allenges Applying
orecasts to Hydrology

WSWC/CDWR - S2S Workshop May 2022
John Lhotak
Development & Operations Hydrologist (DOH)
Colorado Basin River Forecast Center (CBRFC)

' &: NATIONAL WEATHER SERVICE
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- Colorado River Overview

* Forecast and Ensemble Streamflow
Prediction Overview

* Adding S2S/Challenges in implementing S2S

 (Case for S2S
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a RFC! and WFOs

13 River Forecast Centers (RFCs)
nationwide

Work with 122 Weather
Forecast Offices (WFOs)
Support NOAA’s hydrologic
services and products

Focused on decision support
Western RFCs have the
additional role of providing
water supply services



' iih a broad and diverse set of

stakeholders

— Federal agencies (e.g., Reclamation, Army
Corps)

— Municipal and Agricultural Water Users

— State, academic, NGOs

Data consumers - we rely on information

provided by many of our stakeholders

Strive to be transparent and accessible

Operational Office




illion people rely on Colorado River
Basin water (15 Tribes)
4 million acres of irrigation

4,200 MW hydropower generation capacity : -

85% of runoff comes from above 9000 feet
(relatively small area)

Mean annual discharge is about 15 MAF
Storage capacity is about 60 MAF (4 times
mean annual flow)

River is over allocated, and operatedona =

tight margin



nuous

— model states saved each day
Conceptual
Lumped

— elevation zones
Main components are:

— SNOW-17 (snow pack)

— Sac-SMA (soil moisture)
Quality of the precipitation data
(historical and real time) is the most
important part of the model

SNOW-17

Flowchart of the SNOW-17 Model

Evapo- < .4 % Precipitation
transpiration ‘i vy

F: Free water |
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Upper zone

Interflow
Surface runoff

Lower zone
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Subsurface outflow
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Forecast Hydrograph - Elk - Milner, Nr (ENMC2)
Colorado Basin Rive: el et

|||||| ) Flood Stage: 5917 cfs 7.52 — Simulated
d

issued daily
e WHEFOs are the key stakeholders
— WEFOs issue Flood Watches and
Warnings based on RFC
guidance
— Flexible support abilities
— Provide actionable, risk-based,
information
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Updated daily from January
through July, with monthly
“official” forecasts

Monthly and seasonal timesteps

1 - 5 year forecasts

Used by Reclamation in reservoir
operations models, and other water

Managers

c volumetric forecasts

=
g

Colorado - Lake Powell, Glen Cyn Dam, At (GLDA3)
Period: Apr-Jul, Observed Volume: 3760 kaf (52% Average, 58% Median)
ESP is Unregulated and No Precipitation Forecast Included

S S— e

— ESP (wo Obs)

— Offici

al 10

icial 50
icial 70
icial 90
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ecasts

reamflow Prediction
Starting point is same states as
Deterministic forecast

Up to 40 scenarios (traces) based
on historical precipitation and
temperature

Calculate probabilities based on
traces

Can add ability to use meteorology
model inputs to hydrology model

-

Trace Ensemble for
TPICL F
Forecast Period: 2020-04-01 - 2020-07-31 Simulation date: 2019-10-27

19%
195 — 2013
19%  — 2014

87— 2015
19%8




%  ESPForecast Flow

forecasts
(1-7 days)

Hydrologic NWS and

models

Climatology

(Oor7+ days) external user

applications

(ESP Mode)

Colorado - Lake Powell, Glen Cyn Dam, At (GLDA3) -=-Max 1984
Period: Apr-Jul, Observed Volume: 3760 kaf (52% Average, 58% Median) -~ Min 2002
ESP is Unregulated and No Precipitation Forecast Included — Average

e -- Median
— Observed

Lo00| Accumulation

—ESP
10000 — ESP (wo Obs)
H . — Official 10
8000 . — Official 30
— Official 50
— Official 70
— Official 90

