


Show him your card!



NRCS Water Supply Forecasting Technology

Tom Perkins, Tom Pagano and David Garen

USDA Natural Resources Conservation Service
,,,..-—- National Water & Climate Center




United States Department of Agriculture USDA 0 N RCS
Natural Resources Conservation Service = Y




Apr-Jul stream flow % avg

United States Department of Agriculture
Natural Resources Conservation Service

Current Snowpack

South Fork Rio Grande, Colorado

south fork of rio grande at south fork

USDA

ONRGS




United States Department of Agriculture USDA

Natural Resources Conservation Service

ONRGS

Philosophy of
technology
development

VIPER

Daily Update
Guidance




United States Department of Agriculture USDA N RCS
Natural Resources Conservation Service

echnology Development
Platforms: Microsoft Office - ArcMap - Object Modeling System
Forecasters capable of developing rapid prototypes in VBA

Joint development with contractors to develop operational
applications from prototypes (e.g. VIPER)

Dedicated server available for automated products
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VIPER features

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

Production of final water supply outlook report
IS only remaining tie to legacy software

ONRGS
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The General Linear Regression
Model

Y =Db, +Zn:bi X,
Eil

where:
Y = dependent variable
= Independent variables
b, = regression coefficients
n = number of independent variables
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The Problem
Y =b,+ D b X
1=1

If X’s are intercorrelated, they contain redundant
information (collinearity), and the b’s cannot be
meaningfully estimated.

However, we don’t want to have to throw out most
of the X’s but prefer to retain them for robustness.
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The Solution

Y =Db, +Zn:bi X,
Eil

Possibilities:

1) Pre-combine X’s into composite index(es),
e.g., Z-score method

2) Principal components regression

These are similar in concept but differ in the
mathematics.
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Uneven record lengths Overlapping record [T
Mt. Rose Apr 1 Snowpack (1910-2006)
Some stations Mt. Rose Water Year Precipitation (1981-2005)

have many years
Others have fewer

Typical regression
requires completeness

The choice in this situation has been:
Use fewer stations or use fewer years
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Why this is a problem

To use new, younger stations,
older information has to be “forgotten”.

Otherwise, a station must exist
for a long time before becoming useable.

If one piece of data is missing In realtime
then no forecast at all i1s available,
even If 95% of the “information” is there.

ONRGS
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What does z-score regression do?

1. Combines predictors into weighted indices,
emphasizing good stations, minimizing bad ones.

2. Compensates for missing data with remaining data.

3. Regresses index against target predictand
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What Is a z-score?

A z-score is a “normalized anomaly”:
Z =value - average
standard deviation
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What Is a z-score?

A z-scoreis a “normalized anomaly”:
Z =value - average
standard deviation
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Z = (90 — 60)/15 = +2
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What Is a z-score?

stdev

Z-scores

Stations are now on an “even footing”
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The use of “groups” (aka components)

In the case of multiple signals,
stations with a like signal (e.qg. fall precipitation)
are combined by the user
Into their own respective “group index”,
weighted by their combination with flow.

All the group indices are then
combined into a “master index”,
weighted, again, by their correlation with flow.

The master index is regressed against flow.
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How good are the results

Under conditions of serially compete data,
and relatively “normal” conditions
PCA and Z-Score are effectively indistinguishable

Skill and behavior is similar to the official published outlooks

However...
Any tool Is a weapon
If you hold it right.
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Summary

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.
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Principal Components Analysis

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.
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Principal Components Analysis

Principal components are calculated from eigenvectors
that are derived from a matrix equation whose input is the
correlation matrix of all the X’s with each other.

The eigenvectors (weights) are based solely on the
Intercorrelations among the X’s and have no knowledge
of Y (In contrast to Z-score, for which the opposite is
true).

Principal components are new variables that are not
correlated with each other.
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Principal Components Analysis --
Example

Independent Variables:

X, — X Snow water equivalent at 5 stations
Xe— Xp  Water year to date precipitation at 5

stations
X11 Antecedent stream flow
X1o Climate teleconnection index

Pacific Decadal Oscillation (PDO)

Southern Oscillation Index (SOI)

Nino 3.4 Sea Surface Temperature Index (NINO34)
Tni Climate Index (TNI)
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Correlation Matrix

X, X, Xg X, Xe Xg Xy Xg X
1.0 72 67 .76 .81 54 31 54 .38
1.0 67 .45 .80 .62 .45 .47 .31

1.0 49 .72 .84 .76 .86 .68
1.0 .62 .42 .26 .36 .56
1.0 62 .49 51 .44

1.0 93 .87 .83

1.0 .82 .85
1.0 .74
1.0
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% var.

PC,

0.265
0.249
0.335

0.229
0.287
0.339
0.308
0.317
0.304
0.330
0.235
0.232
62.7

PC,

0.444
0.325
0.016

0.353
0.332
-0.168
-0.329
-0.197
-0.240
-0.197
-0.349

PC,

0.004
-0.483
-0.178

0.456
-0.148
-0.162
-0.150
-0.114
0.299
-0.197
0.351

PC,

0.074
-0.030
0.149

-0.595
0.120
-0.106
-0.058
0.027
-0.313
0.072
0.168

0.262 0.473 0.675

15.8

7.8

3.8

PC.

-0.104
0.315
-0.314

-0.009
0.412
-0.040
-0.015
-0.261
-0.103
-0.129
0.692
-0.212
3.2
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Principal Components Regression
Procedure

e Try the PC’s in order
* Test for regression coefficient significance (t-test)
e Stop at first insignificant component

* Transform regression coefficients to be in terms of
original variables

e Sign test — coefficient signs must be same as
correlation with Y
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Daily Update Guidance
http://www.wcc.nrcs.usda.gov/wsf/daily forecasts.ntml

Began October 2005 at request of Rio Grande
water users.
Now, 148 forecast points running daily.
(several in Montana & Wyoming)

Like the official seasonal forecasts except
totally objective, updated daily, and uses only
snotel data.

Calibration highly automated and fast
Forecaster specifies input/output stations

ONRGS
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Daily Update Guidance
http://www.wcc.nrcs.usda.gov/wsf/daily forecasts.html
Skill and performance:

“Reliability” excellent
(e.g. when it says there’s a 70% chance of exceeding,
It exceeds 70% of the time)

Skill comparable with official outlooks...
Westwide April 1 2007 forecast error as % 1971-2000 normal:

Average Median

error error
Official
Forecasts 14% 11% Automated daily forecasts are
comparable to the official,
Daily 1904 10% coordinated forecasts in accuracy

Forecasts
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Daily Update Guidance
http://www.wcc.nrcs.usda.gov/wsf/daily_forecasts.html

Requests for future development:

Include more information about inputs in final outputs

(i.e. a multi-station basin snow/precip time series plot)
Use Canadian data
Use antecedent fall stream flow data/climate indices

Forecast residual (use observed flow to date)
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