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Watershed Health Scorecard 

Technical Report

Version date: RZ 9-25-08
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

3.1.2. Data availability

3.1.3. Analysis, methodology, calculations

3.1.4. Evaluation and scoring

3.1.5. Discussion

3.1.6. Data Gaps and Recommendations

3.2. Index: Water Supply, Indicator: Dry Season Flow
3.2.1. Introduction

This indicator aims to measure the degree to which flow in the Napa River persists into the summer months.  The underlying assumption is that in a more natural, undisturbed watershed flow will persist longer:  the response to rainfall input is slower and peaks are lower, whether one is considering individual storms or the rainy season as a whole.  In the Napa climate, rainfall is concentrated in the winter and early spring, and the degree to which flow in the river persists into the summer months reflects the continuing capacity of the watershed to soak up rainfall and slowly release it to the river as subsurface flow.
We considered several ways of capturing this phenomenon.  One idea was to use measurements of the length of dry reaches of tributaries as the indicator.  This idea seemed promising for Sonoma Creek, but it was rejected for Napa because no one has made systematic observations of this sort for Napa River tributaries.

Another idea was to measure the number of days of zero flow per year, either at a gaging station on the main stem of the river or at a tributary site where such observations are available.  In the Napa River watershed, daily flow records going back at least 40 years are available at both the St Helena and Napa gage sites on the Napa River, but no records of comparable length are available at tributary sites.  Data for the Napa River gage sites were analyzed and the number of days of zero flow per year compared with rainfall records;  but finding that the number of zero flow days did not correlate well with rainfall, we became skeptical about the value of this method.  
In fact, there is some uncertainty about the point of zero flow, despite the regular efforts of the United States Geological Survey (USGS) field personnel to identify it.  On gravel-bedded streams like the Napa River at both gage sites, the level at which actual surface flow ceases is a shifting target.  Accordingly, we shifted attention to the total amount of flow recorded during the summer months.  This appears to be a more robust approach, and it is the one we have used.  
3.2.2. Data availability

Napa River flow records at 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 collected by USGS and is continuous since 1959.  This dataset was described in section 3.1.2 above.  
3.2.3. 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 flow for the months of June through September was summed for each year.  Since the amount of this “dry season” flow is related to rainfall, we accounted for the influence of rainfall by dividing the volume of dry season flow by estimated total rainfall volume.

Total rainfall volume was estimated on the basis of annual rainfall totals for St Helena as published in the St Helena Star newspaper.  This dataset is available for the period from 1908 to the present.  In order to evaluate the appropriateness of this data record for the entire area above the USGS station, we compared annual totals from this record with data since 2002 for the rainfall stations in the locally-maintained ALERT network (http://napa.onerain.com/home.php).   The St Helena Star record was scaled down slightly, on the basis of this comparison, to estimate total annual rainfall over the entire drainage area.  Finally, we calculated the ratio of dry season flow to total annual rainfall, both expressed as volumes, to use as our indicator.  The resulting dataset is illustrated in Figure X.
Figure X showing Dry season flow as pct of annual rainfall, by year
In an ideal world, it would be preferable to have physically distributed datasets for both dry season flow and rainfall.  This would make it possible to observe and evaluate local variations in the overall picture, which would be most useful for land managers.  Since such data are not available, the basin-wide methods described above were used.  In a future version of the watershed scorecard, we may apply the methods used here to both Napa River gage sites, St Helena as well as Napa. 
3.2.4. 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 average dry season flow ratio with it.  Since the work on cumulative flow (see Section 3.1 above) did not suggest that a smaller portion of the record would be a more appropriate baseline period, we have used the long period indicated.  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, we followed the same procedure as in section 3.1.4 above.  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.  
As in the section on cumulative flow, the method employed answers the question how high or low the metric is, compared with the period of record.  In this case, in contrast to the earlier section, we make the assumption that higher and lower levels correspond to better and worse environmental health, respectively, for the reason given in section 3.2.1 above.  In order to reduce the effect of year-to-year variations, 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 (Fair). 

