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[bookmark: _Toc484102891]Summary:  
The function of the Ecological Water Science component of the WAUSP is to provide spatially extensive, highly transferable, updatable, and web-accessible products, data and information to support assessments of water availability to meet ecological needs. This Workplan outlines a series of steps needed to develop assessment tools at multiple spatial scales (state, river basin, regional & national), modeling methods, and data products for evaluating relations between flow characteristics of stream and riverine systems and ecological function. 
The objectives of the work proposed include: (1) building a national hydrologic foundation of baseline hydrographs or hydrologic statistics for all ungaged streams; (2) employing a set of ecologically relevant flow attributes to support the classification of streams into distinctive regional and national flow regime types and then, applying this classification structure to all ungaged locations throughout the US; (3) development of an on-line scalable classification tool that allow environmental flow practitioners to evaluate a region of interest at the scale necessary for sound management; 4) development of set of user-driven and web-available hydrologic assessment tools that allows stakeholders to compare natural and altered hydrologic regimes, and, can be applied at scales relevant to management (for example, basin, state and region); 5) disentangling the direct and indirect effects of landscape change from flow-alteration on ecological response relations; and, 6) moving beyond static ecological endpoints to a more dynamic approach that will require the development of mechanistic endpoints and approaches that support the establishment of key hydroecological linkages.
[bookmark: _GoBack]Development of Ecological Water Science products within the USGS Water Mission Area directly contribute to many aspects of the USGS Water Science Strategy particularly the Strategy’s focus on “Advancing Ecological Flow Science” (Evenson and others, 2013). Additionally, components of the proposed work are accomplished through collaboration across USGS Water and Ecosystems Mission Areas, Water Science Center Programs and activities, and the National Water Quality Program. Additionally, this work will form a strong intersection with the newly established Analysis and Predictions Branch (Julie Kiang), the Earth System Modeling Branch (Paul Barlow) and the Geo-Intelligence Branch (Roland Viger & Dave Blodgett) of the Integrated Modeling and Prediction Division, and the Integrated Information Dissemination Division including the Data Science Branch (Jordan Reed) and the Web Communications Branch (Emily Read).
The products of the proposed work include publications describing ecological water science models and methods, web-accessible tools and information to support assessments of water availability, data archiving for future use, and presentations at professional conferences and meetings with USGS federal partners and cooperators.
Contents
WATER AVAILABILITY AND USE SCIENCE PROGRAM (WAUSP) – ECOLOGICAL WATER SCIENCE FY2018-19 WORKPLAN	1
Summary:	1
(1) PROJECT WORKPLAN AND BUDGET FOR FY 2018-19	3
Background	3
Objectives	4
Addressing Ecological Water Science needs	4
Workplan Scope	5
Relevance and Benefits	7
Approach	8
Task 1 – Applying the Archfield and others (2013) classification structure to all ungaged locations throughout the US	8
1.1 Classification and Regression Tree (CART) Analysis of Potential Indicators	8
1.2 Linear Discriminant Analysis (LDA)	9
1.3 Multiple Response Permutation Procedure	9
Task 2 – Disentangling the direct and indirect effects of landscape alteration (e.g., Land Use change) from flow-alteration on ecological response relationships	10
2.1 Regression Tree (RT) Analysis of Explanatory Variables	10
2.2 Boosted Regression Analysis	10
Task 3 – Developing dynamic mechanistic endpoints and approaches that support the establishment of key hydroecological linkages.	11
3.1 Integrated development of ecological traits and metrics reflecting streamflow trends (rates)	13
3.2 Focused Workshop for developing management-relevant, dynamic ecological endpoints along with their mechanistically-relevant hydrologic indicators	13
Relation to other USGS, WMA, and Water Science Center Programs and Activities	13
Communications Plan	14
Budget Tables	14
Detailed Budget Spreadsheet with Cost Estimates by Task and Program	17
(2) PROJECT ACCOMPLISHMENTS/CONTRIBUTIONS (FY 2017)	20
(3) NOTEWORTHY COLLABORATIONS, MEETINGS, TECHNICAL TRANSFER ACTIVITIES, SPIN-OFF PROJECT DEVELOPMENTS, AND ACKNOWLEDGEMENTS	22
(4) REPORT PRODUCTS, BIBLIOGRAPHIC UPDATE, DATA RELEASES, AND MODEL ARCHIVES	23
(5) PROJECT TEAM DIRECTORY	24
Literature Cited	25

[bookmark: _Toc484102892](1) PROJECT WORKPLAN AND BUDGET FOR FY 2018-19
[bookmark: _Toc484102893]Background

Water is necessary to sustain freshwater ecosystems and the services that they provide to people. A comprehensive understanding of how water availability influences the ability of a watershed, river, riparian, and estuarine ecosystem to provide those services, is the basis for informed water management including decisions about allocating water among various users. Without this understanding, water management decisions that have a singular purpose can compromise other uses. Water is a highly valued resource that supports ecosystem services (for example, fisheries, recreation, and tourism etc.) and represents drinking water for people and supply for agricultural and industrial uses. However, there is also a fundamental societal need to address ecological water needs by preserving environmental flows and preventing degradation of freshwater ecosystems (Postel and Richter, 2003). The Brisbane Declaration penned at the 10th International River symposium in Brisbane Australia (November, 2007) defines Environmental Flows as the “quantity, timing, and quality of water flows required to sustain freshwater and estuarine ecosystems and the human livelihoods and well-being that depend on these ecosystems”. This document, which was signed by more than 800 delegates and 57 countries from around the world, reinforces the pressing need for a global consensus to protect rivers and address the growing crisis of poor water management. A recent synthesis by LeRoy Poff and 18 international scientists (Poff and others, 2010) working on environmental flow issues, identified the importance of sustaining an adequate supply of water to support the long term health of stream and riverine fauna while balancing human livelihoods dependent upon freshwater. Known as the Ecological Limits of Hydrologic Alteration (or ELOHA), the paper by Poff and others (2010) provides a scientific framework that outlines a series of interconnected steps that constitute key elements for linking the hydrologic, ecological, and social aspects of environmental flow assessment. Many of these steps also form the scientific basis for supporting the Ecological Water Science component of the Water Availability and Use Science Program (WAUSP). 

The following sections of the WAUSP Ecological Water Science Workplan will outline what is considered to be the necessary steps and tools needed to evaluate the relations between the variability of stream and riverine systems and ecological needs, while supporting informed decision making at the scale (river basin, regional, state & national settings or political jurisdictions) at which management typically occurs. Components of this Workplan represent a short (1-2 yr), and in some cases, a longer-term vision (5-10 yr – see objective 1) for meeting the broader goals of the WAUSP Ecological Water Needs project.

