VIPER
NRCS’ Newest Forecasting Tool

....a snow surveyor does forecasting

Adam Mazurkiewicz
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‘ Cr edlts LUSIA Natural Resources Conservation Service
s National Water & Climate Center

= Project Coordinator
%+ Tom Perkins — Lead Forecast Hydrologist

= Technical Contributors
%+ David Garen — Modeling Hydrologist
+ Tom Pagano — Forecast Hydrologist
% Jim Marron — Resource Conservationist
+ Paul Jaeger — Programmer




VIPER

Visually Interactive Prediction and
Estimation Routines
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..atool for developing
forecast equations and a ”
platform for executing o

operational forecasts

..not just another great hydrologic acronym
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Why use VIPER?

Old tools are clumsy
o 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
PC, = &, X,
Principal Components Regression - =1
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.

n

Principal components are linear combinations of the X’s. PC2 — ZeZJ X j
j=1

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. c
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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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‘ Statistics — Z-Score Regression
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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
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‘nuff Stats — What’s it look like?
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‘ What’s it look like?

Microsoft Excel - ¥IPER 1.7.4_HH_v2.xls

B0 File Edit WYew Inssrt Format  Tools Data  eDNA | Wipsr | Window  Help
DEEHRS SR PE| NGB & Conforens. o - @ B T s zu===8
Y o= W iy T o = = - ﬂ - A& SavefCoordinate Forecast... F Real-Time History Config Reading | Start guto Update | Find Point ! @
- f Reports 3
A, | E | C | D | FCST File Operations 3 H | | | 0 | K | L | M [ N |

| 1| Type Target Optirize | optimize Time Perinds..

2 ﬂ [ v File =] [HH_target.csv

3 Type Predictors Advanced Regression Options... Optimize Skations...

4 vl L MorthiMidp. csw Manage Equations... 1000

5 vl MorthHighp. csy < Shatic Equati 1

B NV I8 Sauthiidp csv ave as Static Equation. .. 200 4

i E] SouthHighp.csw Sawve Forecast for Routing 3 00

g - - LowSnowp. c5v Review Forecasts. .. 400 1

9 E] I CSYFile x| lowsnow_focus_In.csy 200 +

10 r CS¥ File =M pCPoctMarDecayed).csy Impart/Export r 0 | ! ! ! ! |

11 Ev] £S5 Ffle W pep_index csv Yiew/Edit Recent Data 1910 1920 1930 1940 1950 1960 1970
12 | I cs¥File =l pep index_pinecrest.csy 100%

13 gt EI CSYFile =W pep index HHWP.csv Debug > a0 N
(EN 11 . > B PCPApriulBoost csv Wiper Options a0

15 E] ¥ 1| PCPAnnualdecay csv —— 70% 4

16 GER SV File =B pcpoctMarited.csv Hsomize MEm.. foe

17 §E El | ES¥ File =M repoctDecadw. csy 50%

18 LT 1 ol csvFile >l pcrwvesrwTED.cov 40%

19 |8 csv File ] pCpaanmar csv 30% -
| 20 g1d sV File v PCPOCtDEcREST cov 20%
121 | O] =) lcsvFie > [pcPeestapriulesy 10%

22 |Global month changes: Instantaneous | Apr F | Accumulated |Cct-1F 0% T T T T T T

23 [Station [ 1910 1920 1830 1940 1350 1960 1970
24 Correl 0.5 .94 0 P : o o
H—— Swvitch ;

25 Years BO/G0 O/6D 60/60 1600 M Forecast Ml I
26 CurrZ 0 0 0.0 o
27 Pctiarm 35% 0% U 1400

28 Pred b03.46 *

29 | Station | 12| 1200

an Caorrel 1 0.970 b
|31 ‘Years 50/60 g0/gn| 1000 s

= T A anT

WATER

POWER



Getting Started

VIPER data input

o Database access (NRCS corporate database)

a0 USGS database

o CSV files
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Getting started — USGS data

Feature will retrieve monthly volumes for
stream gaging stations.

Search by state, preferably station ID to
reduce retrieval time
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Getting Started

Define forecast point
Set-up station groupings for Z-score
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' Z-score Groupings

Ed Microsoft Excel - ¥IPER 1.7.4_HH_v2.xls

A2

File Edit  Wiew

Insett  Format

Data  eDNA

DEHISSR YE| SR F(9-0-18 -3 3 @ -a@fim

DI PEEE P EDN-1E |

G35 -

i3

z deskPDF! ! Real-Time History Corfig Reading | Start Auto Update | Find Eoint! HE B !

