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TO: John Ryan (Sarasota County), Jeff Herr (PBS&J), Jon Perry (Sarasota County),
Manny Lopez (SWFWMD), Veronica Craw (SWFWMD), Jack Merriam (Sarasota
County) 

FROM: Sarah Anderson, Suzanne Kaufman, Brett Cunningham 

DATE: January 9, 2007 

XC:  

RE: Sarasota County Pollutant Loading Model Development (W552) 
Analysis of Measured Data 

 
1.0 INTRODUCTION 
 
Results in the September 6, 2006, memo showed that monthly runoff volumes are sensitive to 
antecedent moisture conditions and the method of prediction.  To determine which method of 
prediction that accounts for antecedent moisture conditions is the most robust with respect to 
matching measured rainfall and flow data, it is first necessary to separate direct runoff from the 
total flow hydrograph.  Next, it is important to examine how well the rainfall and flow data 
correlate to determine the applicability of the data for model calibration and the potential range 
of errors in the data.  This memo provides documentation on the data, methodology, and results 
of the two tasks mentioned above.  Based on findings presented in the Draft Monitoring Plan 
(PBS&J, September 18, 2006), the MAT1 and CPS1 gages were selected for these tasks. 
 
2.0 NEXRAD-DERIVED RAINFALL 
 
In order to compare measured flow and rainfall, it was first necessary to convert the NEXRAD-
derived rainfall received from the District (xml and text files) into a form more readily available 
to a model.  Since it is unknown at this point what increment of rainfall data will be needed, both 
daily and hourly Microsoft Access files (and subsequent exports to dbf files) were created for the 
period record at the time of transmittal from the District (February 1994 through October 2006).  
Because of the practicalities of file sizes, the actual data are contained in 10 Microsoft Access 
files that can be queried by a separate Microsoft Access file.  To reduce storage requirements, 
only non-zero data are stored in the databases.  An example of the rainfall records is provided in 
Figure 1. 
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Figure 1 Example of NEXRAD-derived Rainfall Database 
 
3.0 BASE FLOW SEPARATION 
 
Several techniques may be used to separate base flow (i.e., groundwater flow and interflow) 
from total flow.  Although the techniques yield slightly different results, the differences for the 
purposes of this analysis are very minor.  Regardless of the technique, the beginning point begins 
at the time when direct surface runoff is measured (i.e., when there is a measurable increase 
above previous base flow conditions).  The ending point is more difficult to determine, but is 
generally taken to be near the ‘knee of the curve’ on the recession limb.  Together, the beginning 
and ending point define a surface runoff event, with direct runoff being all flow above the line 
segment connecting the two points. 
  
With thousands of records at each gage location, it is desirable to develop a method that 
automates event definition.  The first step in this process was to determine an area-weighted 
average of the NEXRAD-derived rainfall data within the area tributary to the MAT1 and stream 
gage.  Next, hydrographs were examined for a sampling of events to determine the length of the 
time of the falling limb of the hydrograph after a significant rainfall volume.  Note that there is 
usually not a measurable runoff response to rainfall less than approximately 0.1 inch at MAT1.  
Since there is some level of estimate as to where the end point of the falling limb occurs, upper 
and lower estimates were made for each event sampled.  Results of the sampling are presented in 
Figure 2. 
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Figure 2 Falling Limb Time Estimates for MAT1 
 
From this relationship, a preliminary set of event criteria were established.  These criteria were 
applied to 3 years of measured data and examined for adequacy, with the following set of criteria 
used as the final definition of the end point for events for MAT1: 
 

• Between 0.1 and 0.5 inches in last 12 hrs 
• Between 0.5 and 1.5 inches in last 17 hrs 
• Between 1.5 and 2 inches in last 19 hrs 
• Between 2 and 2.5 inches in last 20 hrs 
• Between 2.5 and 3.5 inches in last 30 hrs 
• Greater than 3.5 inches in last 40 hrs 

 
This definition resulted in 133 potential events.  An example base flow separation for an event is 
presented in Figure 3.  To maximize use of the data, small gaps of missing flow data—
particularly those during reasonably steady base flow conditions—were filled by interpolating 
between known points.  Since the definition is based on rainfall data, surface runoff events in 
which NEXRAD may not have registered any significant rainfall are not included as a potential 
event and are assumed to be base flow.  The total and base flow hydrographs for the period of 
record analyzed for MAT1 are presented in Figure 4.  Although there are difficulties caused by 
missing and mismatched data, the total computed flow volume for the 3 years analyzed (without 
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missing data) is approximately 67 inches, with 43 inches being base flow and 24 being direct 
runoff. 
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Figure 3 Example of Base Flow Separation 
 