The USGS Water Census (WC), which is part of the WAUSP, is required to meet a series of mandates under the SECURE Water Act (P.L. 111-11) which are represented by a subset of three distinct objectives. The first is to provide a nationally consistent set of indicators that reflect each status and trend relating to the availability of water resources in the United States. This objective includes substantial work on improving our knowledge of water use throughout the United States. The second objective is to provide information and tools that allow users to better understand the flow requirements for ecological purposes. And the third objective is to report on areas of significant competition over water resources and the factors that have led to the competition. For the purposes of the WAUSP Ecological Water Science component, this Workplan will focus on outlining new and ongoing Ecological Water Science efforts designed to fulfill the second objective and meet the Congressional mandates of the SECURE Water Act. It is our hope that products developed as part of the Ecological Water Science component of the WC/WAUSP can ultimately inform resource managers in their efforts to establish ecologically-based flow criteria.
[bookmark: _Toc484102894]Objectives
[bookmark: _Toc484102895]Addressing Ecological Water Science needs

Water for ecological needs have traditionally been addressed at the local habitat or stream reach level for a single species, often through detailed, scientific or technical analysis (for example, PHABSIM; Bovee and others, 1988). For ecosystem functions, ecological water needs must be addressed at the scales (river basins, states, or regions) at which most management typically occurs (for example, landscape, routing of water and materials, migration and movement of populations, full life history cycles,  riverscape / successional dynamics, and interstate water management). Addressing ecological water needs at larger scales such as these create opportunities for more efficient and robust analysis but may add variability and uncertainty (i.e., climate / precipitation, latitude / longitude, water infrastructure etc.) that needs to be accounted for when doing regional or larger scale studies (for example, Kennen and others, 2010). It is envisioned that the ability to address ecological water needs for WC/WAUSP will require a series of short and long-term objectives and the development of broadly applicable models and tools that ultimately allow environmental flow practitioners to develop relationships between flow alteration and ecological response. These Ecological Water Science objectives, which are consistent with the ELOHA framework mentioned above include: 

(1) Building a sound national hydrologic foundation of baseline hydrographs for all ungaged streams using a flow modeling tool (for example, Waldron and Archfield, 2006; Kennen and others, 2008; Carlisle and others, 2011); the Water Census refers to this as the “Flow Estimation at Ungaged Locations project”;

(2) Employing a set of ecologically relevant flow attributes to support the classification of streams into distinctive regional and national flow regime types (for example, Poff, 1996; Olden and Poff, 2003; Kennen and others, 2007, 2009; Kennard and others, 2010) and then, applying this classification structure to all ungaged locations throughout the US; 

(3) Development of a scalable classification tool that allows environmental flow practitioners to evaluate an area, region, or river basin of interest at the scale necessary for sound management;

4) Development of a fully functional and web-accessible Hydrologic Assessment Tool (for example, Henriksen and others, 2006) that can be used to compare natural and altered hydrologic regimes and can be applied at a designated practical management unit (Arthington and others, 2006);

5) Disentangling the direct and indirect effects of landscape alteration (e.g., Land Use change) from flow-alteration on ecological response relationships – this is recognized as one of the major challenges in the field of environmental flow science; and

6) States, Rates, and Traits -- moving beyond ecological water science and practice that has historically been focused on developing static ecological endpoints such as ecological and hydrologic states (that is, static ecological and hydrological metrics) to a more dynamic approach that will require the development of mechanistic endpoints and approaches that support the establishment of key hydroecological linkages.

These steps and tools will provide the environmental flow basis by which stakeholders, States, and river-basin commissions etc. will be able to evaluate the deviation of current-condition flows from baseline-condition flows and develop integrative, holistic, flow-ecological response relations for multiple trophic levels at a range of spatial scales.
[bookmark: _Toc484102896]Workplan Scope

The USGS Water Mission Area is going through a major restructuring and this restructuring provides an important opportunity to intersect the Objectives of the Ecological Water Component of the WAUSP with new and ongoing activities within the Earth Systems Modeling Branch (Paul Barlow, Chief) and the Analysis and Predictions Branch (Julie Kiang, Chief) of the Integrated Modeling and Prediction Division. It should also be recognized that some of the objectives outlined within this Workplan cannot be achieved without assistance from the Integrated Information Dissemination Division as well as scientists in other WMA Programs including the National Water Quality Program and the Ecosystems Mission Area.

The vision of this 2-yr Workplan is to strategically take advantage of components of the new WMA Organizational Restructuring” presented to WMA staff on January 26, 2017. This includes:

· Working collaboratively with WMA Branch and Division Chiefs to achieve Ecological Water Science objectives; 
· Integration of USGS WMA (WAUSP & NWQP) and Ecosystem Mission Area (EMA) scientists at local, regional, and national scales to help support the development of: a comprehensive and contemporary national classification structure; web-accessible streamflow assessment tools, flow-alteration ecological response relationships; and, dynamic mechanistic endpoints for flow-ecology assessment and management; and
· Collaboration with federal, state, and academic partners to support the short and long-term goals of the Ecological Water Science component of the WAUSP.

Staff in WAUSP, NRP, NWQP, FORT and Water Science Centers currently working on Ecological Water Science projects are well positioned to meet the specific objectives of this Workplan. The products produced by the Ecological Water Science component of WAUSP are widely used both within and outside the USGS and we envision that the products produced in FY2018-19 will have broad national and international impact. Because of the restructuring and the need to update the vision of the Ecological Water Science components within WAUSP, this Workplan focuses on meeting a set of goals, objectives and resulting products, and requests funding for fiscal years 2018-19 commensurate with that focus. 

The development of baseline hydrographs as outlined in Objective 1 of the Workplan is an essential component for developing flow-ecology relationships (Poff et al. 2010) and was identified by the Water Census Ad-Hoc Steering Committee as one of the fundamental products needed to support stakeholder needs across the US. There are many existing modeling techniques (e.g., statistical and deterministic modeling tools) that could be employed to develop these streamflow estimates. To make the most efficient use of WAUSP resources, a national plan was developed to evaluate and compare the accuracy, ease of implementation, and value-added capabilities of several different streamflow estimation models (see Alley et al. 2013). The Water Census Flow Estimation at Ungaged Locations project was specifically designed to provide estimates of daily streamflow at all HUC12 sub-watersheds nationally (https://water.usgs.gov/watercensus/streamflow.html). Therefore, this Workplan will not explicitly address Objective 1 as this effort is being executed as part of a complementary effort in the WAUSP. However, many of the Objectives in this Workplan dovetail with the Flow Estimation at Ungaged Locations project and it is envisioned that after full implementation of the WMA restructuring, components of the Ecological Water Science Workplan will intersect with the Analysis and Predictions Branch (Julie Kiang, Chief) of the Integrated Modeling and Prediction Division to broadly enhance the short- (2-yr) and long-term (10-yr) vision for Environmental Water Science across the Water and Ecosystems Mission Areas.   

The first part of Objective 2 represents a completed component of the WC/WAUSP Ecological Water Science efforts (that is, Archfield et al. 2013) and will not be specifically addressed in this Workplan. Briefly, the foundational paper by Archfield et al. (2013) represents a highly innovative and broadly applicable approach to understanding how streams classify on a national level. The authors used advanced multivariate modeling techniques to evaluate the classification structure of the nation’s streams and presented for the first time a set of seven fundamental daily streamflow statistics that account for a large portion of the hydrologic variability across the US. Innovative classification methods using these seven statistics were used to derive a novel and parsimonious approach to understanding the similarity in ecological streamflow response across the US. This product represents the baseline classification structure that will be implemented as a web service within the Water Census Data Portal (https://cida.usgs.gov/nwc/) to assist Stakeholders in understanding where streams in their area or region fall relative to the broader national classification structure (that is, Objective 3). The second part of Objective 2 – that is, applying the established classification structure to all ungaged locations throughout the US, will be specifically addressed in this Workplan.