Type a question for help

B I U|S -o-A- B

==l x|

A

E

E

F

Station Name

Station 1D

Network

State

[TRRRSLRN R ERRNLRY EVREALRY u RAR L NR L R A N et Bt Bl el el Bl et Bl =t -

Name:
Element:
Networks:
States:
Source:
Count:

Last Updated:
Routed Type:

PRCP

FPRCP
HHWP, DWR
CA

CsY

10

10/1/08

HHppt
Cherryppt
Excppt
Grovelandppt
Pinecrestppt
Sonorappt
Yoserniteppt
Moccppt
Earlyppt
TuolumePPT

HHFPT
ChPPT
ExcPPT
GYDPPT
PCPPT
SNPPT
YOPPT
MoccPPT
EIFFT
TUMPPT

HHWP

2]

WATER

POWER



oad data

From your directory
select csv files

Checkbox activates
variable in equation

DEEHRIIRTE s LB ¥ -
KEF FE=cm@AssAR %]

- | B = - 4R | R[] oo

i deskPDF E

MyFcstObsB... foe
A | B | B | O | E | B | G 5
1 Type Target Start Enil
2 ﬂ |C5'u' File ;I | HH_target.csw ;l Apr vl Aug vI
3 Type Predictors Start Enil
4 =M C3v File = NorthMidp.csv ~ [ Apr B Apr hd
5 vl Sy File afloor ~Hapr =
B [k PolcavFle = CCTMARRODC, caw apr || apr -
| : QOCTMARRODC, xls
7 LR N sy F?Ie ZH ¢ adise cov Apr -} apr -
B8 T8 -RcovFle  ~B perannualdecay.cov Apr B Apr i
9 ] s|lcsvrile  =)| PCPapriuBoost.csv apr - || apr -
10 "B -l csvFile < PCPBestAprdul.csy Apr = =
11k E] Msvre = PCPJantarl, csv i = BN = i
- PCPOCtDecadw.csy p
12 0 )0 Ll Csv File =} pepoctDecBEST.csv Dec-l w|lapr
13 BURC IS [l cov File =l PCPOcMarDecayed. csy Dec-1 w || Mar =10
EEN 11 | N R Efgicotth;targsed-csv Apr ~ N apr -
16 | P2V ]E 5] C5v File 24 ppyivearTED cov Apr  xllApr T
16 18 B CovFle  ~B nop indes.csv Apr ~ B Apr -
17 BES 18 f csvFile = pep_index_B.csv Apr - H apr b3 14
18 (BT Ll csvFile = pep_indes_c.csy Apr || apr »| =
116 mi Cov Fle = || PePndes_extra.csy % = =
= = - pep_index HHWE csv pr Julg
20 CIf-@csvFle = pcp_index_HHWP_decremented_future_for_ap | Apr TR Apr X
21 E] =l |[CSvFile = pcp_?nﬂexpinecrest.csv Apr = || apr -
22 | Global month changes g;ﬂpeﬁ:eiﬁﬁtpf:: ch-1F -] | ulL bl
23 |Station = — (M0
24 Correl VRFH npk_cav_Ffiles, xls
Aac LY whi=l| B AFFRrbw raw

WATER

POWER



hoose Z—scgre or PCA
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= Choosing PCA gives results for both

= Final Equation uses the analysis
chosen here
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‘ 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

WS e a0 @EB2ss AdI%]

? deskPDF H R

| PCPWYearWTED .csv

MyFestObsB . - i3
A 5] | c | D | E | F [ G 5

1 1] Type Target Start End |
| 2 | | [cavFie =] [HH_target.csv e =leg =]

3 Type Predictors Start End

4 v NarthMidp.csv

& E MorthHighp. csv

3w § SouthMidp. csv

7 LBV SV File SouthHighp.csv

g | SV File LowSnowp. csv

g D lowsnow_focus_ln.csy

10 | PCPOCHMarDecayedl.csy

11 E E pep_index.csv

12 E pcp_index_pinecrest, csy

il 10 [ pep_index_HHWP . csv
|14 | ] PCPAprIulBoost . csv

15 ] PCPARMualdecay csv

16 | PCPOckMarwhed csv

17 §L E PCPOckDecadm, csy

18 EEI|

6 |

23 |Station

| 24 | Carrel
| 25 | ears
| 26 | CunZ
| 27 | PctMarm
| 28 | Pred
| 29 |Station

| 30| Correl
| 31 Vears
| 32| CunZ
133 |  PctMorm
| 34| Pred
| 35 | Station

| 36 | Correl
| 37 | Years
| 38 | CunZ
38 Pethorm
i i

1 ) =l lcsvFie ) [pcrBestapridl.cov

22 |Global month changes: Instantaneous | Apr F

PCPlanMarl, csv

PCPOckDecBEST. csv

1 2
0.927 0.942
60/60 60/60
0123 0.252

95% 90%
b03.46 568.63
i 8
0.541

60/60

-1.365

20%

428.10

¥ | Accumulated ™
4 Mar 6010
0:958 - g
60/60 glanv
0.028 ul

101% -
642.99 - 0]

