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This memorandum transmits estimates of the Base Flood Elevation (BFE) for the entire coast of California, and major embayments, excluding San Francisco Bay and tributary areas. 

BACKGROUND

Pacific Institute (PI) is assessing the economic impact likely to result from increased flood potential along the California coast due to projected sea level rise over the next 100 years. The economic impact is based on the extent of coastal flooding estimated for future conditions. PI is approximating the potential future flood impact based on the super-elevation of existing flood levels by the amount of sea level rise. This memorandum provides an estimate of the existing BFEs for the entire coast. The BFE estimate is based on the 100-year flood elevations developed by the Federal Emergency Management Agency (FEMA) where possible. The FEMA BFEs only cover a part of the coast. Consequently, PWA used coastal engineering judgment to estimate BFEs where none exist, without accomplishing hydrodynamic calculations. Since the FEMA BFEs are about 25 years old, PWA adjusted the elevation values based on (1) relative sea level  rise over the last 25 years,  (2) converted elevations to the modern vertical datum (NAVD), and (3) rounded up to partially account for historic methods and data which under-predict actual flood risk. While these adjustments are all approximate, we believe the values are appropriate for PIs use in the specific study: Coastal Infrastructure and Resource Impact Project.
DISCLAIMER

PWA has estimated coastal flood elevations using professional engineering judgment. Calculations of water level and wave action were not accomplished by PWA as these efforts are well beyond the available scope and budget of the PI study. Detailed coastal flood analyses and mapping can be expected to cost on the order of $50,000 to $100,000 per mile of shoreline, which provides a magnitude of the effort and level of detail NOT ACCOMPLISHED IN THIS STUDY. Readily available estimates published by FEMA and FEMA contractors were used where available. Estimates were used where these FEMA flood study flood elevations are not available. Because of the approximate accuracy of the elevations provided, we request that  the actual flood elevations not be provided in a manner that could be used by others for purposes beyond the PI study.  Any use of the information transmitted herein is at the users’ sole risk. 
PURPOSE
Provide estimated extreme flood elevations along the California coast for use by PI in estimating economic damages that may result from future coastal flood events.

SCOPE

PWA’s work consisted of the following Tasks:

1. Compile available coastal flood BFEs published by FEMA for the California Coast.
2. Estimate BFEs where FEMA estimates are not available.

3. Convert elevations to the North American Vertical Datum (NAVD).

4. Adjust, approximately, for relative sea level rise to present day. 

5. Provide additional guidance, if appropriate.

METHODOLOGY

1. Compile available coastal flood BFEs published by FEMA for the California Coast. FEMA has published flood information in paper and digital formats. FEMA is in the process of updating to digital products. When the conversion from paper to digital is completed, the digital map is referred to as effective in the following list.  Preliminary DFIRMs are under review and not yet effective. While subject to revision, preliminary data are still useful as the best available digital data set. These data were already in GIS format and were imported into a master GIS file. 
a. FEMA Digital Flood  Insurance Rate Map (DFIRM) database

i. Counties with effective DFIRMs (vertical datum)
1) Santa Cruz (NGVD
 29)
2) Santa Barbara (NGVD 29)
3) Orange (NAVD 88)

4) San Diego (NGVD 29)
5) Del Norte (NAVD 88)

6) San Luis Obispo (NGVD 29)

7) Los Angeles (NAVD 88)

ii. Preliminary FEMA DFIRM database obtained from Map9.com

1) Sonoma (NAVD 88)

2) Marin (NAVD 88)

3) San Francisco (NAVD 88)

4) San Mateo (NAVD 88)

5) Santa Clara (NAVD 88)

6) Ventura (NAVD 88)

b. Published paper Flood Insurance Studies (FISs) and FIRMs, and supporting reports: 

The coastal flood studies for California were accomplished in the 1980’s via two regional studies covering northern and southern California. The northern regional study was accomplished by Ott Water Engineering, Inc. (1984). This study addressed selected areas only; apparently focused on the most developed coastal areas likely to be affected by flooding, that participated in the flood insurance program (San Francisco was not included). The southern regional study methods were developed by Tetra Tech, Inc. (1982). However, this report provides methods only. A separate study with results, FEMA / Dames & Moore (1984) could not be found in time to be used in this study. Similarly, the recent Del Norte County study presently underway has not been released for use (personal communication, Nolte / FEMA Services Group). Consequently, published paper data and digital “firmettes
” were used. These data were imported into GIS at the approximate location of the calculation point. The BFE was then extended to the midpoint between an adjacent estimate. In summary, the following published, paper data sources were used:
i. FIS / FIRM / Firmette references for the Southern California counties, including values transferred to GIS by PI  (NGVD 29)

ii. The Ott Water Engineering, Inc. report (1984) for the Northern California counties (NGVD 29)
2. Estimate BFEs where FEMA estimates are not available.
More than half of the California coast does not have BFEs. In some cases, the gaps were relatively short (less than 50 miles) and values were estimated by comparison with adjacent, mapped areas. In other cases, no data were available for long reaches (more than 50 miles), over which the exposure to waves varied due to irregular planforms and offshore features.  In these reaches, professional judgment and knowledge of the coast were used to estimate BFEs. Higher BFEs were estimated for exposed points and areas of known refraction focusing, and lower values were estimated for sheltered embayments. Lower values were also used where the topography was flatter, such as at sandy river mouths. This is because wave runup travels farther inland on flatter slopes as the wave momentum is dissipated with travel distance rather than vertical travel, as on steep cliffs and bluffs.  A conscious attempt was made to limit the resolution of the estimates so that the limited accuracy would be apparent (that is, “small” elevation variations were ignored, with small being defined partly based on the extent and resolution of published data nearby).  
3. Convert elevations to the North American Vertical Datum (NAVD).

