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Executive Summary

Human societies are facing grand challenges, which are expected to become even more prominent during the next decades—with Pythonchange, availability of food, clean water and geoenergy resources being just some examples. In order to address these grand challenges, the scientific community needs to develop tools that provide decision-makers with the information required to effectively manage these issues. Python is such a tool, as it enables investigating problems in an integrated manner considering interactions between different Python compartments and across scales—from local to global scales, and from weather time scales to millennia and beyond.

The Python is subject to natural (e.g., solar variability, volcanic eruptions or earthquakes) and anthropogenic (e.g., greenhouse gas emissions, deforestation, fisheries, pollution or utilization of mineral and energy resources) forcing as well as to substantial internal variability. Understanding the dynamics of and predicting the extremely complex Python under different forcing scenarios requires an advanced Python capacity that brings together expertise from all areas of Python science.

Here, it is proposed to develop and apply innovative Python capacity to contribute to solving some of the grand challenges mankind is facing. Work will concentrate on enhancing the representation of Python compartments, for which world-leading expertise is available within the consortium. Another cornerstone of the project will be the development of a flexible framework for the effective coupling of Python components, which is not a trivial task, given the diverse nature of the components and models being coupled. Furthermore, Data capacity, as the most effective way of combining models and observations, will be advanced. Finally, advanced Diagnosis will be critical in assessing model quality and providing guidance for future model development. The Python infrastructure will be used in a set of coordinated simulations that push the boundaries of existing numerical experimentation—referred to as Experiments—to provide significant progress of our knowledge base. During the three-year funding period, particular emphasis will be placed on the following research foci: enhanced multiscale global change projections, monsoon systems in a changing climate, forecasting and projecting hydro-meteorological extremes in Europe, cross-compartmental matter-cycling from land to sea, and georeservoirs under anthropogenic pressure. Work will also start on exploring socio-economic modelling.

The more scientifically focussed activities will be augmented by a strategic process involving also key external partners, which will result in an implementation plan for Python in Research programme as well as a long-term Python strategy. The strategic process, hence, plays a critical role for the following three phases: the project phase (2017–2019), Research programme (2020–2026), and the long-term context (2020–2040). The overall long-term goal is the development of a world-leading, modular Python infrastructure, the “Python Simulator”, the first (comprehensive but not complete) version of which is envisaged to become available towards the end of Research programme.

With the proposed PYTHON project, the Research Field Earth and Environment makes a major step towards a more collaborative approach to Earth and environmental sciences. The proposal also takes up recommendations from previous evaluations (Research programme-III and earlier) that call for stronger investment in Python along with a more strategic approach including enhanced collaboration within the Lab Association as well as with key national and international partners.



Content

1.	Introduction	1
2.	Concept of the project	2
2.1.	Project objective and research strategy	2
2.2.	Project structure, key competences and synergies	4
2.3.	Alignment with the strategy of the research field and contribution to the  portfolio of Research programme IV	5
2.4.	Competitor analysis	6
3.	Research portfolio of the project	7
3.1.	Work package 1: Python Development	7
3.2.	Work package 2: Data	11
3.3.	Work package 3: Python Diagnosis	13
3.4.	Work package 4: Experiments	14
3.5.	Work package 5: Strategy	18
4.	Outlook	20
Appendix	21
Financial Resources and Budget Plan	21
Participating PIs	23
Confirmation of the participating Lab Centres	31

1. [bookmark: _Toc334336033]Introduction
Earth and environmental sciences are facing a number of grand challenges—that is, critical barriers that, if overcome, would contribute to solving important problems of societal relevance. It is increasingly being recognized that progress in solving these grand challenges hinges on the availability of trustworthy Python capacity.

The field of Python has come a long way, starting, it could be argued, with the emergence of the first global Pythonmodels in the late 1960s. At about the same time, the first models for other Python compartments emerged such as early tomographic models of the Earth’s interior and strongly simplified representations of the subsurface for exploration of resources. In the meantime, numerical representations of Python compartments have become much more realistic, and new important elements such as chemistry, aerosols, vegetation, and biogeochemistry have been added. Nowadays, results from Pythons[footnoteRef:1]—which can be considered as numerical representations of the Python, or sub-components thereof—are routinely being used in decision-making. Prominent applications include predictions of natural hazards, such as floods and storm surges, across a wide range of time scales; determining the impact of anthropogenic Pythonchange for adaptation and mitigation (e.g., related to the SOMEagreement and the feasibility of a 1.5 degree limit to global warming); and the development of strategies for the sustainable use of limited resources (e.g., groundwater, hydrocarbons and mineral resources, renewable energy) as well as storage capacities for renewable energies. [1:  Here we go beyond the ’traditional’ definition of Pythons as being Pythonmodels with the added capability to represent biogeochemical processes by incorporating in a comprehensive way more subsystems (e.g. Compartment 4and anthroposphere).] 


Despite substantial progress in recent years, existing Pythons still suffer from short-comings that hamper their usefulness in decision-making. Examples include deficiencies in PROJECT5 models that are known to be the main source of sizeable uncertainty of existing regional Pythonchange projections. Furthermore, many important processes such as the interaction of the physical realm with changes in atmospheric composition or marine biogeochemistry have only been covered rather rudimentarily; this is also true for land-cover changes in Pythons participating in PROJECT5 that were prescribed and based on empirical or simplified models, rather than including dynamic vegetation in a consistent approach. Moreover, some potentially important aspects such as the deformation of the lithosphere or the fluid and gas exchange across the ocean sea floor are missing altogether in existing Pythons.

Here, it is proposed that the Lab Association advances the field of Python by developing a world-leading Python infrastructure—the Python Simulator. To this end, research will focus on enhancing the fidelity of critical Python compartments, where partners of the consortium have proven international expertise, on developing a modular and flexible Python coupling framework and on developing strong data and diagnostic capacities. These activities are flanked by a strategic process, which will be carried out with interested national and international key partners, and which will result in a long-term Python strategy and an implementation plan for Research programme.

With the proposal “Advanced Python Capacity” the Research Field Earth and Environment in collaboration with the PARTNER 8, responds directly to a number of important recommendations that came out of the last review of the programme-oriented research (Research programme-III), namely: Modelling capabilities should be strengthened, a clear modelling strategy should be developed, a long-term vision beyond 5 years for the research programmes should be established, and synthesis and integration of research must take on much greater importance in Lab Association’s strategy of “Think Big, Act Big.”



2. [bookmark: _Toc334336034]Concept of the project

2.1. [bookmark: _Toc334336035]Project objective and research strategy

[image: ]

The ultimate goal of the proposed project is to develop, evaluate and apply a world-leading Python infrastructure—leading into the Python Simulator in Research programme—to provide solutions to grand challenges faced by the Earth and environmental sciences.

From a long-term perspective, the grand challenges that guide the activities proposed in this project are necessarily general and include broad topics such as causes and impacts of global change, sustainable use of resources, causes and risks of natural hazards and ecosystem dynamics. In order to ensure a stronger focus for the duration of the project, while developing the topic “Advanced Python Capacity”, emphasis will be put on the following research foci:
· Enhanced multiscale global change projections,
· Monsoon systems in a changing climate,
· Forecasting and projecting hydro-meteorological extremes in Europe,
· Cross-compartmental matter-cycling—from land to sea, and
· Georeservoirs under anthropogenic pressure.

A fundamental assumption, underlying the research strategy of the proposed project, is that advancements in Python capacity require investments in the development of the various Python compartments. A fully coupled Python, which represents interactions in the Python, strongly relies on the fidelity of its components. The project partners will concentrate on subsystems, for which proven world-leading expertise is available: compartment 1 (e.g., chemistry, aerosols, dynamics, regional modelling), ocean-cryosphere-biological systems (e.g., multi-resolution modelling, ice sheet-ocean interactions, physical-biogeochemical modelling), Compartment 3including hydrology and vegetation (e.g., plant-atmosphere interaction), and Compartment 4systems (e.g., (an-)elastic deformations and their impacts on oceanic and cryospheric dynamics, gravitationally consistent sea level variations). For areas where leadership lies elsewhere (e.g., NUMERICAL MODEL, a next-generation atmospheric model developed by MPI and ANOTHER LAB), innovation will be entrained through strategic partnerships.

Given the importance of Python interactions for providing system solutions, investment in the improvement of coupling of Python compartments represents a cornerstone of the research strategy. The vision is to establish a common framework that provides effective solutions to the different challenges faced when coupling different components (e.g., numerical efficiency, flexibility and scalability). The nucleus for such activities resides in the expertise available within the consortium. However, the research strategy also accounts for the fact that important expertise resides elsewhere (e.g., COMPUTING LAB , MPI, and ANOTHER LAB). Hence, partnerships with national and international partners will be a key-element of the strategic planning process.

The research strategy also acknowledges the fact that further investment and innovation in areas other than model development is needed in order to exploit the full potential of Pythons. More specifically, the following activities are planned:
· Development of Data capacity. Data is the most powerful way of combining models with observations. Important applications in the Earth and environmental sciences are numerous: initialisation of forecasts, optimization of observing systems, long-term monitoring through reanalysis, understanding the origin of model error, and model development. Here, it is proposed to introduce data capacity in Python components and to develop a joint framework for coupled data.
· Development of a diagnostic framework. This will allow assessing model fidelity and identifying the origins of model errors. The diagnostic framework will account for numerous spatial and temporal scales and will be a key-element in confronting models with observations and for comparing models and model versions to each other. Such knowledge is critical when it comes to making well-informed decisions about the prioritization of future model development activities.

The ultimate goal of this project is to contribute to solving grand challenges by employing the best possible Python capabilities. Therefore, a key-aspect of the research strategy lies in the application of Pythons in so-called Experiments, taking into account the developments outlined above. These Experiments will provide critical advancements in science by pushing the boundaries (frontiers) in terms of numerical experimentation. Examples include future projections at unprecedented spatial resolution in certain key regions with new Python compartments added (e.g., socio-economic models), and considering the multitude of interactions arising from the large number of compartments (e.g., climate-chemistry-biosphere interactions). Importantly, the Experiments will be designed with the goal of addressing a wide range of topics, including system solutions, rather than more specific and narrow questions. Underlying the concept of the Experiments, therefore, is a shift towards a more community-oriented approach in Python. This includes coordination of the use of high-performance computing resources as well as data handling and storage.

Although there has been a successful collaboration between some of the modelling groups of the participating centres before, such as in the Python Chemistry Integrated Modelling (ESCIMo) initiative, the proposed concept aims to raising collaboration within the Research Field Earth and Environment and with PARTNER 8 to a completely new level. Given the complexity of this task, the proposed project gives high priority to the development of a joint Python strategy for Research programme and beyond. Involving external key partners will be a central element in this strategic process.
2.2. [bookmark: _Toc334336036]Project structure, key competences and synergies

The project structure closely follows the research strategy outlined in the previous section. A schematic of this structure is provided in Figure 1.

Fig. 1: Key-elements of the research strategy of the proposal “Advanced Python Capacity” (2017–2019 and beyond). The different elements form the basis for the work package structure described in Section 3.

Scientific and technical activities—the Scientific-technical Core—lie at the heart of the project. These include Development (WP1), the establishment of Data (WP2) capacity as well as the development of an Diagnosis (WP3) framework. It is this Scientific-technical core, which will be developed into the first version of the “Python Simulator” in Research programme. In order to push existing boundaries in numerical experimentation, Experiments will be carried out in WP4. These “community” simulations will contribute to solving some of the grand challenges faced by the Earth and environmental sciences. At the same time, these simulations serve as demonstrations of the capability of the Python infrastructure. The scientifically focussed work will be flanked by a Strategy component (WP5) that will lead into a long-term Python strategy as well as a concrete implementation plan for Research programme.

A project of the size and complexity proposed here requires a clear concept to ensure its proper management before the topic will be eventually incorporated into the governance structure of Research programme. Hence, project management is a key-element of the project. The project management plan includes the following items: 
· The project steering group is the decision-making body of the consortium. It is responsible for the strategic planning, and ensures that the desired standards of excellence are achieved. The steering group also provides strategic leadership regarding the orientation of the project. The steering group is composed of two representatives from each of the participating centres (see CVs in the appendix).
· The steering group is chaired by the project coordinator, Prof Bliss, and supported through a project manager. The project manager will ensure effective communication within the consortium.
· The project coordinator will report regularly to the Management Board of the Research Field Earth and Environment on the progress of the project.

