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The current software package of
inter-related programs was
initiated in 1992
It is called SWS or

Statistical Water Supply

Many renditions later...




+ SWS — Statistical Water Supply - a package of inter-related programs to support
water supply forecasting

4+ Monthly data — reap the benefits of the relational database (library of functions
as well as standard SQL methods)

+ Ancillary programs — take advantage of many programs to report and manipulate
monthly data

4+ Companion to ESP — “Super Ensemble” — one or more models to forecast the
same thing (model diversity)

+ Ease of use has been (and will be) a continuous priority during software
development

4+ The often used phrase: “wouldn’t it be nice if...” — features are more easily
accommodated/incorporated as the software development environment and
working environment are the same




,{@‘ SWS

I. Calibration
I1. Operation







(‘@ SWS — Calibration

Programs

¢ Regcand — find candidate variables, calculate
correlation matrix

+ Regdata — prepare input file for regcomb
¢ Regcomb — find optimal equations (top 20)

¢+ Epal — Evaluate, Pick and Load equations to
the postgres db structure

¢ Cstats — Calculate and store period statistics




Equation # 3
Y 1  DOLC2/QCMRZZZ,Ap-J1,DOLORES - DOLORES

= -5.203
+ 14.859 X4 HSPC2/PPMRZ77,No-Ja, FORT LEWIS
+ 57.175 X5 DRRC2/QCMRZZZ, Ja, DOLORES - RICO, BLO
+ 10.161 X6 LNCC2/SWIRMZZ, Fe, LONE CONE
Number of observations used = 30
Number of principal components used = 1
CORRELATION COEFFICIENT (R) = 0.709
STANDARD ERROR = 80.055 (rank = 4)
JACKKNIFE CORRELATION COEFFICIENT = 0.674
JACKKNIFE STANDARD ERROR = 84.035
JACKKNIFE BIAS: above average flow = -56.063 (14 obs.)
below average flow = 48.137 (16 obs.)
JACKKNIFE JACKKNIFE
YEAR OBSERVED COMPUTED ERROR COMPUTED ERROR
61 186.50 135.21 -51.29 130.37 -56.13
62 256.30 248.90 -7.40 247.56 -8.74
63 126.40 175.12 48.72 178.03 51.63
64 152.60 126.45 -26.15 123.94 -28.66
65 335.80 366.18 30.38 368.00 32.20
66 206.20 299.66 93.46 304.57 98.37

67 123.50 248 .37 124.87 252.52 129.02




Lets user visualize
spatial relationship
of potential

predictor variables.

Calculates
accumulation of Y
var. Calculates
correlation matrix
for each
independent
variable;
accumulations as
well as discrete
months.
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Scale 1:2000000
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QCMAGEZ
QCMAZZZ
DOLU1 DOLORES - CISCO, NR QCMSZZZ
DOLCZ DOLORES - DOLORES QCMRZZZ

Station search string: |d0|0res | query

MPHCZ DOLORES - MCPHEE RES

Accumulation period  Apr Jul Get data for target

Beginning Year Ending Year
1971

DOLCZ QCMRZZZ fpr - Jul 1971 - 2000

| nput Targef Speciicafian; | Correlation Matrices




File Scale

kdercator
Scale 1:2000000
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Delete text hox contents Print text hox contents Save to file

DOLCE QCMREZE  Apr-Jul 18971 - 2000

Search window:

How Dec Jan Feb

EDSCZ SWHPMEZZ Oct 0.35¢12y-0.01 -0, 17 0,31 .57
EL DIENTE PEZK Howv -0.03¢11)-0.18 0,31 0.57
elew = 10200 Dec -0 25{11) 0.56 0.65
Tan n 7ariiy N TR

Input Target Specification

Future software development will include GIS where it is useful




Regdata — Assemble

Input for Regcomb

Extracts data from
postgresql,
accumulates as
needed, builds
formatted input file for
Regcomb

Tile  Help

Add
a variable

it

1 GEFNG/OCMAZZZ  Mr—My . SAN FRANCISCO — GLEMWODOD. HR

B 6 7 8 El

B7B901 2340578901 234557890 12345678901 2340678901 2345
0000000000000000000000000000000000000MD0C0m N n

0

web

web.tcl

webcat

sing level 4 for 2004

QLCODE = 100
sing level 4 for 2004
QLCODE = 100

~ Station Specifiers

Five characterid: | 3SFNE

Shef parameter code: |QC MRZZZ

Search..

