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Background and Motivation

e What is the Model Evaluation for Research Innovation Transition
(MERIT) task?

e Goal is to assess community/operational model innovations

* Create testing framework for in-depth analysis of a select number of cases
to enhance understanding of model performance and weaknesses

e Generate infrastructure and end-to-end workflow for the community to
tezs(t)th&eir own model innovations against benchmark cases to facilitate
R20 T&E

e Provide opportunity for testing to advance Readiness Levels (RLs) in
concert with the NGGPS/GMTB Hierarchical Model Development Structure

e With FV3 being chosen as the new NGGPS dycore, MERIT
provided the opportunity to generate baseline cases for
comparison to current operational systems and proposed model
changes/implementations

e The first public FV3 release (v0) was leveraged, as it included
initial conditions for three case studies, which were run and then
verified against the operational GFS configuration

NGGPS/GMTB Hierarchical
Model Development




FV3 Case Study Simulations

Total Observed Snowfall January 22nd - 24th, 2016
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e Mid-Atlantic winter storm ¢ Hurricane Matthew from e |ouisiana flooding from 12-
from 22-23 January 2016 28 September to 9 October 15 August 2016
* FV3initialized at 1200 uTc 2016 * FV3 initialized at 0000 UTC

on 18 January 2016 e FV3 initialized at 0000 UTC on 9 August 2016
on 29 September 2016



Forecast Comparison Between FV3 and GFS

e FV3 forecasts were run using the C768 grid (~13 km), interpolated to a
latitude/longitude grid, and then converted to quarter-degree resolution to
match that of the GFS

 The MET verification package was used to calculate standard measures of
average RMSE and bias as a function of lead time and for vertical profiles,
as well as frequency bias and Gilbert Skill Score for defined thresholds of
precipitation

e Observations from METAR and RAOB stations were used for verification, in
addition to CCPA data for precipitation accumulations

e Verification was conducted separately for FV3 and GFS, with differences
also calculated between models for each metric

* Due to observational data availability, vertical profile verification was
conducted for the full globe, while all other verification was CONUS only

e Spatial plots were created using Python scripts to qualitatively analyze
specific variables



Mid-Atlantic Winter Storm
(22-23 January 2016)

FV3 initialized at 1200 UTC on 18 January 2016 and run out 168 hours

Results compared to operational GFS



Mid-Atlantic Winter Storm Forecast of 500 hPa Geopotential Height
(120-Hour Forecast Valid at 1200 UTC on 23/1/2016)
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Temperature (C) Bias

Temperature (C) RMSE

Mid-Atlantic Winter Storm Surface Variable RMSE and
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Mid-Atlantic Winter Storm Global Upper-Air Variable RMSE and Bias for
the 120-Hour Forecast Valid at 1200 UTC on 23/1/2016
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Frequency Bias

Gilbert Skill Score

Mid-Atlantic Winter Storm CONUS 24-hr Precipitation Accumulation
Frequency Bias and Gilbert Skill Score for > 6.35,>12.7, and > 25.4 mm
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Hurricane Matthew
(28 September to 9 October 2016)

FV3 initialized at 0000 UTC on 29 September 2016 and run out 168 hours

Results compared to operational GFS



Hurricane Matthew Location and MSLP
(168-hr forecast valid at at 0000 UTC on 06 October 2016)

Actual Location and NHC Forecast

FV3

B85 B0 7 6!

