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Watershed Health Scorecard 

Technical Report

Version date: ___________

1. Introduction [8 or less pages]

1.1. Purpose of the Watershed Health Scorecard

context, need, purpose. Key questions the indicators and indices address. 

This first issue of the Watershed Health Scorecard should answer the question: how is this watershed doing in terms of the availability of water to meet local ecosystem and human needs indefinitely? 

This project was inspired by The Bay Institute’s Bay Scorecard ( http://www.bay.org/ecological_scorecard.htm.) 
1.2. Intended audiences

potential users of the scorecard. Three products will be produced for each watershed, each for a different audience. 
1.3. Scope and limits of the Scorecard

 (e.g… Appropriate topics for watershed scorecards are those that are of concern to many stakeholders and decision-makers, that have sufficient available data, and that need to be simplified so that informed decisions regarding watershed management can be made.)
1.4. Comparison with other ecological health indicator efforts

 (including, possibly: the San Francisco Bay Index (www.bay.org/ecological_scorecard.htm), the Santa Clara Basin Watershed Management Initiative Indicators Workgroup (www.valleywater.org/_wmi/index.shtm), the Sacramento River Watershed Program (www.sacriver.org), the Great Valley Center (www.greatvalley.org/indicators/index.aspx), and the Silicon Valley Environmental Index (www.svep.org)). 

1.5. Online resources

Where to find the data and products online.
2. Methodology [(4 – 6 pages, including model diagram)]

2.1. Conceptual framework

how the team approached the development of the Scorecard: using the conceptual model of water stocks and flows to ensure nothing was overlooked 

choosing indices: Approach considered: surface water and groundwater. Approach considered: supply sufficiency and “sponginess” Approach taken: supply sufficiency and storage.
2.2. Screening potential indicators 
Describe in general how indicators were “filtered.” What criteria were used? 
2.3. Screening potential data
doing data searches to determine if (1) data were available that could serve as appropriate metrics; (2) data were in a form readily useable without much additional work (e.g., the raw NRCS database on soils would have to be re-worked and was therefore unsuitable). 

2.4. Paths not taken
Which of the boxes and arrows in the conceptual model couldn’t be parameterized due to lack of information? What can we say about candidate indicators that we thought would make terrific additions to the Scorecard, but for which the data gaps are too significant for now? What might the consequences be of NOT having the ideal indicator(s)?  (all we can do is monitor the decline of the system rather than using appropriate indicators to select appropriate management interventions and find out if they result in the desired outcomes.)

Why were some indicators unscored? A variety of reasons: no good data, no time to

analyze data or determine how to analyze it, data too costly to be collected in future, or not clear how to assign score to data.  Team agreed that these indicators are important enough to be mentioned throughout scorecard reports to draw attention to gaps in knowledge.
3. Index: Water Supply

Score: ______

Trend: __________

Paragraph: background and description of this resource/element, history of change for this index topic, maps and figures, definitions of key words, limits of what the index reveals and does not reveal, other efforts to measure status and trends of this index topic
3.1. Index: Water Supply, Indicator: Cumulative Flow
3.1.1. Introduction

The purpose of the cumulative flow indicator is to provide context for the time period being scored in terms of whether it is relatively wet or dry.  Strictly speaking, this is not an indicator of environmental health.  Rather, it should be understood as a key piece of basic information, to be borne in mind in evaluating the other sections of the scorecard.  The message to be conveyed is essentially this:  how wet is the overall hydrologic picture for the period covered by the scorecard?  The importance of this notion cannot be overestimated.  In order to evaluate the condition of water quantity in the watershed in light of the sustainability of human activities, we must consider the inputs to the system.  If there is less rain, there will naturally be less water in the channels or in storage.

The indicator chosen for this task is cumulative flow in the Napa River.  By this we mean the total discharge for the entire hydrologic year.  We take the hydrologic year to run from October through September, following the convention of the United States Geological Survey (USGS), the agency which has historically collected flow data on the Napa River.  The use of total rainfall was considered as an alternate indicator, but rainfall has the disadvantage of being spatially varied, so that to estimate total basin rainfall requires an extended network of rain gages and some means of assigning weights to them to represent the whole.  Although there are currently a number of rain gages in the Napa River watershed, few of them have long records.  Rainfall would be the ideal way of representing the total hydrologic input into the system (snow not being a factor at this elevation), but in this case it is not the most practical.  Cumulative flow is relatively easy to study, over the relatively long period of record on the Napa River.