10 12

0.970

60/60

0.827

1%

410.28

18 LY

WATER

POWER



‘ Target and Predictor Variables

= 18 Predictors
on Front Page

= 12 additional
available
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‘ More Predictors
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34 9995 1872 143 1977 1351 534 1953 StdErSs 0880 Nna3s A0 4AT _lﬂ
HistoricalFests  { Forecast £ SecondaryForecast 4 Configurations 4 Equations 4 FMT £ Averages £ Routin ExternalData 4 Dataviewer / (| r
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‘ Predictor correlation

Type aquestion for help - _ &

B
»-A- B

3@ - 0 ITie zu

B8 %
:IeskPDF! EgeaI-Time History Config Reading | Start Auto Update | Find Eoint! @ » !

s | 17 [ u [ v [ w [ x [ ¥ | Z | Aa [ AB | AC | A4l
Cross-Correlation 1600 -
X-Variable
) 1400 -
|Pred|ctor4 -
Transformation: | Mone = 1200 |
Y-Variable < 1000 -
Final Predictand - §
Transformation: |Mone  » g 800 1
]
£ 600 -
Slope BBS.7E7
Intercept | -35.8663 400 4
R 0.955
R 0.918
200
X Y
Original| 1.01963 0 ! | . ! |
Estimated 542991 0 0.5 1 15 2 25
o-E .
Are there outliers?
—+—Predictor 4 —#—Final Predictand
1600 -

Is it linear or need to be transformed?
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Predictor correlation

oL e

A

| ¢ [ D ] | F G Ho [ 1 [ 0 [ v [ L I »m [ w [ o | P [ @ [ R | =4
1 Type Target Start End 1BO0 4 —*— Dbserued
| 2 | j |CS\uI File ;”HH_target.csv i ;I Apr vlnug vI 1400 | Iﬁi’:td;it:;
3 Type Predictors Start End
4 V8 B csvrle  ~Bnorthiidp.csv i 1 1200 4
2] VI8 -f csvFile < B northHighp.csv [apr v 1000 1
B L[| ol csvrle )| soathMidp.cev oo = 80D 1
7L E]i;, sV File =l SauthHighp.csy apr =lapr =L 600
3 [ I8 B csvrle B Lowsnowp.csy Apr Hror R 400 +
9 [T wl[cavFile =) lowsnow Forus In.csy Im. 200
10 DI =W C5vFile  ~ M popociMarDecayed)csy Apr ~ 0 } } } } } } } . .
Kl @ N EREEEE 8 1910 1920 1930 1840 1850 1960 1970 1960 1890 2000 2010
12 [T f[csvFile =V pep indes pinecrest.csy x m.
13 gt DI} C3¥File = pep_index_ HHWP, sy Dec-1 =l Mar - Jul 133: \'_
REN |- CsvFle = PCPApr JulBoast. csy apr i 11 0% :
15 V] || csvFle  wl[pcPannualdecay.csv Im. 70% |
16 | V File = B PCPOCkMarwted. csv Apr  =Hapr < RE 0% -
17 §& D = ) > ¥ PCPOctDecadw, cav Apr + | apr hd _14 0%, 4
18 BRI |2 ] Csv F FCPWYearWTED. csv e T 15 e
19 B M - ] Csv File 5ntat]. csv pt || apr i 16 30% -
| 20 B4 (@ v Rl < BeC BEST.cov il 20%
|21 |0 O = [csvrle v )[pcppesta " 10% 1
| 22 |Global month changes: nstantaneous | Accumulated |Ock-1F = 0% T T T T T T T T T "
23 | Station A [ 1910 1920 1930 1940 1960 1970 1950 1980 2000 2ma
24 Correl 0.9 B
= Yaars EO/ED 60/60 60 Forecast Ml Forecastys Leadtime
E CurZ ! . !
|27 | PctNorm 90% 08 1
ﬁ Pred * 0s 4
29 |Station | 12
30| Carrel 0 0.970 079 | |
=i Y ears 1 60/60 . = 061
(32| Cun? ; 0827 o Z = g5
1 33| PctMarm 0% 1% od &
| 34 | Pred 0 . 410.28| &op e o 04
| 35 |Station 15 18 - 0.3 4
| 36 | Carrel 400 . 02 4
| 37 | Years 200 * '
Ea CunZ * 011
139 |  PctMarm 0 : . i+
40 Fred o 500 1000 1500 L 8 5 % E g EF 53T YR
| 41 |Group SNOW PRCP SNOWDEN  RESINFLOW °© 2355 &= 42 S 3
E Correl 0.944 0.956 Analysis Type |Principa| Companents ;l Transformation Hone vI More Predictars... (none active) |
| 43 | Years B0 B0 Forecast “olume |Pct First Y¥ear Used 1848 Advanced Settings... (nane active]l
44 CurZ -0.954 -0.114 10 540.74 B6% Last Year Used 2008 .

