Link: https://www.youtube.com/watch?v=a2500747VXw



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3Da2S00Z47VXw&data=04%7C01%7CEmily.Evans%40nrel.gov%7Cecc480519b514a74ae8008d9787f4480%7Ca0f29d7e28cd4f5484427885aee7c080%7C0%7C0%7C637673310266354167%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=Y7k2bvHh7ZU%2BNgLRd8IM5dIX6ILgJBThT7YiHPdtcgI%3D&reserved=0
https://youtu.be/a2S00Z47VXw
https://www.youtube.com/watch?v=a2S00Z47VXw
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Background on the American-Made Challenges Program

Solar Forecasting Prize Background

Prize Overview, Registration Process and Winner Selection

Solar Forecast Evaluation Period and Solar Forecast Arbiter Program

How to Use HeroX
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Housekeeping

Two Options for Audio (select audio mode):
1. Listen through your computer:
Click the ‘up arrow’ next to the “mute” button in the bottom left corner.
Under “Select a Speaker,” click “Same as System.”
2. Listen by telephone:
Click the ‘up arrow’ next to the “mute” button in the bottom left corner.
Click “Switch to Phone Audio.”

Panelists - reminder to mute your audio device when not presenting.

To Ask a Question:
Select the ‘Q&A’ button at the bottom of your screen and type in your question.

Having Trouble with the Webinar?
Technical difficulties - contact Zoom Support at: 888-799-9666.
A video/audio recording of this webinar and the slide deck will be made available.
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American-Made Challenges

Energize American
ingenuity

in American
innovation and
manufacturing

PURPOSE

Empower innovators

with knowledge, resources,
and access to rapidly
transform ideas into
prototypes

Provides Network-
powered pathway to
disruptive innovation

So ideas can become

real products in
months, not years



Network

Our Prizes

https://americanmadechallenges.org

View prizes by status: all j

- oV -

Solar Forecasting Prize L-Prize Hydrogen Business Case Prize

up to $375,000 in prizes enter now up to $12.2 million in prizes enter now up to $250,000 in prizes enter now
enter by 12/15/2021 enter by 11/19/2021 register by 10/29/2021

Perovskite Startup Prize

up to $3 million in prizes coming soon

Nt

up to £2.5 million in prizes enter now
enter by 02/25/2022

i
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Grants vs. Prizes

Register for the Prize

Perform

(submit forecasts and plan)

Reviewers score
submissions

Winners receive

Prize Award
Process

payment

Financial Award
Process

Begin performing

Prepare and submit
reimbursement request

reimbursement issued

\ v 4
Request reviewed and @
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What is the Solar Forecasting Prize?

The American-Made Solar Forecasting Prize incentivizes innovators to
develop probabilistic tools that predict how much energy solar power
plants will generate days in advance of the forecast, while rewarding bold
commercialization plans and innovative ideas to accelerate the adoption of
probabilistic forecasts.

This prize offers a total of up to $375,000 in cash prizes, with five
anticipated winners and five anticipated runners-up.
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Improvements to Solar Forecasting

and Prize Goals

Solar accounts for about 3% of U.S. electricity, which means that to combat climate change, the
nation’s solar capacity would likely need to grow by hundreds of gigawatts in the next 15 years, with
an annual rate of deployment three to four times higher than today’s rate.

Improvements in solar forecasting would:

e Support solar stakeholders such as electric utilities and other grid operators to serve their customers more
reliably and cost-effectively.

e Support cost-efficient planning and dispatch of energy generation and storage.

Solar Forecasting Prize goals:

* |dentify the best-performing probabilistic forecasting models.

* Generate strong commercialization plans that could increase the availability of probabilistic solar forecasting
algorithms on the market.

« Solicit innovative plans to accelerate adoption of probabilistic forecasting products by end users, such as
independent system operators, integrated utilities, and other balancing authorities.

e Support the use of transparent metrics and specifications of probabilistic solar forecasts, through an open
platform, such as the Solar Forecast Arbiter.
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Solar Forecast
Arbiter Background

Solar Forecast Arbiter (SFA) is an
open-source, cloud-ready platform
that facilitates evaluation of
forecasts for solar irradiance, solar
power, and net load.

University of Arizona led the
development of the platform under
the U.S. Department of Energy
Solar Energy Technologies Office’s
Solar Forecasting Il funding
program.

SOLAR

FORECAST Dashboard FAQ Documentation Email List Blog Other Topics ¥ About~

ARBITER

Solar Forecast Arbiter

A paradigm shift in forecast evaluation

i W
- h j] A
AR A

Graphical
reporting
Automated
workflow

Data quality
control

Reference data
Probabilistic & forecasts

The Solar Forecast Arbiter supports a paradigm shift in the way we evaluate solar and net-load forecasts. For too long we have been unclear with each
other and even with ourselves about what, exactly, we are evaluating and how the evaluation is done. Whether you're a forecast user, vendor, or
researcher, tst Arbiter will force you to think about your analysis and what really matters before you start parsing data and calculating

AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY



* K %

AMERICAN
MADE

SOLAR PRIZE
A\U¥E/

U.S. DEPARTMENT OF ENERGY

AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY

13



This prize offers a total of $375,000 in cash prizes, with five anticipated winners and five anticipated runners-
up.

