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Summary

Recent discussion within the Suisun Ecological Workgroup has generated interest in modeling pre-levee salinity to better understand the seasonal range and variability of salinity in the Suisun Marsh.  In the analysis set forth in this paper, I argue that using the available monthly average unimpaired Delta inflow to simulate the pre-levee Suisun Marsh salinity regime would not provide useful results. The combination of flows with mismatching time-scale, magnitude, and temporal characteristics would cause more confusion than elucidation. Further, I argue that: 1) the present diked and subsided geometry of the Marsh would respond to any hydrology differently than the pre-levee Marsh geometry, 2) creek inflows are important determinants of Marsh salinity for which there is little information about pre-levee patterns, and 3) the monthly average time-scale of the proposed input hydrologies damp out salinity variability on ecologically important time-scales of up to several months.

Background

At the May 21, 1998 meeting of the Suisun Ecological Workgroup there was a discussion about the utility of modeling salinity trends in the Suisun Marsh based on “unimpaired” and “natural” flow hydrology. This paper considers the differences between unimpaired and natural flows and the interpretive pitfalls of inferring natural flow salinity characteristics from unimpaired flow estimates. This analysis deserves a thorough review of the available literature on the pre-levee (I will use the phrase “pre-levee” to indicate pre-European arrival landscape conditions) Bay-Delta landscape and climate variability since the last ice age. I have not done this review. The following analysis relies on my own judgement and two reports which discuss the difference between unimpaired and natural Delta outflow. I will summarize the relevant findings of the reports, and suggest some additional factors to consider and sources of uncertainty.

Following from recent discussion within the SEW, the issue of seasonal mean and variability of salinity has become central. In brief, the argument is that the assemblage of Marsh plants and animals evolved in the pre-levee Marsh under salinity conditions characterized by different seasonal means and annual variability than exist today. Some have argued that water quality standards and facilities operation which provide seasonal mean and annual salinity variability that mimics the historical pattern would be beneficial to Suisun Marsh ecosystem health. This notion has generated interest in modeling the salinity regime of the pre-levee Marsh.

An estimate of the pre-levee natural flow hydrology is not presently available because of the difficulty in estimating it. Some have suggested that unimpaired Delta outflow estimates made by DWR would provide a reasonable comparative hydrology. The question is, if we simulate long-term Marsh salinity using unimpaired outflow as a surrogate for natural flow, with the existing physical Delta/Marsh configuration, will we learn anything useful? 

Unimpaired versus Natural Flow

Nick Wilcox (SWRCB) presented a summary of monthly average and water-year type average delta outflow based on 1) D1485 hydrology, 2) the 1995 Water Quality Control Plan (WQCP) hydrology, and 3) “unimpaired” hydrology (from DWR, 1994). For reference, I have prepared plots of the data to water year scale (Figure 1) and to a common scale (Figure 2). As Nick explained, natural and unimpaired flow begin with the same potential natural hydrologic basin runoff. However, the pre-levee natural flow encountered geographical and vegetative landscape features different from today:

· There was higher water retention in virgin mountain and foothill forests before logging and development.

· There was higher groundwater accretion in the Central Valley floor where the permeable area was larger, less compacted, and less subsided.

· There was higher consumptive water use by expansive riparian vegetation.

· Lower natural levees allowed large over-bank storage and retention in the Central Valley during high flow periods and evaporative losses later.

· Many foothill catchments drained to Valley flood basins. There was no connection to the Sacramento River (or tributaries) as there is today.

In contrast, the estimated “unimpaired” flow assumes that mountain watersheds and river channels function in their present configuration with modifications for reclamation, flood control, and navigation. 

“California Central Valley Unimpaired Flow Data,” DWR [1994]

This report outlines the procedure DWR uses to determine unimpaired Delta outflow. It explains the methods and assumptions used for estimating the unimpaired flow for 24 sub-basins in the Central Valley. The unimpaired flow to the Delta is the sum of the unimpaired flow estimates of the 24 sub-basins. The Delta region is one of the 24 sub-basins. 

Aside from a written description of the difference between unimpaired and natural flow, the DWR report does not estimate the seasonal magnitude and timing of the differences. However, the report includes an estimate of “Delta Natural Net Use” and “Delta Unimpaired Net Use” for the period 1922-1992. 

· The estimate of Delta Natural Net Use assumes that all lowland irrigated agriculture and urban areas are replaced with riparian vegetation. Delta net use is estimated as the sum of consumptive use of lowland riparian vegetation, upland native vegetation, evaporation from surface waters, and (minus) lowland precipitation. 

· The estimate of Delta Unimpaired Net Use assumes that existing Delta levees and islands are intact. Lowland net use includes water surface evaporation, consumptive use of riparian vegetation, channel seepage, and precipitation. Upland net use includes consumptive use of native vegetation, consumptive use of riparian vegetation, surface water evaporation, and precipitation. In the uplands, all historical irrigated agriculture and urban areas were replaced with native vegetation.

Figure 3 shows the monthly average Delta net consumptive use under natural and unimpaired conditions for the 1921-1992 period according to DWR 1994. Figure 4 shows the monthly average total unimpaired inflow to the Delta. To the extent that Delta consumptive use is representative of Central Valley consumptive use, the results are instructive. Some observations based on Figures 3 and 4 are:

· Overall natural consumptive use is ~15% higher than unimpaired consumptive use in the 1921-1992 period. (During drought periods, natural consumptive use is 20-25% higher than unimpaired consumptive use according to the report).

· The seasonal magnitude of consumptive use is more variable under natural flow conditions.

· The seasonal pattern of unimpaired inflow is synchronized with the fall-winter pattern of Delta consumptive use, but not with the spring-summer pattern.