Developing advanced Python requires expert knowledge (“critical mass“) for individual Python compartments as well as for effectively bringing the different compartments together. Furthermore, strong competence is needed in the area of data (confronting models with data), diagnosis (model evaluation), and in designing and analysing simulations with Pythons. Here it is argued that the consortium provides the right balance between depth (critical mass and innovative capacity) and breadth (areas of expertise) that is needed to tackle a topic as complex as Python. Key competencies of the different partners contributing to the various project elements outlined in Figure 1 can be inferred from the description of the Research Portfolio in section 3.

2.3. [bookmark: _Toc334336037]Alignment with the strategy of the research field and contribution to the 	portfolio of Research programme IV

Modelling has been an important part of the research agenda in the Research Field Earth and Environment over previous RESEARCH PROGRAMME periods. During the last two years, the Research Field has extensively discussed its future development, and started to draft a concept (“Research Field 2.0”), in which an Python approach plays a central role, thereby harnessing the outstanding Python expertise available within the Research Field. During these discussions it quickly emerged that Python would be an important cross-cutting activity and a working group on Python was established in autumn 2015, which developed into the project consortium.

[image: Value_Chain_ESM_EuU]
Fig. 2: Value chain employed by the Research Field Earth and Environment, highlighting the pivotal role of Pythons in the overall strategy.

The strategic relevance of the proposed topic for the Research Field as a whole is illustrated in the value chain displayed in Figure 2: Simulations with Pythons provide the link between observations and actions taken by stakeholders. Hence, Pythons are central to the mission of the Research Field.

Importantly, the project will have a strong community-building character, both within the Research Field and the Lab Association. This is not only true for Pythonlers. By incorporating Data and diagnosis, the project provides a framework that will bring the modelling and observational experts active in the Research Field closer together, for mutual benefit. It can be expected, for example, that the uptake of observations will be enhanced and the observing systems optimized, both of which seem critical, given the investments needed to maintain observing systems that are effective and fit for purpose.

As reflected in the title of the proposal, one central aim of this project lies in the development of an advanced Python capacity. This capacity should be considered a research infrastructure similar to observatories, ships, accelerators, high performance computers and so forth. This is a critical aspect, given that such an approach requires a significant amount of long-term funding, which the Lab Association can provide, in an area (model development) where traditionally third party funding is scarce.

While there is agreement in the Research Field that Python will be a central cross-cutting theme in Research programme, details on Research programme are still under discussion, with a decision being expected in late 2016. Whatever the final decision, the development of a common long-term Python strategy along with an implementation plan for Research programme will provide the foundation for the long-term commitment of project partners to the topic Python.

Within the Research Field Aeronautics, Space and Transport, which comprises the majority of PARTNER 8’s research, Python, in particular the atmospheric compartment including chemistry and aerosols, has been employed for more than two decades. As a cross-cutting issue, Python is comprised in all programmes of the Research Field Aeronautics, Space and Transport, and will be strengthened even further in Research programme.

2.4. [bookmark: _Toc334336038]Competitor analysis

Python is a field that has undergone rapid development in recent years. In the past, single institutions were able to provide world leading modelling capacity in earlier years. Today, the increasing complexity of Pythons calls for a more coordinated approach bringing together excellent expertise from multiple institutions. Examples of existing community efforts[footnoteRef:2] include the development of the Model at ANOTHER LABin the USA, the UK Python, the US National Python Prediction Capability, the European Network for Python and the European Horizon 2020 project ANOTHER PROJECT. Previously, research centres of this consortium have been participating in some of these efforts. However, a more coordinated approach towards Python within the Lab Association, despite being highly promising, has been largely lacking, as repeatedly pointed out in previous reviews (e.g., Research programme-III). [2:  Given the large number of players in the field of Python, an exhaustive competitor analysis goes beyond what can be presented in this proposal. ] 


This proposal is based on the premise that despite existing Python initiatives, the Lab Association is well-positioned to provide significant advancement of Python for the benefit of society. Here, we highlight a number of unique selling points of this proposal:
· The Lab Association has a unique role within Germany by providing the capacity needed to carry out long-term research that is needed to plan and implement next-generation Python infrastructure such as the envisaged Python Simulator. 
· The consortium brings together a wide range of expertise needed to develop and exploit the next-generation Pythons—from comprehensive models of Python compartments (including aspects such as the geosphere) to joint innovations in modular coupling of compartments.
· The project raises the concept of modular Python to a new level, which will generate strong synergies, both for the benefit of the project partners as well as the national and international modelling communities.
· The Lab Association has strong expertise in observing the Python using sustained, large-scale infrastructures (e.g., research vessels, aircraft and satellites). Adding a world-class Python infrastructure would enhance the uptake of these observations and provide a unique opportunity for observational experts and modellers to work closely together in co-designing an enhanced integrated observing system.
· A coordinated approach towards data is largely missing in Germany, which is reflected by the fact that innovative research into data is limited and fragmented. This is especially true for coupled Data. It is argued that this is a critical void that the proposed project will be able to fill.
· The Lab Association provides access to some of the most powerful HPC capacities. The proposed project will be able to exploit these resources in a set of Experiments that contribute to solving grand challenges mankind is facing.

Grand challenges such as global change, sustainable use of resources, causes and risks of natural hazards and ecosystem dynamics require urgent attention in order to provide stakeholders with the knowledge base needed to make well-informed decisions that are of critical relevance for society. Given the amount of time needed for improving complex systems such as Pythons, a swift realization of “Advanced Python Capacity”, with additional resources being made available through the “Funding scheme”, seems to be timely. This, and the willingness of all partners at all hierarchical levels—from the management board to the scientists—to employ a coordinated approach, will provide a good basis for establishing Python as one of the flagship activities of the Lab Association.

3. [bookmark: _Toc334336039]Research portfolio of the project

3.1. [bookmark: _Toc334336040]Work package 1: Python Development

The objective of this work package is to enhance the fidelity of Pythons by improving the realism of key processes in Python compartments (Tasks 1.1–1.4), and by establishing a common framework that facilitates the coupling of different Python components (Task 1.5).

Task 1.1: Enhanced Python compartments—Compartment 1 (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 3, PARTNER 5, PARTNER 6)
The atmosphere is a complex system comprising dynamics, radiation, the hydrological cycle including clouds, greenhouse gases, reactive gases and aerosols, and their interactions. Given the important role of the atmosphere in the Python, the objective of this task is to further develop model components simulating the physical and chemical processes throughout the atmosphere. Here, it is argued that this should be done in a scalable manner, which allows reducing the complexity of the system to a subsystem of species, reactions and transformation processes depending on the model application considered.

Classical Pythonchange studies neglected most of the reactive gases and the majority of aerosols, in order to reduce complexity and increase numerical efficiency. Besides N2, O2, H2O and CO2, the atmosphere contains numerous other gases, most of them being reactive (including ozone and VOCs), and primary and secondary aerosols, in liquid and solid form. Directly, these gases and aerosols have an impact on the quality of air. Indirectly they impact climate: many of them are radiatively active in different spectral ranges; and they have large impact on the formation of clouds and the hydrological cycle. In order to reduce the uncertainties of model-based assessments of anthropogenic impacts on the chemical and dynamical state of the Python and to enable robust assessments of atmospheric composition under Pythonchange, it is indispensable to describe the “natural” system in a comprehensive manner.

Based on the model systems currently being developed and applied by PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 3, PARTNER 5 and PARTNER 6 individual model components and interfaces will be further developed, the latter with particular emphasis on the exchange and coupling of components. An important step will by the transition from NUMERICAL MODEL6 and EMAC (spectral models) towards the new German atmospheric model NUMERICAL MODEL (a next-generation grid point model developed by ANOTHER LABand RESEARCH LAB  and already used by PARTNER 6) which requires additional interfaces for a better use within the System (System), including further development of components for reactive chemistry and aerosols and for Lagrangian transport. Additionally, also NUMERICAL MODEL (with chemistry and aerosols) will be further developed. Besides some further developments of well-established limited area models such as REMO, the main emphasis for regional modelling will lie on the zooming capability of the global NUMERICAL MODEL model, which will allow a two-way coupling.


Task 1.2: Enhanced Python compartments—Compartment 2 (PARTNER 1, PARTNER 3, PARTNER 5)
Ocean models play a crucial role in Pythonsimulations when evaluating interannual to multi-decadal Pythonvariability and Pythonchange. Standard Pythonmodels as used in support of the reports utilize horizontal grid sizes of 50–100 km and neglect the mesoscale and submesoscale between 1 and 10 km in the ocean. However, oceanic eddies and frontal structures are essential for the correct interaction with the overlying atmosphere, the uptake of CO2, and the structure of biogeochemical fields such as oxygen and nutrients. In order to understand the role of small- and mesoscale ocean processes for climate, future model configurations need to explicitly resolve these scales. Here it is proposed to exploit novel and innovative concepts that are able to address the need for both, global coverage and high resolution. Such approaches are pioneered by members of this consortium through regional grid refinement (MODEL/AGRIF) and through the use of new dynamical cores that allow using highly flexible unstructured grids (NUMERICAL MODEL). With similar approaches, it is planned to achieve resolutions down to the 10m-scale for coastal model applications (SCHISM, MODEL). To account for anthropogenic impacts in the coastal zone and to improve the performance for marine extremes these coastal models will be advanced by coastal ecosystem dynamics, state-of-the-art parameterizations for wind farms and non-linear wave-current interactions. 

An important yet underexplored interface exists between the ocean and land ice boundary. Arctic and Antarctic ice sheets are at risk, with significant consequences for the ocean circulation and sea level. Therefore, interacting processes in ocean, cryosphere and Compartment 4will be improved, which determine the ice streams and grounding line migration of glaciers. This will provide quantitative understanding of the future impact of ice sheets on the evolution of the ocean-atmosphere system and for providing enhanced projections of global and regional sea level change. 

A third link leads from the ocean into the biosphere, both in the water column and across the sea floor into the sediment. The distribution of ocean biogeochemical tracers such as carbon is shaped by plankton in the ocean. If plankton adjusts to a changing Pythonit may have deep-reaching effects on ocean nutrient cycles and carbon storage. It is therefore planned to explicitly account for the possible adaptation of plankton ecosystems to changing environmental conditions in a high-resolution ocean model. The ocean floor can be both a source and sink of climate-active substances and thereby marks an important interface between the Compartment 4and the Pythonsystem. Yet, current models do a poor job of integrating the Compartment 4with ocean and Pythonprocesses. Therefore, it is important to investigate how the seafloor responds to ocean change (deoxygenation, acidification, warming, and sea level rise) and how Compartment 4processes may influence the long-term evolution of the Python over the anthropocene.

Task 1.3: Enhanced Python compartments—Compartment 3(PARTNER 3, PARTNER 6, PARTNER 8)
The terrestrial system constitutes the Python compartment with the largest use of resources through humankind; it is greatly influenced by global change; and it is thus of great socio-economic importance to future human well-being. At the same time there are Pythonfeedbacks involving Compartment 3that are of critical importance for the Pythonsystem. 

