


NHDES Winnipesaukee Forecast &
Optimization System



FIRO: FLOOD RESILIENCE & EMERGING THEMES
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NHDES: Operational Optimization Model
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NHDES: Results?

Improved fitness over historical operations

(54) MOINO

Validates well with perfect foresight

CFSv2 meteorology is reasonable

Short-term state initialization producing
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NASA-ROSES Forecast Quality &
Ensemble Optimization



Volume (kaf)

550

Gc?

FIRO: FLOOD RESILIENCE & EMERGING THEMES

NASA-ROSES: McPhee Reservoir
(Dolores River, CO River Basin)

* “Impacts and Benefits Assessment from
Improved Streamflow Forecasts”

* Economic impacts of better decisions |
increased skill?

e Sub-study: modify forecast skill

Dolores - Dolores (DOLC2)

Period: Apr-Jul, Observed Volume: 420 kaf (195% Average, 205% Median)

ESP is Unregulated and No Precipitation Forecast Included

2022 Nov 2022 Dec 2022

Page 7

Jan 2023 Feb 2023 Mar 2023 Apr 2023 May 2023 Jun 2023

Jul 2023

Aug 2023 Sep 2023

2023/07/30:

Max 1926: 472.45

Min 1977: 37.97

Average: 215

Median: 205

Observed Accumulation: 4
Observed Total: 420
Normal Accumulation: 220
ESP: 420

DWCD/Reservoir Operators

| Agricultural Producers

Recreational Users

January - spring — all groups use a variety of information to get a feel for what the water year has in store. This may include any combination of the following: CBRFC forecasts, SNOTEL information, SNODAS, snow courses, CPC 3-

month forecasts, previous experience, and in-person observations. This also includes antecedent conditions (e.g. soil moisture) that impact runoff.

February January

March

April

>

Ma

June

July

August

October September

November

December

Carryover volume |

Previous crops (alfalfa stands and rotation) ‘

Markets: input costs and expected prices ‘

Antecedent conditions [soil moisture, etc.)

« Plan crops

If short, implement strategies for short

I
‘ Low carryover + low flow I—b Short supply, no spill I—

High carryover + low flow
Full allocation, fill-and-spill
‘ Low carryover + high flow

CBRFC
April-July
Runoff
Volume
Forecast
(issues the
1st of each
month Jan-
Apr)
777777777 I
| CBRFC
{ provides 10-
4 15 day
| deterministic
| forecasts
| {updated
| daily)
CBRFC
April-July
runoff
volume
forecast
(issued the
1% and 15"
of each
month DWCD uses
April = July] obser\{at\ons
+ April-July
Forecast +
10-15 day
deterministic
forecast to
update
operating
plans every
1-3 days
throughout
the runoff
season
Held
meetings
with
~agricultural
and
recreational
community
about the
runoff
season and
reservoir
operation
decisions

‘High carryover + high ﬂowl—b Full allocation, boatable spill I—“—

» supply: fallow, concentrate water on certain
crops or fields, change crops that are planted

Mid-April —
announce initial
[ allocation and ability —»|
to lease additional

water for FRE

begins

Boats from previous season

| Availability of trained guides

booking
trips

necessary

Revise water

Possible early plans if

water shutoff

neccessary
Update and

revise
allocation if
necessary

Plant new alfalfa
Use available
———— water to increase
soil maisture
before winter

Irrigation water

shut off
_— -
beginning to mid-

October

v
Mid-May FSA irrigation
Convene spill begins; revise crop and
committee to help plan Write spill watering plans
for spill {ag., rec, and | ¥ a@nnouncements —
env. Representatives); (— and distribute Mid-May — FRE revise crop
if possible, prioritize - and watering plans; first
Memoarial Day and May-Early June — cut of hay
holiday weekends pl choose and
announce initial
allocation for FSA
Run trips
for
duration
Update spill of spill
[—» announcements ——| = With 1-3 day notice
and distribute Update and Revise of spill = local boaters
I revise watering plans =3-6 days notice = 3-4-
allocation if i necessary hour drive
necessary ® 7+ days notice =
— #{Denver and Front —
Update spill Range, Vegas, Salt Lake
announcements Updatg g Revise iy
and distribute —— revise watering plans ® 3-4 weeks =
for remaindercf allocatin if if necessary continental U.S.
P necessary




FIRO: FLOOD RESILIENCE & EMERGING THEMES

NASA-ROSES: Optimization with Forecast Ensemble

Modify Bias and Ensemble Dispersion
Sampling Stochastic Dynamic Programming (SSDP)
Goals: storage, deliveries, hydro, recreational spill

1-step no-recourse decisions & realization loop

¥ RT-ROSE (Reservow Optimizstion with Stresrnfiow Ensembles)
File Abou

Reservoir
Optimization
with

Streamflow

£k d version 0.1

unction

Log window

Deveioped by BT Intematin

Inflow (AF/wk)

