Work Unit: Flood Frequency Analysis Methods for Changing (Non-Stationary) Urban Environments

Lead Principal Investigator:  

Dr. Beth Faber, Hydrologic Engineering Center

Requirements Statement:

Investment in new flood protection infrastructure is heavily based upon the level of protection and reduction in expected annual flood damages it can provide.  This reduction is defined in part by the frequency of extreme events, determined by a frequency analysis of historical floods peaks.  Use of historical data to empirically define the flood frequency implicitly assumes that the data is an accurate sample of the basin throughout the design life of the flood damage reduction measure.  This assumption of a stationary data series does not hold true in urban environments experiencing growth.  Increased levels of residential or commercial development alter the hydrologic characteristics of the basin so that a given precipitation event may produce a larger flood runoff peak.  Techniques are needed to perform extreme event frequency analysis when this non-stationarity exists.

Technical Objective:

The objective of this research is to develop Corps methodology and guidance on performing flood frequency analysis for an urban location in which the historical record is (or is suspected to be) non-stationary.  

Approach:

Research will proceed in three stages, starting with the performance of a requirements analysis and thorough review of statistical methods relating to the determination of non-stationarity in time-series and frequency analysis with non-stationary time series.  In doing so, existing and proposed measures will be evaluated for their suitability to flood frequency analysis, and a fairly standard procedure for this determination will be recommended.  The second stage is to investigate the error introduced in the frequency curve by assuming stationarity in a non-stationary time-series and comparing the results to errors inherent in hydrologic and frequency analysis.  This error analysis will allow (a) the determination of a threshold for non-stationarity (below which simpler stationary analysis can be performed) and (b) the recommendation of a procedure for approximate the error in assuming a stationary series.  Finally, the third stage would evaluate current methods of frequency analysis and develop new methods, if necessary.  The proposed methodology from each stage would be documented in an Engineer Manual describing how Corps studies should address the time-series stationarity in flood frequency analysis.  If applicable, software to aid in applying the methodology will be developed.  Methodology will be included in PROSPECT training courses.  All knowledge gained from this work unit will be made available to educate the public through the TOWNS website.

Benefits:

This effort will develop guidance on how to appropriately plan FDR measures in areas with non-stationary conditions.  The Corps will be better able to protect urban areas following this guidance, and make better use of public investment in flood protection infrastructure.

Progress:

None.  This is a new start work unit in FY03.

	Task Name / Product Name 
	Planned Start
	Planned Finish
	Actual Start
	Actual Finish

	Perform a requirements analysis
	1-Oct-2003
	1 Dec 2002
	
	

	Perform a thorough review on determination of non-stationarity in time-series, and frequency analysis with non-stationary time series
	1-Oct-2003
	1 Mar 2003
	
	

	Stage 1:  Evaluate existing and proposed measures of time-series stationarity
	1-Oct-2003
	1 Apr 2003
	
	

	Propose measures of stationarity for use in flood frequency analysis in urban watersheds
	1-Oct-2003
	1 May 2003
	
	

	Stage 2:  Investigate the error introduced in the frequency curve by assuming stationarity in a non-stationary time-series, and compare to error introduced in other aspects of the analysis
	1-Oct-2003
	1 Jul 2003
	
	

	Recommend a threshold of non-stationarity (below which simpler stationary analysis can be performed) and propose a method of approximating the error in assuming stationarity when it is not present
	1-Oct-2003
	1 Aug 2003
	
	

	Stage 3:  Explore methods of creating a flood frequency curve for a non-stationary historical data series
	1-Oct-2003
	1 Oct 2003
	
	

	Propose a method of addressing non-stationarity in creating a flood frequency curve
	1-Oct-2003
	1 Jan 2004
	
	

	Document proposed methodology from each stage in a draft EM
	1-Oct-2003
	1 Mar 2004
	
	

	Hold a peer review of proposed methodology
	1-Oct-2003
	1 May 2004
	
	

	Modify methodology to address issues raised by the peer review group
	1-Oct-2003
	1 Jul 2004
	
	

	Incorporate new methods into training and technology transfer, finalize EM
	1-Oct-2003
	1 Sep 2004
	
	