Many of the published BFEs are in terms of NGVD 29, which is very roughly close to mean sea level along the open California coast. NGVD 29 has been replaced with NAVD 88, which is close to Mean Lower Low Water on the open California coast. The difference is typically between 2.5 and 3 feet, and is not uniform owing to the different methods employed with the datum developments. A computer program called Corpcon 6.0.1 (U.S. Army Corps of Engineers, 2005 was used to estimate the NGVD to NAVD conversion for each region. 
It should be noted that this method introduces error into the data set. Some of the DFIRM data are already converted from NGVD to NAVD by FEMA, with BFEs rounded to the nearest whole foot. However, those DFIRMs in NGVD have been rounded to the nearest whole foot without conversion. Datum conversion before or after rounding can result in different whole-foot values. PWA did not convert published data back to the original estimates, although this step could reduce variability in precision. Consequently, all values should be considered precise to +/- one foot at best, simply due to datum conversion and rounding. 
4. Adjust, approximately, for relative sea level rise to year 2000.
Tide data show that sea level has risen since the 1980’s when FEMA flood studies were accomplished (Flick et al, 2003).  The data show that tide range has also increased in some areas, so that high elevations, like the BFEs, have increased faster than mean sea levels. Consequently, the FEMA BFEs are biased low due to their age, except where the rounding process has resulted in a larger “high” bias (see above Section 3, Datum Conversion). An exception are those locations where the land has uplifted, causing relative sea level rise to be less than the local rise of the actual sea level. 
While vertical land motions are very localized and can be up or down, it was beyond the scope of this study to estimate relative sea level change along the entire California coast. Consequently, we reviewed tide gage data for La Jolla, San Francisco and Crescent City tide gages as representative of southern, central and northern California, respectively. We reviewed tidal benchmark sheets published by the National Oceanographic and Atmospheric Administration (NOAA), National Ocean Service (NOS), and used the change in Mean Higher High Water as an indication of relative sea level and tide range increase. These data are provided for the most recent tidal epoch 1983-2001, and the prior epoch 1960-1978 (NOS, 2008). A value for relative sea level rise of 0.2 feet (sea level rising faster than land) was selected for southern and central California. Zero was used for northern California (above Cape Mendocino) since Crescent City showed relative sea level drop. Regional uplift for northern California is likely a result of tectonic uplift along the Juan de Fuca Plate.  Similarly, regional uplift along the Santa Barbara and north-western Ventura coast has been significant, and therefore zero relative sea level rise was used for this reach (Ewing et al, 1989, Keller and Gurrola 2000). Uplift in this area is likely related to tectonic forcing on the Big Bend of the San Andreas fault which forms a series of syncline and anticlines along the Transverse Ranges. It should be noted that areas of subsidence may exist within these regions of uplift.  
5. Additional Guidance, if appropriate:

The methods and methodologies used in coastal flood studies have advanced since the 1980s, including new guidelines (FEMA, 2005). It is generally accepted that the new guidelines will result in higher and more landward BFEs. However, it was not practical to develop detailed adjustments for this bias. Therefore, PWA rounded up all BFE’s to the nearest ½ foot. A greater “round up” would be needed to address the bias associated with historic methods in our judgment (on the order of 1 to 10 feet, depending), but this is not recommended owing to the potential effect on the study results.
BFEs in coastal estuaries are complex, owing to the modified tidal regime, impact of runoff and dynamics associated with wave overtopping and inlet breaching and closure. Where available, FEMA BFEs for bays (San Diego, Mission, Morro, Tomales, Bodega, Humboldt), lagoons (Bolinas) coastal harbors (Long Beach, Los Angeles), and river mouth estuaries (Salmon Creek) were included.  No special methods were employed for these areas, although it is possible that sea level rise effects could be amplified.  San Francisco Bay was not included as PI had updated hydrodynamic estimates from USGS and others. 
RESULTS
The results are provided in a GIS shapefile. The GIS file includes polygons depicting the estimated flood extents where DFIRMs were available. This shape file only contains the zones ‘VE’ and ‘AE’ from the DFIRM where the base flood elevations are available.

Where digital polygons were not available (eg, data source other than DFIRMs), BFEs were assigned to a segment of shoreline defined as a polyline in GIS.  
The attribute table consists of following items:
i. FLD_ZONE: the flood zone categorized by FEMA

ii. STATIC_BFE: the base flood elevation shown on DFIRM or FIRM

iii. V_DATUM: the datum the base flood elevations belong to

iv. BFE_NAVD: the base flood elevations in NAVD 88

v. SLR: the sea level rise

CLOSING

PWA appreciates the opportunity to accomplish this exercise. We are more convinced than ever that updated coastal flood mapping is needed!

Please contact me or David Revell of PWA if you have any questions or comments. PWA appreciates the opportunity to assist PI in this important study. 
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� National Geodetic Vertical Datum  of 1929, being phased out and  replaced with NAVD 88


� Firmette is a digital, scanned version of the paper FIRM, in .pdf file format available on line.
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