The overall trend in the data is upward;  as Figure X shows, there is a distinct tendency for the dry season flow ratio to increase over the period of record.  The rise is clearest in the 1980’s and 1990’s, but the trendline in the figure plainly increases by approximately a factor of two over the period of data.  

3.2.5. Discussion

This indicator suggests that dry season flow has if anything increased slightly during the period of record, a surprising result.  Given that there has been some development in the watershed, we expected any trend in the data to be downward.  Other than this unexpected trend, the indicator turns out to exhibit considerable variation from year to year, even when the variability in rainfall is taken into account.  The current condition scores slightly above average for the entire period, indicating no apparent cause for concern.
We explored possible reasons for the upward trend observed in the data.  The period of record has seen an increase in vineyard development in the Napa River watershed, replacing other land uses ranging from orchards to cattle grazing.  It is possible that the increase in irrigation associated with vineyard development has led to increased agricultural return flows during the summer.  One would not expect this to be a large factor, because of the nature of typical vineyard irrigation practices:  the virtually universal practice is to use drip irrigation, and applied water volumes are quite low, rarely more than 0.5 ac-ft/ac.  However, any water applied to irrigate plants which is not consumed by evapotranspiration will remain in the upper soil layer and slowly make its way to the river, and this is water which would not otherwise have been available in the summer (it is either impounded during the winter, for summertime use, or pumped from groundwater at the time of use). 

Another possible reason for the observed increase in dry season flow is the increased use of cover crops in vineyards.  With strong encouragement from state and county regulatory policies, the use of cover crops in vineyards in this watershed has increased greatly since about 1990.  This has had the effect of putting more water into the soil during the summer, but there is little reason to expect farmers to be wasting irrigation water by overwatering what is not even a cash crop.  In addition, the timing of this historical development does not match the dry season flow data, which show an increase well before 1990. 

It should be borne in mind that we are comparing small flows in the application of this indicator.  In all years except one (1998), the total summertime discharge is less than 1% of the total estimated rainfall volume, so it is a relatively small portion of the total annual discharge.  Although USGS, the agency that collects the data, is committed to making the most accurate measurements possible at all flow levels, it may be that the upper part of the flow rating curve gets more attention, because of its importance in assessing flood risk.  Therefore, the result of this indicator should be used with caution. 

3.2.6. Data Gaps and Recommendations

The data necessary to calculate this indicator should be available as long as the USGS maintains the Napa River gaging station referenced above.  Given the importance of this gaging station for multiple purposes, it seems likely to be maintained.  Future reporting on this topic will be improved, though, if additional data sources can be made available.  Observations on summertime flow in tributaries of the Napa River, which typically go dry at some point, would provide a useful independent perspective on the phenomenon in question.  These might take the form of observations of the date surface flow ends at various key points in the channel network, or the length of dry reaches on selected tributaries might be measured.  Such observations can be carried out satisfactorily by volunteers, under appropriate supervision.
4. Index: Water Storage

Score: ______

Trend: __________

As we mentioned under Section 2 above, an important part of the water picture is storage in the watershed.  Water is stored in two principal places:  on the surface and underground.  This Water Storage index aims to measure the degree to which storage in these places is adequate to the demands placed on it – whether it is being preserved or depleted.  
In the Napa River watershed, there is a significant amount of surface storage, including 5 municipal reservoirs and a considerable number of farm ponds.  Most surface storage facilities in Napa have been created since 1950.  By far the largest reservoir is Lake Hennessey, a well-known feature of the landscape owned and maintained by the City of Napa.  Groundwater storage is not so obvious, but it may be even more important, especially because it is not readily restored when once depleted.  In our climate, both surface and groundwater storage tend to be at their highest in the spring, near the end of the rainy season, and at their lowest in late fall, before the rains resume.
Two key terms we use are drawdown and recharge.  By drawdown we mean the reduction in storage in a surface reservoir between the spring and late fall.  This quantity is a volume, usually measured in acre-feet.  An acre-foot is the volume of water it would take to cover an acre of land to a uniform depth of one foot.  

