Detailed Project Description 
Short Title: Simulating Baseline Streamflow Conditions

Executive Summary 
Alteration to naturally-occurring patterns of streamflow is frequently cited among the most serious threats to ecological sustainability of freshwater ecosystems. Recent floods and droughts have elevated the awareness of the need to protect and restore hydrologic processes that both support ecological integrity and ensure the availability of water for human use. The dynamic nature of rivers poses challenges to water managers. Fortunately, innovations are emerging as hydrologists, ecologists, water managers, engineers, and professionals from related disciplines focus on this challenge. Over the past two years, our project team has been collaborating with natural resource agencies and organizations to evaluate how other states and countries are addressing this challenge, with the goal of recommending the most promising approaches for implementation in Pennsylvania. The ability to characterize baseline (minimally impacted) streamflow conditions, compare them with current and future conditions, and assess impacts of human activities on streamflow is fundamental to implementing water management programs that protect and restore environmental flows. As a foundational step to the ultimate goal of developing environmental flow criteria for water management, The Nature Conservancy, Susquehanna River Basin Commission and the U.S. Geological Survey Pennsylvania Water Science Center propose to develop a tool to simulate baseline streamflow conditions at a daily time scale for streams and rivers in Pennsylvania.  The project team will engage the existing Pennsylvania Instream Flow Advisory Committee in all project deliverables. This committee, which is led by the Pennsylvania Department of Environmental Protection, includes state, federal, and basin commission resource agency staff with extensive experience on technical and regulatory aspects of water management.  Within two years of the project start date, we propose to deliver a tool that can simulate baseline streamflow conditions for any stream or river in Pennsylvania.
Statement of Environmental Need 
Pennsylvania boasts a tremendous diversity of freshwater-dependent species, communities, and ecosystems, all inextricably linked to the abundant water resources of the Commonwealth.  Long-term sustainability of Pennsylvania’s water resources will require preservation of the quantity and the quality of these resources to maintain and enhance their ability to provide social, economic, and environmental services to all inhabitants.  Hydrologic alteration (that is, changes to the naturally-occurring patterns of river flows) frequently results from the construction and operation of water infrastructure, surface and ground water withdrawals, discharges, and land conversion. These alterations often have negative consequences for freshwater ecosystems and limit the ability of rivers to support human and ecological needs. 
Pennsylvania natural resource agencies, including the Department of Environmental Protection (DEP), the Department of Conservation and Natural Resources (DCNR), and the Fish and Boat Commission (FBC), have expressed a clear desire for an approach that can be applied statewide to evaluate the impacts of flow alteration on aquatic resources.  This need is grounded in the goal to have long-term sustainable management of water in Pennsylvania’s rivers, a goal shared by The Nature Conservancy.  The development and application of “instream flow” or “environmental flow” criteria is central to this goal.  These criteria form the basis for water management decisions by defining the acceptable limits of flow alteration to ensure that rivers meet aquatic resource goals. To that end, The Nature Conservancy is about to complete work funded by a Growing Greener grant (awarded in 2006) to recommend promising approaches that will lead to the development and implementation of environmental flow criteria.  These recommendations, developed in close collaboration with the Pennsylvania Instream Flow Advisory Committee (established for this project), are presented in a draft report entitled Developing Instream Flow Criteria to Support Ecologically Sustainable Water Resource Planning and Management: Phase 1, herein “Draft Report”. One of the primary recommendations in the Draft Report is to develop a tool to simulate baseline streamflow conditions. This proposed project would implement this recommendation.  

