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Key Characteristics:
*640,000 km2
*River is 2300 km long

*Mostly semi-arid with annual
precipitation ranging from 3” (8 cm)
to 75” (190cm)

*Runoff dominated by snowmelt
from mountains

*Reservoir storage capacity (74
km3) is ~4 times mean annual flow

*Average annual water demand
approximately equal to supply

* Colorado River Basin
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Colorado River Supply and Demand

25

20

e
n

e
[}

Yolume (million acre-feet)

—10-¥YEAR RLUMNING AVERAGE BASIMN WATER LISE

—10-YEAR RUNNING AVERAGE BASIMN WATER SUPPLY

2004 7

1923
1925
19249
1932
1934
1935
1941
1944
1947
1930
19583
1956
19549 E
1962 ]
1965
1965
1971
1974
1977
1980
1983
19846
19849
1992
1995
1995
2001 7

Calendar Year

Credit: USBR




orecasts outine
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Find: All Points or Active Points Map Satelite | Terrain #Rivers
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] Show NWS ID
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1 River Point Condition
© No Data

@ Normal

@ Significant Rise a S
 Near Bankfull .
© Above Bankfull

@ Above Flood Stage
@ Outlook (> 3 days)

All Points

525 River Points Found:
Data from Wed, 20 Jan 2010 12:43:01 -0700

@ .- zoom to point - find nearby points - view
hydrograph >>
DYCUT1, GB_F, River Forecast Point, No Data

@ , - zoom to point - find nearby points - view
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@ , - zoom to point - find nearby points - view
hydroaraph >>
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RCYA3, GI_F, River Forecast Point, No Data 9
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MAOA3, SV_F, River Forecast Point, Normal
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forecasts and data
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@ Aiiisa Fila., Biickeve - soomwpait:ae B I'__lemegw Map iz Colorado Basin River Forecast Center
lt 376 Ing:-1105,6 o MUDDY - GLENDALE, NR - Hydrograph 730
Goto the Old Map or Give Feedback on New Map. :
Curent: 5.8 {01/20.19), Flood Stage: 15.00, Mo Bankfull Created 01/20.20:13UTC
16.7 . 1360
Peak Flow Forecasts, Latest for 2008 Wational Weather Service
Colorado Basin River Forecast Center 14 .4 1070
salt Lake City, Utah
NOAA, National Weather Service APR 3, 2008
Golorado Basin River Faracast Cantar 13.2 820 I
Salt Lake City, Uiah
. ric, 0880V FLOOD PCITENT[VAL OUTLOOK t "
1.9 G000
Snowpack conditon
to above av
are forec 10.6 420
next 10 day. e indicating less than a 10% chance
i of flood flows, however the potential for reaching bankfull is currently
+ River Rurning Pamis! Information above average. Streams will most likely a3 270
it and areas with small ungaged ams may
- Raitional nformation bankfull or overbank conditions. The onset of conditions that will
raise the threat of flooding will be monitered closely and this preduct 8.0 160
will be updated as needed.
e Snowpack decreased in the Duchesne Basin due to well below average BT 70
Sirsamfiow varies cramatically over th " p— pr—— precipitation in March and is now 110 percent of average. At this time,
o1 8 year wih & single $6asonsl pesk sometimes can be an cwersimpilfication. Fiycrographs (or graphs the potential for ng flooding due to snownmelt is not high. ESP
[of mean dady flow versus time) for each site can be viewed by elicking on the site name. The peaks flows due to smowmelt will be near average 5.5 20
hydrographs include an example high and low year alongside lasi year and this year. in.
e " ; Past & Future Outhook
et o S shn sl rras s R guiion Fays o osir ek i dtamviring chaar ring flooding due to snowmelt is not high in the 42 8]
cak flows. As would be expected. higher (bl more shortlived) poaks are generally observed It the Lower Green Much below average precipitation in March decreased
ore-ruguiatory era (before 1960). the percent owpack from 115 percent of average on March Ist to o1 ;3 015 0117 o119 o121 0123 0125 0127 0129 0131
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Map Options

Point Data
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Normalization: ©
Update Map

sothD  Legend
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O 70% - 90% of median
© 50% - 70% of median
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O No Forecast

Download
Download data in KML Format
About

Official coordinated NOAA/NRCS
forecasts are plotted on the map.
Forecasts are issued on the date
selected above. The forecast valid
period varies depending on the
typical timing of runoff.
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Forecasts for spring snowmelt
runoff volume

Forecasts at ~100 points in
Colorado Basin important for
water management

Forecasts typically issued
during winter and spring
months (e.g. show
accumulation season)

Probability Function from Monthly ESP Forecast
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M ronthly Ensemble
Mar 2008-Mar 2009

Disclaimer: ESP forecasts are
not coordinated or manually
checked by NWS forecasters.
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or questions on ESP usage,
please contact the NUS.
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Forecast Methods

»Ensemble Streamflow Prediction (ESP)

Y

LCI CRN C I C I O

A component of a continuous conceptual model (NWSRFS)
Continuous real time inputs (temperature, precipitation, forecasts)
Accounts for soil moisture states (SAC-SMA) - drives runoff efficiency
Builds and melts snowpack (Snow-17) — output feeds SAC-SMA
Flexible run date, forecast period, forecast parameters.