To quantify our groundwater storage indicator, we define recharge as the increase in level between the fall of one year and the spring of the next, measured in feet.  This metric does not literally indicate the change in volume of groundwater storage, which would be difficult to measure with any confidence.  Notice that in contrast to drawdown, this term measures the recovery of the resource rather than its consumption.
Water supply planning is important to Napa local government, and the capacity of surface and groundwater storage to meet present and future needs has been studied often, most recently in the 2050 Napa Valley Water Resources Study (West, Yost & Associates 2005).  That report projects supply and demand through the year 2050 for both the incorporated and unincorporated areas of the Napa Valley, taking into account all sources.  It also provides a summary of previous studies on the topic.

The water storage index is a composite of two separate indicators, reflecting surface water and groundwater respectively.  Each indicator compares the experience of the recent past with a longer period for which we have data.  The ability of the indicators to account for hydrologic variation (how wet or dry the recent past has been) is limited:  we will further discuss this and other limitations of the indicators in the following sections.    
TABLE 4-X, capacities of municipal reservoirs – here or under section 4.1

MAP showing locations of municipal reservoirs – here or under section 4.1

MAP showing locations of DWR monitoring wells and associated GW basins – here or under section 4.2 
4.1. Index: Water Storage, Indicator: Surface Storage

4.1.1. Introduction

The purpose of the surface storage indicator is to compare the amount of surface water used with the amount available.  Broadly put, the question is this:  are we living within our means?  In an ideal world, we would have a very long hydrologic record, not subject to climate change, and we would have precise measurements of withdrawals for use to compare with what we expect each reservoir to yield;  and we would have this information for all reservoirs, large and small.  

Lacking such complete information, we have simplified the picture considerably in order to quantify this indicator.  We compare the drawdown, or the difference in reservoir volume between the springtime maximum and the fall minimum in a calendar year, with the average-year yield – that is, the amount of water that flows into the reservoir in an average year.  We do this for all the reservoirs for which we have multiple years of data, which are the three largest municipal reservoirs:  Hennessey and Milliken (operated by the City of Napa) and Bell Canyon (operated by the City of St Helena).  We necessarily take these three to be representative of the whole.

Estimates of the average-year yield for each of the three reservoirs are taken from the 2050 Napa Valley Study.  They are based on a relatively short hydrologic record and, to the best of our knowledge, make no attempt to allow for climate change.

Alternate methods considered included comparing drawdown with reservoir capacity, rather than yield.  We also experimented with different mathematical formulations;  see section 4.1.3 below. 

4.1.2. Data availability

We contacted all the Napa Valley municipalities that operate surface water reservoirs, in search of data on annual drawdown.  In addition, we contacted the Napa County Farm Bureau about farm ponds.  Generally speaking, no multi-year information on annual drawdown is available for any other reservoirs in the watershed.  On the basis of our conversation with the Farm Bureau, we believe that there is very little carryover from one year to the next in the case of farm ponds, in any case.  

The City of Napa Water Division retains information on annual maximum and minimum storage values for Hennessey and Milliken reservoirs, but this information was not available for the present study for years before 1990.  For the Bell Canyon reservoir maintained by the City of St Helena,  similar information was available from consulting engineers employed by the City for years going back to 1987.  Given the increasing ease and sophistication of electronic data storage, we anticipate that more extensive multi-year information will be available in the future.     

4.1.3. Analysis, methodology, calculations

The chosen method defines annual drawdown as the metric, to be evaluated by comparison to the expected yield for the reservoir.  Annual drawdown is a rough measure of use, chosen because it made full use of available data to provide a gauge of the amount used from the reservoir each year.  There are several drawbacks to this method.  Drawdown includes evaporation from storage;  it ignores the runoff which enters the reservoir either in late spring or early fall;  and it includes only part of the amount withdrawn for use during the year.  Nevertheless, we believe that it is roughly proportional to total withdrawals for use.

We experimented with other mathematical formulations of the metric, in an attempt to make a larger mathematical value correspond to a more healthy condition, but these efforts were rejected because they made the metric more complicated and harder to explain.  We also considered defining a set of three random variables for each reservoir – one each for the annual values of spring storage, fall storage, and replenishment over the winter – in a manner similar to that used for the groundwater storage indicator in section 4.2 below.  However, the spring storage data showed too little variation to be meaningful;  except during dry periods, the reservoirs have generally been full in the spring.  The annual winter replenishment of the reservoirs was disappointing as well, because the data were distorted by the fact that these reservoirs typically fill and begin to spill sometime during the winter, except during dry periods.  These considerations led us to reject this method of calculating the metric.       