In order to protect and restore the ecological integrity of the rivers in Pennsylvania, we need to develop tools to understand the environmental flows that support integrity of riverine ecosystems. The foundation for management of environmental flow conditions is an understanding of baseline streamflow conditions and their natural range of variation. Baseline flow conditions are flows that are minimally impacted by dam and reservoir operations, water withdrawals and diversions, and extensive land cover changes. These baseline flow conditions serve as a basis for understanding both water availability and ecologically important flow variability (Poff and others 1997).  Within Pennsylvania, and throughout the United States, there is a limited amount of hydrologic information from unimpacted gaging stations.  U.S. Geological Survey Pennsylvania Water Science Center (USGS) has identified a set nearly 200 “index gages”, or continuous record station gages, that can be considered least unimpaired due to limited upstream regulation, diversion, and mining impacts (Stuckey 2006).  The flow data from these index gages can be used to define baseline flow conditions for a small portion of the over 83,000 miles of streams and rivers in Pennsylvania.  Therefore, other approaches are needed to estimate baseline flow conditions. Our project goal is to develop a tool to simulate baseline flow conditions for any river or stream in Pennsylvania. 
This project furthers several of the DEP Growing Greener Priorities for Watershed Protection Grants listed in the application guidance.  The project is designed to support the “Implementation of restoration and/or protection activities that are recommended in watershed-based plans that address sources of pollution of stream segments identified on the Integrated List of all Impaired Waters.”  Based on the most recent assessment of impaired waters available from DEP, there are over 1900 miles of streams in Pennsylvania that have some type of flow alteration as a source of impairment
. This is approximately 13% of all waters listed as “Impaired” for Aquatic Life Use. In other words, approximately 13% of known impairments are partially attributable to flow alteration from various human activities, including but not limited to, agriculture, small residential runoff, road runoff, land development, impoundments, channelization, and flow regulation. Flow alteration often contributes to many other sources of impairment, including erosion and sedimentation, nutrient enrichment, thermal alteration, and successful establishment of invasive species. The ability to quantify the current degree of flow alteration for a specific stream is fundamental to being able to address existing flow-related impairments.  Perhaps more importantly, this capability will facilitate planning to prevent future flow alterations that could lead to ecological impairments. 

In addition to the department-wide priorities, several of the regional watershed priorities in the proposal guidance list improved stormwater management, floodplain reconnection and wetland restoration as priority actions.  These priority actions often improve freshwater ecosystems by partially restoring natural hydrologic processes.  A tool to simulate baseline streamflow conditions is the first step in developing quantifiable flow targets that can be achieved through a combination of instream and watershed restoration activities, including these priority actions. We also anticipate that two other department-wide watershed priorities, dam removal and water conservation, will be used to help achieve flow targets. 
This project is designed to lead to more efficient and environmentally sound water management throughout Pennsylvania.  To that end, it addresses the Commonwealth Investment Criteria by helping to ensure that economic growth in Pennsylvania is sustainable and does not lead to human-induced water shortages.  Specifically, this project is relevant to several Core and Preferential Criteria related to efficient infrastructure and environmental restoration/enhancement adopted by the Economic Development Cabinet in 2005.  As part of a larger effort to develop and implement environmental flow criteria for water management, the project should 1) help to ensure that existing and new infrastructure does not adversely impact environmentally sensitive areas; 2) help facilitate improvement of existing public or private water & sewer capacity and services; and 3) help ensure that development incorporates natural resource features and protection of wetlands, (and) surface & groundwater resources.
Match

Total match for the project will be $91,400, approximately 39% of the requested funds. The project team will include staff from The Nature Conservancy (TNC), Susquehanna River Basin Commission (SRBC), and USGS. The Nature Conservancy will serve as the project manager and will add technical expertise to the project deliverables. The Nature Conservancy will contract with SRBC for additional technical expertise. The contract amount will be approximately $191,531. SRBC will subsequently develop a joint funding agreement with USGS and provide approximately $181,531 to USGS for their contribution to all three deliverables. USGS staff will complete the majority of the work on the tool to simulate baseline flow conditions, which is the main project deliverable. This arrangement – TNC’s contract with SRBC and the subsequent funding agreement between SRBC and USGS – enables USGS to bring $91,400 in matching funds from the USGS Cooperative Water Program (Co-op), depending upon the availability of federal funds. The Co-op supports data collection and hydrologic research that is jointly planned by USGS and non-Federal cooperators.  The three-way collaboration enables Growing Greener funds to leverage Co-op funds because SRBC is an eligible non-Federal cooperator. 

Justification of Funding 

In the proposal guidance, DEP recognizes that ninety-six percent of water-quality impaired watersheds in Pennsylvania are polluted because of nonpoint sources of pollution. Flow alteration contributes both directly and indirectly to nonpoint source pollution. This project will develop a statewide tool to support local watershed restoration and protection by helping to assess flow alteration and quantify flow protection and restoration goals. 

The proposed work is a direct outgrowth of a Growing Greener grant awarded to TNC in 2006. Under this project, TNC will produce a detailed report that recommends the most promising approaches for developing tools to estimate the amount of flow alteration to streams in Pennsylvania, to correlate these alterations with changes to biological communities, and ultimately, to develop criteria that limit flow alteration and associated biological degradation. These recommendations were developed with considerable input from the Instream Flow Advisory Committee, and this proposal will implement one of the primary recommendations. 