Number of Prizes

Awarded T

Winners 5 anticipated winners Each winner receives $50,000 in cash

Runners up 5 anticipated runners-up Each runner-up receives $25,000 in cash

AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY



Any U.S.-based individual or team
with a desire to transform ideas
into impactful new solutions

[ ]

CAN COMPETE

s Ay AL A

Scientists Students & Businesses  Anyone with a
Faculty (of any size) BIG! idea
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Read the Rules

o Official rules of the

AMERICAN
MADE

SOLAR PRIZE

N1¥17 Solar Forecasting Prize

™

U.S. DEPARTMENT OF ENERGY

are available online

Official Rules

American-Made Solar Forecasting Prize

The American-Made Solar Forecasting Prize is designed to accelerate the commercialization and
adoption of probabilistic tools that predict the amount of energy solar power plants generate days in

americanmadechallenges.org/solarforecasting/docs/rules
These rules are effective beginning October 25, /SO|ar ForeCaSti ngprize OfﬂCIal RU leS- Ddf
2021
’ or

for the Solar Forecasting Prize

Solar Forecasting HeroX Page > Resources Tab

The U.S. Department of Energy (DOE)’s American-Made Solar Forecasting Prize will be governed
by these official rules. The prize administrator and DOE reserve the right to modify the official rules if
necessary, will publicly post any such modifications, and will notify prize competitors of any
modifications.
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https://americanmadechallenges.org/solarforecasting/docs/rules/Solar_Forecasting_Prize_Official_Rules.pdf
https://www.herox.com/SolarForecasting

Prize Process Overview and Timeline

Prize
Announced

oL
2

Prize Open
for Registration

Registration
Deadline

[

Dec. 15, 2021

Jan. 17 Feb. 13, 2022

Daily SFA Forecast
Evaluation
Period

Commercialization
Plan
Submission Deadline

Winners
Announced
(Anticipated)
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How to Sigh Up: HeroX Registration

Form

(Registration Form)

Go to HeroX.com/SolarForecasting <B Create Submission
Click on “Solve This Challenge”
Sign-In or Create HeroX Account .

Follow Prompts to Create Entry Give your submission a catchy tite that describes the idea and gets people Interested.

You can adjust your registration until Dec. 15

Section 1: Introduction

ORr®DhE

Short description

Provide a brief description of your idea. Be clear and concise.

@ American-Made Challenges © 947 ( share ) (Yr_Follow 0))

Solar Forecasting
Prize

Enabling solar industry stakeholders with state-of- 0140
the-art solar forecasting capabilities ’

Image Supported File Types: PNG, JPG

2 i/ /)] )

L, IS g
\ nergy, Envi s,

A 1
X * K %
/ \ AMERICAN A . . .
MADE Stage: Prize: An Image boosts your message by illustrating your
{ V @ Upload Image
U5/ DEPARTMENT OF € )l /

SOLAR PRIZE Enter $375,000 . . . . .
HE / solution. Ensure your image is at least 650 pixels wide

=D e oty
SOLVE THIS CHALLENGE

How did you hear about this challenge?

Overview Guidelines Timeline Updates Resources FAQ 0/100

Challenge Overview

AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY


https://HeroX.com/SolarForecasting

How To Sigh Up - SFA Registration

As a part of the registration process, you will be asked to create an account on the Solar Arbiter Forecast platform.

To create your account on the SFA platform:

. © @& nhtips://solarforecastarbiter.org o | Q
1. Go to https://solarforecastarbiter.org/
2. Click on “Dashboard” SOLAR
3 C||Ck on “ Log In” FORECAST Dashboard FAQ Documentation Email List Blog Other Topics ¥ About~
: ARBITER

4. Follow Prompts to Create an Account
5. Sign the SFA Data Use Agreement (if .

not already done) and upload it to your Solar Forecast Arbiter

HeroX registration form

. . © @& https://dashboard.solarforecastarbiter.org e % Q_ search

Important! In the HeroX registration form,
you must enter in your e-mail EXACTLY ,

. Solar Forecast Arbiter Dashboard
hOW It appea rS On your SFA accou nt Welcome to the Solar Forecast Arbiter, a tool for evaluating your solar power and irradiance forecasts.
registratio n . The Arbiter allows you to:

e Securely upload forecast and observation data
e Analyze historical forecast accuracy and track ongoing forecast accuracy

AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY


https://solarforecastarbiter.org/
https://solarforecastarbiter.org/assets/45864%20Approved_Final%20version%201.1.pdf

How to Sign-Up as a Team or Find

New Team Members

When you sign up on HeroX, you have the option of signing up as in individual or a team.

<@ Competitor registration <@ Invite team members

Would you like to compete as a team? * Who would you like to invite to your team?

E-mail
Yes, | want to create my own team m
E-mail
Yes, | want to join a team
E-mail
( No, | want to compete individually )
C@ Add Another >

Leave fields blank if you don't want to invite anyone right now.

You still will be able to create or join other teams later. I accept the terms of the Team Agreement

You can also use the HeroX Team Matching Tool to find new team members

Overview Guidelines Timeline Updates Forum Teams Resources FAQ
Create a team & start collaborating -
Work with each other and share the credit. C@ Leave challenge > <‘3+ Find a Team)

AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY



Prize Process Overview and Timeline

Commercialization
Plan
Submission Deadline

Jan. 17 Feb. 13, 2022

After registration, the next step of the prize will be to upload daily
solar forecasts to the SFA platform.

AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY

Daily SFA Forecast R Wlnnersd
Evaluation An?_o_unct:ed
Period (Anticipated)



Prize Process Overview and Timeline

Commercialization
Plan
Submission Deadline

After registering for the prize, you will have until Feb. 13, 2022
to upload your commercialization plan in HeroX

Winners
Announced
(Anticipated)
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. - Commercialization Plan
Final HeroX Submission Competitors are required to submit a plan that

addresses three questions:

By Feb. 13 (last day of SFA evaluations), teams will need 1. Is the proposed solution innovative compared to
to upload the following ltems : the current state of the art?
) 2. Is the proposed plan specific and complete?
- Will Be Made Scored? 3. Is the proposed plan feasible and effective, and
e . .
Public? does the team have the experience to make the plan
gs::\i:ssion Cover page N No succeed?
Commercialization plan (not to exceed 2,000
Package words) No Yes
One summary PowerPoint slide Yes No Commercialization plans should be tailored as
Letters of commitment or suppeort (optional) No No follows:
Intellectual property licensing agreements (if No No
ot « If you are NOT currently providing forecast services

commercially, your plans should focus on your
product-to-market approach for your probabilistic
forecasting algorithm or model.

* If you do currently provide forecast services
commercially, your plans should focus on
innovative approaches to accelerating the
adoption of probabilistic forecasts by the broader
industry.
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Commercialization Plan Scoring

Criteria

The commercialization plan judging criteria can be found in the official rules document. Each statement is

scored on a 1-6 scale:

Commercialization Plan (PDF)

Maximum 2,000 words and 5 supporting images or figures

Question 1: Is the proposed solution innovative compared to the current state of the art?

Strongly Disagree

Suggested content to include in the plan:

Describe the state of the art for probabilistic
forecasts, including existing commercially
available solutions and their rate of adoptior]
by the industry.

Depending on your perspective, briefly
describe either the solution you plan to
commercialize or the strategy you propose
for the increased adoption of probabilistic
forecasts.

Statements scored on 1-6 scale:

The competitor shows solid understanding of
the current market conditions, limitations, and
opportunities.

The competitor describes the innovation in
their solution or proposed strategy.

The competitor's approach has a realistic
potential to disrupt the existing market
conditions.

Disagree

Slightly Disagree

4 5

Slightly Agree Agree

Strongly Agree

AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY



How We Score Submissions and

Select Winners

SFA Forecast Evaluation Scoring: The continuous ranked probability score (CRPS) will be calculated for each set
of the 28 submitted forecasts—e.g., CRPS;  for the i-th location and the k-th competitor. The forecast skill will be

calculated against the CRPS of the baseline persistence ensemble forecast, which will be designated as CRPSFEF,
for the i-th location: _ CRPS;
Forecast Skill;j, = CRPSS;, = 1— CRP—SLPEF

Your final forecast score will be calculated as follows: your forecast skill values will be averaged across all
locations and then rounded to two decimal points. This value will be then multiplied by 100 and then
multiplied by a factor of three. The result of this multiplication will be your final forecast score.

Commercialization Plan Scoring: A panel of expert reviewers reads, scores, and comments on each submitted
plan. Each statement listed in the review criteria under the three questions receives a score from 1 to 6. All
reviewers’ scores will then be averaged for a final reviewer score - the plan score - for the submitted plan.

Total score: Your total score is the sum of your plan score and your final forecast score.

The prize judge (DOE) will consider overall SFA performance, commercialization plan scores and comments,

and program policy factors when deciding the winners of the prize.
AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY
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SFA Components

Informational Page
solarforecastarbiter.org

e c O B &= https://solarforecastarbiter.org w Ly ® B =

ESIR-/E\EAST Dashboard FAQ Documentation Email Blog Other About
ARBITER List Topics  ~

Solar Forecast Arbiter

A paradigm shift in forecast evaluation

The Solar Forecast Arbiter supports a paradigm shift in the way we evaluate solar and net-load
forecasts. For too long we have been unclear with each other and even with ourselves about
what, exactly, we are evaluating and how the evaluation is done. Whether you're a forecast
user, vendor, or researcher, the Solar Forecast Arbiter will force you to think about your
analysis and what really matters before you start parsing data and calculating statistics. This
can be an unfamiliar and uncomfortable process. Stick with it and we think you'll see the value
in this approach. So what's the value? Clear, transparent communication of the skill of a
precisely-defined forecast.

AMERICAN MADE SOLAR FOREC

ING PRIZE: U

Dashboard

dashboard.solarforecastarbiter.org

[Sites/NOAA USCRN Millbrook NY/Observations/Millbrook NY ghi

Observation Metadata

Name: Millbrook NY ghi
UUID: cca27ebe-7e49-11e9- Value type: interval mean
b752-0a580a8003e9 Interval label: ending
Copy UUID Interval length: 5 minutes
Site: NOAA USCRN Millbrook NY Uncertainty: 0.0 (%)
Start: 2018-01-01 00:05:00Z
End: 2021-11-04 01:00:00Z

Variable: GHI (W/m~2)

Extra parameters ~

Clone Metadata

Millbrook NY ghi 2021-11-01 01:00 to 2021-11-04 01:00 UTC
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Download Metadata
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API

api.solarforecastarbiter.org

«~ &

Q, Search...