As an alternate method of evaluation, we considered comparing drawdown with reservoir capacity, but this method was rejected because capacity is not related to the amount of water that becomes available in a typical year;  it may be considerably larger or smaller than the average-year yield, depending on the particular reservoir.  Use of the average-year yield turns out to have an additional advantage, in that it simplifies the problem of scoring the indicator:  see section 4.1.4 below.    

Annual data were available for both Napa reservoirs for the years 1990-91 and 1994-2007.  For Bell Canyon, data were available for the entire period from 1987 to 2007, with some uncertainty about the minimum value for 2005.  The two Napa reservoirs were combined into one metric, because they contribute to the same municipal supply, while Bell Canyon was treated as a separate metric.  

FIGURE showing annual drawdowns, with flatline showing expected yield?

4.1.4. Evaluation and scoring

For each of the two reservoir metrics, we compared the annual drawdown with the average-year yield.  The average-year yields (60% exceedance values) for the reservoirs are tabulated in the 2050 Napa Valley Study, along with several other relevant exceedance values.  In order to obtain additional breakpoints for scoring, we made use of a range of exceedance values from 50% (wetter than average year) to 100% (single critically dry year).  The volumes associated with each breakpoint are shown in Table 4-X, along with the associated score.  In the table, a given ecological health score is applied if a drawdown value does not exceed the corresponding yield threshold.

Table 4-X:  Scoring Breakpoints for Surface Storage Drawdown

	Ecological Health
	Score
	Exceedance Value, %
	Description
	Yield, ac-ft

	
	
	
	
	Hennessey/

Milliken
	Bell Cyn

	Excellent
	5
	100
	Single critically-dry year
	 5,400
	 530

	Good
	4
	 85
	Multiple dry years
	11,120
	1035

	Fair
	3
	 60
	Average year
	18,200
	1800

	Poor
	2
	 50
	Wet Year
	20,200
	2050

	Very Poor
	1
	
	
	
	


Yield values from 2050 Napa Valley Study, Technical Memorandum No. 4, Table 4, p. 9, with Hennessey and Milliken combined into a single value.
For both metrics and throughout the period of data, the annual drawdown varies widely but is almost always in the range Fair (score 3) to Good (score 4).  In 1990, a year in which demand was reduced by drought conditions, the Napa drawdown was reduced below 5,400 ac-ft and would be scored as Excellent.  No long-term trend is evident in either dataset.  

In order to reduce the effect of year-to-year variations, the current condition was scored on the basis of the average of the years 2004-07.  That is, the drawdowns for the four most recent years were averaged and the resulting average was scored, separately for the Napa reservoirs and Bell Canyon.  Then, in order to obtain a combined score for the watershed as a whole, the scores for the two reservoir metrics were combined by weighting them as follows:  Napa 70%, Bell Canyon 30%.  The resulting combined score is 3.49, almost midway between Fair and Good, on the basis of individual scores of 3.7 (Napa) and 3.0 (Bell Canyon). 
4.1.5. Discussion

The indicator shows that the drawdown of water from reservoirs in the Napa River watershed is normally less than the yield for an average year and is frequently less than the yield for a period of multiple dry years.  This fact is true generally for the period of data and specifically for the period 2004-07.  This means that, in a general way, the demands being made on these reservoirs can be sustained except in periods of drought.  The annual drawdown, used here as a metric, is only a rough indicator, as we wrote in section 4.1.3 above.  However, there is no sign of a chronic problem.

There is always the possibility of drought.  This indicator tells us nothing about the likelihood of wet or dry years in the near or distant future, and any future drought will mean water shortages.  In addition, there are several future trends that can be reasonably anticipated, which may affect the adequacy of surface water storage in the Napa watershed.  They include increased demand as population increases, the loss of reservoir capacity over time, and climate change.  