A similar method was attempted for CPS1.  However, there were two circumstances that made 
this method more difficult.  First, the CPS1 gage contained a much higher percentage of missing 
data than the MAT1 gage—particularly during surface runoff events—which eliminated a 
significant portion of the flow record for use in this analysis.  Second, there is a much longer 
response time to rainfall at CPS1 than at MAT1, which means that what one may normally 
consider as discrete rainfall events are actually one flow event.  Without a full receding limb, it is 
not possible to define an event.  Because of these two circumstances, events from the CPS1 gage 
had to be defined by detailed inspection of the data.  There were a total of 38 events defined for 
the 3-year period examined.  It was not possible to determine the overall base flow and direct 
runoff for the 3 years analyzed due to the amount of missing and mismatched data. 
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Figure 4 Falling Limb Time Estimates for MAT1 
 
4.0 RAINFALL-RUNOFF COMPARISON 
 
It is important to compare measured runoff response to measured rainfall before applying it in a 
model application.  Some of the comparisons that are important to this project are as follows: 
 

• Is the timing between rainfall and flow response generally consistent? 
• Does the measured runoff coefficient (i.e., surface runoff volume divided by rainfall 

volume) fall within a range of the directly connected imperviousness fraction and 1 (with 
consideration for initial abstractions)? 

• Is range of measured runoff coefficients generally higher for events with wetter 
antecedent conditions? 

 
Although there are instances where there is a measured flow response and no measured rainfall 
(and vice versa), there is general consistency between rainfall flow response at both MAT1 and 
CPS1.  The second two comparison points are best visualized in Figure 5 form MAT1 and Figure 
6 for CPS1.  These figures show a comparison of the measured direct runoff volume to the 
NEXRAD-derived rainfall volume and are grouped by 5-day antecedent rainfall (P).  For MAT1 
events with runoff coefficients of 0.0 and events with significant missing measured flow data 
were screened out, leaving a final number of 104 screened events for the period of analysis. 
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A directly connected imperviousness percentage of approximately 20 percent is suggested for 
area tributary to MAT1 by the data presented in Figure 5 (i.e., the slope of the line for smaller 
events that are greater than the initial abstraction and have drier antecedent moisture conditions), 
with a range from approximately 13 to 33 percent being possible within the scatter of the data.  
Based on land use data and assumed directly connected impervious percentages by land use, the 
directly connected impervious percentage for the MAT1 tributary area is estimated to be 
approximately 30 percent. 
 
The influence of antecedent moisture conditions should be noticeable primarily in events with 
significant direct runoff from pervious areas.  For the MAT1 data, there is perhaps a slight trend 
towards higher runoff coefficients for events with wetter antecedent conditions, but there is also 
considerable scatter in the data. 
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Figure 5 Runoff vs. Rainfall for MAT1 
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CPS1 - 5-day Antecedent Rainfall Influence
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Figure 6 Direct Runoff vs. Rainfall for CPS1 
 
A directly connected imperviousness percentage of approximately 20 percent is suggested for 
area tributary to CPS1 by the data presented in Figure 6, with a range from approximately 10 to 
40 percent being possible within the scatter of the limited number of data points.  Based on land 
use data and assumed directly connected impervious percentages by land use, the directly 
connected impervious percentage for the MAT1 tributary area is estimated to be approximately 
10 percent.  As with the MAT1 data, there is perhaps a slight trend towards higher runoff 
coefficients for events with wetter antecedent conditions, but there is also considerable scatter in 
the data. 
 
5.0 PREDICTED AND MEASURED RUNOFF COMPARISON 
 
Based on the findings presented in the September 6, 2006, memo, the two methods that appeared 
to be the best suited to the purposes of this study are a modification of the Harvey Harper method 
and SWMM-based hydrology.  It is clear from Figures 5 and 6 that neither method would 
provide a close fit to the measured flow data using the NEXRAD-derived rainfall data due to the 
amount of variation in the results.  For the purpose of this memo, only the modified Harvey 
Harper method was applied to the NEXRAD-derived rainfall to compare to the measure runoff.  
This comparison is presented in Figure 7.  As shown in Figure 7, there is a wide, expected 
variation between predicted and measured runoff volumes, with a tendency towards over-
prediction. 
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Figure 7 Comparison of Modified Harvey Harper Method Runoff vs. Measured Runoff 
 
6.0 CONCLUSIONS 
 
Based on the data presented in this memo, there are several conclusions that can be drawn for 
this project: 
 

• Multiple base flow separation techniques may need to be applied to the measured flow 
data. 

• Daily base flow can vary significantly based on antecedent rainfall.  It will be necessary 
to determine how accurate of a method must be developed to determine the base flow 
hydrograph for the model enhancements. 

• Inaccuracies in the rainfall data, the flow data, or perhaps both significantly limit its 
usefulness in determining the most accurate direct runoff method. 

• There is not a way to determine the most accurate method prior model enhancements 
without installing a significant number of rain gages, waiting for the monitoring data, and 
impacting the desired schedule. 

• Use of the model for hindcasting flows and loads will be limited in accuracy by 
(presumably) the NEXRAD-derived rainfall data. 
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