Objectives 3 and 4 are being implemented as complementary efforts within the WAUSP. Objective 4 is near complete. That is, estimates of daily streamflow as well as a suite of ecologically relevant hydrologic measurements are currently integrated with biological observations through the Water Census Data Portal. As part of this national effort, the Water Census has developed software that will calculate a broad suite of ecologically relevant streamflow statistics for any USGS gaging station within the National Water Information System (NWIS: https://waterdata.usgs.gov/nwis) using the Streamflow Statistics Calculator. The Streamflow Statistics Calculator is an online tool that was created to simplify the process of generating hydrologic indicator statistics using daily streamflow records. Essentially, this tool uses daily streamflow data from NWIS to calculate 183 ecologically relevant streamflow statistics that address multiple aspects of the hydrologic regime and represents an update of the USGS National Hydrologic Assessment Tool (Henriksen and others, 2006). This software tool, which has received a recent update, is also available as a stand-alone open-source R package (available at https://github.com/USGS-R/EflowStats) and can be downloaded and used to calculate streamflow statistics on data that reside outside of NWIS. After WMA restructuring, it is envisioned that Objective 3 will be initiated beginning in FY 2018 as part of a collaborative effort between the WAUSP Ecological Water Needs Project Lead (Jonathan Kennen) and the Geo-Intelligence Branch (Roland Viger & Dave Blodgett) which is part of the Integrated Modeling and Prediction Division with support from the Integrated Information Dissemination Division including the Data Science Branch (Jordan Reed) and the Web Communications Branch (Emily Read). A separate Workplan will be collaboratively developed during the 4th quarter of FY17 for this objective. 

Objectives 5 & 6 will be specifically addressed as part of FY2018-19 Ecological Water Science Workplan.
[bookmark: _Toc484102897]Relevance and Benefits 

Ecological Water Science within the USGS Water Mission Area contributes to many aspects of the USGS Water Science Strategy (Evenson and others, 2013), particularly the Strategy’s focus on “Advancing Ecological Flow Science” and the National Water Census (Alley and others, 2013). Specifically, the activities proposed in this Workplan contribute to several Priority Actions outlined in the Science Strategy, including the following: 
· Advance ecological flow science;
· Clarify the linkage between human water use (engineered hydrology) and ecosystem response;
· Conduct integrated watershed assessment, research, and modeling; and
· Deliver water data and analyses to the Nation.

Ecological flow science represents a powerful integrating theme for work within the Water Mission Area and between the Water and Ecosystems Mission Areas because it incorporates several of the strategic actions within the Water Mission Area’s strategic plan (Evenson and others, 2013). The Ecological Water Science Workplan is structured to address many of the themes outlined the WMA strategic plan including understanding flow processes and developing relations between water flow, water quality, and ecology and determining relevant flow attributes that can be used to classify streams into specific stream types. Predictive modeling to extend streamflow records to ungaged locations (as outlined in the Workplan Scope) is essential to developing an estimate of the interaction among future water withdrawals, land-use and climate variability, or other changes in condition, to inform management decisions seeking sustainable ecological flows (Evenson and others, 2013), and to provide value added opportunities in Ecological Water Science across the USGS Mission Areas. This Workplan outlines a set of Objectives that meet the mandates of the SECURE Water Act and presents a series of project Tasks aimed at developing novel and highly transferable tools, techniques and analytical methods on Ecological Water Science that can be delivered to the Nation. 
[bookmark: _Toc484102898]Approach

The Ecological Water Needs project is divided up into 3 primary Tasks for FY2018-19: 1) Applying the Archfield and others (2013) classification structure to all ungaged locations throughout the US, 2) Disentangling the direct and indirect effects of landscape alteration from flow-alteration on ecological response relationships, and, 3) Development of novel mechanistic endpoints and approaches that support the establishment of key hydroecological linkages. A summary of budget costs is provided in the ‘Budget Table’ section of the Workplan. A more detailed budget spreadsheet outlining costs associated with each specific Task & Subtask by Program is also provided.

[bookmark: _Toc484102899]Task 1 – Applying the Archfield and others (2013) classification structure to all ungaged locations throughout the US

The development and application of a fully integrated national classification framework based on the Archfield and others (2013) paper is the first task outlined in this Workplan. Specific analysis and modeling approaches relevant to the application of this classification framework will be pursued in FY18 as follows: 

1.1 [bookmark: _Toc484102900]Classification and Regression Tree (CART) Analysis of Potential Indicators

Background: The thrust of this Ecological Water Needs effort is to use the recently published National hydroecological classification of gaged rivers in the United States by Archfield and others (2013) to assign all ungaged rivers in the US to one of the published stream classes. Classification and Regression Tree (CART) analysis will be used to reduce the full suite of basin characteristics to a smaller subset and Linear Discriminant Analysis (LDA) will be implemented to assign a hydrologic class to ungaged locations based on measured basin characteristics within an established range of uncertainty. The GAGES-II list of catchment characteristics will be used as a basis for narrowing down the list to only those characteristics not considered to be indicative of catchment alteration (for example, this analysis will remove characteristics related to dams and/or urbanization). Finally, Multiple Response Permutation Procedure (MRPP) will be used to corroborate the LDA and CART analysis and to identify gages that did not fit well into any classification group – that is, a novel approach using the MRPP will be used to understand the misclassification rate in ungaged areas of the US.
· Divide the reduced set of characteristics into two datasets: 1) climate + physiographic characteristics and 2) physiographic characteristics only.
· Complete two CART analyses: 1) with climate variables, and 2) without climate variables. Climate characteristics are common to many similar types of studies, however, it is necessary to explore the explanatory power of other characteristics if climate were omitted. 
[bookmark: _Toc484102901]1.2 Linear Discriminant Analysis (LDA)

· Develop two sets of LDA relations for each of the 7 Archfield and others (2013) groupings: 1) LDA relations that include climate characteristics, and 2) LDA relations that only contain non-climate characteristics.
· Use linear discriminant analysis to relate characteristics to groups being careful to consider outcomes where too many characteristics could result in overfitting of the LDA model.
· Identify and report the misclassification rate as a goodness of fit metrics for the LDA relations as well as a random selection process to show that the LDA relations obtained provide a better classification rate than if the characteristics which were randomly selected. 

[bookmark: _Toc484102902]1.3 Multiple Response Permutation Procedure

· MRPP will be used to corroborate the LDA and CART analysis and to help address concerns about: 1) overfitting, 2) whether to standardize the variables (that is, are they highly skewed), and 3) how LDA resolves categorical variables (specifically, ecoregions as an explanatory variable).
· The MRPP process will be applied specifically to identify gages that did not fit well into any classification group. 