One product of the Growing Greener-funded project (2006) is a review of relative costs of various modeling approaches that can be applied to develop a water management decision support system (DSS). The Nature Conservancy and the Instream Flow Advisory Committee reviewed five modeling approaches for estimating baseline and current flow conditions. Four of the five approaches allow for the simulation of baseline hydrographs. Estimated costs to implement these four options range from $150,000-250,000 to over $1 million. We propose to use the least expensive of these modeling approaches because similar work in other states strongly suggests that this approach will produce results that are comparable to more expensive approaches.  

USGS involvement ensures continuity between past efforts and anticipated future projects. The baseline flow condition simulator is one step toward a water management DSS that allows users to compare baseline and current flow conditions and estimate how future water demands could affect environmental flows and water availability. USGS has collaborated with DEP to develop the Water Analysis Screening Tool (WAST) as part of the update to the State Water Plan. WAST will assist DEP in identification of critical water planning areas by comparing water use information (both registered and estimated withdrawals and discharges) with the 7-day, 10 year low-flow statistic (7Q10). Once the tool to simulate baseline flow conditions is complete, we anticipate that the work USGS and DEP have completed on the WAST can contribute to current streamflow estimates. 
USGS Pennsylvania Water Science Center networks with Water Science Centers in other states, enabling them to benefit from the expertise of other USGS hydrologists. Specifically relevant to this project, USGS Massachusetts-Rhode Island Water Science Center (USGS MA) is cooperating with the Commonwealth of Massachusetts to develop an interactive, GIS-based decision-support tool for water management. The tool to simulate baseline hydrologic conditions that we are proposing is modeled after the tool that USGS MA has developed. USGS MA has already provided input on the development of a similar tool for Pennsylvania and has agreed to share relevant methods and products with USGS PA. 
The USGS Cooperative Water Program requires non-Federal matching funds, and Growing Greener funds can leverage considerable match through this program. We do not plan to use competitive bidding for this project because USGS is uniquely qualified to develop the tool to simulate baseline flow conditions. USGS has incomparable expertise related to hydrologic assessment and modeling, a reputation for consistently delivering high-quality assessments, and a commitment to providing public access to data and tools that they produce. Partnering with USGS, rather than a private consultant, also ensures that the project deliverables will be maintained, supported, and available in the public domain in the future. 
Proposed Scope of Work

The overall goal of the project is to develop a tool that will simulate a baseline (minimally impacted) daily flow time series for any stream or river within Pennsylvania.  This goal will be accomplished through three objectives: 

1. Engage the Pennsylvania Instream Flow Advisory Committee to select the most promising approach and develop a detailed Workplan to implement this approach.

2. Define a set of index gages and develop a method to link any stream or river to an appropriate index gage or gages. 

3. Develop the tool to simulate baseline streamflow conditions at a daily time step.  

The proposed scope of work builds on the recommendations included in the Draft Report prepared by TNC in close consultation with the Pennsylvania Instream Flow Advisory Committee. This report is in final draft at the May 16, 2008 deadline for submission of Growing Greener Plus proposals; the final report will be submitted to DEP by June 30, 2008. This report includes an extensive review of multiple approaches to addressing several key components of an environmental flow protection program: 

· Building a Hydrologic Foundation

· Developing and Applying Appropriate River Classification

· Selecting Hydrologic Statistics and Assessing Hydrologic Alteration

· Developing Flow Alteration-Ecological Response Relationships

· Defining and Using Instream Flow Criteria

This scope of work will implement the most promising approach for establishing baseline flow conditions, which is one aspect of building a hydrologic foundation. The report reviews several approaches being implemented in other states, highlights five of the most promising approaches for Pennsylvania, and provides general cost estimates for implementing them.  
The scope of work will be implemented by the project team, which includes staff from TNC, SRBC, and USGS. The project team will engage the Pennsylvania Instream Flow Advisory Committee to provide guidance on all three deliverables. This committee includes representatives from Pennsylvania Fish and Boat Commission, Department of Environmental Protection, Department of Conservation and Natural Resources, Susquehanna River Basin Commission, Delaware River Basin Commission and the NJ & PA US Geological Survey.  A detailed discussion of the tasks, schedule and deliverable(s) associated with each objective follows. 

Objective 1: Engage the Pennsylvania Instream Flow Advisory Committee to select the most promising approach and develop a detailed Workplan to implement this approach.