Volume (kafy

6000

4000

2000

. q
]
' ' 1 .
v e
\ / Ocl2019  Nov2019 Dec2019 Jan2020 Feb2020 Mar2020 Apr2020 May2020 Jun2020 Jul2020 Aug2020  Sep2020

- Observed Total
12000 -- Normal Accumulation



WPC/RFC
forecasts
(1-7 days)

Climatology
(Oor7+ days)

GEFSv12
forecasts
(1-15 days)

CFSv2
forecasts
(16-270 days)

Meteorological
Ensemble Forecast
Processor (MEFP)

e Correct forcing bias
e Merge in time
e Downscale (basin)

Hydrologic

models

//S2S Forecast = HEFS

NWS and
external user

(ESP Mode)

Stage (ft)

applications

Short-term Probabilistic Guidance (Experlmenlal) EAST RIVER - AT ALMONT Data of 12:00 PM GMT Mar 26
For official forecast, go to http:/fwater.weather. goviahps
7.0 Minor: 7.0 FT 3156
6.8 2891
6.5 2640
6.2 2399
6.0 2168
5.8 1948
5.5 1738
5.2 1538
5.0 1347 2
2 [—official Forecas t
4.8 1161 —~
I Median
a5 g8z < most likely (30-70% chance)
42 a1 likely (10-90% chance)
least likely (0-10% chance)

4.0 653
3.8 504
35 365
3.2 240
3.0 144
= W 8
2.5 41

Mar 24 Mar 26 Mar 28 Mar 30 Apr 01 Apr 03 Apr 05 Apr 07

12PM 12PM 12PM 12PM 12PM 12PM 12PM 12PM

Site Time (GMT)



3 S2S %o!etasts i

B>

iEnsembIe Forecast System)

 short term forecast 15 days out

0z run goes out 35 days

e precipitation and temperature max/min
-~ * comes as gridded product

e .25 degree resolution out 10 days

.50 degree resolution after day 10

* reforecasts available for 2000-2019



S2S '!o!elcasts

recast System)

long term forecast out 9 months
(270 days)
* precipitation and temperature
- max/min
¢ comes as gridded product
1 degree resolution
* use the lagged ensemble mean
* reforecasts available for 1982-2011

H 08-29-2013 12:00:00




Historical Observation, precipitation and max/min temperature,

are statically related to GEFS and CFS hindcasts to develop a
biva riate re|ati0nship offline process m operational process

M Meta-Gaussian model: calibration Meta-Gaussian Model: ensemble generation
Parameters used in ¢
Fitsmooth pdf  Apply NQT to obtain W

Observed =

Joil ldlbl

\
Joint distribution to observed - - Conditional distribution
. Sample Space. Joint distribution: normal space given z,., (a ‘slice’)
orecast process : Cvar .
5% Si— —
o o
o *e . \ Ensemble
., " | = A
. . F = 1 \
- . 1 r
L f -] n
fest o

One time process

o Observed
I

X

Forecast

Fit smoo ‘” Al Apply NQT to obtain Z

lt o forecas ~
NQT back-
- |::> transformed
S ugh the jo members (Y)
at the sin
lued forecast Zyg, |







ead time 1 day to 9 months

2S forecasts

East: Almont Animas:
Durango

Elk: Milner

Green: Warren

Animas:
Durango

East: Almont

Bridge
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el i'nput varies less from climatology further out in

— time
:  Historical forcings are appended beyond the availability of

weather models

GLBW1 - HEFS Flow GLBW1 - ESP Flow
. — Deterministic forecast ~ “7 | — Deterministic forecast
®--® Opservations oo ssone || ®--® Opservations oo

_______________________________________

Dynamic Historical Historical
forcings forcings forcings




ay to recast variation with CFS possess issues when using
he full 270 day forecast

Animas @ Durango (upper zone)
ESP output vs MEFP/HEFS output
April - July Mean Temperature

