Memorandum

To:

Toby Feaster, Hydrologist, SC WSC
From:

Julie Kiang, Hydrologist, OSW
Through: 
Robert Mason, Deputy Chief, OSW
Date:

January 26, 2010
Re: 
Issues with Using N-Day Flows for MOVE.1 Record Augmentation for Low Flow Statistics
The following memo summarizes  issues that you have recently raised concerning the use of MOVE.1 to estimate low flow statistics at short term continuous record stations.  

Background

South Carolina WSC is preparing a series of reports to estimate 1-, 3-, 7-, 14-, 30-, 60-, and 90-day minimum flows at recurrence intervals of 2, 5, 10, 20, 30, and 50 years.   In addition, a range of flow duration statistics between 5% and 95% will be estimated.
For short-term continuous record sites (less than 30 years record), South Carolina is using MOVE.1 to extend the record and improve the estimate of the N-Day, QT statistics.  

The first report in the series (already released) estimates the MOVE.1 relationship using daily mean flows for the entire concurrent period of record at the two stations.  Your subsequent analysis comparing use of daily means and N-day flows to develop the MOVE.1 relationship demonstrates that N-day results are less biased, particularly for more “extreme” low flows.  This finding is consistent with preliminary results from an ongoing project that I am working on with Ken Eng.  It also makes sense to estimate statistics using data that are closer in magnitude to the desired statistic.  On this basis, OSW recommends using N-day flows in developing the MOVE.1 relationship to augment observed streamflow records.   As with other MOVE.1 analyses, use of MOVE.1 with N-day flows should be restricted to cases where there is sufficient data and where the data show a clear linear relationship.
A number of issues to implementing record augmentation remain.  Issues that were raised by Feaster are shown below (in italics), along with some interim guidance.  Because this topic is still the subject of ongoing research, the suggestions below are not definitive (and in some cases are probably incomplete) and may be revised in the future.  Nevertheless, the suggested approaches are consistent with the best available science and are appropriate to use for your studies.  The most important recommendation I can make is to continue to exercise judgment when conducting the analysis.
Poor correlation

• What statistics to report if only part of the N‐day flows have a significant enough correlation

coefficient to warrant using MOVE.1. For example, for station 02130561, Pee Dee River near

Bennettsville, SC, the 1‐day and 3‐day were not well correlated with those same N‐day flows at

the index station but all the other N‐day flows were. Should we go ahead and use MOVE.1 for

the N‐day periods that are highly correlated and just use the measured data for the other N‐day

periods?

Using observed data only for low-correlation flows makes sense to me.  Use the criteria for augmentation (see below) for flow series that do exhibit high correlation.  However, you will need to make sure that the statistics still “line up”.  For example, at the same recurrence interval, 1-day flows should never be larger than 7-day flows.   If varied application of record augmentation creates problems with the consistency of the results, then hydrologic judgment will have to be exercised to resolve the problem.   Consider using just the period of record for all flow statistics or, if the correlations are not too far below your threshold and the relationships still linear, to apply record augmentation for one or two n-day flows despite the lower correlation.  
Zero flows

• How to apply MOVE.1 if the station to be extended or the index station has zero flow days.

Should we set the zero flows to say 0.01 for the MOVE.1 analysis and then make judgments

about the zero‐flow statistics at the station of interest based on any zero‐flow stats that occur at

the index station?

While there are several possible options for dealing with zero flows, none have been adequately tested.  Therefore, I recommend that MOVE.1 not be applied when the n-day series have zero flows.  This may introduce the possibility of applying record augmentation to some n-day flow series and not to others.  Again, care and judgment should be applied to ensure that statistics are consistent and “line up”. 
Short term stations

• For partial record (PR) type stations (those with more than 5 years of continuous record but less than 10 years), choose 3 or 4 base flows during the low‐flow period for each climatic year and do the MOVE.1 using those daily mean flows and the concurrent daily mean flows at the index station. Only the

7Q2 and 7Q10 statistics are computed for stations like this. To make the analysis consistent and easily reproducible, possibly use the minimum daily flow for the 3 or 4 months in each climatic year that have the lowest minimum daily flows. For SC, this will typically be months that occur in late summer and fall.