~ Variable Specifiers

Variable type Beginning menth
T variable March |

Ending month

Way

—

()] Inbox - Microsoft Dutiook.




Predictors, where A,B,C are stations:

* snow-A, snow-B, snow-C

* precip-A, precip-B, precip-C (Oct-Dec)
* flow-A, flow-B

Why? ...there are over 500 million unique combinations of just 30 variables.

r

l.y=mx, +mx, +mx...+b

2y=mx,+mx, +mx...+b
3...




For a given set of predictors, one observation (one year) is
deleted from the data set. Optimal coefficients are determined.
The equation is then measured as to how well it predicted the
selected year. The idea here is to simulate how well the
equation will perform in an operational environment where the
predictand is not known at the time of equation execution.
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Variables in a water-supply equation tend to have high
correlation with each other. This causes problems when trying
to determine optimal coefficients via traditional regression
techniques. Principal components analysis is a way to
determine optimal coefficients while recognizing and
addressing the intercorrelation problems.




f@ REGCOMB
It's all good...

Combination

Analysis

Jack-knife By 2 ~—
error % +
computation
Principal
Components




cqruinl

Graph Load to Write

Th IS p rog ra m Evaluate, Pick and Load Fanbional

GSFNS /QCMRZEE, Mr-My, SAN FRANCISCO - BLENWOOD, NR

| I WS th u Se r Current Input File: fpcl pp. & 31945
Ea ( ) e Choose another 17238 CLTAI/PPMREZE, Ja-Fe, EAGLE CREEE.

16939 DUNA3/PPMREZZ, Ja-Fe, GILA - DUNCAN VLY DIV
17352 FERA3/PPMREEE, Ja-Fe, FRITEZ RANCH
08365 11 GLWNS /PPMREZE, De-Fe, GLENWOOD

Run Characteristics # Ecuation Summary -~ Varishle List ~ Output Regeonk Sumnary to File

.
to examine the e e o e
DRIEHLIN] ST 03623 X156  HIMAZ/SWIRMZE, Mr, HANNACAN MEADOWS
03531 17  SCONS/SWIRMSZ, Mr, SILVER CREEK DIVIDE
RANK  VARIABLES JACKENIFE ~ NO -0.04896  ¥18  SOI--/CIIRZZZ, Ja-Fe, SOUTHERN DSCILLATION INDEX

STANDARD 0ES

u u IXEXXAXEXEXLALEX ERROR USED
111
o1z

Iber of observations used = 13
123456789 Iher of principal components used

REGCOMB and Bie g z
[NDARD ERROR = (rark = 40)
[

KKNIFE CORRELATION COEFFICIENT =
KXNIFE STAWNDARD ERROR =

ultimately e i
choose and
store an
eq u ati 0 n to th e 1 —Equggixsrgngzzm-My,SAN FRANCISCO - GLENWOODY
std ohserved vs. predicted Eeibs]

¥ observed vs. predicted
pOStg re Sq I residuals vs. water year Groph Load to write

residuals vs. ohserved
database for

operational use.

i Equation # 9
JackKnife
obsserved vs. predicted | ¥ 1 CSENS/OCMREZZ, M-y, SAN FRANCISCO - OLENWOOD, MR
residuals vs. water year 0.37833

u 0.22401 ¥4  CLFNS/BPMRIZZ, Ja-Fe, CLIFF 11 SE
residuals vs. ohserved 0.23951 X8 FERA3/PPMRIZZ, Ja-Fe, FRITE RANCH
0.11634 i1  GLWNS/PPMRZZZ, De-Fe, GLENWOOD
0.01716  ¥13  GCFA3/QCMREZE, Fe, GILA - CLIFTON, NR
0.04863 %17  SCONS/SWIRMZZ, Mr, SILVER CEEEK DIVIDE
-0.0721  XI8  SOI--/CITRZZE, Ja-Fe, SOUTEERN OSCILLATION INDEX

co~+coIon

Nunber of chservations used = 13
Wumber of principal components used = 1

CORRELATION COEFFICIENT (R) =

STANDARD ERROE = (rank = 105)

JACKENIFE COREELATION GOEFFIGIENT =

JACKENIFE STANDARD ERROR =

JACKENIFE BIAS: above average flow
elow average flow

(4 ohs.}
(9 ohs.)

