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Overview

• Motivation

• Considerations

• Stage-area Ratings

• Index-velocity Ratings

• Summary

• Questions and Answers



Some Terms

• ADVM

• EDA

• I-V

• S-A

• NWIS

• Averaging 
Period

• Measurement 
Interval

• Blanking 
distance

Acoustic Doppler Velocity Meter

Electronic Data Archive

Index Velocity

Stage-Area

National Water Information System

Time that velocity is measured & averaged to 
compute a single value for velocity

The time between two successive velocity 
measurements.

The distance from the transducer face within 
which no velocity measurements are made



Motivation: Need for Clear Guidance

• Published T&M in 2012;  

contains many examples 

of  documentation for 

both S-A & I-V ratings; 

including example 

Station Analyses

• Does NOT explicitly 

state minimum 

requirements for rating 

documentation



Motivation

• Ratings are NOT created in NWIS; therefore standard 

NWIS outputs do not provide necessary documents on 

rating development.

• I-V method is new & therefore no standard protocols



Motivation

• Ratings are usually created using AreaComp2 and 

Microsoft Excel or similar tools



Motivation: Stage-Area Examples

• Location of  standard cross-section not in station 

description or elsewhere

• Standard cross section not used

• Survey notes are not in EDA



Motivation: Index-Velocity Examples

No line fit plot
Axes not labeled
Rating not identified



Motivation: 

I-V Examples

No line fit plot
No residual plots
No equation for the rating



Motivation: Index-Velocity Examples

Trend-line only

No regression statistics



Considerations

• Stage-area and index-velocity ratings are developed 

OUTSIDE of  NWIS; but NWIS used to compute Q

• USGS is transitioning to Aquarius software

• Aquarius software will not include the I-V rating tool in 

the first release.  (1st release AQ will handle existing ratings)

• Assume that AreaComp2 is being used for S-A rating 

development; though Aquarius may have that capability

• Therefore, policies must be general enough for both 

the present and the future, but be as specific as possible
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• Stage-Area Rating 

Documentation

• Index-Velocity Rating 

Documentation

• Additional 

Documentation



S-A Ratings: Standard Cross Section Data

• Data used to develop S-A rating must be available in 

the EDA. ADCP data files (*.mat or *.txt files), level 

notes, etc.

• Data also may be summarized in spreadsheet or some 

other rating analysis tool

• Station Description must contain:

– Exact geographic location of  the standard cross-section

– Description of  the methods used to perform the survey; e.g. 

level and stadia, ADCP, tagline and soundings



S-A Ratings: Standard Cross Section Data

Stage Area rating #2 was created using ADCP transect file 
xxxxxRiver_20110803_005 and generated using AreaComp. The cross-section is 
located between RM2 (behind the gage) and a 1.5 inch aluminum pipe pounded 
directly across the channel from the station (done to allow for easy re-verification 
of the standard area cross section). Area rating #2 is used beginning with WY 
2011.



S-A Ratings: Rating Information & Output

• Station Analysis must clearly state:

– when the data were acquired, 

– the tool used to develop the rating (e.g., AreaComp2), 

– the NWIS rating number, and 

– the applicable range of  dates and stage

– current S-A rating should be documented IF methods change 
among surveys

• EDA must have:

– The output of  AreaComp2 (or equivalent), which consists of  both 
the stage-area rating table and final cross-section table

– A saved copy of  the AreaComp2 *.act file



S-A Ratings: Rating Information & Output



S-A Ratings: Rating Information & Output

• Analyses of  the stage-area rating validation measurements 

must be documented in the Station Analysis. Must 

include:

– brief  description of  the data acquisition (where, when, and how),

– comparisons of  computed area over the observed range of  stages 

and cross-section shape (see Appendix 5 of  T&M).  

• EDA must contain validation data (ADCP files, survey 

notes, AreaComp output and *.act file).  

• A plot of  the validation cross section data with the prior 

cross section data for the existing rating is recommended.



