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hat you shotld take
away...

*\We Incorporate information from a variety of

sources to come up with our forecasts, which
are distributed at various intervals throughout
the month during the year.

*ESP Is becoming our primary forecasting tool
for water supply.

*Our products can evolve to meet your needs,
so let us know!
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Part 1:

Daily Model




Dauly Model

*Deterministic forecast that Is updated at least
once daily, though more frequently during
times of hydrologic significance

* Coupled, lumped, hydrologic model within the
Community Hydrologic Prediction System (CHPS)

e Sacramento Soil Moisture Accounting (SAC-SMA)

« SNOW-17 (Temperature-indexed snow
accumulation/melt model)

*Dependent on observed temperature,
precipitation, freezing level, and reservoir data



*The results of this model output are ultimately
what Is available through

the CBRFC website
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CBRFC forecasts and
supporting data are available
through the CBRFC website.
Forecasts are plotted
together with historical
exceedance probabilities
derived from the USGS gage
record.

CBRFC incorporates 10 days
of forecasted temperature
data and 5 days of forecasted

precipitation data into these

forecasts. These
REGULATED values.

are

Because of their dependence
on weather forecasts which
become less certain with
increasing lead time, CBRFC
streamflow forecasts also
become less certain with
increasing lead time.

Forecasts are usually
available by 10:00 a.m. every
day.
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River List
Click point type or enter search to change points displayed. Click column heading to sort by that data. Click 1D to show plot for point.
Download pipe-delimited file of displayed points.
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Points: Active Forecast Reservoir Mon-Forecast All
Plots: ~uto Off On

River Point Condition
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MWS 1D | River Location Forecast|Foint Obsered Date Latest Latest| Flood Bankfull RUC State HSA|Elevation|  Forecast Segrnent
Conditton Type  (Day Time)| Flow Stage Stage  Stage Sroup

1CAvAS  Cave Ck Cave Ck, Mr, Cottonwood YWash, Blo @ 1 14, 16:00 1] 4 915080108 AZ PSR 2280 AGUAFRIA 1
2MCEAS | Cave Ck Cave Creek Rd, Mr @ 1 14, 16:00 o 09 816050106 AZ PSR 1800 AGUAFRIA, 2
3MCWAS | Cave Ck Cactus Road @ 1 14,15:00 20 072 1215060106) AZ|PSR 12800 AGUAFRIA, 5
4 WMADAT Acdc 14th Street @ 1 14, 13:00 o 04 1015060106 AZ PSR 1230 AGUAFRIA, 5
SMHEAS Acdc 43rd Avenue @ 4150601060 AZ PSR 1226 AGUAFRIA, 7
BMSXAS Acdc B7th Ave @ 1 14, 17:00 6 0.27 B18070102  AZ PSR 1220 AGUAFRIA, g
7ISCPAT |Skunk Ck Fhoenix, Mr @ 1 14, 17:00 o 0.7 8416070102 AZ PSR 1473 AGUAFRIA, 9
B HWEAS Mew Rock Spgs, Mr @ 1 14, 16:00 0 0.9 818070102  AZ PSR 2310 AGUAFRIA 12
IMELAT [Mew Eell Road @ 1 14, 15:00 o 0z 918070102 AZ PSR 1205 AGUAFRLA, 15
10 MMEAS e Glendale Ave L 14, 16:000 380 028 516070102  AZ PSHE 1050 AGUAFRIA, 16
11 AFHAS  Agua Fria Humbalt, Blo @ 1 14, 16:00 2 2 1541150701020 AL FGZ 4400 AGUAFRIA 17
12 AFMAS  Agua Fria Mayer, Mr @ 1 14, 16:00 2021 14.816070102  AZ FGZ 3434 AGLUAFRIA 18
13 AFRAS  |Agua Fria Rock Spgs, Mr @ 1 14, 16:00 o 16 16 15158070102 AZ|PSR 1800 AGUAFRILA, 19
14 MCEAS  Memicken Floodway @ 1 14, 12:00 o 015 1318070102 AZ PSR 1335 AGUAFRIA, 23
15 MAFAT | Agua Fria srand Ave @ 14, 16:00 o 18 1416070102) AZ|PSR N25) AGUAFRIA, 24
16 MDEAS Dysart El Mirage @ 1 14,1400 208 2B 1218070102 AZ PSR 1052 AGUAFRIA, 25
17 AWVOAT | Agua Fria Buckeye @ 1 14, 11:00 o 1.3 816070102 AZ PSR 970 AGUAFRIA, 25

agrnap/list list . php?search=8point=Forecastiplok=fsort=riverfgroupsity pe=river thasin=0Rsubbasin=aespopf=0&espdist=empirical 14, 16:00 &35 e3.98 a 716010101 UT SLC 7965 BEAR 1




S0....

\What does Daily forecasting tell'us?

It gives us a forecast of instantaneous flow at
defined model points using current hydrologic
conditions, along with 5 days of precipitation
and 10 days of temperature forecasts. Any
iInformation we have regarding regulation and
diversions is also included.

\When does It tell us?

