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e Stakeholder driven initiatives

e NWS driven initiatives

e Office driven initiatives



A48 Colorado River Climate and Hydrology Work Group

Wednesday, November 8

eWork Group led by Southern Nevada Water Authority consisting
of basin stakeholders, Reclamation, and the CBRFC

° to improve the accuracy of
hydrological forecasts , to enhance the
performance of predictive tools, and to the

uncertainty related to future supply and demand conditions in
the Colorado River Basin

eGroup has been invaluable in prioritizing research, leveraging
funding opportunities, and working with partners to develop
applied research projects
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Create experimental forecast product.

Convert 50m gridded ASO SWE product to mean areal SWE value

-for each catchment (elevation zone) in RFC hydrologic model Experimental Seasonal (Apr - Jul) CBRFC Forecast with direct insertion of estimated
SWE from airborne lidar survey

Replace operational snow model (SNOW-17) SWE with ASO SWE

Location: Taylor - Taylor Park Reservoir (TPIC2)
-in an ‘offline’ version of model

Date of Flight: April 1, 2023

This experimental forecast product is provided for information purposes only and is not intended as an official forecast

Run Ensemble Strea mfl oW Prediction (ES P) model product of the Colorado Basin River Forecast Center (CBRFC). The experimental forecast shown in blue on the figure and
. provided in the table is created by running the Ensemble Streamflow Prediction (ESP) model after direct insertion of basin
-Wlth new (ASO) SNOWwW States average snow water equivalent (SWE) from Airborne Snow Observatory Inc. (ASO) into the CBRFC'’s operational,
o o o o calibrated, and lumped parameter snow model (SNOW-17). Please contact the CBRFC with any questions regarding these
-uses 1991-2020 air temperature and precipitation Limbers or figures.
-produces 30 different hydrographs T m—
Period: Apr-Jul, ESP is Unregulated and No Precipitation Forecast Included
—— ESP 50
ESP 10 90
200 1 ESP 30 70
ESP Min. Max.
—-—- Observed Cumulative Volume
25001 e  CBRFC Official Forecast
O CBRFC Experimental Forecast
3,250
150
3,000 -
2,750 ug
£
2,500
2 1001
. 22501 =
n ‘ )
.
Y 2,000
g)ﬂ 1 : ,
£ 1,750 sl
L
9 1,500 -
2
1,250 -
1,000 4 oL—————— T T T e o O T e B g P g O R A T e T T e S T P R P
2023-01-01 2023-02-01 2023-03-01 2023-04-01
750 1
500 - ol
i orecast / Exceedance Value
A lll \ ||I F t/E d Val ESP90 ESP70 ESP50 ESP30 ESP10
250 T _
] — 0o e, LB CBRFC Experimental Forecast 95 103 108 116 129
0 """ 4/1/2023
03282023 04122023  04-27-2023 05122023  05-27-2023 06112023  06-26-2023  07-11-2023  07-262023  08-10-2023  08-25-2023  09-09-2023 CBRFC Official Forecast 104 113 120 129 150
4/1/2023

Probabilistic forecast volumes in thousands of acre-feet (kaf). Columns indicate exceedance values.
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Experimental Seasonal (Apr - Jul) CBRFC Forecast with direct insertion of estimated
SWE from airborne lidar survey

Location: Colorado - Lake Granby, Granby, Nr (GBYC2)

Date of Flight: April 18, 2022

This experimental forecast product is provided for information purposes only and is not intended as an official forecast
product of the Colorado Basin River Forecast Center (CBRFC). The experimental forecast shown in blue on the figure and
provided in the table is created by running the Ensemble Streamflow Prediction (ESP) model after direct insertion of basin
average snow water equivalent (SWE) from Airborne Snow Observatory Inc. (ASO) into the CBRFC's operational,
calibrated, and lumped parameter snow model (SNOW-17). Please contact the CBRFC with any questions regarding these
numbers or figures.

GRANBY RES INFLOW (GBYC2)
Period: Apr-Jul, ESP is Unregulated and No Precipitation Forecast Included

400 1

—— ESP 50
ESP 10 90
ESP 30 70
350 ESP Min. Max.
—-—: Observed Cumulative Volume
e CBRFC Official Forecast

300+ f CBRFC Experimental Forecast

2501
3
£ 2001
e
§ s Experimental Product: Fgr Infomational Purposes Only

150

100

50
0 2022-01-01 2022-02-01 2022-03-01 20220401 2022-05-01
Forecast / Exceedance Value ESP90 ESP70 ESP50 ESP30 ESP10
CBRFC Experimental Forecast 148 159 167 187 215
4/18/2022
CBRFC ESP Model Guidance 171 182 190 218 249
4/18/2022

Probabilistic forecast volumes in thousands of acre-feet (kaf). Columns indicate exceedance values.