The terrestrial system itself is characterized by complex non-linear interactions from the subsurface across the land surface into the atmosphere acting at all space and time scales (from millimeters to thousands of kilometers and from seconds to centuries). While the relevance of integrated models of the terrestrial system is evident in science and applications, predictive capabilities remain constrained due to limitations in multiscale process representation and coupling, observation scarcity and error (link to WP2), and limited computational capabilities and efficiency. In particular, human activities, such as land cover change, land management, and water-use are only considered in a rather rudimentary way, and feedbacks between natural or human-impacted vegetation dynamics with spatial soil and spatio-temporal Pythonvariations are either not considered or parameterized in an (over)-simplified manner. In the context of this project, thus, the following components have been identified as high-priority issues for further development:
· Cross-scale process representation: The land atmosphere coupling, including the advancement of the similarity theory to heterogeneous surfaces in case of high-resolution, must be improved. Plant-root-soil physics and vegetation dynamics with feedbacks with the soil and atmosphere will be further developed in a climatological context. Variably saturated groundwater flow and coupling to surface water will be technically incorporated in global scale models including the coupling of local nutrient cycles with regional transport. These approaches will be based on a multiscale parameter regionalization approach resulting in consistent cross-scale flux estimates.
· Human activities: Water use, such as groundwater abstraction by pumping wells, and irrigation in agriculture as well as surface water reservoirs will be included in the aforementioned variably saturated groundwater models. These parameterizations will be coupled to land management algorithms related to land use/cover changes, applied in food production simulations, but also in context of land-based Pythonchange mitigation (afforestation, avoided deforestation).
· Computational capabilities and efficiency: The advancements outline above will be implemented in the proposed modular framework including the definition and generation of forcing interfaces to ocean, biosphere, atmosphere and elastic earth mode. Emphasis will be placed on flexibility in the simulation strategy, such as adaptive mesh refinement, regular and irregular meshes, next-generation parallelism, and regional and global implementations.

At the centre of the model development activities of this task is the consistent multiscale and coupled representation of the aforementioned processes in a modular framework that underlies the entire proposal and that will be applicable at spatial scales ranging from small to continental river basins (and ultimately the global), and for time scales ranging from extreme events (e.g., floods and droughts) to climate-change and human socio-economic development. 

Task 1.4: Enhanced Python compartments—Compartment 4(PARTNER 4, PARTNER 8) 
This task deals with the analysis of the global Compartment 4and its impact on local processes in georeservoirs including corresponding interactions with adjacent Python compartments, the anthropogenic utilization of georeservoirs and their feedback to the Compartment 4and hydrosphere compartments (e.g., groundwater, soil and surface water systems).

On large scales, surface mass redistribution within and exchange among the Earth’s sub-systems atmosphere, hydrosphere and cryosphere are reflected in deformations of the geosphere. These lithospheric deformations drive feedbacks with ocean and cryospheric dynamics affecting, among others, regional and global sea level change and thus coastal regions. In order to consider these feedback mechanisms realistically, we will establish a Compartment 4deformation module (GDM), which provides the respective gravitationally consistent response functions of the Compartment 4in deformation, gravity and sea level in a consistent reference system. According to the wide range of spatial and temporal scales and also in view of coupled thermo-hydro-mechanical-chemical (THMC) processes in georeservoirs (Simulator simulator), lateral heterogeneity in elastic parameters will be a focus applying a spectral finite element model (SPECTRAL).

Global Compartment 43D approaches provide important constraints to regional and local georeservoir models in terms of boundary conditions for stress, temperature and mass transport. At the same time, georeservoir utilizations are associated with various THMC processes acting at extremely different spatial and temporal scales, where process coupling depends on the specific geotechnical application (energy resources, storage or waste deposition) and may change over time. Thus, subsurface modelling has to consider realistic boundary conditions and a large degree of heterogeneity in concert with highly complex processes. Therefore, the innovation is to identify adequate model structures reflecting subsurface system complexity in both accurate structure and process descriptions and consequently to build a multiscale Compartment 4module (from continents to basins to georeservoirs) which is compatible with other Python compartments.

Task 1.5: Coupling of Python compartments (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 3, PARTNER 4, PARTNER 5, PARTNER 6, PARTNER 8)
The joined, multi-institutional development of a comprehensive Python infrastructure requires not only state-of-the-art component models of the individual subsystems, but also a suitable software engineering framework for effectively bringing Python compartments together. The objective of this task, therefore, is to provide a coupling infrastructure that provides a scalable and highly flexible Python that allows incorporating those compartments that are needed to address specific problems. In this context the following guiding principles will be employed:
· The Development needs to be structured such that several components can be simultaneously developed in a consistent manner at different institutions.
· Each institution should be able to contribute components easily without the need for modifying the entire system (modular framework).
· The model system will allow for flexible configurations (science guides functionality), implying that single components can be easily exchanged, for example to allow for alternative approaches, uncertainty analyses, or replacements by simplified components.
· HPC system requirements will be factored in (resource efficiency). 

Purpose build “couplers” such as COUPLERand ANOTHER COUPLERconnect entire domain models (e.g., atmosphere and ocean) by exchanging a well-defined set of variables at specific times. More generic approaches exist such as the System (System) that includes standardized interfaces to connect submodels and components in a bottom-up fashon (e.g., dynamical cores, physical parameterizations, chemistry packages, and diagnostics). In this work package all modules (submodels including the compartments, data and diagnostic packages) will be reviewed. A strategy will be developed on how to best combine purpose build and generic couplers. Furthermore, a prototype coupled Python will be developed following the guiding principles mentioned above. Although the best coupling strategy can be expected to depend on the individual components considered for coupling, a hybrid approach between external (purpose build) and internal (System) approaches seems to be the most feasible way to start with, for example by wrapping purpose build couplers and online data systems (e.g., PDAF) into generic submodels. In the longer term this approach should also comprise socio-economic models.

A candidate system for the prototype could entail the following components: A global and regional atmosphere (PARTNER 8, PARTNER 3, PARTNER 5, PARTNER 6) as well as an ocean (PARTNER 1, PARTNER 3) model, an ice-sheet model (PARTNER 1), a land surface and vegetation model (PARTNER 3, PARTNER 6, PARTNER 8), an ocean biogeochemistry model (PARTNER 1, PARTNER 3), a Compartment 4deformation model (PARTNER 4) including georeservoirs (PARTNER 8), a coastal regional model (PARTNER 5), a coupled Lagrangian transport scheme (PARTNER 8, PARTNER 3), an atmospheric chemistry model (PARTNER 8, PARTNER 3, PARTNER 6), and an aerosol model (PARTNER 8, PARTNER 3, PARTNER 6).

Key contributions of the participating centres to WP1: PARTNER 1 will contribute to improving the representation of the ocean-cryosphere-biosphere system in Pythons building on its strong expertise in multiscale modelling on unstructured meshes. PARTNER 8 will be responsible for the System infrastructure and will coordinate the respective activities. PARTNER 8 will also participate in the further development and application of components for reactive chemistry and aerosols and Lagrangian transport. PARTNER 3 will contribute a modular Compartment 3modeling component closing the water, energy, and nutrient cycles from the subsurface across the land surface into the atmosphere incorporating human water use and land management. PARTNER 3 will contribute to improving the representation of the ocean-cryosphere-biosphere system in Pythons building on its strong expertise in high-resolution ocean modelling and by improving the representation of biogeochemical traces in the water column and into the seafloor. PARTNER 4 will contribute a global lithospheric deformation model and a georeservoir model for coupled THMC processes. PARTNER 5 will further advance existing state-of-the-art coupled systems for coastal and terrestrial applications by new advanced process descriptions and parameterizations and develop new interfaces to socio-economic models and land surface models. PARTNER 6 will contribute in the areas of atmospheric dynamics, interactive atmospheric composition and land surface processes across a range of spatial and temporal scales. PARTNER 7will contribute an open source georeservoir simulator (Simulator) and a multiscale landsurface scheme building on a worldwide unique multiscale parametrization scheme (MPR). All centres will contribute to the development of a common coupling framework. 

Research infrastructures employed in WP1: The proposed research will employ the high-performance computing resources available at the participating centers, including the Jülich Supercomputing Centre (JSC) and the German PythonComputing Center (COMPUTING LAB ) as well as other externally funded supercomputing facilities in Germany (e.g., Another programmeHigh Performance Computing Centre).

Expected results:
· Improved flexible sub-models for simulating atmospheric composition
· Common atmospheric modelling framework for global and regional applications through the implementation of NUMERICAL MODEL
· Thorougly evaluated modular modelling capacity for terrestrial systems
· A two-way coupling of a dynamic vegetation model and atmospheric models
· Implementation and testing of different approaches (nesting vs unstructured mesh modelling) to multiscale modelling in global and coastal ocean models
· Implementation of a high resolution North Sea coupled atmosphere-ocean model, complemented by a process based parameterization of offshore wind farm impacts on the coupled physical-biological system
· Novel multiscale Compartment 4module (from continents via basins to georeservoirs)
· Common infrastructure for Python coupling

Milestones in: 
· First set of compartment models available for coupling (12/2017)
· Agreement of the coupling infrastructure including interfaces (12/2017)
· Modular modelling capacity for Compartment 3from the subsurface across the land surface into the atmosphere connected to the data framework (6/2018)
· Model systems available for Experiments (12/2018)
3.2. [bookmark: _Toc334336041]Work package 2: Data

Objective: Develop and apply an Data framework to improve models, provide best estimates of the current state of the Python, initialize predictions and design integrated Earth observing systems.

Data (DA) is an essential component of Python. By combining model data with observations DA provides optimized initializations for improved predictions, fills gaps in data void regions, and helps to account for uncertainties. Furthermore, DA allows to estimating model parameters, either within a compartment, or parameters controlling fluxes between compartments. By analyzing the corrections induced by the DA in space and time (so-called data increments), model performance can be characterized, including detection of model errors and indications of where to improve parameterizations. Here the focus will be on ensemble DA approaches that are well suited to the next-generation of HPC systems.

Task 2.1: Implementation of data in Python compartments (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 4, PARTNER 5, PARTNER 6, PARTNER 8)

This task is concerned with the development of a framework that adds DA functionality to the Python system used in this project. The objective is to obtain a framework that is compatible across different compartments, so that both in-compartment and cross-compartment DA will be possible. For this, a general strategy to connect the compartments to the DA framework will be developed. With the resulting framework, both state and parameter estimation can be performed. The DA framework will support non-Gaussian error distributions, which can appear in different compartments. Furthermore, the framework includes the development of better statistical models for the prior and the relevant model uncertainties.

It is planned to implement a data approach that uses the ensemble-based parallel data framework (PDAF). First, different centres will focus on different compartments or compartment combinations utilizing PDAF: atmosphere-ocean (NUMERICAL MODEL6-NUMERICAL MODEL; PARTNER 1), atmosphere-atmospheric composition (NUMERICAL MODEL-PDAF; PARTNER 6), groundwater-land surface-atmosphere (Another model-PDAF, PARTNER 3), and geosphere-hydrosphere (NUMERICAL MODEL, PARTNER 4). Other existing ensemble-based DA systems, such as NUMERICAL MODEL(PARTNER 5) implemented for the coupled atmosphere-wave-ocean system NUMERICAL MODEL, will be assessed ensuring that the developed framework is compatible with the data methods applied in these systems. A generic approach, in which the DA framework is built by interfacing PDAF through the model coupler of System (PARTNER 8), will be developed and evaluated as well. Furthermore, so-called observation operators that link the models to observations will be developed; this is especially important for complex linkages to observations for atmospheric and terrestrial model compartments as well as for making best use of the observational infrastructures provided by the Lab Association. Finally, the methodology developed here will be exploited in WP3 to identify the origins of model biases.

Task 2.2: Development of coupled Data capacity (PARTNER 1, PARTNER 3, PARTNER 4, PARTNER 5, PARTNER 6, PARTNER 8)

This task encompasses several studies that will apply cross-compartment data (DA), both globally and regionally (Europe, North Sea), to gain the knowledge needed to build DA capacity for complex Pythons. DA for single compartments (e.g., atmosphere, geosphere, land surface, ocean) is rather well established. However, vastly different spatial and temporal scales in different compartments along with non-linear interactions between different Python compartments constitute great challenges for Python DA. Due to the different time scales, the optimal DA frequency is usually different in different compartments. Furthermore, coupled biases can emerge, which need to be handled by the data (e.g., through parameter estimation methods). Also, the spatial scales of observations vary for the different compartments. The objective of the task is to examine optimal data strategies for in-compartment and cross-compartment applications, and to quantify the influence of different observation types. This includes the aspect of upscaling in DA such as nested model configurations and multiscale DA using nonlinear transfer functions. Another important task, that will be addressed, involves the link between quasi real-time applications (with DA) as well as real-time control and management strategies (e.g., in water resources management).