Every day at least, more freqguently during
times of hydrologic interest.
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Part 2:

Daily ESP Forecast




Daily ESP Forecast

-nsemble Streamflow Prediction

 Run daily with updated initial conditions

e Uses historical temperature and precipitation
(currently using 30 traces from 1981-2010)

e-our separate runs are produced
* Unregulated with 5 days QPF

e Unregulated without QPF
 Regulated with 5 days QPF

* Regulated without QPF



Danly: ESP Forecast

Colorado - Lake Powell- Glen Cyn Dam- At (GLDA3) Apr-Jul 2014 Runoff Forecast (Includes 5 Day Precip Forecast)
2014-02-01 Official 50% Forecast: 7250kaf (101% of average)
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Plot Created 2014-02-07 11:50:03, Lastest ESP Run from 2014-02-07, NOAA | NWS / CBRFC

O n S t r atl 0 n Today's 50% ESP forecastchanged 0.2 % from yesterday and 2.9 % from February 1
Forecasts in the observed pericd include observed values.



http://www.cbrfc.noaa.gov/gmap/gmapbeta.php?interface=wsup

Daily ESP Forecast

*The daily ESP forecast period changes
depending on whether or not we are in the
forecast period

* For example, in the Upper Colorado River Basin, we
forecast for the April through July runoff volume

» After April 15, we forecast from the current day
through July

oIt.Is Important to account for the observead
volume when we are In the forecast period




' Daily ESP Forecast

2013 Runoff Forecast Apr-Jul
Colorado - Lake Powell- Glen Cyn Dam- At (GLDA3)
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Plot Created 2013-10-22 13:01.20, Lastest ESP Run from 2013-07-31, CBRFC / NWS / NOAA
Maximum of 15318.1 in 1984, Minimum of 964 in 2002, Average/Median for 1981-2010.
**These ESP forecasts do not include cbserved and ars not total runoff.




Daily ESP Forecast

2013 Runoff Forecast Apr-Jul
Colorado - Lake Powell- Glen Cyn Dam- At (GLDA3)
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Plot Created 2013-10-22 13:01.20, Lastest ESP Run from 2013-07-31, CBRFC / NWS / NOAA
Maximum of 15318.1 in 1984, Minimum of 964 in 2002, Average/Median for 1981-2010.
**These ESP forecasts do not include cbserved and ars not total runoff.




' Daily ESP Forecast

Current Day

Early November through April 15t
(January 1%t in the Lower Colorado
River Basin)

What Daily ESP Forecast Evolution
Plot Shows

Daily ESP forecast for April through
July (January through May* in the
LCRB)

After April 1st (January 18t in the LCRB)

*Seasonal forecast for LCLA3 is January through June.

Observed streamflow volume for Apr 1
(Jan 1 in LCRB) to current day

+

Forecasted streamflow for the current
day through July 315t (May 31stin the
LCRB)




S0....

\What.does our daily ESP.- water supply
forecasts tell us?

They give us a forecast of (usually) April = July
unregulated volume at specific forecast points.
They give us an idea of the trend the forecasts
are taking in response to current. conditions.

\When does It tell us?

Every day, shortly after the beginning of the
water year, through July.
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Seasonal Water Supply Forecasts




Seasonal\Water' Stuppiy
FOrEeCcasts

\Water supply forecasts are issued monthly by
the CBRFEC, near the beginning of.each month.

s-orecasters rely on a combination of guidance
from an analysis of ESP output, Statistical
Water Supply (SWS) output, and expertise to
develop water supply products

‘\Water Supply Forecasts are typically
flow volume forecasts.

In the Upper Colorado River and Great Basins,
forecasts are for the April through July season.
In the Lower Colorado River Basin, forecasts
are for the January through May season.
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Seasonal\Water' Stuppiy
FOrEeCcasts

*On a day to day basis, ESP Is approved by a
forecaster; however, a detailed examination of
model states and conditions IS not done.

“Jumps” in daily ESP could be due to a
number of factors.

» Recent storm activity

« Update to model states (e.g., snow, soil moisture,
etc...)




S0....

\What do water. supply forecasts tell us?

They give us a seasonal forecast of (usually)

unregulated inflow volume at specific forecast
points. They are based on guidance from SWS
and ESP tools, as well as forecaster expertise.

\When does It tel

Typically month
typically availab

us?

y. April = July forecasts are
e from January through July.




4

Part 5;

Peak Flow Forecasts




Peak Flow Forecasts

*The CBREC generates peak flow forecasts
throughout the snowmelt runoff.'season, as
needed from March to end of runoff season

*Represents mean daily peak flow during the
April = July runoff period

*Presented in terms of exceedance probabilities
*Developed using ESP

*Most applicable to headwater basins, for
recreationalist, flood control, and wildlife
managers



Peak Flow Forecasts

Probabilistic forecast

 [sSsued monthly
* 10%, 25%, 50%, 75%, 90% exceedance probabilities

sApproximately 80 points

sAccounts for diversions and reservolr
regulation, similar to daily forecasts




Spring\WeathersReally
Matters

*Runoff.characteristics are largely determined
by the day-to-day spring weather.

* While large snow pack years increase chances for
flooding, it'is not an inevitability (dodged a bullet at
many sites in 2011)

« Small snow pack years can flood with the right
seguence of spring temperatures and with flows
enhanced by precipitation.

« Rain events may play a larger role in the magnitude
of the peak flow during very low snow years.

« Keep an eye on our web page / daily forecasts



{*This is our old peak
flow map. We’re |
hoping to have
something similar far
this season.