Evolving toward ESP as primary forecast tool

»Statistical Water Supply (SWS)

Statistical Regression Equations
Primary method from 1940’s to mid 1990’s.
Historical Relationships between flow, snow, & precipitation (1971-2000+)

Tied to first of the month data and for a fixed runoff period (inflexible)




Conceptual Model

RFC forecast uses a snow
model and a rainfall-runoff

model: Snow Model: SNOW-17

Temperature Index Snow model
YSNOW-17: Temperature
Index model for simulating
snowpack accumulation fvapo. 1% Precipiation
and melt =

F: Free water

 Impervious 4
P T: Tension water

J‘W“: &";

filtration

Upper zone

¥ Sacramento Soil Moisture
Accounting Model:
Conceptual hydrologic
model used t0 generate
runoff
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-

Interflow
Surface runoff
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<
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7 v
Primary SUI;P'-

Subsurface outflow
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Geographic:

¥Lumped over a basin —
Traditional RFC models
treat entire basin above a
gauge as a discrete unit

¥ Spatially distributed —
any models — includin
RFC experimental models
— model hydrology in
geographic grids

Nogales

58




=+ \Weather and Climate

RFC forecast system incorporates
both weather and climate forecasts:

¥ Weather forecasts integrated into
daily operations with forecaster
control over point and basin
average values

o ORIty

L3 ITh
Lt = ey It o 1y om T T o T T Yo L

¥ Climate forecasts integrated into
seasonal water supply forecasts
through probability shifts of
forcing ensemble

ROMOMOMOMoOo o000 Ooo0 000

[=l=l=T=1




Model Structure

Colorado Basin River Forecast Center
52 LOGAN -LOGAN, NR, STATE DAM, ABV - Hydrograph 1510

Curment: 2 6 (03730 21), Flood Stage: 5.00, Bankfull: 4 70 Creatad 03302108 UTC

Forecast “mode”: N T .
i ' 2

34 370

¥Deterministic — Single -
value forecast time series S A 1

24 80

of streamflow, model s -
states, soil moisture, etc. o oun n

0321 03/23 0325 0327 0325 0331 0402 0404 0406 0408 0410
GMT monthiday 2009

Chserved == Forecast (03 30.18:00) == Cutlock (increasing uncertanty) == Bankful 4.70
Historfcal Exceedance Probabiily (USGS). 90-75% 75-50% 50-25% 25-10%

¥Probabilistic — Ensemble
of forecast time series e o R

Volume (kac-ft)

o5 E Disclaimer: ESP forecasts are not
coordinated or manually checked
0 | by NWS forecasters. Official watsr

supply forecasl on
15 F map. For questions on ESP usage,
please contact the NWS.
10 % é - max
= ~75%
T s0%
o I I I I I I I 1 3 S
Mar Apr May Jun July Aug Sept oct Now .
2009 ==

Month Issued: March 2, 2009

14




e ESP Technique

7" Multiple streamflow scenarios with historic
meteorological or forecast weather/climatic data

N\ =
l Possible scenarios
=
O .
L Scenario 2
Scenario 1
Scenario 3
Saved model states Time g
reflect current ]
conditions:
River / Res Levels
Soil Moisture
Snowpack

Results used in statistical analysis to produce
forecasts with probabilistic values

©The COMET Program




Flow

ESP Technique

N9W Low chance of this

Past i Future / level flow or higher

Medium chance of
this level flow or
higher

High chance of this
level flow or higher

Time

©The COMET Program




Farecast Window Chances of Exceeding River Levels on the GRANEBY RES IMFLOW

Latitude: 40.2

Longitude: 1059

Forecast for the period 401/2009 - 70312009
Thiz is a conditional simulation based on the current conditions as of 373142009

