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9roN  Prelude

§‘ w
5 lonosphere (def.): a major operational nuisance. © AFRL
o
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groN  Prelude (cont.)

IRTAM Backcast/Forecast Quality Study: foF2, May-lune 2019

° ,.. " %
(Medians) IRTAM analyzer ; Ionosphere does not

‘inform itself about its
_future state

%

ermany ¢:2024.06-10-14

 4-hour old sensor
data are useless

Neustrelitz, G

e 1-hour old sensor
data lose 50% of their
value

Improvement Ratio
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Bkion.  Qutline

= RION ”Instrument”‘?Suite at UN ISWI -
= Review of its “weather monitoring” value

= lonograms: DIDBase with Portal and SAO Explorer
= New: D-region specification

IRTAM and GAMBIT: Database and Explorer
= HF Depression Analytics for ICAO

* IRTAM maps of MUF(3000)

* GAMBIT maps of Slab Thickness

RayTRIX: HF signal propagation modeling by raytracing
TID Explorer: detection and evaluation of TIDs
SkyLITE: plasma drift monitoring

litz, Germany ¢:2024.06-10-14

ustre

= Natural Language Processing: a concept study for forecasting
the ionosphere
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25ex  RION is Home of Dlglsonde 4lx

i W = 1925: First |onesondes
//,"Z”ﬁ’l”““ =M% - Two modelsmUK and US

= 1936: Four |,onqsondes in the worl _7.
= 1957 (IGY) ~135 ionosondes
1969: First Digisonde

= Total ionosondes built: ??7?
= Total ionosonde sites in NOAA: 231
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litz
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ustrelitz,

grr:\l/\llforzlr:\yez:al\r a;:ac:u;eﬁ;lazvgzlelm Sciences Depatf ‘ ; " 8 : "= SO rﬁ aybe 500_600?
Center for Atmospheric Research i "J ; : 3 !
VAN 7 = 192 Digisondes built in Lowelly~ 1/3
2007 4| XI INTERNATIONAL DIGISONDE FORUM P f |gd d _ t '
IDF‘L- 30 APRIL TO 3 MAY 2007 b, o wor pro; uction

UN/Germany Workshop on ISWI ¢:Ne

67 Digisonde 4D units built since 2007
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9kion  lonogram in 1933 and nowada
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GIRO as of June 12, 2024

*:2024.06-10-14

Yy

erman

S

litz,

‘Neustre

UN/Germany Workshop on ISWI e

=0 R eNeT DN =R I 0 e

Qaanaaq
*Thule

Poker Flat Norilsk

ety Tromso *@I e ‘d Zhigansk
Elelson Gakona * Narsarsuaq Kallnlvrad dickh) * wtsk , Magadan

Goose Bay

* Petersburg *P — Yakuts!
King Salmon . Fairford |uI|sru Vioscow \a*

Petropavlovsk

ruhomce Warsaw Viohe
PFOWF\DSTOV Novosibirsk |y ,t5|\* Khabarovsk
Anyang

* Idaho National Lab Alpena Chilton

Boulder
* _ Dourbes Ao o S
Kent s, Roquetes an Vi oon

BEIJIITD
* "\’5”5 Is. Terceiralls. Athens Almaty #
Pt. Arguello DVESS Eglm El Arenosillo Glbllmanna* AlDhafra Misawa
Shgo

Eareckson

Austin Bermuda Wu aw

* Melrose N|c05|a any, hunf\ﬁam - ,* _
s d ; Ramey Delhl ‘% R
tamag _Soto Fano* uerto Rico ainan praele

- b Ahmedab dank
~ Belem i? Djibouti * Gadanki

Boa Vist 530 Luis - - Trlvandrum

~Kwajalein

Cachlmb Fortalez -

Ascension Is. Diego Garcia * iy Townsville
chamarca Cachoeira Louisvale o COCO'S Is. * T

Ca G ; Brisbane Norfolk_
mpo g2 Paulista == ; Madlmbo Learmonth * = .
: N * Santa Maria Grahamstown e Camden
] Moron H
*Real-timesites * CITnanus k
- Hobart
*Upcoming sites f’ort Stanley

