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Project Background
 Pennsylvania is working on developing and implementing 

environmental flow criteria for long-term sustainable 
management of water in PA’s rivers

 Objective:  To develop a tool that will simulate a baseline 
daily flow time series (1960-2008) for ungaged stream 
locations within PA
• Define set of index gages 
• Link ungaged stream locations to 

an appropriate index gage using 
map correlation method (Archfield 
2010)

• Simulate baseline streamflow 
conditions at a daily time step 
using QPPQ approach
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Defining Index Gages

 Initial criteria:
• Minimal regulation/water use/mining
• 15% maximum urban development (was relaxed)
• 15-year minimum period of record during period of 

1960-2008 (was relaxed)
 Record was extended, if necessary, to include 

1960-2008 using MOVE1

 A composite of the upstream land cover/basin 
characteristics that can be used to represent other 
watersheds with similar characteristics
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Index Streamgage Watersheds used in 
Map Correlation Method

157 gages selected as index streamgages in 
PA, NY, MD, WV, OH
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Map Correlation Method

 Introduced by Archfield 
(2009) for use in selecting 
index gages

 Based on geostatistics
 Develops correlation map 

for each index gage based 
on cross-correlation of 
streamflows at the index 
gage and all other index 
gages

 For any ungaged location, the index gage with the 
highest correlation for that particular point is selected as 
the best correlated index gage



6 of 20

Map Correlation Method – Use in PA

• Correlating flow 
exceedances vs. logs of 
streamflows

• Basin centroid distance 
vs. basin outlet distance 

• Spatial anisotropy

 Compare map 
correlation results to 
traditional closest gage 
method

Location of pilot basins used to test 
map correlation method in 

Pennsylvania

 Tested method in 2 pilot basins
 Opportunities for potential improvement of method:
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Pilot Basin Analysis -- Streamflow 
Correlation
 Log of streamflow vs. exceedance 

probabilities
• Correlation of exceedance probabilities 

allows for zero values
• No real difference in results between the 

correlations

 Correlation using distance between basin outlet vs. distance 
between basin centroid 
• Improvement when distance between basin centroid is used in correlations
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Example of Anisotropy (directional 
variation)

Correlation map 
with anisotropy

Correlation map 
without anisotropy

Result:  
no overall 
improvement in 
gage selection
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Comparison of possible improvements to 
map correlation method and traditional 
distance methods

Correlation of flow exceedances using centroid 
distance was chosen for use with the map correlation 
method in PA
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Overview of QPPQ Approach

Estimates streamflow at ungaged 
site by equating daily flow 
durations

Source: modified from S.A. Archfield

INDEX GAGE

UNGAGED SITE

1. Selects index gage 
2. Determines flow exceedances from 

index gage for selected period

3. Equates the exceedances at the 
ungaged and index gage site

4. Fills in hydrograph at ungaged site 
using dates and exceedances from 
index gage
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Estimating Flow Duration Curve using 
Regression Equations

 Statewide basin-characteristic-derived regression 
equations developed for
• P99.9944, P99, P95, P90, P85, P80, P70, P60, P50, P40, P30, 

P20, P15, P10, P5, P1, P.0056

 Developed using WLS
 Significant basin characteristics:  drainage area, longitude, 

depth to bedrock, drainage run-off number, maximum daily 
temperature, mean annual precipitation, percent urban, 
percent carbonate bedrock

 Standard errors of prediction range from 11% to 93%
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Estimating Flow Duration Curve using 
Regression Equations – con’t
 17 points along flow duration curve are 

determined from regression equations

 Remaining flow duration 
curve filled in using 
interpolation
• Log-linear interpolation 
• Log-log interpolation
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Interpolation Between Exceedances

Log-linear 
interpolation:  
Hooks at 
ends

Log-log 
interpolation: 
Upper end is 
smoothed out
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PA Baseline Streamflow Calculator
 Based on code developed by Archfield (2009) for the 

MA Safe Yield Estimator
 Converted code to VB.NET 
 Region basin characteristics downloaded from 

StreamStats or entered manually
 Uses map correlation method to select index gage
 Returns daily values for period from 1960-2008, flow 

exceedances for period, and summary report
 Currently in testing phase
 Resulting daily values must be adjusted manually for 

water use
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PA Baseline Streamflow Calculator
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Reference Streamgage Report

 Compares basin 
characteristics from 
reference gage and 
ungaged location

 Lists the top 5 most highly 
correlated reference gages
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Data Tables
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PA Baseline Streamflow Calculator Report
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Uses of PA Baseline Streamflow 
Calculator
 Assess streamflow correlation 

between gaged stream and 
ungaged stream

 Select reference streamgage
 Estimate daily flows at 

ungaged location 
• Daily flows can be entered as 

input into many different 
statistical software packages 
• Frequency statistics such as 

7Q10
• Non-interpretive statistics such 

as monthly and annual flow 
exceedances; means
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Thank you