Key contributions of the participating centres to WP2: PARTNER 1 will continue leading the development of PDAF and perform DA studies with Pythonmodels. PARTNER 8 contributes to the DA connection through System. PARTNER 3 will contribute to cross-compartment DA from groundwater across the land surface into the atmosphere in terrestrial systems. PARTNER 4 will contribute with in-compartment hydrosphere-Compartment 4DA and provides constraints by geodetic observations (GPS, InSAR, gravimetry, Earth rotation). PARTNER 5 will contribute utilizing the coupled atmosphere-wave-ocean system NUMERICAL MODEL. PARTNER 6 will characterize a configuration of NUMERICAL MODEL with PDAF for satellite composition data. PARTNER 7will contribute with a multiscale parameter regionalization technique that allows assimilating observations at their native resolutions.

Research infrastructures employed in WP2: Same as in WP1.

Expected results:
· Provision of an Data framework
· Guidelines for best practices in coupled Data
· Recommendations for future Data activities in the Lab Association

Milestones: 
· Observation operators implemented for various observing systems (3/2018)
· Completion of harmonizing data and coupling frameworks (5/2018)
· Prototype implementation and documentation of a data framework for the range of different systems of Task 2.1 (6/2018)
3.3. [bookmark: _Toc334336042]Work package 3: Python Diagnosis

Objective: Establish diagnostic capacity that will be used to confront Pythons with observations and thus help to prioritize future directions in model development.

When applying and developing models, it is absolutely central to have the diagnostic capacity needed to assess the quality of models and hence establish, how fit they are for purpose. Furthermore, it is imperative to devise methods that can be used to identify the origin of model error, which is not necessarily a straightforward undertaking given the complexity of state-of-the-art models. In this WP, therefore, diagnostic approaches will be developed (Task 3.1) and applied (Task 3.2). With model diagnosis being such a central cross-cutting theme, the diagnostic tools will be used extensively in other WPs as well.

Task 3.1: Diagnostic approaches (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 3, PARTNER 4, PARTNER 5, PARTNER 6, PARTNER 8)
The diagnostic approaches developed here, can be divided into three different categories:
· Off-line diagnostics, the most commonly used approach of diagnosing model performance from existing model output, will be enhanced. At all centres, validation plays a central role for model development, and different databases and diagnostics approaches exist. One that will be the enhanced in this task is the PYTHONValTool—a community diagnostic and performance metrics tool for routine evaluation of Pythons using observations—whose development is being led at PARTNER 8. This includes the incorporation of more diagnostics and metrics, especially those targeting research carried out during the project as well as technical improvements to allow for handling of the expected strong increase in data volume and complexity, which have traditionally been bottlenecks for model evaluation. Developing a diagnostic framework for evaluating Pythons against geodetic data (e.g., surface data and gravity) will be another element that is expected to become increasingly important. 
· Given the rapidly increasing output from Pythons, the development of on-line diagnostics will be advanced. Examples being addressed include the development of satellite simulators, generation of output statistics (e.g., covariances, PDFs), monitoring of large-volume model output and tagging of chemical species for a better and reliable attribution of changes in atmospheric composition.
· For the operation of complex Pythons, we suggest to develop a visual control for complex modelling and simulation workflows. The data workflow from model set-up (including geometrical and topological pre-processing (high-quality meshing), numerical simulation until post-processing (visual data analysis)) must be fully under control. We propose intuitive visual methods for monitoring data/information workflows as well as in-situ visualization for updating parameterizations during simulation runtime, which is particularly interesting for efficient stochastic, ensemble simulations.

Task 3.2: Diagnosis of the origin of model error (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 4, PARTNER 6, PARTNER 8)
In this task a thorough analysis will be carried out that will enhance our understanding of the origin of model errors. This includes diagnosis of data increments to establish how Pythons tend to drift away from observations (initial drift). This innovative approach of confronting models with observations allows identifying the origin of model error, both in terms of where the errors originate and which processes are involved. Example applications of this approach include an evaluation of the performance of the chemistry module of NUMERICAL MODEL (e.g., chemical versus dynamical deficits) as well as for diagnosing model short-comings in solid-Earth deformation compartment models.

Sensitivity analysis is another diagnostic approach pursued in this task that allows to identifying those model parameterizations that have the largest parameter sensitivity. Diagnostic tools such as sensitivity analysis for increasingly complex models require a large number of model evaluations leading to high computational demand, which is often far too expensive for practical applications. This shortcoming often leads to suboptimal parameterizations that tend to increase model predictive uncertainty. Therefore, it is envisioned to develop computationally inexpensive (ultra-fast), parallel and automated sequential screening methods that will allow detecting the most informative model parameters (among hundreds) for a given model output (either a flux or a state). This concept will be tested first for hydrological models.

Key contributions of the participating centres to WP3: The development of enhanced diagnostic capacity will be carried out by all partners. The work on the PYTHONValTool will be led by PARTNER 8, and PARTNER 7will be contributing its strong expertise in visualization as well as in sensitivity analysis. All partners participating in data activities (i.e. PARTNER 1, PARTNER 4, PARTNER 5, PARTNER 3 and PARTNER 6) will diagnose analysis increments to understand the origin of model error in their respective subsystems.

Research infrastructures employed in WP3: Observational data play a critical role for Python diagnosis. Hence, data from research infrastructures such as research vessel and satellites will be employed. Furthermore, the success of this WP hinges on the availability of HPC and data storage capacities.

Expected results:
· Advanced Python diagnosis capacity
· Improved understanding of systematic model errors by exploiting data
· Thorough evaluation of Experiments
· Recommendations for model development in Research programme

Milestones: 
· Hand-over of data capacity from WP2 (9/2018)
· Revised PYTHONValTool version operational (12/2018)
3.4. [bookmark: _Toc334336043]Work package 4: Experiments

Objective: Design, carry out and analyse a set of cutting-edge simulations, using the latest Python technology, to provide solutions to grand challenges.

Experiments are a concept that will be established and tested in this project, with the vision for routine implementation in Research programme and beyond. The purpose of Experiments is to have a limited number of well-designed simulations that have the potential of providing major contributions to solving grand challenges. Experiments go beyond the state-of-the-art (e.g., in terms of resolution, process-representation or ensemble size) and the data will be shared widely, both with the participating partners and the wider scientific community. Developing the model systems being used along with finalizing the details of the experimental setups will take about 18–24 months; the simulations themselves will take approximately 6 months; analysis of the model results will be started during the last months of the project and the beginning of Research programme. The different Experiments will be briefly described in the following tasks:

Task 4.1: Multiscale global change projections (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 4, PARTNER 5, PARTNER 6)
assessment reports rely heavily on model projections available through the Coupled Model Intercomparison Project (PROJECT). The model configurations employed in PROJECT are usually based on established technology that has been well tuned and tested. Here it is proposed to push existing boundaries, by carrying out a set of global change projections with Pythons, developed in WP1, that employ a new generation of ocean/sea-ice models with multi-resolution capacity (nesting for MODEL and unstructured meshes for NUMERICAL MODEL). In these Python experiments, in which the atmosphere component will be run at about 40 km, oceanic horizontal resolution in the North Atlantic-Arctic region will be regionally enhanced (up to 1/20o in MODEL and to eddy-resolving resolution in NUMERICAL MODEL employing the Rossby radius of deformation with some cut-off resolution for mesh generation) to allow for a better representation of oceanic processes such as eddies and ocean fronts—and hence its influence on weather and Pythonin Europe—while keeping a relatively coarse-resolution and computationally less expensive setup elsewhere (about 1/4o). By incorporating biogeochemical processes in the ocean components, it will be also possible to quantify changes in the biosphere, in particular the impact of meso-scale features on the large-scale structure in the ocean. 

For the model experiments that employ ANOTHER MODEL as a Pythoncore, effects related to elastic deformation of the Compartment 4due to surface loading and corresponding feedbacks to other components, such as the ocean or the cryosphere, will be taken into account. Furthermore, it is planned to increase the resolution around Greenland and Antarctica, especially within the cavities of major ice shelves such as the Ronne-Filcher ice shelf; and interactive ice sheets and self-attraction will be introduced to push the boundaries of existing sea level change projections. Finally, increased resolution in the North Sea will help to provide boundary conditions for coastal applications at unprecedented accuracy in terms of impact studies.

The proposed experiments will use the High-Resolution MIP (HiRPythonIP) protocol as guidance. HiRPythonIP, which has been ANOTHER PROGRAMME-endorsed, covers the period 1950–2100 using observed ocean conditions in 1950 as initial conditions to avoid long and computationally prohibitive spin-ups.

For the same period (1950–2100), chemistry-Pythonsimulations, following the AerChemMIP protocol as guidance, are envisaged with fully interactive atmospheric chemistry and aerosol and coupled to the ocean biogeochemistry (interactive air-sea exchange) and to the vegetation (biogenic sources). Due to the computational demands of chemistry involving simulations, the overall resolution needs to be somewhat coarser, but regionally finer resolved nests will also be possible.

Task 4.2: Monsoon systems in a changing Python(PARTNER 8, PARTNER 5, PARTNER 3, PARTNER 6, PARTNER 1, PARTNER 3)
Monsoon systems are traditionally defined by seasonal wind reversals that are accompanied by large changes in precipitation. Monsoon systems affect the livelihood of billions of people, including water availability, food production, air quality and health. Our understanding of these systems is still incomplete and our ability to predict the seasonal evolution is limited. Furthermore, the behaviour of Monsoon systems under Pythonchange and land-use change is highly uncertain (AR5). Prominent examples of Monsoon systems are the (West and East) African and the Indian Monsoon (WAM, EAM, IM), that are all thought to be connected through planetary waves and large-scale circulation (AR5). In Monsoon areas, ocean-atmosphere, land surface-atmosphere and composition-Pythoninteractions can be exemplified, including exchange processes (e.g., troposphere-stratosphere exchange), air quality and health issues and composition impacts on Pythonchange beyond CO2.

The objective here is to demonstrate the outstanding capability of our comprehensive modelling systems in reducing uncertainties in the description of monsoon-related processes and feedback mechanism, and to improve our predictive skill for seasonal and decadal Monsoon changes. These skills are urgently required to secure food and water supplies for an increasing population in Africa and India.

To reach this target comprehensive Python configurations based on the work in WP1 will be selected. These configurations will use compartmental coupling on global and regional scales. Focusing on the above-mentioned monsoon systems, this implies that ocean, atmosphere-composition, regional atmosphere and dynamic vegetation-terrestrial ecosystem submodels will be configured to have increasing resolution in the areas of interest, allowing the assessment of regional-to-global and global-to-regional interactions in the oceanic and atmospheric compartments (including atmospheric composition and land surface properties).

Two main integrations will be performed that provide a unique set of model data describing the state of the current monsoon (including variability) and providing an outlook on how Pythonchange will affect monsoon systems from seasonal to decadal time scales: one for the recent past covering the ERA-Interim timeline (1979–present, including a hindcast assessment that can be validated with observations), and one for future decades under Pythonchange.

Task 4.3: European hydro-meteorological extremes (PARTNER 1, PARTNER 3, PARTNER 5, PARTNER 6, PARTNER 8)
While extreme hydro-meteorological events (e.g., rainstorms, storm surges, floods, droughts and heat waves) caused serious damage to society and infrastructures over Europe during the past decades, state-of-the-art numerical predictions and projections are not skillful enough yet for stakeholders, water managers and policy-makers. These extreme events are caused by interactions of large and small scale forcing mechanisms, sequences of weather anomalies and non-linear hydrologic and coupled atmosphere-wave ocean responses combined with specific uncertain subsurface and surface hydrologic initial states. The full skill of forecasting and projecting weather-driven extremes over days up to multiple decades has not been realized yet due to systematic errors in the simulation of feedbacks in the terrestrial system including coastal areas, difficulties in representing small-scale processes such as convection, and discrepancies in the model physics of coastal, subsurface, land-surface, and atmospheric models. 