Introdugtion

Authentication

Sites

Observations

Forecasts

Probabilistic Forecasts

Reports

Aggregates

Climate Zones

Users

O & hittpsi/fapi.solarforecastarbiter.crg w -

Solar Forecast Arbiter API (1.0.7)
Download OpenAP| specification:

Solar Forecast Arbiter Team: info@solarforecastarbiter.org
URL: https:/fgithub.cc pi | License: MIT

The backend RESTful API for Solar Forecast Arbiter.

Introduction

This webpage documents the public Solar Forecast Arbiter API. This RESTul
APl is primarily meant to be accessed by the Solar Forecast Arbiter
dashboard. The APl relies primarily on JSON data structures in requests and
responses, with the notable exception of the forecast and observation
GET/POST data endpoints which also support CSV files

Most users will interact with the AP indirectly through actions on the
dashboard. Those users who require direct access to the APl may include
observational data providers, forecast data providers, and reference data
users

An OpenAP| generator such as https:/#/github.com/OpenAP[Tools/openapi-
generator may be used to generate client libraries for most languages to
access the APL. The OpenAPI spec for the Solar Forecast Arbiter APl is
available in JSON and YAML formats. Care must be taken to match the
OpenAPI generator version with the version found in the spec file.

Code: github.com/SolarArbiter/

RENEWABLE ENERGY LABORATORY



https://solarforecastarbiter.org/
https://dashboard.solarforecastarbiter.org/
https://api.solarforecastarbiter.org/
https://github.com/SolarArbiter/

SFA Background

solarforecastarbiter.org

Climate
Zone
Definitions

FAQ Page

4
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Solar Forecast Arbiter Climate Zones
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Q. Can | use the Solar Forecast Arbiter to analyze wind power forecasts?

A. Yes! When creating a new Site, select Power Plant and simply ignore the
solar-specific information such as surface tilt. Then proceed to use the Arbiter

as normal. We are exploring what would need to be done to better support wind

forecasts in this issue.

C QO B &2 https;//solarforecastarbiter.org/metrics/ B % @

SOLAR
FORECAST
ARBITER

Contents

Introduction
Metrics for Deterministic Forecasts
Mean Absolute Error (MAE)
Mean Bias Error (MBE)
. Root Mean Square Error (RMSE)
Forecast Skill
Mean Absolute Percentage Error (MAPE)
Normalized Mean Absoclute Error (NMAE)
Normalized Mean Bias Error (NMBE)
Normalized Root Mean Square Error (NRMSE)
Centered (unbiased) Root Mean Square Error
(CRMSE)
Pearson Correlation Coefficient (r)
. Coefficient of Determination (R"2)
Relative Euclidean Distance (D)
M. Kolmogorov-Smirnov Test Integral (KSI)
N. OVER

0. Combined Performance Index (CPI)
Metrics for Deterministic Forecast Events
A. Probability of Detection (POD})

B. False Alarm Ratio (FAR})

C. Probability of False Detection (POFD)

D. Critical Success Index (CSI)

E. Event Bias (EBIAS)

F. Event Accuracy (EA)
Metrics for Probablistic Forecasts

A. Brier Score (BS)

B. Brier Skill Score (BSS)
C. Reliability (REL)

D. Resolution (RES)

E. Uncertainty (UNC)

F. Quantile Score (QS)
G. Quantile Skill Score (QSS)
H. Sharpness (SH)

1. Continuous Ranked Probability Score (CRPS)
Value Metrics
A. Value as a Function of Error

B. Production Cost Modeling
References

~Iommoow>

X

Metrics

[«
a
&

Dashboard FAQ Documentation Email List Blog Other Topics ¥ About ~

Metrics

The Solar Forecast Arbiter evaluation framework provides a suite of metrics for
evaluating deterministic and probablistic solar forecasts. These metrics are
used for different purposes, e.g., comparing the forecast and the measurement,
comparing the performance of multiple forecasts, and evaluating an event
forecast.

Metrics for Deterministic Forecasts

The following metrics provide measures of the performance of deterministic
forecasts. Each metric is computed from a set of n forecasts (Fy, Fa, ..., Fy,)
and corresponding observations (01, Os, . .., 0,).

In the metrics below, we adopt the following nomenclature:

e 1 : number of samples

o F: forecasted value

« O : observed (actual) value

» norm : normalizing factor (with the same units as the forecasted and
observed values)

« F', O : the mean of the forecasted and observed values, respectively

For more information on these metrics and others, see Zhang15, Wilks11 and
the references listed below.

Note that for normalized metrics (NMAE, NMBE, NRMSE), the Solar Forecast
Arbiter currently allows no user control over normalization via the dashboard.
Instead, the Arbiter has the following behavior depending on the forecasted
variable type:

L RENEWABLE ENERGY LABORATORY



https://solarforecastarbiter.org/

SFA Dashboard

dashboard.solarforecastarbiter.org

Create free, no-obligation account to 2. Click “Sign up”
browse reference data, forecasts, reports

1. Click “Log in”

« - C O e] https://dashboard.solarforecastarbiter.org bk @ @ =
Welcome

SFA Changelog Documentation _ ) )
Log in to Solar Forecast Arbiter to continue to

Solar Forecast Arbiter.

