Project Title: 
Regional Groundwater Availability Study of the California Coastal Basins, Phase 1: Determine Applicability and Usability of Existing Models and Metamodels for California Coastal Basins
Phase 1 Objectives:
The objective of Phase 1 is to determine the best models and/or metamodels for a path forward for determining the California Coastal Basin Groundwater Availability.  The focus of Phase 1 is to implement Tasks 4 and 6 of the original proposal.  Existing models will be evaluated and updated to current conditions as needed. A simple model representative of undeveloped areas will be also developed. Finally, the metamodel approach relative to model construction will be tested in a couple settings. A primarily goal is to determine metamodeling viability, especially with regard to extrapolation to unmodeled areas. 
If the metamodeling approaches fail to meet the objectives of the overall project (in other words, if the metamodels cannot be developed from modeled regions and used to simulate processes in unmodeled regions), alternative methods will be explored. Specifically, these methods will be examined if metamodels cannot be developed and implemented in a reasonable time frame when compared to development of an adequate groundwater flow model or if metamodels are not acceptable for useful approximations or predictions. In addition, other model simplifications will be considered include: scripts to automate creating simpler models and analytical solutions. 
A secondary goal is to identify the inputs and outputs of the simulation models that meet the requirements of the metamodeling approach and assist in assessing several California’s Sustainable Groundwater Management Act (SGMA) undesirable effects. Since development of simulation models and metamodels is computationally demanding, another secondary goal is to construct a framework for choosing the most effective and efficient modeling approach from model categories that span levels of complexity: from simple analytical solutions to highly refined groundwater flow models. Metamodeling will fall somewhere along this spectrum. Determining where a study falls on the continuum of model complexity will assist in the decision to use or not to use metamodels. 
Task 1: Determine the core models to use for the initial assessment (Task 4 original Proposal)
The characteristics of all models will be evaluated for their direct use and/or metamodeling potential. Candidate models will be investigated for core models of each hydrologic region. These models will be evaluated to determine which alternate region model can be tested as an extrapolation of the metamodels developed. Simulation areas where enough validation data exists will then be identified as extrapolation sites.
The initial core models are proposed to be the Pajaro Valley model within the Central Coast hydrologic region, a newly developed model of an undeveloped area in the Northern Coast, and the Los Angeles regional (LA) model.  The Pajaro Valley model is constructed using MF-OWHM is up to date (Hanson and others, 2014).  The water use is mostly for agriculture, but there is some urbanization.  The new model will represent a simpler relatively undeveloped area, while the LA model is current and will represent a heavily urbanized setting constructed using USG. The LA model will be ready for publication by the end of the calendar year. Both Pajaro and LA have issues with water-level declines, storage losses, and sea-water intrusion, which are SGMA undesirable effect.
Task 2: Update existing models (Task 4 original proposal)
The existing available models will be analyzed, updated as needed, and extended to present-day so that they are usable for future analyses. This will require obtaining and updating water use data for these basins.  These models will not be recalibrated, only updated with new information on stresses. The development of an additional core model in the Northern Coastal Basin is described in Task 3.
Primarily, the key differences in the two core models will be investigated. Temporal and spatial scales may need to be adjusted to create sufficient commonality between the models. The proximity of the areas of interest to the model boundaries and various geological features, such as faults, will be used to identify candidate regions for metamodeling. The system responses that will be predicted by metamodels, as well as the specific model inputs that drive those responses, will be identified within these regions.
Task 3: Develop model representative of Northern Coastal Basins (Task 5 original proposal)
First a groundwater basin within the North Coast hydrologic region will be identified as a suitable area for model development. The Basin Characterization Model (BCM), based on Flint and others, 2013, will be used as a start for recharge and runoff into the coastal basin.  The reliability of these estimates will be examined during the construction of this model.  Existing gravity data will be used to help define the extent and location of the basin. The model and ensuing metamodel will be developed in parallel with the other metamodels (see later task). This will allow for the comparison of metamodeling approaches on existing models as well as on models built from scratch with metamodeling in mind. This will be a simple preliminary model and allow for testing of meta-model techniques.
Task 4: Develop metamodels to extrapolate core models (Task 6 original proposal)
Subtask A: Literature review and qualitative description of metamodel attributes
To begin the metamodeling experiment, terminology must be outlined and defined. Then a thorough assessment of the existing literature on metamodeling within the context of hydrologic modeling will be conducted.   In order to accomplish this task, the physical data and model parameters necessary to develop sufficient metamodels will be identified. The criteria that will be used to classify the metamodels will be:
· Accuracy with respect to the original model
· Data required for sufficient application
· Flexibility to model various inputs and outputs
· Transferability to other basins and regions
· Temporal and spatial scale considerations
· Underlying assumptions that may be necessary
· Uncertainty and risk assessment 
· Computational overhead
· Runtime speedup potential
Subtask B: Framework for choosing a modeling and metamodeling approach
A classification technique will be developed to present the array of modeling choices available for a particular study. This will result in a continuum of modeling options that range from the most simple to the most complex. A method will be developed and implemented for determining where a given study falls on the continuum of available modeling/metamodeling options. Specifically, an overall model design framework will be constructed as a flow chart with decision points. This will not only be valuable for additional basin studies within this project, but also as a tool for any modeling exercise nationwide.  This framework will be used for all current and future models within the coastal basins. 