2810750 Exceedance
Frobability
2806160
[ | 10- 25%
25 - 50%
27015700
B 50 - 75%
[ | 75 - 80%
Ensemble 50% 252695.0 —
exceedance 2402300
Forecast: 2367600
230 kac-ft S
2175620
207405.0
185944 .0
1864550
41 715
2400 MST
FREQUEHCY SETTIHGS — Exceadance Probability Levels (descending)
. — Probahility Dist—
__Exceedance Probahility < Default > Manual
Interval Begin Date ~ Empirical
; : 1 i a: i 4 a: E
Analysis Start Date: 412009 | _ wormal .30 750 | 0500 | 025 | 0.0
|;4 A |;an9 <« Log Notmal B: | 7. | B: | 3: | 10: |
REDes B D B-)=2li v ey —Flood Levels fascending)
< Weibull -~ e e
il LI - Default kianual 1:|£939.0 2 |1£899.0

Accumulatian Settingsl




Statistical Water Suppl
\

»Equations built on relationships between the inputs and
the output

Output Variable:

April-July streamflow volume
at Provo-Woodland

div 07/16/01

Colorado Basin River Forecast Center

2141 PROVO - WOODLAND, NR - Hydrograph &1
Cument: 1.9 02/18.22), Fiood Stage: 7.00, Barkful: 6.00 Created 02/1822:30 LTC
1927 NOAAGERFC, 2000 58
1712 5.5
1498 5.2
..3 -

1284 4.8
1070 4.5
856 4.2
542 3T
428 32
214 27
o mlELD Futue 11

01/30 0218 0310 03/30 0419 03/09 0529 0818 O07/08 0728 0817
GMT monih/day 2009

Chserved
Historical Exceedance Probability (USGS): 90-75% T5-50% 50-25% 25-10%




the output

Input Variable: Trial Lake Snow

Source: NRCS .

Colorado Basin River Forecast Center

0 TRLU1 - TRIAL LAKE 3
28 To Date: 95% (17.7 1 186) Crealed 02/1222 19 UTC 103
Seasoral 67% (17.7 /26 6) NOAAICBRFC, 2009
25 o4
Accumulation mte 0.3 iniday
22 | averaged over last 3 days. 85
-
£ 5
S
18 =57
]
15 56
12 47
10 38
28
19

Past % Fulue

10-01 10-31 11-30 12-3 01-30 03-01 04-01 05-01 05-31 07-01 07-31 08-30 09-30
Daie
WG = 2009 = 2008 —
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File Options Actions

Help

GBYCZ OCHPAZZ P Apr—Jul (COLORADD - LAKE GRAMBY, GRAMBY, MR} JRZ2: 0,360 # yrsi 30
AMG: 225,000 YTRANS: none

LAKE IREME LKICZ/SWIRMZZ

Apr 25,302 gEE ¥ 2,623 = 66,36
PHAWTOM YALLEY PHTC2/SWIRMZZ

Apr- 9.90Z o * 4,481 = 44,36
STILLWATER CREEK SCSC2/SWIRMZZ

Apr- 6,302 ey * 1.886 = 12,01
GRAND LAKE 1MW GLECZ/PPHRZZZ (Mow - Mar):

B 1,084 s

Dec 2.10E 1238

Jan 2,37 120%

Feb 0,92 E1¥

ETS 0,744 435

7,18 92y 5,238 = 37,EL
60,493 + 161,35 = 221.84 99%)

GBYC2 OCHPAZZ a Apr-Jul (COLORADD - LAKE GRAMBY, GRANBY. NR) JRZ: 0,479 # yrs: 30
AVGS 226,000 YTRANS: none

LAKE IREME LKICZ/SWIRMZZ
Apr- 25,302 JeE  * 1.825 = 46,17

PHANTOM YALLEY PHTCZ/SWIRMZZ
Apr 9,902  107E ¢ 2,857 = 23,09

STILLWATER CREEK SCSC2/SWIRMZZ
Apr- 6,302 ey * 2,468 = 17,03

GRAND LAKE MW GLEC2/PPHRZZZ (Mow — Mar)i
M 1,05y i
Lec 2,108 133
Jan 2,37 1300
Feb 0,924 EL1Y
Har 0,744 49%

7,18 92y * 5,052 = 359,86
COLORADD - LAKE GRAMBY, GRAMBY. MR GBYCZAUCHPAZZ

GBYCZ QUMPAZZ_0710 Coordinated hModel Computed
- R e 27500 122% 28504 128%

Most Prob. 22500 100% 22184 99%

v R. Min 178.00 79% 15564 B9%

Statistical 50%
exceedance
Forecast:

222 kac-ft

Comp. wf Coord, NYWES Preferred. Other Agency
Ya 291.20 129% 000 0%
Yo 22500 100% 22000 98%
Yo 15880 71% 000 0%

Input Specification  Eqn GutputfF st input J Fest Point Stats | Eqn Stats | Fest Performance (Oper) | Fest Performance (Calib) | Log |

nexireqg ver 2.3.3




Forecasts are coordinated with NRCS on a monthly

basis. Forecasters at each agency compare

forecasts, analyze differences, and come up with a

official, coordinated forecast.