Solar Forecast Arbiter Dashboard

Welcome to the Solar Forecast Arbiter, a tool for evaluating your solar power and irradianc asts.

{ Email address

The Arbiter allows you to:
Password

» Securely upload forecast and observation data

» Analyze historical forecast accuracy and track ongoing forecast accuracy

» Optionally share data and analysis reports with other users

¢ Participate in anonymous, multi-vendor, operational forecast trials
The Arbiter provides a large collection of reference observations from several distinct climate zones
throughout the United States. A suite of benchmark forecasts are provided alongside these reference
observations. Don't have an account? Sign up

Forgot password?

To get started with the reference dataset, follow the 'Sign up' link at the bottom of the log in form. See
Getting Started for more information on how to access the rest of the Solar Forecast Arbiter's features.

Log in to access the dashboard.
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https://dashboard.solarforecastarbiter.org/

SFA Reference Data

SFA includes 226 reference data sites

Observations

* All GHI

« Some DNI, DHI

e Afew AC/DC power, POA

e Daily fetch for vast majority
e 2 -4 years of data

Forecasts
* |ntraday - day ahead based on NOAA models
* Intraday based on persistence

Probabilistic Forecasts
 Day ahead based on NOAA GEFS
 Day ahead based on persistence ensemble

Nightly recomputed reports of reference fx performance

<«

& O & https://dashboard.solarforecastarbiter.org/sites/

Sites Aggregates Reports Forecasts & Observations

UO SRML Parma ID

UO SRML Christmas Valley OR

UO SRML Bend OR

UO SRML Madras OR

UO SRML Hermiston OR

NOAA SURFRAD Bondville IL

NOAA SURFRAD Table Mountain Boulder CO

NOAA SURFRAD Desert Rock NV

NOAA SURFRAD Fort Peck MT

NOAA SURFRAD Goodwin Creek MS

NOAA SURFRAD Penn State Univ PA

NOAA SURFRAD Sioux Falls SD

NREL MIDC Solar Radiation Research Laboratory BMS

NREL MIDC National Wind Technology Center

NREL MIDC Vehicle Testing and Integration Facility
RSR

NREL MIDC Solar Technology Acceleration Center

NREL MIDC University of Oregon SRML

NREL MIDC University of Louisiana at Lafayette

NREL MIDC University of Arizona OASIS

NREL MIDC University of Nevada Las Vegas

NREL MIDC Oak Ridge National Laboratory

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

w

Documentation

Reference Region 2
Reference Region 2
Reference Region 2
Reference Region 2
Reference Region 2
Reference Region 5
Reference Region 4
Reference Region 3
Reference Region 4
Reference Region 6
Reference Region 5
Reference Region 5
Reference Region 4

Reference Region 4

Reference Region 4

Reference Region 4
Reference Region 1
Reference Region 8
Reference Region 3
Reference Region 3

Reference Region 56
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Site List for Solar Forecasting

Prize

Site Network
Kona, Hawaii NREL MIDC
Seattle, Washington NOAA SOLRAD
Hanford, California NOAA SOLRAD
Salt Lake City, Utah NOAA SOLRAD
Table Mountain Boulder, Colorado NOAA SURFRAD
Goodwin Creek, Mississippi NOAA SURFRAD
Bondville, lllinois NOAA SURFRAD
Titusville, Florida NOAA USCRN
Sterling, Virginia NOAA SOLRAD
Millbrook, New York NOAA USCRN

<@ Solar Forecasting Prize Site List

https://americanmadechallenges.org/solarforecasting/docs/resources

{Solar_Forecasting Prize Site_List.pdf

Brief description

Alist of locations for which competitors will submit their daily forecasts during the contest

evaluation period.

Key insights

« The site names are linked to pages within the Solar Forecast Arbiter (SFA) where
competitors can see the observations from the instruments installed at those sites.

« The region names are linked to the respective descriptions in SFA.

« Competitors need to have an Arbiter account (free) to access site information in SFA.

[ Submitted by NREL Challenge on Oct. 23, 2021
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https://americanmadechallenges.org/solarforecasting/docs/resources/Solar_Forecasting_Prize_Site_List.pdf
https://americanmadechallenges.org/solarforecasting/docs/resources/Solar_Forecasting_Prize_Site_List.pdf

SFA Data Model

Concept 1: A site contains observations and
forecasts.

Concept 2: Observations and forecasts are defined by

their metadata.

Concept 3: Upload time series data to observation

and forecast end points.