Cross Mission Area Collaboration: The expertise of Brian Cade (Fort Collins Science Center; FORT) is being leveraged as part of this task to facilitate technology transfer (R coding and MRPP analysis) for implementing the misclassification procedures outlined above. We are excited to have this cross-MA opportunity as part of the WAUSP Ecological Water Science component and greatly value Brian’s statistical expertise and involvement in this task. Jonathan Kennen and Stacey Archfield (NRP) will implement the CART and LDA analyses. 

Plans and Products for FY18: A DRAFT outline for the journal article has already been developed for this task and we anticipate annotating the outline and having a working draft of the paper by the end of the 2nd quarter in FY18 with an expected submission of the article to an as yet unspecified journal by late spring 2018.   

[bookmark: _Toc484102903]Task 2 – Disentangling the direct and indirect effects of landscape alteration (e.g., Land Use change) from flow-alteration on ecological response relationships

Background: Disentangling the direct and indirect effects of landscape alteration (e.g., Land Use change) from flow-alteration on ecological response relationships is recognized as one of the major challenges facing environmental flow scientists. Task 2 (Objective 5) will use innovative and highly transferable machine leaning techniques to develop response models that broaden our understanding of the effects of land use and regionalization approaches (for example, level III ecoregions) on the flow characteristics commonly used to develop flow-ecology response models. Invertebrate assemblage data from the Delaware River Basin (DRB) derived from 9 different agency sources will be the ecological basis of this task. Tom Cuffney, who retired in FY16, is currently on an NDAA (National Defense Authorization Act) as part of a 2-year appointment which began on October 31, 2016. As part of this appointment, Tom Cuffney will be working collaboratively with the WAUSP EWater lead (Jonathan Kennen) on developing ecological response models for the Delaware River Basin. We envision that the ecological models that Tom is helping to develop for the DRB as part of his NDAA will be highly transferable to the Coastal Carolinas Focus Area Study and can ultimately be leveraged by water resource managers to help balance ongoing human needs for water with that needed to support ecosystem needs.

[bookmark: _Toc484102904]2.1 Regression Tree (RT) Analysis of Explanatory Variables

· Modeling methods including regression tree analysis (RT) will be performed to identify a subset of significant environmental variables (for example, hydrologic attributes) and model their relations with invertebrate responses (for example, richness of EPT [Ephemeroptera, Plecoptera, and Trichoptera] taxa. 
· Landscape scale attributes such as Level III ecoregions and land use (forest, urban, agriculture) will be aggregated and used to assess their influence on invertebrate responses which, in some cases, are hypothesized to dwarf many of the flow metrics (magnitude, duration, timing) evaluated. 

[bookmark: _Toc484102905]2.2 Boosted Regression Analysis

· Boosted regression tree (BRT) analysis will be used to identify the natural and anthropogenic factors most strongly associated with:
· Invertebrate assemblages
· Flow metrics (using the USGS EflowStats package)
· BRT will also be applied to assess similarity and differences among:
· Factors influencing invertebrate metrics
· Factors influencing flow metrics
· BRT will be used to help identify important flow metrics basin wide and for regionalization schemes in support of future modeling efforts. 
· The ultimate goal is to identify a subset of highly relevant invertebrate metrics and flow drivers based on the above analysis which can be used to develop meaningful flow ecology relations that are not obscured by landscape components.

Projected outcomes: The results obtained from analyses of DRB data will be incorporated into ongoing modeling efforts aimed at facilitating more rigorous testing of flow-biology hypotheses related to non-stationarity principles (see SubTask 3.1) and will ultimately provide a better understanding of landscape effects on flow characteristics.

Plans and Products for FY18: Models representing the influence of direct and indirect effects of landscape alteration on flow-ecology relations using BRT are projected to be completed by the end of the first quarter FY18. We anticipate 2-3 presentations based on these findings at professional conferences and cooperator/federal partner meetings. A draft outline for the planned journal article will be developed during the second quarter in FY18. 

[bookmark: _Toc484102906]Task 3 – Developing dynamic mechanistic endpoints and approaches that support the establishment of key hydroecological linkages.

Background: Task 3 (Objective 6) is designed to specifically evaluate the broad question of what are the appropriate ecological performance indicators that can be used to gage the utility of flow-ecology response models for use in management. Ecological water science and practice has generally been focused on developing static endpoints such as ecological and hydrologic states (that is, static biological and hydrological metrics). This static approach is based on the implicit assumption that habitat is limiting and species are adapted to the flow regime. However, there are dynamic components of aquatic ecosystems such as changing hydrologic baselines and shifting long-term averages that have been generally ignored in ecological water science and assessment. Inevitably, ecological and hydrologic variability under non-stationarity will result in novel conditions that fall outside of our current historical and reference-base understanding. Therefore, a broader understanding of ecological water processes will require the development of more dynamic and mechanistic endpoints and approaches that establish key hydroecological linkages. For example, ecosystem endpoints that represent changes in population dynamics of environmentally sensitive species, and changes in growth, mortality and colonization rates that go beyond static ecosystem states, are needed. One example would be to use species traits as a way to include a more process-based understanding of community-level interactions by focusing on a trait-based functional approach to species characterization. Species traits are organism attributes that can be related mechanistically to changes in environmental conditions (Statzner and others, 2001; Verberk and others, 2013; Violle and others, 2007; Webb et al. 2010). Trait assessments have already been assembled for various types of stream species including aquatic insects (Poff et al. 2006) and fish (Mims and others, 2010; Olden and others, 2008). The evolution of environmental flows assessment as envisioned in this task is the progression toward greater technical sophistication for single species approaches and the development of more ecologically sustainable and dynamic empirically based flow-ecology relations that support better water management. A more dynamic approach utilizing temporally based hydrologic components and species traits as opposed to static states is needed to improve the scientific underpinnings of environmental flow and move the science towards the incorporation of non-stationarity principles which recognize that baselines as well as aquatic ecosystems processes are not static. Such an approach also implies a shift from managing for variability (of historical conditions) to managing for resiliency.

Subtask 3.1 represents a strong cross-Program collaboration between the WAUSP and NWQP. Tom Cuffney and Jonathan Kennen will collaborate with Dave Wolock (NWQP) to integrate ecological traits and dynamic hydrologic endpoints, respectively, into environmental water assessments as part of ongoing Delaware River Basin (DRB) analyses underway in Task 2 (Objective 5). This integrated assessment will involve the development of ecological traits for all aquatic invertebrate species being evaluated as part of Task 2 and the development of hydrologic attributes based on streamflow trends and time-series (that is, matching species traits with patterns of streamflow variation and change) in the Delaware River Basin. We anticipate that strong intersection with the Analysis and Predictions Branch (Julie Kiang, Chief) of the Integrated Modeling and Prediction Division will greatly enhance the success of this Subtask. 

