





Vilhelm Bjerknes (1862-1951)
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Lewis 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 |

flzaz) = f{z —AzT)

2Ax

on+l _ -1
2 2

ot F

13x13=169i# ODE

169 a 4 &

16

Richardson’s Dream

64,000 C nm[nln rs: The first Massively Parallel Processor

first weather forecast - ENIAC, 1950

—_—
Wexler von Namias Fjol

Neumann Frankel Relcheldenfer

(REEUE \ 7
a‘ ﬁ gtchal ney
y e

In front of the Eniac, Aberdeen Proving Ground, April 4, 1950, on the occasion of the first
numerical weather computations carried out with the aid of a high-speed computer. 18




Electronic Numerical Integrator and Observational study of eddy transport UCLA MIT

Computer . Haboratory study U of Chicago, MIT
; mid 50 NWP —Charney, Fjortoft and Neumarn (1950) E Barotropic
18000 vacuum tubes Charney and Phillips (1953) 2 level QG model
70000 resistors - s~
10000 capacitor Phillips (1956) T

6000 switches . .
two-level Quasi-Geostrophic model

140 K Watts power

To study meteorology as an

No high-level language experimental science

Assembly language
L]

500 Flops apd Lo
Function Table 0.001 s | { -
Lapd 4
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Edward Lorenz (1oi7<)

ENIAC - late 40s

American Mathematician
& Meterologist
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1) Lorenz (strange)
attractor in chaos

e - 21 . . .
(Satoh et al. 2006) 2) Atmospheric circulation
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Jdournalists haw

But enn’t decid

E AND ICE

» change for 100 years,
fee nge or warming

A Time Magazine Time-line

Science Dig

February, 1973

Reports that the world’s |
climatologists are agreed

est

'Gaffers who claim that ‘Climatological no
wintars wers harder whan (Cassandras are becom. doubt that global warm-
e wionuiom | |racviaricn | oo oo a0
| [t | [ that “we must prepare for
e Ia. T p-ul i the neXt Ice age'” nm-:.;»mmumxl. |:r:tm
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Newsweek

April 28, 1975

In an article titled “The Cooling
World” said that meteorologists
are almost unanimous that
catastrophic famines might result

from global cooling. -
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EE 5 A LIVA T VPl

1995-2004 Mean Temperatures

iR KR G
L = R R
I BRPR
P Lk s R
L [ E
R
HOW CHINA & INDIACANHELP
THE CLIMATE CAUSADERS -2 -1.5 -1 0.5 0 05 1 15 2
3 Temperature Anomaly (*C)
(Source: Global Warming Art) 38
IR* IR} ~0T*
LdT
C—=5|-IR -
" dt ' ! . » sy
/ — p AT "
. sun enew <-| Earth W .
specific > ) N -S| IR
heat 4 7 ot !
5 |=ma?® s(1 —a ) IR 1= 47wa® eaT? i TEMP
Va s-R ~273K
* i albedo
P W Pgha
+
ORE S 8 RCOIFIRIG - RGEFTS) e e
MR YRR SR » w
2 stable multiple equilibria
Evidence Volcano Eruption
PRIMARY DIFFICULTIES
g
@ opF
® System too Complex to g
be modeled g o2f
¢ Water-vapor /Clouds g ok
2
Feedback ? ' 06F A year without summe
¢ Deep Full-Ocean R e wz“ 194 Memory effect
CIrCU|atI0n nOt yet Fig. 8-6 Observed change of the Earth’s global mean
surface temperature following the Mount Pinatubo erup-
aCCu rately mo d el ed [i.u: \'Jml\c Iiilull} dapted Frri;m Intergovernmental I’;mﬂl
lt.rl {'Ii!n:l[u _(.‘.lli LL ("ﬁm.rm- {”fmrr_\’t' 1994, New York:
’ LaC k Of Th eo r I es . Cambridge University Press, 1995,
Jacob (1399)




o Py

ek A

EIE
B
Ao
L

AR AF
Ry
|

&

)‘{?

BT ¢
R AR
i enife s B A

{5
i

§ ER 3 =
355 S
C AR
fl
"
7
A=
=R

.
E
B

NEIEN

L
& R ow 34; w
i R

=R

PR
F
e

ATMOSPHERIC CONDENSATION

y

ENERGY INVOLVED (Watts/m?)