96 83 1o
Ghserved JACKENIFE JACKKNIFE

Cose VEAR  OBSERVED  GOMPUTED ERROR  COMPUTED ERROR
& &

F e - =1 ] Local % Cansole: 5] Inbic: - Microsoft Outlook QBTE A =




4(‘ Cstats — Calculate and
store period stats

cstats

Station search string: |cameo|

51 [cAMCZ COLORADO - CAMEO, NR
1B PCCCZ PLATEAU CK - CAMEO, NR

Most commonly used .. AT IE BT

QCMALF

to calculate Apr-Jul heseany | ooz

QCMPBZZ

average, median, and _,  recoate — MRS
Standard dGVlatlon for  BESTTRANS - .|Accumulation period  Apr _-| Jul _.| residual | Calculate Stats |

CAMCZ QCMPAZZ Apr - Jul

both the conventional | . REGCOMB w/GUY| [recsrons wezcorm: Al

7 ” . p R. REGCOI
normal” period, . JACKREG —- f |7~ 10ma A = ol ion std dev

POR 2300. 00 2240. 00

Currently 1971 -2000,  EPAL —- Evals Period 2420, 00 2380, 00

Hist. Max = 4488.51 (1984)

as We” as the ent”'e cstats Hist. Min = 843,17 (1977)
period of record. oo

CAMCZ - QCMPAZZ Apr - Jul

By Medizn
POR 2260. 00 2190. 00
) 71-00 243000 2380. 00
0 operational

Hist. Max - 4488 51 (1984)
M other Monthl§ et V== - 605 11 (2002)

ENTER Selection: b

cstats version 2.0.1

avy
D FOR | 2260.00 | 2190.00 765.69
Period | 2420.00 | 2380.00 | 839.87

Print Post to DB Quit






¢ Nextreg - exercises equation with
operational data and allows user to store

forecasts in the database

¢ Nextpub - extracts forecasts from
database and outputs several different
formats for various purposes




Equation Output/
Fcst Input tab —
spreadsheet style
output of primary
and secondary
equations

DRGC2 QCHMRZZZ P fipr-Jul (ANIMAS - DURANGOY> JR2: 0.741 # yrs: 30
AYG: 440,000  YTRANS: none

DURANGO HATER RESOURCE DUGC2/PPMRZZZ

Hay 0.77Y 66% * 19.582 = 15.08
SILYERTON SLYC2/PPMRZZZ (Apr - Mayd:
Apr 1.17¢ 71%
Hay 1.03Y 55%
2.20 63% * 7.771 = 17.10
RED MOUNTAIN PASS RMPC2/SWIRMZZ
May 17.30Z 64% = 5.966 = 103.21
CASCADE CSCC2/SWIRMZZ
May 0.607 16% = 7.216 = 4.33
RED MOUNTAIN PASS RMPC2/SWIRMZZ (May — Jun):
May 17.30Z 64%
Jun 0.707 5%
18.00 44%  * 2.811 = 50.60
84.055 + 190.31

274.37 (

DRGC2 QCHMRZZZ o fpr-Jul (ANIMAS - DURANGO)> JR2: 0.970 # yrs: 30

AYG: 440,000  YTRANS: none
PSPC2 Coordinated Model Computed Comp. w/ Coord.
-~ R. Max 138.00 61% 169.70 75% %
Most Prob.[ | 110.00] 49% 131.30 58% %
hd R. Min 62.00 28% 92.90 41% %

