




















The profound study of nature is the
most fertile source of mathematical
discoveries.
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Fourier, Jean Baptiste Joseph fi = L}_ /" flr)e—* s
VIT Jomw

1768-1830
1807 at age 39; argued with Lagrange and
Laplace on the representation of a triangle

Heat emission or diffusion (by IR) wave with cosine and sine functions.

His calculations showed a very cold  f(X) does not have to be analytical;
surface (No green house effect) f(x) does not have to be periodic®

The Ultimate Problem in Meteorology — Bjerknes 1911
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| The Present state of the atmosphere must be characterized
as accurately as possible. it F& s3BLIR] * F IRk
[} £pFz < R]

11 The intrinsic laws, according to which the subsequent states
develop out of the preceding ones, must be known.
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wis Fry Richardson, 1881-1953.

During WWI, Richardson
computed by hand the pressure
change at a single point.

It took him two years !

His ‘forecast” was a
catastrophic failure:

Ap =145 hPa in 6 hours

His method was unimpeachable,

So, what went wrong?

_ Peter Lynch |
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Richardson’s Dream




first weather forecast - ENIAC, 1950

Wexler von Namtas

Relchelderfer
Freeman g

Neumann Frankel

In front of the Eniac, Aberdeen Proving Ground, April 4, 1950, on the occasion of the first

Electronic Numerical Integrat
Computer

e ENIAC

18000 vacuum tubes
70000 resistors
10000 capacitor
6000 switches

140 K Watts power
No high-level language

Assembly language

500 Flops
Function Table 0.001 s

3,700,000,000 times slower than current day large computer
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numerical weather computations carried out with the aid of a high-speed computer. 49 50
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(Satoh et al. 2006)

West Pac Track Errors Edward Fukada
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No progress with intensity
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Fig. 10.43 Condensation trails. [Photograph courtesy
of Art Rangno.]
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Keeling Curve (1958- )
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Charles Keeling (left) at the dedication of
the Keeling Building at the Mauna Loa
Observatory, Hawaii (1997)
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February, 1973

Reports that the world’s
climatologists are agreed
that “we must prepare for o
the next ice age.” -l

Time magazine’s June 24, 1974, story

showed how Arctic snow and ice had
grown from 1968 to 1974

SPECIAL REPORT GLOBAL WARMING
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Volcano Eruption

0.2
8 Benjamin Franklin
'g'- or first proposed that
g 1783-83 bitter cold is
@ 02k due to volcano
73 eruption of Laki in
2 04f Iceland in July 1783.
3

0.6 A year without summe

L L \ \

1991 1982 1993 1994
Y Memory effect

M. Pinatubo eruption

Fig. 8-6 Observed change of the Earth’s global mean
surface temperature following the Mount Pinatubo erup-
tion (June 1991} Adapted from Intergovernmental Panel
on Climate Change. Climate Change 1994. New York:
Cambridge University Press, 1995,

Jacob (1899)
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(Kilimanjaro, Africa)

Kiimanjaro, AFRICA
(Source: Global Warming Art)

14




FE

BRI mE
— — AR Bodo it ’lﬁg s BB mpiﬁi{
- ThEk amE (A D)
o RTRE A BGRE BT P
— A% ﬁ L& R 4/§_ N R ARE
JF'IZ EIDI = S IE e S

o BT L FRS ?me&’iﬂ_)}‘;’K
X B E b

or—l-

— AR ER IR B SAEER RR
C ATALE UEE T R RAE  EN R

i AR B L

o A AR BRGNUTIEETG L AR

85

— A0 g Bople

L O SR
BRlm L PBRERT T

c BW BRI LR E i
_E%%ﬁéﬂ%ﬁ%@‘ RS R - R
o/j@—l\i—-lltﬁ Fl’i%%“&ii\,*i_'r}

i%‘i'\%m\ﬁ¢ﬁﬁﬁﬁ

86

R

35
Recent Sea Level Rise )
23 Annual Tide Gauge Records 25
= Three Year Average | A
= Satellite Altimetry b s N 20
' / 15
10
5
0
-5

1880 1800 1920 1940 1960 1980 2000

(Source: Global Warming Art)

oo IR

Sea Level Change (cm)

