assessment Report also by elaborating on an ambitious climate policy scenario (van Vuuren et al., 2001). More recently, work has been done on identifying different options for preventing climate change (among other in the context of the Energy Modelling Forum) and on the relationship between air pollution and climate change policy (for the EEA’s European environment assessment report. EEA, 2003).
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3 Scheduling of modeling exercise

The time period of the “First Round Calculations” was from the MA Bangkok meeting (October, 2002) to the MA Costa Rica meeting (March, 2003). The second round runs from the Costa Rica meeting to the Rome/ Prague meeting in October 2003.

The “First Round Calculations” have been further divided into two phases:

· First Phase - from the Bangkok meeting (October, 2002) to the Amsterdam meeting (January, 2003)

· Second Phase  - from the Amsterdam meeting (January, 2003) to the Costa Rica meeting (March, 2003).

The “Second Round Calculations” starts after the Costa Rica - San Jose meeting and they are also further subdivided into two phases:

· First Phase - from Costa Rica meeting (March, 2003) to the Rome meeting (August, 2003)

· Second Phase  - from the Rome meeting (August, 2003) to the Prague meeting (October, 2003). 

4 Structure and model coupling

The structure of this modeling exercise is shown in figure 8. In the first phase the main input information such as demographic, economic and technological information was mainly based on published data (e.g. IPCC data). In the following phases adapted or completely new generated driving forces were used according to intensive discussions within the scenarios and modelers group. In the first phase the data was disaggregated and feed into the IMAGE 2 model and into the AIM model. In the next step the results of the IMAGE 2 model such as climate data, electricity, livestock, GDP and population information are used as input data for the WaterGAP model and for the IMPACT model. Subsequently from the last model data is needed for the ECOSIM model. In the second phase data exchange between the models was intensified and thus the models were more closely coupled. (e.g. irrigation efficiencies and areas from IMPACT to WaterGAP; exchange of food productivity between IMPACT and IMAGE 2; climate pattern and downscaling algorithms from IMAGE to AIM) 

The output of the single models was harmonized and presented in a consistent way for the first round at the Costa Rica - San Jose Scenarios Workshop and for the second round at the Rome Scenarios Workshop. 

5 Adaptation of Storylines in Modeling 

In order to derive quantitative information for the MA the Global Modeling Exercise not only has to run the models but also to convert, adapt and develop the driving forces information described by the qualitative storylines. For the first round there was insufficient time to develop new model inputs; hence, these model inputs were taken from existing scenarios. In the second round new scenarios, and consequently new driving forces were characterized and generated. This process is based on an continuously exchange of information between the modelers and the MA storyline group. The driving force data must be harmonized either with the storylines but also for the different models. The data exchange and documentation is guaranteed by providing and describing the data on both the Modeling Group website at CESR, Kassel and the intranet of MA. 

(See: 
http://www.usf.uni-kassel.de/ma-gmgroup/default.htm or 

http://www.millenniumassessment.org/intranet)

In chapter 6 the detailed development and harmonization of the main driving forces is described. 
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Fig. 8 Structure of modeling exercise and flow of information for First Round Calculations

5.1 Global modeling exercise output 

The output of the global modeling exercise can be split up into several ecosystem services indicators to be computed for first and second round calculations. They can be sorted by type of ecosystem services, such as provisioning services, regulating services and supporting services. The indicators for the provisioning service comprise food, freshwater, fibre, and fuelwood. The regulating service can be described by air quality constituents, climate regulation and erosion whereas the supporting service can be characterized by the indicator primary production. Table 1 in the Annex list the single indicators and the models used to compute them. As agreed upon in Bangkok, model output should be reported for future scenarios for the time steps 2020, 2050, 2100. The reporting entities for the first round calculations are 5 world regions: OECD, Africa, Asia, Latin America, FSU/CE. For the second round the regions have been slightly changed according to model settings to 6 Reporting Regions : Sub-Saharan Africa, MENA (Middle East and North Africa), OECD, FSU (not including Eastern Europe), Latin America and Asia. Where available modelers also provide selected information on global/continental grid (see figure 2 in the Annex).

