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WRF-Hydro & DART .... HydroDART
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Python
environment

github.com/NCAR/wrf_hydro_py.git




What is Data Assimilation?

Observations combined with a Model forecast...

... to produce an analysis.

Overview article of the Data Assimilation Research Testbed (DART):

Anderson, Jeffrey, T. Hoar, K. Raeder, H. Liu, N. Collins, R. Torn, A. Arellano, 2009:
The Data Assimilation Research Testbed: A Community Facility. s
Bull. Amer. Meteor. Soc., 90, 1283—1296. doi:10.1175/2009BAMS2618.1



http://journals.ametsoc.org/doi/abs/10.1175/2009BAMS2618.1

Ensemble DA in DART
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Hurricane Florence (2018)
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» " Hurricane Florence made landfall near
Wrightsville Beach, North Carolina at
7:15 a.m. ET September 14. The
GOES East satellite captured this
geocolor image at 7:45 a.m. ET

Damage: $24.23 billion

Winds up to 150 mph (240 km/hr) 4 o e W |0
NOAA/NWS/NCEP/WPC |

1

Hu:rlncane FlorenceA - = 3—0'-:"'—”— O—f— ra-in_ = ;___ =

168-hour Day 1-7 Rainfall Forecast (inches)

Created 4:40 AM EDT Thu Sep 13 2018 |

Valid 8:00 AM EDT Thu Sep 13 2018 \ 1 1 @
through 8:00 AM EDT Thu Sep 20 2018 Local point maximum rainfall may be higher than shown.

NOAA/NWS/NCEP/WPC See the NHC public advisories for the latest tropical cyclone information. =




‘scale’ of Florence Domain

Neuse Forest.

Emerald sle

& Whortonsville
Oriental
Minnesott.
Beach
Merrimon
MCAS. o9
Cherry Point
Havelock
@
Harlowe
Newport

Atlantic Beach

258 ) (O}
o @ Keener Eaigon Albertson ® Pollocks ) New Bern
lement James City
River Bend 70
Bowdens Pink Hill Trenton @}
I
Stedpag SR w €3 @ comfort & Ppollocksville
Clinton @ Turkey jarsaw.
2 Serecta Potters Hill
Ke il
D Roseboro Lol e Hofmann G
@ e Forest
eulaville
& @
Magnolia Richlands Maysville National Forest
@
Croatan
(2} o) Game Land
Ingold RoseHill Groanevers  CMiNAUapin Half Moon
Ammon Delway P P )
Garland @ @ ® Canter
Gad Teachey ﬁ <
Cypress Creek _gacksonville
White Oak (53) N
an Harrells. g7y Wellgee Angola Bay o @) LEgareen)
o1 Game Land o
Bladen Lakes
State Forest ,\ﬁ (i (@)
a aple Hil
Dublin @ o) /f 2 o0
@ el torm, White Lake Watha 7 (@]
abethto, =
1/
Ivanhoe ) mp Lejeune
g lly Shel
Holly Shelter |
Atkinson
ibottsburg ® Game Land h
147 miles ‘
Clarkton @ ez ( 14
Emerson Kely Cu/me ) )
G ol @ e
0 @ . e ARGnd wmontague Rocky[Foie Y
LL Sloop Point
A 56h {/ a9
177 miles St Topsail Beach
A 74 ~ - Roan Island 5
- whiteville e Riegelood \
Hall: \
200 accamaw 2" Deledyorthwest )
Brunswick SandyiCreek Wrightsborg
(o= I 4
D) Leland
NP @
s & \ @
Wmn/abow Silver Lake
Nakina d
|
Green Swamp. } )
) Bug Hill Preserve «
w e R Seaffrecze
@
Flroway Bailing Caroli
@ @@ Sprindlakes
DI @ \
() shallotte |
) stJames &2
Longs Varnamtown
@ Geean - Holden Beach £ Oaklsland <
& Isle Beach CoskelEc Y
ttle River
OBald Head Island
North Myrtle
Beach
arciffe g
= Pan Shoals

Bald Head Island, NC to Cape Lookout,

NC 28531 Walk 147 miles, 45 h

G

Go  gle Maps



Control: No Assimilation

Monthly mean of
the model. The
streamflow is
driven by the
precipitation.

More than 100
gauges, reporting
every 15 mins.

Now, what
happens when
streamflow gauge
data is
incorporated
through DA?
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Data Assimilation Impact

Reach Stream Flow Ensemble Mean
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Upstream Gauge
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Downstream Gauge

i Prior greatly improves
i the model’s estimate

Difference
between knowing
what to do (like
evacuating
people) and not
doing anything!

Posteriors provide

almost a perfect match
with the gauge _
streamflow data
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Improvements: control->prior->posterior
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Significant Technical Enhancements

1. Inflation: As a way to increase ensemble
uncertainty, adaptive both in space and time

2. Pattern-based (Along-the-stream)
localization: To minimize sampling errors

3. Gaussian Anamorphosis: Variable transform
to accommodate positive definite variables
(with non-Gaussian distributions)

15



Adaptive Inflation
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36.03

Inflation aims at making
the model consistent
with observations
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Gaussian Anamorphosis Capability

Standard DA update
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Conclusion

We use DART to perform streamflow and flood prediction with WRF-
Hydro (NWM) during Hurricane Florence.

DART greatly improved the streamflow estimates

Novel enhancements to the DA algorithm were required:
- Using pattern-based localization

- Spatially and temporally varying inflation
- Gaussian anamorphosis

Next Steps: Update soil moisture, groundwater and ice; force the
coupled system with an ensemble of atmospheric forcing, ...

19



For more information:
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https://dart.ucar.edu/

NATIONAL WATER MODEL (NWM)
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Topography of North Carolina
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Dorian (aside)

AQUA MODIS Infrared
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Gaussian -> NonGaussian positive
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From: Penn State Stats 400 level online course.
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