Subtask 3.2, which we envision will take place early in FY19, is the development of a small, focused workshop designed to bring together like-minded environmental flow practitioners from within the USGS Water and Ecosystem Mission Areas with the purpose of developing management-relevant, dynamic ecological endpoints along with their mechanistically-relevant hydrologic indicators (for example, hydrologic rates and population level attributes) that better support the establishment of key hydroecological linkages. This will be a cross-Mission Area effort organized by the WAUSP Ecological Flow Lead Jonathan Kennen and Mary Freeman from the Patuxent Wildlife Research Center. This workshop represents a natural extension of the “Imagining the Next-Generation USGS EcoFlows Program” summit which took place at the National Water Center, Tuscaloosa, Alabama, April 25-26, 2017. The Tuscaloosa EcoFlows summit was designed to provide guidance for the development of a joint-Mission Area tactical plan for implementing the next generation, national-scale, Ecological Flows Program. The workshop proposed in Subtask 3.2 addresses one of the key questions raised during brainstorming sessions at the Tuscaloosa meeting – that is, what ecological endpoints are useful from a basin to continental scale, incorporate information relevant to research managers, and are reflective of important societal values and useful for making management decisions?  We envision that this workshop will include an initial brainstorming session followed by a series of focused discussions on ecological and hydrologic endpoints.


3.1 [bookmark: _Toc484102907]Integrated development of ecological traits and metrics reflecting streamflow trends (rates)  

· Use existing aquatic invertebrate data from the DRB project to develop a suite of trait-based ecological endpoints that provide insight into understanding functional and process-based outcomes in the DRB as opposed to static components of the aquatic ecosystem. 
· Use historic and current hydrology in the DRB to develop a subset of mechanistically relatable hydrologic indicators that specifically take into consideration the dynamism of streamflow over time (that is, hydrologic attributes based on streamflow trends and time-series). 

[bookmark: _Toc484102908]3.2 Focused Workshop for developing management-relevant, dynamic ecological endpoints along with their mechanistically-relevant hydrologic indicators

· Bring together a small, focused group of USGS scientists with expertise in ecological and hydrologic science to brainstorm better approaches for incorporating non-stationarity principles into flow-alteration ecological response models.
· Initiate two to three break-out sessions (depending on number of participants) with focused discussions designed to highlight dynamic and processed based methods and develop candidate ecological endpoints, mechanistically relatable to hydrologic time-series, that could be applied at a continental scale, but with potential use by decision makers at local and regional scales.
· Identify existing datasets and models that could be used to jumpstart ecological endpoint development.

Potential outcomes: The primary outcome from the workshop would be a comprehensive list of ecological endpoints that are mechanistically relatable to hydrologic process and that are scalable to a resolution matching NHD+ and the National Water Model. Additionally, we envision that an outline for a Powell Center proposal that brings together US and international colleagues to formulate globally applicable ecological endpoints could also be accomplished. This workshop also represents the first step in addressing one of the fundamental challenges facing environmental flow science – and that is the pressing need to identify targets, endpoints or indicators that take into consideration the temporal dynamics of hydrologic and ecological variation (for example, shifting baseline conditions and climate change).
[bookmark: _Toc484102909]Relation to other USGS, Water Mission Area, and Water Science Center Programs and Activities

The work proposed in this Workplan directly supports many USGS, WMA and WSC programs and activities. These include (1) the Water Availability and Use Science Program and National Water Census, (2) the National Water Quality Program; Water Science Center projects, including those supported by USGS Cooperative Matching Funds; and (4) USGS International Programs; as well as other Mission Areas (for example, Ecosystems, Core Science etc.).
[bookmark: _Toc484102910]Communications Plan

Many internal and external stakeholders and partners benefit from the value added data products, models, and methods-development and related activities described in this Workplan. Our approach for communicating the products and other activities associated with this work includes the following:
· Internal USGS webinars to inform WMA, EMA and WSC staff that provides updates of new methods, tools, decisions support systems and data products developed as part of the WAUSP Ecological Water Science efforts.
· Timely updates to USGS Water Census and WAUSP websites providing links to recent publications and associated products.
· Environmental Flows and Water Budget Learning Modules of web-accessible tools designed for stakeholder use (for example,  https://www.rivernetwork.org/resource/environmental-flows-water-security/)
· External communication at professional conferences such as the Society for Freshwater Science Conference, the River Network Conference (aka the River Rally) and FLOW 2018, the latter is hosted by the Instream Flow Council, an important USGS Stakeholder and is a member of the Water Census Ad-Hoc Advisory Committee. The IFC meeting is held approximately every three years in locations determined by the council. This year’s theme is “Managing Rivers, Reservoirs, and Lakes in the Face of Drought – Practical Tools and Strategies for Sustaining and Protecting Ecological Values of Water”.
· [bookmark: h.49smdiuwmgrm][bookmark: h.t8rf5za7by8w]Internal and external communication through USGS publications and journal articles describing new and updated products. 
[bookmark: _Toc484102911]Budget Tables
Budget FY2018
	Ecological Water Science FY18 Budget
Category
	Costs

	Jonathan Kennen – WAUSP Ecological Water Science Lead, includes Coordination, Collaboration, Communication, Management, Methods, Model and Tool development and Publications. (1 FTE – overhead included)
	$284,1641

	Tom Cuffney2 – 1) NDAA support for Task 2 and Task 3.1 data aggregation, analysis, model development, and publication support and other ongoing collaborative work on DRB EFlows assessments (0.25 FTE estimate for NDAA Appointment).
Mary Freeman (Patuxent Wildlife Research Center) planning for focused Ecological Endpoints workshop –Task 3.2 (0.05 FTE + 24% PWRC overhead).
	$63,000



$10,156

	Anticipated Travel in FY2018
	

	Travel to 3 Meetings 1) Society for Freshwater Science (June 2018, location TBD), 2) Instream Flow Council Flow 2018 meeting (Fort Collins, CO), and 3) the River Network Science and Technical Advisory Group meeting at the River Rally ($1,5003 X 3 trips + $2,925 overhead).
	$7,425

	Travel for WAUSP Leadership meetings ($1,500 X2 trips + $1,950 overhead).
	$4,950

	Total
	$369,695


1. Includes $83.10 / hour salary / benefits for FY18 plus NJWSC overhead. 

2. Important footnote – Tom Cuffney Ph.D., South Atlantic Water Science Center retired at the end of FY16. He returned to the USGS as a Rehired Annuitant on October 31, 2016 under the National Defense Authorization Act (NDAA). This post retirement appointment represents a win-win for the WMA and the WAUSP because the organization retains a key employee (Tom Cuffney) for two years to act as a mentor for the Coastal Caroling Focus Area study ecological assessments and to focus on a Task 2 outlined as part of the WAUSP Ecological Water Science workplan. The cost of this NDAA appointment is similar to current costs and Tom will be working under his current PD with a singular focus on WAUSP projects and products.

3. $1,500 represents the average trip cost for 4 trips taken in FY17 (1 conference, 1 EFlow workshop, 1 WAUSP Leadership meeting, and the River Networks River Rally).