6 Harmonization of Input Data and Model Calculations 

6.1 First Round Calculations 

6.1.1 Selection of Drivers for the First Round Calculations

At the first MA meeting in Bangkok the Modeling Group decided that there was insufficient time to develop new model inputs that describe the first set of MA storylines; consequently, these model inputs were taken from existing scenarios. A provisional agreement was reached in Bangkok to rely mostly on the IPCC-SRES scenarios for the first round calculations but did not agree on which SRES scenarios to use. A sub-group was given the task of identifying specific SRES scenarios after the meeting. Their recommendations are shown in Table 2 for the following scenarios: Techno garden, Economic Optimism and Elites (see table 2 Annex). Model assumptions for population, economic growth, and electricity were taken from these scenarios. Furthermore, the sub-group recommended (for the sake of the first modeling round) to combine the “Elites” and “Learning” storylines into an “Elites” scenario with two variants – with learning and without learning. This revision of the storylines was, of course, discussed with the entire Scenarios Group in Costa Rica. 

6.1.2 Progress made in the First Phase

The IMAGE 2 model (global change) has been run with IPCC-SRES drivers. 

· First results for change of potential yield, change in crop areas, sulfur and NOx emissions, carbon fluxes were presented. 

· Major issue: coupling with IMPACT model in connection with food production, potential yields, potential productivity, comparison of crop area. 

· Planned work: use natural capital index as indicator for biodiversity, carry-out sensitivity analysis of GCM patterns.

The AIM model (global change) has been run with IPCC-SRES drivers

· First results for NOx emissions, SO2 emissions, biomass energy production, water indicators, changes in cropland, forest land, and others, were presented.

· Planned work: Global model of valuation of ecosystem services. 

The WaterGAP (global water resources) model has been run with IPCC drivers and climate change from IMAGE 2

· First results for water availability, water withdrawals, water stress indicators were presented.

· Major issue: Relationship between ecosystem services and water indicators needs to be clarified. 

The IMPACT model (global food consumption and production) was described. 

· The time horizon of the model must be extended to 2050/2100 for the second phase of model calculations. 

· Illustrative model output were shown for changes in cereal demand, changes in meat demand, international food trade relations, fish consumption.
The EcoSim model (world fisheries) was described, and plans for running and applying the model in the Global Modeling Exercise were presented. 

· Illustrative model output were shown for changes in fish catch, and other indicators. 

6.1.3 Preliminary Conclusions of Modeling Results of the First Phase 

1. The first model results of the MA scenario analysis were somewhat (but not entirely) consistent with the MA storylines formulated in Bangkok. 

2. But the models did not compute very large differences between most scenarios.

3. The model results up to now do not illustrate well the ecological messages of the storylines.

4. Major issues are: how to sharpen the differences between scenarios and better illustrate the ecological messages? Alternatives:

-- Change model inputs;

-- Change model parameter settings;

-- Change interpretation of model output, e.g. change assumed thresholds of “severe water stress”.

More results (from all models) are needed before coming to more concrete conclusions, and these results should be available at the Costa Rica meeting.

6.1.4 Progress made in the Second Phase

Up to the Costa Rica meeting data was linked between the models in a more intensive way, 

· IMPACT provided crop production data for IMAGE 2

· IMPACT provided fish consumption data for EcoSim and irrigated area to WaterGAP.

· WaterGAP provided irrigation water availability to IMPACT.

· WaterGAP provided technological and structural changes of water use to AIM.

· IMAGE 2 provided climate data, electricity, livestock data to WaterGAP

· IMAGE 2 provided cropland area and technological change information for IMPACT

Revision of Drivers 

The population and economic assumptions of the modeling exercise were discussed. The main conclusions were the following:

Population Assumptions – There are big differences between the projections the global modeling group is using, especially for the Elites Scenario, and more recent international projections. This applies in particular to Sub-Saharan Africa, Middle East and China. Because of this discrepancy, it was suggested that IIASA produce an updated population scenario for the Elites Scenario (see Table 3, Annex). 

GDP Assumptions –  in the first phase we have used the A1 GDP drivers for the Economic Optimism scenario. However, it was pointed out that the Market First scenario (UNEP-GEO) is identical to A1, except that it has more “realistic” assumptions for Africa than the A1 scenario. Therefore, it was decided to use the Market First GDP assumptions in the second phase (see Table 3, Annex).

