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Professional Training

= Education
* BSin Aeronautical Engineering, Nagoya University, Japan
* MS in Aeronautics, California Institute of Technology
* PhD in Aeronautics, California Institute of Technology

® Training
* Theoretical (/computational) fluid dynamics
* Applied Mathematics
* Geophysical fluid dynamics
* Interdisciplinary research

= UMD since 2008
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Current Research Interests

= Bottom line

* Applications of mathematical and engineering techniques (dynamical
systems, control, statistics, system design...)

= |n particular
» Data assimilation = scientific prediction

- from theory to operational applications

* Lagrangian analysis = dynamical systems approach to fluid dynamics

Current conditions at
College Park Airport (KCGS)

Research Interest: [t

Humidity 65%
Wind Speed N 5 mph
Barometer 30.16 in
Dewpoint 61°F (16°C)
Visibility 10.00 mi
Last update 30 Aug 8:56 am EDT

Extended Forecast for
College Park MD

Current conditions at Tonight Wednesday
College Park Airport (KCGS) Night
Lat: 38.98°N Lon: 76.92°W Elev: 49ft.
Humidity 45% * - ~
- Wind Speed Calm e
Barometer 30.23in
| .
Dewpoint 61°F (16°C) 0%
Visibility 10.00 mi Mostly Clear Mostly Sunny Chance
Heat Index 84°F (29°C) Showers

Last update 28 Aug 1:31 pm EDT

Reality(estimated)
Extended Forecast for High: 89 °F Low: 70 °F High: 89 °F Low: 71 °F
College Park MD

Tonight Monday Monday Tuesday Tuesday Wednesday Wed:

Mostly Clear Patchy Fog Slight Chance Mostly Sunny Partly Cloudy Mostly Sunny ch
then Patchy then Mostly T-storms then Chance Ts
Fog Sunny T-storms
High: 90 °F Low: 69 °F High: 91 °F Low: 70 °F High: 88 °F Low: 71 °F High: 91 °F Low
forecast
>
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Current conditions at

College Park Airport (KCGS)

Research Interest: [l

Humidity 65%
Wind Speed N 5 mph
Barometer 30.16 in
Dewpoint 61°F (16°C)
Visibility 10.00 mi
Last update 30 Aug 8:56 am EDT

= Data Assimilation: How you get |

.n.,;E NATIONAL WEATHERS Extended Forecast for

College Park MD

el E D Tonight Wednesday Wednesday
College Park Airport (KCGS) Night
Fair Humidity 45%

Lat: 38.98°N Lon: 76.92°W Elev: 49ft.
o Wind Speed Calm _— - .

84 F Barometer 30.23 in -
> 40%

-
S
29°C Dewpoint 61°F (16°C)
Visibility 10.00 mi Mostly Clear Mostly Sunny Chance
Heat Index 84°F (29°C) Showers

Last update 28 Aug 1:31 pm EDT

Reality(estimated)
Extended Forecast for High: 89 °F Low: 70 °F High: 89 °F Low: 71 °F
College Park MD

v

st
* Weather forecasting is an iterative process

* My research is Numerical weather prediction (NWP)=
Scientific prediction using
v' Computational model to generate synthetic reality using
realistic initial/current conditions
v’ Observations of the real system

Research Interest

= Data assimilation is an iterative method that attempts to make best use of
the model and the observations
by incorporating uncertainties in model forecast & observations

r—-—————-———————--'

6hr Assimilation Window for Weather System

Initial condition for the next forecast

analysis

Assimilation of
data
into
model forecast

observations




Data Assimilation as Probabilistic Approach

= Data assimilation is a scientific prediction problem, involving applied math,
statistics, engineering, even social sciences

Assimilation cycle
| Uncertainty in evolution
POIY 1) =Fi k2 (P11 1))

Model Forecast
Background: x°
(x xeR"

Fokker Plank equation: Prior
Baye’s theorem: posterior

X =My Xy

Analysis: x2 -

Uncertainty in obs
v x2=fnc of (x°, Y°)

Py, %) Likelihood: obs

Observation Uncertainty reduction/refinement
Measurement: y° p(ka):%;()xdw
=h(x) : R" where K
ol v ply.)=o(yx)o(x,)ox,
X, 4 <
S Pl I

= National Oceanic and Atmospheric Administration
* National Weather Service

* National Environmental Satellite, Data, and Information Service

{| National Centers for Weather and
Climate Prediction (NCWCP) Building
— 4
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Ozone Hole

= Lagrangian coherent structures € Dynamical systems theory
* What's the boundary
between interior and exterior?
* How mixing occurs?

2013 Southern Hemisphere Ozone Hole Area
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Current Year Against Past 10 Years
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http://www.Imd.polytechnique.fr/VORCORE/ ot . _ Google
VORCORE (2005) CONCORDIASI (2010)
Hertzog et al. [2007] J. Atmos. Oceanic Technol. Rabier et al. [2010] BAMS

27 super-pressure balloons launched from 19 super-pressure balloons launched
McMurdo during Sep and Oct 2005. from McMurdo during Sep and Oct 2010.
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Research Interests

= Lagrangian coherent structures = Dynamical systems theory
* What's the boundary between interior and exterior?
* How mixing occurs? 17 Sep 2005 OUTC

Concluding Remarks

Enjoy Your Own Project in AMSC/CMSC 663/664 !