Contact: cbrfc.operations@noaa.qgov - htips://www.cbrfc_noaa.gov/us/us.php

CBRFC Experimental Forecast Example - Granby Reservoir Inflow (2022)

\Weather Forecast Office

Wednesday, November 8

<-Middle of season experimental forecast product

April-July Forecast Period

End of season graphic - multiple ASO flights/verification

Volume [kaf]

400 4

3501

300 1

250 1

200 1

150

100 1

50 1

GRANBY RES INFLOW (GBYC2)
Period: Apr-Jul, ESP is Unregulated and No Precipitation Forecast Included

Flight 1: ASO SWE < RFC SWE —
Flight 2: ASO SWE ~ RFC SWE e300

Observed Cumulative Volume
e CBRFC Official Forecast
O  CBRFC Experimental Forecast

Experimental Product: For Infomational Purposes Only &

—
o —

2022-01-01 2022-02-01  2022-03-01 2022-06-01  2022-07-01 2022-08-01
J
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University of Colorado
SWANN and other gridded, data-assimilation products

SNODAS

e Other Snow datasets
O
O
O
o Snow data is the priority for evaluation in CBRFC’s upcoming “landing strip”

e Soil Moisture datasets

o Ohio State University
o New and augmented networks

e Evapotranspiration

o OpenET
o DynamicET

Importantly, we would like historical data when possible. This helps us make decisions
about how effective information is at improving our forecasts - we want to make sure

model is skillful and reliable over the long run a



Modeling Unmeasured Depletions

Wednesday, November 8

® Worked With RTI tO develOp d hew San Juan Rlver anbc2h

eloc2

° ° lemc2h
method for estimating unmeasured Y e [T
Lake
° ° drgc2|
depletions in Colorado — Lica > o e i
. ~ <) ol 590AF ; e <& 7,490AF ficcz P |
o Leveraged expansive water use dataset g i = dgoc2t | €7 st Aok 2t
° ° = 1 i : srse l
maintained by the State of Colorado P <pacz - L2 bdac2l wbezh | [ Tpacen rioc2! - opezh } T—
oo . Gulch Ibhc2h L rndc2 —P —_— 7 /
o Utilizes Penman-Monteith method (as opposed m—— I i / - e
to legacy Blaney Criddle) B e oy FYC — >
‘retixrn flow lpcc2l \‘r@? pv  [T6.T10AF B ovios T |
froirrz ‘;g;r)trSmQ - <1 030AF 5 cdreal E? <— Inac2h T
<— 109,000AF |
mcec2h mrtc2| ipscat 16.100AF pidczh ltoc2

e Operationally implemented over Los sl | —®
Pinos River Basin '

; arfn5l -
36.200AF Ipfn5l navczh

nosc2
— v v v 4 .
o o <@ bffull sjfc2l shrn5l frmn5l nvrn5l sjcc2l l—>
o Bigstep! Research to Operations (R20) can be Y/ B A $ | T e
. . S 11,700AF Prgg';g 38,100AF CZN5 |os 400AF 12.800AF |
trley at times o W@Q : i ins el AiinG 5.880AF chuns
. . /Y €\ 3.080AF shm ¢
o CBRFC did some extensive prep work to get o »Lw"‘;;w\ | \ ' b | Y - v
i 32.000AF
o o 72.700AF
thIS In river river segment
diversion
sunmeasuredidepledon export reservoir segment
AT unmeasured return flow U

e Continued evaluation necessary
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a)

Worked with RTI to examine the ]yttt Mwm,
impact of detrended temperature data NAWA A I B

. . i \/ \J \\/ \/ W A \/
e Part of larger project that is also ofa — ————

looking at the impact of
incorporating dynamic ET (in
process)

Temperature alone impacts timing
of runoff more than magnitude

- .
E o« »
3 . . - .00: ¥ % < . .0°.° % 5
G 001 -
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@
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Raw numbers (example):

year mon |period forcings 0.5 site obs_thru_july
® D as h bo po rd ava i | 3 b | e 1991  4[1991 - 2020[2001 - 2020 205.85 WBRWA4 253.08
1991  4[1991 - 2020[1981 - 2010 228.92 WBRW4 253.08
1991  4[1991 - 2020[1991 - 2020 224.29 WBRW4 253.08
1991  4[1991 - 2020(1981 - 2020 221.43 WBRW4 253.08