The data for the first round second phase is available on both the Modeling group website at CESR, Kassel and the intranet of MA. (See:
http://www.usf.uni-kassel.de/ma-gmgroup/default.htm or http://www.millenniumassessment.org/intranet)

An overview of driver assumptions for the second phase is given in Table 3 (see Annex). The results of the second phase of first round modeling were collected and post processed by CESR. The results were harmonized and presented at the Costa Rica Scenarios Workshop in San Jose. The ppt file with a collection of some of the main results can be downloaded from the CESR-Kassel site (http://www.usf.uni-kassel.de/ma-gmgroup/default.htm go to Data Exchange and Information -> Modeling Data/ Second Round. Please use MS Explorer Version 5.5 or higher with resolution 1280 x1024 pixel).

6.1.5 Preliminary Conclusions of Modeling Results of the Second Phase 

Some of the comparisons between models were useful in identifying inconsistent results between two of the models. The cause of the differences were already identified in San Jose and will be harmonized during the second round of model calculations (between the San Jose meeting in March, 2003 and Prague meeting in October, 2003). Some of the causes were:

· Different reporting regions (AIM emissions)

· Different output parameters (S; SO2; N, NO2)

· Different climate data (AIM; WaterGAP)

· Different spatial aggregation methods (AIM; WaterGAP)

· Different starting points for modeling (1995; 2000) 

· Population and GDP slightly different for 1995

· Summing up of indicators according to reporting regions 

· Slightly different assumptions for water use intensity and water use efficiency

Model results were basically consistent with the storylines up to now, but differences between scenarios were not large. Therefore it is important to either “sharpen” the storylines or change the drivers of the scenarios. 

7 Harmonization of Model Input and Storylines 

7.1 Second Round Calculations 

7.1.1 Selection of Drivers and Tasks for the Second Round Calculations

At the CR-Scenarios Workshop scenarios have been discussed and/or described in detail via qualitative storylines. Four main scenarios have been identified (Fortress world, Economic Optimism, Local Learning and Fortress World). The main task for the Global Modeling Group at the Costa Rica Scenarios Workshop was the identification and characterization of new drivers and the harmonization of these drivers with the new storylines of the MA. As a result table 4 shows the main assumptions agreed upon at the Scenarios Workshop in Costa Rica. The main driving Forces are described subsequently:

Population Assumptions 

IIASA generates new population scenarios based on the temporal patterns agreed upon in San Jose (Figure 9a), and assumptions for fertility and other demographic factors consistent with the storylines (see Table 4). The data is available on the Modeling group website at CESR, Kassel and the intranet of MA. (See:
http://www.usf.uni-kassel.de/ma-gmgroup/default.htm or http://www.millenniumassessment.org/intranet)
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Figure 9a: Proposed temporal pathways of demographic driver for second round calculations (Population). 

Economic Growth Rate Assumptions 

It was decided to adopt a new set of economic growth drivers. The basic principles of the new drivers will be:

1. Adopt the basic global temporal patterns consistent with the storylines shown in Figure 9b. 
2. Maintain the relative differences between regions as noted in the SRES scenarios. 

3. Reduce the very high growth rates in selected regions of the SRES scenarios. 

The new GDP data as well as a detailed description of the methods applied to derive the data and to downscale them to country level is available on the Modeling group website at CESR, Kassel (See:
http://www.usf.uni-kassel.de/ma-gmgroup/default.htm go to data exchange and information/ Modeling Data/ second round – downscaling see first round)
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Figure 9b. Proposed temporal pathways of economic drivers for second round calculations (GDP per capita rate of change). [image: image8.jpg]Education Spending
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Figure 9c. Proposed temporal pathways of economic and demographic drivers for second round calculations (Education spending). These assumptions were used as a basis for selecting different pathways of GDP/cap (Fig 9b) for the Local Learning and Fortress scenarios.  

Technological Development Assumptions

In order to get consistent quantitative results to describe the given storylines it is necessary to harmonize also the assumptions for the development of the technological parameters. The following parameters that have to be harmonized were identified: 

· Rate of technological development 

· Rate of environmental technological development 

· Irrigation efficiency 

· Yield improvement

· Improvement of water use efficiency 

· Improvement of energy efficiency

These parameters have been described during the San Jose - Costa Rica scenarios workshop as shown in table 4.

