PROJECT DESCRIPTION FOR EXISTING USGS CONTRACT  No. 00-188-250-2

COMPARISON OF METHODS USED FOR ESTIMATING 
SELECTED STREAMFLOW STATISTICS AND FLOOD FREQUENCY AND MAGNITUDE FOR SMALL BASINS IN NORTH COASTAL CALIFORNIA

SUMMARY

The California State Water Resources Control Board (SWRCB) has a need to estimate selected streamflow characteristics at ungaged locations in northern coastal California from San Mateo County to Oregon (North Coast region) in order to evaluate applications to appropriate water rights.  These characteristics include daily streamflow, various monthly and seasonal statistics, mean-annual discharge, and selected flood-frequencies and magnitudes.  

In the absence of on-site streamflow data, SWRCB estimation methods are broadly based on two approaches.  One uses drainage area ratios to transfer streamflow data and flow statistics from gaged to ungaged basins or to sites within a gaged basin.   The other uses the rational formula to simulate streamflow data and flow statistics from precipitation data.  For this study, analyses will be performed to compare the results of each of these two SWRCB techniques to streamflow data collected by the U.S. Geological Survey (USGS) at about 30 streamflow gaging stations in northern coastal California. Systematic regional comparison of the site-specific accuracy and bias of SWRCB’s estimated values will then be evaluated against basin characteristics to reveal if errors are greater in spread or bias for particular ranges of basin characteristics (size, steepness, soil type, climate, etc.), or geographic location.    The analyses will quantify the accuracy and bias of the techniques currently employed by the SWRCB to estimate streamflow statistics, identify regions where they perform relatively well or poorly and combinations of factors that may affect their applicability.

PROBLEM

The SWRCB has a need to estimate selected streamflow characteristics at ungaged locations in northern coastal California from San Mateo County to Oregon (North Coast region) in order to evaluate applications to appropriate water rights.  Two major estimation techniques are generally used by the SWRCB depending on the availability and applicability of streamflow or precipitation data.

Where streamflow data are available from a nearby gaged location, these data may be transferred from the gaged site to the study site of interest by applying drainage area ratios or other correlation techniques.  If feasible, the streamflow statistic of interest is directly transferred, but where daily streamflow data are needed to evaluate the effects of proposed projects, daily-value streamflow data may be transferred to the study site, and the statistics of interest may be computed from the transferred data.  For example, to compare unimpaired and impaired streamflow at the site of a proposed water storage project, the daily value data are needed to assess the timing of reservoir filling and depletion, the consequences of those processes on downstream water bodies, and impacts on fisheries.

Where streamflow data from a nearby location are lacking, other estimation techniques are used.  The primary technique is a variation of the rational formula (RF) to estimate the statistic of interest from precipitation data.  For example, if the February median flow was needed, the February monthly precipitation might be applied to the RF to directly yield an estimate of the February median flow.  In cases where daily-value streamflow data are needed to evaluate the effects of proposed projects, daily-value data may be estimated by using daily precipitation data.  

The SWRCB also has needs for developing flood-frequency data.  The SWRCB uses two primary methods for flood-frequency estimation.  These methods include the RF and the USGS regional-relations developed by Waananen and Crippen (1977).   Most recommendations restrict use of the RF methods to basins of less than 1 square mile.  In some cases, the SWRCB uses the methods for larger basins and has some empirical experience that suggests that the technique can be applied to larger basins. 

While the SWRCB has significant experience with these streamflow estimation techniques, these methods have not been formally evaluated or systematically tested against observed records of streamflow in the North Coast region of California.  The accuracy and bias of these techniques need to be quantified and can be related to basin characteristics and location in order to better understand and apply the techniques.

OBJECTIVES

The objective of this study is to characterize the accuracy and bias of streamflow statistics resulting from application of techniques commonly employed by the SWRCB and to relate the accuracy and bias to common basin characteristics.  

RELEVANCE AND BENEFITS

This project will relate to goals 4 and 6 outlined in the WRD Memorandum 95.44: Avoiding Competition with the Private Sector.

Goal 4 -- Providing data or results useful to multiple parties in potentially contentious interjurisdictional conflicts over water resources: This project will provide an evaluation of techniques now employed by the SWRCB to estimate flow statistics used for water-rights appropriation.  The appropriations process is undergoing close scrutiny from the National Marine Fisheries Service and several water-rights interest groups.  Quantification of accuracy and bias of existing techniques is needed to ensure a fair, equitable, and efficient water-rights appropriation process.

Goal 6 -- Providing water-resources information that will be used by multiple parties for planning and operational purposes: The data and interpretations from this project will be used as the first step in the process of establishing a more uniform, efficient, and equitable water-rights appropriation process.  The data resulting from the study will also be useful to development TMDL standards.