Peak Point Flood Probabliity
¥ No Forecast ‘@ No Flood Stage @ <10 <*>10 €r =25 # =50
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News Registration open for Stakeholder Forum Feb 25-26. Read More. .
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Peak Flow Forecast List Halp | Notes | Download Data | Requery | Rebuild Plats
Peak Flood Probability Legend H H
5 Foergs e Flons st @ <10 G510 25 @560 Click here to start web demonstration
QOptions {on/off): Plot
Area: CERFC Green Colorado SanJuan Great Sewier Wirgin Low Col
Click column heading to sort by that data. Click 1D to view point info.
Area Sub Area NWS ID DS Note River Location Flood Mean MD MO WD MDD instantaneous. 1 1 1 1 issue Date Observed) Observed Historic Average Flood Last LastYear| Normr
Probability| Daily| 75 50 25 710 o0 75 50 25 10 Peak to Date| Peak Peak Year Date Earife
af Date Peak D
1) Green UpperWBRW4 17 Green  Daniel- Mr- 0 MANA NA| MA RA A A MR NA A 201 3-06-17 1960201 3-06-13 5620 2695 B100) 2740|201 3-06-08 201 3-05-
YWarren
Bridge- At
Pogli has already ccolrred, see Currant Hydragraph of WERWE for Forecast.
2| Green Lpper BPMWA| 18 Mew Fork Big Piney- Mr P MA NA NA NA RA P LA WA A A 201 3-06-17 X000 2013-05-18 9110 4730 8850 4020 2013-06-08 2013-05-
Peal; has aiready accurred, see Current Hidragranh of BRNWE for Forecast
3 Green Upper| LABWY 19 Green| La Barge- Mr 0 MANA NA| NA A PA MAMNA MNAMA 201 3-06-17 3880/2013-05-18 18800 800011500, 6480201 3-06-09/201 3-05-
Peal has already accurred, see Current Hidragranh of LABWS far Farecast.
4 Green Upper| GERWA 20 Green Green River- G MA NA NA|NA RA A NAMA MNA MNA 2013-06-17 841 2013-05-09 15400 479011050 3060201 3-06-27 201 3-05-
- MNr
Peal has already occlirrad, sea Current Hydrograph of GRAWE for Forecast.
5 Green Upper HE W4 21 Henrys Fork Manila- MHr 0 MANA NA| MA RA A A MR NA A 201 3-06-17 2362013-058-27) 37RO TE0 5720 269 201 3-04-28|2013-05-
Pegl has already occlirrad, see Current Hydrograph of AW for Forecast.
G Green Lpper HWPW4 22 Hams Fork  Frantier Rr- P MA NA NA NA RA P LA WA A A 201 3-06-17 394 2013-05-15 2000 T40 1780 381 2013-04-282013-05-
Pole Ck- Blo
Peal has aiready occurred, see Current Hydrograph of HMFW Y for Forecast,
7| Green Upper BHNEUT| 23 Blacks Faork Robertsan- Mr G NANA NA| MA A FA A MR A WA 201 3-06-17 1055 2013-08-16) 2860 1380 28200 473|2013-05-16/2013-045-
Peal has giready occurred, see Current Hydrogranh of BNRUT for Forecast.
8 Green/vampatthite) STMCZ 24 Yampa  Steamboat & NANA NARMA RA A AN A KA 201 3-06-17 2850 2013-05-27 4870 3070 4830 1460 2013-04-28 2013-05-
Springs
Pealk has already accurred, see Current Hidragraph of STIMCE far Forecast
4 Green[vampaithite) EMMCZ| 25 Elk Milnet- My D MNA NA NA| A RA A A MA MA MA 201 3-06-17 3050\2013-08-17)  7O00 3865 57500 1630|2013-05-07 201 3-09-
Peal has aiready occurred, see Current Hydrograph of ENMCZ for Forecast,
100 GreenYampathite MBLCZ 26 Yampa  Mayhell- MNr 0 NA NA NA RA A A A MA NA MA 201 3-06-17 7350 2013-05-18 24400 1030021200 42202013-04-29 2013-05-
Peal has aiready orcurred, see Current Hydrograph of MBLCZ for Forecast,
11| GreenlYampahhite| YDLC2 27 famna Deerlodge @ MANA NA|MA RA PA A MR A A 201 3-06-17 9540/2013-05-18) 323000 134700 WA A3A60|2013-04-30/2013-05-



http://www.cbrfc.noaa.gov/rmap/peak/peaklist.php

&) COLORADO BASIN RIVER FORECAST CENTER

- QOCEANI

News: Recording: How to use this web page webinar
RIVERS SNOW WATER SUPPLY RESERVOIRS WEATHER
Conditions Map Active Points Peak Map Peak List Peak Pub Recreational Forecasts

Peak Flow List
New 1981-2010 Averages being used this year.

Click point type or enter search to change points displayed. Click column heading to sort by that data. Click ID to show plot for point.

Download pipe-delimited file of displayed points.
Help: Introduction Definitions River Permits Additional Information

Area: CERFC Upper Colorado Green SanJaun Great Basin Sevier Virgin Lower Colorado
SEARCH POINTS

Plots: Auto Off On

Peak Flood Probability
< No Forecast < No Flood Stage @ <10 O 10 P25 @ x50

o : : Fiood Meqn Instantaneous
IR Ree Lesetion Frobability gggz 75% 50% 25%  {09% 90% 75% 50%  25% 0%

1 ALEC2 East Almont 3 560 630 750 900 1100 570 650 790 950 1200
2 ARFNS  Animas Farmington 9 2100 2300 2700 3200 3700

Big Salt Lake City
3 BCTUI  Cottonwood o 3 210 240 270 290 340

Ck
4 BERU1 Bear Utah ¢ 800 920 1020 1120 1310 950 1100 1200 1400 1600
§ BFFU1  Sanduan  BIUfN 3 6100 6600 6900 7200 7600 7100 7700 8000 8300 8700
B BPNW4 NewFork  BigPineyNr 3100 3400 4100 4800 S500 3200 3500 4200 4900 5700
7 BRUU1 Big Brush Ck \F’fégfg:;iie ¢ 80 100 120 150 210
8 BSWC2 Blue Dillon Nr 3 140 160 200 260 340
9 BUECZ Blue BlueRiver @ 60 70 90 120 160
10 CAMC2 Colorado  CameoNr 5000 6000 7500 9500 12500 5600 6600 8100 10000 13000
11 CCSU1 CityCk ﬁf""akecn” ¢ 3 40 50 B0 75

&

Previous years show
probabilistic distribution of
peak flows.