RS LR
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Predictor period of record

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

100%
. _
60% -
40% H
20% - H\\\\\\HH\\\\\\HH\\\\\HHH\\\\HHH\\\\HHH\\\\HHH\\\\\\HH\\\\\\HH\\\\\\HH\\\\\\HH\\\\\HHH\\\\HHH\\\\HHH\\\\HHH\\\\\\HH\\\\\\HH\\\\\\HH\\\\\HHH\\\\HHH\\\\HHH\\\\H““""‘H\H\\\\\\HH\\\\\\HH\\\\\\HH\\\\\mmHHHHHHH\HHH \H\\\\HHH\\\\H““""‘“m""‘“m""\\HH\\\\\mm\\\\HHH\\\\HHH\\\\HHH\\\\mm\\\\\\HH\\\\\\HH\\\\\\HH\\\\\HHH\\\\HHH\\\\HHH\\\\HHH\\\\\\HH\\\\\\HH\\\\\\HH\\\\\\HH\\\\\HHH\\\\HHH\\\\HHH\\\\HHH\HHHHHHH\HHH
0% ‘ ‘ ‘
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

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




' Z-score Groups

4 4 » M[%Main 4 Skations 4 Calculation HistoricalFests Faorecast SecondaryForecast 4 Configurations

| 35 | Station 18 4004 _ 03
| 36 | Carrel < 0
|37 | Y ears 2004 735" ’
E= Cunz u
9 PctiMorm " i i 0 +—
= ey e =0 N sdo 1obg 45ha 5 2
| 41 |Group PRCP SNOWI SNOWDEN [RESINFLOW | ¢ =
42 | Correl 0.944 0.956 U567 [4nalysis Type |Prindpal Components v Transformation
| 43 | ‘ears 80 g0 g0 60| Forecast “olume  Pct First ear Used
| 44 | CunZ -0.954 -0.114 -0.420 10 53960 BE% Last Year Used
| 45 | Pred £37.99 360.39 604.38 569.62 30 506.51 B0% Target Data Src
| 46 | Group sol Al 50 48435 % Fublication Date
| 47 | Correl 0.989 70 461.90 7i% Published?
| 45 | Years 54 80 42910 6%
| 49 | CunZ -0.348 standard | jackknife
| 50 | Pred 484.352742 r2 0978 0975
| 51 | Statistics Average Median hlin Min ' ear Max — MaxYear| StdEr 39.87 4255 Offl Narm
| 52 | POR 6354  584.9895 182.143 1977 1351.534 1983 |StdEnSS 0843 0.839 630167
|53 | 71-007 649.6)  BHY.1484 182.143 1977 1351.534 1983
54
55
R

Equations 4 FMT 4 Averages 4 Routin ExternalData Drata\iewsr /

|«

hore Predictars... (2 active)

Acvanced Settings ... (none active)

Helper Predictand... (nat sctive)

Clear I Recalculate I
PCA
#comp 2
% war 0.781

= Z-score group correlation and predictions
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‘ Model Performance

1600 1— T P
1400 4 —=— Higtorical
1200 -
1000 |
200 A
600 A
400 A
200 A
0 ! | | ! ! ! | ! !
1910 1920 1930 1340 1950 1960 1970 1980 1990 2000 2010
100% o
a0% 4 \
80% 4
70% 4
0% o
50% A
40% 4
30% 4
20% 4
10% 4
0% T . T T T . . . T T
1910 1920 1930 1940 1950 1960 1970 1980 1940 2000 2010
Faorecast Swﬂchl Forecastvs Leadtirme
1600 . 1
1400 -~ 03 1
R
12| 1200
0.970 ’ 07 1
60/60| 1%V . 5 061
0821 ., . EANT
1% Y ; 2
410.28| &m0 -y o 049
18 L 03
400
i * DQ 4
200 " 01
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Forecast Volume

S A

i

SNOWI

410.28
18

SNOWDEN  RESINFLOW

0.956
G0
0114
B04.38

All

0.9530

B0

0529

485587814

Min' ear hax Max ' ear

1977 1351 534 1983

1977 1351 534 1983

s

o]

Forecast “olume  Pct

10 54074 B6%
30 50502 1%

50 48559 77 %

70 463.16 73%

90 43044 65%
standard jackknife

12 0.550 0.575

StdErr 40.34 42.53
StdEnSS 0.856 0.549

Offl Marm
630 167

B+ . 5 .4

400 8.3

0z

004
041
N

T T i
0 500 1000 1500 6 oz
kaTuinl O =

. . =] .
Analysis Type | Principal Components Transformation

First Year Used
Last Year Used
Target Data Src
Publication Date
Puhlished?