One might ask, of course, whether cumulative flow actually represents input to the watershed.  Of course, the answer must be no; rainfall goes to other places besides runoff, and the timing and quantity of runoff are affected by human activities.  However, the total of annual discharge does track in a general way how wet the overall hydrologic condition is, and in addition river discharge vividly represents the lion’s share of the water available for human use.  For these reasons, cumulative flow is used in this report as a measure of overall hydrologic condition. 
For the purpose of determining a wet vs. dry year (or time period) we developed a probability index and ranked cumulative flow for a baseline period of 45 years accordingly.  We then distributed the results into quintiles representing very wet, wet, average, dry, very dry water years.
3.1.2. Data availability

There are two USGS gaging stations on the Napa River, station 11456000 (Napa River near St Helena) and station 11458000 (Napa River near Napa).  For each site, multiple decades of daily average flow data are available from the USGS.  Both gage sites were considered, and the more downstream site near the City of Napa was chosen as most representative of the watershed as a whole.  This dataset is continuous since 1959.  Water level is measured continuously and recorded at 15-minute intervals, and a rating curve is maintained to convert the stage record into a discharge record.  The data are available for download at the USGS website (http://waterdata.usgs.gov/nwis).  The data for this site are generally regarded as of good quality and are the general standard for water resource investigations in the watershed.  The likelihood of data collection continuing at this site is good;  this is generally considered the primary gage on the Napa River.     
3.1.3. Analysis, methodology, calculations

The approach used was based on the daily average flow record for USGS station 11458000 (Napa River near Napa) for the entire period of record 1959-2007.  The daily increments of flow were summed by year, and the annual totals converted to acre-feet for convenience.  The annual data are shown in Figure X.  
This analysis is based on the best available data.  In an ideal world, we would have a gage closer to the mouth of the Napa River that would allow us to track the total annual cumulative flow for the entire watershed.  Likewise a longer period of record may show us more in the way of long term trends.
Figure X showing annual cumulative flow at Oak Knoll

3.1.4. Evaluation and scoring

To score the indicator, we took advantage of the length of the dataset to create a probability distribution for the period 1960-1999 and compare the current cumulative flow with it.  Inspection of the record did not suggest the use of any particular subset of the data to define a baseline condition.  In the case of a very long record, with the possibility of significant change in the response of the watershed to rainfall, it would be worthwhile to identify an earlier period as the baseline.  In this case, however, essentially the entire dataset was used.  The annual values of dry season flow for the entire 40-year period were arranged in ascending order, and exceedance probabilities were assigned to each value.  Figure Y shows the resulting probability distribution.   

Figure Y showing probability distribution of dry season flow ratio

In order to score the metric, raw values were converted to probabilities, and scoring breakpoints were defined by dividing the probability range (from 0 to 1) into equal-sized sections.  As the figure shows, the entire probability distribution is divided into quintiles.  A probability in the lowest quintile, for example, which lies in the interval (0,0.2), is assigned the lowest score (Very Low, for a value of 1).  A value in the next quintile is scored as Low (value 2), and so on.  To score a particular value, one finds the value on the X-axis and uses the curve to find the corresponding probability on the Y-axis.  

Please note that, in spite of our use of the word “score” to describe this evaluation procedure, we are evaluating not environmental health but rather simply noting the magnitude of the cumulative flow.  This should be understood as a value-free quantifier of the overall flow picture on a year-by-year basis.  In order to give a slightly broader picture of current condition than that afforded by the most recent year only, the current condition was scored on the basis of the average of the years 2004-07.  That is, the probability values for each of the four most recent years were averaged and converted into a score for the watershed.  The resulting score is 3+ (in the upper part of the normal range).  No upward or downward trend is discernible in the data (Figure X). 
3.1.5. Discussion

This indicator tells us how wet the general hydrologic condition is in the period under evaluation.  As was discussed in section 3.1.1, this is not an indicator of environmental health, but it is nevertheless fundamental to understanding the hydrologic condition.  The message is that, on the basis of cumulative river flow, the hydrologic condition is somewhat wetter than average – near the top of the range labeled “normal” in Figure Y.  Water is available, for use by the watershed community. 
The indicator does not tell us about the prospects for the immediate future.  There is some carryover from one hydrologic year to the next – hydrologic year 2008 has been dry, for example, and so the ground may be drier as we begin hydrologic year 2009 than in some recent years, and this will affect runoff.  However, the prime driver of hydrology is rainfall, and the indicator has no predictive value. 

The range of the overall dataset is considerable, from a minimum of 525 ac-ft in 1977 to 423,842 ac-ft in 1983.  It is interesting to note that these two values differ by a factor of about 800, while the difference in rainfall between 1977 and 1983 was much less:  the rainfall in 1983 was about 5 times the rainfall in 1977, according to the St Helena Star rainfall record (described below in section 3.2.3).  In very low rainfall years, most water infiltrates and there is little surface runoff to the river, while in high rainfall years there can be a great deal of runoff.  This example of typical hydrologic variation shows how a difference in rainfall is tremendously magnified in cumulative flow, and it argues for the usefulness of this indicator to assessing watershed condition.
3.1.6. Data Gaps and Recommendations

It would be a useful adjunct to this indicator to have better estimates of total rainfall than we currently have.  There are nine rainfall gages operated by the local ALERT system for which data are available going back to 2003.  As time passes, these historical data will become increasingly valuable, and it may become possible to make use of them to round out the basic hydrologic picture, alongside the data on cumulative flow in the river.  We may also wish to calculate a runoff coefficient in the future, and the more long-term annual rainfall records we have, the better.
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