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Colorado Basin River Forecast Center




Overview

« CBRFC Staffing and Operations

River Forecast Points in the Phoenix HSA

 Data Sources / Forecast Abilities & Limitations
« RFC —WFO Coordination
« RFC Products — Present & Future

Phoenix Stakeholder Interactions



One of 13 NWS River Forecast
Centers

Major programs include:

— Flood and routine river
forecasts

— Water Supply Forecasts
— Flash flood support

15 person staff includes
meteorology, hydrology, and IT
expertise — 2 vacancies (SCH,
hydrologist)
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* Nominally provided at ~400 points

every 6 hours (or 1 hour) out to 10
days.
* Flexible web interface to select and
identify forecasts and data
 Requires large amounts of data (e.g.
snow, precip, temps, streamflow)
Colorado Basin River Forecast Center
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:: Past & Future Outlook :4
09/05 09/07 09/09 0911 0913 0915 0917 0919 0821 09/23 0925
mon th/day (MDT)
Observed == Forecast (09/14.14:00) == Outiook (increasing uncertainty) ==

Historical Exceedance Probability (USGS). 90-75% 75-50% 50-25% 25-10%




3 ; & Typical Operational Day

assist

Quality Control (observations and
forecast data)

Other data input (reservoir release
schedules) / Update ratings

Hydrologic Model Interaction (CHPS)

Forecast Output / Product
Dissemination

Initiate Ensemble Streamflow
Prediction (long-term/seasonal)

Provide model updates / WFO
coordination as needed
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it 897 2 Focus on Inputs
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 The inputs are much more important than the quality of
the hydrologic model

 Model simulations are governed by current soil moisture
and future snowmelt and precipitation (QPF)

* Accurate observed precipitation, temperature and freezing
levels are important to maintain correct soil moisture

* Accurate future precipitation, temperature and freezing
levels (and soil moisture) are important for future
hydrologic predictions




.2 & Inputs required for model
e ——
 Observed and Future
— Precipitation

— Temperature

— Freezing level

* Observed flow and reservoir pool elevation




Observed Precipitation

Gages - sources e Radar

— GOES (many agencies) — Trim usable area by

— ALERT (several FCDs) elevation/freezing level
— COOP — Eliminate clutter areas
— COCORAHS — Calculate bias using

— SNOTEL 8a5ES

— All data is databased * Satellite

— Use in areas of poor
radar/gage coverage



.. Qbserved Precipitation - Gages

a4
B

GOES * ALERT
— Through HADS feed — from base stations
— Various agencies (USGS, through WFOs
NFS, NPS, BLM, etc.) * PSR (Maricopa County)

 TWC (Pima County)
— from jefuller

* Remaining Counties

COCORAHSs

— from website

SNOTEL — from Tohono O’'odham
— through NRCS feed thru internet
COOP — from Zuni thru internet

— from WFQ’s




e Compiled once per hour

e 4km resolution

e Hybrid Scan is know for each
radar

 Mask is calculated for each radar
using the hybrid scan. No cells
where:
— beam center is above freezing
level
— occultationis >=3
— beam center is 7000 feet AGL (?)
— beam center is above 17000 feet

MSL summer and 12000 feet
MSL winter

served Precipitation - Radar

Bias adjustments

— Compared with gage

importance of metadata
point vs grid issues

hourly adjustment (some
history)

24 hour bias is calculated

Radar data is combined with gage
only field

— Gage influence is smaller
summer

— Gage influence is larger in winter




\ daily_qc 3.0 (cbrfc)
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NEXRAD

Madel Inputs: Multi-sensor Precipitation
Estimator (MPE)

Utilize radar
and gage

information

Develop best
estimate of

- ]
o
- -
o
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precipitation

over the CBRFC
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Data Quality Control

 Arizona, New Mexico, Nevada, Southern Utah
— Multi-sensor Precipitation Estimator MPE (Radar)
— “Front ended” by Daily_QC Procedure (6 & 24 hr data)
— 1 hour time-step
— Mixture of gage and radar*