Deliverable 1: Workplan developed with and approved by Instream Flow Advisory Committee
Schedule: End of the 1st quarter of the project (estimated June 30, 2009)
We will pursue the most promising, cost-effective approach that will allow us to simulate a daily flow time series of minimally impacted flows for any stream or river within Pennsylvania. The Draft Report compared strengths, limitations, time required to develop, and cost of five approaches to simulating baseline hydrologic conditions.  One of these approaches, referred to as “Modified QPPQ” (Waldron and Archfield 2006) in the Draft Report, has emerged as most promising. This approach uses regression equations to estimate baseline flow duration curve statistics and construct flow duration curves at any point of interest. This approach would be coupled with a flow duration curve-transform approach that links estimated flow duration curves to flow duration curves defined at index (i.e., least impacted) gages in the state.  This approach is similar to the one that USGS MA is developing in cooperation with the Commonwealth of Massachusetts.  However, this approach may require modification for use in Pennsylvania.  It also may require modification to simulate baseline flow conditions in ungaged locations with relatively small basin area (e.g. 2 square miles).  We recognize that the best option for Pennsylvania may be a hybrid of multiple approaches. The first project step is to engage the Pennsylvania Instream Flow Advisory Committee to develop a detailed Workplan for the tool to simulate baseline hydrologic conditions. This Workplan will outline modifications needed to address Pennsylvania-specific needs and incorporate innovations from other projects that will undoubtedly occur between now and the anticipated project start date in 2009. 
This deliverable will be led by USGS with assistance from TNC, SRBC, and the Pennsylvania Instream Flow Advisory Committee.  

Task 1:  Review available methodologies and develop draft Workplan – Project Team [Curtis Schreffler and others (USGS); Michele DePhilip and Colin Apse (TNC); Andrew Dehoff and others (SRBC)]
Task 2: Convene Instream Flow Advisory Committee and receive comments – TNC and USGS
Task 3: Finalize Workplan – Project Team

Objective 2: Define a set of index gages and develop a method to link any stream or river to an appropriate index gage or gages. 

Deliverable 2: List and map of index gages; Narrative describing method to link streams to index gage(s); Map and table showing streams associated with each index gage(s). 
Schedule: End of the 4th quarter of the project (estimated March 31, 2010)

The first step toward Objective 2 is to review, and if necessary, revise the criteria used to select the existing index gages for Pennsylvania. USGS selected approximately 200 index gages distributed throughout Pennsylvania that were they were minimally impacted by water regulation, diversions, and mining based on information published in the USGS Pennsylvania Water-Data Reports for 2002 (see http://pubs.usgs.gov/wdr/#PA). These gages have been used to develop regression equations to predict low-flow, base-flow, and mean-flow statistics (Stuckey 2006). The Nature Conservancy and USGS applied two additional criteria related to the period of record (minimum 15 years) and land cover in the contributing watershed (maximum 15% developed) to refine this list of gages. These gages are used in the development of a pilot hydrologic classification described in the Draft Report. 
To finalize the list of index gages used to develop baseline flow conditions, the criteria applied by USGS and TNC will be reviewed, revised if necessary, and then applied to potentially-appropriate gages in adjacent states. We anticipate that there may be gages in Maryland, New York, New Jersey, Ohio, and/or West Virginia that could augment this set of index gages. 
The second task, and potentially the more challenging one, is to test and select methods for linking all Pennsylvania streams to appropriate index gage(s).  As part of the WAST, USGS developed a set of approximately 10,000 “pour” points and associated basins.  Several different methods will be tested to link pour points on Pennsylvania streams to the most appropriate index gage(s).  One method is to link each pour point to an index gage or gages based on proximity or similarity in hydrologic or catchment characteristics.  An alternate, or potentially complementary method, is to link each pour point to a set of index gages using a classification procedure.  
This task will build on a recently-completed pilot hydrologic classification developed for Pennsylvania by USGS – Fort Collins. This pilot classification grouped 136 gages into 5 classes based on Flow Magnitude, Flow Variability, and Flood Frequency.  The Draft Report describes the methods and results of this pilot classification and recommends next steps to finalize and apply a classification to all Pennsylvania streams.  

