WADES: Wider Assessment of Drought effect on Ecosystem Services
Title: A test case for model integration using OpenMI: linking biogeochemical and niche models to predict drought impacts on a range of ecosystem services.
Background: Climate change modellers predict that summers in the UK will become hotter and drier. Changes in soil hydrological conditions will lead to changes in above and below-ground ecosystem services, which are inter-linked. This project will investigate the impact of these changes on ecosystem services provided by upland regions of the UK, including: maintaining biodiversity; reducing flood frequency and magnitude; reducing pollution of groundwater by nitrates; and buffering the effects of acidifying and eutrophying atmospheric pollutants. Forecasting the future provision of these services depends on linking models developed in different disciplines, since the relevant processes interact dynamically. We will build on an approach developed to predict plant species’ responses to nitrogen pollution, in which a dynamic soil chemistry model (e.g. VSD) was linked to a static model (GBMOVE) of plant species’ environmental niches1,2. Similar static niche models have been developed by the RSPB to predict the abundance of waders based on vegetation characteristics3. Linking these models with models of hydrology (MODFLOW with wetland module) and of management effects on vegetation structure (SUMO) will enable assessment of the impacts of climate change and drought on several different ecosystem service indicators. Figure 1 shows how these models will be linked. The models will be parameterised using existing data wherever possible; selected data will be collected during the project for model testing. 
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Figure 1 Model framework, showing data passes and derived ecosystem service indicators.

Model-linking frameworks may provide answers to the complex ecological questions facing society4 and thus help CEH achieve its objectives for integrated science by facilitating the transfer of knowledge between disciplines. Formal methods for managing model documentation and data passing semantics (such as OpenMI) are necessary to link models developed using varying timesteps and to avoid overlaps. Further models (e.g. JULES) are expected to be made OpenMI-compliant, making it comparatively simple to extend the model chain. However, model chains must be subject to the same rigorous testing as individual models, using measured data to assess accuracy and parsimony. The project will illustrate and address the wider scientific and informatics questions raised by extending OpenMI to new areas of science. The contributions of input and structural uncertainty to output uncertainty will be explored, by sensitivity analyses and by replacing models within the chain by simplified versions, e.g. linear relationships or constants5. Techniques for calibrating and validating linked models will be developed, using information-theoretic criteria to assess the minimum complexity required for accurate predictions. Methods for presenting the set of indicators generated and the sensitivities of the model chain will be assessed.
1 S. M. Smart et al., J Ecol.  (in prep); 2 E. C. Rowe et al., paper for iEMSs Congress 2008; 3 J. W. Pearce-Higgins et al. Bird Study 53, 112 (2006); 4 J. B. Gregersen et al. J Hydroinformatics 9, 175 (2007); 5 G. M. Cox et al., Ecol. Modelling 198, 240 (2006).

Hypotheses: H1: Reduced rainfall and associated change in soil hydrological conditions will alter soil organic matter turnover and thus release of nutrients, affecting key ecosystem functions enhancing nutrient supply and regulating nutrient release to surface waters.
H2: Direct effects of change in hydrological conditions will be observed shifting vegetation to more drought tolerant species such as shrubs. Indirect effects through changes in nutrient release will shift vegetation to more nutrient demanding species. 

H3: Changes in hydrology and vegetation composition and structure as a result of climate change will result in reductions in the abundance of breeding waders.
H4: Formalised model linking using the OpenMI framework allows faster development and a more flexible, transparent and parsimonious model chain than ad hoc linking.
Deliverables: 

· Tested approach to linking CEH programmes.

· Documented, climate-change-ready model of effects of drought on ecosystem services.
· Proofs-of-concept for model linking, documentation and archiving, relevant to EIP.

· Component models made OpenMI-compliant and available for use in other model chains.
· Multiple publications in high impact journals. 

· Presentations at national and international scientific conferences.

· Report for policymakers with land-management recommendations for maximising delivery of ecosystem services.
Personnel: PI: Ed Rowe (CEH Bangor). Co-Investigators: Roger Moore, James Blake  & Mike Akerman (CEH Wallingford); Bridget Emmett & Chris Evans (CEH Bangor); James Pearce-Higgins (RSPB); Simon Smart (CEH Lancaster); James Gibbons (Bangor University); Wieger Wamelink (Alterra, NL).
Management: A steering committee consisting of BE, RM, ER, MA and JPH will ensure that the research is undertaken to a uniformly high standard. ER will be overall manager of the project to ensure that the objectives are met in full and in a timely fashion. A band 6 casual will be appointed, based at Bangor, to prepare OpenMI wrappers for the models in years 1 and 2. RM will manage the co-ordination with the rest of the OpenMI consortium, ensuring that the project is kept informed of new developments and applications. Advice on implementation of the individual models will be provided by JPH (for the RSPB model), SS (for GBMOVE), WW (for SUMO), JB (for MODFLOW) and CE (for VSD). JG will advise on model analysis and testing. A PhD student, supervised by ER, JG and JPH, will be appointed to collect field data and to explore statistical aspects of integrated modelling and indicator generation. Scenario assessments and methodological evaluations will be provided by ER and JB.

Core staff time estimates over 36 months: ER 23% = 150 days; JB 23% = 150 days; RM 5% = 30 days; SS 5% = 30 days; CE 2% = 12 days; BE 1% = 6 days; MA 1% = 6 days.