Bundoora Canberra

* Retrospective only Zhong Shan CSEV

Jang Bogo




=TUTTET USSRl Seemcsis |0 DR DS —a

GIRO vs VTEC in CEDAR Madri

b b

Madrigal 15895 pp 2024.05.06 00:00:00 UT

Map: VTEC, TECU

Not a real-time VTEC n . B VTEC data courtesy of Anthea Coster, MIT Haystack Observatory

1 258 505 752 100
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REALISTIC

szov UML Realistic lonosphere @RION

IONOSPHERE
ROINEO'S PH ERE

Dourbes to Athens

GIRO GAMBIT  RayTRIX  SkyLITE TID Explorer

including DIDBase including IRTAM 3D

5. Disturbance

0.Measurements 1. Global Weather 2. HF Signal 3. Plasma Drifts 4. TID Warnings indicator

Modeling Raytracing


http://giro.uml.edu/RI/Skymap.png
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Bkon 1. Real-Time IR

= Real-Time IRl Task Force -

: = founded in 2009
5 = concept: tweak IRl using available observatlons

‘: = To make a good model better ol

g > ] = Not necessarily an assimilation

8' \ = Real-time IRI” simply refers to application to space weather

By

#¥y. ' = IRTAM is IRI-based Real-Time Assimilative Model
"o = A GRAY BOX approach (physics-informed)

Neustre

i sans S HUNE Nvg NmE  NmFl NmF2
2 LN J! * IR background is responsible for capturing underlying geophysics 0§ N

< i, | e with solar, seasonal, and geomagnetic field dependencies .

g = |RTAM merely adjusts IRl background 1-DITL The vertical profile of plaspha
= = |RTAM represents observations faithfully density:

;é = |RTAM gradually returns to the background over no-sensor :

g regions 16 “anchor” paragmeters

&

=

=)
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REALISTIC .I’\ -I |!\/ i
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IRGING.S P'H ER E

= NECTAR is not quite a
Kalman filter
=  Significantly 4DDA
= 24 hours of previous
anomaly as observed
at sensor sites

= And then use diurnal
harmonics os these
anomalies

ASCENSION IS. 2012.10.16 - 2012.10.17

ermany ¢:2024.06-10-14

Neustrelitz, G

= Suppose a GIRO
ionosonde detects a
significant 12-hour
deviation A. Question:
how far from the site
this correction shall
extend?

= How about 4-hour
harmonic?

N
I
=
o~
L

O
[

Universal time, hr

UN/Germany Workshop on ISWI e
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Nov 4, 2021 Storm Kp CE

GIRO ionosondes only, IRTAM 3D assynilatwe model

7 i o

NOT ASIMULATION FraREE At

o

A hmF2 TR A BO

50 25 0 25 50 CoEm

N . .. E T 5 Gambit eXplorer
“Anomaly map” = Percent Deviation from Quiet Conditions - ‘ : ‘Hooooo

UN/Germany Workshop on IS’
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Free for academic use: GAMBIT Explorer UserApp 1.0A GAM B IT EX P I_o R E R

Download from https://giro.uml.edu/GAMBIT

ACCESS TO IRTAM DATA

} *:2024.06-10-14

litz, Germany

‘Neustre

UN/Germany Workshop on ISWI e

. Global Assimilative Model of Bottomside lonosphere Timeline

= o X

7 Gambit eXplorer
00000

GAMBIT Explorer Control and Display

Console Messages T WACH o 2020.09.28 23:00:00 UT

Get Data

CLICK FO
DETAILS

v] Surface NMF2 WE Centering
® uToo
Circles
LT12

Charts LT12dm

Ext. maps EV Get ext data Hi.res

Color Scale
Report AGRID_TXT -
Animate 24 hous Make Animated G

Globe

Round

Map: NmE2 (IRTAM) cm-3, x10+6 Sites: NmF2 (GIRO) cm-3, x10+6

Altitude 48,375 km

+ source code to integrate IRTAM coefficients from GAMBIT database with user application

TR SR e | 0 DR e S E—al


https://giro.uml.edu/GAMBIT/

=TT OSSR St |0 R 0 S —a

Anomaly maps by I1GS and GIRO

St./PVatr!(::_klgtorm of March-17, 2015 23:15

-~ 2015:03.17 23:15:00 UT

5 Gambit eXplorer
000000

[}

VTEC data courtesy MIT Haystaclg™adrigal Repository

Sites: NmF2 (GIRO-IRI)RI % Map: Delta-WVTEC, %

ANmF2 @ 60 GIRO sites _ _ E AVTEC @ 6342 GNSS sites

UN/Germany Workshop on ISWI e
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Slab Thickness Climatology