(5]
[}

=
Jan

Mone
1948
2008

AWDE

|

April

" Forecast # SecondaryForecast # Configurations £ Equations 4 FMT  Averages £ Routing 4 ExternalData / Dataviewer 7

a 3 . —=

Forecast volume, exceedence forecasts, and
standard error for the forecast period

....How do | improve the forecast equation?,
OPTIMIZATION!

FPUQ
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imi. s =10 x|

Adjust Group Start Dat: Lock End Date Lock

L Jan-1 | Dec |
I~ Shiow Jan-t o« [ Dec -
¥ PRCP Qct-1 - far] ~|
[ SHowI Jan-t o~ Dec -
[~ SMOWDEN Jan-1 - Dec -
[~ RESINFLOW Jan-t o~ Dec -
[~ sl Jan-1 ~| Dec «|
I Jan-1 o N Dec N
I Jan-1 «| & Dec -|
I Jan-1 o N Dec N

c — 1
I Jan-1 «| & Dec -|
I Jan-1 o N Dec N
I Jan-1 «| & Dec -|
I Jan-1 l il Dec vI l
Change All Groups at Once
[ allGroups Jan-1 - ™ I Dec vI Il
Options
Made | Optimize Groups In Order j Fank By I JackstdErr j
Minimum Years of Data 15 v Dor't let groups be filtered

Optimize

| Forecast Volume | Pcl

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

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

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

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

7
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‘ Station Optimization

= Great, now 30 options for variables —

now what?

= Answer — Use station optimization

function.
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Microsoft Excel - YIPER 1.7.4_HH_v2.xls o =l |

I‘:‘ﬂ File Edit ‘iew Insert Format Tools Data  eDMA  Miper  Window  Help Type a question forhelp ~ - & X
NEHRS SRIVE| %56 S N llﬂlﬂﬂ%v-@5| e 7 u|= T -»-A- B
% G| [ [l m @ EH ﬂ = ij : A & }“{" B 'z deskPDF B Real-Time History Config Reading | Start Aute Update | Find Point B a B B

- #
A | B | ¢ | b | E | F | ®© H [ 1 | 4 | k [ L | m | N | o | p | @ | RrR | &g«

1 Type Target Start End 3000 - —*— Observed

2 ﬂ [cav File =] [LaG_Target.csv apr = 1l _‘_:I':t‘jo'fltcea‘jl

3 Predictors End 2500 4

4 A Virginialakes. csv o000

& E LowerRelisf, csv

6 Eiv| BelMdw, csv 1500 4

7 LNV Gianeli. csv 1000 4

g v | GemPass. sy

<] E GinFlat, csv 500 4

10 v | CSWFile > M Gianeli.csy - i] . . I . I . I . .

1K E > SonoraPass, csy Apr * 5' 40 1930 1960 1870 1580 1990 2000 200

12 E] = I Beehive csv Apr -

i} 10 E] CWFile >l BandPass.csv Apr - \\“\Q}\\mm“\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

[v CSWFile = R0 S e ) A

14 _] :> ElleryLake csv Apr - s A

15 E] = GemLake csv apr -

16 E] i SemPass . cow apr - Evaluating equation 4747, ..

17 Bk E HorseMdw, csw Apr hd e 'r,//,,//,,/,gy/,

18 f-/E] Huckleberry.cow A LT bh sttt i

(1 16 [ Corickcay = T

ﬂ E] = LakeTenaya.csv - = =
|21 | E] = Lowerkibbie, csv | . —

22 |Glebal month changes: [yl rg & WL

23 |Station

24 Correl i Foree These Stations ta be Included: )

25 Years fftime

5 Cur? % 1 [~ sMOwg: 377, CA, Wirgina Lakes Ridge Snow Course 11 [T sMow: 286, CA, Ellery Lakes Snow Course 21 [C SO 167, CA, Paradise Meadow Snow Course

e Pethlorm 2 [ sMOw: 138, C8, Lower Relief Snow Course 12 [ sMow: 282, C4, Gem Lake Snow Course 22 [ smoOw: 158, CA, Rafferty Meadow Snow Course

