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Overview

 Bureau of Reclamation

e« Sub-Seasonal Forecast Rodeo |
e Sub-Seasonal Forecast Rodeo Il
 Looking Forward




Bureau of Reclamation

The mission of the Bureau of Reclamation is to manage, develop, and protect water and related resources in
an environmentally and economically sound manner in the interest of the American public.

e Mana ge water in 17 western states o Bureau of Reclamation Regions
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e Largest wholesaler of water in the
country; provides 1 out of 5 Western
farmers with irrigation water for 10 =0
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e Second largest hydropower producer; 53 o
hydroelectric powerplants providing \\\_
14,000+ MW capacity; generate enough |
electricity to power 3.5M U.S. homes




Reclamation R&D

» Address Technical Challenges in:
e Water infrastructure
 Power and energy
* Environmental issues for water management
» Water operations and planning
» Developing water supplies

e Customers

* Reclamation facility and resource managers,
customers, stakeholders, private sector,
public

www.usbr.gov/research




R&D Tools

Prize Competitions

Research Tech Transfer




Prize Competition Program

Known

* A tool for addressing tough issues
Solvers

and advancing research through
crowdsourcing

e Since 2014, Reclamation has:

e Launched 27 competitions Sroblem
« Awarded nearly $1.5 million for
winning solutions

e Collaboration is vital

Solvers in
other domains




Prize Competition Program

Prlze Theme Areas

 Pay for Results

* New Starting Point for Research
e Tackle Long-Standing Issues
Accelerate Research

Prototype Development

Promote Growth

New Partnerships

New or Novel Ideas

Jennifer Beardsley
Prize Competition Coordinator
jbeardsley@usbr.gov

Environmental Compliance



Forecast Rodeo |

A year long, real-time sub-seasonal forecasting competition

* Genesis: Drought e Objectives
e Definition * Advance Science
« Agricultural * Raise Awareness

e o * Meteorological « Provide Evaluation
Saddle -l ° Hydrologlcal Platform

for the NG )
Sub- W% i Others

Seasonal ¢4 99 « Common Ground
Climate TSN | « Temperature

Forecast & P
Rodeo! S ST * Precipitation




Forecast Rodeo |

» Forecasts * Schedule
» Resolution: a 1°x1° grid e Announced: Dec 12, 2016
* Variables: Temperature and * Pre-Season: Mar 21, 2017
Precipitation e Regular Season: Apr 18, 2017
* Outlooks: Weeks 3&4 and 5&6  Final Submission: May 3, 2018
* Frequency: 2 Weeks  Winners Announced: March 7,
e Duration: 13 Months 2019

e Domain: 17 Western States

« Benchmarks
e CFSv2 (32-member ensemble)
 Damped persistence

* Metric
« Spatial anomaly correlation




Forecast Rodeo | Final Standings

Weeks 3&4 Temperature Weeks 5&6 Temperature

Team Newest Score Average Score Team Newest Score Average Score |mage from National |ntegrated
bgzimmerman -0.0994 - bgzimmerman 04472 02357 Drought Information SVStem (NIDlS)

PrXwx 2265 CFSv2 0.5267 0.2192
Leaderboard

StillLearning 0.025 ). 217 StillLearning 0.1436 0.2044
DampedPersistence -0.0794 0.1952 ProwX 0.3105 0.2026
CFSv2 0.3997 0.1539 lupoall -0.5854 0.1675
asanteko2000 01117 0909 asanteko2000 -0.1046 0.0897
lupoall -0.2157 0895 DampedPersistence 0.1084 -0.0762

Salient 0.05 -0.1365 Salient -0.8229 -0.09

Weeks 3&4 Precipitation Weeks 5&6 Precipitation

Team Newest Score Average Score Team Newest Score Average Score

Salient 758 0.2144 Salient 5897 0.2162
PrEw 092 01711 PrOwX 0945 0.1208
lupoall 1367 0.1246 StillLearning 5316 0.0941
CF5v2 83 0.0713 lupoal3 0.0916 0.0931
StillLearning 98T 0.0227 bgzimmerman 0.303
bgzimmerman 0.1087 -0.0221 CFSv2 0.06592

asanteko2000 -0.7981 00612 asanteko2000 -0.5561

DampedPersistence -0.7996 0.1463 DampedPersistence -0.4375




Forecast Rodeo | Winning Solutions

15t Place 2"d pace 3rd Place Hind-Cast
($100,000) ($50,000) ($25,000) ($25,000)

Category

Weeks 3&4

R StillLearning StillLearning

Weeks 5&6

StillLearnin
Temperature 5

Weeks 3&4

Precipitation Salient Lupoal3 Salient

Weeks 5&6

Precipitation Salient StillLearning ~ Lupoal3 Salient




Forecast Rodeo | Winning Solutions

o StillLearning
« Backwards stepwise local linear regression with feature selection shared across grid points
* Analog technique for periods exhibiting strong similarity to historical conditions

« Salient
* Artificial neural network model trained on sea surface temperature data

e Lupoal3
« Analog periods from the historical record identified based on global pressure anomalies

Members of winning Rodeo | teams are honored at
the symposium with NOAA and Reclamation
leadership. L-R: Gary Matlock, NOAA Deputy
Assistant Administrator for Science; Lester Mackey;
Ernest Frankel, Judah Cohen; Ray Schmitt; Joseph
Renken; and David Palumbo, Reclamation Deputy
Commissioner.