GX.User 1.2A

:3 . 3 PPN
:

o

o

©

S

Pkt

‘RA‘N A,, oo

" NmF2: IRl foF2 model (climate)
\ VTEC: IGS 30-day median VTEC

e - ]

rmany
’

litz,

ustre
-

/‘/ [Fron et al., 2020]
" ‘ /’l

Map: TAU-average km

_ S

150 362 575 788 1000

UN/Germany Workshop on ISWI ¢:Ne
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Real-time Anomaly Slab Thickr%s\s

ermany ¢:2024.06-10-14

Neustrelitz, G
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~ _Slab,Thickness:{weather-minus-climate
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OBLIQUE TRACE
SYNTHESIZER

Choose station pair or
type coordinates below.

Station Pair ~ PQO052 to JRO55

Transmitter Coordinates:
N (-90..90)
E (0..360)
Receiver Coordinates:
N (-90..90)
E (0..360)
Use Current Date and Time

Date  mm/dd/yyyy

=TT T USRIl Somimsis L |G DR DS —E

. _Ray Tracing through e
_Realistic lonosphere Explorer i

RayTRIX Synth CQP, MIDPT
0

E
=
£
©
¥
Y
3
o
o

Frequency, MHz

SON:14E > 54N:13E /S17km 91fx171h 25 kHz 5.0 km / unknown MIDPT O
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2KoN 3. Doppler Skymapping of Ionosph G

STATION WAME YYYY DATE DDD HHMMSS AXN PPS IGP

o oerzs ; = Dlglsonde illuminates all sk
above the station

= |f the |onosphere is flat and
undisturbed, the only echoes
will come from the zero
zenith in the skymap center

<
S
()
7
O
o
<
IN !
(S)
NG
L]

litz, ,thf'-irmahy

= Off-vertical echoes are
possible if plasma

irregularities exist of the rig
scale and orientation

‘Neustre

= Doppler frequency analysis
allows determination of’the
plasma density drift yéctor

UN/Germany Workshop on ISWI e
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2=oN  Plasma Drift and SkyLITE

=10 x]|[g% _10] x|
STATION HAME  YYYY DATE DDD HHMMSS AXH PPS 16 |min Freq, kiz 5010.0 - STATION NAME  YYYY DATE DDD HHMNSE LN PPS IG STATION NAME YYYY DATE DDD HHMMSS AXN PPS IG
Boa Vista 2002 0Oct21 294 034411 417 50 +8 u ¥ R ssz0.0 ( Lowell Eoa Vista Z00Z OctZl 294 034411 <417 50 +85 GAKONA 2008 Oct25 299 222331 417 50 +8
5.Local time 2002 0ct20 293 234123 ax Fred, kR : DIGISONDE Horth Local Mean Time 2008 Oct25 299 124331
F. ) kH: 500
D3:44:11, Freq 5010.0kHz, Range 225.0km, Polarization 0, CITH 1 sub# 1 of 2154 e Sven, K Total sources 1314 22:23:31, Freq 2580.0kHz, gain 0, 8 Ranges from 220km to 255km, Polarization O, CIT# 1 sub# 1 of 2X24
100 Min Height kn 228 Min Freg, kHz 5010 waterfall by ranges, linear scale, max = 211, antenna 1
L Max Freq, kHz 6520
I‘ Max Height hm 200 Freq Step, kHz oo .
yoky 50 Doppler Bes, Hz .043 Min Range, ko 343
F CIT, sec z0 43 lg:::;;e,:; 302 255 \L‘ e
e T T80 West Line SNB, dB 4
3425 4 0 1 2 3435 3425 1 0 1 2 3425 Mk, aB zs E 250
100 180 + Max Aup, dB 7 < |
+ S " o Doppler Res, Hz .043
I | . . CIT, s=c z0_48 o 245
oy 50 ne o Mo of CITs z
by W, = 106 mss - , = -8 uss Pelarization O-made ()}
r B = 6uss s Eo= ius C 240
| N e B R T T -8 Zenith: max 40° step 107 i w 1.1.7h30 ©
3425 4 0 1 2 3435 3425 1 0 1 2 3425 oc
100 180 =] ES -] 235
hl | i, 2 230 i
Iiy 50 g .,,th. N +
R — T
150 > 225
LI B e e s e | — T 180
3425 4 0 1 23425 3425 4 0 1 2 3425 \
100 180 . 220
i [ A T
4 oad 50 @ o e :m_ﬂ 30 25 2.0 15 1.0 05 0.0 05 1.0 15 2.0 25 30
i -300 T T T T T T T T
Lo -180 2 4 6 & M0 12 14 16 18 20 22 D I F H
I (N — 1
s YA . oppler Frequency, Hz
3425 10 1 2 3425 3425 1001 2 3425 2.8 North  60.7 Uest .55 548 W UT, br(2002.10.21 - 2002.10.21) Geomagnetic coordinates !
Orift Explorer v 1.1.7b20

