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VIPER

..a tool for developing 
forecast equations and a 
platform for executing 
operational forecasts 
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Visually Interactive Prediction and 
Estimation Routines

..not just another great hydrologic acronym



Why use VIPER?

Old tools are clumsy
or dusty

Expert developed
Statistically sound
Analytically robust
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Key Features
Excel Platform
Graphical output
Predictor search routines
Predictor time optimization
Report generation
Exporting to GIS
Saving and managing forecast equations/models
Configuration management
Automated data acquisition from web
Data management and editing
Forecast coordination and management
Downstream relational forecasts



Statistics – PCA 
∑
=

=
n

j
jj XePC

1
11

∑
=

=
n

j
jj XePC

1
22

Principal Components Regression –
Commonly used in situations where there are many intercorrelated

independent variables.

Principal components regression is just like standard regression except 
the independent variables are principal components rather than the original 
X variables.

Principal components are linear combinations of the X’s.

The weights on variables within a given PC will be relatively large on some 
and noticeably smaller on others.  A large number of variables can be 
reduced to a few PC’s that still explain most of the variance in the data set.



Statistics – Z-score 

Z-score regression –
A regression methodology that, within reason, can handle 
uneven record lengths and missing data. 

It groups stations into indices, emphasizing good stations, 
minimizing the effect of poor stations. 

Multiple signals can be managed (e.g. snow, fall precip, 
baseflow). 

Can be abused especially if the input data set is highly uneven.



Statistics – Z-Score Regression



Statistics – PCA vs. Z-Regression

With Z-score, still need enough years to get 
good estimate of mean and standard 
deviation
PC does “grouping” implicitly, Z-score 
explicitly
PC and Z-score often give similar forecast 
results, but coefficients differ
Z-score assumes you have good 
representation of each main signal



‘nuff Stats – What’s it look like?



What’s it look like?



Getting Started

VIPER data input
Database access (NRCS corporate database)
USGS database
CSV files



Getting started – USGS data

Feature will retrieve monthly volumes for 
stream gaging stations.
Search by state, preferably station ID to 
reduce retrieval time



Getting Started
Define forecast point
Set-up station groupings for Z-score



Z-score Groupings



Load data

From your directory 
select csv files
Checkbox activates 
variable in equation



Choose Z-score or PCA

Choosing PCA gives results for both
Final Equation uses the analysis 
chosen here



Select Time Periods 

Variables are defined 
as cumulative of 
instantaneous in their 
element type
i.e. selecting a PRCP 
site will accumulate 
precip over the time 
period selected



Target and Predictor Variables

18 Predictors 
on Front Page
12 additional 
available



More Predictors



Predictor correlation

Are there outliers?

Is it linear or need to be transformed?



Predictor correlation



Predictor period of record

The bar plot not only shows you the relevant 
correlation, but also data gaps.

Here you can decide: Z-score or estimate 
missing data to use PCA
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Z-score Groups

Z-score group correlation and predictions 



Model Performance



Forecast Volume

Forecast volume, exceedence forecasts, and 
standard error for the forecast period
….How do I improve the forecast equation?

OPTIMIZATION!!



Time Period - Optimization
Maybe you know Hetchy precip
should be a predictor of Apr-Jul FNF

But, what timeframe?
Oct-Mar?
Jan-Mar?
Last November??

Time optimization varies stations 
within groups one at a time, looking 
for the optimal combination. 

It does not have a fancy search 
algorithm, it tries all combinations.



Station Optimization
Great, now 30 options for variables –
now what?
Answer – Use station optimization 
function.





Model Evaluation - Equations



Model Evaluation – Variables used

Choose what stays and what goes
using your “hydrologic expertise”

Recognize useful variables

…and others not so much



Detailed Results

Calculated results for
Each year in your dataset

# of PC’s used
Model standard error and
Jackknife standard error



Continue VIPERing

Continue Optimization process until you are 
“satisfied” with an equation that is:

Statistically valid 
Simple and easily explained
Physically meaningful
Operationally useful



Now you can

Save and publish the equation
The equation is published on the equations 
worksheet



Operational Function of VIPER

Once equations are developed, you can 
execute!! – although clumsy for non-NRCS 
users



What else does this have?

Ability to edit NRCS database data
Archive old forecast equations
Save configurations
Execute, review, and publish NRCS forecast

ALL OF WHICH ARE BUILT INTO VIPER, BUT 
ONLY PERTAIN TO NRCS SYSTEM



Dangers

Easy to add irrelevant data

Optimization process does not 
replace your hydrologic 
expertise.

Z-score easily abused

Boss may want you to re-work 
forecast procedure… ….often.
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Other applications

Estimating missing data

Identifying station groupings for indices



Summary

VIPER is a new powerful tool which the 
NRCS developed to make BETTER forecast 
equations, easier and faster.

A tool similar to VIPER which is capable of 
interacting with CDEC would provide 
everyone access to a powerful forecasting 
tool.



Statistics – PCA 

Principal components analysis is a standard multivariate 
statistical procedure
Can be used for descriptive purposes to reduce the 
dimensionality of correlated variables
Can be taken a step further to provide new, non-
correlated independent variables for regression
PC’s taken in order, subject to t-test and sign test
Final model is expressed in terms of original X variables