Stage-Area Ratings – Example Validation

Validation info must be in station 
analysis

Example show it in Excel



I-V Ratings:  Measurement Summary

• Station Description must contain current ADVM 

configuration information. The following information 

must be present:

ADVM acoustic 

frequency

Mounting 

info

Location in the water 

column (gage datum)

Measurement volume beginning 

& ending distance

Averaging 

period

Measurement 

interval
Salinity (tidal sites)

Multi-cell data (number and size 

of  cells, cell-size, blanking 

distance)



I-V Ratings:  Measurement Summary

• EDA must contain a table (worksheet) of  every Qm for 

the current ADVM configuration

Required Parameters
Qm number Qm date Qm start/end time Synchronized stage

Measured 

discharge

Rated area (Arated) 

for the synch. stage

Synch. index velocity for 

the Qm time

Measured mean 

velocity (Q/Arated)

Sites with Shifts

Optimal shift Applied shift Shifted velocity Shifted discharge
% diff. of  shifted 

Q from rating

Optional Parameters

Rated Q
% diff. of  measured 

Q from the rating

Multi-cell velocity 

data
Qm rating (G, F, P) Qm comments



Steps in I-V Rating Development



I-V Ratings: Graphical Data Analysis Results

Documentation for Graphical Data Analysis Requirements

1. Plot of  index velocity (x) and measured mean velocity (y) Required

2. Plot(s) of  multi-cell index velocity data (x) and measured 

mean velocity (y)
Strongly encouraged

3. Plot of  Y-velocity (sidelookers) or Z-velocity (uplookers) 

component (x) and measured mean velocity (y)
Strongly encouraged

4. Plots of  other explanatory variables such as stage (x) and 

measured mean velocity (y)

Required for multiple 

linear ratings



I-V Ratings: Graphical Data Analysis Results



I-V Ratings: Graphical Data Analysis Results



I-V Ratings: Regression Analysis Results

• Results for final rating must be stored in EDA and 
clearly identified

– The regression analysis documentation must contain the 
regression software output with regression statistics, the 
regression residuals, residual plots, and line fit plots.

– Required regression statistics: number of  measurements, the 
coefficient of  determination (R2), the standard error of  the 
estimate, and the equation coefficients, and their associated p-
values

• Results of  any other preliminary regression analyses 
must be kept in the EDA



I-V Ratings: Regression Analysis Results

Simple Linear Regression

Multiple Linear Regression



I-V Ratings: Regression Analysis Results

Graphical Documentation for Regression Analysis Requirements

1. Line fit plot of  index velocity (x) and measured mean 

velocity (y), showing Qms and rating line.  (new line fit 

plot or augmented plot)

Required

2. Plot of  rated mean velocity (x) and measured mean 

velocity (y) 

Required for MLR; 

strongly encouraged for all

3. Plots of  index velocity (x) and regression residuals (y) Required

4. Plots of  other explanatory variables such as I-V * stage 

(x) and regression residuals (y)
Required for MLR

5. Plots of  Qm date (x) & regression residuals (y) Required



I-V Ratings: Regression Analysis Results

Regression statistics & 
Line fit & residual plots



I-V Ratings: Regression Analysis Results

Required for multiple linear ratings; 
strongly encouraged for all ratings



I-V Ratings:  Rating Information & Analysis

• Station Analysis MUST contain:

– The rating number (in NWIS), measurement numbers and 
range in discharge of  measurements used to develop the 
rating, justification for any measurements excluded from 
rating development, rating equation(s) or points used to 
define the rating, and the applicable dates and velocity ranges 

– Rationale for rating and description of  rating development 
process (what variables were investigated, why was this rating 
chosen)

– For previously developed rating:  information on that rating 
and the measurements that confirm the rating

– Justification of  shifts



I-V Ratings:  Rating Information & Analysis



I-V Ratings:  Rating Information & Analysis

Regression/Rating analysis documented in 
station analysis

This example also in Excel: nice addition



I-V Ratings:  Validation Results

• EDA must contain plots generated during Step 3 
augmented with rating validation Qms as they are 
made.  

– Qms used to develop the initial rating may be plotted on 
these graphs using a unique symbol at the discretion of  the 
hydrographer.  

– Use rating validation plots to evaluate rating bias, inherent 
noise, and to determine whether more complex ratings are 
needed.  

• Station Analysis must contain summary of  the 
validation results.



I-V Ratings:  Validation Results

Line Fit & Validation Qms



I-V Ratings:  Validation Results

Index velocity & residuals



I-V Ratings:  Validation Results

Date & residuals



I-V Ratings:  Validation Results



Index-Velocity Ratings

• Suggested Additional Documentation (store in EDA)

– Photographs of  the site including the measurement section(s) 

and the standard cross section used for the stage-area rating.  

– Ancillary data, such as multi-cell velocity data or any other 

information that were used in rating development or 

validation.

– Hydrograph comparisons or plots with discharge from 

nearby or similar streamgages, if  applicable.



Summary Table – Stage-Area



Summary Table – Index-Velocity



Example Documentation

http://hydroacoustics.usgs.gov/indexvelocity/IVRatingDocumentation.shtml



Questions?