4-channel data Skymap & Vector Drift Velocity
HAARP Heating Experiment

Boa Vista skymaps courtesy of Inez Batista, INPE Gakona skymaps courtesy.of
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Sausages in the Sky?

STATION HAME YYYY DATE DDD HHMMSS AXN PPS IGP
JICAMARCA 2003 Mar25 084 021415 417 37 +86

I of Sources
Min Freq, kHz
Max Freq, kHz
Freq Step, kHz
Nin Range, km
Nax Range, knm
Avg MPA, dB
Nax Amp, dB
Max SNR Aup,
Min SNR Aump,
Avg SNR Aup,
Max PMS Err,
Min PMS Brr,
Avg PMS Brr,
Doppler Res,

PAS

German

CIT, sec
I of CITs

Polarization O-mode

’

Center of Sources, deg:

Zenith

Azimuth

Neustrelitz

+ Positive

Doppler, H:

© Negative

V, = 115 £ 32 ws South

nith: max 40° st DX 1.2.14 SDw5.

Geographic coordinates

UN/Germany Workshop on ISWI e

Jicamarca skymaps courtesy of Oscar Alfredo Veliz Castillo, JRO

Horth

South

STATION NAME YYYY DATE DDD HHMMSS AXN PPS IGP

TICAMARCA

: max 40°

step 10°

2003 Mar25 084 010415 417

Hum of Sources

Min Freq, kHz

Max Freq, kHz

Freg Step, kHz

Min Bange, Im

Max Dange, km

Avg MEA, dB

Max Amp, dB

Max SNR Aup,

Min SNE Amp,

Avg SHE

Max EMS

Hin BNS

Avg S

Doppler

CIT, sec

Hum of CITs

Polarization

Cencer of Sources,
Zenith

Azimuch

+ Positive

S

Doppler, H

© Negative

37 +86

&4.0

0.0

8.8

0.0352

28.44

O-node
deg:

Dxv 1214 SOV

J——

-
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Bkion 4. TID Detection

uuuuuuuuuuuuuuuu PR - Ebro Observatory, Roquetes—

1.4

:2024.06-10-14
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litz, G

*:Neustre

1.4 MHz

20°
(1 [A
]
April 21-22, 2017 75 mip
200 30 21h 30 22"1 I 3"] 2:;h I 3"] 4'6 l]lh 1'5 3"] 4'6 1Ih 1'5 3"] 4'5 2"1 1'5 3"] 4'6 3Ih 1'5 3"] 4'6 4Ih 1'5 3'“ 4'6 Slh
UT, min (2017.04.21 19 - 2017.04.22 05)
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Neustre
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litz, Germany ‘e ;29'24 06-10-14

x EEI

in
peid

| Isodensity Contours

Graphic | Text

Contours, » DB049, DPS-40, SAOExplorer, v

Height [km]
0.0

10h

30 11h 30 12h 30 13h
UT, min (2017.01.29 09 - 2017.01.29 14)

Data courtesy Tobias Verhulst, RMI
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HF versus other TID sensors

1D Altitude profile-of TID
= Detailed view of propagation along z-axis
= Pin-point to particular altitude region

Sensitivity -~ . .~
= Detection of a 5% TID vs underlying density
= “TID are always present” < 1%

Direction, Velocity, Wavelength
=  HF-TID method

Direct measurement
= Static platform (no motion effects)
= No slant-to-vertical transformation needed

24/7 operations with automatic
intelligent system analysis

= Replicate human intelligence
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spon  Automatic Signal Tracking
Dourbes to Roquetes link {1082 km) [“southern link”]