Figures 10 to 12 take into account the internal discussions in the Global Modeling Group. The graphs will be used only as an orientation. These figures are meant to indicate global trends, and it is expected that regional trends will in some (all?) cases depart from the global trends. In this scheme no time shifts are included. 
· Figures 10 to 12 imply that assumptions about the rate of change remain constant over fixed periods. 
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Figure 10: Global trends of technological efficiencies for different scenarios.
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Figure 11 Rate of change of technological efficiencies for TechnoGarden and Economic Optimism scenarios
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Figure 12: Rate of change of technological efficiencies for Local Learning and Fortress scenarios

The underlying assumptions for the single scenarios are:

Economic Optimism 

· High economic growth with lower trade barriers means high rate of technological development. Conversely, a high rate of technological development is consistent with high economic growth (2000 to 2025)

· High rates slow down after 25 years (turning pt 2025)

· Further slowing of rates when economic growth rate slows (turning pt 2050)

· Our proposal for environmental technological development is characterized by a much higher efficiency and therefore we introduced a separate line to describe the dynamics of the environmental technological development.

· Consequently the entire technological development is a mix out of both: environmental technological development and “normal” technological development.

Techno Garden

· Lower economic growth rates mean lower rate of technological development than EconOpt, but still maintains current rate. (2000 to 2050).

· Steadily increasing economic growth rate means that technological development begins to catch up to EconOpt after 2050 (turning pt 2050) but does not converge.
Local Learning

· Regionalization and higher barriers slow down economic growth and dispersion of technologies and slows down overall technological development (2000 to 2025).

· Increased decentralized learning (as indicated in curve of “education spending”) increases rate of technological development (turning pt 2025).

· Continued educational spending and increasing economic growth rate after 2050 leads to further increase in rate of technological development (turning pt 2050).

· Departs from Fortress scenario fairly early in scenario period (2015).  

Fortress World

· Same dynamics as Local Learning in first period (2000-2025).

· Economic growth rate continues to decrease, education spending begins to decrease, leading to still lower rate of technological development (turning point: 2025). 

A priority for the second round of calculations is i) to adapt and/or generate new data according to the new storylines of MA and ii) to exchange data between the models:

· IIASA provided new population data also available on the Modelers web page 

· RIVM provided GDP data that is available on the Modelers web page

· Technological development assumptions are discussed and harmonized (CESR; all partners) 

· IMPACT will provided crop production data for IMAGE 2

· IMACT will provided fish consumption data for EcoSim and irrigated area to WaterGAP.

· WaterGAP will provided irrigation water availability for IMPACT (after WaterGAP is run with irrigated area from IMPACT). 

· IMAGE 2 provided climate data, electricity, livestock data for WaterGAP.

· IMAGE 2 provided cropland area and technological change information for IMPACT.

· IMAGE provided climate downscaling matrices to AIM.

It was also decided at the Scenarios Workshop in Costa Rica that biodiversity modeling should be integrated to the maximum extent possible in the rest of the global modeling exercise. Therefore a Meeting at 22.06.-24.06.2003 was established to coordinate the activities till the end of the exercise. First ideas on how to incorporate the biodiversity modeling were presented at the CR scenarios workshop (see Powerpoint Presentation on the MA Intranet (URL: www.millenniumassessment.org/intranet/ go to: documents/Scenarios/ Global_Modeling_Group/sanjose-modelers-report.ppt). The purpose of the Meeting in Copenhagen, Denmark was to:

1) finalize the strategy to model biodiversity on the global basis. This has two parts: 

· The terrestrial biodiversity. Main input from the global modeling group is land use change, 

· The aquatic biodiversity main input from the global modeling group is discharge.

Figure 13 shows a conceptual structure how to link biodiversity models with the global scale models. 

2) Harmonization of driving forces assumed by the global modeling group and the storylines. The result was: no change in the model input assumptions we are currently using.
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Fig. 13: Linking Biodiversity with the Global Modeling 

7.1.2 Progress made in the First Phase of Second Round 

The first phase of the second round is characterized by generating and adapting new driving force data according to the new MA-scenarios. Furthermore data is exchanged between the models in order to create new climate data not based on the SRES but based on the new MA scenario assumptions. Moreover the turning points of technological development have been identified and harmonized within the modeling group. Consequently, for the second round the modelers use harmonized input data but also harmonized assumptions for the technological development that are in line with the given storylines of the MA. 