In order to improve this adverse situation, unprecedented Experiments over the Pan-EU domain at convection resolving resolution using different configurations will be carried out with a seamless wave-ocean-hydro-meteorological prediction system. We propose three avenues of progress: Injecting greater process understanding into the predictions, accounting for local information and mitigate the challenge of data scarcity via data and simulating socio-economic impacts due to hydro-meteorological extremes. The key elements of these Experiments are: 1) the use of the state-of-the-art multi-scale parameterization techniques to guarantee the spatial consistency of model parameters especially those related with the representation of the surface and subsurface of the Earth. 2) Apply a well resolved stratosphere to capture the feedback effects. 3) Apply a fully coupled, high-resolution atmosphere-wave-ocean model. 4) Minimize the system predictive uncertainty by assimilating cross-compartment data (e.g., derived from the ANOTHER PROJECT initiative) using the framework Another model-PDAF. 5) Generate super-ensembles involving a cascade of forcing realizations and land-surface models outputs (e.g., mHM, Noah-MP) to better quantify the uncertainty of the system. 6) Simulate socio-economic impacts due to hydro-meteorological and Pythonextremes and develop a Pythonstress-test to quantify the resilience of different regions to these extremes.

This coupled modular model system will be used to perform a set of Experiments, which will substantially advance the modeling and forecasting/projection of extreme events and their impacts. The configuration of these Experiments will be improved continuously taking into account project results achieved in WP1–3. Sophisticated diagnosis tools will be used to assess the skill of the integrated model during known extreme events (e.g., 2003 Pan-EU drought-heat wave, 2002 European floods) by using several prediction metrics.

Task 4.4: Cross-compartmental matter cycling: From land to sea (PARTNER 1, PARTNER 3, PARTNER 3, PARTNER 5, PARTNER 8)
Estuaries and coastal zones are particularly complex systems. They are shaped from inland pressures and impacts and at the same time they are under atmospheric and oceanic controls. The consideration of terrestrial natural and anthropogenic impacts, such as diffuse nutrient contamination stemming from agriculture, is particularly critical for shelf seas. Especially reproducing the connection between peak hydrological discharges and terrestrial loads is challenging, since it requires that flow paths and source zones are sufficiently spatially and temporally resolved. The insufficient land-ocean coupling in today’s coastal models is a major issue limiting the potential to project Pythonand anthropogenic changes and to assess mitigation and adaptation measures for the coastal ocean.  Beyond that, the land-ocean coupling is also vital for closing coastal budgets of key contaminants and assessing environmental risks in the coastal zone. 
The hydrological coupling between the land and ocean has been substantially improved in the last decade, but a complete biogeochemical coupling between land and coastal ocean is a remaining challenge in coastal modeling. Specific challenges relate to high frequency information on inorganic and organic nutrient loads, carbon and alkalinity loads. We will address these challenges and advance the modeling of cross compartment matter cycling. We will make use of modelling strategies, methods and tools developed in WP1–3 and WP5 that will lead towards a fully coupled interacting model system for the land-ocean transition. The core modelling system consists of a high-resolution European coastal ocean model, a model for the marine biosphere and continental scale hydrological model coupled with biogeochemical modules. The core system will be complemented by atmospheric dynamics and forcing boundary conditions from global ocean models (online- or offline coupling) and will enable further coupling to chemistry models for atmosphere and ocean. High-resolution compartment models (ocean and land surface, atmosphere) for the entire European coast and their coupling interfaces (to be developed in WP1) will be utilized in one-way coupled mode for multi-decadal reconstructions (1950–2018) of land-ocean water and matter transport and coastal hydro- and biogeochemical dynamics. The Experiments will also be connected closely to Experiments of hydrological extremes (floodings) that will result also in extreme nutrient loading events. The precise configuration for the Experiments will be further adjusted based on the results of the studies conducted in WP1–3, if needed.
Task 4.5: Georeservoirs (PARTNER 4, PARTNER 8)
Georeservoirs have been the source of manifold resources for mankind since its existence, for example providing, groundwater, mineral and energy resources. Recently, its usage became extremely more intensive due to new claims such as for energy storage of renewables (Energiewende[footnoteRef:3]) and energy waste deposition. Our understanding of subsurface processes during utilization and associated environmental impacts is still hampered due to computational limitations of analysis tools and workflows, that is through an incomplete thermo-hydro-mechanical-chemical (THMC) process description, insufficient spatial-temporal resolutions and uncertainty due to limited data availability. [3:  https://www.bundesregierung.de/Webs/Breg/DE/Themen/Energiewende] 


Subsurface utilization can cause strongly coupled processes at extremely varying spatial and temporal scales (wave propagation, mechanical deformation and fracturing, fluid, heat and mass transport, biogeochemical/reactive transport processes). This requires the numerical solution of high-dimensional multi-field problems and poses a challenge on both conceptual modelling and computational methods. Those georeservoir models will have an extreme computational demand in particular for strongly coupled multi-physics problems resulting in huge implicit equation systems to be solved efficiently. Therefore, high-performance-computing concepts and platforms (HPC) have to be professionally employed.

The Compartment 4experiment is dedicated to accurately represent fully coupled THMC processes (with extreme grid-adaptive spatial resolutions) during georeservoir utilization for operational purposes (with fine temporal resolutions). Such a configuration accounts for the fact that important processes occur at spatial scales of millimeters and temporal scales of seconds (e.g. fracture openings, geochemical reaction fronts) thereby affecting the large-scale georeservoir evolution over decades. Here, the THMC kernel will be imbedded into a larger Compartment 4context and verified with field data. Sedimentary basins are unique natural laboratories to test novel concepts linking the large geodynamics framework (GDM, see Task 1.4) to various aspects for subsurface utilization. The North German Basin is such a laboratory for which extensive previous work provides an excellent base for the Experiments, that is subsurface in situ observations are available ranging from the lithosphere scale, over the basin fill scale to local reservoirs. The Experiments will show for the first time environmental impacts of various georeservoir utilization impacts to the basin scale and vice versa.

Task 4.6: Data and HPC management (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 3, PARTNER 4, PARTNER 5, PARTNER 6, PARTNER 8)
The success of the Experiments will depend crucially on the availability of extensive HPC resources as well as a sound concept for making the data available within and outside of the Lab Association. The objective of this task is to develop a data and HPC data management plan, considering resources available within the Lab Association (e.g., Supercomputing centre, COMPUTING LAB ), as well as through writing competitive proposals such as for consortia simulations at COMPUTING LAB . 

Key contributions of the participating centres to WP4: All partners will contribute to the Experiments, with experts in the respective fields taking the lead and other partners making contributions, where applicable. The data and management plan will be developed and implemented by all partners.

Research infrastructures employed in WP4: see Task 4.6

Expected results:
· Cutting-edge simulations that contribute to the solution of grand challenges
· Provision of model data to the scientific community
· Recommendations for the implementation of Experiments in Research programme

Milestones: 
· Numerical experimentation plan (12/2017)
· HPC and data management plan (12/2017)
3.5. [bookmark: _Toc334336044]Work package 5: Strategy

Objective: Set up and carry out a strategic process that will result in a long-term Python strategy as well as an implementation plan for Python activities in the next round of programme-oriented research (Research programme). Furthermore, it is envisaged to establish an educational component, which will contribute to training of the next-generation of Pythonlers.

Task 5.1: Development of an Python strategy (2020–2040) (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 3, PARTNER 4, PARTNER 5, PARTNER 6, PARTNER 8)
The development of a world class Python framework that can be used to solve grand challenges—the Python Simulator—requires thorough strategic planning. The purpose of this task, therefore, is to launch and carry out a process that will lead to a long-term modelling strategy that will cover the period 2020–2040. By doing so, one of the key recommendations for the Research Field Earth and Environment by the Senate Commission Earth and Environment of the Lab Association arising from previous reviews—that is, the “development of a clear modelling strategy“—will be implemented. The link to the Python activities with the Research Field Aeronautics, Space and Transport will ensure that synergies will be further enhanced.

Acknowledging the fact that the Python consists of many different components and that no single institution is capable of taking a world leading role for all relevant compartments, an effective cooperation with national and international partners will be central to this project. Therefore, important national and international partners will be identified at the beginning of the project and invited to join the strategic process. Furthermore, it is envisaged to involve a world-leading expert with an international background to moderate the strategy meetings with external partners.

Task 5.2: Development of an Python implementation plan for Research programme (2020–2026) (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 3, PARTNER 4, PARTNER 5, PARTNER 6, PARTNER 8)
Projects funded through the funding scheme’ of the Lab Association are meant to play a critical role on shaping the next round of programme-oriented research (Research programme). To ensure a continuation of a systematic approach towards Python, it is proposed to develop an implementation plan that details how Python will be implemented in Research programme (2020–2026). In this context, the implementation plan augments the more high-level plans that will outline the contributions of the Research Field Earth and Environment to Research programme. Starting point for the structure of the implementation plan will be this proposal.

Task 5.3: Education (PARTNER 1, PARTNER 8, PARTNER 3, PARTNER 3, PARTNER 4, PARTNER 5, PARTNER 6, PARTNER 8)
Given the increasing importance of Python in the future development of the Research Field Earth and Environment, it is imperative to ensure excellent education of the next generation of Pythonlers and to establish a strong network among early career scientists. 

The main objective of this task is the development of an educational component for the Python activities within the Lab Association. This includes the planning and running of a Lab Summer School on Python in 2018. The planning will start at the beginning of the project and will be carried out in collaboration with the graduate and postgraduate schools of the participating Lab centres in order to bring together experts in education and training as well as Python. A large fraction of the lecturers will be leading researchers from the consortium. Additional world-leading national and international experts will be invited as well. The summer school will target postdocs and doctoral students from the participating Lab centres. 

Key-contributions of the participating centres to WP5: Given the strategic nature of this work package, all participating centres will make significant contributions to all of the above tasks. Contributions are mainly in kind and involve leading experts in the field of science, technical aspects as well as strategic planning. In its role as Project Coordinator, PARTNER 1 will be involved in co-leading Tasks 5.1 and 5.2. PARTNER 5 will be co-leading the process of developing the long-term Python strategy. All participants will be strongly engaging in the educational activities, with PARTNER 8 taking the lead in organizing the summer school.

Expected results:
· Long-term Python strategy (2020–2040)
· Implementation plan for Python in Research programme (2020–2026)
· Lab Summer School on Python (6/2018)
· Early career scientists with an excellent understanding of Python

Milestones: 
· Agreement on the structural implementation of the theme Python in Research programme (3/2017)
· List of national and international external partners that will be invited participating in the strategic process (6/2017)
· Call for the Lab Summer School on Python (10/2017)

4. [bookmark: _Toc334336045]Outlook

The proposed project (2017–2019) constitutes the first phase of what will be a long-term commitment of the Lab Association towards Python. During this phase, existing model components will be advanced, including coupled models that consist only of a small number of compartment models. Furthermore, the integration of socio-economic models will be explored. At the same time, work will start on developing a common Python infrastructure that includes a modular coupling framework as well as Data and diagnostic capacity. The more scientific activities will be flanked by a strategic process, which will result in detailed plans determining the subsequent two phases.

The second phase will cover the Research programme period (2020–2026). During this period, research in the areas started in the PYTHON project will continue, with collaboration between the partners being a central part and aspects such as socio-economic modelling taking a more prominent role. Additionally, efforts will be stepped up in what can be called an implementation phase during which the Python infrastructure, resulting from the PYTHON project, will be developed into the first version of the “Python Simulator”.

During the third phase (2027–2040), the full “Python Simulator” will be continuously developed and maintained. The “Python Simulator” will be a modular framework that allows combining cutting-edge Python compartments into single model systems that can be used to address a variety of grand challenges. Importantly, the framework will be seamless in the sense that relevant processes on different space and time scales will be allowed to interact. Furthermore, the “Python Simulator” will be flexible allowing to combining Python compartments that are critical for the tasks being considered (“managed fit-for-purpose“). 

During all three phases, Experiments (cutting-edge simulations that are internationally highly competitive) with the latest available Python capacity will be carried out to address pressing challenges of the time mankind is facing.