Before year mon |period forcings 0.5 site obs_thru_july
- m— 1991  4[1991 - 2020[2001 - 2020 207.15 WBRW4 253.08
. S 1991|  4|1991 - 2020[1981 - 2010 233.08 WBRW4 253.08
After | < S A 1991  4[1991 - 2020[1991 - 2020 224.43 WBRW4 253.08

1991  4[1991 - 2020[1981 - 2020 226.83 WBRW4 253.08 | Research




Reclamation-Funded Research Projects

Wednesday, November 8

RTI

o Development of a SWE dataset that utilizes data assimilation and machine learning techniques
o Dataset is developed specifically for use in RFC models
o Advancement of distributed modeling capabilities

University of Utah
o Further advancement of the iISNOBAL model

Boise State University

o Development of a CBRFC “landing strip”
o Evaluation of new snow products

SNOFO Projects

o Additional ASO flights

o New data collection

o New datasets developed

Reclamation-funded position stationed at the CBRFC



Why use Hydrologic Ensemble Forecasts?

Weather Forecast Office

Goal: improve NWS hydrologic services

Forecast time
horizon

Weeks to seasons

Hours to years, depending on the input
forecasts

Input forecasts
(“forcing”)

Historical climate data (i.e. weather
observations) with some variations
between RFCs

Short-, medium- and long-range weather
forecasts

Uncertainty

Climate-based. No accounting for

The plan is to capture uncertainty in

the national level.

modeling hydrologic uncertainty or bias. Suitable weather forecast and corrects for biases
for long-range forecasting only in forcing and flow at all forecast lead
times - Goal is to capture model
uncertainty as well
Products Limited number of graphical products at | A wide array of data and user-tailored

products are planned, including standard
verification

Wednesday, November 8

10



Output - CBRFC Demo web page

o

National Weather Service

River Forecast Centers

National Oceanic and Atmospheric Administration

Hydrologic Ensemble Forecasting Service (Experimental)

Name, River, ID, WFO, RFC...

Filter Points

Select Point

CHESBRO RESERVOIR

Uvas Reservoir

102 River at Maryville

102 River at Rosendale

Alabama River at Henry Lock an
Alabama River at Montgomery
Alabama River at Selma
Alabama River near Claiborne D
Alabama River near Miller&#039
Alafia River (FL) at Lithia Pi

More Point Info

Select Chance
50%

Select Forecast Period
10-days

Select Units

Flow (cfs)

CANADA

10-day 50% Chance of
River Flow Exceedance

@ Above Record Flood Mexic

MEXICO
@ Above Major Flood

@ Above Moderate Flood Gladalajara

@ Above Minor Flood oMexico City
O Above Action

@ Normal

O No Data

Stage (ft)

5.2

4.8

4.4

3.6

3.2

2.8

2.4

16

Forecast Hydrograph - Tonto Ck - Roosevelt, Nr, Gun Ck, Abv (TNRA3) - NOAA/CBRFC
Fcst Date: 11/06/15Z - Latest Ob: 1.52 ft, O cfs (11/06/182) - Flood: 16.0 ft, 53142 cfs - Action: 4.3 ft, 1231 cfs

2098
— Simulated
— Observed
1657 — Forecast

Action Stage: 4.35 ft 1275

943

620

367

(s10) mol4

188

76

17

Observed SimulateW = reast 1
ure

10-28 10-30 11-01 11-03 11-05 11-07 11-09 11-11 11-13 11-15 11-17 11-19 11-21
uTC



Observed Unregulated Streamflow Volume

\Weather Forecast Office

Percent Change From 1991-2020

2001-2020

Wednesday, November 8

2011-2020

Idaho Falls

Mexicali
o

Esri, HERE, Garmin, FAO,

Range

Santa K

Albuquerque

Idaho Falls

,,,,,,,,

Santa E

Albuquerque

%Change

@< -10
©-10to -5
@ -5to +5
©+5to +10
e> +10

Mexicali

Juarez

Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, Esri, USGS

pise

Idaho Falls

_Santa F

Albuquerque

Mexicali
o

Juarez

Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, Esri, USGS

12



\Weather Forecast Office

Ensemble Streamflow Prediction (ESP)

Wednesday, November 8

e Start with current model conditions of snowpack, soil moisture and simulated flow
o  These are the saved model states from the daily operational run

e Apply precipitation and temperature from historical years (aka Forcings)
o A hydrograph, or trace, is generated for each year

Current conditions

from daily model run ~—
e Simulated Flow Current
e Soil Moisture Conditions
e Snowpack /' \

Observed Forecast 13
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Forcings

<

Do different forcing periods perform
better?