Inflow (AF/wk)

Inflow (AF/wk)

Disperion:50.0% - Bias:50.0% Disperion:50.0% - Bias:75.0% Disperion:50.0% - Bias:100%
60000

50000
40000

30000

Inflow (AF/wk)
Inflow (AF/wk)

20000 (a4

10000

Apr May Jun Jul Aug
1997

Date Date Date
Disperion:75.0% - Bias:50.0% Disperion:75.0% - Bias:100%

60000

40000

Date Date Date

60000




Reservoir Storage (AF)

FIRO: FLOOD RESILIENCE & EMERGING THEMES

NASA-ROSES: Forecast Skill Response

Optimized Storage Volumes - 2007
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Reservoir Storage (AF)

360000

340000

320000

280000

2

%

Optimized Storage Volumes - 2008

2, A7)
2,
Qs Cp‘od, ‘20@
s 1 )
Date

B50-D50
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B50-D100
B75-D50
B75-D75

= B75-D100

B100-D50
B100-D75

= B100-D100

Perfect
Foresight

= Value



FIRO: FLOOD RESILIENCE & EMERGING THEMES

NASA-ROSES: Forecast Skill Response

Bias
Year Disp 50 | 75 100 Year Disp 50 75 Year Disp 50 75 100
1991 50 |333333.3 323092 1991 50 |325234.3 314519.4 1991 50 6048.1 6372
75 323092 75 314886.9 75 5680.5 6413.9
100 326425.4 100 318220.3 100 5680.5  6413.9
1997 50 1997 50 374666.7 1997 50 20317.9
75 75 376000 75 20317.9 20317.9
100 100 374000 374000 100 22317.9 20984.5
1999 50 1999 50 368169 368169 1999 50 11180.5
g 75 75 369002.4 75
= 100 100 369002.4 100
o 2003 50 271000 266500 2003 50 | 261717.5 257217.5 2003 50
8_ 266500 266500 75 | 257217.5 257217.5 75
;) —- 275500 100 266217.5 100 4574.3 3907.6
O 2006 323333.3 316666.7 2006 312620.3 302620.3 2006 50 20913 20913
320000 313333.3 305953.7 294377.4 75 2091.3  2091.3
323333.3 313333.3 312620.3 299287 100 2091.3
2007 2007 356582. 6 2007 50 5852.1
366666.7 363333.3 363333.3 349916 346582.6 75 5852.1
363333.3 349916 100 5852.1  5852.1
2008 2008 374666.7 2008 50 13702.5
374666.7 374666.7 374666.7 75 13702.5
100 374666.7| 372000 100
Page 10

Annual Max Storage June Mean Storage June Deliveries



CIROH FIRO NWM/NexGen



FIRO: FLOOD RESILIENCE & EMERGING THEMES

CIROH: Forecast-Informed Reservoir Operation for Flooding
Risk Reduction and Post-Flooding Season Water Conservation

Cooperative Institute for Research to Operations in Hydrology (CIROH)
Partners: UIUC, U. South Carolina, U. Cal. San Diego, RTI International
Core Components:

* Integrate Decision Policy-Tree system into OWP’s NexGen

* Optimize policies using Genetic Algorithms

* Build objectives using market and non-market based water valuation

THE UMNIVERSITY OI

ALABAMA

PRI

Page 12 INTERNATIONAL

Alabama Water
Institute




FIRO: FLOOD RESILIENCE & EMERGING THEMES

CIROH: NexGen integrated reservoir models for forecasting

 NexGen framework for forecasts (8-13 days)

* Generic Data-Driven Reservoir Operation
Model (GDROM) NexGen j§ GDROM

* Trained on 450+ reservoirs in US, but not
‘optimal’

 Optimized Policy Tree (OPT)
1001 NG e Net Inflow r19.0
e Target: reduce flood damage but retain 2 AR N -~ Storage 185
o m  80- By E R —— Release under:
storage for beneficial use. S i \ o Module0 [18.0 o
° P i Module2 | _ N
; P~ 9 60 R Module 3 "~ o
* Feedbacks for hedging policies 8 i Module 4 | 1705
-4 ' g
“g“ 40 1 *16.55
T S 1 -. 160 "
s 20- SN S T L D
3 : AR A YW o Pt~ caee, 155
O- ' | | | | - ‘I‘ '.‘: v_':.' -."| | 150
Page 13 2011-01 2011-03 2011-05 2011-07 2011-09 2011-11 2012-01

Dates\age from CIROH Proposal, Cai et al., 2023



WHERE DOES THAT LEAVE US?

* Optimization great — not ‘optimal’

* Recognized challenge in scaling &
generalization

* FIRO is not a ‘one-way street’
(ROIF?!)

* Best investment: forecast vs. ops?

* Incorporation of feedbacks:
* Economic
 Risk definition

BRI

INTERNATIONAL

Center for Water Resources

Page 14
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