Dourbes to Roquetes D2D April 21, 2017

347
346
345
344
343
342
341
340
339
338
337

»

y *:2024.06-10-14

N

:E 8?
g -
c -~
g 3
g e
: <
- £
Q@ 3
Q

g B
[=) N
o <<

erman

o signal

~a— track
© TID<5%
©® TID=5-10%
@ TID=10-15%
® TID>15%

Group Path, km
Zenith Angle, deg

1,200

1,250 ; ‘ \w”\a o
o, ¥ s? "
B0 Wy
-
B B

12 13 14 15 16 17 18
Universal Time, hr Universal Time, hr

1150

UN/Germany Workshop on ISWI e:Neustrelitz, G
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susn  EUropean pilot D2D net

IONOSPHERE A
.\ Sodankyla

% TID tracking: D2D fixed frequency skymapping
One transmitter — one frequency : Nl
One receiver — one transmitter 5 S %

S @»Phase | links

e || o @> Phase Il links

SRyl Juliusruh

g ‘ X solli) g O Upcoming DPS4D sites
= S « Watsaw

L / ar"s,lruhor\ICE @ Potential DPS4D sites
= Dourbesi®ag Vi .
211

® Possible DPSR sites

Athens
=@,

() \\Hcosia
i 92 2
El Arenosillo Lampedusa 3 ky O
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Forecasting lonosphere

Using Natural Language Processing (NLP) approath
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2ron  “Triggered” storm option in IR

<o . IRTAM VO.3A : UML 2022.04.10 00:00:00 UT

©:2024.06-10-14

rmany’
»

.
i

’

1

litz

ustre

quiet-time behavior

time

remembered “average” storm behavior
(adjust 1024 expansion coefficients)

UN/Germany Workshop on ISWI ¢:Ne

Forecast by analogy to an average “anomaly” storyline
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seion Next: L|brary of the storm storylines

IONOSPHERE

instead of the “average storm timeline”

.5

= |nstead of an “average” storm keep a I|brary of previous storylmes of ANmFZ anomalies

g = NOT to build a least-square regre55|on on 1024 unknowns

§ .5 = NOT to build a back-prop feed-forward NN with 1024 outputs |

§ = Just memorize them, cleverly : gl g3

g S = To forecast, look for the most relevant storm ANmF2 in the library

é... Each library storyline must be relevant of the ionospheric drivers
%-"d = i.e., notjust replay of the storm using one “trigger”

T aee

= Need to build them against an external storyline of events in the hellospace and geospace

Need good ideas for "
= The storm library

= Search-and-retrieval algorithms
= Tweaking the library copy to current conditions

UN/Germany Workshop on ISWI e
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2rion. “ChatGPT” for capturing the context
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learned next step of the ionospheric dynamics

ustre

ionospheric drivers
and previous state
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2kion Alexa, play Yesterday by The Beatles

= “Yesterday” is mterpreted in the context of * pIay
= Not a reference to.time ;
= Fetched from the database of song titles
= The song is played to the asker

= DEEP LEARNING: multi-layered recurrent (feed-back) netwogEa
topologies

= Support interpretation of subelements'in the context of other g

= Seems matching to the idea of interpreting ionospheric dynamics in the
context of the external forces acting on it-

= Context: reports of ongoing Sun-Earth activity

= Qutput: ionospheric dynamics fetched from the historical record database
=  What is different? Deep Learning of how activity process_es"interplay

litz, Germany e ;29'24 06-10-14

ustre
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28N Concept of the “Alexa” storm options

P
¥

*

storyline of ionospheric driver 1

< ;
—
= storyline of ionospheric driver 2
Yo
3 storyline of ionospheric driver 3
IN . . . . .
Q= ANmF2 storyline of ionospheric driver 4
. A
! i | \ T forecast horizon
s /R Alexa!
g A quiet quiet-time behavior
LT 1§ ’ pand 0
T :f
= e
S - ) = time to impact timingis.also variable
(o] | =1 o) g
2 i U storm (variable) .
< onset
a4 .
g 1 time | J
= Y
c
© . . -
£ retrieved best match among stored anomaly storylines:
[] . . .. -
§ (adjust expansion coefficients)
)

Forecast by analogy



=TT R USSR S Nl D S E—a

sged  Dynamic Time Warping (Dﬁ\Q

= Library-provided storm storyline of
the ionosphere needs adjustment
for the driver storyline

=  DTW finds a similarity between 2
storylines:

actual (red) II "

library (blue) Euclidean Matching

= Assumption: driver storylines is
indicative of how different the actual
storm timing is from the library copy

= Detected time warping is later applied
to the library ANmF2 to correct for
actual-vs-library timing

UN/Germany Workshop on ISWI e:Neustrelitz, Germany e ;29'24 06-10-14

Dynamic Time Warping Matching



=TUFC R USSR | St | “’< .