I think the key to the MOVE.1 approach for low flows is to use only data that are truly representative of low flows.  Using minimum daily flow for months in the low flow season would often work, but there may be months in which flows never get particularly low and this may affect the relationship between the two stations.  Instead, I suggest you select concurrent records using baseflows that are less than 90% flow duration at the index station.  This could be defined as all flows less than 90% flow duration that occur on the receding limb of a hydrograph 5 or more days following a peak, or something similar.  It may be time consuming to separate out the days in which flow is receding.  If so, an alternative is to proceed as you suggest above, using minimum daily flows for the months in the low flow season, but checking that all values are less than the overall 90% flow duration.  Whatever the criteria, a visual inspection should verify that there is a strong linear relationship without curvature or undue influence from few points.  
Criteria for augmentation
• Going forward, should we set some type of minimum criteria for whether or not to extend a

record? For instance, at the index station, compute the low‐flow statistics for the period that is

concurrent with the short‐record station and then for the complete period of record at the

index station. If the difference in the two flow periods at the index station is less than say 10

percent, then no record extension is warranted (due to the uncertainty in the measurements,

MOVE.1 relation, etc.). Maybe just test this for the 7‐day flows and take the average difference

in the low‐flow stats for each recurrence‐interval flow computed.

As you point out, statistics estimated using the MOVE.1 method for record augmentation are not without uncertainty.  It makes sense use the MOVE.1 results only if we expect the results to more accurately reflect the true statistic than an estimate based on only the observed record.   Establishing criteria for when to employ MOVE.1 is sensible, and your proposed criteria of a difference of 10% in statistics estimated for differing periods of record at the index station is reasonable.   Please note in any publications that the 10% criteria is an arbitrary choice (not established based on testing).  In the future, it may be possible to utilize a statistical test to establish less arbitrary criteria.

Existing analysis

• What to do concerning the recently published low‐flow statistics for the 6 stations in the Pee

Dee River Basin where records were extended using daily mean flows. To be consistent, we will

probably need to redo those analyses.

I agree that providing an N-day analysis would be best for the cooperator – providing a consistent method throughout the series of studies, and more accurate results for the PeeDee stations than in the original analysis.
Other

• Other issues not listed [in Feaster appendix]?
Consistency of data at a station
As discussed above, mixing augmented statistics with statistics calculated from the observed record may result in inconsistencies in the expected magnitudes of these statistics.  All n-day flows should always be checked to ensure that the estimates to not “cross”.  
Use of MOVE.1 for flow duration statistics

MOVE.1 is also being used to estimate flow duration statistics (between 5%  and 95%) at short-record stations.  Tests at 3 South Carolina stations indicated that MOVE.1 did not cause inappropriate errors except at extremes (outside of 5 and 95 flow duration).  At a fourth station, MOVE.1 did not perform well at most flow duration levels.  This station included zero flows, which possibly contributed to the problem.  
I’ve tested  the use of MOVE.1 to estimate flow duration at a large number of continuous record sites in the eastern U.S.  In these tests, each continuous record station was treated as a partial record station and 20 “measurements” were made at the test site by randomly selecting dates where flow was on the receding limb of the hydrograph.  These “measurements” were then used to develop a MOVE.1 relationship with an index station to estimate the flow duration statistic based upon the partial record.  This MOVE.1 estimate was compared to the value calculated directly from the observed continuous record.  Errors were larger for more “extreme” low flows.  This method indicated that the root mean square error for the 95% flow duration statistic was about 50%, compared to near 100% for the 99% flow duration.  These tests do not exactly mimic your intended application, but do support the findings from your limited examples.  The report should note that there is greater uncertainty in the estimates near the tails of the flow duration curve.  Providing estimates of the actual uncertainty of the flow duration estimates would be ideal but would require (considerable) additional work.
Conclusions
OSW is continuing to investigate the use of MOVE.1 for record augmentation, and more specific guidance may be issued in the future.  That said, the methods outlined above are appropriate for use in your studies, provided hydrologic judgment is applied. For all analyses, an assessment of whether the MOVE.1 method was appropriate for the data is needed. This should include a visual inspection of the data and the MOVE.1 relationship to verify that there is a good fit.  The data should show a strong linear relationship with no curvature and the line should not indicate undue influence from few points.  Alternative methods should be used if the MOVE.1 line is deemed inappropriate.   This may include simply using the observed period of record at the short-term station.  Whenever applying record augmentation techniques, the selection of an index station is also an important consideration.