4.1.6. Data Gaps and Recommendations

There are two other municipal reservoirs in the Napa River watershed for which multi-year data are not available, Rector Reservoir (which serves the Veterans  Home and the Town of Yountville) and Kimball Reservoir (which serves the City of Calistoga).  It would be desirable to obtain data for these reservoirs as well.  Of course, we hope that as the years pass longer and longer datasets will be available.  We encourage the responsible government agencies to retain annual reservoir data for the long term.  

4.2. Index: Water Storage, Indicator: Groundwater

4.2.1. Introduction

The purpose of this indicator is to track groundwater storage, which we do by comparing groundwater levels – the changing level of the water table – over time.  We considered the possibility of measuring groundwater use more directly, instead of relying on the condition of the water table.  Detailed pumping records are not generally available for private wells, but it would be possible to collect statistics on the number of wells, their depth, etc. and one might estimate from them the amounts withdrawn.  However, this method of defining the indicator was not used, because of the increased effort required and the uncertainty that the results would justify it.  In an ideal world, of course, tracking withdrawal trends would be desirable, because of its clear focus on human management.      
The intent is to get an idea of the extent to which the resource is being depleted or enhanced.  In a more perfect world, we would track groundwater levels on the basis of a dense physical array of well sites, with a long term record for each, and we would be able to identify rising or falling trends with some precision.  We would also have a good idea of the storage in the aquifers underlying our watershed.  However, the groundwater data available are somewhat sparse, and we are forced to make do with fairly large-scale spatial averages of groundwater level.

4.2.2. Data availability

The California State Department of Water Resources (DWR) maintains a database of groundwater information (http://www.water.ca.gov/iwris/).  The database was searched for well sites in the Napa River watershed with continuous records since 1980;  we included all sites having at least one spring and one fall measurement each year.  Groundwater levels are generally at their highest in the spring and at their lowest in the fall.  Typically measurements were made in April and October, but there is some variability in timing.  For this study, measurements made at other times in the spring or fall were treated as if made in April or October respectively.    
The measurements were made by a variety of individuals over a period of many years and may be subject to some variation in observation method, but it is likely that the data will continue to be available in future years.  Of course, it is possible that some of the sites used for this study may be discontinued and others added.    
4.2.3. Analysis, methodology, calculations

Depth-to-groundwater data were available for a total of 24 sites in the Napa River watershed for years 1980 through 2007.  We grouped these sites by associated groundwater basin, reflecting the notion that water levels within a groundwater basin are tied to each other in a way that levels in adjacent basins are not.  The Napa River watershed is generally subdivided into three groundwater basins:  the Main basin, the Milliken/Sarco/Tulucay (MST) basin and the Carneros basin.  Grouping our data by basin gave us 17 sites in the Main basin, 7 in the MST basin and none in Carneros.  
Besides considering the spring and fall annual data series, we also looked at recharge, or the increase in level from one fall to the following spring.  This made it possible to focus on the annual replenishment of the resource, perhaps the most important part of the picture.  For all 3 data series and for each basin, we calculated an average value for each year.  We reasoned that the use of average values would make for a simpler subsequent analysis and that, in any case, the data are too sparse to represent local effects well.  

We tried two methods of calculating averages:  weighting all sites equally and weighting each site in proportion to the total basin surface area which is closer to that site than to any other.  The latter is essentially the Thiessen polygon method, as is used for weighting rain gages in a hydrologic model.  We found the differences in results between the two methods to be minimal and determined to use the simple average, with all sites weighted equallyl, for our analysis.  The spring and fall data for the MST basin are illustrated in Figure X.  
FIGURE X showing typical annual spring & fall series of groundwater level data for MST basin   

4.2.4. Evaluation and scoring

The three metrics (spring level, fall level, and recharge) were scored by comparing current values with a baseline period.  To identify an appropriate baseline period, we first looked at the history of vineyard development in Napa County, since the principal use of groundwater in the Napa River watershed is for vineyard irrigation.  Using the annual Napa County crop reports,  we plotted the annual totals of vineyard acres in the County since 1960 (http://www.co.napa.ca.us/BUSINESS/Apps/CropReports/).  The period for which we have groundwater data (1980-2007) shows fairly steady growth in vineyard acreage through 1999, with a distinct spike after that, so we selected the period 1980-1999 as the baseline.  