StillL '
t I e a r n I n g Improving Subseasonal Forecasting in the Western U.S. with Machine Learning

Jessica Hwang'*, Paulo Orenstein', Karl Pfeiffer?, Judah Cohen?, Lester Mackey?
Il:]I..FI..l]'t]TlLI.'II of Statistics, Stanford Univ

o P ri m a ry A p p roa c h “Atmospheric and Environmental Research

IMicrosoft Re h New England
{jjhwang, pauloo} @stanford.edu, {kpfeiffe, jcohen} @aer.com, Imackey @ microsoft.com

» Backward stepwise local linear
regreSSion USing a diverse pOOI Of Abstract The current availability of ample meteorological records

T : — i i o .md high- pufumunu: cnmputm g uft;r-\ the opportunity to

predictor datasets (meteorological = Woter managers in the wesem Uniced Staes (US.)rely o based anel statstical machine loming (ML)
. . ) . et wenther mrtremee T dppmm_hu to extend the skillful forecast horizon.

(0] bse rvatl on S, N M M E m Od e I S, an d : o ) mj:;:' ];r:r::ll This data and computing opportunity, coupled with the

i critical operational need, motivated the Bureau of Recla-

c I i mate i nd iceS) 1 -- i _. AA) I - : mdtmn ..md the National Oceanic and Atmospheric Adminis-

al Climate Forecast

» Secondary Method ks . i whicparicipais s
[ TRIE 1 ' ! . e 8 - i y LLE. two to mur
’ : rto ‘ii'{ weeks in advance. To meet this chal-

) Analog forecast teChnique When _ caso -. eeted 6o train o ) .‘|0|:H.d.1nML hd\uiinru.nt]n?\Ht.u'!1d|lid.1
similarity criteria were satisfied : iyl I ' '

short-term week) weather fon ng 'K.ir\tm'\ et al.

2018; Ghosh and Krishnamurti 2018; Herman and Schu-

macher 2018) and longer-term climate prediction (Strobach
and Bel 2016; Badr, Zaitchik, and Guik

), but mid-term subseasonal outlooks, which depend

o huth local weather and global climate variables, still lack
skillful forecasts (Robertson et al. 2015).

an ensemble of two re-

ssion model with mul-

titask model se I.LLl.Ii m (MultiLLR) and a weighted local

https://arxiv.org/pdf/1809.07394.pdf




Salient

 NOAA Optimal Interpolation (Ol) Sea Surface Temperature (SST)
Dataset
» Global, weekly, 4 degree

* Develop ensemble of 50 neural networks
 Forecast based on top 10, per validation performance

e Each network randomized on:
* Inclusion of date as input
e Network depth
 Units per layer
 Training epochs
 Activation function




Forecast Rodeo | - Other Solvers

Rather than seek prize purses in exchange for their forecast methods, these
teams elected to withdraw from the competition and formed a partnership to
commercialize their techniques.

PRXWX

bgzimmerman

Weeks 384 Temperature

Team

bgzimmerman

DampedPersistence

CFSv2
asanteko2000
lupoald

Salient

Newest Score Average Score

0.0794 0.1952
-0.3997 0.1589
01117 0.0909
-0.21a87

0.05

Weeks 384 Precipitation

Team

Salient

lupoal3
CFSv2
StillLearning
bgzimmerman

asanteko2000

DampedPersistence

Newest Score Average Score

0.7758 0.2144

-0.1367 0.1246
0.1837 0.0713
0.79&7 0.0227
01087 -0.0221

-0.7981 0.0612

0.7996 0.1463

Weeks 586 Temperature

Team

bgzimmerman
CF5v2

StillLearning

ProwX

lupoall3
asanteko2000
DampedPersistence

Salient

Newest Score Average Score

0.5267 0.2192
0.1436 0.2044
0.3105 0.2026
-0.5854 0.1675
-0.1046 0.0887
0.1084 0.0762