Associative memory for parti
d
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DRION

IRGING.S P'H ER E

2 = Real-life: driver timelines are availa'blepnly
53 partially after the storm commencément

5" = Associative memory for restoring the full timeline
o= from its fragment

= Based on the recurrent feed-back NN
= Used for recognition of hand-written text

= fragmentary, distorted pattern is provided

= Memory associates the pattern with one of the [previously
stored] alphabet

= Used for image imputation ™.
= Partial pattern is filled using identified cIosest match

* Correct shape recognition is improved with time as a
greater fragment of the driver storyline become available
* Especially, the amplitude of perturbation'is relevant

Neustre

UN/Germany Workshop on ISWI e
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9kion  Tricks to standardlze storm\

.5

= Standard timing of library storylines with DTW upb’h\:?’*ret’rieval

4% = Switch to local time (TBR) ik
= Are anomalies corotating or LT-fixed to the Sun?

litz, Gv%rmahy *:2024.06-10-14

% = “Demagnetization” of the library ionosphere storylines

= Transform geomagnetic poles to geographic poles reference
= Use modip transformation

‘Neustre

= Very common in modeling the ionosphere A
= Then the storyline is re-magnetized using current geomagnetic configuration
= Using IGRF

UN/Germany Workshop on ISWI e
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Trick: Remove Earth Rotation

Yo

- Map: NmF2, cm-3, x10+6

0 0.6 1.2 1.8 24 i 4
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Database; thls is st|II a grand

challenge

IRTAM v0.3A : UML 2022.04.10 00:00:00 UT

Map: Delta-NmF2 % . e

-50 -25 0 25 50




DRION

IONOSPHERE

=TT ET USSRl S p G DR B —E

-14

¢:2024.06-10

ny_

5 Giirma
L‘.

litz

Neustre

}

UN/Germany Workshop on ISWI e

48-hour
Weather
map



DRION

IONOSPHERE

=TFEY USSR ISt |0 DR (DS E—E

ny e

(!'Si‘%rma;‘

’

1

litz

ustre

Ne

)

UN/Germany Workshop on ISWI e

24-hour
Weather
map



=0T OSSR Semmmsis |G DR TS —E

2RON Forecasting by context-driven memoryN2)

ik

:2024.06-10-14

Nz Rgrmaky s

ustre
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Capturing Context of lonosph
Dynamics

DRION

IRGING.S P'H ER E

= Across complete forecast timeline from onset to stop

<

—l

& =  |lonosphere: immediate response to external forcing IRTAM Backcast/Forecast Quality Study: foF2, May-June 2019
3 = Thus its current conditions do not inform future states dians) IRTAM analyzer, high solar activi

S

oG : o

> . »  Need to use timelines of 2/l external drivers as context 8

g = Cannot be just one instant driver (e.g., Kp=6) g

= = Driver dynamics is matched (paired) to the ionospheric storm g

N dynamics 5

= Important: which driver is relevant out of the set? (Deep

‘Neustre

s ‘ Learning helps; inductive bias)
snes *IJ; =  Storm vocabulary:
A 51 l § = capture standard storm timelines
O = = not 1024 variables, but much less S < BACKCAST FORECAST >
——

= then detect their different timing realizations

= Natural speech example
The same word said slowly or quickly
Dynamic time warping

2 4

Time offset, hrs

UN/Germany Workshop on ISWI e
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= Analogous to
Sound/Syllable
recognition

“1 m Custom Language
to describe storm
progression

e SRl Semsis Y DR S E—EE

Natural Language Processing>

DTW example

Example 30-Day Dst Plot for the 2003 Halloween Storm

Atmospheric and Environmental Research Storm Classification by Shaded Regions

) quieﬁ) ni‘i’ld'stdrm lwﬂl oo ]!“ Aty ""F‘ |41 1”1]" |J‘ || f'_p ~,

moderate starm

| intense stprm
)

sUper storm
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