For each of the three metrics and for each basin, the baseline period values were arranged in order of decreasing depth, and exceedance probabilities were assigned to each value (ref Chris Farrar’s writeup?).  Figure Y shows the probability distributions for the Main basin.   

FIGURE Y showing probability distribution of groundwater level data for Main basin, including recharge (2 plots, 1 for spring & fall levels and 1 for recharge)  
In order to score the three metrics, 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 figures show, 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.  
We make the assumption that higher and lower levels correspond to better and worse environmental health, respectively.  In order to reduce the effect of year-to-year variations, 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, separately for each basin and for each metric (for a total of 6 current values).  These current values were all converted into scores, and the result was averaged to produce an individual score for each basin and a combined score for the watershed as a whole.  The two basins were weighted equally in the final combined score.  The resulting combined score is 2.67 (or 3 minus, barely Fair), and the individual basin scores are 2.1 (Poor) for MST and 3.2 (fair) for the Main basin. 
Overall trends for spring and fall levels in the entire 1980-2007 dataset are different for the two basins.  For MST, the trendlines of average level for fall and spring each show a drop of over 20 ft since 1980.  In the Main basin, the fall trendline is downward, though not quite as steep as for MST, while the spring trendline is roughly level.  Short-term trends (within the last four years) are slightly up in both basins.
4.2.5. Discussion

The downward trends observed for both spring and fall in the MST basin have a strong effect on the current values, despite a good rate of recharge in the last few years, and are the main explanation for the poor score given to this basin.  In the Main basin, by contrast, although the groundwater level is being drawn down further than in past years, the wintertime recharge has been adequate to restore the resource to previous levels.  The combination of strong recharge with more consistent springtime levels is the reason for the higher score assigned to this basin.  

The message of the indicator is that the annual use of the groundwater resource is increasing, as measured by the fall data series for both basins.  Since the groundwater resource is necessarily limited, increasing our demands on it must at some point become unsustainable, so this message should sound a note of caution for water users.  In the Main basin, spring levels appear to be rebounding to previous levels, which is some comfort:  so far, the recharge capacity of the basin is adequate to the challenge. In the MST basin, on the other hand, the resource is not rebounding well in the spring, so that the current pattern does not seem sustainable.  
The state of the groundwater resource in the MST basin has received considerable attention from Napa County and other public agencies in recent years, and a recent detailed study by USGS has focused on that issue as well.  Our indicator appears to support the concerns which have been expressed (Farrar and Metzger, 2003).  

It is important to note that this indicator, particularly with regard to the MST basin, is based on a relatively small number of wells (7), which cannot be regarded as truly representative.  For the same reason, it would be inappropriate to draw conclusions about specific localities in the MST basin from the locations of the 7 wells.  These caveats apply to the Main basin as well, which has 17 wells but is considerably larger than MST. 
4.2.6. Data Gaps and Recommendations

The data for this indicator are sparse, and the strength of the indicator would be greatly improved by increasing the number of monitoring wells.  However, it would take a long time to reap the benefit of such an increase, because the nature of the indicator requires a record of at least several decades.  In any case, we strongly recommend that as many as possible of the existing monitoring wells be retained in the state database.  Their value will only increase as the records become longer.
It is particularly unfortunate that no monitoring wells in the Carneros basin were found to have records going back far enough to be useful for this investigation, since groundwater levels are a major concern of landowners there;  the Carneros Creek Stewardship group has instituted a private well monitoring program out of concern that water levels may be dropping, at least in some locations.
5. Index: Water Stewardship

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
5.1. Index: Water Stewardship, Indicator: [title]

You get the idea… Repeat format as above in 3.1.
6. Summary and recommendations for future watershed scorecard efforts [2-3 pages]

Not just about content and technical lessons learned, but also about this Scorecard team’s experience of the project’s process, and recommendations for future Scorecard editions in these watersheds or Scorecard projects in other watersheds [pull text from annual report]
7. Funders and acknowledgements [under 3 pages]

7.1. Authorship

7.2. Funders

7.3. Acknowledgments
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