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Abstract

Forecasting record peak discharge and stage at a headwater basin gaging station presents several challenges.  Acquiring timely and accurate precipitation data is difficult.  Extreme weather events hinder travel and disrupt telecommunication services, reducing the amount of in situ observations available while the event is occurring.  By using remotely sensed precipitation data, streamflow forecasts can be made while an extreme weather event is occurring.  The record flood of June 22-25, 2002 on the Wild Rice River at Twin Valley, Minnesota is used as a case study.

Authors Note:  The views expressed are those of the author and do not necessarily represent those of the National Weather Service.

 SEQ CHAPTER \h \r 1Mean Areal Precipitation Calculation
Pre WSR-88D

Prior to the advent of digital rainfall estimates derived from radar data, all areal rainfall calculations were done using gage catch data.  In the National Weather Service’s River Forecast System (NWSRFS), a network of rain gage stations is defined for this purpose.  The areal contribution of each station to a particular drainage basin is calculated using the Thiessen polygon method.  In this manner, the reports of 24-hour gage catch are the basis of the precipitation input to the runoff calculation model.  The model computational time step is six hours, necessitating the 24-hour reports being dis-aggregated into four six-hour amounts.  These amounts are based on a timing function calculated from nearby synoptic six-hour amount reporting gages.  These gages are typically tipping bucket rain gages at airports or at river gaging stations.  

Post WSR-88D

The WSR-88D radar signal is post processed through accumulation algorithms to produce one-hour rainfall estimates on a 4 square kilometer grid.  Further post processing utilizing 1-hour tipping bucket gage reports permits adjustment of the pure radar estimates for possible bias and atmospheric contamination such as sleet and hail.  In the NWSRFS, the 1-hour basin average value is computed from the grid cells contained within each basin area.  Six 1-hour totals are summed for the 6-hour amount needed for model input.  

Mean Areal Precipitation Analysis June 22-23
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The use of ground truth observations of rainfall to forecast river floods has a long history of working quite well.  Lives were saved and property damage averted by accurate and timely forecasts of impending floods, long before radar rainfall estimates became available.  The Wild Rice river flood of June 22-25, 2003, could not have been forecast as timely or as accurately without real-time hourly radar rainfall estimates.  An analysis of 24-hour gage reports at 7 AM on June 23rd (Figure 1) shows that several gaging stations near the Wild Rice river basin did not report any rainfall totals.  The stations that did report however, received amounts substantially less than unofficial observations received from locations within the Wild Rice basin.  Unofficial reports of 6-8 inches were received from several communities within the basin (personal communication NWS Grand Forks personnel).  These unofficial reports, and the official reports, correlate nicely with the radar mean areal rainfall estimates (Figure 2).  The Wild Rice basin above Twin Valley is approximately 900 square miles.  With a basin average rainfall in excess of three inches, a significant portion of the basin must have received five inches or more. 


Forecasting The Flood
Northwestern Minnesota experienced widespread flooding during the second week of June 2002 with the Wild Rice River at Twin Valley recording a new record discharge and stage.  Atmospheric conditions again turned ominous two weeks later and the threat of heavy rainfall returned.  On the morning of June 22, the 24-hour precipitation forecast called for approximately 1.25 inches areal average rainfall for the Wild Rice river basin above Twin Valley.  The first 12 hours would receive 0.8 inch of that total.  By the evening of the 22nd, the basin had already received an areal average of 1.1 inches and the forecast was now for an additional 2.0 inches in the next 12 hours.  A river forecast was issued for the Twin Valley gage to crest between 15 and 16 feet on the 25th.  This forecasted level did not exceed the record peak reached earlier in June.  As the evening progressed, radar signatures of training echoes, repeatedly tracking over the Wild Rice basin were noted.  Areal radar rainfall estimates exceeded the forecasted rainfall by 10 PM.  Several telephone coordination calls were made to the weather office in Grand Forks (WFO FGF) to confirm radar estimates with ground measurements.  WFO FGF contacted several local officials within the basin and verified the radar estimates.  By 1 AM on the 23rd, radar rainfall estimates indicated the basin had received an areal average of 3.37 inches in six hours.  An updated flood forecast was issued at 2 AM predicting a crest of 20 to 22 feet at Twin Valley on the morning of the 25th.  The predicted peak discharge was approximately 21,000 cfs.  This peak discharge is nearly 50 percent more than the peak of two weeks prior and double the peak of 1997. 

Epilogue
The river gage at Twin Valley crested on June 24 at a stage of 18.0 feet and a discharge of 19,000 cfs.  The relative accuracy of the discharge forecast validates the use of the radar rainfall estimates in real-time, before all the ground truth confirmation is available.  The inaccuracy of the stage forecast is due to the inexact science of extending stage vs. discharge rating curves above observed levels.  The communities of the Wild Rice river basin were given the longest lead time possible for an epic flood event within the constraints of currently available meteorologic and hydrologic forecasting tools.

Figure � SEQ Figure \* ARABIC �2�.  6-hour mean areal rainfall (inches) for 7 PM to 1 AM June 22-23, 2002





Figure � SEQ Figure \* ARABIC �1�.  24-hour point gage reports (inches) received at 7 AM June, 23, 2002 - Note several observations missing from stations near the Twin Valley basin.
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