/Sites/NOAA SOLRAD Hanford California

Observations Forecasts Probabilistic Forecasts

Site Metadata

Name: NOAA SOLRAD Hanford California
UUID: c291964c-7e49-11e9-af46-0a580a8003e9
Copy UUID
Latitude: 36.31357 (°N)
Longitude: -119.63164 (°E)
Timezone: America/Los Angeles
Elevation: 73.0 (m)
Climate Zones:
o Reference Region 3

Extra parameters ¥

[Sites/NOAA SOLRAD Hanford California/Observations

Observations Forecasts Probabilistic Forecasts

= [ o i

Name Variable ~ Provider ~
Hanford California ghi GHI Reference
Hanford California dni DNI Reference
Hanford California dhi DHI Reference

AMERICAN MADE SOLAR FORECASTING PRIZE: U.S. DEPARTMENT OF ENERGY, SOLAR ENERGY TECHNOLOGY OFFICE AND NATIONAL RENEWABLE ENERGY LABORATORY

Download Metadata

Site

NOAA SOLRAD Hanford
California

NOAA SOLRAD Hanford
California

NOAA SOLRAD Hanford
California




SFA Data Model

Conce pt 1: A Site contains Observations and [Sites/NOAA SOLRAD Hanford California/Observations/Hanford California ghi
fO recaStS Observation Metadata Download Metadata
’ Name: Hanford California ghi Variable: GHI (W/m*2)
UUID: c2955cde-7e49-11e9-acd2-0a580a8003e9 Value type: interval mean
. . C'opy uuID 4 ‘ Interval label: endin.g
CO nce pt 2 . Observatlons an d fo recasts are d efl n ed b) Site: NOAA SOLRAD Hanford California :T:z;\::;:::it;y(:z;nute
their metadata. G 2021102 2550002
Extra parameters ¥
Concept 3: Upload/download time series data

to/from observation and forecast objects.
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/Sites/NOAA SOLRAD Hanford California/Observations/Hanford California ghi

S F A D a t a M O d e I Observation Metadata Lowmiosd Metagats

Name: Hanford California ghi Variable: GHI (W/m”~2)

UUID: c2955cde-7e49-11e9-acd2-0a580a8003e9 Value type: interval mean
Copy UUID Interval label: ending
Site: NOAA SOLRAD Hanford California Interval length: 1 minute

Uncertainty: 0.0 (%)
Start: 2016-12-29 00:00:00Z
End: 2021-11-02 23:59:00Z

Extra parameters ¥

Clone Metadata

Hanford California ghi 2021-10-30 23:59 to 2021-11-02 23:59 UTC

&)

4 Riepi+p -2 O M

800 —

Concept 1: A site contains observations and
forecasts.

600 -

400 -1

GHI (W/m*2)

Concept 2: Observations and forecasts are defined by
their metadata. ]

0

t t t t 1
10/31 12h 11/01 12h 1102 12h

Concept 3: Upload/download time series data ity Finga

to/from observation and forecast objects. |_m.ME ___I

CLEARSKY I I
t’.EARSKV EXCEEDED

I . AL
hEVALEE | ]| (1 WL T
wecobsEBAves || | (R LU NN

Use the start and end selectors below to set the range of the plot above or download data. A maximum of one year of data may be downloaded.

Start (UTC) End (UTC)
2021 - 10 - 30 23 : 59 2021 -11- 2 23:59

T e ol B e R CIcl Format: @CSV OJSON (format examples)

Observation data will include validation results in the quality_flag field. See the data validation documentation for descriptions of these quality flags.
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SFA Forecasts

Problem tensat surden.
1. Forecasters produce much more data e e
. orecas
than people can easily understand M Evalution Vare Ty’
) ) Timeseries Variable
(many issue times x long length x Site
multiple temporal resolutions) Fe----- H+—-------
2. Most of that data is redundant
3. Eventually, a person must decide what I +H44—------- Identically parsed
really matters when assessing a forecast
SFA solution
* Decide what really matters before e ———————
uploading data a® 5P P P a4
Stop and think about the
application/analysis before you start it For Solar Forecasting Prize: the day ahead, midnight to

midnight, forecast issued at 10 am local time
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Create New CDF Forecast

S I A I O re Ca Sts See forecast definitions for detailed explanations of parameters.

Site Metadata

Name: NOAA SURFRAD Table Mountain Boulder CO
UUID: 9dfa7910-7e49-11e9-b4e8-0a580a8003e9
Copy UUID

Latitude: 40.12498 (°N)

Longitude: -105.2368 (°E)

Timezone: Etc/GMT+7

Elevation: 1689.0 (m)

For Solar Forecasting Prize... liafalhdis:

o Reference Region 4

Extra parameters ¥

Day ahead, midnight to midnight, hourly forecast

issued at 10 a.m. local time Name Variable
SURFRAD Table Mountain Gauss (7] GHI (W/m~2) v
Example at SURFRAD Table Mountain (UTC-7): "+ R T ®
Run length/Issue frequency Interval length
* |ssuetime of day: 17 UTC 1 s | Days @ 1 5 | Hours .9
® Lead time tO Start 14 hOUI’S Interval label Interval value type
* Run length/Issue frequency: 1 day Boginning v @  Mean v
* Interval length: 1 hour s ' Constant values
Ox: variable value®y: percentile 0 0.0,10.0,20.0,30.0,40.0,50.0,60.0,70.0,80.0,90.0,100.0 &

* Interval label: Beginning

Extra parameters (optional)

This field will store any ASCII text. We recommend using it to store other parameters you have collected in a format such as YAML or
JSON.

Submit
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Probabilistic Forecasts

Distributions may be described by forecasts of:

* Fixed percentiles (e.g., 1, b, 10...90, 95, 99)
* Fixed thresholds (e.g., 1 MW, 5 MW...25 MW, 30
MW)

Solar Forecasting Prize uses fixed percentiles.

