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Weather objects

Tropical cyclone Patricia

Thunderstorms

Cold front

Features in space and time

epic.gsfc.nasa.gov
2015-10-22 19:00:18 GMT



Synoptic Chart

Warm front

Cold front —
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A modern coneptual model

Warm conveyor belt 2
- cyclonic

cloud
head

~300 hPa

~1000 hPa

Warm conveyor belt 1
- anticyclonic

direction
of travel

Three-dimensional flow of air
through weather system

Martinez-Alvarado et al. Monthly Weather Review 2014
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Numerical weather prediction
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_ Parameterizations
- additional physical processes
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Measuring forecast skill

Root mean square
error (here 500
hPa geopotential,
NH extratropics)

Reference forecast -
persistence

Skill score

— 100% - no error

— 0% - no better
than persistence

Improvement of
1 day per decade
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Haiden et al., ECMWF, 2014



A bad forecast!
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THE HUFFINGTON POST

Search The Hufington Post m’;? W Follow
POLITICS BUSINESS ENTERTAINMENT TECH MEDIA WORLDPOST HEALTHY LIVING COMEDY HUFFPOST LIVE

Egiion: U.S. =

FRONT PAGE

2

~ TheBoston Globe
New York Storm s ik {

Jan. 27, 2015

Follow a5M

ALL SECTIONS

Black Vioices . Gay \foices « Sports « Crime . Science « Refigion - Celebrity « Green . Style . Horoscopes . Third Metric « OWN . Dr Phil « GPS for the Soul « Daves

e WATCH LIVE: Journallst Nichelas Krietof LIVE

i Galdman LIVE COMING UP TUESDAY: Egypt A New W,

"TOP-FIVE HISTORIC
STORM®

~30 MILLION WARNED

DRIVING BAN IN NYC

: el il -‘:ﬂ
Blizzard Warning For 250-Mile Swath... 2 To 3 Feet Of Snow... 7 States...
Region Could Be Shut Down All Week... Residents Scramble To
Prepare... NY, NJ, MA, CT Declare State Of Emergency... Over 5,000

Flights Canceled... De Blasio: 'This Is An Emerger-icy'

TRACK STORM... CRISIS MAP... RADAR... HAZARDS...

Comments (426) | Shares (2,172 | Wintar

Record winter storm
forecast for New York

Subscribe

S Radar Mosaic - Northeast Sector
3UTC 01/27/2015

TUESDAY, JANUARY 27, 2015

wross State of emergency

Partners Mot dnvmg banned, T shut Guard actlvated as blizzard bears down

- By Brian MacQuarric and
AG poised to sue = o $ N
to halt hospital
merger plans
By Privania Dayal
and Robert Weleman
Newlyceced Atorne

Healey
Opposes

ing!
b o et
el make ds

ing
. i v
sresstis part enoug: Please
stay off the

e govengor aled up w00

‘members of the Massachuset
Netionsi Guard, who awahed
damage roports and orders
where to deploy.
Before the first flakes began
‘STORM, Page A6

The forecast

Tuesday: Heavy, wind driven
snows high 26-31, low 14-19.

Go to: Loop of this image

Storm missed New York,

Wednesday: 8lizzard pulls
wny: hioh 2429 low 9-14.

FE RN SIS R

UEReRyBY w88
Ay PEECBTRER FETS i



Predictability and chaos

Simple dynamical system with three degrees of freedom
... but nonlinear Lorenz (1963)
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Uncertainty in initial can lead to complete ... but not always
conditions grows loss of predictability in
rapidly finite time

Palmer 2014



Ensemble prediction systems

time

initial condition
uncertainty

l current
Instead of one forecast, now \ climatology v
have many scenarios for what g l o
might happen T cacaa*”’

Slingo and Palmer 2011



50 forecasts
from ECMWF

ECMWF ENSEMELE FORECASTS

Tuesday 24 February 2015 at 12 UTC ECMWF forecast t+120 VT:Sunday 01 March 2015 at 12 UTC
MSLP (contour every 5hPa) Temperature at 850hPa (only -© and 16 isolines are plotted)
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Metecg ram 2T1Gital Precipitation (mm/6h)
. 18-
Forecast for Chicago .. ‘We are here ‘
from Friday .
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What is a good probabilistic forecast?

Probability density Cumulative density
Will this temperature occur? Will this temperature be exceeded?

(a) Forecast PDF and Observed (a) Forecast and Observed CDF

0.4F ] 1.0
: Obs 5 | y |
— 108 { Area between
I @ | f curves is measure
S - . / of error: CRPS
= % ol { (continuous ranked
g E | ( probability score)
0.1 - L - | M
0.0t . . : 0.0 Lt
50 55 60 65 70 50 55 60 65 70
I: ¢ / Temperature {“F\ Temparature (°F)
orecas —
orobability Observation Forecast errors - too low (reliability)
- too vague (sharpness)




Measuring probabilistic forecast skill

« CRPS (here 850 hPa

temperature, NH TR
extratropics) RN
. Reference forecast - o IS
persistence 0.6 T
- Skill score TN, 2013-14
—1 - no error - /4 ~aaD
— 0 - no better than ] 2007-8 TN
persistence 0.2
0.1-
0 T T T ; T T T T T T T T T T 1
Rapid improvement 1 2 3 4 5 6 ?Forgcasta[)ay 9 10 11 12 13 14 15
— but is it useful? 1 day Forecast lead time 15 day

Haiden et al., ECMWF, 2014



A toy decision model

A static cost-loss model
 L: Loss due to an adverse event

« C: Cost of an action protecting
against the loss. Arises whether
or not event occurs

« C <L (or never take action!)

Decision strategy

Take decisions so that expenses are
minimized over the long term

Cost-loss ratio determines
how to react to a forecast

Expenses:

event occurs

Decision is taken

Different users have different cost-loss
ratios

— Low C/L, e.g. energy trader
— High C/L, e.g. Mayor of New York

(Based on notes by Christoph Frei, Meteoswiss)



Potential economic value

o PEV fOI’ extreme 24-h Precipitation, 20130701 to 20140630, Europe, 98%, 12UTC runs
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For some users, a
deterministic forecast gives Trader C/L New York
the best probabilites

Haiden et al., ECMWF, 2014



The need for new ways of looking at data

event occurs

* Decision making 5 ves | no |
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forecast uncertainty
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* Ensembles of scenarios

... based on
 Numerical prediction models

... based on

Conceptual models that encapsulate
physical understanding

~300 hPa
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How can we understand probabilistic and ensemble information
using physically-based concepts and conceptual models?