Metamodels will be one category on the continuum of modeling options and a classification of metamodeling options available will also be presented. Initially, the metamodels used by Fienen and others (2016) will be characterized. Bayesian Networks (BN) and Gradient-Boosted Regression Trees (GBRT) have been shown to have sufficient success when applied to regional groundwater models. Additional metamodeling options will also be explored if difficulties are encountered with these methods.
Designing the computer experiment for the metamodels will seek to assess the validity of the metamodels tested. Each metamodels will be systematically tested on simulation areas with increasing difficulty, beginning with a simple test case. This experiment should conclude with an overall assessment of when metamodels are or are not appropriate.  
The suitability of metamodeling may be specific to different SGMA undesirable effects. For example, greater nonlinearity associated with groundwater quality and seawater intrusion may tax the metamodeling approaches more than water balance and water elevation metrics.
Subtask C: Data collection and metamodel training
The first step in collecting the data for metamodeling is to decide on the inputs and outputs of interest. The inputs come from both physical data and model-generated data. Sufficient physical data will be collected to allow for the metamodel to be transferable. Model-generated data is obtained by running multiple realizations of the original model to produce a dataset of inputs versus outputs. The stresses in these realizations will be focused on affecting the desired output response. On the groundwater side, drawdown is the system state that will be considered. Additional surface water responses will also be considered since precedence shows they can be predicted effectively with metamodels.
Specific attention will be paid to features of the underlying core groundwater model that may present a problem for metamodel application. Various model features, such as faults, will present challenges for metamodel extrapolation. Additionally, the effect of model variability in discretization is unknown and will need to be explored. It will be prudent to construct guidelines for the metamodel to be trained appropriately, considering the variability of the models it is intended to approximate.  
Training the metamodels will be conducted in a systematic way. To begin, a metamodel will be developed for each of the core models considered. The model development framework includes attempts to model a variety of input-output combinations to determine which response(s) may be predicted accurately and which tuning parameters produce the best result. The framework will consist of a collection of performance metrics developed to quantify the attributes of metamodels discussed in Subtask A.
Subtask D: Metamodel validation
Several validation techniques will be employed to assess each metamodel’s robustness. At a minimum, a portion of the dataset used to train the model will be withheld to validate the model within the scenario with which it was trained. The cross validation techniques used by Fienen and others (2016) will be used to test metamodeling success. Each metamodel will be validated for predictions within the model region it was developed (home region), a neighboring region of similar hydrogeology (nearby region), and an area within a different hydrologic region (distant region). The range of test regions will help identify what constitutes sufficient similarity in basin characteristics for metamodel extrapolation.
Task 5: Develop preliminary pro-type web-based tools for hydrologic analyses
Developed in conjunction with the new and updated models and metamodels will be the prototype post-processing methods that will eventually provide a web-based interface for metamodel analysis. Primarily, these tools will be figures and tables to summarize water availability and changes to the water budgets. The overall basin sustainability and adaptability to selected stresses will be visualized in graphics. The cumulative impacts of multiple stresses will also be presented. All results will be automatically generated using python scripts intended for running and post-processing USGS groundwater models. Eventually, users will be capable of creating prediction scenarios based on climate, population, and land use. They will then be able to assess SGMA undesirable results.
Products
The modeling approaches will be evaluated to determine which can be completed timely and effectively.  This will be summarized in a progress report discussing the various approaches, advantages and disadvantages, and a recommendation of model types for various areas, development types/water uses, simulation types, and SGMA metrics.  In addition, a plan will be proposed for completing the Regional Groundwater Availability Study of the California Coastal Basins.  Specifically, the following products will be produced:
· A preliminary integrated hydrologic model representative of the North Coast hydrologic region will be developed (March 31, 2017).
· Flow chart and infographic summarizing a streamlined metamodeling approach from initial model characterization to metamodel results and analysis.  This will also include a description of the newly defined continuum of modeling options that will be utilized for remaining additional CCB aquifers (May 31, 2017).
· A written progress report to the WAUSP will be produced to summarize the findings of the metamodeling and recommend modeling strategies for the remainder of the project. A suite of preliminary post-processing tools to present an interpretable collection of model and metamodel results will be summarized in this progress report (available, as needed) (September 30, 2017).
· An updated proposal to complete the remainder of the CCB study (September 30, 2017). 
Budget
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Task 1: Determine the core models to use for the initial assessment (Task 4 original Proposal) 4,851 $                

Task 2: Update existing models (Task 4 original proposal) 31,109 $              

Task 3: Develop model representative of Northern Coastal Basins (Task 5 original proposal) 19,007 $              

Task 4: Develop metamodels to extrapolate core models (Task 6 original proposal) 104,422 $            

Subtask A: Literature review and qualitative description of metamodel attributes 1,213 $       

Subtask B: Framework for choosing a modeling and metamodeling approach 19,403 $     

Subtask C: Data collection and metamodel training 19,403 $     

Subtask D: Metamodel validation 19,403 $     

Sub-allocation Fiennan/Feinstein (salary/travel) 45,000 $     

Task 5: Develop preliminary pro-type web-based tools for hydrologic analyses 18,442 $              

Miscellaneous expenses (including Steve/Claudia) 33,704 $              

Total 211,535 $  