— soclime)
40511 50 mefp

Janurary - July Precipitation Accumulation

April - July Volume

2016



- Adding S2S forecasts HEFS

~ Feature ESP (legacy service) HEFS (new service)
Forecast Weeks to years, depending on the . _
. _ Hours to years, depending on the inputs
horizons inputs
Short- to medium - to long - range
Inputs Historical weather observations weather forecasts, historical weather

observations

Uncertainty
modeling

Static inputs; climate-based

Dynamic inputs; based on calibrated
relationships between historical forecasts
and observations

Products

Limited number of graphical
products (mainly focused on
longer-range)

More customizable and user-tailored
products are planned (at all leads)




errors and unknown future weather (mostly future precipitation)
Model errors can be attributed to...
Errors in model soil moisture
Errors in model snow pack
Errors in model parameters
Errors in model structure
Patrick Kormos, CBRFC

Errors due to unknown future weather

~

Model error

April 1 Errors (%)

17.5 A

15.0

12.5 A

= 10.0 4
=

7.5 1

5.0 4

2.5 1

0.0 -




illful S2S forecasts

Colorado - Lake Powell, Glen Cyn Dam, At (GLDA3)
Apr-jul, Observed Volume: 1850 kaf (29% Average, 30% Median)
ESP is Unregulated and No Precipitation Forecast Included

Monthly Precipitation - April 2021 Monthly Precipitation - May 2021 Monthly Precipitation - June 2021
Averaged by Basin Aweraged by Basin. Averaged by Basin
______________________________________________________ P ——
£ T
J...-______'____l___.___________________7"._.__'
= " '.I..
5 . ~
L] [] " -
ot .
___________________________________ Y N T LI e

Dec 2020 Jan 2021 Feb 2021 Mar 2021 Apr 2021 May 2021 Jun 2021 jul 2021  Aug 2021




illful S2S forecasts

D Green - Flaming Gorge Reservoir (GRNU1)
eriod: Apr-Jul, Observed Volume: 1050 kaf (109% Average, 106% Median)
ESP is Unregulated and No Precipitation Forecast Included

Monthly Precipitation - April 2016 Monthly Precipitation - May 2016 Monthly Precipitation - June 2016
Basin) {Averaged by Basin) {Averaged by Basin)

Prapwed by NOA, Cokrad Basin P Forvcas ortr Prapared by NOAA, okraso e Fver Ferecas Cater Prapd by NMA, Cokads s B Forscas ortr
o

"ot Lake Gl AN, o % A "SatLake oy, sk, v o, "ot Lake Coy SN o SO0

s
aanst®

Dec 2015 Jan 2016 Feb 2016 Mar 2016 Apr2016 May 2016 Jun 2016 Jul 2016 Aug 2016




~

or more skillful S2S forecasts

fect” Precipitation Temperature study (Kirsten Jensen)

e Run ESP reforecasts but feed the historical data with O, 5, 15, 30
days of known precipitation and temperature

 See at what lead time, if any, skill improves

 lLooked at April to July volumes for Jan 1, Feb 1, Mar 1 and Apr 1
lead times
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Observed vs. Forecasted Volumes for January 0 day QPF/QTF
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5‘)Obser\.red vs. Forecasted Volumes for February 0 day QPF/QTF
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Observed vs. Forecasted Volumes for March 0 day QPF/QTF
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Observed vs. Forecasted Volumes for April 0 day QPF/QTF
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» Case for more skillful S2S forecasts

Greater gains in skill with increased lead time earlier in season

Predicting extreme precipitation at greater lead time periods can

generally improve the skill of forecasts

— But not always, It is important to consider variability within
season as well

better weather forecasts = better forecast = better management =

better big expensive decisions being made on forecasts



— Projects in Work

e Assess/Utilize GEFSv12 35 day forecast

* Colorado River Climate and Hydrology
Workgroup

* |ntegrate CPC forecast

* Detrend temperature climatology

 ESRL Lab directly use GEFSv12 forecast (down
scale for RFC use)