Proposed Budget FY2019
	Ecological Water Science FY19 Budget
Category
	Costs

	Jonathan Kennen – WAUSP Ecological Water Science Lead, includes Coordination, Collaboration, Communication, Management, Methods, Model and Tool development and Publications. (1 FTE – overhead included)
	$288,3641

	Tom Cuffney2 – 1) NDAA support for finalizing Task 2 and 3.1 which includes final model development and publication support. Tom’s NDAA ends October 31, 2018 (1 month FTE in FY19 for finalizing NDAA Appointment).
Ecological Endpoints workshop outlined in Task 3.2 (Location TBD) estimated costs are based on air travel for 15 participants ($1,575 X15) plus miscellaneous over/under expenses.
Mary Freeman (Patuxent Wildlife Research Center) development, support, and implementation of Ecological Endpoints workshop (0.12 FTE +24% PWRC overhead).
	$6,000


$25,000



$24,375

	Anticipated Travel in FY2019
	

	Travel to Society for Freshwater Science meeting (date and location TBD) ($1,5753 + $1,024 overhead).
	$2,599

	Travel for WAUSP Leadership meetings ($1,575 X2 trips + $2,048 overhead).
	$5,198

	Travel for the River Network Science and Technical Advisory Group meeting at the River Rally (May, 2019, location TBD) ($1,575 + $1,024 overhead).
	$2,599

	Total
	$354,135



1. Includes $84.33 / hour salary / benefits for FY19 plus NJWSC overhead (estimate based on 5% increase over 2018 costs). 

2. Important footnote – Tom Cuffney’s National Defense Authorization Act (NDAA) appointment will end on October 31, 2018. The remaining cost of this NDAA appointment as shown in the budget table is based on 1 month salary in the first quarter of FY2019.

3. $1,575 represents the average trip cost X5% increase for 4 trips taken in FY17 (1 conference, 1 Flow Workshop, 1 WAUSP Leadership meeting, and the River Networks River Rally X0.05% estimated increase).


[bookmark: _Toc484102912]Detailed Budget Spreadsheet with Cost Estimates by Task and Program

The total estimated costs proposed for the Ecological Water Science component of the WAUSP in 2018 is $369,695 and 2019 is $354,135. These total values, as well as the specific task-by-task budget requests shown in the detailed budget spreadsheet below, should be considered estimates until additional Program guidance is provided for establishing FY18 & FY19 costs, including WMA overhead rate(s) etc. Additionally, it should be noted that the timeline for Task 3.2 (Implementation of a Focused Workshop for Developing Management-Relevant, Dynamic EFlow endpoints) could be accelerated into FY18 if the WAUSP Leadership and WMA Governance considers it to be a high priority. This Cross-Mission Area Task, which is currently slated for FY19, addresses one of the key questions raised during brainstorming sessions at the Tuscaloosa “Imagining the Next-Generation USGS EcoFlows Program” summit.

	TASKS      FY2018 
	Employee budget request
	Task/Subtask 
Total 
	Funding Source

	Jonathan Kennen: – WAUSP Ecological Water Science Lead, Includes Coordination, Collaboration, Communication, Planning, Management, Methods, Model and Tool development for Tasks 1-3 and Publications. (1 FTE – overhead included)
	$284.164
	$284.164
	WAUSP

	Task 1: 
Applying Archfield et al. (2013) classification structure to Ungaged Locations in the US
	
	
	

	Task 1.1: CART Analysis
	
	
	

		Stacey Archfield
	$0.00
	Work provided in pursuant to previous years allocation and workflow
	WAUSP

	Task 1.2: MRPP Analysis
	
	
	

		Stacey Archfield
	$0.00
	Work provided in pursuant to previous years allocation and workflow
	WAUSP

		Brian Cade
	In Kind
	
	Ecosystems

	Task total WAUSP
	
	$0.00
	

	
	
	
	

	Task 2: Disentangling landscape effects from flow-ecology response relations
	
	
	

	Tasks 2.1 & 2.2: Data aggregation, Regression Tree analysis, model development, and publication support
	
	
	

	Tom Cuffney (SAWSC)
	$41,000
	
	WAUSP

	Task total WAUSP
	
	$41,000
	

	
	
	
	

	Task 3: – Developing dynamic mechanistic endpoints
	
	
	

	Task 3.1: Integrated development of ecological traits and metrics reflecting streamflow trends
	
	
	

	Tom Cuffney (SAWSC)
	$22,000
	
	WAUSP

	Dave Wolock (KSWSC)
	$20,000
	
	NWQP

	Task total WAUSP
	
	$22,000
	

	Task total NWQP
	
	$20,000
	

	
	
	
	

	Task 3.2: Planning for Ecological Endpoints workshop
	
	
	

	Mary Freeman (Patuxent)
	$10,156
	
	WAUSP

	Task total WAUSP
	
	$10,156
	

	
	
	
	

	Anticipated Travel in FY2018
	
	
	

	Travel to 3 Conferences for J. Kennen (Society for Freshwater Science, IFC FLOW 2018, & River Network)
	$7,425
	
	

	Travel for 2 WAUSP Leadership meetings
	$4,950
	
	

	Total 2018 WAUSP EWater Budget Request
	
	$369,695
	

	
	
	
	

	TASKS      FY2019 
	Employee budget request
	Task/Subtask 
Total 
	Funding Source

	Jonathan Kennen: – WAUSP Ecological Water Science Lead, Includes Coordination, Collaboration, Communication, Planning, Management, Methods, Model and Tool development for Tasks 1-3 and Publications. (1 FTE – overhead included)
	$288,364
	$288,364
	WAUSP

	Tasks 2: Finalizing  model development and publication (T. Cuffney’s  NDAA Ends Oct. 31, 2018) 
	
	
	

	Tom Cuffney (SAWSC)
	$4,000
	
	WAUSP

	Task total WAUSP
	
	$4,000
	

	
	
	
	

	Task 3: – Developing dynamic mechanistic endpoints
	
	
	

	Task 3.1: Integrated development of ecological traits and metrics reflecting streamflow trends
	
	
	

	Tom Cuffney (SAWSC)
	$2,000
	
	WAUSP

	Dave Wolock (KSWSC)
	$22,000
	
	NWQP

	Task total WAUSP
	
	$2,000
	

	Task total NWQP
	
	$20,000
	

	
	
	
	

	Task 3.2: Support and Implementation of Ecological Endpoints workshop
	
	
	

	Mary Freeman (Patuxent)
	$24,375
	
	WAUSP

	Travel for Ecological Endpoints workshop outlined in Task 3.2 (Location TBD) estimated costs are based on air travel for 15 participants ($1,575 X15) plus miscellaneous over/under expenses
	$25,000
	
	WAUSP

	Task total WAUSP
	
	$49,375
	

	Anticipated Travel in FY2019
	
	
	

	Travel to 2 Conferences for J. Kennen (Society for Freshwater Science & River Network)
	$5,198
	
	

	Travel for 2 WAUSP Leadership meetings
	$5,198
	
	

	Total 2019 WAUSP EWater Budget Request
	
	$354,135
	



[bookmark: _Toc484102913](2) PROJECT ACCOMPLISHMENTS/CONTRIBUTIONS (FY 2017)
Below is a brief summary of the Ecological Water Science accomplishments / contributions, published results, or completed major milestones for FY17 through 5-20-2017.