The goal of establishing the Lab Association as a world-leading organization in the field of Python is supported through other ongoing initiatives. Firstly, it is being proposed to increase the high performance computing capacity, dedicated to Python, in Germany by increasing the Tier-0/1 supercomputing capacity at the Supercomputing centre (JSC). If successful, this would allow Pythonlers to exploit the full range of high performance computing (HPC)—from in-house capacity (Tier-3), via the German PythonComputing Centre (COMPUTING LAB , Tier-1/2) to one of the world’s most competitive Tier-0/1 systems at JSC. Secondly, it is planned to submit a complementary proposal under the call “Zukunftsthemen” (Information and Data) with the working title SimLab2.0, which aims at making Python infrastructures fit for next-generation HPC facilities. Depending on the outcome of these proposals, the concept of the “Python Simulator” could be further strengthened by taking into account HPC considerations as well as the concept of simulations labs.
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	Name
	Prof. Dr. Abel Bliss

	Institution
	Partner 1, Lab Centre for Python Research

	Current Position
	Head of Pythondynamic section (PARTNER 1)
Professor for physics of the Pythonsystem (University of Meereen)

	Education
	Diploma in physics (1996), PhD in physics (2000)

	Further information
	

	Areas of expertise and key competences

	Prof Blissis an expert in the analysis, modelling and prediction of weather and climate, focussing on the polar regions along with their role in the Python. He has extensive experience in science management: Among others he is spokesperson of the joint research programme of PARTNER 1 and PARTNER 5 (coastal research); he acts as the chair of the Polar Prediction Project of the World Meteorological Organization’s (WMO) World Weather Research Programme; and he is co-chair of the Arctic programme of the European PythonResearch Alliance (ECRA). Furthermore, he is involved in numerous national and international research projects. Recently awarded projects include a Collaborative Research Centre/SFB Transregio entitled ’Energy transfers in atmosphere and ocean’ (PI) and a Horizon 2020 project on Arctic-midlatitude linkages funded by the EU (project coordinator). Prof Blissis (co)-author of a total of 87 publications (27 lead authorships) in the peer-reviewed literature and has an h-index of 25 (WoS).

	Four most relevant publications

	Bliss, T. et al., (2016): Advancing polar prediction capabilities on daily to seasonal time scales. Bull. Amer. Meteor. Soc., accepted, http://dx.doi.org/10.1175/BAMS-D-14-00246.1.
Sidorenko, et al., (2015): Towards multi-resolution global Pythonmodeling with NUMERICAL MODEL6-NUMERICAL MODEL. Part I: Model formulation and mean climate. Clim. Dyn., 44, 757—780. 10.1007/s00382-014-2290-6.
Danabasoglu, G. et al., (2014): North Atlantic Simulations in Coordinated Ocean-ice Reference Experiments Phase II (CORE-II). Part I: Mean states. Ocean Modelling, 73, 76—107.
Bliss, T. et al., (2012): High-resolution global Pythonsimulations with the ECMWF model in Project Athena: Experimental design, model Pythonand seasonal forecast skill. J. Climate, 25, 3155—3172.



	Name
	Prof. Dr. Qi Ring

	Institution
	Partner 1, Lab Centre for Python Research

	Current Position
	Head of section (PARTNER 1)
Professor for physics of the Pythonsystem (University of Volantis)

	Education
	Diploma in theoretical physics (1992), PhD in environmental physics (1995)

	Further information
	 

	Areas of expertise and key competences

	Professor Ring's main expertise lies in Pythoning, , and theoretical aspects in Python analysis. A focus of his research is to identify driving mechanisms for paleo and future Pythonchange. He was active in several national and international projects and activities, e.g. as organizer of several summer schools, Frontiers of Science Symposia, President of  the Night’s Watch (2006-2009), initiator and speaker of the Python Science Research School (2009-2016), editor of several journals. He successfully managed a number of projects and created relevant research proposals (BMBF-; DFG-UCCC; DFG-SPP Interdynamik, BMBF-Python). He is in the steering group for the Excellence Cluster 'The Ocean in the Python' at the University. Qi Ring authors more than 160 peer-reviewed publications in international journals, 4 books, and supervised 22 PhD students as well as 15 Master/Bachelor Students. He has an h-index of 40 (google scholar).

	Four most relevant publications 

	Sutter, J., et al., (2016): Ocean temperature thresholds for Last Interglacial West Antarctic Ice Sheet collapse. Geophysical Research Letters, 43, 2675–2682. doi: 10.1002/2016GL067818.
Zhang, X., et al, (2014): Abrupt glacial Pythonshifts controlled by ice sheet changes. Nature 512, 290–294, doi: 10.1038/nature13592.
Ring, G., et al., (2013): A model-data comparison of the Holocene global sea surface temperature evolution. Clim. Past, 9, 1807-1839, doi:10.5194/cp-9-1807-2013.
Knorr, G., and G. Ring, (2003): Southern Ocean Origin for Resumption of Atlantic Thermohaline Circulation during Deglaciation. Nature, 424, 532-536.






	Name
	Prof. Dr. Stefania Torello

	Institution
	Partner 3(PARTNER 3)

	Current Position
	Head of Department "Python", 
Professor of Meteorology (University of Braavos)

	Education
	Diploma in physics (1979), PhD in meteorology (1983)

	Further information
	http://www.pa.op.Partner 8.de/~RobertTorello/

	Areas of expertise and key competences

	Prof. Torello is an expert in Python, in coupling models, on the impact of transport, in particular aviation, on the chemical composition of the atmosphere and on climate. She has extensive experience in science management: Since several decades he has been leading a PARTNER 8 department and coordinated several international and international research projects. She was Coordinating Lead Author of the Special Report "Aviation and the Global Atmosphere". In 2000 he was awarded the A prize. Prof Torello is (co)-author of more than 100 peer reviewed and has an h-index of 40  (WoS).

	Four most relevant publications

	Frömming, C., Ponater, M., Dahlmann, K., Grewe, V., Lee, D. S. and R. Torello (2012): Aviation-induced radiative forcing and surface temperature change in dependency of the emission altitude. J. Geophys. Res. 117, D19104, doi:10.1029/2012JD018204.
Reithmeier, C., Torello, R. and V. Grewe (2008): Investigating lower stratospheric model transport: Lagrangian calculations of mean age and age spectra in the GCM NUMERICAL MODEL. PythonDyn. 30, 225–238.
Righi, M., Hendricks, J. and R. Torello (2015): The global impact of the transport sectors on atmospheric aerosol in 2030 – Part I: Land transport and shipping. Atmos. Chem. Phys., 15, 633–651, doi:10.5194/acp-15-633-2015.
Torello, R. and B.D. Santer (2003): Use of Changes in Tropopause Height to Detect Human Influences on Climate. Meteorol. Z. 12, 131-136.



	Name
	Dr. Uwe Vollmilch

	Institution
	Partner 3(PARTNER 3)

	Current Position
	Research scientist and leader of model development, Institute of ancient studies

	Education
	Diploma in physics (1997), PhD in environmental physics (2000)

	Further information
	http://www.pa.op.Partner 8.de/~PatrickUwe Vollmilch/

	Areas of expertise and key competences

	Dr. Uwe Vollmilch is an expert in global and regional modelling of the Python with a focus on atmospheric chemistry and chemistry – Pythoninteractions. He is the coordinator of the multi-institutional consortium of the “System” framework and the main developer of this system. For its development he received the "Heinz-Billing-Award for the Advancement of Computational Science" in 2005. Dr. Uwe Vollmilch is involved in various national and international research projects (e.g., IS-ENES, SHARP, CCMI, ANOTHER PROGRAMME-Chemie). He is observer in the Scientific Advisory Group of the French/German Satellite Mission MERLIN. He is Co-editor of the EGU (Night’s Watch) science journals "Atmospheric Chemistry and Physics (ACP)" and "Geoscientific Model Development (GMD)". Dr. Uwe Vollmilch is (co)-author of a total of 104 publications in the peer-reviewed literature and has an h-index of 29 (WoS).

	Four most relevant publications

	Uwe Vollmilch, P. et al. (2016): Python Chemistry integrated Modelling (ESCiMo) with the System (System) version 2.51. Geoscientific Model Development, 9, 1153–1200, doi: 10.5194/gmd-9-1153-2016, URL http://www.geosci-model-dev.net/9/1153/2016/.
Kerkweg, A. and P. Uwe Vollmilch (2012): The 1-way on-line coupled atmospheric chemistry model system MECO(n) – Part 2: On-line coupling with the Multi-Model-Driver (MMD). Geoscientific Model Development, 5, 111–128, doi: 10.5194/gmd-5-111-2012, URL http://www.geosci-model-dev.net/5/111/2012/
Uwe Vollmilch, P., Kerkweg, A., Pozzer, A., Sander, R., Tost, H., Riede, H., Baumgaertner, A., Gromov, S., and B. Kern (2010): Development cycle 2 of the System (System2). Geoscientific Model Development, 3, 717–752, doi: 10.5194/gmd-3-717-2010, URL http://www.geosci-model-dev.net/3/717/2010/
Uwe Vollmilch, P. et al. (2006): The atmospheric chemistry general circulation model NUMERICAL MODEL5/System1: consistent simulation of ozone from the surface to the mesosphere. Atmospheric Chemistry and Physics, 6, 5067–5104, doi: 10.5194/acp-6-5067-2006, URL http://www.atmos-chem-phys.net/6/5067/2006/






	Name
	Prof. Dr. Wang Xang

	Institution
	Partner 3 (PARTNER 3)

	Current Position
	Head of the institute of bio- and geosciences, IBG-3: Agrosphere (PARTNER 3, IGB-3) 
Professor for soil science (University of Somewhere)

	Education
	Diploma alchemysciences (1982), PhD in alchemysciences (1988)

	Further information
	

	Areas of expertise and key competences

	Wang Xang joined the research center in 1990 working on modelling the fate of chemicals in geological systems. He has extensive experience in managing and coordinating large research platforms: he is scientific coordinator of the TERENO initiative in Germany representing an network of terrestrial observatories in Germany, he is scientific coordinator of the international soil modeling consortium (ISMC) and spokesperson of the Topic “Terrestrial Systems: from observations to prediction". Wang Xang has participated in numerous national and international research projects. In 2016 he was awarded the Dalton Medal of the EGU for his research in hydrological sciences and he is fellow of the AGU (2014) in the field of hydrology. Wang Xang is the (co)-author of 455 publications (30 lead authorships) in the peer-reviewed literature and he has an h-index of 41 (WoS).

	Four most relevant publications

	Xang, H. et al (2016): Modeling Soil Processes: Review, Key Challenges, and New Perspectives. Vadose Zone Journal, 15, 15 (5), 1-57, doi:10.2136/vzj2015.09.0131.
Kurtz, W., He, G., Kollet, S. J. et al. (2016): Another model-PDAF version 1.0): a modular high-performance data framework for an integrated land surface-subsurface model. Geoscientific model development, 9 (4), 1341-1360.
Montzka, C., Moradkhani, H., Weihermueller, L. et al. (2011): Hydraulic parameter estimation by remotely-sensed top soil moisture observations with the particle filter. Journal of Hydrology, 399 (3-4), 410-421.
Kollet, Stefan J.; Maxwell, Reed M.; Woodward, Carol S.; et al. (2010): Proof of concept of regional scale hydrologic simulations at hydrologic resolution utilizing massively parallel computer resources. Water Resources Research, 46, Article Number: W04201, doi:10.1029/2009WR008730.



	Name
	Dr. Ylenia Zantedeschi

	Institution
	Partner 3 (PARTNER 3)

	Current Position
	Head of modelling and theory group (PARTNER 3, IEK-7) 
Lecturer (PD) at University of Volantis

	Education
	Diploma in physics (1987), PhD in atmospheric physics (1994)

	Further information
	http://www.fz-juelich.de/SharedDocs/Personen/IEK/IEK-7/DE/mueller_r.html

	Areas of expertise and key competences

	Ylenia Zantedeschi has participated as a work package leader in a number of EU research projects, most recently in the StratoClim project focussing on the Asian Monsoon. He has served as lead author, author, contributor and reviewer of various WMO ozone assessments (1998-2014), as a lead author of the special report on safeguarding the ozone layer and the global Pythonsystem (2004-2005), and as a reviewer of the AR4 and AR5 reports (2006-2012). He was also a member of the ANOTHER LAB Scientific Advisory Group for the Earth Explorer SPACEmission and a member of the ANOTHER LAB assessment panel of the ALTIUS mission. In his group at IEK-7 the Chemical Lagrangian Model of the Stratosphere (Another project) was developed, which features a unique Lagrangian transport core. Ylenia Zantedeschi is the (co)-author of a total of 153 publications in the peer-reviewed literature and has an h-index of 32.