% s Pred # 3 [ smow: 172, Ca, Bell Meadow Snow Course 13 [ SMOW: 281, CA, Gem Pass Snow Course 23 [ SNOMW: 165, CA, Sachse Springs Snow Course
tation
Enl : Correl 4 I sMOW: 427, CA, Gianeli Snow Course 14 [ sMOW: 162, CA, Horse Meadow Snow Course 24 [~ SMOwW: 287, CA, Saddiebag Lakes Snow Course
| Yaars 5 [ SMNOW: 281, CA, Gem Pass Snow Course 15 [~ smow: 166, CA, Hucklsberry Lake Snow Course 25 [ sMow: 157, CA, Dana Meadow Snow Course e
32 CunZ . & [ sMow: 179, CA, GinFlatSnowCourse 16 [~ SMOW: 348, C4, Kerrick Corral Snow Course 26 [~ SO 164, CA, Spotted Fawn Snow Course
% F'ctl\'Jjorrg 7 I sHow: 427, CA, Gianeli Snow Course 17 [ show: 178, CA, Lake Tenaya Snow Course 27 [ show: 1581, CA, Tioga Pass Snow Course
re
35 [Station 8 [ SMOW: 152, CA, Sonora Pass Snow Course 15 [ SMOW: 173, CA, Lower kibbie Ridge Snow Course 25 [ sSmOw: 161, CA, Tuolumne Meadow Snow Course
4

36 Correl 7 9 [ SHOW: 171, CA, Bechive Meadow Snow Course 19 [ SMOW: 138, CA, Lower Relisf Snow Course 29 [ SMOwW: 168, CA, Upper Kibbie Ridge Snow Course

a7 Yearg 10 [ snow: 159, CA, Bond Pass Snow Course 20 [ SMOW: 368, CA, New Grace Meadow Snow Course 30 [T SMOwW: 169, CA, Vernon Lake Snow Course

38 Curt

39 PctMarm ———

= = = o [N

j? Group e _ E5 3 83

e Correl Rark By: I JackstdErr 'I Components ko Retain: I Automatic v| T-statiskic: I 1.6 Optimize | e |
ﬂ W ears Settingz... (none active) |
| 44 | CurZ o O T T e CorsT T EAT TR e - -

45 Prad 1178.93 30 129515 107 % Target Data Src | AWDE = Helper Predictand. .. (not active) |

i7" el osai| 0 s oew S E‘ﬁ”" T o | ecdouse
arre . . o ublished? v

48 Years G0 a0 89323 T4% PCA

49 CurZ -0.054 standard jackknife #comp

All Frar 1178 93321 rd [ ARR S war hd

H 4 » M|%Main { Stations Calculation HistaricalFcsts Forecask SecondaryForecast Configurations Equations & FMT £ Averages 4 Routing Externallata Dataviewesr 4 »
lcul [ d fi [
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Model Evaluation - Equations

vl
H1

bl

2
=3

EQUATION

WOl oo B

e
[y Sy

13

'_\
o
KHE KA KR XX X XXX XK KK O KKAKNEEEXA P

VARIABLES:

11275500, APR-AUG, SRVOO, HHWP, CA, AWDE, Hetch Hetchy

NMSWEp,APR,WTEQ,DWR,CA,CSV,NDFthMidﬁ
NHSWEp, APR, WTEQ, DWR, CA, CSV, NorthHighp
SMSWER, APR, WTEC, DWR, C4, C5V, SouthMi ﬁ
SHSWEp, APR, WTEQ, DWR, CA, CSV, SouthHighp
2, APR, PRCP, HHWF, CA, CSV, PCPOCTMARDeCayed
2, APR-1UL, PRCP, HHWP, CA, CSV, PCPindex
2,APR,PRCP,HHWP,CA,CSV,PCPAPRIL%ULBOOST
2, APR, PRCP, HHWP, CA, C5V, PCRANNUA T Decay
2, APR, PRCP, HHWP, CA, CSV, PCPOCTMarwTD

2, APR, PRCP, HHWP, CA, CSV, PCPOCT Decadw

2, APR, PRCP, HHWP, CA, CSV, PCPWYearEt ad

2, APR, PRCP, HHWP, CA, CSV, PCPIanMar

2, APR, PRCP, HHWP, CA, CSV, PCPOCEDECBEST

2, APR, PRCP, HHWP, CA, CSV, PCPEESTaprJul

SUMMARTY

RAMNE VARIABLES

11111111112 22222
23456 7B0901234567B8001234%5
x x x x
= = * * * *
x x x x
moxX * ® o
X x x x
moxX * * *
x x x x x
= = * *
x x x x x
moxX * * *
x x x o x
= = * * *
X x x
moxX * *
x x x x
= = * *
X x x x
moxX * ®oH X
X x x
moxX * * *
o x x
moxX * * * *
X x o x
moxX * ® o *
X x x x
moxX *
X x x x
= = *
x x x o
moxX * ® o *

QUTPUT

JACKKMIFE

[ay RN}
=l Pl
[ragyN]
[l LN}
[ W}

STANDARD
ERRCR

L334
. 804
LB77
0oy
. 087
L1134
212
L 215
. 236
. 348
. 348
L 374
L 385
L3069
L4032
410
422
440
.44 5
L4577
L4865
L 524
. 368
. 584
. 604
L6593
. 844
L8711
.952
. 964