Last Last Normal Normaf
Flood  Year Year Earfiest Latest
Peak Date Date Date

Observed Observed
Peak Date

Issue Historic Average
Date  Peak Pealk

04-16 5000 2000 2980 2580 06-08 05-21  06-1 2
04-16 11000 4710 8810 4860 06-08 05-20 06-09 =

04-17 925 430 800 698 06-24 0518  06-07 -

04-17 3030 1600 3670 3030 07-01 0515 06-14 =
04-16 15200 7340 33838 4300 06-01 0515 06-28 -
04-16 9110 4730 8850 7750 07-03 05-26 06-23 -

04-01 414 235 245 06-22 05-04 06-01 .

04-16 1160 505 1770 955 07-20 0527 06-25 2
04-16 580 185 835 410 07-20 05-28 07-05 -
04-16 38000 17000 26000 29200 06-09 05-24 06-12 -

04-17 262 80 210 167 06-16 0513  06-01 .

12 CCUC2 Colorado Co 4500 6500 9000 12000 15000 5100 7100 9700 13000 16000 04-16 68300 25500 46200 46800 06-10 0519  06-11 =



Peak Flow Forecast List Help|Notes | Download Data | Requery | Rebuild Plots

Peak Flood Probability Legend
< No Forecast € No Flood Stage Q10 $ro Q25 @250

Options (on/off): Plot

Area: CBRFC Green Colorado SanJuan L Powell Great Sevier Virgin Low Col
Click column heading to sort by that data. Click 1D to view point info.
Mean Qbhserved
[ 2 : Flood . WD D D D instantaneous Observed
Area Sub Area NWSID DS Note River Location Probability Dagg 75 50 25 10 90 75 50 125 11710 IssueDate Peg!;:: Date
1 Colorado Mainstem EGLC2Z 1 Colorado  Dotsero- Nr MNA  2013-06-01 5620 2013-05-18
2 Colorado Mainstem SKEC2 2 Snake M””‘ez“mﬁ'r NA NA 490 580 2013-06-01 230 2013-05-27
Pealking soon, see Current Hydrograph of SKEC2 for Forecast.
Tenmile EHiaE0-
3 Colorado Mainstemm TCFC2 3 Ck Tenmile Ck- Lo NA NA NA 700 850 NA NA NA 890 1100 2013-06-01 4895 2013-05-27
Blo

Peaking soon, see:Current Hydrograph of TCFC2ifor Forecast

Colorado Basin River Forecast Center When a peak nears
5o TENMILE CK - FRISCO, N TENMILE CK, BLO - Hydrograph occurrence, DO NOT use the

*35 (0605157, M d Stage. -4 A0 Created OG05. 21285 T .
e Curent: 35 (0 15}, No Flood Stage, Barkfull: 4 = ated U peak ﬂOW ||St. InStead, |00k

MNOAACBRFC, 2013

42 at the daily hydrograph.

38
35

3.1

Past & Future Outbok

05/27 C&/29 08/31 0802 0804 008 O508 0810 0812 0814
mon th/iday (MDT)

Observed == Forecast (0605 14:00) == Outicok (Nncreasing uncertainty) «= Bankfull 4.50
Historical Exceedance Probability (USGS): 90-75% 75-50%% 50-25% 25-10%



peunting for citicnalivariation
ety mean to instantaneous peak adjustment

Colorado Basin River Forecast Center Peak flow relationships at DOLC2
DOLORES - DOLORES - Hydrograph B® -0 4751575 y = 1.197687x + -66.50357

Cument: 4.1 ©5/11.09), Mo Flood Stage, Barkfull: 7.00 Created 0511.15:14 UTC
MNOASJCBRFC, 2011

Past & Fulue oMok

instantaneous flow (cfs)

40

0
G/02  06/04 OB/0G  OB/OB  06M0 06112 06/14  CBMEN 0Be  05/20 0922 l
1000 2000 3000 4000 5000 6000

month/day (MDT)

mean daily flow (cfs)

O some rivers have predictable diurnal melt variations
O instantaneous peak exceeds daily mean
O RFC ESP forecasts simulate the daily mean (from 6 hr models)
O we now use the observed relationship between daily mean and instantaneous peak to relate our daily
mean peak forecast percentiles to instantaneous peaks

Dolores

Dolores
Mean Daily Flow 6,950 2080 7T.820 2,700 530 1900 2900 2300 2500 2800
D Instanfaneous Flow 2200 200 2700 2000 3400




S0....

What do peak flow forecasts tell us?

They tell'us the highest expected daily mean
flow value during the spring runoff period.

When does It tell us?

Monthly (or more as needed), between March
and the end of the runoff period.




[DIScussIon




Some thoughts...

Do you access the daily ESP graphics on the
CBREC website? Are they informative?

How do you receive CBREC forecasts? How do
you want to receive them?