The magnitude of in-Delta consumptive use is only about 5% of the magnitude of unimpaired inflow to the Delta. However, if consumptive use in the pre-levee Delta is representative of the larger pre-levee Central Valley landscape, then the unimpaired Delta inflow pattern shown in Figure 4 should be conditioned by the consumptive use pattern shown in Figure 3, and landscape characteristics of the pre-levee Valley. Quantitative analysis of these characteristics are not offered here. However, a qualitative assessment of the difference between unimpaired outflow and natural outflow might posit the following characteristics:

1. Natural outflow would have a lower peak magnitude than unimpaired outflow because:

· Over-bank storage of flood flows would diminish flood peaks.

· Greater soil permeability of pre-levee foothill and Valley soil would cause greater groundwater accretion.

· The temporal pattern and magnitude of pre-levee consumptive use would moderate peak flows in the spring.

2. The annual volume of natural outflow would be less than unimpaired outflow because:

· There was higher consumptive use by riparian and native vegetation under natural conditions.

· There was higher surface water evaporation from over-bank storage and retention in the Central Valley during high flow periods.

· The Central Valley floor allowed higher groundwater accretion under natural conditions.

3. The temporal distribution of natural outflow would be shifted toward the summer and fall because:

· There would be higher foothill water retention and delayed drainage

· Storage and retention in the Central Valley during high flow periods would drain slowly through the spring and summer.

Significant differences in the timing and magnitude of natural and unimpaired flows argue for great caution if we wish to model natural Suisun Marsh salinity conditions with unimpaired flow.

“Summary of Rebuttal Testimony: Natural and Unimpaired Flow”, Phyllis Fox (1987?)

The author’s stated purpose for the testimony to the SWRCB was to estimate the difference between natural and unimpaired flows. Fox defines natural and unimpaired flows similar to the way they were defined above. However, based on an extensive literature search, Fox further assumes that the Central Valley comprised about 1 million acres of tule marsh with 6 million acre feet of storage in natural flood basins. 

Fox modified the DWR unimpaired Delta outflow (1921-1983) to account for vegetative and geographical differences. A copy of the calculation notes and plot provided in the testimony is shown in Table 1 and Figure 5. The main conclusions of the testimony are:

1. Average annual natural Delta outflow ranged between 16 and 23 MAF.

2. Average annual unimpaired Delta outflow ranges between 21 and 35 MAF.

3. The difference between natural and unimpaired flows is due to consumptive use by tule marshes in the Valley, and evaporation from natural flood basins.

4. The seasonal distribution of natural Delta outflow is less variable than the unimpaired seasonal distribution due to flood basin storage of natural flows in the winter (Figure 5).

My impression is that reviews of Fox’s analysis have questioned the methods and assumptions used, but that the gist of  the foregoing conclusions are more or less accepted. Moreover, Fox’s conclusions are consistent with those derived from analysis of the DWR 1994 report.

Other Factors To Consider

1. Pre-levee Bay-Marsh-Delta Bathymetry and Geometry 

Mixing of salt into the Bay/Delta estuary results from a dynamic balance between tidally driven hydrodynamic dispersion (mixes salt upstream), and fresh water outflow (dilutes and advects salt downstream). The extent of tidal mixing is largely a function of the bathymetry of the system. The pre-levee system did not include reclamation of shallow areas for development, maintenance dredging of ports, the deep water ship channel, and extensive channel cutting in the Delta. These features can significantly alter system salinity. In general, increased system volume, especially via channel deepening, will increase the tidal prism and mix salt more readily upstream.

Even if perfect natural inflow data was available, the present diked and subsided geometry of the Marsh may effect a very different salinity response to the hydrology compared to the pre-levee Marsh. Pre-levee Marsh lowlands sustained periodic tidal and outflow induced ponding resulting in an expanded tidal prism, ready exchange between ponds and channel, and associated salinity mixing effects. Modern Marsh levees discontinued most of these phenomena. In it’s place, a regular annual cycle of flooding and draining was imposed. Therefore, meaningful analysis of the pre-levee salinity regime would require an extensive bathymetry revision in the model. 

2. Creek Flows

Modification of water project operations to meet salinity standards affects the east-west salinity gradient of the Marsh. However, the salinity regime is also influenced by creek inflows. These flows, while comparatively small, exert direct salinity impacts and define a nominal north-south salinity gradient in the Marsh. Indeed, for much of the year, upland marsh salinity may be determined more by creek inflows. Little if any information exists on timing and magnitude of changes to pre-levee creek inflows. Thus, the efficacy of Suisun Marsh salinity analysis under natural/unimpaired Delta outflows would be reduced. 

3. Instantaneous Versus Monthly Average Flows
Salinity variability over various time-scales is a key ecological issue. It is at least limiting, if not spurious, to use models to characterize salinity variability when only monthly average inflows are used as boundary conditions. For example, a monthly average inflow of 25,000 cfs could be obtained by maintaining the instantaneous inflow at 25,000 cfs for one month, or by beginning the month with a week of low inflow, followed by a week of extremely high inflow, followed by two weeks of rapidly waning inflows. The unimpaired flow pattern would be especially susceptible to this sort of hydrograph. Despite the same monthly average flow, salinity variation between the two scenarios would be very different. Using monthly average inflows, rather than, say, the daily inflow average, will affect salinity variability within time-scales of one day to several months.

Conclusion
Based on all of the foregoing considerations, I believe that using the available monthly average unimpaired Delta inflow to model the pre-levee salinity Suisun Marsh salinity regime would be misleading. The combination of flows with mismatched time-scale, magnitude, and temporal characteristics would create more confusion than understanding. Moreover, the present diked and subsided geometry of the Marsh would respond to any hydrology differently than the pre-levee geometry. 
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