1) The Special Issue on Ecohydrology and Environmental Flows in the journal Freshwater Biology has progressed considerably over the past several months. This Special Issue, which is organized into 3 primary themes 1) Method development and testing; 2) Application case studies; and 3) Efficacy evaluation, has received 17 strong submissions from prominent EFlow practitioners working across Africa, Australia, Europe, South America, Canada and the United States. The Special Issue will begin with an introductory paper by the Guest Editors (Jonathan Kennen [US], Angus Webb [AU], and Eric Stein [US]) and end with a “Review and synthesis on the progress of environmental flow science and management” led by Angela Arthington et al., one of the leading authorities on environmental flow in the world. Two WAUSP Environmental Water Science papers were submitted to be included in this Special Issue (see below).

2) The paper “Potential Pitfalls of Aggregating Aquatic Invertebrate Data from Multiple Agency Sources:  Implications for Detecting Aquatic Assemblage Change Across Alteration Gradients” was submitted by Tom Cuffney and WAUSP EWater Lead Jonathan Kennen to be part of the Special Issue on Ecohydrology and Environmental Flows in the journal Freshwater Biology in January 2017. This product examines the effects of important taxonomic data processing steps and logical combinations on invertebrate community structure among nine data sources collected by city, state, interstate, and federal agencies within the Delaware River Basin. This paper explicitly presents how choices made during data processing steps can potentially alter the interpretation of relations with known anthropogenic drivers such hydrologic alteration. This Product has been accepted to the journal Freshwater Biology with revisions.

3) The paper “Water abstraction has a larger impact on future fish species richness than either climate or land cover change” was submitted by Ernie Hain and Jonathan Kennen et al. to be part of the Special Issue on Ecohydrology and Environmental Flows in the journal Freshwater Biology in February 2017. This paper evaluates the changes in water availability, climate, and land use on fish assemblage response in the North Carolina Piedmont. Understanding the potential impact of changes on aquatic ecosystems is critical for long term water management in the Southeast US. Boosted regression trees and a rainfall-runoff and flow routing model were used to predict the relation between streamflow and fish species richness under plausible scenarios of (1) projected future water withdrawal, (2) climate change, and (3) increases in impervious surfaces. This Product has been accepted to the journal Freshwater Biology with revisions.

4) Tom Cuffney, who retired in FY16 continues to support WAUSP EWater efforts on an NDAA (National Defense Authorization Act) as part of a 2-year appointment which began on October 31, 2016. As part of this appointment, Tom is working with the WAUSP EWater lead (Jonathan Kennen) on ecological response modeling for the Delaware River and Coastal Carolinas Focus Area Studies (FAS). This NDAA position is structured to support the mentoring of a younger USGS ecologist (Jason May, CA WSC) in applying high-level statistical approaches to ecological sampling data and flow and land-use metrics to generate ecological response models for the CC FAS. Tom’s expertise in ecohydrology, statistical analysis, modeling, and R computer programming are essential skills needed to meet the needs of stakeholders and are skills that need to be transferred to younger scientists like Jason. The ecological models that Tom is helping to develop for the CC and Delaware FAS’s will be used by water resource managers to help balance ongoing human needs for water with that needed to support ecosystem needs. 

5) The joint EPA-USGS document Final EPA–USGS Technical Report: “Protecting Aquatic Life from Effects of Hydrologic Alteration” was signed by the Office of Water Deputy Assistant Administrator Joel Beauvais and released to the public on December 15, 2016. The purpose of this document is to provide a source of information for states, tribes, and territories on: 1) the natural flow regime and potential impacts of flow alteration on aquatic life; 2) Clean Water Act (CWA) programs that can be used to support the natural flow regime and maintain healthy aquatic ecosystems; and 3) a flexible, non-prescriptive framework to quantify targets of the flow regime that are protective of aquatic life. The final release of this document into Federal Register in FY17 represents a strong commitment by USGS and USEPA to collaborate and produce a document that supports state and Tribal efforts to incorporate environmental flow needs into CWA programs.

Webpage for Final product and associated documents
https://www.epa.gov/wqc/final-epausgs-technical-report-protecting-aquatic-life-effects-hydrologic-alteration-documents
Listing in Federal Register
https://www.federalregister.gov/documents/2016/12/21/2016-30760/final-epa-usgs-technical-report-protecting-aquatic-life-from-effects-of-hydrologic-alteration

6) The WAUSP EWater Lead, was invited by the Instream Flow Council (IFC) President Kevin Mayes to give a presentation at the annual IFC membership meeting on Oct 14, 2016 in State College PA. The Presentation provided an update to the IFC on the status of the EPA - USGS joint product "Protecting Aquatic Life from Effects of Hydrologic Alteration". This opportunity represented a broad intersection between the IFC, and the WSWC, AFWA and ICWP. These stakeholders strongly emphasized the importance and relevance of this product to their work.

7) The WAUSP EWater Lead attended the River Network’s annual River Rally which was held in Grand Rapids MI (May 8-11, 2017). As a member of the Scientific Advisory Group for the River Network (RN) Jonathan worked with the RN during FY17 to help develop the plenary sessions for their meeting and inform the RN Board of ongoing USGS science that is important to their mission. Other WAUSP leadership including Howard Reeves and Paul Barlow also attended the meeting.  The plenary sessions focused, in part, on Great Lakes science, and water policy & advocacy. Paul Barlow presented a Workshop on GW - SW interactions called "Groundwater Pumping and Streamflow Depletion" that was well received by those attending the River Rally. The RN River Rally provides an important intersection for NGO staff, academics, federal agencies (e.g., USGS, BOR, & EPA etc.) foundation representatives, river basin advocates, industry innovators, and concerned citizens to interact and discuss the many timely and important water issues currently facing our nation.

8) The WAUSP EWater Lead, as part of the USGS Core Environmental Flows Team, worked with Paul Seelbach (Ecosystems) and Dave Wolock (Water) to support a cooperative effort between Water, Ecosystems, and Core Science Systems MA’s to develop a cross-MA Ecological Flows workshop. This workshop took place at the National Water Center in Tuscaloosa, AL, April 25-26, 2017. The goal of this Workshop was to lay the foundation for developing a forward-thinking 2-year and 10-year plan that supports the implementation of Ecological Flow models / maps / tools at the Regional-to-National scales. 
[bookmark: _Toc484102914] (3) NOTEWORTHY COLLABORATIONS, MEETINGS, TECHNICAL TRANSFER ACTIVITIES, SPIN-OFF PROJECT DEVELOPMENTS, AND ACKNOWLEDGEMENTS

1) During FY17 Tom Cuffney has been working directly with the WAUSP EWater Lead to begin tackle one of the major challenges in the field of environmental flow science and that is to disentangle the direct and indirect effects of landscape alteration (e.g., Land Use change) from flow-alteration on ecological response relationships. Jonathan Kennen and Tom Cuffney were invited to present early results of this study at the upcoming Society for Freshwater Science meeting as part of Special Session S31: Moving forward in flow ecology: identifying and testing key hypotheses. The title of the talk is “EVALUATING INVERTEBRATE RESPONSES TO FLOW, LAND USE, AND LEVEL III ECOREGIONS IN THE DELAWARE RIVER BASIN”
http://sfsannualmeeting.org/Schedule/grid_Topics.cfm?dtid=1226,1228,1229,1230,1231,1232&pdtid=1354&rid=487