Is the difference clear between what drives the
short term deterministic vs. the long range
probabilistic forecasts?
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File Tools Options Help

o=@ s HEED E
[Foreasts — — — @0 _Tip

.,.‘
E

]

9 [C3 CBRFC
¢ 3 Upper Calorada
o~ B white-vampa
o~ B Duchesne-Frice
o- B Green
o~ B san_Rafael-Dirty_Devl
o B Co_Headwaters-Co_Kre

[5: Data viewer| | 1: Forecasts_|

o~ B Gunnison

o [ Dolores

o [ San_Juan

o- B Lake_Powell
o= 3 Lower Coloracn
o= [ Creat Salt Lake
o B sewvier
o [ CBRFC_ESP

o~ B Eagle-Roaring_Fork-Co_

GRAND,
COLORADO NATIONAL MO|

] il [ [»

Run options
Warm state selection
[p9-27-2013 12:00:00 [~]

Time zero
10-07-2013 12:00:00

Forecast length

Run options

3 GUNNISON -
NCOMPAHG]

¥ UNCOMPAHG

NORWOOD

LONE CONE

' The Gunnlson Rlver Basm Is divided into
lumped catchments.
routed from
downstream catchments.

iDARADO:
RED MOUNT AIN PASS

IlDEPENDENCE PASS

Flow is typically
catchment to
The furthest

W) Map O L_ﬂPlots L_Topulugv |

.«

|Ma!1uan0 1014 : £ || djay 1915833104 : 8 © |

10-07-2013 15:08:59 INFO - Initial synchronization completed. You can now make moadifications
10-07-2013 15:05:29 INFO - Rolling barrel completed in 6.3 s
10-07-2013 150823 INFO - Rolling barrel stared

mD

|5: Lugs| |9: Run Infu| |? : Forecaster notes

‘prm ICurrent system time:10-07-2013 12:00 GMT

15:18:04 GMT

15:18:04 GMT

Last refresh time: 10-07-2013 1317 GMT




AONIA RES _

i

]

i

a

E [ BMDCZL_F: BLUE M
E: [y BMDC20_F: BLUE
(B [y MPSCZL_F: MORRO)
§ [y MPSC20_F: MORRG
g

-

=

™

=]

w

| »

[y s1ac2H_F: SILVER |
[ CMRC20O_F: SILVER,
[y clsczLF crysTAS
[y clsczo F: CRysTA
[y GEPC2R_F: GUNNE
[ PRSCZH_F: PAONIA

[y MDCC2O_F: PAONI
[y soMczLF: NF GU
[ sCcczH_F: sURFAG

JRROW FT.

H

RYSTAL RES.

[T} DELCZL_F: GUNMIS
[y UCRCZH_F: UNCO
) DCKCZH_F: DALLAS
[} RESCZL_F: RIDGE
[y uMRczo_F: RIDGE
[0y cLoCzL_F: UNCOM
[} DLaCZL_F: UNCOM
[ GINC2L_F: GURNMNIS
o B Dolores

o- B San_juan
o~ B Lake_Powell
o= 5 Lower Colorado —
o= [ Great Salt Lake <
(T | D] ]
Run options

tSILVER JAC-

Warm state selection
[p9-27-2013 12:00:00 [~]

Time zero
10-07-2013 12:00:00

Forecast length

JCT - Forecast

. Freezing

Freezing

Bank Full 51a;

e ErE S

GJMC2L_F: Total Routes and
Diversions

Bank Full Sta

GJMC2L_F: Routes

MN\A’K

GINCZL_F: MAP - MAPX

As shown in this stick diagram,
headwater catchments flow into

s

[ @ map | il Plots | .% Topology O X

Run options

downstream catchments, which, in turn,

contribute to flow further downstream.

10-07-2013 15:08:59 INFO - Initial synchronization completed. You can now make moadifications
10-07-2013 15:05:29 INFO - Rolling barrel completed in 6.3 s
10-07-2013 150823 INFO - Rolling barrel stared

[ [wleem |

GJNCZL_F: GUNNISON-GRAND | |

L
Il
|Ma|1uan0 101d: € || djay 1915833104 : 8 @ |

KNI

[«]

|5: Lug§| |9: Run Infu| |? : Forecaster notes

‘prm ICurrent system time:10-07-2013 12:00 GMT 15:20:18 GMT

15:20:18 GMT

ILaSt refresh time: 10-07-2013 1520 GMT




Daily Model

e Tools Options Help

[ 5: Data viewer| | 1: Forecasts

GJMC2L_F: Total Routes and
Diversions

|Ma!1uan0 1014 : £ || djay 1915833104 : 8 @& |

Bank Full Stag

GJNC2L_F: Routes

¥ GUNNISON TUN

Run options

Warm sta

=1 Each catchment is separated into 1 to 3
wo zones, depending on catchment size and
"l topographic variability. Here, an upper

(gray), middle (brown), and lower (green)

zone are apparent.