JACK.  MUM,

CORR. OBS. MUM.
COEF. USED PC'S
0. 980 a0 d
0.989 a0 2
0. 980 a0 d
0.989 a0 2
0. 980 a0 d
0.989 a0 2
0.988 a0 1
0.989 a0 3
0. 9809 a0 3
0.988 a0 1
0. 980 a0 3
0.989 a0 3
0.988 a0 d
0.988 a0 2
0.988 a0 1
0.989 a0 3
0.988 a0 d
0.988 a0 2
0.988 a0 d
0.988 a0 2
0.988 a0 1
0.989 a0 3
0. 9809 a0 3
0.988 a0 2
0.988 a0 d
0.988 a0 2
0.988 a0 1
0.988 a0 2
0.988 a0 3
0.988 a0 2
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VARIABLES:

v1 11275500, APR-AUG, SRVOO, HHWPR, CA, AWDE,
H1

w1 MMSWEp, APR, WTEQ, DWR, CA, CSW, Narthmi dﬁ
P

2  MHSWEp, APR,WTEGQ, DWR, CA, CSV, NarthHi

®3  SMSWEp, APR, WTEQ, DWR, CA, CSV, Sauthmi ﬁ

Hetch Hetchy

w4 SHSWEp, APR,WTEGQ, DWR,CA,CSV, SauthHighp
7  2,APR,PRCP, HHWP, CA, CSV, PCROCTMARDeC ayed

®8  2,APR-JUL, PRCP, HHWP, CA, CSV, PCPindex

11 2, APR,PRCP, HHWP, CA, CSV, PCPAPRI L% ULBOOST
Decay

x12 2, APR,PRCP, HHWP, CA, CSV, PCPANNUA
13 2, APR,PRCP, HHWP, CA, CSV, PCPOCEMarwTD
14 2, APR,PRCP, HHWP, CA, CSV, PCPOCt Decadw
15 2, APR,PRCP, HHWP, CA, CSV, PCPWYearEted
x16 2, APR, PRCP, HHWP, CA, CSV, PCPIanMar

17 2, APR,PRCP, HHWP, CA, C5V, PCPOCEDECBEST

w18 2, APR,PRCP, HHWP,CA,CSV, PCPEESTaprul
EQUATION SUMMARY :

RAMNE VARIABLES

(=Nl

[l ]
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L
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Ll ]
~
mE
o

12345af57

WOl oo B
x =K
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e
[y Sy
oo
oo
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DETAILED QUTFUT

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

JACKKMIFE

o red

22223
67 B850

[=3 0]
oo
o
L
ol

STANDARD
ERRCR

L334
. 804
LB77
0oy
. 087
L1134
212
L 215
. 236
. 348
. 348
L 374
L 385
L3069
L4032
410
422
440
.44 5
L4577
L4865
L 524
. 368
. 584
. 604
L6593
. 844
L8711
.952
. 964

Model Evaluation — Variables used

Recognize useful variables

...and others not so much

JACK.  MUM,

CORR. OBS. MUM.
COEF. USED PC'S
0. 980 a0 d
0.989 a0 2
0. 980 a0 d
0.989 a0 2
0. 980 a0 d
0.989 a0 2
0.988 a0 1
0.989 a0 3
0. 9809 a0 3
0.988 a0 1
0. 980 a0 3
0.989 a0 3
0.988 a0 d
0.988 a0 2
0.988 a0 1
0.989 a0 3
0.988 a0 d
0.988 a0 2
0.988 a0 d
0.988 a0 2
0.988 a0 1
0.989 a0 3
0. 9809 a0 3
0.988 a0 2
0.988 a0 d
0.988 a0 2
0.988 a0 1
0.988 a0 2
0.988 a0 3
0.988 a0 2
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Detailed Results

Model standard error and
Jackknife standard error

Calculated results for
Each year in your dataset

DETAILED O

RAMKED REG

R

RAMNE

coef
157.27767
158. 80452
16l.21853
5.8769%1
2.45318
-127.73178

#obs
#pC
ar
1stderr
1stdErrss

r
stderr
StdErrss

VEAR Q

1948
1945
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1981
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1975
1980
1981
1982
1983
1984
1985

UTPUT

RESSION EQUATIONS:

1
war
=1 NMSWEp,APR,WTEQ,DWR,CA,CSV,NDFthMidﬁ
%2 NHSWEp, AFR,WTEQ, DwR, CA, C5W, NorthHighp
¥4 SHSWER, APR,WwTEQ, DWR, CA, CSV, SouthHighp

%8  2,APR-JUL,PRCP, HHWP, CA, CSv, PCPindex

12 2,APR,FRCF, HHWF, CA, CSV, PCPANNUATDeCay
Constant

= Sl ’