The input data for the second round first phase is available on both the Modeling group website at CESR, Kassel and the intranet of MA. (See:http://www.usf.uni-kassel.de/ma-gmgroup/default.htm or http://www.millenniumassessment.org/intranet)

First preliminary results of the calculations of the second round first phase were presented at the Rome Scenarios workshop (25.08-27.08.2003). The data collected from all partners in the MA Global Modeling Group was harmonized according to the new reporting regions (see figure 14 in the ANNEX). More detailed data (higher resolution) can be provided for some of the models if needed (e.g. WaterGAP 0,5° X 0,5° grid cell size for biodiversity modeling). Due to delays in the generation and adaptation of the main driving forces to the new MA scenarios a profound analysis of the results is currently ongoing. This results represent the first harmonized model runs with completely new driving forces 

7.1.3 Preliminary Conclusions of Modeling Results of the 1st Phase 2nd round.

The results of the second round first phase have carefully to be evaluated after the Rome meeting. Comparisons between models were useful in identifying inconsistent results between the models. The cause of the differences were partly already identified in San Jose and are further harmonized during the second round of model calculations (between the San Jose meeting in March, 2003 and Prague meeting in October, 2003). 

7.1.4 Modifications for the consolidated model runs second phase second round 

(till Prague Meeting)

Generally it was decided in Rome that for the last modeling round the main drivers will not be changed for the consolidated runs. Furthermore it was decided to use new scenario names as follows: 

Fortress World 
= Order From Strength (OS)

Economic Optimism 
= Global Orchestration (GO)

Local Learning 
= Adapting Mosaic (AM)

Techno Garden 
= Techno Garden (TG)

7.1.4.1 Data exchange with Biodiversity group
Based on the Rome results NOx data will be provided for the biodiversity group for eutrophication studies (IMAGE). Furthermore land cover and climate change information from IMAGE runs are available. Water availability with use (water withdrawal) and a drought/ flow length indicator will be developed using WaterGAP results. The data are provided for the Order of Strength scenario in 2100 (David Lodge freshwater biodiversity group). In order to be consistent with the results of the global modelers characteristic biomes for the six global region will be chosen from the biodiversity group. 

7.1.4.2 Modifications of model settings and further harmonization issues 

Even if the main drivers will not change for the consolidated runs some modifications will be made as agreed upon at the Rome meeting. The following modifications and further model harmonizations will be integrated in the second phase of the second round: 

· Exchange of climate feedbacks and yields on marginal land (IMAGE to IMPACT) 

· Exchange of livestock area, productivity and mead preferences for scenarios with no barriers (IMAGE/ IMPACT). Meat preference compared to normal development (IMPACT):

GO;
 I: high 
D: high

AM;
 I: low 

D: low

TG,:
 I: low 

D: medium

OS:
 I: high 
D: high

· New climate runs with policy issues (IMAGE)

GO: SO2 Kusznets curves, NOx little

TG: climate policy 2100 5,50 CO2

AM: 

OS: SO2 Kusznets curves; NOX no policy

Climate Sensitivity 2,5 for all 4 scenarios runs; Climate Sensitivity 4,5 only for one scenario (still to be determined); 

Additional runs with different climate patterns will also be done with IMAGE

· Harmonization of climate policies (IMAGE/AIM)

· Integration of climate policies into AIM climate runs

· Harmonization of NOx and SOx (AIM/ IMAGE)

· Irrigation areas and cropping intensities (IMPACT/ IMAGE)

· Irrigation efficiencies and irrigation areas (WaterGAP/ AIM)

· Harmonization irrigation areas and efficiencies (AIM/ WaterGAP)

· Uncertainty analysis will be conducted according to the following steps (see reference distributed in Rome: Alcamo & Bartnicki 1987, Ohnigkeit 2002; Moss & Schneider 2000):

1. Inventory 

2. Estimates of uncertainty and quantitative uncertainty analysis

3. Sensitivity analysis for the scenarios 

4. Interpretation of results according to SRES conclusions on model results

Therefore the following uncertainty classification will be used: 