Daily Model

Tools Options Help

[»] ‘ As an example,

WV the Gunnison
MCCLURE PASS

ml.
Y RN N S foraneicerd RIVEr Basin Is

s ﬁm“‘@ﬁw*‘ shown here.
SURFACE

1: Forecasts | @ ]
-

['5: Data viewer] |
|Ma!1uan0 1014 : £ || djay 1a15eal0q : 8 (;

¥ GUNNISON TUN|

S
TVERTACK RS CIMARRON, MR

%ﬂﬂ“’?ﬁ%&' 'E#E

Run options

Warm state selection

OURAY LAKE CITY
Time zero SLUMGULLION

10-07-2013 12:00:00
IDARADO:
Forecast length LONE CONE BED MOUNTAIN PASS

[N e S B S A, — S S (S T = . WS =l S
Plots | .. Topology



Forecasters adjust SAC-SMA and SNOW-
17 input parameters within the CHPS
framework in an effort to produce the
most accurate forecast possible.

z eadelid (@ ]af=] o] (B 8 e— N4> .
E Functions |< Select a statistical function = |v| =
s [ BMDCZL_F: BLUE M| | GJNC2L_F: GUNNISON-GRAND |||
b [ BMDC20.F: BLUE Lon GJNC2L_F: GUNNISON-GRAND JCT - Forecast JCT - Forecast =
- - i 5 . B
[ [y MPSCZL_F: MORRO) 2 s : 0Bz 1§ RAIM GNC2LUF LA [ Freemna !
H [y MPSC20_F: MORRG 2 50 : B EE NMAPGINC2LUF fasta o[ Freszing o s
H [ SIAC2ZH_F: SILVER | g 035 g5 DT S MATGINCZLUF |} - o freezind | |12
- B [-™ .
= [} CMRCZO_F: SILVER) '1“;:: Bank Full stag) | —
a [y clsczLF crysTAS £ o ~ » TRAIM GJNC2LMF A
= - =
» [ clsczo k: crysTA = 050 s0 2 2 ? B MAP GJNC2LMF 2
o [} GEPCZR_F: GUNNIS g s 5385 MAT GJMC2LMF s
[ PRSCZH_F: PAOHIA = o0 5 GINC2L_F: Total Routes and §
. [ 1.00 75 Diversions =
[y MDCczo R PaDMI 2 s 8-z 1§ RAIM GINC2LLF : Sank Full Sta 2
D SOMCZL_F MF GU = as0 o F E z B MAP GINC2LLF =
[} 5CCC2H_F SURFAG E o 5%t MAT GJNC2LLF L
[} DELCZL_F: GUNMNIS = s00
[y UCRCZH_F: UNCO simulati
) 2,075 3.84 ——3lmulation
b DCKQH'_F DALLA 2,050 3.82 - Adjusted Sim
% RESCZLF: RIDGE = 2,025 3.8 —— Previous Fcst
UMRC2C_F: RIDGE 2,000 3.78 + QIN GJNC2XG
[ CLOCZL_F: UNCOM 1,975 375 GINC2L_F: Routes
[} DLaCZL_F: UNCOM 1950 373
[} GINCZL_F: GUNNIS 1925 371 M
o B Dolores g 1500 3.69 - :
o San_Juan : 1,875 3.66 = :
o~ B Lake_Powell = 1,850 3.64 = :
o= [ Lower Colorado H g 1,825 3.62 g : %w
o [ Great Salt Lake | 2 1800 3.6 e N
— e 1grs 358 : e
g | I | | ’l 1,750 3.55
Run options . y GJNC2L_F: MAP - MAPX
1725 353 :
Warm state selection 1700 351 : N
"
[p9-27-2013 12:00:00 [~] 1675 349 :
1,650 346 : 5
Time zero 1,625 " : 344 : L
10-07-2013 12:00:00 1,600 : 342 :
09-27-2013 10-01-2013 10-05-2013 10-09-2013 10-13-2013 : z
Forecast length 12:00:00 12:00:00 12:00:00 12:00:00 12:00:00 :
External: [1] 10-06-2013 12:00:00 GUN_Approved_Forecast: [2] 10-07-2013 12:00:00 Current
Run options | M_g_rueScalars Forecast: [3] 1l3—l]?—2l]13 12:00:00 Current : Rd
@ Map Plots O | .% Topology | . Il [T
10-07-2013 15:08:59 INFO - Initial synchronization completed. You can now make moadifications | =]
10-07-2013 15:05:29 INFO - Rolling barrel completed in 6.3 s =
10-07-2013 15:08:23 INFO - Rolling harrel started ]

|6: Lugs| |9: Run Infu| |? : Forecaster notes

‘prm ICurrent system time:10-07-2013 12:00 GMT 15:21:49 GMT 153:21:49 GMT Last refresh time: 10-07-2013 1521 GMT _|—1I]8.?BS , 38.234 I. |




ESP orecast T'races

*ESP Forecast Traces are not equivalent to
Daily ESP output. The traces are adjusted

oIt.IS Important to note that the adjustment is
solely done for the benefit of stakeholders in
their modeling efforts

* Allows Reclamation to compare 24 Month Study to
MTOM output-more directly

« Adjustment factors are not representative of.an ESP
blas or error

cAdjustment Is done more for numerical or
statistical purposes than for physical reasons



Approvals Image Tools Map Layers

Approval Date:

Apr01 2013 ~

WHYAM TPIC2L_F
DUCHPR ALTCZL_F
GREEN ALEC2H_F
SANRAFDD GUSC2L_F
COLKREM TOMC2L_F
COLPAL LFGC2H_F
BMDC2L F
DoL MPSC2L_F
SANJUAN
POWELL PRSC2H_F
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VERDE RBSC2L_F
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SEV

[ Clear All FGs H Clear All Segs ]

[ Select All FGs ] [ Select All Segs]

Comment (200

char limit):

[

)

Forecast Table

AVG | MIN | [

TPICZL_F

ALTCZL_F

ALEC2H_F

GUSCZL_F

TOMC2L_F

LFGC2H_F

BMDC2L_F

MPSC2L_F

CLSC2L F

99.0 44.8
155.0 67.6
182.0 65.3

370.0 146.0 1

74.0 185 ||
123.0 358
675.0 244.7 3

740.0 265.9 3

835.0 296.6 "@

[ B | ’ifﬁ

Map | Evolution Plots | Reliability Plots |

View Mode: Daily Forecasts
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BRRECCCMA

This Water Supply Approval
allows forecasters to
compare output from SWS
and ESP,
volumes,

historical
compare
differences between
basins before publication.