— Satellite estimates can be used in data void areas
(infrequent)

— QC temperatures and freezing levels as well
— Outputs include points, grids, and areal values

*Note: RFCs are currently not using dual-pol radar info.
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"3 & Observed Temperature
? [ ‘ .
B Gages - sources

— GOES (many agencies)

— COOP

— SNOTEL

* Used for snowmelt only

* Maximum/minimum and 3 hourly
Instantaneous

e Spatial density of gages not as important




% Observed Freezing Level

|+ From the RAP13 initial analysis?

* Used to type precipitation (rain/snow)
 About 1x1 degree resolution

* Freezing level is very important in Arizona
(perhaps as important as the precipitation)

 Snotel site BRMAS3 at 6380 feet

— Follow temperature and SWE during flooding
events




January 2010 event OAKA3

File Edit

4

PLOT-TS
8 OAKA3H
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1000 Foot Change in Snow Leve

File Edit

4

PLOT-TS
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Future Precipitation

e © \We examine output from  Technique

various sources — grids to points
— Raw model — modify using percent of
— WFO monthly normal
— GFS as starting point — points to grids using PRISM

. e importance of proper scalin
 We are forecasting large P Prop .

scale events — 6 hourly through day 5

e time distributed to 1 hourly

— Investigate using higher
resolution (space and time)
models for hourly QPF (e.g.,
HRRR)

* Project to verify timing/
location/volume of HRRR




Future Temperature

Currently use MOS max/min generated at MDL through 10
days

Same sites used in calibration

Transitioning to WFO produced through 7 days
— testing at SLC
— Additional WFOs through this fall
— days 8-10 will continue to be produced by MDL

The departure from normal grid is produced and the
forecaster then smooths the grid
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P I Future Freezing Level
B ——

 Sampled from GFS40 freezing level grid

e Typically we do not modify

— we will make small adjustments in hydrologic model




Madel Inputs: GFE is Utilized to input QPF and QTF
5 days of Precip / 10 days of Temp
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CHPS

e ¢ COmmunity Hydrologic Prediction System

* |nterface for interacting with our hydrologic

model
— Coupled Sac-SMA and SNOW-17

— Lumped model (Precipitation represented as an areal mean )
— 6 hour time step (QPF evenly distributed into hourly values)
— Minimal to no skill in short-duration flash flood situations

— Skill exists in routing upstream events

— Model parameters can be modified (MODS)

— “What If” scenarios are possible
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CHPS

* Contingency Runs

— We have the ability to input variable
precipitation amounts into our model to answer
“What if...?” types of questions

— Only available to WFOs, which can then view
the results through our webpage



Contingency Runs
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MCVA3L H: CAVE CK - CACTUS - Forecast
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Colorado Basin River Forecast Center

- CAVE CK - CACTUS ROAD - Hydrograph i
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Observed == Forecast (09/14.14:00) == Outiook (increasing uncertainty) ==

Historical Exceedance Probability (USGS): 90-75% 75-50% 50-25% 25-10%
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> _sPhoenix Area Forecast Points

Phoenix Metro Area

» Calibrated using USGS
gage information

« Attempt at local flood
issues (very limited
forecast ability for short
duration events)

 Forecast scenarios are
possible (develop
thresholds)
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-2 _/sPhoenix Area Forecast Points

Phoenix Metro Area

Better skill in winter type
synoptic situations &
snowmelt runoff

N-Pima Rd

Minimal to no skill in short
duration flash flood
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-2 _Phoenix Area Forecast Points

ANRe o

| B e ——

e © Forecast Abilities * Primary Challenges
— Wintertime synoptic — QPF & Freezing level
long duration accuracy; tropical
precipitation events moisture source; lack of
observations

— Routing of observed
upstream flows — Rating table accuracy,
_ Flash Floods changing river channels