Very certain 97,5 – 1

High certainty 83-97,5%

Medium certainty 67 –83

Low certainty 52, 5-67%

Very uncertain 50-52,5%

8 ANNEX

Table 1: Proposed global modeling output 

	MA Ecosystem Service
	Indicator
	Model used to calculate indicator

	Provisioning Services 

	
	

	Food
	total meat, fish and grain production; consumption; trade, crop area 


	IMPACT

	Food
	potential grain production (optional), crop area (optional) 
	IMAGE

	Food
	potential grain production (Asia) (optional)
	AIM

	Food
	fish production
	EcoSim

	Fuel wood 
	biofuel supply (select one or two representative crops)


	IMAGE, AIM 

	Fresh water


	Annual renewable water resources, water withdrawals and consumption
	WaterGap

	Fresh water
	Annual renewable water resources, water withdrawals and consumption (Asia)
	AIM

	Regulating services


	
	

	Air quality constituents


	Sulfur and NOx emissions
	AIM, IMAGE

	Climate regulation


	Net carbon flux
	IMAGE

	Erosion
	Erosion risk 
	IMAGE

	Supporting Services


	
	

	Primary production
	Primary production
	IMAGE, AIM

	Human Well-being (not ecosystem services)


	
	

	
	Percentage of children malnourished
	IMPACT

	
	Water stress
	WaterGAP, AIM


Table 2: List of scenarios, storylines and sets of drivers used in the first phase of first round calculations (October, 2002 to January, 2003)

	Storyline of Scenarios Working Group
	Set of Drivers
	Comments

	
	
	

	Techno Garden
	IPCC-B1 up to 2100
	Fairly good matching of MA storyline with IPCC storyline (the IPCC storyline describes an environmentally- and globally-oriented world). 

Fairly good matching for key global drivers (e.g. GDP on higher side, Population on lower side). 

Some regional population assumptions are inconsistent and need to be examined. 



	Economic Optimism 
	IPCC- A1b up to 2100
	Fairly good matching of MA storyline with IPCC storyline (the IPCC storyline describes an economically- and globally-oriented world). 

Fairly good matching for global economic drivers (e.g. highest GDP, converging incomes, high technological change, conventional energy mix). 

Some problem with regional GDP assumptions (Africa too high?).

Population is higher for MA (“UN medium) than for IPCC (“IIASA-low). But population assumptions might be closer once we take into account latest down-sized UN projections.

	Elites 


	
	

	Variant 1.     

       Without learning 
	IPCC- A2  up to 2100

(Use A2-650 or A2-550 where available) 
	Fairly good matching of MA storyline with IPCC storyline (the IPCC storyline describes an economically- and regionally-oriented world). 

Fairly good matching for some global economic drivers (e.g. low-medium GDP, diverging incomes).

Poor matching for other global economic drivers (e.g. MA storyline calls for “medium” technological change and non-carbon fuels, whereas the A2 scenario has the slowest tech change and highest fraction of carbon in the energy economy compared to other IPCC scenarios.)

Population is higher for IPCC (highest of IPCC scenarios) than for MA (UN medium).

MA storyline calls for control of global GHG emissions, and therefore, A2-650, or A2-550 should be used where available. Using A2 alone would contradict the MA storyline because A2 is the highest of the IPCC GHG emission scenarios. 



	Variant 2. 

       With learning 
	IPCC- A2 up to 2020 and then ? 

	No equivalent IPCC storyline. Use A2 as start condition up to 2020 (MA scenario calls for initial “de-coupling” from global institutions, and A2 represents a regionally-oriented world somewhat decoupled from globalization processes). Later, based on results from 2020, select drivers for 2020-2100 that would reflect “societal learning”. 


Table 3: Population and economic assumptions for next phase of modeling (January to March, 2003)

	
	Economic Optimism


	Techno Garden
	Elites



	Population
	A1b (SRES) or 

Market First (GEO) 1


	B1 2


	New IIASA scenario 3

	GDP


	Market First (GEO) 4

	B1
	Security First (GEO) or

A2 (SRES) 5




Notes

1. These two scenarios have identical population assumptions, representing a medium projection for industrialized countries, and medium-low for developing countries.

2. The B1 scenario has the same population assumptions as A1.

3. This will be a new upper-range projection, somewhat consistent with GDP assumptions

4. The Market First scenario has lower GDP assumptions for Africa as the previously used A1 scenario.  GDP assumptions for other regions are identical to the A1 scenario.