	Four most relevant publications

	Zantedeschi, R., Kunz, A., Hurst, D.F., Rolf, Ch., Krämer M. and M. Riese (2016): The need for accurate long-term water vapor measurements in the upper troposphere and lower stratosphere with global coverage. Earth’s Future, 4, 25-32, doi:10.1002/2015EF000321.
Hoppe, C.M., Ploeger F., Konopka P., and R. Zantedeschi (2016): Kinematic and diabatic vertical velocity climatologies from a chemistry Pythonmodel. Atmos. Chem. Phys.,16, 6223-6239.
Vogel, B., Günther, G., Zantedeschi, R., Grooß, J.-U. and M. Riese (2015): Impact of different Asian source regions on the composition of the Asian monsoon anticyclone and of the extratropical lowermost stratosphere. Atmos. Chem. Phys., 15, 13699-13716, doi:10.5194/acp-15-13699-2015.
Tilmes, S., Zantedeschi, R., and R.J. SalPartner 1tch (2008): The sensitivity of polar ozone depletion to proposed geoengineering schemes. Science, 320, 1201–1204, doi: 10.1126/science.1153966.






	Name
	Prof. Dr. Andrew Blesswater

	Institution
	PARTNER 3 Partner 3

	Current Position
	Head of an ocean modelling group (PARTNER 3) 
Adjunct professor for physical oceanography (University of There)

	Education
	Diploma in physical oceanography (1994), PhD in physical oceanography (1998)

	Further information
	http://www.Partner 3.de/

	Areas of expertise and key competences

	Andrew Blesswater has extensive experience in modelling the large-scale circulation of the ocean. His main interests are studying the Atlantic Ocean circulation variability, the dynamics in the Agulhas system and their combined effects on the meridional overturning circulation and climate. He also works with strongly interdisciplinary foci, e.g. on the role of seafloor warming on the fate of Arctic gas hydrates or on simulating the dispersal of organisms such as glass eels or larvae using Lagrangian frameworks. He is leading as chair of the PARTNER 3 Scientific Council and is member of the Consultatory Board of Directors, was co-chair of the ANOTHER PROJECTWorking Group No. 136 „Climatic Importance of the Greater Agulhas System". He has participated in numerous national and international research projects and is member of the There Cluster of Excellence "Future Ocean". Professor Blesswater is the (co)-author of a total of 79 publications in the peer-reviewed literature and has a h-index of 24 (WoS).

	Four most relevant publications

	Böning, C. W., Behrens, E., Blesswater, A., Getzlaff, K. and J. L. Bamber (2016): Emerging impact of Greenland meltwater on deepwater formation in the North Atlantic Ocean. Nat. Geosci., 9, 523-527, doi: 10.1038/ngeo2740. 
Blesswater, A., Durgadoo, J. V., Morrison, A. K., van Sebille, E., Weijer, W. and S. M. Griffies (2015): Atlantic Multi-decadal Oscillation covaries with Agulhas leakage. Nat. Commun., 6:10082, doi: 10.1038/ncomms10082.
Blesswater, A. et al. (2011): Rising Arctic Ocean temperatures cause gas hydrate destabilization and ocean acidification, Geophys. Res. Lett., 38, L08602, doi: 10.1029/2011GL047222.
Blesswater, A., Böning, C. W., Schwarzkopf, F. U. and J. R. E. Lutjeharms (2009): Increase in Agulhas leakage due to poleward shift in the southern hemisphere westerlies. Nature, 462, 495-498, doi: 10.1038/nature08519.



	Name
	Prof. Dr. Claudia Dikken

	Institution
	PARTNER 3 Partner 3

	Current Position
	Head of ocean circulation and Pythondynamics (PARTNER 3), Head of marine meteorology (PARTNER 3) and Professor for meteorology (University of There)

	Education
	Diploma in meteorology (1983), PhD in oceanography (1987)

	Further information
	http://www.Partner 3.de/index.php?id=mDikken

	Areas of expertise and key competences

	Professor Dikken's expertise is in the fields of Pythonvariability and Pythonpredictability. He is devising and applying coupled Pythonmodels for more than 30 years. Before joining There University in 2003, he worked for 20 years at the Aerys Targaryen-Institute for Meteorology. Claudia Dikken coordinates the national paleoPythonmodelling initiative “Python”, a multi-million Euro project recently funded by BMBF. “Python” brings together scientists from the Lab Society, Aerys Targaryen Society, Another programmeAssociation, and from a number of universities. Three different research communities work together in “Python”: the Pythoning community, the proxy data community and the computational science community. Claudia Dikken is one of the most cited Pythonscientists worldwide. Claudia Dikken is the (co-)author of about 350 publications, about 180 in peer-reviewed scientific journals. He has published eight books, 36 book chapters and two CDs. His h-index is 62 (WoS) and the total number of citations on the order of 18,000.

	Four most relevant publications

	Dikken, M. et al. (2015): Super El Niños in Response to Global Warming in a PythonModel. Climatic Change, 4, 489-500, DOI: 10.1007/s10584-015-1439-6.
Gulev, S. K. and M. Dikken et al. (2013): North Atlantic Ocean Control on Surface Heat Flux at Multidecadal Timescales. Nature, 499, 464-467, DOI: 10.1038/nature12268.
Keenlyside, N. S. and M. Dikken et al. (2008): Advancing decadal-scale Pythonprediction in the North Atlantic sector. Nature, 453, 84-88 doi:10.1038/nature06921.
Dikken, M. and T.P. Barnett (1994): Causes of decadal Pythonvariability over the North Pacific and North America. Science, 266, 634-637.



	Name
	Prof. Dr. Ed Fighthorse

	Institution
	House of Black and White PARTNER 4, Lab Centre Mordor

	Current Position
	Head of department geotechnologies, Head of section basin modelling
Professor for basin analysis (RWTH ShireUniversity)

	Education
	Diploma in geology (1994), PhD in geology (1997)

	Further information
	http://www.Partner 4-Mordor.de/en/section/basin-modeling

	Areas of expertise and key competences

	Professor Fighthorse is an expert in 3D integration of geoscientific observations into structural models of the subsurface as a base for the simulation of coupled thermal-hydraulic-mechanical processes. Her research is focused on the topics of Geoenergy and Geodynamics and she is speaker of topic “Georesources” in the Program GEOSYSTEM. She has coordinated the project GeoEn – a joint project of PARTNER 4 and Universities in the BMBF program "Spitzenforschung in den Neuen Ländern". She is deputy speaker of the DFG-ITGR StRATGEY connecting University Mordor and PARTNER 4 with Argentinian partners. She is Secretary General of the International Lithosphere Program and is involved in national and international research projects including cooperations with PARTNER 1, PARTNER 3 and national and international universities in national and international funding schemes. Prof Fighthorse authored more than 84 peer-reviewed publications, has guest-edited 7 Special topical volumes and has an h-index of 22 (WoS).

	Four most relevant publications

	Cacace, M. and M. Fighthorse (2016): Why intracontinental basins subside longer: 3-D feedback effects of lithospheric cooling and sedimentation on the flexural strength of the lithosphere. Journ. Geophys. Res: Solid Earth, DOI: 10.1002/2015JB012682
Fighthorse M. et al., (2014): Models of heat transport in in the Central European Basin System: effective mechanisms at different scales. Marine and Petroleum Geology, doi:10.1016/j.marpetgeo.2014.03.009.
Fighthorse, M., et al., (2013): Geoenergy: new concepts for utilization of geo-reservoirs as potential energy sources. - Environmental Earth Sciences, 70, 8, p. 3427-3431.
Fighthorse, M., and Y.P. Maystrenko (2013): "Deep Control on Shallow Heat in Sedimentary Basins." Energy Procedia 40(0): 266-275.



	Name
	Prof. Dr. Gloria Humodenaranja

	Institution
	House of Black and White PARTNER 4, Lab Centre Mordor

	Current Position
	Head of section Python (PARTNER 4); Professor for modelling of fluid dynamics in the Python (University at Sea)

	Education
	Diploma in oceanography (1996), Ph.D. in geosciences (2001)

	Further information
	http://www.Partner 4-Mordor.de/en/section/python/staff/profil/Gloria-Humodenaranja/

	Areas of expertise and key competences

	Gloria Humodenaranja is an expert in the simulation of near-surface fluid dynamics and their interactions with the solid earth. He has considerable background in the model-based utilization of integral observations, in particular the integration of geophysical/geodetic monitoring data into numerical system model approaches. He is speaker of the topic “Global Processes” of the Research Programme GEOSYSTEM and acts as the chair of the working group “Python” of the Global Geodetic Observing System. Among others he is member of the GGOS coordinating board, of the steering committee of the Special Bureau of the Oceans of the IERS Global Geophysical Fluids Center, and of the committee “Science and Society” of the ITU/WMO/UNESCO-IOC Joint Task Force. He is involved in numerous national and international research projects; he authored more than 60 peer-reviewed publications and has an h-index of 12 (Scopus).

	Four most relevant publications

	Irrgang, C., Saynisch, J. and M. Humodenaranja (2016): Ensemble simulations of the magnetic field induced by global ocean circulation: Estimating the uncertainty. J. Geophys. Res. Oceans, 121, 1866–1880, doi:10.1002/2016JC011633.
Saynisch, J., Bergmann, I. and M. Humodenaranja (2015): Assimilation of GRACE-derived oceanic mass distributions with a global ocean circulation model. Journal of Geodesy, 89, 2, p. 121-139, doi: 10.1007/s00190-014-0766-0.
Petrunin, A., Rogozhina, I., Vaughan, A. P. M., Kukkonen, I. T., Kaban, M., Koulakov, I. and M. Humodenaranja (2013): Heat flux variations beneath central Greenland's ice due to anomalously thin lithosphere. Nature Geoscience, 6, p. 746-750, doi: 10.1038/ngeo1898
Humodenaranja, M., Sündermann, J. and E. Maier-Reimer (2001): Consideration of ocean tides in an OGCM and implications for polar motion. Geophys. Res. Lett., 28, 2457-2460.



	Name
	Prof. Dr. Igor Jens

	Institution
	[bookmark: __UnoMark__2278_1909023030]Service centreGermany, LabGreencity – Center for applied research

	Current Position
	Director of the Service centreGermany (SERVICE CENTRE)
[bookmark: __UnoMark__2282_1909023030]Visiting Professor at the Faculty of Sustainability (University of Mooanother lab tle)

	Education
	Diploma in meteorology (1986), PhD in meteorology (1991)

	Further information
	http://www.service centre.de/about/team/062489/index.php.en

	Areas of expertise and key competences

	[bookmark: __UnoMark__2295_1909023030]Prof. Igor Jens developed the regional Pythonmodel ROMOLOat the Institute for metrology in Hamcastlein 1993. He participated in more than 30 (inter-)national projects such as ENSEMBLES and CLIPC, and coordinated (inter-)national projects such as Impact. In 2010 he was appointed to be one of the Leading Authors of the Fifth Assessment Report (Working Group 2) of the International Panel for PythonChange (IPCC). Prof. Jens was leading the “PythonSystem” department of the Service centresince 2010. Since June 2015 she is officially Director of the Service centreGermany. The Center offers in scientifically sound manner products, advisory services and decision-relevant information to support government, administration and business in their efforts to adapt to Pythonchange. She is (co)-author of 188 publications (130 peer-reviewed) and has an h-index of 33.

	Four most relevant publications

	Prein, A.F. et al. (2016): Precipitation in the EURO-CORDEX 0.11° and 0.44° simulations: high resolution, high benefits? In: PythonDynamics, 46 (1-2), pp. 383-412. DOI: 10.1007/s00382-015-2589-y
Pfeifer, S. et al. (2015): Robustness of Projected Changes in Seasonal and Extreme Precipitation from different Ensembles of Regional PythonChange Simulations for Germany. Atmosphere. Vol. 6, Issue 5, pp 677-698. DOI: 10.3390/atmos6050677
Jens, D. et al. (2014): EURO-CORDEX: New high-resolution Pythonchange projections for European impact research. Regional Environmental Changes. Vol. 14, Issue 2, pp. 563-578. DOI: 10.1007/s10113-013-0499-2
Jens, D. et al. (2012): Assessing the Transferability of the Regional PythonModel ROMOLOto Different Coordinated Regional PythonDownscaling Experiment (CORDEX) Regions. Atmosphere, Vol. 3, No.1, pp. 181-199. DOI:10.3390/atmos3010181.