Daily Water Vapor Replacement Rate

50,000 Faster than CO, Buildup

.VZ i)
aQ < <
< = g
z R z 2007
SRR AN :
2 = = CO, (double)
» 4.2
148 .| 70 78 78 1.3
LA
150 yrs 250 yrs

44

4w am e 6 @ 0 o 60 sl 1m0
Mean Annual Cloud Cover (% ~
(data: 15CCP) (%) (1982-2001)

« The climate system is most sensitive to cloud cover and cloud type

« There is conflicting evidence on changes in global cloud cover over
past 2-3 decades; reported trends vary by cloud type

« Deep convection impacts cirrus cloud coverage
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1970-89 hurricane days: %21 storms and 3394 hurricane days. S5T>26.5C

o
iE IB ﬁ;&- 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 25.7 5.4 10.4 6.9 9.0 83.7
Standard 31 4.1 4.1 21 26 24 31 78
Deviation
Global total | 11.6 198 307 6.5 124 82 108 100.0
(%)
73 74
75 76
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00l o 99 <,o o 8,00 Recent TC Intensity Trends Regional Structure of Tropical Cyclone Intensity Trends
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There is some statistical = L 55 » B " -
g ewd_ence that the strongest DSI ™ Westem North Pacific b Eastern North Pacific
H hurricanes are getting stronger. osd (corrected)
E This signal is most pronounced in Dl!
E ] the Atlantic. However, the oMy e ey There statistical evidence that the
& iy satellite-based data for the global 1 AR strongest hurricanes are getting
E P J| IEEIT . ' ! analysis are only available for . - . stronger is most convincing for
w0 e e o m 1981-2006. U I . the Atlantic (1981-2006).
il Tl P Vi e rrT— e
1981 1088 1981 1008 2001 2008
Yaar
B Maskrum wind npesd jm s)
E 18 a @
LEE N
. The North and South Indian
Quantile regression Ocean data also suggest
037 computes linear trends for intensity, but data
[ particular parts of the homogeneity concerns are still
distribution. The largest being debated for those regions.
increases of intensity are
found in the upper quantiles
(upper extremes) of the
distribution.
The intensity change signal is
a4 quite weak for the Pacific basin.
0z 04 [ o Source: Elsner etal, Nature, 2005 Source: Elsner et al., Natre, 2008, 76
Cuarals
7 " . 78
) ) ) ) The frequency of recorded storms (low-pass filtered) in the
There is some recent evidence that overall Atlantic hurricane Jantic basin i I lated with ical Atlanti
activity may have increased since in the 1950s and 60s in Atlantic basin is well-correlated with tropical Atlantic SSTs
association with increasing sea surface temperatures...
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1 === Annual Atlantic storm count
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g But is the
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" wind speeds accumulated across all 17 Year 78
Source: Kerry Emanuel, J. Climate (2007).

storms over their entire lfe cycles.

Source: Emanuel (2006

lann and Emanuel (2006) EO:

ee also Holland and Webster (2007) Phil.
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Two future projections of Atlantic tropical cyclone power dissipation
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Some worrisome
. | time series...

Intereian ] Hem mua e than e

Jo =

Some alternative
perspectives...

Projection 2:
Tropical Atlantic SST
Relative to Tropical
Mean SST

Source: Vecchi et al. Science'(0008)
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‘ 1933 Hurricane Season ‘

Unadjusted tropical storm counts show a significant increasing trend...

HURDAT Atlantic Storms: 1878-2006

Lincar Trend: +3.84 stormsfcentary (1878-2006); +6.01 stormsicensury { 1900-2006)

But is the
storm record
reliable
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‘Source: Vecchi and Knutson, J. Climate, accepted for publication

It is premature to conclude that human activity--and particularly greenhouse
warming--has already had a discernible impact on Atlantic hurricane activity.

