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1. Introduction

Data and data quality is crucial to the hydrologic mission of the National Weather Service.  In order to give timely forecast, automated tools are necessary to quality control data efficiently.  In this document, two automated tools to quality control rain gauge data are described.  The two tools are the Spatial Consistency Check (SCC) and the Multi-Sensor Check (MSC).

This document focuses mostly on the science technique behind quality controlling checks that are implemented in HydroView/MPE.  These checks are only performed in MPE_FieldGen if the .Apps_default token is mpe_gage_qc is set to ON.
2.  Spatial Consistency Check 

The SCC is designed to flag extreme outliers; this check is also called “buddy check”.  This check checks for consistency of a gauge value with the values of neighboring gauges.  

If a gauge receives rainfall from a convective system, it may not be expected to be spatially consistent with its neighbors.  In order to avoid erroneously flagging gauges in convective situations as outliers, a convective screening test is added to the spatial consistency check.  After the initial check for outliers is complete, the convective screening test is applied to any of the gauges failing the initial SCC to see if they receive rainfall from a convective system.  If a flagged gauge value is received from a convective system, as determined from lightning data, then that gauge is removed from the flagged and its quality_code attribute is left unchanged.

2.1   Base Computations for SCC
The following steps are involved in this check.

(1) Calculate the median, 25th and 75th percentile of the data set under consideration.

(2) Calculate the Mean Absolute Deviation (MAD) as follows:
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where Xmed is the median of the data

 
N is the total number of stations

Xi is the ith value of the data

(3) Calculate an Index for each station as follows:

If (MAD = 0)

Index = 0.

If (Q75 
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Index = |Xi - Q50| / (Q75 - Q25)

Else

Index = |Xi - Q50| / MAD

where Qk is the kth percentile.

(4) If the Index is greater than a predefined threshold (generally this is set to 2), then that datum is flagged as an outlier. 

NOTE:  If a forecaster finds that this technique is flagging too few or too many gauges as outliers for their region, then the above mentioned threshold value can be changed thorough an .Apps_defaults token called “mpe_sccqc_threshold”.  This can only take values between 0.5 and 4.0.  

2.2  Automation of the Spatial Consistency Check
The Spatial Consistency Check (SCC) was automated for an MPE region in the following way.

At any given instance, the SCC was applied to a 1x1 deg. lat-lon region.

(1)  The entire MPE region was divided into approximately 1x1 lat-lon grid boxes.

(2)  Starting from the top left corner box, SCC was applied to each (1x1 deg) box, moving to right by half box each time (( deg).  After reaching the end of the first row, moving down by a ( deg. and again moving from left to right SCC is applied to each box in this row.  This is repeated for the entire MPE region.  In this way, except for the gauges that fall in the outermost ( deg. region from the periphery, every gauge in the entire MPE region is tested at least four times by the SCC.  In order to avoid this ( deg. dead zone, the outer boundaries of the MPE  region are chosen to be ( deg. farther than the actual boundaries for the MPE

(3)  If a gauge is picked as an outlier four times (i.e. tested by SCC by neighboring gauges in all four directions), then that gauge is flagged as an outlier.  In order for this test to be effective, a gauge should be checked for spatial consistency in all four directions i.e. a gauge should be picked as an outlier at least four times, once in each direction by the spatial consistency check.

An .Apps_defaults token called “mpe_scc_boxes_failed” is provided to change the number of times the spatial consistency check is failed and is set to 4.  Note that changing this number to less than four results in a gauge being not checked for spatial consistency in all four directions.  Unless a special need dictates changing this number to less than four for any reason, this number should always be set to 4. 

2.3  Convective Screening
If a gauge is under the influence of an intense thunderstorm, theoretically, it does not have to be spatially consistent with its neighbors.  Therefore, in order to screen gauges which receive rainfall from an intense thunder storm, the suspected outlier gauge is checked against the lightning data.  If there is at least one lightning strike within the surrounding 8 HRAP grid boxes from the box where the gauge is located during the past one hour, then that gauge is treated a valid one even though SCC picks as an outlier.

The final result of the entire SCC is only indicated by the setting of the quality_code attribute in the ProcPrecip.  This field does not indicate which gage failed the SCC but were then (cleared( as part of the convective screening test..  To see which gauges were screened by the convective screening test, the log file can be referenced.

2.4  Operational Implementation 
In order to be able to perform Spatial Consistency Check locally, there must be at least five gauges in the region.  If there are five gauges in the region, then SCC is performed.  If there are less than five gauges in the region, then an alternate check is done to pick outliers.  This alternate check is based on standard deviation of the gauges. If the gauges in the region are more than two and less than five, then the following test is applied.

1.  Calculate the standard deviation of the gauges.

2.  For each gauge, calculate the deviations from mean.

3.  If the deviations are more than standard deviation, then that gauge is flagged an outlier.

If there are only one or two gauges in the region and those gauges show positive rainfall, then those gauges are flagged as outliers giving the benefit of doubt (since meaningful statistics cannot be calculated).

The above mentioned procedures technically test every single gauge for the spatial consistency purpose. 

Note: The spatial consistency is done locally for a small region i.e. 1x1 deg. box.  The automation is done for the entire MPE region.  It is warned to make a note that there are two components to the spatial consistency check.  One is the spatial consistency check done locally on a 1x1 deg. region.  The other is automation of this test for the entire MPE region.  These two components together is called the Spatial Consistency Check.

3.  Multi-Sensor Check
The multi-sensor check is designed to identify stuck or frozen rain gauges and set the quality_code attribute for the value as having failed the MSC.  Sometimes a rain gauge is stuck and gives a zero value report even though there is actually rain in the area.  This value cannot be detected by the range check because zero is a valid rain fall amount.  Two types of multi-sensor checks are implemented as a part of multi-sensor check.

2.1 Gage-Radar MSC
The first one is to compare the given gauge value with the estimated rainfall values from the radar estimate and if the difference is greater than a threshold, then that particular gauge is flagged as failing the MSC check, with the assumption that it is stuck or frozen.  

The test compares any rain gauge values of 0.0 with the colocated radar rainfall estimate, as well as the neighboring eight grid box rainfall values from radar.  If any of the corresponding radar values are greater than or equal to the threshold value, then that particular rain gauge value is modified to indicate it failed the MSC check. 

The threshold value is set through the .Apps_defaults  “mpe_msc_precip_limit”.  The default is 1 mm.  This threshold can be varied depending upon the region.  In dry regions, a higher threshold is recommended; in wet regions, a lower threshold may give desirable results.

2.2 Gage-Gage MSC
The second type of test involves comparing any gauges with a 0.0 value with the rainfall from the neighboring gauges.  If there is rainfall in all four directions and there is a gauge in the middle with zero values, then that gauge is probably malfunctioning.   The test implements the check for rainfall by looking in three boxes for each of the four directions.  Therefore, the corner boxes in the neighboring eight HRAP grid boxes will actually be considered twice.  If there is a gage value > 0.0 in at least one box of the three, in each direction surrounding the gauge, then the gauge is flagged as failing the MSC.  This check requires there to be at least two gages surrounding the gage, so the gage-gage check may not be applied very often due to limited data availability.
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