NWS Preferred.
138.40 62%
100,00 44%

61.60 27%

62%)
Other Agency
Yo
%
%

Input Specification Fest Point Stats | Egn Stats

Fest Performance [(Oper)

Fest Performance (Calib) | Log




Historical Max/Min appears when entering the edit box for Rmax and Rmin

RED MOUNTAIN PASS RMPCZ2/SWIRMZZ (May - Jun):

May
Jun

Historical Min and Max
39.54 (1977)

DRGC2 QCMRZZZ

AVG : 455.62 (1941)

PSPC2

o R. Max

Most Prob.
e R. Min

oordinated

17.302
0.707

| 138.00

110.00
62.00

- DURANGO) JR2: 0.970 # yrs:

64%

- hone

61%
49%
28%

Model Computed Comp. wf Coord.

169.70 75%
131.30 58%
92.90 41%

%
%
Yo

274.37 (

NWS Preferred.
138.40 62%
100,00 44%

61.60 27%

62%)

Other Agency
%
%
Yo

nextreq ver 2.2.4




Nextreg — features

Eqn Output/Fcst input

Mau 0.77Y 66% = 19.582 = 15.08
PSPCz_QCMRZZZ_0710 Fcst History 2003

SILYERTON S
Current coors
forecast meer
history

appears
when CASCADE CSC 100 -]
editing the
NWS MOSt RED MOUNTAI
Probable

number

RED MOUNTAI

DRGCZ2 QCHMRZZZ o Apr—-Jul (ANIMAS - DURANGO) JR2: 0.970 # yrs:
AYG: 440.000  YTRANS: none

PSPC2 Coordinated Model Computed Comp. wi/ Coord. NWS Preferred. Other Agency
R.Max| [13800] 61% | 16970 75%| % | 13840 62% | %

Most Prob. 110.00 49% 13130 58% | % 100.00 44% %
6200 28%| @ 9290 41%| % 61.60 27% %




Per variable X-Y scatterplot
activated with right mouse
click. Green lines are

NEth‘eg — features averages. Zoomable

Eqn Output/Fcst input
®—Y scatterplot (31 years of common data)

SILYERTON SLYC2/PPMRZZZ (fipr - Hayl: 53
Apr 1.17¢¥ 71%
1.03Y 55%

RED MOUNTAIN PASS RMPC2/SWIRMZZ
May 17.307 64% *

=

CASCADE CSCC2/SHIRMZZ
May 0.607 16% =

RED MOUNTAIN PASS RMPC2/SWIRMZZ (May - Jun
Hay 17.307 64%

SLWC2/PPMRZZZ (Bpr - Apr)

T

DRGC2 QCHMRZZZ o fApr—Jul (ANIMAS - DURANGOD) .
AYG: 440.000  YTRANS: none

PSPC2 Coordinated Maodel Ci
ﬂ R. Max 138.00 61% 169.
Most Prob. 11000 49% 131

j R. Min I 62.00 28% I 9z.

Input Specification Egn Qutput/Fest Input | Fecst Point Stat

400
DRGCZ_QCMRZZZ_0710 flow




Nextreg — features

DRGC2 QCHMRZZZ

Fcst Point Stats tab o B iobies

Std Dew: 165.79
Hist Max: 799.11(1920)
[ Hist Min: 106.34(1977)
.| File Options Actions Help
! st Point Dataset Distribution Stats
§ Ranking of Historical Observed Data
799.11 B Average
600 — | | B Median
B Std Dev
= Hist Max (1920)

B Hist Min (1977)
1740.09,0 00

400 —
i< 165.79)
T TTTTTTTTT T TT T T T T T T T T T T T TTT T TTTT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TTTTTT T -
1112131415161718192021222324 252627 2829303132 33343536373539 4041 424344454647 48495051 525354 55565758596061 6263646566676869 70717273747576 7,
-
o a—

1000° Acre Feet

ra—
L
.
]
@
i
(=i
@]
=<

SN N S O N
JHEN |

Ranking of Historical Observed Data

| nextreg ver 2.2.4




(‘ Nextreg — features
Fcst Point Stats tab

| File Cptions Actions

Histogram-Distribution of Historical Observed Data

T I I I I I T I I T I
1 2 E 4 =) B 7 g 9 10 11

=}
1

wn
1

Freguency (33 yrs of data)