2) Attended the River Network River Rally, Grand Rapids MI, May 8-11, 2017. As a member of the Scientific Advisory Group for the River Network (RN) I work directly with the River Network’s Board to assist with the development of scientifically relevant plenary sessions at their annual meetings, inform the board of timely and ongoing USGS scientific activates salient to their mission, and to provide a strong scientific nexus between the private and government sector. The RN River Rally provides an important intersection for NGO staff, academics, federal agencies (e.g., USGS, BOR, & EPA etc.) foundation representatives, river basin advocates, industry innovators, and concerned citizens to interact and discuss the many timely and important water issues currently facing our nation. 
http://www.rivernetwork.org/wp-content/uploads/2017/05/River-Rally-2017-Program.pdf 

3) Invited by President Kevin Mayes of the Instream Flow Council (IFC) to discuss the current status of the EPA - USGS joint product "Protecting Aquatic Life from Effects of Hydrologic Alteration" October 14, 2016 in State College, PA. The primary purpose of this presentation was to provide IFC with an update on the progress to date, the changes to the document, especially those consistent with their needs / interests, and to have a follow up discussion / question & answer period to address outstanding issues.

4) As a member of the New Jersey Scientific Advisory Board, I continue to collaborate and work with local and regional scientists to answer timely and important questions about environmental issues relevant to the New Jersey Department of Environmental Protection (NJDEP). These efforts resulted in two reports in FY2017.

1. Raymond Ferrara, Judith S. Weis, Jonathan Kennen and Michael Weinstein, 2016, Evaluating the extent to which Dissolved Oxygen (DO) is limiting to aquatic life in New Jersey’s marine waters?  Science Advisory Board Report by the Marine Dissolved Oxygen Committee, 16 p.

2. Carolyn S. Bentivegna, Paul Bovitz, Charles Harman, Robert A. Hoke, Ursula Howson, Jonathan G. Kennen, Catherine N. Tsipoura, and Zeyuan Qiu, 2017, Re-use and Disposal of Hatchery Fish Diseased by Furunculosis. Science Advisory Board Report by the Ecological Processes Standing Committee. 17 p.

Such efforts are used by the New Jersey Department of Environmental Protection to evaluate the state of the science, support or broaden criteria development, and provide information that assists with the development of long-term strategic plans and environmental initiatives.

5) Invited by the NJ Section American Water Resources Association to present an “Overview of the Final EPA / USGS Technical Report Protecting Aquatic Life From Effects of Hydrologic Alteration” at their annual Meeting, March 30, 2017, Lawrenceville, NJ. This talk highlighted the recently released Technical Report Protecting Aquatic Life from Effects of Hydrologic Alteration which was developed collaboratively by the EPA and USGS. This joint report provides scientific and technical support for efforts by States and Tribes to advance the protection of aquatic life from the adverse effects of hydrologic alterations in streams and rivers. It presents: 1) a literature review of the natural flow regime and description of the potential effects of flow alteration on aquatic life; 2) examples of narrative criteria that some states have developed and implemented in support the natural flow regime; and a flexible, nonprescriptive framework that can be used by states, Tribes, and territories to quantify targets for flow regime components that are protective of aquatic life.
http://nsawra.onefireplace.org/event-2459555

[bookmark: _Toc484102915](4) REPORT PRODUCTS, BIBLIOGRAPHIC UPDATE, DATA RELEASES, AND MODEL ARCHIVES

1) Cuffney, T. F., and Kennen, J.G., 2017 “Potential Pitfalls of Aggregating Aquatic Invertebrate Data from Multiple Agency Sources:  Implications for Detecting Aquatic Assemblage Change Across Alteration Gradients”. Accepted with revision to be part of the Special Issue on Ecohydrology and Environmental Flows in the journal Freshwater Biology.

2) Hain, E.F., Kennen, J.G., Caldwell, P., and Nelson, S.A. 2017. Water abstraction has a larger impact on future fish species richness than either climate or land cover change. Accepted with revision to be part of the Special Issue on Ecohydrology and Environmental Flows in the journal Freshwater Biology.

3) Stacey.A. Archfield, Jonathan G. Kennen, and Brian Cade, 2017, Hydroecological classification of ungaged rivers in the United States. The thrust of this USGS National Water Census Initiative is to use the recently published hydroecological classification of 1,534 gaged rivers in the United States by Archfield, Kennen and others (2013) to assign all ungaged rivers in the US to these classes. We are hoping for a draft of this manuscript by August 2017.

4) Caldwell P.V., Kennen, J.G., Nelson, S.A.C., Sun, G., McNulty, S.G., Haine, E.F., and Shortley, T. 2017. Hydrological modeling for flow-ecology science in the Southeastern U.S. An inventory and evaluation of current efforts and knowledge gaps for global change impact studies addressing the SECSC Annual Science Work Plan Ecohydrology Priority Science Need — final report to the Southeast Climate Science Center (DRAFT). We anticipate this document to be published as a Forest Service Technical Report sometime in late 2017.  
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Jonathan G. Kennen, Ph.D.
Ecological Water Coordinator 
Water Availability and Use Science Program
New Jersey Water Science Center
US. Geological Survey
3450 Princeton Pike, Suite 110 
Lawrenceville, NJ 08648 
email:  jgkennen@usgs.gov
ph: +1 609-771-3948
fax: +1 609-771-3915

Thomas F. Cuffney, Ph.D.
Research Ecologist
U.S. Geological Survey
South Atlantic Water Science Center
3916 Sunset Ridge Road
Raleigh, NC 27607
email: tcuffney@usgs.gov
Web: https://profile.usgs.gov/tcuffney/
ph: +1 919-571-4019
fax: +1 919-571-4041

Stacey Archfield, Ph.D.
Research Hydrologist
National Research Program, 
U.S. Geological Survey
Mail Stop 430, 12201 Sunrise Valley Drive, 
Reston, VA  20192    Room 1B318
email: sarch@usgs.gov
Web: http://profile.usgs.gov/sarch /
ph: +1.703-648-5868
fax: +1.703-648-5484
Skype: staceyarchfield

Brian S. Cade, Ph.D.
U. S. Geological Survey
Fort Collins Science Center
2150 Centre Ave., Bldg. C
Fort Collins, CO  80526-8818
email:  cadeb@usgs.gov
ph: +1 970-226-9326

Mary Freeman, Ph.D.
USGS Patuxent Wildlife Research Center
University of Georgia
Athens,  GA  30602
ph: +1 706-542-3499 office
cell: +1 706-352-1738 
email:  mcfreeman@usgs.gov
email:  freemanm@uga.edu
Web: http://profile.usgs.gov/mcfreeman

David Wolock
USGS Kansas Water Science Center
4821 Quail Crest Blvd. 
Lawrence KS, 66049
ph: +1 785-832-3528 
email:  dwolock@usgs.gov
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