[ ] Change Displayed Data to:

Select Map
(0 90% @ 50% (O 10%

1

@ % Change in Volume O Difference in % of Avg Days Back
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' Monthily and Seasonal
\Water Supply Forecasts

[-g'.']v why sh

ﬁ * [f_'.r,- www.chrfc noaa.gov/rmap/wsup/point php?ric=cbrfc&id=G]NC2&wyear=2014&mode=plot&gpf=0&showesp=1&showunapp=0&showoff=1&shot v &

[CIMNOAA Sites~  [[]NOAA Climatev []R examplesv

—

Plot Forecasts Observations Historical

Water Year: 2013 2014
Plot Options (onfoff): QPF ESP Official Forecasts Observations Max/Min Historical Unapproved Local Dir

2013 Runoff Forecast Apr-Jul
Gunnison - Grand Junction- Nr (GJNC2)

B DR SR - . R EECEETTTEERRE Masx/Mi
Daily ESP forecasts provide - Eggglg%w
an assessment of streamflow " ESPI0s0%
conditions, and typically " osws
indicates whether official = Observed
forecasts are expected to
g m I rise or fall.
E S Average
S _ Lt I il S N A N
e Wl LT
f || L) T R .
| Ll O T PO 1 TS Iy :
o o ' [ il
B L S S '..44 __________________________________
- : ! e

] I I I I
Cet Mow Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Plot Created 2013-10-06 11:56:10, Lastest ESP Run from 201 3-09-30, CBRFC / NWS / NOAA
Maximum of 3160.9 in 1984, Minimum of 283.4 in 1977, Average/Median for 1981-2010.
**These ESP forecasts do not include obssrved and are not total runcff.




Seasonal\Water' Stuppiy
FOrEeCcasts

‘Mational Weather Service, Colorado Basin River Forecast Center, SLC, Utah l ' n reg u I ated ReS e rVO I r

:0ctober final Forecast October 01, 2013

Inflow Forecasts

:0ther Reservoir Unregulated Inflow Forecasts

' d m |
.B SLC 131831 M DH24/DC1310011800/QCMFEZS/DRE+1/QCMFEZS /DRE+2/OCMFEZS I S S u e ap p rO X I at e y

Obs sep Forecast

. L]
: junj aug %Avg  oct  nov  dec
GLDA3:Lake Powell 939 143 273 % 550/ 400/ 290/ IWee y
GBRW4 : Fontenelle 91 32 4 46/ 36/ 28/

GRNU1:Flaming Gorge 22 54/ 42y 29/

BMDCZ2 :Blue Mesa 44 { a6/ 31/ 25/

MPSC2:Morrow Point 1 1 / 48/ 33/ 26/

CLSC2:Crystal 14 4 54/ 37/ 294

TPIC2:Taylor Park 8.9 . . 6.5/ 4.8/ 4.3/

VCRC2:Vallecito 9, .9 12. / 20/ 18/ 7/

NVRNS :Navajo 10 1. 1 65/ 38/ 25/ .

LEMCZ :Lemon 4, . L . 4 3.7 LI/ 1/

I R A BT 3-Month Outlook, with
RBSC2: . 4 11.6 14. 9/ )

‘Ridgway 5.5/ 4.2/

Apr-Jul provided

:Other

L] L] L]
B SLC 131031 M DH24/DC1310011800/0CMFEZS/DRE+1/QCMFEZS /DRE+2/OCMFEZS b eg I n n I n g I n J an u ary

Obs sep Forecast
: jun  jul aug sep %Awg oct  nov  dec
PRSCZ:Paonia 5.6 1.92 2.7 2.0e 91% 2.6/ 2.2/ L.7/

.END

PRECIPITATION SUMMARY - % OF AVERAGE BY MONTH - CY 2013
RIVER BASIN: JAN FEB MAR APR MAY JUN JUL AUG SEP : : .
GREEN
ABV FLAMING GORGE 55 55 115 75 10 118 65 185 P r eC I Itatl O n S u I I l I I I ar
ABV GRN RVR,UT(TOTAL) 76 55 65 135 75 5 110 B8O 190
COLORADO .
ABV  GRAND JUNCTION 7570 145 110 10 140 185 210 rOVI d ed aS Wel I
GUNNISON BASIN 105 75 128 95 15 160 120 195
DOLORES BASIN 120 65 ¢ 55 80 10 195 145 190
ABV CISCO (TOTAL) 95 70 120 100 10 160 120
SAN JUAN
ARV BLUFF (TOTAL) 130 65 ¢ 50 15 130 1325
ABV LAKE POWELL (TOTAL) 95 65 80 10 130 110



4

Part 4:

ESP Forecast Traces




ESP orecast T'races

«32-Month ESP traces have been generated for
use by stakeholders in the development of
probabilistic, operational resource-
management models

*Jraces are adjusted such that the median of
the traces Is equivalent to the final forecast
ISssued

e This adjustment is applied so that the ensemble is
comparable to the final forecast