Questions?

ank You

Location

Avg

May 1st
Forecast

May 16th

%Avg| Forecast

%Avg

| Flaming Gorge
T Reservoir

965 kaf

550 kaf

57 520 kaf

54

Blue Mesa
Reservoir

635 kaf

490 kaf

77 445 kaf

70

Navajo Reservoir

630 kaf

380 kaf

60 340 kaf

54

Lake Powell

6390 kaf

3800 kaf

59 3500 kaf

55

Month to Date Precipitation - May 16 2022
Averaged by Basin

["% Average |

- >500%

| 300-500%
- 200-300%
. 150-200%
- 130-150%
@ 110-130%

| ® 100-110%

£ 90-100%
= 70-90%
- 50-70%
. 30-50%

= 0-30%

Colorada - Lake Powell, Glen Cyn Dam, At (GLDA3)
Period: Apr-jul, Official 50% Forecast (2022-05-01): 3800 kaf (59% Average, 62% Median)
ESP Is Unregulated and Includes 7 Day Precipitation Forecast
16000
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Volume (kaf)

2022/05/17:

Max 1984:15285.64

Min 2002: 963.96

Average: 6390

Median: 6130

ved Accumulation: 1180
Observed Total: 1180

Normal Accumulation: 2080
ESP: 3500

Obser
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john.lhotak@noaa.gov




- Law of the River Highlights

Colorado Compact (1922) - upper basin and lower basin— 7.5 MAF
each

Boulder Canyon Project Act (1928) - allocated water among AZ, CA
and NV. Secretary of the Interior is the water master in the Lower
Basin - unique role of the federal government, and carried out by
Reclamation in practice

Mexican Water Treaty (1944) - Mexico 1.5 MAF

Arizona v. California (1964) - Supreme Court allows AZ to develop
their tributaries -> CAP project, but California solidifies senior rights
Interim Guidelines (2007) - specify shortages and surpluses through
2026 - Tied to CBRFC forecasts



» = An Over Allocated River

A

* Original allocation of 16.5 MAF - based on a series of wet years.
Actual average flow is about 15 MAF (average flow since 2000 has
only been about 12.6 MAF)

 Lower Basin states (AZ, CA, NV) use full 7.5 MAF each year

 Mexico uses its full 1.5 MAF

e Upper basin states (CO, WY, UT, NM) still developing their 7.5 MAF

 Shortage was declared for the first time ever in August 2021

e NV and AZ - reductions to annual apportionment

 Maexico - reductions to annual apportionment

 Drought Response Operations Agreement (DROA) and Drought
Contingency Plans have further mitigated drought impacts
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Reclamation’s role

4 ajor reservoirs for the 7 States
-+ “24 Month Study”: reservoir model
projecting releases for major reservoirs
* Follows rules set in 2007 Interim
Guidelines
— August projections set operations for
Lakes Mead and Powell for upcoming
year
— Possibility for an April Adjustment




CBRFC’s role

| n uses CBRFC’s water supply
o forecast to drive their reservoir model.
Forecasts are the single most impactful
variable to the model
 Forecasts updated daily, adapted to
Reclamation’s requirements
* CBRFC forecasts are based on best
hydroclimatic conditions, unaffected by

policy
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>

C’s forecasts drive
Reclamation’s operations

e Determine operations of Lakes
Powell and Mead

* Determine shortage declarations

* Direct impact to State, municipal,
agricultural, water and energy
managers and Mexico e

TION PLAN FOR COLO
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AOP consultation process. In making these pmjer:t'{ané, (ﬂ{e”Séc.reﬂtﬁi"}r shall utilize the
April 1 final forecast of the April through July runoff, currently provided by the
National Weather Service's Colorado Basin River Forecast Center.