The results of this study will provide the SWRCB with information on the accuracy and bias of current estimation methods and an assessment of the applicability of these methods for various basin characteristics and locations.  It is expected that the analysis will provide insight that might lead to limitations or qualifications of the current methods.  The data would be useful in a follow-up study to develop better regionally applicable estimation techniques.   

The study will enable the USGS to develop improved basin characteristics and flood-frequency data, and to investigate causative factors that contribute to errors in streamflow data transfer leading to better transfer techniques and regionalization procedures. A comparative study of flood-frequency data from USGS gaged sites in small basins with established discharge frequencies might establish or disprove the applicability of the RF to basins of greater than 1 sq. mi. in the North Coast region of California.

APPROACH

The USGS has identified approximately 127 USGS streamflow gaging stations in the North Coast region of California with drainage areas of equal to or less than 30 square miles and where daily-value streamflow and flood-frequency data are available. Approximately 30 of these stations having streamflow records for a period of at least 10 years will be selected to cover the range of drainage area and geographic extent of north coastal California.  The locations and periods of record for these sites will be furnished to SWRCB. The SWRCB (and the USGS in some cases) will generate estimates of daily-value data, flow statistics, and flood-frequency data independent of the gaging station record.  The flow statistics of interests include:

1. Mean Annual Flow

2. Annual 10% exceedance flow

3. Mean October 1 - March 31 seasonal runoff  (wet season runoff)

4. Mean December 15 - March 31 seasonal runoff (winter runoff)

5. February Median Flow (Median of all of the daily streamflows on record for the month of February)

6. December 15 - March 31 daily flows (for the median and dry year (50-percentile and 25-percentile)).

7. The flood-frequencies will include the 2-, 5-, 10, 25, 50- and 100-year recurrence interval floods.  
 The USGS will compare SWRCB estimates of these statistics to estimates derived from observed streamflow records.  Systematic comparison of the site-specific data will result in fit and bias statistics that can then be evaluated against basin characteristics to reveal if errors are greater in spread or bias for a particular range of basin characteristics (size, steepness, soil characteristic, climate, etc.) or geographic location.  The specific basin characteristics have yet to be determined (due to uncertainties in the progress of separate GIS work) but will include at least the drainage area, main channel slope, elevation, annual precipitation, location, etc.)

Evaluation of the Rational Formula Technique for estimating daily-value data and flow statistics

To evaluate the RF technique, the SWRCB will estimate daily-value streamflow data and streamflow statistics for the 30 USGS sites without reference to the observed streamgage data.   The USGS will develop independent determinations of the same streamflow characteristics based on the actual gage records.  Generation of the USGS statistics will be based on existing streamflow data and standard computation procedures embedded in the USGS Automated Data Processing System (ADAPS).  

SWRCB estimated daily-value data and streamflow records collected by the USGS will be compared for over all fit and bias.  For each station, the relative bias will be computed as
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The relative standard error will be computed as
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where,

Qp is the SWRCB estimate of daily value streamflow;

Qo is the USGS estimate of the daily value streamflow;

N is the number of daily values being compared;

R_Bias is a measure of the bias or average difference between the two datasets; and,

R_error is a measure of the relative standard error of the fit between the two datasets.

The bias and error statistics are expressed in relative form because the daily value data will vary over orders of magnitude and the relative forms of the statistics are less affected by over weighting of relatively few large values.  The relative bias and the relative standard error will be evaluated for parametric bias by plotting these values against basin characteristics.  They will be evaluated for geographic bias by plotting them on maps of the study areas.

The remaining streamflow statistics will be evaluated for accuracy and bias by performing regression analysis of the SWRCB estimates against estimates derived from observed data.  For example, for all sites the February median flow statistics developed by the SWRCB will be regressed against the February median flow statistics derived from observed streamflow records.  The resulting regression metrics (slope, intercept, and standard error) and residuals will be plotted against basin characteristics to detected parametric trends and biases and on maps of the study area to detect geographic bias.

Evaluation of the Drainage Area Technique for estimating daily-value data and flow statistics

To evaluate the drainage ratio technique, the SWRCB will provide estimates of applicable precipitation (one of the ratio methods utilizes rainfall rate ratios) corresponding to the applicable flow statistics (i.e., daily value precipitation data to evaluate daily flow statistics, monthly precipitation data to evaluate monthly flow statistics) for each of the study sites.  Utilizing the drainage area ratios and precipitation ratios, and following SWRCB methodology, the USGS will then generate estimates of daily value and flow statistics for each of the 30 sites as a function of the data available at each of the remaining 29 sites (providing 870 estimates of the base data). 