This deliverable will be led by TNC and USGS with assistance from SRBC.  Detailed steps for testing and selecting the best method will be developed in collaboration with the Instream Flow Advisory Committee and will be fully elaborated in the Workplan (Deliverable 1). Anticipated tasks include (subject to change based on approach outlined in Workplan): 

Task 1:  Refine criteria for index gages and apply criteria to gages in Pennsylvania and neighboring states – Project Team
Task 2:  Select and apply method for linking ungaged locations to one or more index gages. Assess utility of the hydrologic classification – Project Team 
Objective 3: Develop the tool to simulate a baseline daily flow time series

Deliverable 3: Baseline hydrologic condition simulator 

Schedule: End of the 8th quarter of the project (estimated March 31, 2011)

The specifics of the approach to achieve this objective will be described in the detailed Workplan (Deliverable 1). However, the most likely approach we would pursue would simulate a baseline daily flow time series for ungaged locations across the state using a flow duration curve (FDC) simulation and transformation method.  This approach for setting baseline flow conditions incorporates an index gage FDC to ungaged location FDC transform to develop a daily flow time series of unregulated or “minimally impaired” flows at the ungaged location. The flow duration curve used as the means of transfer provides a summary of flow conditions over a given time period at a site in common terms (exceedance probabilities). As described in Waldron & Archfield (2006), “the record of streamflow at the gaged site (Q) is used to construct a flow-duration curve, which represents the probability of exceedance (P) for each unique streamflow value in the record.  Then the assumption is made that the probability of exceeding a flow at the gaged site is equivalent to the probability of exceeding a flow at the ungaged site (P).  Lastly, the equivalent exceedance probabilities and the basin characteristics from the ungaged site are used to estimate streamflow (Q)”, herein referred to as the modified QPPQ method (Figure 1).

In order to develop the flow duration curve at ungaged sites, potential explanatory basin characteristics are used to develop regression equations predicting specific flow duration statistics (flow exceedance probabilities) at various intervals along the flow duration curves. Basin characteristics used in the regression relations between gaged and ungaged sites will potentially include: (1) drainage area, (2) mean monthly precipitation, (3) mean monthly temperature, (4) percent basin slope, (5) percent land cover as forest,  (6) percent of carbonate bedrock, (7) percent land cover as urban, and (8) elevation, among others.  Not all variables may prove to be statistically significant.

A total of 15 to 20 exceedance probabilities will be estimated to define a flow duration curve. Up to seven of the exceedance probabilities will be determined from regression equations based on explanatory variables using basin characteristics. The remaining subset of exceedance probabilities needed to define the flow duration curve will be estimated from regression equations that take advantage of strong relation between similar exceedance probabilities as noted by Archfield and others (2007). For instance, the 0.40- and 0.60-exceedance probabilities may be estimated from the 0.50-exceedance probability which was determined using basin characteristics as the explanatory variables in the regression analysis. The entire suite of duration statistics estimated from both methods may include the largest and smallest streamflow probabilities along with the 0.01-, 0.05-, 0.10-, 0.15-, 0.20-, 0.30-, 0.40-, 0.50-, 0.60-, 0.70-, 0.80-, 0.85-, 0.9-, 0.95-, and 0.99-exceedance probabilities. Streamflow exceedance probabilities will then be log-linearly interpolated between the regression-estimated streamflow exceedance probabilities to construct the flow duration curves.  
To convert an estimated flow duration curve at an ungaged site to a time series of streamflow (hydrograph), index gages are identified and linked to other locations in the state through Deliverable 2. The index gage is used to assign an exceedance probability to each date at the ungaged site. The modified QPPQ-transform method is then applied. The index gage hydrograph, weighted by the differences in the flow duration curves is transferred to the ungaged site through this transform. 

Ungaged locations in the context of this proposal will be “pour” point locations defined in the WAST developed by USGS PA Water Science Center (Stuckey 2008). A data table will be developed in Deliverable 2 associating individual pour point locations in the WAST to their appropriate index gages. Statistical measures of flow including (but not limited to) annual means, monthly means, and monthly medians at pour point locations can be obtained from the estimated hydrograph. This approach creates a hydrograph of the “natural flow regime” or annual flow cycle for each ungaged location (Poff and others 1997), and the degree of natural variability between wet and dry years (an essential aspect of the natural flow regime) (Archfield, written communiqué, 2008).  

This approach can not be implemented without this project, because existing USGS regression equations do not include the full range of exceedance flow statistics.  Currently, included in the Pennsylvania StreamStats package that is now available is the 0.50-exceedance probability. Yet the cost of developing regression equations for these additional exceedance flow statistics is moderate compared to the approaches listed described in the Draft Report prepared by TNC.