Hurricane Matthew Current Information: ® Forecast Positions:

Wexdnesday Ociober 5, 2016 Center Location 23. w @ Tropical Cyclone () Post-Tropical
8 PMEDT, iate Adve 14 Max Sustained Wind 115 mph Sustained Winds: D <33 mph
NWS National Hurricane Center Movement NW at 12 mph S 33-73 mpl

Potential Track Area: Watches: Warnings:

Day 13 €£ZX Day45 Hurricane Trop.Storm M Hurricane [ Trop.Storm

Valid: 20161006 00 UTC Valid: 20161006 00 UTC

1030_ 1050 890 910 930 950 970 990 1010 1030 1050

Actual center of Hurricane Matthew is near the Bahamas at this time

e GFS forecast location is too far north, potentially indicating track is too fast
 FV3 forecast is also too far north and west, but is closer to actual location

FV3 has the MSLP at < 960 hPa, GFS is < 950 hPa, actual central pressure is 962 hPa
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Hurricane Matthew Surface Variable RMSE and Bias
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Hurricane Matthew Global Upper-Air Variable RMSE and Bias for the 168-
Hour Forecast Valid at 0000 UTC on 10/6/2016
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Hurricane Matthew CONUS 24-hr Precipitation Accumulation Frequency Bias
and Gilbert Skill Score for > 6.35, >12.7, and > 25.4 mm
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Louisiana Flooding
(12-15 August 2016)

FV3 initialized at 0000 UTC on 9 August 2016 and run out 168 hours

Results compared to operational GFS
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Louisiana Flooding Precipitation Accumulation
(24-hr accumulations ending at 1200 UTC on 13 October 2016)
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FV3

Analysis: 20160812 00:00:00 UTC
Focst Hr: 012-036
valid: 20160813 12:00:00 UTC

24-hr Accumul. Precip. (mm}
Min: 0.0 mm Max: 172.2 mm
Resol: 0.25% = 0,25

s

20 60 100 140 180 220 260 300 340 380 420

GFS captures the eastern extreme in precipitation, but misses areas to the west and south
FV3 also captures the eastern extreme and correctly expands that maximum west, but too far north

as well

GFS correctly estimates rainfall totals for this period, while FV3 severely underestimates
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Louisiana Flooding Surface Variable RMSE and Bias
over CONUS
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Louisiana Flooding Global Up
Forecast Valid at 0000 UTC on 8/13/2016
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Louisiana Flooding CONUS 24-hr Precipitation Accumulation Frequency Bias

and Gilbert Skill Score for > 6.35, >12.7, and > 25.4 mm

24-h Accum Precip Frequency Bias (>6.350 mm)
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Conclusions (for all three case studies)

* Surface variable time series of RMSE show no clear advantage for either model, with both
increasing with forecast hour

 The GFS generally has lower temperature bias, but neither model is better for specific humidity or
wind speed

e Vertical profiles show a slight but distinct improvement in RMSE and bias for FV3 over GFS, but
later forecast hours for the Louisiana case show that GFS is better than FV3

* No clear advantage in precipitation accumulation frequency bias was found for either model for
any of the three thresholds

* Gilbert Skill Scores for all three thresholds of precipitation accumulation are comparable between
the models, except for the Louisiana flooding case, where FV3 is closer to one (ideal score),
particularly at early forecast hours

* At the analyzed times, qualitative location and intensity were closer to reality with FV3 for
Hurricane Matthew, while both models were nearly identical for the Mid-Atlantic winter storm

e The results show that for these cases, the FV3 is capable of performing similarly or better than
the GFS, providing a benchmark for further development activity

*Caveat: These are single case studies and must be considered in an appropriate context. Robust verification
would require week- to month-long retrospective runs to accumulate enough data for statistical significance



Future Work

* Make data and verification from these case studies, infrastructure, and
end-to-end workflow available to the research community through the

project website and on the NOAA supercomputer Theia

e Foster strong collaboration among the research and operational

communities:
e Build connections with Next Generation Global Prediction System (NGGPS) Principle

Investigators (Pls)
 Emphasize the importance of testing innovations prior to inclusion in the Common

Community Physics Package (CCPP)
e Strengthen communication and collaboration with participants of the NCEP Model

Evaluation Group (MEG)
e Update MERIT infrastructure (keep FV3 code and scripts in sync with EMC)

e Add new case studies



Thank you!
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