Each percentile is represented by a unique endpoint in
the SFA API.

User posts a forecast to each percentile, so a forecast
for each site requires 11 post operations...

...but file format is trivial!

timestamp, value
2021-02-12T19:00:00%Z, 700
2021-02-12T20:00:00%Z, 690

GHI (W/m~2)

P100 time series

SURFRAD Table Mountain Gauss 2021-02-12 06:00 to 2021-02-15 06:00 UTC

GHI (W/im*2)
g &5 2 2 3
g 8§ 8 & 8

8
8

100 3

12h 213 12h 214 12h 215
Time (UTC)

PO time series

SURFRAD Table Mountain Gauss 2021-02-12 06:00 to 2021-02-15 06:00 UTC

GHI (Wim*2)
o 3 & 3 g
; . h

[
S

12h 213 12h 214 12h 215
Time (UTC)

SURFRAD Table Mountain Gauss 2021-02-12 06:00 to 2021-02-15 06:00 UTC

Distribution time series

A A A

12:00
Feb 12, 2021

00:00
Feb 15, 2021

00:00 12:00

Feb 14, 2021
Time (UTC)

00:00 12:00

Feb 13, 2021
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Time series

SFA Reports

800 as
L

& 1
E Fl iyl
~ B |
E 600 [ 1 “'.l_,[ 1|
TULY
. . 2 400 J )
Reports structured for clear, reproducible analysis. 8 [ l P; "T
200 | £ . . Al [
- OH '
dashboard.solarforecastarbiter.org/reports/ | | | ‘ ‘
12:00 00:00 12:00 00:00 12:00
Mar 8, 2021 Mar 9, 2021 Mar 10, 2021
Time (America/Los_Angeles)
v Table of data validation filters
Quality flags Discard before resample Resample threshold (%) MetrICS by date’ Season’ etc-
NIGHTTIME, USER FLAGGED True 10.0 @ == m
Hanford California Current Day NAM ghi MAE
400
w 3%
Table of total metri <ZC 2001 H ‘ l
v laple ot totalmetrics 103 il .||||I|||||||||||||||\|I||||\|||I|III|‘|||||||I||I|||||||III||II| |||||II|||||||I||II|||I|||||||||II|II||I|||||||||I|I|||||. II||I||I|I|I|III i ||||| i, .I||.|. i |||| il |||u.| |||I|||||.|.
Jan 2021 Mar 2021 May 2021 Jul 2021 Sep 2021 Nov 2021
Forecast MBE MAE RMSE
Date
Hanford California Day Ahead GFS ghi -85.7 103 162
Hanford California Day Ahead GFS ghi MAE
Hanford California Current Day NAM ghi -62.9 79.4 114
L . 400
Hanford California Intraday HRRR ghi 15.5 41 70.3 %
£ 2 ALl bl s 0 i b
Hanford California Intraday RAP ghi =101 113 171 ||||||I|| sl |||n”“\hulnh‘llh‘|| L] IIII||||| |||I|I|||I||I||\||II||H| |||I|I| I||| i ||n|n||u|||\ il ||| L il ol | ||| i |I| il | |||
Jan 2021 Mar 2021 May 2021 Jul 2021 Sep 2021 Nov 2021
Hanford California Hour Ahead Persistence ghi 5.18 60.7 g9k Date
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https://dashboard.solarforecastarbiter.org/reports/

SFA Reports for Prize

Solar Fx Prize SURFRAD Table Mountain

Recompute report | Clone report parameters

This report of forecast accuracy was automatically generated using the Solar Forecast Arbiter.

This report can be downloaded as a standalone HTML file, standalone HTML file without timeseries or PDF
file. The download is a ZIP archive that includes checksums for the report file and a PGP signature that
can be used to verify the authenticity of the report. The Solar Forecast Arbiter PGP key ID is
0x22bd497c0930f8b0.

Time series of your forecast, reference forecast, observation

Table Mountain
~— Boulder CO ghi 60m
600 beginning
| \ | | | SURFRAD Table
fopl Mountain Gauss
E SURFRAD Table
§ 400+ Mountain Reference
=
T [
©
O 2004
[
| | | |
ottt Yt gt Mt LR L S SR NS R B RNE BN
T T T T T T T T T
Jan 20 Jan 23 Jan 26 Jan 29 Feb 1 Feb 4 Feb 7 Feb 10 Feb 13

2021
Time (Etc/GMT+7)

CRPSS

Metrics for your forecast and reference

v Table of total metrics

Forecast CRPS CRPSS
SURFRAD Table Mountain Gauss 61.9 -0.145
SURFRAD Table Mountain Reference 541 nan

SURFRAD Table Mountain Gauss CRPSS

LT L el Bl Ll N |
-0.5
Ji:-mI 24 JanI 31 Fetl) 7 FeI; 14
Date

Leaderboard on HeroX compiled from
CRPSS metrics computed in SFA reports
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Data Upload/Download