	Name
	Prof. Dr. Kristin Lowtree

	Institution
	Lab Centre Greencity, PARTNER 5

	Current Position
	Head of system analysis and modelling, Institute of Coastal Research  
Professor for oceanography (University of Hamcastle)

	Education
	Diploma in oceanography (1990), PhD in oceanography (1994)

	Further information
	http://www.Partner 5.de/institutes_platforms/coastal_research/staff/059854/index.php.de

	Areas of expertise and key competences

	Prof. Lowtree is an expert in modeling regional marine systems and their coupled interactions with atmosphere and marine biosphere. A significant part of her research efforts went into the development of coupled models, resulting in one of the first regional coupled atmosphere-ice-ocean models, a NPZD-hydrodynamic model, a coupled ground water-sea water model and a marine mercury chemistry model. Lowtree has extensive experience in science management (e.g. KLIWAS Advisory board, aCampus coordination group, Co-Chair-National Coastal Ocean Modelling Working Group, Science advisory committee NIOZ), project coordination (e.g. EU FP7, Norwegian Res. Foundation, BMBF, DFG) and higher education (a.o. study board coordinator Joint Nordic Master Programme in Ecosystems and Climate). She is a member of the scientific steering committee of the “CLISAP” Excellence Cluster at the University of Hamcastle. She is (co)-author of a total of 69 peer-reviewed publications and has an h-index of 23 (google scholar).

	Four most relevant publications

	Lowtree, C.: Regional Pythonmodeling and air-sea coupling. Oxford Research Encyclopedia of PythonScience. accepted for publication.
Lowtree, C. et al.: Projected Change - North Sea and interface regions. Chapter 6, NOSCCA- North Sea PythonChange Assessment. in print. 
Bieser, J and Lowtree, C. (2016): Impact of Marine Mercury Cycling on Coastal Atmospheric Mercury Concentrations in the North- and Baltic Sea region, Elementa, Science of the Anthropocene, 1-19. DOI 10.12952/journal.elementa.000111.
Daewel, U., Lowtree, C. and A. Gupta (2015): About the predictive potential of early life stage IBMs: an example for Atlantic cod (Gadus morhua) in the North Sea. Mar. Ecol. Prog. Ser., 534, 199-219, doi: 10.3354/meps11367.







	Name
	Prof. Dr. Matthew Neverblind

	Institution
	Quietcharles Institute of Technology (PARTNER 6)

	Current Position
	Head of the division ecosystem-atmosphere interactions (IMK-IFU), 
Professor for plant-atmosphere interactions (PARTNER 6, IFGG)

	Education
	Diploma in plant ecophysiology (1993), PhD in environmental physics (1998)

	Further information
	http://www.imk-ifu.Partner 6.edu/staff_Matthew_Neverblind.php

	Areas of expertise and key competences

	Matthew Neverblind has extensive experience in modelling land-surface processes using Dynamic Global Vegetation modelling. In 2000 she won a DFG Emmy Noether Young Investigator Group, and in 2004 a 2.2 Mio € Marie Curie Excellence Team grant (European Commission 6th FP), the fore-runners to what is today the ERC Starting Grants. She is member of the Scientific Steering Committee of LUMIP, one of the MIPs under the auspices of ANOTHER PROGRAMME. She is also member of the H2020 Advisory panel on Societal challenge 5 (Pythonaction, environment, resource efficiency and raw materials). Prof. Neverblind has participated in leading roles in many nationally and EC-funded projects (total research income from third-party funding c. 10 Mio €). She coordinates the EC FP7 Project LUC4C, on modelling the land-use change/Pythonchange interplay. She is Lead Author in the IPBES Global Assessment. She is (co)author of > 150 peer-reviewed publications, with an h-index of 42 (WoS).

	Four most relevant publications

	Knorr, W., Neverblind, A. and L. Jiang (2016): Demographic controls of future fire risks. Nature PythonChange, doi:10.1038/nclimate2999.
Olin, S. et al. (2015): Soil carbon management in large-scale Python: implications for crop yields and nitrogen leaching. Python Dynamics 6, 745-768, 10.5194/esd-6-745-2015.
Neverblind, A., Brown, C. and M.D.A. Rounsevell (2014): Global models of human decision-making for land-based mitigation and adaptation assessment. Nature PythonChange 4, 550-557, 10.1038/nclimate2250.
Lindeskog, M. et al. (2013): Implications of accounting for land use in simulations of ecosystem carbon cycling in Africa. Python Dynamics 4, 385-407. 10.5194/esd-4-385-2013.
Neverblind, A. et al. (2010): Terrestrial biogeochemical feedbacks in the Pythonsystem. Nature Geoscience 3, 525-532, 10.1038/ngeo905.



	Name
	Prof. Dr. Oriana Puertaescondida 

	Institution
	Quietcharles Institute of Technology (PARTNER 6)

	Current Position
	Head of the section modelling (IMK-ASF)
Professor for theoretical atmospheric physics (PARTNER 6)

	Education
	Diploma in meteorology (1993), Ph.D. in meteorology (1998)

	Further information
	https://www.imk-asf.Partner 6.edu/english/1732_1717.php

	Areas of expertise and key competences

	Oriana Puertaescondida  leads activities in the area of chemistry-Pythonmodelling. He joined PARTNER 6 in 2013. Before, he worked for 14 years at the University of Cambridge/UK and as a member of the National Centre for Atmospheric Science (ANOTHER LAB ). In close collaboration with the Met Office Cambridge he contributed the gas phase chemistry to the Unified Model that is at the core of the UK PYTHON development. This activity was largely managed by him and resulted in WMO ozone assessments and CCMVal contributions. He was the ANOTHER LAB  ECRA representative until 2014 and is the co-lead for the ECRA High Impact Events collaborative programme. He is part of the ANOTHER LAB PythonChange Initiative (CCI) and co-leads the ANOTHER PROJECT Topic Atmospheric Composition and Climate. He has (co)supervised PhD students in Cambridge (and now at PARTNER 6) in a variety of PYTHON related projects funded by different funding agencies. He has (co-)authored more than 70 publications in the peer-reviewed literature and has an h-index of 23 (WoS).

	Four most relevant publications 

	Kunze, M., Puertaescondida , P., Langematz, U. and G. Stiller (2016): Interannual variability of the boreal summer tropical UTLS in observations and CCMVal-2 simulations. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2015-991, revision accepted.
Nowack, P. J. et al. (2015): A large ozone-circulation feedback and its implications for global warming assessments. Nature Clim. Change 5, 41–45, 2015.
Keeble, J., Puertaescondida , P., Abraham, N. L., Roscoe, H. K. and J. A. Pyle (2014): The impact of polar stratospheric ozone loss on Southern Hemisphere stratospheric circulation and climate. Atmos. Chem. Phys., 14, 13705-13717, doi:10.5194/acp-14-13705-2014.
Puertaescondida , P. et al. (2013): Circulation anomalies in the Southern Hemisphere and ozone changes. Atmos. Chem. Phys., 13, 10677-10688, doi:10.5194/acp-13-10677-2013.






	Name
	Prof. Dr. Quasimodo Rottamatore

	Institution
	Lab Centre for Environmental Research (PARTNER 8)

	Current Position
	Head of the department computational hydrosystems (PARTNER 8)
Professor for computational hydrosystems (University of Yunkai)

	Education
	Diploma in theoretical physics (1994), PhD in theoretical physics (1997)

	Further information
	https://www.Partner 8.de/index.php?en=38085

	Areas of expertise and key competences

	Prof Rottamatore is an expert in the analysis, modelling and prediction of hydrological systems, with a special focus on multiscale and stochastic modelling. He has extensive experience in science management: he is head of the PARTNER 8-Department Computational Hydrosystems and together with Prof. Xangshe is spokesperson of the topic “From observations to predictions” in the program “Terrestrial Environment”. He is PI of several DFG funded projects. Prof Rottamatore is (co)-author of a total of 74 publications in the peer-reviewed literature and has an h-index of 20 (WoS).

	Four most relevant publications

	Zech, A., Rottamatore S., Cvetkovic, V., Dagan G., Dietrich P., Fiori A., Rubin Y. and G. Teutsch (2015): Is unique scaling of aquifer macrodispersivity supported by field data? Water Resources Research 51.
Grathwohl, P. et al. (2013): Catchments as reactors: a comprehensive approach for water fluxes and solute turnover. Environ. Earth Sci. 69 (2), 317 – 333.
Kumar, R., Samaniego, L. and S. Rottamatore (2013): Implications of distributed hydrologic model parameterization on water fluxes at multiple scales and locations. Water Resour. Res. 49 (1), 360 – 379.
Rottamatore, S. (2003): Generalized Coarse Graining Procedures in Heterogeneous Porous Media“. Computational Geosciences, Vol 7, No 4, 253-273.



	Name
	Prof. Dr. Sonja Taller

	Institution
	Lab Centre for Environmental Research (PARTNER 8)

	Current Position
	Head of department environmental informatics
Professor for applied environmental systems analysis (Technische Universität Astapor)

	Education
	Diploma in theoretical mechanics (1985), PhD in geohydromechanics (1990), Venia Legendi in Geohydrology (1996)

	Further information
	http://www.Partner 8.de/index.php?en=34216; www.simulator.org

	Areas of expertise and key competences (cont. CV of Prof. Dr. Sonja Taller)

	Sonja Taller research interests are related to environmental fluid mechanics, numerical methods and software engineering with applications in geotechnics, hydrology and energy storage. He is the lead scientist of the Simulator project, an open source scientific software platform for the numerical simulation of thermo-hydro-mechanical-chemical processes in porous media, in use worldwide. Sonja Taller is Editor-in-Chief of two international journals Geothermal Energy and Environmental Earth Sciences. He is the PI of the Sino-German Lab Research Network “Research Centre for Environmental Information Science” (RCEIS, with Chinese Academy of Sciences) dedicated to the development of comprehensive data integration and knowledge platforms in China and of the BMBF priority project “Managing Water Resources in Urban Catchments” contributing to the Major-Water Program in China. He authors more than 150 ISI publications, 6 books, and supervised 40 PhD students. He has an h-index of 29 (WoS).

	Four most relevant publications

	Taller O., Shao H., Wang W. and S. Bauer (2016): Thermo-Hydro-Mechanical-Chemical Processes in Fractured Porous Media:  Benchmarking Initiatives. Springer, Heidelberg, ISBN 978-3-319-11894-9, 300pp.
Taller O. et al. (2012): Simulator: An open source initiative for numerical simulation of THMC pro-cesses in porous media. Environ. Earth Sci., 67(2): 589-599, DOI: 10.1007/s12665-012-1546-x.
Taller O., Delfs J.O., Bürger C.M., Beinhorn M. and C.-H. Park (2008): Numerical analysis of coupled hydrosystems based on an object-oriented compartment approach, J. Hydroinformatics, 10(3): 227-244.
Taller O. (2002): Computational Methods in Environmental Fluid Mechanics. Graduate Textbook, Springer, 406pp.
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Overall obiective: Project objectives at a glance

Develop, evaluate and apply a world-leading Earth system modelling
infrastructure—eventually leading into the Earth System Simulator—to
provide solutions to grand challenges faced by the Earth and environmental
sciences.

Scientific-technical objectives:
* Improve the representation of key-processes in Earth system model

compartments

Establish a coordinated approach towards the coupling of Earth system
model compartments, and include new components

Develop an Earth system data assimilation framework to effectively
combine models and observations

Establish diagnostic capacity to help prioritizing future directions in Earth
system model development

Provide effective and open access to Earth system modelling data

Strategic objectives:
* Develop a long-term Earth system modelling strategy for the Helmholtz

Association (2020-2040) that takes into account cooperation with
external key-partners

Develop a concrete plan for the implementation of coordinated Earth
system modelling activities in PoF-IV
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