Forcing periods compared:

e 1981-2020 (40 traces)

o 1981-2010(30 traces)

e 1991-2020(30traces)

e 2001-2020(20 traces)
Each of these are compared using the same
verification period (1991 - 2020)

> Trace 1
O
Ll

Time
> Trace 3
9

Time

Trace 5

low

Time

\Weather Forecast Office

Wednesday, November 8

Trace 2

low

Time

Trace 4

low

Time

Trace N

Flow

Time

14



Weather Forecast Office

Wednesday, November 8

% MAE by Month

All Sites
60 ——
Forcing Period

BN 1981 - 2020

s B 1981 - 2010

T e B 1991 - 2020

50 BN 2001 - 2020

N =125 Median % Mean Absolute Error

40 = T T Forcing Jan Feb Mar Apr May Jun

1981-2010 29%  24%  23% 18% 16% 16%

1981-2020 29% 24% 23% 18% 16% 16%

1991 -2020 29%  24% 22% 19% 16% 16%

2001 -2020 30%  24% 23%  19% 16% @ 16%

Month

15



Weather Forecast Office

Wednesday, November 8

Monthly Forecast March 2023
z::z Monthly Pr:viir;a)i:ztbif:as-inMarch 2023
g::f @ Monthly Precipitation Outlook @

Valid: March 2023

5.00 gl
4.00
3.00
2.00
175
150 ¢
125 o
o
1.00 ©
w
075 £
0.50
0.40
0.30
0.20 Below” % Average
0.10 Probability (Percent Chance) | >500%
Chances Above Normal BelowNormaI_ o~ B 300-500%
0.01 ‘ Leaning /~ [ 33-40% 3340% [] \\_Leaning W 200-300%
| Above 1\ [ 40-50% B 40-50% [ Below m 150-200%
L },%QE (M s0.60% Chances  50-60% [ W 130-150%
o e . . . R B 60-70% 60-70% [N . 0 110-130%
24 Hour Precipitation Verification s e Likely ) o roson ) roso mum » SKEV = 100-110%
. ove Below
3.00 . I 80-90% 80-90% [ [ 90-100%
2.00 e, NP I 90-100% 90-100% = 70-90%
= B 50-70%
: 1.00 B 30-50%
- 0.75 B 0-30%
= 0.50 ) I
0.25 =
010 w
o}
-0.10 i
o
-0.25 ©O
-0.50
-0.75
-1.00
-2.00

—-3.00 1 6




Addressing Model Error in Water Supply Forecasts

Wednesday, November 8

e Developed a method of combining...

a. Future Weather Uncertainty from ESP with...
b. Model Error from the Calibration Record

a. Volumes from ESP b. Errors from Calibration Record

140 160 180 200 220
KAF

17



Volume (kaf)

270

240

210

180

150

120

90

60

30

0

Addressing Model Error in Water Supply Forecasts

Max 2011: 227 kaf

2023 Water Supply Forecast - Bear - Utah-Wyoming State Line, Nr (BERU1)

Observed Volume: 162 kaf (149% Average, 161% Median)
ESP is Unregulated and No Precipitation Forecast Included

Average: 109 kaf

Median- 101 kaf

Min 1977 41 kaf

05-01

05-29

06-12

UTC

06-26

07-10

07-24

08-07

Observed Accumulation
=== Normal Accumulation
— ESP 50
— ESP 90 (Alternative)
— ESP 10 (Alternative)
ESP 10-90
Official 10-90
Official 10
Official 30
Official 50
Official 70
Official 90

Most pronounced in
late season when
weather variability is
very small.

Wednesday, November 8

18



\Weather Forecast Office

Water Supply Forecast Errors

Wednesday, November 8

e Uncertainty in water supply
forecasts are a combination of
model errors and unknown

future weather (mostly April - Total uncertainty due to:

July precipitation). I Unknown fulure precipitation

e We can quantify the total
error in water supply forecasts
by looking at 35 years of
reforecast data.