ONR(G €=

Natural Resources
Conservation Service

NRCS 50%
exceedance

Forecast:
220 kac-ft

NOAA 50%
exceedance
Forecast:
225 kac-ft




Forecast Process

Hydrologic Model Analysis

Data

Q hydrol_ogic model

® expertise & guidance

g judgment

0

g S River Ri

S | _Forecast | £l oqet [Quiputs, IVEr

=5 precip / temp Graphics | Forecasts

Q7 System

© Analysis & Rules, values,

D Quality Control/ \ parameters other factors,

; politics
Observed Calibration Decisions




Research Needs

3. Develop reliable
ensemble forecast

Hydrologic [} system
Q hydrologic model _
© expertise & quidance 4. Improve physical
iwdament process understanding
2. Improve use of and modeling
weather and climate River .
forecasts Forecast Outputs River
= & | Precip 7 temp Graphics | Forecasts
o r System
© \ Rules, values,
§ \ parameters other factors,
politics

5. Decision Support:

Work with stakeholders
to use forecasts




Projects

¥ Implementing Hydrologic Ensemble Forecasting
System

¥ Major software change: Community Hydrologic
Prediction System

¥ Testing spatially distributed models

¥ Modeling PET for improved modeling and demand
forecast

¥ Event post mortems
¥ 30 year average update

¥ Improving stakeholder engagement




KCFS

0.8 5

0.6

0.4

0.2 -

LCWUIL_F QRIFEZZ

flo

od

Little Cottonwood at Crestwood Park
flow under forecast

—— 2010060114
2010080200
—— 2010060214
—— 2010080300
— 2010060314
2010060414

2010060514
—— 2010080516

2010060520
2010080522
— 2010060614
—— 2010060622
—_— OBS (GO0
— OBS (BAD)
—_— S

BANKFLULL = 700 cfs

----- FLOOD = 800 cfs

- T T T T T T | T T T T T T T T T T T T T T T | T T T
20100601 D 00602 OFD100603 OFAD 100604 (BN 00605 A 100606 00100607 [@1(’“

%

we

ekend




AprikJuly Volume (kAc-ft)
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April-July Volume (kAc-ft)
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« All 30 year means since
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Potential Collaboration
Opportunities

1.NOAA/NESDIS — Ukrainian Academy of Science and Ukrainian
Meteorological Service agreement

2.US-Ukraine Science and Technology Agreement — Ongoing discussions
and working group in place

3.WMO Voluntary Cooperation Program — Annual call for proposals less
than $100k generally covering equipment and/or travel expenses
4.NOAA — Russian Hydromet services agreement — Possible model or
template for regional engagments

NOAA/NWS contact: Renee Tatusko



Kevin Werner

CBRFC Service Coordination Hydrologist .
Phone: 801.524.5130
Email: kevin.werner@noaa.gov



mailto:kevin.werner@noaa




Forecasts generally poor and under simulated for peak flows that occurred June 6-10,
2010 in northern Utah and western Colorado

General conditions leading into event:
Very cool May

Warm, moist air mass beginning June 5

Temperature forecasts generally good

SNOTEL sites in flooding catchments near average for this time of year
Streamflow forecasts were almost uniformly too low

L

)

Ongoing study to understand why

Preliminary results focus on Little Cottonwood Creek
& What happened in the real world?

¥ What happened in the model world?




SALT LAKLE CITY, UTAR

E Daily Average and Normal Temperatures E
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Cottonwoods Snowpack, 2010 vs 2006
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June 2010 event

Hypotheses:

1. Snow Covered Area data may have improved June
2010 forecasts

2. More sophisticated snow model may have improved
June 2010 forecasts




30 Year Average
Updates

WY2012 forecasts will be based on 1981-2010 inputs in both
forecast models

¥ ESP and SWS will both use the same period

SNOTEL network much stronger for 1981-2010 period than
In 1970s. This network is critical for forecast skill.

All things egu_al, these forecasts will be lower since input data
sets are drier in the 30 year averag?e
¥ Especially true in early season forecasts

¥ Later season forecasts more controlled by observed
snowpack

Percent of normal forecast values should remain largely
unchanged (since normals AND forecasts will be lower)
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Lake Powell Inflows 30 year averages
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1981-2010 is the driest 30 year period on record




