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What is meteorology?

Meteorology is about providing useful information, not just
about making the right forecast!

Warning value chain process
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Not the end of the
forecast procese

The forecast process ends with decisions by the users of
weather information.
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Weather models in 1922

“Outside are playing fields, houses, mountains and lakes, for it was thought that those who compute the weather
should breathe of it freely.” Good work-life balance! Humans did the first NWP forecasts! Now we let computers
doit.
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https://www.emetsoc.org/resources/rff/

Progression of resolution

The highest-resolution model run
operationally by the National s
Weather Service, by year:
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https://www.emetsoc.org/resources/rff/

Models prediction of overall pattern
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Weather models have gotten much better at

Gl aiiaatid forecasting the general evolution of the weather!
075 ECMWEF continues to be the leader.
065 But the rate of improvement is slowing.

Improvement driven by:

o T LibbL e Better observations (mostly satellite)

e ' e Better data assimilation (telling the

o computer what reality is)

075 e Resolution, physical parameterizations, etc.
0.65

FIG. 13-15. Annual mean 500-hPa anomaly corrclation for GFS, ECMWF, CMC (Canada),
“UKM?” (Met Office), and FNMOC (U.S. Navy) from 1985 to 2017 for the (top) Northern and
(bottom) Southern Hemispheres. The figure is provided through the courtesy of F. Yang of
NOAA/NCEP.
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12-month average of QPF skill

total precipitation
. ] ) Continuous ranked probability skill score
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better in global models now!

12mMA of CRPSS reaches 0.1

But at ECMWF there has 7
not been much 6.54
improvement since 2016. 6

351 Day 3 forecast in 2002 is now
3 - the skill we have at day 7!
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Scores over time

total precipitation
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Seasonal variation is large. Large amounts (pink) are
We are better in the cool season. harder to forecast.
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Scores by lead time
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ECMWE is consistently a
day ahead of NWS models
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The future of precip forecasting

There are four primary pathways for
improving precipitation forecasts in the
future:

1. Larger and more robust high-resolution
ensembles.

Improved post-processing

Moving from deterministic to
probabilistic forecasts

4. Relationships and communication

w N
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High-res ensembles

There are numerous efforts to run
large high-resolution ensembles in the
Western US.
e University of Washington
o 24 members at 4 km out 72
hours 2x/day over NW US
e Rapid Refresh Forecast System
o 10 members at 3 km out 60
hours over CONUS
e CW3E
o 200 members at 9 km
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Improved post-processing

Advanced
Global and CAM  pesoscale analyses Model ref .
ensembles and station data odel reforecasts

Adva nced

Examples: ost-processin .
e NWS National Blend of p(e gpmachineg —— > Calibrated PDFs

Models using quantile

mapping to calibrate to learning) l
Stage IV.

e ECMWF EcPoint

e CW3E West-WRF w/ 30 On-demand cloud
years reforcast visualization
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Make the whole model machine learning?
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Historically, weather models just solved equations on
a grid, attempting to parameterize things we can’t
solve or know directly. But it doesn’t have to be that
way...

“‘using GPUs to run an Al-based model that
completely replaces the computational core of the
weather model is the biggest promise for the future.”
“FourCastNet’s predictions are comparable to the
ECMWF model at lead times of up to three days.”

“FourCastNet is about 45,000 times faster than
traditional NWP models enabling inexpensive
generation of extremely large ensemble forecasts.”
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Why should we use probabilistic information?

In a review of 300+ journal articles...

“Vear/y all of the studies ... indicate that people
make better decisions, have higher trust in
information, and/or display a greater
understanding of forecast information when
shown a probabilistic forecast instead of a
deterministic one.

Ripberger et al. (2022), WCAS
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https://crcm.shinyapps.io/probcom/#section-practical-recommendations

Questions for discussion

What is the weak link in the warning chain for hydrology?
e The weather models?
e Coupling weather hazards with hydro hazards?
e The translation of hazard information into impacts (e.g. river stage into a
probability of 1’ of inundation at a point?
e The right people getting hazard or impact information in a format that they can
use?

Do you use cost/benefit analysis in your decision making? Do you use
probabilistic forecast information to inform those decisions?