19



Weather Forecast Office

Water Supply Forecast Errors

Wednesday, November 8

e Model errors can be
attributed to... _
Total uncertainty from

Errors in model soil moisture | reforecast data
Errors in model snow pack \

Errors in model parameters
Errors in model structure
o Etc.

e We can quantify total
model errors by looking at
30 years of our latest
calibration data.

Errors due to unknown future
weather

O O O O

Model error from calibration data

20



Weather Forecast Office

Water Supply Forecast Errors

Wednesday, November 8

Uncertainty due to unknown future precipitation is obtained by
differencing.

e On average, roughly half of the volume error in an April 1 Water Supply
forecast is attributed to the unknown spring precipitation amount.
e The other half is due to model errors

April 1 Errors (%)

17.5 B MaxAsoGain
B SpringPrecipError

Errors due to unknown future
weather from difference

/ 12:5 7

\ .\ Model

Total\ errors
uncertainty 00

21



Distributed Modeling - Quick Update

Wednesday, November 8

e Physically Based Distributed Snow Modeling

o ALEC2 and DIRC2 automated and SWE / RAIM visible in CHPS
o Evaluation tools for SWE compare at points and zones complete

ALEC2HLF
12 4 —— isnobal
-== snowl7
10 -
BUTC2 -
s 2 8-
—— isnobal S
; ] —— snotel £
» iSnobal 50m model grid cells s = 16
] . . =
surrounding BUTC2 SNOTEL station @ 4
2
0 -
2022-10 2022-11 2022-12 2023-01 2023-02 2023-03 2023-04 2023-05 2023-06 2023-07 2023-08
- ALEC2HMF
25 - mrEy :
e R —— isnobal
e . -—- 17
5 snow
)
E g 15 4
T 2
= 10 A E
n w 10 A
=
w
5 -
0{ W ——" T s e T
- 2022-10 2022-11 2022-12 2023-01 2023-02 2023-03 2023-04 2023-05 2023-06 2023-07 2023-08
ALEC2HUF
_mmm— =TT N —— isnobal
= #7 R -—- snowl?
g 304
=
°7 £
, , s 20 -
A N Y o o o> X i o° I o
0 2 7 > > > > > > > > o
2o il il 2o 20 o 20 2o 20 20 2o 10 -
time
o -

2022-10 2022-11 2022-12 2023-01 2023-02 2023-03 2023-04 2023-05 2023-06 2023-07 2023-08
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buted Modeling - Quick Update

Wednesday, November 8

iSnobal 50m SWE Simulation above Dillon Reservoir
October 29 - November 3, 2023

no snow
not much snow

1 inch swe

>=25IN

only 5 inches

. decentsnow

respectable snow 10 inches
lots of snow

20 inches of snow

30 inches of snow

maybe too much snow

B K MO 300 O ! ! ! ! ! ! ' b ! | 10-20-2023 1200057
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Model Resolution Comparison

CBRFC Elevation Zones vs. 50m iSnobal




O\

al
=
(=]

-~

&m
m
=
T,
s 4

4

~
\&

ATy
5

3

Wednesday, November 8

iSnobal 50m SWE Simulation: East River - Almont
October 29 - November 3, 2023

Onbserved Gras \
Observations Point
Forecast Point Mean Areal
Forecast Grids
NWC_Backup_Grids
Model Data
X Calibration Data
Other Data
» MODIS Snow Cover and Dust Grids
¥ CU Satelite Snow
X Solar Radiation
X UEB analysis
SNODAS
X National Water Model
Gridded Model
isnobal SWE ALEC2
isnobal SWI ALEC2

“-Gunnison

g e

-4

River Basin

)
§

isnobal SWE DIRC2
isnobal SWI DIRC2
M CONSUSE_RTI
X Historical Data
MEFP

ACSC2

Last Value
no snow
not much snow
P 1 inch swe
I - 25 N
I only 5 inches
I decent snow

respectable snow 10 inches
lots of snow
I 20 inches of snow
I 30 inches of snow
B maybe too much snow

B K Mo 200 ¢ I I

;ZuTopology = [ Spatial Data O X [if] spatial Data1 = [Af] Spatial Data 2

i Piots

8. Map

Current system time: 11-02-2023 12:00 GMT

TRAC2

ALTC2 i

OHOC2

Vi

10-29-2023 12:00:00 GMT

18:42:41 GMT 18:42:41 GMT STRMCO00 38.632,-107.149 & 0.0 MB/s
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Questions?

26