' ESP orecast T'races

RAW Monthly Streamﬂow Forecast Traces for GLDA3 éCOLOHADO - LAKE POWE)
SP Run Date: 2013-09-30, Most Recent RFC Fest Issue

6500

ate: 2013-10-01)

6000 —

5500

5000 -

4500

4000 —

3500

3000

Streamflow Volume (KAF)

2500
2000
1500
1000 4 |

500 S

A BFC Fest

Median
Fest

Trace Years

— 1881
— 1882
1983
1984

Note differences between RFC forecast
(blue triangles) with median forecast
derived from ensemble of 30 traces

1013

1113
12/13
03/14

01/14
02/14

OFF: 5500 4000 2000 2800 3200 5900
RAW: @081 461.8 7.0 3304 3105 562

0514 —
0614 —
0714 —

04/14

950.0 22000 2500.0 8400 400.0

881.8 20404 26200 O77.2 4511 4027 4845 4748 475 3679 3740 537 8303 207.8 2656.3 10030 4581 4302 4684

0914 —

330.0

10/14
1114
12/14
0115
02/15
03115
10115
1115
12115
0116
02/16
04/16
0516

Forecast Month

FCST INFO:
OFF = Olficial RFC Fost
4864 4304 4089 4108 51.0 8353 21026 RAW = Raw ESP Median




' ESP orecast T'races

ADJUSTED Monthly Streamﬂow Forecast Traces for GLDA3 (COLORADO - LAKE POWE)
SP Run Date: 2013-08-30, Most Recent RFC Fest lssue Date: 2013-10-01)
6500

A RFC Fost

6000 —
Median
Fest

5500 — |
Trace Years

— 1881
— 1882
1983
1984

5000 -

4500

4000 —

3500

3000

[y
<
=3
©
E
2
§
E
a
14
]

2500

2000

Traces are adjusted such that the median
forecast matches the RFC forecast

1500 -

1000

1113
12/13
01/14
02/14
03/14
04/14
05/14
06/14
07114
08/14
12/14
0115
02/15
03115
06/15
07115
09/15 |
10115
1115
02/16
04/16
0516

Forecast Month FCST INFO:
550.0 4000 2900 2800 3200 580.0 950.0 22000 2500.0 B40.0 4000 3300 OFF = Ollicial RFC Fest
B0B.1 4818 3770 3304 3105 5762 881.8 20404 26200 9772 4511 4027 4845 4748 MHT5 380 40 5037 8303 2027.8 2656.3 1003.0 4581 4392 4584 4864 4304 4080 4108 5010 8953 21026 RAW = Raw ESP Median
) 0904 0885 0780 0.847 1.031 1.024 1.077 1.073 0851 0.880 0.887 0.820 FAC = Adj Facior
ADJ: 550.0 4000 2900 2800 3200 580.0 950.0 22000 2500.0 8400 4000 3300 4845 4748 7.5 3870 740 5037 8303 2027.8 2656.3 1003.0 4581 4392 46584 4864 4304 4080 4108 501.0 8353 21026 ADJ = Adj ESP Median




ESP orecast T'races

*Currently, the raw traces are available via the
CBRFEC website in text form:

*Adjusted ESP traces and graphics will be
avallable on the CBRFC website In the near
future



http://www.cbrfc.noaa.gov/outgoing/32month/

S0....

\What do ESP. forecast traces tell us?

It IS the entire ensemble of ESP output that we
use in the determination of . our water supply
forecasts. They are typically scaled so that the
median of the ensemble Is equivalent to our
final forecast. It Is useful for probablilistic
models.

\When does It tell us?

Each month during the water supply
forecasting season.




ansition from peak flow publication to our active conditions main web page:

g at both at this time — focus on our active conditions map as the peak nears (not always obvious)
rent updates using recent observations and short term meteorological forecasts (active quality control)
» Multiple peaks that exceed critical levels may occur (not represented in mean daily forecast)

own regulation changes will be accounted for on active web page hydrographs

2011 Forecast Exceedance Probability
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Seasonal\Water' Stuppiy
FOrEeCcasts

SWS relates observed data to seasonal
streamflow through regression equations

*Utilizes Monthly Data:

e First of month SWE

» Total precipitation (can be multiple months)
* Flow volume

» Climate indices (e.g., ENSO, PDO, SOI)
*Output

» Seasonal volume (e.g. April-July)

e Conditional probability distribution; the equation
result is the 50% exceedance




Seasonal\Water' Stuppiy
FOrEeCcasts

Ensemble Streamflow Prediction (ESP)

* This is the CBRFC’s primary model for water supply
forecasting

« Run daily starting from current model snow and soll
states

» Uses historical temperature and precipitation from
the calibration history to derive an ensemble of
future hydrologic traces (currently using 30 traces
from 1981-2010)

» Daily timestep for 12 months into the future

* Median (or 50% exceedance) value Is not equivalent
to water supply forecasts



Seasonal\Water' Stuppiy

FOrEeCcasts
SWS ESP
Easy to calibrate, maintain. Requires extensive
and run. calibration and

malintenance.

Can compute many
hydrologic variables over
any period.

\Works only for seasonal
volumes.

Can be run at any time.
Equations are made to be

run only at specific times
(I.e. first. of month and
only for winter and

spring).

Keeps track of soll
moisture.



Seasonal\Water' Stuppiy
FOrEeCcasts

sinformed by SWS, ESP, and forecaster
expertise

sUncertainty comes from:

» Density of gage network
 Errors in historical observations

 \Variations in consumptive use
* Limitations of models used (SAC-SMA and SNOW-17)