2009 ta) Atlantic HURDAT Storms (Adjusted for Estimaned Missing Storms) 18782006

+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: Is significant at p=0.05 level a3

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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May-Nov SSTA; High vs. Low ACE (2]0.5¢ )
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Fig. 878 Idealized radial cross section through an intense tropical cyclone showing the disributions of clouds, rain, radial
flow and equivalent potential temperature (8,) an the left and azmu

d speed and angular momentum on the right. The

, contours are congruent with angular momentum contours, |Adapted from Atmespheric Cirrulstion Systems: Their Sructure and
tation, . Palmén and C, W, Newton, p. 481, Copyright [ 1969], with permission

in Mon. Wea. Rev., 104 (1976) 418-442.|
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Fig B76 The eye of Humicane lsabel, g o the portheast Fig. 877 The eye of Category-5 Hurricane Katrna late
of Puerto Bico at 1318 UTC September 12, 2003, Ar g 310em0on August 28, 2005 as viewed from an aireraft flyng
at an akitude ~13.5 km. The photograph was taken looking

e liabel was 3 category 5 storm with sustained wnds of
roward the east just 1o the south of the center of the eye.

~70ms"", The eyevall cloud slopes radially outward with
. Lower clouds within the eye iselfare arranged  The darker clouds are shaded by the westem eyewall cloud.
in a symmeic paterm. [NCIAA GOES-12 Saelice imagery.| The top of the eyewall clowd slopes radialy ourward with
increasing height like the bleachers in a stadium. [Courtesy of

Bradley F. Senull and RAINEX. |
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Whatare the controls

MINIMUM SEA LEVEL PRESSURE

AVERAGE RADIUS OF 50 k. SURFACE WINDS (r.mi.) from Weatheriond (1685)

Flgure 13, Inensity {minimum sea-level pressare) versus the radial extent of 50 ke (60
mileshour} winds in natical miles (n mi) for sorthwest Pacific typhoons & measured by
recomnaissance aircraft | Weatherford and Ciray 1985]. Cwe n mi is equad to 185 km, Large
dots illustrute the large differences that can exist for cyclones of the same minimum sea-
level pressure (MSLP) of 940 mb. 23 ki versus 144 ki Mote also that the cyclones of shm-
ilar outer radius of 30 knot winds can have MSLP dilferences as great as 850 versus 975
mb, These measurements arc also typical of the Atlantic.

Weatherford and Gray 1988 92
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Fiorino and Elsberry 1989
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[Fic. 2. Evolution of vorticity (shaded) and ifi
jtours (bold) for the numerical experiment of Kossin nnd
[Schubert (2001). Yalues along the label bar are in units of
107 57'. The shape of the streamlines transitions from a penta-
fron to a hexagon and back to a pentagon over & h.

MESCVORTICES IN HURRICANE 1SABEL}
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Importance of Asymmetric Vorticity Dynamics
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Formation of concentric vorticity structure in Lekima (2001)

EXPd1 T= 0.00 hr
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(Adapted from Dritschel and Waugh 19992.)

Hendricks et al. (2004)

“Vortical” Hot Towers

The net effect of the hot towers
is to produce strong small-
scale (10km in diameter on
average) lower-tropospheric
(below z = 5km ) cyclonic PV
towers.

The strong updrafts in the hot
towers converge and stretch
existing low-level vertical
vorticity into intense small-
scale vortex tubes.

Multiple

mergers / axisymmetrization
of these tubes in the lower
troposphere.

(A)-(F) The locations of the two mesovortices A and B during the development of
Tropical Cyclone Oliver superposed on three-hourly satellite imagery for the period
0900 UTC February 4 to 0000 UTC February 5, 1993; (G) Tracks of four of the
vortices obtained from radar data. The positions are not evenly spaced and so times
(in UTC) of some of the vortex positions are marked; (H) three-hourly centroid-
relative tracks of mesovortices A and B from 0900 UTC to 2100 UTC February
4[Simpson et al., 1997]. 118
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(c) g Rankine vortex (q =1.0)
favors the formation of a
concentric structure closer Dujuan
. 12003)
to the core vortex, while
a=1.0 thea=0.7and a = 0.5 .
vortices favor the Examples of asymmetric -> T
formation of concentric symmetric concentric formations. PN AR IR I ST ERES
structures farther from the "
core vortex. ~ 12 hours. Imtune
Initial A (outer deep convection
a=0.7 region - vortex core distance):
Typhoon Dujuan: nearly 0 km
Typhoon Imbudo nearly 50 km e
Typhoon Maemi: nearly 100 km
Typhoon Winnie nearly 260km
@=0.5 A wide range of radii of concentric
eyewalls G
!1"?;
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The best part of waking up, is to see vortex in your cup!!
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