£ R 235
B
%

iR R
(a,) bk W% B

H3lanlg &
IPCCH 2 2 19+
& Hchp 5 -8-222
alEE

POk ROBIE TR

RN3BEATp & -

87

¥
Y
=
e
hn

o ARPGERT S S RRRP -
is

o R ERIN TRUAATE | P T AR B ASIEF GRHARNS
Il B GR AT TP R i e R S

© 7 NOAAfIPCCH 2 S 8P » iz B F GREWH (17 T, bk kFEp
#3
- AEHRELBRER DF GREB
- G BEHIEG F A DRI SRR R IEG AR RFELT N T AR

au’amgaﬁzvu
s BEARFESOF FREEHL - A

A T EA R § R A e R E DMt B2

w4

88

Uncertainty over

weuken|n9 p—— Bryden and Longworth Nature 2005
circulation e
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page 26} discusses evidence of weaken-
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correct result. It is a mystery how such
an error was missed by Levi and by the
editors and reviewers of the original
paper. The observed change of 8.1 Sv is
well within the uncertainty of the meas-
urement. The correct conclusion from
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The Disappearance of Lake Chad In Africa
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20E oL GM 20E
1970-89 harricane days: $21 storms and 3394 humicane days, S5T=26.5C

North Eastern Western N | North | Southwest Australia/ SE | Australia/SW | Totals
Atlantic | N Pacific | Pacific Indian | Indian < 100E | Indian Pacific
Average 9.7 16.5 257 5.4 104 6.9 9.0 83.7
Standard 31 41 4.1 21 26 24 31 7.8
Deviation
Global total | 11.6 19.8 30.7 6.5 124 8.2 10.8 100.0
(%)
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Regional Structure of Tropical Cyclone Intensity Trends

M wind 5peed im 8]
L . - =

081 @ western North Pacific b Eastem North Pacific
o8 (corrected)
0

- There statistical evidence that the
strongest hurricanes are getting
stronger is most convincing for
the Atlantic (1981-2006).

g m e

¥ W w a
d  Atlantic

T i
e T T -
4 5 . N The North and South Indian
n 0 & &1 Ocean data also suggest
084 @ South Pacific i intensity, but data
Qs homogeneity concerns are still
04 being debated for those regions.
0
50 e i
e T
0z 04 o8 02 04 08 08
il - -
The intensity change signal is
quite weak for the Pacific basin.
Source: Elsner et al., Nature, 2008. 97
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There is some recent evidence that overall Atlantic hurricane
activity may have increased since in the 1950s and 60s in
association with increasing sea surface temperatures...

a8
2768

74
Aears

Sea surface temperature ("C)

266

1950 1960 1970 1980 1990 2000 2010
Year

PDI is proportional o the time
integral of the cube of the surface
wind speeds accumulated across all 98

Source: Kerry Emanuel, J. Climate (2007). storms over their entire life cycles.

2
1860 1880 1900 1820 1940 1960 1980 2000 2020
Year 99

" . 99
The frequency of recorded storms (Iow-pass flltered) in the Two future projections of Atlantic tropical cyclone power dissipation
Atlantic basin is well-correlated with tropical Atlantic SSTs
16, T T T T T z Projection 1:
| ALg-Oct HADISST 6-18N, 20-60W §ue Tropical Atlantic SST
= Annual Atlantic storm count 4 .
" Some worrisome
Butis the . | time series...
12- storm record
reliable -
enough for :
10 this? ]
; I Some alternative
8 1 I perspectives...
6 20,74 since 1970 j t Projection 2:
i I Tropical Atlantic SST
§ I Relative to Tropical
y Mean SST

Source: Emanuel (2006); Mann and Emanuel (2006) EOS. See also Holland and Webster (2007) Phil. Trans. R. Soc. A

Source: Vecehi e al. Sciende19008)
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It is premature to conclude that human activity--and particularly greenhouse
warming--has already had a discernible impact on Atlantic hurricane activity.

2009
ta) Atlartic HURDAT Storms (Adjusted for Estimated Missing Stonms) 1878-2006

+1.60 storms/century (1878-2006)
+4.39 storms/century

Hurmicanes. Tropical. and Subtropical Storms.

Trend from 1878-2006: Not significant (p=0.05, 2-sided tests, computed p-val ~0.2)
Trend from 1900-2006: s significant at p=0.05 level 103

Source: Vecehi and Knutson, J. Climate, 2008

ACE vs May-Nov SSTA (5-30°N, 120-180°E)
[10-year Gaussian-filtered; standardized]
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20th Century

Geophysical Fluid Dynamics (GFD)

Atmospheric Oceanic Fluid Dynamics (AOFD)

is for those interested in doing research in the physics,
chemistry, and/or biology of Earth fluid environment.