The drainage ratio equation used by the SWRCB is

Qpod =  Qgage * (Apod / Agage) * (Ipod /  Igage),

where

Qpod = Daily flow (cfs) at point of interest in the watershed;

Qgage =  Daily flow (cfs) at the gage;

Apod = Watershed area above the point of interest (acres);

Agage = Watershed area above gage (acres);

Ipod = Mean annual precipitation for the watershed above the point of interest (inches); and,

Igage = Mean annual precipitation for the watershed area above the gage (inches)

The rational method equation is


Q = CIA,

where the component variables within the equation differ depending on the application.

For calculating peak flows 

For calculating average annual runoff
Q is the peak runoff flow (cfs); 
Q is the average annual runoff (acre-feet per year, AFA);

C is the runoff coefficient;

C is the runoff coefficient;

 I is the rainfall rate (in/hr); and
I is the average annual precipitation (ft/yr); and,

A is the watershed area (acres). 
A is the watershed area (acres).

The resulting estimated daily-value data and streamflow records collected by the USGS will be compared for over all fit and bias.  For each station, the relative bias and error will be determined as defined above for the RF analysis.  As described for the RF analysis above, the generated flow statistics will be compared to the observed data and differences will be characterized as they relate to basin characteristics and location by use of regression concepts and residual analysis.  In addition, the suitability of the reference sites used in making the estimates will be evaluated in terms of basin characteristics and location.

Evaluation of SWRCB techniques for estimating flood-frequencies


The characterization of the accuracy and bias of the SWRCB methods for estimation of daily value flow data and flow statistics can proceed with existing streamflow data.  The characterization of the accuracy and bias of SWRCB methods for estimation of flood frequencies, however, will require significant review and recomputation of existing USGS flood-frequency data, particularly those that involved use of indirect flow estimation techniques such as slope-area computations on steep streams.  This work is necessary because several years of flood data have accumulated since the flood frequency data were computed (in some cases as much as 25 years), and because the techniques that were used to estimate the highest floods were occasionally misapplied to debris flows.  Inclusion of debris flows has resulted in significant overprediction of flood-frequencies at an unknown number of USGS sites in the North Coast region.  Recomputation of the flood-frequency data will be a significant effort, entailing review of original flow records, accumulation of historical information, and reprocessing of the resulting flood series using a log-Pearson Type III analysis.  For most sites the recomputation process will involve reviews of applicable indirect computations, determination of low and high outliers, historic peak flow adjustments (if possible), two-station comparison to improve moment estimation for short-record gages, and determination of appropriate at-station and regional skews.
The SWRCB will also compute the flood-frequencies for the sites using standard SWRCB methods such as the RF and existing USGS regional flood-frequency relations.  The resulting datasets (flood-frequencies for the 2-, 5-, 10-, 25-, 50-, and 100-year recurrence intervals computed by the SWRCB) will be compared to the revised estimates of flood-frequencies prepared by the USGS using regression techniques and residual analysis similar to those described above for analysis of flow statistics.   Systematic comparison of the data for all of the study sites will result in fit and bias statistics that can be evaluated across sites as functions of basin characteristics to reveal if errors are greater in spread or bias for a particular range of basin size, steepness, soil characteristic, or geographic location, etc. 

REPORTS

The product will be a written report (USGS Open File Report series) that will describe the data development and comparison methodology and summarize the results.  
BUDGET

The project will begin October 1,2001 and end in July 31, 2003.  Funding for the project is:

FY 2001
$32,000 

FY 2002
$67,500 

Total

$97,500

PERSONNEL

The following personnel are available for this project:

Mike Mann 

GS-7 SW Hydrologist 
half-time

Jerry Harmon 

GS-12 SW Hydrologist
quarter-time

Rick Hunrichs 
GS-12 SW Hydrologist
10 percent

Robert Meyer 

GS-13 SW Hydrologist
Consulting member

WORK PLAN

For the purpose of planning and scheduling, the project is divided into six work components: comparison of flow statistics developed by use of the rational formula method (RF); comparison of flow statistics developed by use of the drainage-area ratio method (DAR); comparison of daily-value data developed by use of the RF method; comparison of the daily-value data developed by use of the DAR, comparison of flood-frequency statistics developed by use of the RF; and comparison of flood-frequency statistics developed by use of the USGS regional relations developed by Waanean and Crippen.  (This breakdown differs slightly from the approach described above but lends its self better to segregation of work elements.)  The attached spreadsheet details the tasks and staff assignments to complete each element and the estimated person-days required for each task. 

MAP OF STUDY AREA
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Figure 1. Map of North Coastal, California showing active gaging stations.
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