(impacts critical levels)

— Many (consider scenarios
& rule-of thumb
thresholds)




> derolo“ Issues

° Ve rd e R iVe I

— Good gage data

— Importance of Bartlett and Horseshoe dams
* Limited storage (370K Acre-feet)

* Agua Fria

— Fair gage data

— Importance of Lake Pleasant
* Little Colorado Drainage

— Fair gage data western

— Poor gage data eastern




RFC - WFO Coordination

— E-19 and Critical Level updates

— Rating table issues
— New data sources

* Prior to potential flood event

— Coordinate precipitation potential/QPF (plans to switch
radar Z-R, etc.)

— RFC will call WFO if any forecasts reach critical levels
— RFC will extend hours to support WFO operations
— Coordinate any other areas of concern



RFC - WFO Coordination

* During flood events

— Office should take the initiative to contact the
other if QPF is changing or forecast river levels
are changing.

— Pass along any changes to critical levels (follow
up with updated E-19 following event)

— The RFC willing to participate in any WFO-

Stakeholder coordination calls that occur.



Hydrologic Ensemble Forecast System (HEFS)

GgéF‘quantlfx total uncertalntx in flow

— = QObserved streamflow

—— Weather (forcing) uncertainty in flow

- Hydrologic uncertainty

Streamflow

Forecast horizon

! « HEFS aims to “capture” observed flow consistently
* So, must account for total uncertainty & remove bias
B - Total = forcing uncertainty + hydrologic uncertainty




Why use hydrologic ensemble forecasts?

Goah“‘getter-lnformed water decisions

11 O - HUdson, NY
7 || = = Deterministic 8am EDT, Mar 11
Ensemble
|| — observed Warn of flood or not?
9.0
g ' Ensemble forecast says ~75%
) chance of flood around 12 March
S MAJOR FLOOD
w 7.0
o ] Single-valued forecast says
.é 1 flooding “will not” occur
|MODERATE FLOOD
5.0 |MINOR FLOOD
3.0

Mar 09 Mar 11 Mar 13 Mar 15 Mar 17 Mar 19




Example of national HEFS product
short-range probabilistic product

Probability Information Hudson (NY)
Data as of 08:00 AM EDT Mar 11

For official forecast, go to http:/iwater. weather.goviahps

Short-term Probabilistic Guidance (Experimental)
Hydrograph ] River at a Glance J Download ' l

Auto Refresh is OFF

Neekly Chance of Exceeding Levels
RED RIVER NEAR BUN 1.0 - 10000
Universal Time (U1  Chance of Exceeding Levels During Entire 108 Observed L9500
4z 47 4z 4z 4z 4z 4 Period 106 & Median o + 9000
Jun6 Jun7 Jun8 Jun9 Juni0 Jun 193, " - Most Likely 25-75% | 6500
15 | s e s e e Short-term Probabilistic Guidance 10'1 Likely 10-30% w00
_l'Latest observed value: 7.7 ft at 7:30 PM CIN - " : Less Likely 5-95% [
14 71 104un 201 4. Flood Stage is 9 ft (Experimental) . - | 7500
9.7 r 7000
' 9.4 L 6500
H 9.2 r 6000
: [ 2 € 59 5500 2
SRR ¢ ) = 8. t =)
g {binar 2.0 : #1 § 2 MAJOR FLOOD z
7.93 ft | - © 86 £5000 T
1751t r139 g P 1500
Action: 7.0 . 71 & ‘
6 ; ., a0 77 3500
5 ! 1“5 -1.6 ' MODERATE FLOOD|
; 73 3000
4 4 ' 0.8
i 7.0 2500
' L 1 RF
3 ; 0.1 65 {INOR FLOOD| 510
11pm  1lpm  1ipm 1ipm ilpm 1ipm 1ipm ilpm 1ipm 1ipm 1ipm 6.1 r 1500
Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun 54 £1000
Jun5 Jun6 Jun?7 Jun8 un9 Junl10 Jun1l Jun12 Jun13 Jun14 Jun15
47 — 500
Site Time (CDT) 10
---- Graph Created (11:41PM Jun 10, 2014) —— Observed —s— Forecast (issued 7:55PM Jun 10) - oA AN AN AN P o oA
% BKBT2(plotting HGIRG) "Gage 0" Datum: 95257'! |Ob$rvations courtesy of US Geological Survey! Sat Mon Wed Fri Sun Tue Thu
! Mar 09 Mar 11 Mar13 Mar15 Mar17 Mar19 Mar 21
Site Time (EDT)