Atmospheric and
Oceanic Fluid Dynamics

T S R YRR oy
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Rotation Vortex Lorentz Force Law o g(—=VV +v = B)
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Coriolis Force

Non-inertial Frame

3D 2D (strong rotation)

Vortices with sharp edge

111

Kyoto Univ. GFD group|

Waves with zero potential vorticity

Non-rotation rotation rotation

Kelvin Waves
Edge waves

Gravity waves

112

Stratification

il

Ocean Spice

™ Buoyancy
(density)
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Multiple Scale Interactions in Vortex

Wave mean flow interaction in stable stratified fluid
Turbulent feed back to the vortex mean flow

2D turbulence 110
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2D Turbulence

Stratification and/or Rotation
Vortex Waves Turbulence
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sl Coherent structure with filamentations

in 2-D turbulence
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Electron density redistribution in experimental plasma physics
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Coriolis force 118
Core is protected, thin filaments from edges
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Jupiter Rotational period 9.84hr
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AT B Rt L Kuo et al. 1999

1525 1543

Bowmen and Mangus (1993)
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Observations of deformation and - - - B i | (

mixing of the total ozone field in the
Antarctic polar vortex

144 min rotation period

¢ Coherent vortex
Dispersion resistant

FEy -
ﬁiﬂ A l—v]

Vorticity Dynamics

. , ) Nonlinear glue

Fig.1: Daily TOMS images of total ozone
in the Southern Hemisphere for six
consecutive days in October 1983.
Latitude circles are drawn at 40°,60°,
and 80 °S. The outermost latitude is

Nonlinear Dynamics
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Complete Merger

Elastic
Interactipn

BBy

Partial
Straining Out

Complete Straining Out

(Adapted from Dritschel and Waugh 1982.)
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Simpson et al. 1998
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Kuo, H.-C., G. T.-J. Chen, and C.-H. Lin, 2000: Merging processes of tropical
cyclone Zeb and Alex. Mon. Wea. Rev., 128, 2967-2975.
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Clear gap between the Zeb and the remains of Alex

Concentric eyewalls near Taiwan

Dujuan(2003)
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Maemi(2003)

Typhoon Lekima (2001)

0935-1935 LST
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Terwey and Montgomery, June JGR 2008

(LM TERWEY AND MONTGOMERY: MODELED SECONDARY EVEWALL FORMATION (UM

Tabde 1. List of Secondary Eyewall Formation Hypotheses With Suswmnary of Revance 1 cur Modelad Humicanes”
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Pafnuty Lvovich Chebyshev

Wikipedia

Saint Petersburg
State University

Russian mathematician ~ Moscow State University
(1821~1894) -

Main contributions:
Probability
{ Statistics

Number theory

=> Chebyshev’s inequality
| > Bertrand-Chebyshev theorem
Chebyshev polynomials
= Chebyshev filter

Spectral Method =2 a4,
|

1. Completeness ( = %) —— Sufficient condition
2. Orthogonality ( & 2 +)

3. Speed of convergence (cacid & )
4. Fast Transform (- g 4% )

Application

Sturm-Liouville equation
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Performance of Chebyshev Collocation Method
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o), Wir), we he onntably infinite set of solutions {o, (o)}, COL error exponential convergence
orresponding to diserete eigenvalues {2 - 135 . 136
corresponding to diserete eigenvalues { A, b, FD error algebraic convergence
Shallow Water Equation
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Domain Decomposition
Numerical Results
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Domain Decomposition(2*2)
T=24hr, dt=30, NX=48+48, NY=48+48

Single Domain
Te2dhe, NX=06, NY=0E

Domain Decomposition
Numerical Results

Domain Decomposition(2*2)
T=48hr, dit=30, NX=48+48, NY=48+48

Single Domain
TedBhe, NX=06, NY=0E
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Domain Decomposition
Numerical Results

Domain Decomposition(2*2)
T=88hr, di=30, NX=48+48, NY=48+48

Single Domain
T=96he, NX=06, NY=0E
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Domain Decomposition(2*2)
T=144hr, dt=30, NX=48+48 NY=48+48

Single Domain
Tel1ddhe, NX=0S, NY=06
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Domain Decomposition
Numerical Results

Domain Decomposition(2*2)
T=192hr, dt=30, NX=48+48 NY=48+48
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Example of Domain Decomposition: CReSS Model (Tiling) 7 days simulation
Precipitation rate (mm/hr) at 5 days from initial time.
Red line: JMA best track of Typhoon 18.
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A coffee lover's dream:
The best part of waking up, is the vortex in your cup!

Palinstrophy
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Coffee with white