This approach aligns well with, and is informed by, the USGS Massachusetts Water Science Center’s (USGS MA) Sustainable-Yield Estimator program which “will estimate daily mean flows at interactively-specified, ungaged stream sites” over an index period of 1960-2004 “by developing a synthetic flow-duration curve at the site from explanatory basin characteristics” through a StreamStats regression-based approach. The project will use “the assumption that the mean daily flow recurrence probability is equivalent at a nearby index site.” (Weiskel and Garabedian, written communiqué). This project is scheduled to be completed by the fall of 2008. TNC, SRBC, and USGS PA intend to work closely with USGS MA staff to ensure that lessons learned in their Sustainable-Yield Estimator Project are applied to this project in Pennsylvania if a similar approach is pursued.

This deliverable will be led by USGS with assistance from TNC and SRBC. The application will have an interactive map interface similar to the WAST, where a user can select a pour point and retrieve a baseline streamflow hydrograph for that site. A GIS interface will display a map of pour points for selection. The “Compute Unimpacted Streamflow” module of the Sustainable-Yield Estimator tool will then be invoked and executed to produce the time series hydrograph at the pour point (Figure 2). The application and the supporting data tables will be served locally from a CD (not over the web).  The software code used to develop the application will be consistent with the USGS National StreamStats and the USGS MA Sustainable-Yield Estimator programs.  
Anticipated tasks include (subject to change based on approach outlined in detailed Workplan):
Task 1:  Test methodology on selected watersheds – Curtis Schreffler and Ed Koerkle (USGS)
Task 2:  Define duration statistics necessary for development of FDCs – Curtis Schreffler, Ed Koerkle, and Marla Stuckey (USGS)
Task 3:  Define regression equations based on explanatory variables of basin characteristic and regression equations based on streamflow exceedances as explanatory variables – Ed Koerkle, Marla Stuckey, and Mark Roland (USGS) 

Task 4:  Develop and test transform methodology – Curtis Schreffler and Ed Koerkle with assistance from USGS Massachusetts (USGS)

Task 5:  Finalize approach and submit report on findings – Curtis Schreffler, Ed Koerkle, Marla Stuckey, and Mark Roland (USGS) with review from TNC and SRBC staff.

Selected References
Archfield, S.A., R.M. Vogel, and S.B. Brandt, 2007, Estimation of flow-duration curves at ungaged sites in southern New England, Proceedings of the American Society of Civil Engineers World Water and Environmental Resources Congress, Tampa, Florida, 2007.

Stuckey, M.H., 2006, Low-flow, base-flow, and mean-flow regression equations for Pennsylvania streams: U.S. Geological Survey Scientific Investigations Report 2006-5130, 84 p.
Stuckey, M.H., 2008, Development of the Water-Analysis Screening Tool used in the initial screening for the Pennsyl​vania State Water Plan update of 2008: U.S. Geological Survey Open-File Report 2008-1106, 9 p.

Poff, N.L., Allan, J.D., Bain, M.B., Karr, J.R., Prestegaard, K.L., Richter, B.D., Sparks, R.E., and Stromberg, J.C., 1997, The natural flow regime: A paradigm for river conservation and restoration: Bioscience 47(11): 769-784.
Waldron, M.C., and Archfield, S.A., 2006, Factors affecting firm yield and the estimation of firm yield for selected streamflow-dominated drinking-water-supply reservoirs in Massachusetts: U.S. Geological Survey Scientific Investigations Report 2006-5044, 39 p.




 SHAPE  \* MERGEFORMAT 
[image: image1]
Figure 1.  Hypothetical example of the modified QPPQ methodology.
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Figure 2. Screen capture of Massachusetts Sustainable-Yield Estimator Program.
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Exceedance probabilities  from the index gage are transferred to the ungaged location FDC allowing a daily flow to be estimated..





Assume that the flow corresponding to an exceedance probability of 0.25 at the index gage also occurred on October 1, 2006 at the ungaged site.





The flow on October 1, 2006, has the probability of being exceeded 25% of the time
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When a flow-duration curve at the index gage is constructed, the result is an exceedance probability associated with every date.
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� Estimates based on analysis of streams included in streamIMPAIRED19feb2008 geodatabase obtained by TNC from DEP for purposes of assessing flow-related impairments under Growing Greener project funded in 2006. 
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