See: http://water.weather.gov/ahps/




% & Going Forward with HEFS

Err e
Ensemble forecasts are the future

* Forecasts incomplete unless uncertainty captured
 Ensemble forecasts are becoming standard practice

 HEFS implementation, products, and validation is
ongoing and expanding

* Initial validation results are promising

i HEFS will evolve and improve

i+ Science and software will improve through feedback
« Guidance will improve through experience
=~ « Continue to educate stakeholders on its benefits

ST QIVER o

B & D N Q S o,
4 N~ # P e
7, Y\ < La AT o
. 5 d = mil @ >
| 2 H o =B o H
\ 3 J S 22\ A

) 4 S
& % 0 0 4§
o ez V. 700030y




.

.. Radar Bias Adjustment Product

3
b .

=
m *© Measures the difference between gage and
radar precipitation readings
* Develops a bias value to indicate how well
gage and radar are in agreement

— Bias < 1 indicates gage is lower than radar
— Bias > 1 indicates gage is higher than radar

— Mean bias should ideally be between 0.8 and




e

S
’. A
B 8

[
s * Summary available
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(& MRSA3

* Updated daily with G MCDA3

. & ZPHA3

more detail at: = cEas
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www.cbrfc.noaa.gov/
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&‘Sdar Bias Adjustment Product

HRS CACE RADAR BIAS
24 0.86 1.19 0.72
24 0.40 0.56 0.72
24 0.63 0.91 0.69
24 0.87 1.13 0.77
24 1.46 2.08 0.70
24 0.47 1.13 0.42
6-0.8 0.8-1.2 1.2-1.4 >1.4

bias spectrum <0.6 0.
# of CGAUCES

weather/nexrad/archive/ mean bias is 0.790987

23
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— Would contingency runs be helpful?

— Help determine thresholds for short-duration / FF

— QPF options, short-duration potential (but early in day)
— Timely and accessible information?

— Rating table updates (coordinate with USGS?)

* Data
— The more data the better — stage and precipitation

— SRP reservoir operations
— East Clear Creek? White River?




.2 _#"Where could we help more?
L
' * Improved Coordination

— Would like to visit at least once a year!

— Open invitation to visit RFC

* Actions
— Soil Moisture Grids
— Precipitation Grids
— Resolve E-19 (and E-19a) Issues
— HRRR project
— Others?




C Stakeholders in the PSR area

QEATH,

* WFO Support

— Flood Forecast

CAP

CENTRAL ARIZONA PROJECT

— Warning Support
 Water Supply

— Bureau of Reclamation

Forecasters predict another down year for
Lake Mead

— Central Arizona Project

e Recreation

g sun lights up Paint

e General Public

By HENRY BREAN
LAS VEGAS REVIEW-JOURNAL

Stop s if you've heard this one before: A lackluster year so far on the Colorado River has local water managers
and National Park Service officials bracing for further declines at Lake Mead.

According 1o the latest federal forecast, released Wednesday, the reservoir is expected to fall to a new record low
[next month and slip downward from there, shedding a total of about 20 feet through June 2016.

The bleak new estimate is based on current projections pointing to below-average flows on the Colorado in the
coming months, as the snow pack melts in the mountains that feed the river and its tributaries.

