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Pole Vault World Record

® United Kingdom @ France
@ United States ® Norway

Cornelius Warmerdam
o 15ft 71n




Pole Vault World Record
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The quiet revolution of numerical weather prediction

Forecast skill (%)
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RAISING THE BAR

IN EARTH SCIENCE THROUGH

EDUCATION, TOOLS, AND TRAINING
Brian Blaylock | September 2025



February 1993

Salt Lake City Tornado
August 11, 1999
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Doppler on Wheels
2011 - University of Utah

NASA Student Airborne Research Program
| 2013

Early research opportunities raises the bar
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Working in John Horel’s M7 oo O — | T

Note: Data on MesoWest are aggregated by Synoptic Data PBC
Hide Menu | -\ Search | Map Product: Default

v || Change

MesoWest research group e ot e g e s P
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influenced the way | ,

Network: NWS and RAWS

approached my research

Refresh Map
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Collect and archive weather data
- Build tools to access and use data
- Make tools available to everyone
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Mentorship and teamwork raises the bar




Great Salt Lake Ozone Study - 2015

Objective: Explore physical processes that
influenced ozone in the Salt Lake Valley

* Downloaded and archived HRRR
* Run WRF with HRRR boundary conditions.
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Created the first public HRRR archive

o ) Yol c0%

Internal Users

PANDO q .“

HRRR GRIB2 files Object Data

from NOMADS and ESRL External Users

Archive

Cloud archiving and data mining of High-Resolution Rapid Refresh forecast
model output

Brian K. Blaylock ', John D. Horel %, Samuel T. Liston "

Sharing data raises the bar




UNLOCKING THE POTENTIAL B oy i N a1
OF NEXRAD DATA TH ROUGH %gle;.Opetn. Data Diss.en;ir;ation Pr?,gram
NOAA’S BIG DATA PAR——NERSH IP Ignl icantincreases in adaata Usage

Steve Ansarl, STEPHEN DeL Greco, EDwarD Kearns, O1is Brown, Scott WiLKINS,
MoHanN RaMAMURTHY, JerF WEBER, Ryan May, Jep Sunpwall, Jerr LayTon, ArieL Golb,
ADAM PascH, AND VALLIAPPA LAKSHMANAN

NOAA's Big Data Partnership has facilitated unprecedented access to NEXRAD real-time
and archive data, enabling cloud computing that is accessible, efficient, and innovative.

Now over 150 NOAA datasets!

GFS: common fields, 0.25 degree resolution

,.

2016-01 VIR

2014-07
2014-08
2014-09
2015-01
2015-02
2015-03
2015-04
2015-05
2015-06
2015-07
2015-08
2015-09
2015-10
2015-11
2015-12
2016-02
2016-03
2016-04
2016-05
2016-07

B Amazon Web Services NCEI

FiG. 6. The total amount of Level Il NEXRAD data access from NCEIl and AWS from Jul 2014 through Jul 2016.

Expanding access raises the bar




Unidata and me

2018 - Unidata Users Workshop:
Reducing Time to Science: Evolving
Workflows for Geoscience Research
and Education

Julien Chastang invited me to add
my GOES-16 plotting notebook to
the Unidata Python Gallery

Presenfed work on HRRR archive.

blaylockbk commented on May 3, 2019

| cleaned up the mapping GOES16 TrueColor.py example.

This is my first pull request ever, am | doing it right?? &



https://github.com/Unidata/python-gallery/pull/107
https://unidata.github.io/python-training/gallery/mapping_goes16_truecolor/

September 2020

hrrrb 0.0.1

pip install hrrrb==0.0.1 @@

Herbie

Contributors 29

Mondays @®C @«
E§NCOOHT

Training and examples raises the bar




Data Sources Data Tools

xarray _
: ’ cfgrib

Open-data I:EI pdndas

NOMADS

matpltlib

aws . g dask (“ METPY

Developers raised the bar!



Data Sources w Data Tools

Access

Gap
How do | get
the data?

FILE = "https://blah.blah.s3.blah.com/blah/blah.grib2"
tool.open_dataset(FILE)

URLs are not intended

f for human consumption



Data Sources /} Data Tools
] x ‘ ...make
. } |I Leroie t ready }
‘ O use.

J

from herbie import Herbie
Herbie("2024-01-01", model='hrrr')

Goal: Help scientist spend less time discovering/wrangling data.

/ ’



Data Sources } Data Tools

‘ ...make

Find NWP ] .
data... } |I H@Eﬁbﬂ@ ”; ready
0 use.
i ...make
Fc;r;(tja\f\.l.x it ready
to use.