-0.8229 -0.09

Weeks 5&6 Precipitation

Team

Salient

StillLearning
lupoall3
bgzimmerman
CFSv2
asanteko2000

DampedPersistence

Newest Score Average Score

0.2162

0.0941
0.0931
0.0773
0.0692 0.0227
-0.5561 -0.057%
0.4375 0.1613




Forecast Rodeo |l
RODEO lI: SUB-SEASONAL

« Same forecasts as Rodeo | CLIMATE FORECASTING
 RMSE metric CLOSING THE GAP ON SUB-SEASONAL
CLIMATE.FORECASTING
e Prizes
. . OVER
* Individual Forecast ¥ $800,000
' IN PRIZES!
* Quarterly : y
e Overall - P E
e Benchmarks -
e CFSv2

e Rodeo | winner Salient
 NIDIS Leaderboard

e Schedule
e First forecast: October 15, 2019
e Concluded: November 17, 2020




Forecast Rodeo |l

» 26 ‘Sprints’ — each opens 2 weeks before forecast is due
« Teams can participate in as many/few sprints as desired
* Eligibility for quarterly and overall prizes

 Prizes — Per Category




Forecast Rodeo Il Status — Participation

Registrants Submissions




Forecast Rodeo |l Final Standings

Temperature Weeks 3 and 4 Precipitation Weeks 3 and 4 ° RM S E SCO res

Position Competitor ~ Average RMSE | Position Competitor  Average RMSE C ted 500
o
1st n01z3 2.06363278 st thothling  19.84037169 omputea over +

2nd pfr 2.07484089 2nd Rodeo | Winner  19.94010576 pOIntS

3rd yypark 2.10454645 3rd yypark 20.04744612 * Average of 26 forecast
4th gardn999 2.11879746 4th m.rednaia 20.11177924 ‘scores’

Sth J.Bogusz 2.12700364 Sth n01z3 20.24233937

24th CFSv2 2.4898416 26th CFsV2 22.42928926

Temperature Weeks 5 and 6 Precipitation Weeks 5 and 6

Position Competitor Average RMSE Position Competitor Average RMSE
1st n01z3 1.96857967 1st m.rednaia 19.46179068

2nd pfr 1.99929408 2nd yypark 19.59005828
3rd gardn999 2.00219979 3rd thothling 19.60888768
4th yypark 2.01712998 4th Rodeo | winner  19.80460026
5th mouatadid 2.0261852 5th tourist 20.0058885
18th CFSv2 2.15063171 23rd CFSv2 21.30010766




Select Rodeo Il Top Performers

* Facebook additive regression model - ‘Prophet’
* Enhanced climatology (3)

* CFSv2 post-process

 Random forest machine learning algorithm




Rodeo Il NIDIS Leaderboard

Team: pfr, Period: #1, Task: temp34
Week 3-4 Forecast Submitted 2019-10-15 (Prediction Range: Oct 29 - Nov 11)

Forecast Observed Forecast Error

110W

\ s ! !
5 - 2
Average Temperature (°C) Temperature Error (°C)



https://www.drought.gov/drought/forecast-rodeo-ii-leaderboard

Forecast Rodeo Il Leaderboard Scores

e Sprint 12, issued 3-17-20

TEMPERATURE 3-4 WEEKS PRECIPITATION 3-4 WEEKS

Rank Team Score Rank Team Score

1 std 85.704814953245 1 CFSv2 37.295798639707
chudan 85.503314577611 tourist 36 86450855278
salmiaki 83.894364612922 d_a konovalov 36.851896471176

~

jonas.neustock 82.351139085674 : TheRealRoman 36.3

tcghanareddy 81.87127924982 ) salmiaki 36.241941986143




Looking Forward

* Maturing Solutions — Partnership with SIO/CW3E

* Meta analysis
« Data and methods
* Performance regionally and seasonally

* Implementation and further evaluation of most promising methods
 Enhancements/ensemble opportunities

Center for Western Weather
and Water Extremes

SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO




Reflections

e Data
 Availability
e Standardization
* Documentation

e Requirements
* Need well formulated problem
 Deliverables specification

e Game plan for what's next




Streamflow Forecast Rodeo — WY 2021

* Hybrid
» Technology Evaluation - CEATI

» 19 sites across North America

« TVA, DOE, Hydro Quebec, Southern
Company, Reclamation

e RFC, NWM, in-house, and Upstream Tech
Forecasts

* RTI as referee

* Prize Competition
e Open to general public
e 9 Reclamation + 1 Reclamation/DOE sites ot
 Hosed by Topcoder LA o e

Google My Maps
 Participants to be evaluated along tech
evaluation forecasts

i@ e e

exico

Map Courtesy of Curt Jawdy, TVA



Streamflow Forecast Rodeo

* 10-day streamflow forecasts s
e Issued daily for WY 2021 seanrLow P g

. FORECAST
* Technology Evaluation
* Mix of 6-hour time-step and daily time-
step (cfs/cms)

* Prize Competition
* All forecasts are 6-hour timestep (cfs)

e Leaderboard

* https://www.topcoder.com/community/
streamflow
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