“We're a bit low this year” said Paul Miller, a senior hydrologist with the National Weather Service's Colorado
Basin River Forecast Center in Salt Lake City. “We're only forecasting about 71 percent of average” flow into Lake
[Powell, Lake Mead’s upstream neighbor on the Arizona-Utah border.




Our stakeholders love hydro-related information
you put out on Facebook, Twitter, and the
Weather Stor Sunda

Rainfall Amo
Hlstorlc Ralnfall near Yuma Tonlght —m

'Whatis EI Nifio? it refers to a periodic warming of
sea-surface temperatures across the central & east-central
Pacific Ocean and the atmosphere’s response.

) Tropical Moisture Headlng Our Way

El Nifio Advisory Currently in effect. Issued when El
Nil’%o, conditions are observed and expected to continue.

L

Stormy or Just Clo

Outlook With El Nifio conditions already in place, there
is a90%+ chance that El Nifio will continue through the
coming winter months.

K /o_/

Be Prepared!
Turn Around,
Don’t Drown

Observed Sea Surfoce Temperature Anomolies ()

Wednesday Sept. 9, 2015 lnfrared Satellite lmage

Gilbgtt

{Chondler
ot

What?

Increased afternoon
shower/t-storm chances R TR
Today and Thursday V— How Strong?Impacts?  Nearly all climate :
area-wide. , and current observations, suggest this EI Nifio will be

g event. This will likely mean an increase in tropical ;
activity in the East Pacific Ocean during the fall. For the

e e R )

bAzE/noSesn-o8//iduy iojul Bsol

7-doy Mroge Centeed on 05 Aogunt 2015

Hazards:

Heavy rainfall
Strong, gusty winds
Frequent lightning

] Focw Us: n u

weather.gov/Phoenix




The first-ever U.S. center for water forecast operations, research,
and collaboration across federal agencies

60,000 sq ft “green” building

University of Alabama Campus, Tuscaloosa, AL

Opened May 2015, initial staffing underway

@
S
£




% s’“ National Water Center

= g s ]
Mission

The National Water Center collaboratively researches, develops and delivers state-
of-the science National hydrologic analyses, forecast information, data, decision-
support services and guidance to support and inform essential emergency
services and water management decisions.

A foundation for developing a national “common operating picture” to enable
critical decisions effecting the Nation’s most valuable resource

*Fully integrated water resources program directed towards consistent products
for impact-based decision support services

«Catalyst for accelerating research to operations

*Nerve center for optimization of data-flow among RFCs and IWRSS partners

Catalyst for Modernizing the NWS Hydrology Program



_ «  Michelle Stokes — Hydrologist In
Charge

e Brenda Alcorn — Colorado .
Headwaters Basin Focal Point

e Greg Smith — Gunnison and San
Juan Basins Focal Point

* Ashley Nielson — Green River
Basin Focal Point

* Tracy Cox — Lower Colorado Basin
Focal Point

& * Paul Miller — Great Basin Focal

Contact us!

michelle.stokes@noaa.gov

brenda.alcorn@noaa.gov

greg.smith@noaa.gov

ashley.nielson@noaa.gov

tracy.cox@noaa.gov

paul.miller@noaa.gov




_ + John Lhotak — Development and
Operations Hydrologist

* (Cass Goodman — Computer
Systems Analyst

* Craig Peterson — Senior
Hydrometerologist

e Stacie Bender — Hydrologist and
Remote Sensing Focal Point

* Brent Bernard — Hydrologist GIS
Focal Point

B o Valerie Offutt — Administrative
Assistant

Contact us!

john.lhotak@noaa.gov

cass.coodman@noaa.gov

craig.peterson@noaa.gov

stacie.bender@noaa.gov

brent.bernard@noaa.gov

valerie.offut@noaa.gov




Socialize with us!

www.facebook.com/NWSCBRFC

Tweet us @nwscbrfc