I o

1 2002 83.27

2 1977 106.3933
3 1934 154.254
4 1931 183.6686
L 1959 208.5734




Nextreg — features
Eqn Stats tab

DRGC2_QCHMRZZZ_0710 P

Calibration JSE: 86.07
JR2: 0.74
R2: 0.77
n: 30
per: 71-00
JSE vs. AYG
B JSE
M Average
| ' T ' T ' T ' T
0 100 200 300 400

DRGC2_QCMRZZZ_0710 o

Calibration JSE: 44 .28
JR2: 0.97
R2: 0.9/
n: 30
per: 61-90
JSE vs. AYG

B JSE
B Average




4(‘ Nextreg — features
Fcst Perf (Oper) tab

///========================

Choose Year: 2003 - @ Replace graph - ficcumulate graphs
2003 . QCMRZZZ_0710 Fest History 2003

200 —

2002
2001 M Coord
i 2000 B Computed
1999 0 NHS Pref
1998 revs
300 Other Agency

100 —




Nextreg — features

wf Fcst Perf (Cal) tab

IFiIe Options Actions

DRGC2_QCMRZZZ_0710 Primary Eqn Calibration Performance
DRGC2_QCMRZZZ_0710 Primary Egqn Calibration Performance residuals vs. observed
75 /6
5
| /9 100 -] 71 78
4 74
1 77
80 73 | 63 90
600 — &8 72 B g0
i | 5g4 b 88 635
B 94
| 8 635 § 81 98 g9 9
97 85 g ° 00 661 B2
=] 99 5 70 9
% c8? 93 5 1
S 76 : w
&} 62 87 = 4 89 69 685
71 69 @ 73
400 | 86 2 i
Bé 9892 § 97
1 9&)8 5%6 f -100
| 74 96
6372 1
689 % B o
J 89 1 87
2m 1
77 86
I 200 I I I 400 I I 500 I I ' . ' ' ' . ' ' o ' '
Ohserved Ohserved




{ Nextreg — features
Fcst Perf (Cal) tab

<- Unhderforecasted Error overforecasted -=

ry Eqn Calibration Performance
5 ¥S5. water year
78
74 27
63 90
51 go 8BB4
64 58 72 go 88 96

29 94

81 a8

52 %6 9T %o
70 92
65 69 73 89 g5
97
g5 93
87
86

T | T T T
1930
Chserved

[
1950

1
2000




4+ Continue trend of reducing number of programs

4+ GIS ground has been broken with Regcand; continue this
approach

4+ Revise database table structures

+ Get others involved in programming/support

+ [nvestigate/incorporate newer statistical techniques and new ways
of looking at verification




+ A package of beginning-to-end integrated programs for
water supply forecasting, or really, any kind of statistical forecasting

+ Monthly data stored in relational database

+ Other programs that deal with data of a monthly time step

+ Another way to forecast volume, in addition to ESP
+ Ease of use

+ Software has been polished by a lot of “wouldn’t it be nice if...”’s




¢ There is no dominate driving force (like snowmelt)
4 There is not a substantial period of record of data i.e. 30+ years
¢ The predictand data set does not closely approximate natural flow

+ The predictors used in the equations are not recorded early enough
in the month

4 The predictors used in the equations are not recorded reliably
month to month and year to year

+ The ability to “time distribute” the forecast volume is required




Climate Change Forecasts
as Input to CBRFC's
Water Supply Models

Historical MAP and MAT time series are
adjusted relative to current climate outlooks
pefore they are used as input into ESP.

— The probability anomaly shift described by the CPC

forecasts must be translated into real physical
temperature or precipitation.

— This is done through the simple method of computing
the shift in the medians of the distributions of the
temperature and precipitation based on the CPC
forecasts and then using this shift to adjust all values
of the time series.

« temperature uses an additive adjustment

 precipitation uses a multiplicative adjustment




Multi-model Multi-agency Forecast
Process

NRCS
preliminary
forecast




