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2000s: Targeted Observations to improve NWP

* NOAA Winter Storm Reconnaissance

* Bishop et al. (2001), Szunyogh et al. (2000,
2002), Majumdar et al. (2001, 20023, b, 2010),
Petersen et al. (2007), Sellwood et al. (2008)

* NOAA Tropical Cyclones / THORPEX
* Majumdar et al. (2006, 2011), Reynolds et al.
(2007), Wu et al. (2009), Aberson et al. (2011)
* Review Articles

 Majumdar et al. (2011, WMO), Majumdar
(2016, BAMS)

A World \'/('O’ﬁ;b( R rch Programme

TARGETED OBSERVATIONS FOR
IMPROVING NUMERICAL WEATHER
PREDICTION: AN OVERVIEW

A REVIEW OF TARGETED
OBSERVATIONS

BY SHARANYA J. MAJUMDAR

Targeted observations to improve numerical forecasts of high-impact weather events over the
past two decades, particularly during the THORPEX era (2005—14), are evaluated.




2010s: Processes and Predictability

Forecasts aid mission planning for hurricane research

Hurricane loaquin 1 order to prepare for

* ONR Tropical Cyclone Structure (2008)
* Majumdar and Finocchio (2010), Yamaguchi (Universty o Miami, U iyl
and Majumdar (2010), Hoover et al. (2013) sty by O ' -

* NSF PREDICT (2010)

 Montgomery et al. (2012), Komaromi et al. ) Offce of vl Rescarch -
(2014, 2015), Majumdar and Torn (2014) o ol it ctfow iy 0 756 N e

* ONR Tropical Cyclone Intensity (2015)

* Majumdar and Brammer (ECMWF Newsletter, T
2016), Doyle et al. (2017), Majumdar (20207?) e,
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Aircraft
(NOAA,
NASA, NSF,

US Air Force,

US Navy)

Examples of instrumentation: Doppler radars,
dropwindsondes, lidar, radiometers ...
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Research
Mission

Planning

Use medium-range outlooks to

make decisions on deployment

- 0-10-day ECMWF ensemble forecasts
- Many other models

Challenges

- Accurate probabilities of hurricane
formation and intensification?
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Genesis: Critical Contours of 700-850 hPa Circulation




Individual Ensemble Member TC Centres and MSLP

shading: ECMWF 72—-hour CTEL MSELP. Init. 2010081200, Valid 2010091500,
Dots: Ensemble members with MsLP < 1012 hPa and =satisfying tracker criteria. 50 mem.
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Probability of 200- 850 hPa Wlnd Shear > 15 m/s : Dorian (2019)
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Probability of 700 hPa Relative Humidity Exceeding 70% : Dorian (2019)
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Is the Outflow an Agent for Intensification?

ECMWF 84-hour forecast for Dorian
Initialized 2019082700, Valid 2019083012
Central Contour: 700—-850 hPa Area—Avg Rel. Vort.
Grey: 200 hPa streamlines. Shading: 200 hPa wind0N{/|
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Remarks

ECMWEF ensembles have been important in
mission planning for over two decades.

Field campaigns accelerated the use and
evaluation of experimental probabilistic
products on tropical cyclone track and genesis.

New studies on predictability and processes
have been advanced through the use of
ECMWEF ensembles in field campaigns.




2020s: Processes and Predictability

* NOAA Hurricane Field Program
* Wide range of flight modules

* ONR TC Rapid Intensification

T iRt e * Primary and secondary circulation, size,
B asymmetries, surface wind field

* |Intensification rates
* Environmental profiles

FULL CIRCUMNAVIGATION / ROTATED FIGURE-4

* NSF Tropical Cyclogenesis

* Inner-core and environmental influences on
genesis from African Easterly Waves



10m wind (kt), MSLP (hPa), 200-850 hPa Shear (kt).ERAS 2019090200
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2020s: Hypothesis-Driven Ensemble
Diagnostics and Evaluations
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* Physical Diagnostics of Tropical e
Cyclone and Environmental Structure -

e (Beyond track and intensity) e —

* Surface wind structure 8¥ g T P oN

* Environmental vertical wind, moisture profiles

* Ensemble Evaluations S\
* Genesis probabilities NeE s

- .Y

* Probabilistic intensification rates e

500-700 hPa Relative Humidity (%)
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