4t 0pen-senurer python project

Goal: Help scientist spend less time discovering/wrangling data.

/ .



How Herbie Works

H = Herbie("2024-01-01 12:00", model="gfs")
H.download("[U|V]IGRD:500 mb")

https://noaa-gfs-bdp-pds.s3.amazonaws.com/gfs.20240101/12/atmos/gfs.t12z.pgrb2.0p25.f000
Herbie

found
this

Remote GRIB2 File
500 VB

Local GRIB2 File

1.8 MB
UGRD:500 mb Thanks to
0 mb Chris Galli
VGRD:50 for teaching
VGRD:500 mb me this

Only download the data you need; Subset file by individual GRIB message

22


https://noaa-gfs-bdp-pds.s3.amazonaws.com/gfs.20240101/12/atmos/gfs.t12z.pgrb2.0p25.f000
https://noaa-gfs-bdp-pds.s3.amazonaws.com/gfs.20240101/12/atmos/gfs.t12z.pgrb2.0p25.f000
https://noaa-gfs-bdp-pds.s3.amazonaws.com/gfs.20240101/12/atmos/gfs.t12z.pgrb2.0p25.f000
https://noaa-gfs-bdp-pds.s3.amazonaws.com/gfs.20240101/12/atmos/gfs.t12z.pgrb2.0p25.f000
https://noaa-gfs-bdp-pds.s3.amazonaws.com/gfs.20240101/12/atmos/gfs.t12z.pgrb2.0p25.f000
https://noaa-gfs-bdp-pds.s3.amazonaws.com/gfs.20240101/12/atmos/gfs.t12z.pgrb2.0p25.f000
https://noaa-gfs-bdp-pds.s3.amazonaws.com/gfs.20240101/12/atmos/gfs.t12z.pgrb2.0p25.f000

Example: ECMWF 500 hPa wind analysis

for date 1n DATES:
H = Herbie(date, model=“ifs", fxx=0)
ds = H.xarray("[gh|lu|v]:500 mb")
make_wind_map(ds)

otential height

.

23



Who uses Herbie? Non-meteorologists

Solar Fleet Forecast nacaiors e —
Probability Tool by
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Time, UTC (mm-dd HH)

A tool for making a
probabilistic power forecast
for a fleet of solar plants
USing numerical weather Original HRRR ~ Coarsen to 30 km x 30 mean Z':I%grtamty o .

(also get max and min)

L] L[]
p re d I Ct I O I l ° time = 2021-06-19T06:00:00, step = 1 days 12:00... time = 2021-06-19T06:00:00, step = 1 days 12:00...
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https://github.com/williamhobbs/solar-fleet-forecast-probability-tool

Raise the Bar by participating in Open Source
* Gitis a highly desirable job skill.

* Invest in quality documentation.

* You can have an “open source” attitude in any type of work.

. SOURCE CONTROL = v U e

We n e e d to te a C h glt @ Message (Ctrl+Enter to commit on “main”) ‘{%
early and often. - v .
£% v changes a

Teaching git with the VS Code
GUI is very effective

TS app.ts src V214 m

TS contact.ts src\controllers
TS index.ts src\routes M

contact.pug src\views U

Stage Change

25



What’s nhew and exciting



Machine Learning Weather Forecasting

3 day T850 RMSE Skill Score vs Publication Time
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Raising the bar again with
Analysis-ready data and advanced tools built in Python


https://docs.google.com/spreadsheets/d/1n30zDDjEzlXl5nAGF8uD_dbZWJAamqImQGCZjfOMuDg/edit?gid=0#gid=0

Table Data in Parquet

Decades of meteorological
observations converted

NOAA NASA Joint Archive (NNJA) of Observa tions

fro m B U F R tO Pa rq u et . for Earth System Reanalysis

Why is this important? l
Analysis-ready data format

- Decoding BUFR is hard. ////'/

- Process data with ’/ ¢) Brightband
modern tools (Polars). Parquet NNJA-AI




Advances in Package Management

®  conda/conda
& B ostral-shfuy
prefix—dey/pixi
¥ python—poetry/poetry
® © pypa/pip
= mamba—or g/mamba
® 0 pdm-project/pdm
" Pupa/pipx
@ puenv/pyeny

 S—

“How do |l install and
manage my Python

environment!”
- Every python user ever
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RAISE THE BAR

Provide early research opportunities
Invest in quality training and education
Be a mentor
Try something new

Share data and tools
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