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Presentation Notes
Thank you for the opportunity to talk with you.  The photo that you are looking at is of the flooded Mohawk River at Cohoes, NY (USGS station 01357500) at Mohawk Fall, New York.  In the foreground, circled in yellow, is a USGS streamgage.  This devices reports the water level of the river and permits the USGS to compute the flow of the river at that point



Regionalization 
• Historically applied to flow statistics (e.g. 100-year 

Flood Flow, 7Q10, Annual mean, August median, etc.) 
• Regression links flows to basin characteristics 
• Cross-correlation and auto correlation requires unit 

software 
• Equations are developed for sub-state regions based 

on hydrology, geology, climate 
• “Extends” data through time and space by pooling 

information from several sites 
• Provides estimates at ungaged sites 
• Methods for transfer of timeseries under development 

 
 
 

Presenter
Presentation Notes
Regional Analysis:Enables the transfer of flow characteristics from gaged stations to ungaged sites simply by determining the basin characteristics for the ungaged site and using the regression equation developed for the region.Also used to obtain a second estimate of a flow characteristic at gaged sites to develop a weighted estimate.  This is often used to when a gage has a short record.AndAllows us to overcome spatial scarcity of the data and to “extend” data through time by pooling information from several sitesHistorically regionalization is applied to estimate streamflow statistics.  We are now working to apply it to transfer entire timeseries (such as a timeseries of annual, monthly, or daily flows.Information from StreamStats can be used by:Engineers - to design bridges, culverts, and other infrastructure, and flood-plain managementWater and Land Managers – for water rights adjudications; water & land-use planning; and for in-stream flow, fish passage, & habitat studiesWater quality regulators – for determining low flows in stream, and whether streams are perennial or intermittent streams.  This information is needed setting of Total Maximum Daily Loads (TMDL’s) and point-discharge permittingSampling network designers – To assure that sampling networks cover an adequate range of desired flows and basin characteristics



Example Regression Plot 
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DRAINAGE AREA, IN SQUARE MILES 

Relation Between the 100-Year Peak Flow and 
Drainage Area for Streamgages in and near 

Delaware 

PK100 = 363DA0.7396 
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Presentation Notes
Regression is a statistical  tool for curve fitting.  Though there are different optimization schemes, most regressions are done to minimize the sum of the squared deviates along the y-axis between the regression line and the data. There are several important assumptions that are implied by use of regression.  The most important concerns the independence of the input data.  It is assumed that all inputs are independent, identically distributed datasets.  In hydrology, however, data are rarely independent.  Strong cross-correlation (site to site correlation) and strong auto-correlation (correlation from observation to observation within or at a site) are common.  Robust methods exist  for dealing with cross-correlation based on generalized least squares concepts and USGS regression studies make use of them.  The “weighted regression” program (W-Reg) developed by Ken Eng of USGS NRP is the mainstay of our regionalization efforts.



Example Regression Plot with Regions 

10

100

1,000

10,000

100,000

0.1 1 10 100 1000

10
0-

YE
AR

 P
EA

K 
DI

SC
HA

RG
E,

 IN
 C

U
BI

C 
FE

ET
 P

ER
 S

EC
O

N
D 

DRAINAGE AREA, IN SQUARE MILES 

Relation Between the 100-year Peak Flow and Drainage 
Area for Streamgages in and near Delaware 

Coastal Plain

Piedmont

PK100 = 214.6DA0.6957 
R2 = 0.5701 
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Presentation Notes
One important process in regression analysis is the use of sub-division of data based on geographic clustering.  In our case, we typically divide do regionalization studies on a state bases,  Then we subdivide the state based on an examination of residuals and clustering and try to associate those clusters with important geographic divisions such as physiographic provinces, geology, soil-type, or basin boundaries.  That process usually results in splits of the data and multiple equations for any state.



Example Regression Equation 

PK100 = 1.91DA0.980SL0.636P0.536 

where 
o PK100 is the 100-year (1-percent chance) 

flood, in feet3/second 
o DA is Drainage Area, in square miles 
o SL is mean channel slope, in feet/mile 
o P is mean annual precipitation, in inches 

Citation: Lumia, Richard, Freehafer, D.A., and Smith, 
M.J., 2006, Magnitude and Frequency of Floods in New 
York: U.S. Geological Survey Scientific Investigations 
Report 2006–5112, 152 p. 
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Presentation Notes
This slide provides an example equation for estimating the 100-year (1-percent probability) flood for a region in Idaho.  The equation uses drainage area, mean basin elevation, and mean annual precipitation as explanatory variables.  This equation and nearly all other currently applicable USGS regression equations are compiled in a USGS-developed desktop program named the National Streamflow Statistics program (NSS), which StreamStats uses to estimate the streamflow statistics at ungaged sites.

http://pubs.usgs.gov/sir/2006/5112/
http://pubs.usgs.gov/sir/2006/5112/
http://pubs.usgs.gov/sir/2006/5112/
http://pubs.usgs.gov/sir/2006/5112/


Click on any point on  
the stream network 

 

• Web-based application 
• Provides GIS-piloting to site of interest 
• Automatically measures basin and climatic characteristics using GIS 
• Provides at-site streamflow statistics for gaged sites 
• Solves regional regression equations to estimate statistics for ungaged sites 
• GIS DEM and other measurement tools 

 

Delivering the Data -StreamStats 

Presenter
Presentation Notes
Delivering the Data – StreamStats:Users need different types of data.  While many users (think dam or water-treatment plant operators) need information about current or past streamfow magnitudes and timing, many engineering and regulatory uses are based on extracted (means, minimums, maximums, etc.) or interpreted statistics (1-percent chance annual flood, 7Q10) folks.  And as often as folks use data for sites co-located with the streamgage, many more need data at ungaged sites.Led by Kernell Ries, USGS OSW, StreamStats is a system for delivering streamflow statistics at gaged sites and estimates of those streamflow statistics at ungaged sites.  The ungaged site data is estimated through regional regression relationships that estimate streamflow statistics from basin characteristics.  The system is a web-based GIS product that will delineate the basin boundaries and estimate the streamflow statistics.  Most of the statistical characterization work, particularly the interpreted statistics, are produced in cooperation with State agencies such as the state DOTs, DWRs, and DEQs.  An important aspect of the CWP is to help support such work which we regard as an essential extension of the streamgage network.