215 # for each constant value, make a random timeseries and upload
Example data download and forecast upload o
216 # the timeseries for that constant value
Scrlpt: 217 for num, prob_constant_value in enumerate(prob_forecast.constant_values):
: : 218 # set this distribution value to an interpolation between high
solarforecastarbiter.org/documentation/dashboar |
. . 219 # and low values determined above.
d/tr|a|S/#examD|e‘SC”Dt 220 # assumes len(prob_forecast.constant_values) > 1
221 distribution_member_value = (
. 222 forecast_value_low
HTTP APl documentation at 223 .
apl Solarforecastarblter Org 224 num / (len(prob_forecast.constant_values) - 1)
225 * (forecast_value_high - forecast_value_low)
T POST | /forecasts/cdf/single/{for.. v 226 )
Add Probabilistic Forecast data for one constant value. 97 )
Add timeseries values to a Probabilistic Forecast constant value. Float values will be Hequesl samples . ) R X ) . A
roundedto 8 decimal places before storage. 228 forecast_series = pd.Series(distribution_member_value, index=index)
'ayloa
o AR TR 229 # upload the probalistic forecast constant value to the API
coracase 14 sting fextiosv 230 # catch and log errors so we can try uplloading the other forecasts
Tequired Forecast's unique identifier. 231 t ry :
FEGUESTBODY SCHEMA: texese = tl::::m;:;; 232 session.post_probabilistic_forecast_constant_value_values(
o :1; : 2: 233 prob_constant_value.forecast_id, forecast_series)
Responses S g e e £ 234 except Exception:
— 201 Resource created successfully. 235 lOgg ing - EXC ept iO n (
) 236 'Failed to upload prob. forecast constant value for %s',
— 400 Could not process request due to invalid syntax
237 prob_constant_value.name)
— 401 User must authenticate to access resource.
238 continue
— 404 The resource could not be found.
— 413 Payload exceeds maximum of 16MB. trial_random_data_forecast_upload.py hosted with ¥ by GitHub view raw
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https://solarforecastarbiter.org/documentation/dashboard/trials/#example-script
https://api.solarforecastarbiter.org/

Data Upload/Download

API gate closure

* Forecasts rejected if they contain valid times for which a gate has already closed
* Forecasts may contain valid times for additional days

* User may overwrite previously submitted forecasts up to the gate closure time.
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Reference Forecast

504
-+ 505 | def persistence_probabilistic_timeofday(observation, data_start, data_end,

Persistence ensemble (PeEn)

506 forecast_start, forecast_end,
507 interval_length, interval_label,

. . load_data, axis, _values):
Time of day PeEn computes statistics from the past N S Pad-data, axis, constantvalues
dayS Of ObservatIOﬂ data at the COI’reSpOI’]dII’]g tlme Of 510 Make a probabilistic persistence forecast using the s*observationk from

511 xdata_startx to xdata_end*, matched by time of day (e.g. to forecast 9am,
day 512 only use observations from 9am on days between *data_start*x and
513 xdata_end*). This is a common variant of the Persistence Ensemble (PeEn)
514 method. [1]1_ [2]1_ [3]_
1. Pull previous N days of data. 515
2. Resample data to desired interval length.
3. Bin data by desired times of day. Assuming no data Reference forecast code on GitHub
gaps, there are N values in each bin.
4. For each bin, compute the desired percentiles. solarforecastarbiter/reference_forecasts/persistence.
5. Associate each bin with the forecast date time (e.g. Py

first bin is midnight tomorrow, second bin is 1 am
tomorrow, etc). This is the forecast.

SFA uses N = 30.
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Solar Forecasting
Prize

Enabling solar industry stakeholders with state-of-
the-art solar forecasting capabilities

Energy, Environment & Resources
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SOLAR PRIZE Enter $375,000
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Overview Guidelines Timeline Updates Resources FAQ

Challenge Overview

The American-Made Solar Forecasting Prize is designed to better enable solar industry stakeholders with
state-of-the-art solar forecasting capabilities. Sponsored by the U.S. Department of Energy Solar Energy
Technologies Office, this prize aims to increase the use of the Solar Forecast Arbiter, an open platform
developed by the University of Arizona, to allow for the transparent, rigorous, and consistent analysis and
evaluation of solar forecasts.
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Solar Forecasting Prize

The American-Made Solar Forecasting Prize is designed to better enable solar industry stakeholders with state- SOLAR PRIZE
of-the-art solar forecasting capabilities. Sponsored by the U.S. Department of Energy Solar Energy Technologies t
Office, this prize makes use of the Solar Forecast Arbiter, an open platform developed by the University of

Arizona, to allow for the transparent, rigorous, and consistent analysis and evaluation of solar forecasts. U.S. DEPARTMENT OF ENERGY
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Enabling solar industry stakeholders with state-of-

: - e G 99 the-art solar forecasting capabilities
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SOLAR FRIZE Enter $375,000

Visit our website to learn
more and register today!

JOIN A TEAM

Timeline Upda

. Challenge Overview
https://www.herox.com/SolarForecasting o
[ . The American-Made Solar Forecasting Prize is designed to better enable solar industry stakehalders with
For Questlons: Em I Iy- Eva nS@n rel -gov state-of-the-art solar forecasting capabilities. Sponzured by the U.S. Department of Energy Solar Energy

Technologies Office, this prize aims to increase the use of the Solar Forecast Arbiter, an open platform
developed by the University of Arizona, to allow for the transparent, rigorous, and consistent analysis and
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