- o— H# of PC’s used

- 47.534

= 0. 840

- 0. 990

= 40.338

- 0.856

JCK REG JZk REG STD REG STD REG

ESERVED COMPUTED ERROR  COMPUTED ERROR
587, 56 513.75 -73.81 521. 74 -85, 82
514,90 457.03 -56.07 460.11 -54.78
&171. 08 BOB. 37 -3.61 BOB. 48 -3.50
568,27 505, B3 31,56 500, 73 31.47

1000.41  1014.02 13.60 1011.98 11.57
580.43 534. 54 -45.5% 536. 00 —44.35
500, 90 807.37 106.48 &05.55 104,65
448,87 448,56 -0.31 448,57 -0.30
963. 04 047,08 -15.06 048, 52 -14.52
546,320 558. 75 12.36 558,20 1z.01
850.17 G25.40 36.23 623,60 34.43
335.50 382.20 46.70 380,67 45.16
3032.05 422.04 25.00 422.18 25.24
313.23 316,75 3.51 316. 65 3.42
604 .73 661,37 -33.37 662, 00 -31.74
702.89 814 .76 -58.13 £25.50 -77.30
355. 04 264,78 -24.15 265,81 -23.13
781,30 754 .83 —5.47 754,92 -5.38
4171. 34 406. 84 -4.50 407.01 -4.33

1035.72  1040.05 4.33  1039.29 3.57
370.01 263.25 -6.76 263,55 —B.45

1188.20 1173.64 -14.56 1174.90 -13.30
563, 50 404 .45 -69.14 496,08 -67.51
582.42 558, 74 -23.67 55G. 35 -23.07
424.78 200. 63 -34.14 201,73 -33.05
724.16 677.15 -47.01 670. 82 -44 .34
751.10 745.03 -5.07 745.12 -5.08
725.56 712.02 -13. 54 712.24 -13.31
208. & 201. 51 -7.15 201. 88 -5.78
182.14 140.00 -42.14 143.30 -38.75
572.00 1057.58 85.57 1052.75 B0.75
£32.10 507,01 -35.27 500,11 -34.08
926.40 ols. 14 -8.26 GlR.37 ~5.03
412.74 303.80 -18. 54 304,41 -18.32

1111.05  1020.00 -51.05 1024.32 -8B, 72

1351.52  12090.34 -61.1%  1295.63 -55.50
732.44 885,40 -47.04 686, 63 -45.76
448,16 495,43 47.27 493,28 45.12 ./ WATER
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Continue VIPERIing

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

o Statistically valid

o Simple and easily explained

o Physically meaningful

0 Operationally useful
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Now you can

Save and publish the equation

The equation is published on the equations
worksheet T et

POWER

_ Farecast Conditions: I
T Comments: E
A
0
E
Publication Months  Stderr Correlation Coefficient ]
I~ ockaber I First of Manth vl g
[ Movember 1
[ December 1
I January |
™ February |
[~ March
[v april 42 55295 0.955994 1
!
r ol Save With Forecast Output For Routing | T—
I June g
S
. I~ July Save With Historical Forecast For Routing | atir
| I August r L
i [ september Cancel | ‘ Sawe Static Equation Only | ;tl:f
on [
09689 70 A6TH0 3% _Published? WATER
a4 a0 429.10 G5% H
-0.348 standard | jackknife

484.352742 12 0.978 0975



perational Function of VIPER

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

redictors Start End | | XVariable |

r J Manage Equations i =] |
— 1: Select BAST File Directory:
| CHAYIPER}bast e
- Select a BAST Fil 3: select a Basin: 4: Select a Station:
h H 0 Al
e T aethhoL bt i
bastson1
63 ¥
0
-5
1085
¥ |
s
&l 4 | I K | i
¥ sSelected Station: 11275500, CA, HHWP: Hetch Hetchy
i —
Apr Basin: Hetch Hetchy 1
§ PubMonth: | A 7 [ First of panth 7]
§ Fest Period | Is Published Pub Dates Fcst Condition | Units | Egtn val | Hydro val | Coord val | Server Le—Fil
§ APR-IUL —
APR-JUL True 04/01 kac_ft i
A
7
% [+ show Unpublished [ Show Retired
/}% Save Selected to Server... | Retire | Delete. .. | Switch PublishedUnpublised Load as Corfiguration
/; R0000D
'RC Coordinate Equation |  Ewaluate Equations for Selected Basin | Evaluate Selected Equations View Equations Close <
<
-0.954 -0114 l'! WATER
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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

PPPPP



‘ 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

= ldentifying station groupings for indices




Summal’y US DA Natural Resources Conservation Service
i National Water & Climate Center

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

A tool similar to VIPER which is capable of
iInteracting 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
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