These two scenarios have the same GDP assumptions.
Table 4: List of new model drivers agreed upon at San Jose scenarios working group meeting 

	
	EconOpt
	Technogarden
	Fortress
	Local Learning

	Demography

Population growth
	G:Medium-low
	G:Medium-low
	G: High
	G: Somewhat lower than fortress

	Fertility
	D: Low

I: Medium
	D: Medium

I: Medium
	D: Rel. high

I: High 
	Start from Fortress world – but diverge by 2010

	Mortality
	D:  Low

I: Medium-low
	D: Medium

I: Medium
	D: Medium

I: Medium 
	Start from Fortress world – but diverge by 2010

	Migration
	Moderate – high, but decreasing
	Moderate
	Low.

High migration among D-countries
	Low but might be increasing 

	Urbanization (change)
	High
	High
	?
	Low

	Comments
	
	
	Possible crashes outside fortress?

Sub-story in storyline?
	

	

	Economy
	EconOpt
	Technogarden
	Fortress
	Local Learning

	Income
	High
	Somewhat lower than EconOpt. Starting to catch up
	I: Medium

D:Low
	Starts like fortress and than improves

	Income distribution
	Medium improving
	Similar as EconOpt.
	Massive inequality – even within the fortress
	Starts like fortress and than improves

	Economic structure

(industry/services etc).
	
	
	
	

	Rate of investment
	High in human and physical
	High in physical, human, natural
	I: Medium

D: Low
	Medium going towards high (in social)

	

	Technology
	EconOpt
	Technogarden
	Fortress
	Local Learning

	Rate of technology development
	Medium-High
	Medium moves to higher
	Kind of lowish
	Medium-low to medium (increasing)

	Rate of env. technology development
	Medium
	High
	Low but high for high income countries local env. problems
	Medium

	Irrigation efficiency
	Medium-High
	Medium moves to higher
	I: low

D : low could become medium in long-term 
	Starts medium-low, increasingly medium to high

	Yield improvement
	Medium-High
	I: organic farming .... thus low

D: Medium to high
	I: low

D : low
	I: Medium goes lower (organic farming)

D: Starts medium-low, increasingly medium

	Impr. of water use efficiency
	Medium
	High
	Low but high for high income countries local env. problems
	Medium

(2015 divergence from)

	Impr. energy efficiency
	Medium
	High
	Low 
	Medium

	

	Agriculture
	EconOpt
	Technogarden
	Fortress
	Local Learning

	Food preferences
	High meat
	Medium meat
	I: High meat

D: low meat
	low meat

	Irrigated areas
	Moderate to high expansion of irrigated areas
	I: No expansion

D: some expansion
	I: Expansion inside to Fortress

D: Down but in long term up again
	No expansion

	Trade policy
	Full liberalization 
	Full liberalization
	Increasing protection
	Current levels of protection but might be decreasing later on.

	

	Lifestyle/human behaviour/structural change
	Non-resource conserving
	Resource conserving
	I: ? 

D: Non-resource conserving
	Resource conserving

	

	Environment
	EconOpt
	Technogarden
	Fortress
	Local Learning

	Level of control of air pollution (local/region)
	Kusznets (control mainly for health reasons)
	More reduction than Kusznets
	I: As EconOpt.

D: low
	Medium but impr. where it is really bad

	Level of control of air pollution (global)
	No control – not much control
	Substantial control
	No control
	Starts as Fortress – improves latter

	Level of control of water pollution
	Medium 
	High
	I: Medium

D: Low
	Starts as Fortress – improves latter


G: Global

D: Developing

I: Industrialized

Medium = current rates

Figure 14:  MA Second Round Modeling Reporting Regions
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Figure 4: Schematic Presentation of IMPACT
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� Instead of keeping the “Elites” and “Learning” scenarios from Bangkok separate, the modeling team voted to consider them as two variants of the same scenario  --  Variant 1 “Elites – Without learning” corresponds to the Elites scenario adopted in Bangkok. Variant 2 “Elites – With learning” is the “Learning” scenario from Bangkok. The two variants begin with A2, and then diverge in 2020. 


� The modeling teams will run the A2 scenario up to 2020, and then examine the results in Amsterdam in January and discuss how they would simulate the Learning scenario after 2020. 
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