• 27 states fully 
implemented, 
including 
network 
navigation  

• 10 states in 
implementation 
process 

• SC and GA start 
in fall of 2012 

StreamStats – Implementation Status 
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Presentation Notes
StreamStats – Implementation Status:Most of streamflow estimates provided by StreamStats are based on regional regression equations.  This work is almost always in cooperation with state agencies.  The USGS now has a database of more than 5,000 regional regression equations that covers all of the states.  Those data are available from the USGS National Streamflow Statistics (NSS) program.  StreamStats links NSS with a web-based GIS program to solve the regression equation and present the results to the user. To date, StreamStats has been fully implemented in 27 States, with an additional 10 States in the process of being implemented.  The implementation process is being conducted in cooperation with state agencies.



StreamStats Funding 
• Development team primarily funded 

through NSIP 
• Dev. team FY12 budget = $436,500 
• WSCs assed for computer infrastructure 

FY12 total = $166,400 
($5,200/state)Implementation work by 
WSCs funded through cooperative 
agreements 
o Total cost since inception (2001) at least 

$9.3M 
o Cooperator share at least $6.2M 
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Presentation Notes
The StreamStats development team receives most of its funding from the National Streamflow Information Program (NSIP).  This funding is used to set up the applications for individual states after the team receives their data, and to further develop the application.  Funding also is provided from annual charges assessed to each Water Science Center with an implemented StreamStats application to pay for the computer infrastructure needed to operate StreamStats.  The fiscal year 2012 assessment was $5,200 per implemented state.StreamStats has been a substantial driver of cooperative programs.  Since it’s inception in 2001, funding from WSCs for implementing StreamStats has totaled at least $9,300,000, with cooperators paying at least $6,200,000 of the total.
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• Drainage Area Ratio 
• QPPQ –Flow Duration Curve Transformation 
• Precipitation Runoff Modeling System 

 

Three Models: 

WaterCensus Daily Flow Estimation 
Model Comparison 

Presenter
Presentation Notes
The WaterCensus Program, NSIP, and OSW are engaged in developing methods for transferring of synthesizing streamflow time series.  Led by Julie Kiang of OSW, the project seeks to evaluate the suitable of three models or model types:  simple drainage area ratio analysis, QPPA, and PRMs.The drainage area concept is straight forward.  It uses the drainage area ratio as the transfer scaling mechanism.  The timeseries data at the index sites divided by the drainage area of that site and then multiplied by the drainage area of the site of interest.



 

Estimating streamflow at an ungaged site 
We propose a two-part method to estimate continuous daily 
streamflow at ungaged sites: 

 

1. Estimate a flow-duration curve for the ungaged site 
2. Transform the estimated flow-duration curve into a time series 
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Solve the regression 
equations 

Estimate flow-
duration curve 

We will use regression equations that relate 
measurable basin characteristics to flow-

duration-curve statistics 
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We will then convert the estimated 
flow-duration curve into a time 

series of streamflow 

Area = XX.X mi2 

ln(Q50) = a1 + b1 * (ln(Area)) 
ln(Q60) = a2 + b2 * (ln(Area)) 
ln(Q70) = a3 + b3 * (ln(Area)) 

OR 

ln(s2) = a3 + b3 * (ln(Area)) 
ln(m3) = a3 + b3 * (ln(Area)) 

ln(Q) = a3 + b3 * (ln(Area)) 
_ 

Estimate basin 
characteristics 

Estimate hydrograph 

QPPQ TRANSFORM 
REQUIRES BOTH SYNTHETIC 

 AND INDEX GAGE DURATION CURVE 
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The QPPA process uses the streamflow duration curve as transfer mechanism.  The streamflow duration curve is a statistical presentation of a streamflow record in which the basic observation units for the index site (typical daily average discharge) are sorted and counted based on discharge bins.  The counts for each bin are converted to percentages and the percentages are plotted against the bin discharge.QPPA assumes that there is someway of getting the duration curve for the ungaged site, usually a regional regression equation.  The duration curve for the ungaged site is them aligned with the duration curve for index site and the flow timeseries are transferred over.
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Southeast Model 
Comparison 
Study 

 
• Study Domain 
• 182 gages 
• “natural” 

conditions 

Basins 

ACF 
Tennessee 
Altamaha-Suwannee 
Choctawhatchee-Escambia 
Mobile-Tombigbee- 

Alabama 

Presenter
Presentation Notes
The study has been nearly completed for the southeast study area.
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In “ungaged mode”, statistical estimates of flow are outperforming rainfall runoff model estimates. 
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Our plan going forward is to look for ways to combine the two approaches so that rainfall runoff models can be used in ungaged mode.  This will allow more flexibility in doing scenario studies for changing land use, climate, etc.In the meantime, we want to see if the result still holds true in other parts of the country with different hydroclimatology, for example snow-dominated regimes.  So we’re still going to do some limited testing in the Western U.S. to compare stats models and rainfall runoff models.



Questions? 

Presenter
Presentation Notes
I am happy to take any questions?
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