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IN THE HOCUS E ORECASTING STANDS
OUT AS AN AREA OF GENUII MEASUR. R. BY NATE SILVER

THE WEATHERMAN IS NOT A MORON




) “The Weatherman is not a Moron” %4

» Weather prediction has progressed when
most other predictions have failed

* Progress can be “measured”/verified 1n a
quantitative way

 Prediction capabilities include uncertainty
and have already been integrated into key
decision support



From the inside, the National Centers for Environmental
Prediction looked like a cross between a submarine
command center and a Goldman Sachs trading floor.

Quoted from “The Weatherman is not a Moron” New York Times Magazine, September 9, 2012



Recent Examples
of Predicting Extreme Events

| ' - e ,
e L
~ 6



Rapidly Developing Pacific Storm: Not Predicted
13-14 November 1981

5515 GMT 13 NOV 8l

Fi6. 6.4, Storm track for an intense oceanic cyclone, The 6+h positions
and corresponding central pressures are marked for the penod from
06 UTC 12 November to 12 UTC 14 November. Light solid lines are
sea-surface temperature (°C)

Reed and Albright, MWR, 1986

" FiG. 10. GOES-W visible image 2215 GMT 13 November 1981.

10/3/2012



January 3-7, 2008
West Coast Rain/Snow Event

® Snowfall in CA mountains of up to 10 feet.
® Many locations with multiple feet of snow.

| ® Localized flooding
caused by heavy rains at
lower elevations

® Rainfall amounts 2-10
inches.

3 Weeks Prior to Event

MJO Update: issued by
Climate Prediction Center
December 24, 2007
“Some potential exists for a
heavy precipitation event tied to
tropical convection by week 3 ...
along the west coast of the US ”

6 Days Prior to Event
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148 TWISTERS IN 24 HOURS
Lo Yarame Pusts. Ton Uninor

?;l o e P (5 CEUOY WAE by T e o w
Tornado Tracks
12Z April 3 — 12Z April 4, 1974

\ I SUPERQUTBREAK TORNADDES OF APRIL 3-4 1974 '

\| Fig 36. ATS-lll Photo, 2100 GMT, Apgl 3,197
e . o P - NC
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e One of the deadliest tornado outbreaks in

the 20" Century (330 fatalities)

* Involved over one-quarter of the country
» 148 tornadoes in 13 states

 Potential for severe weather was
recognized only the afternoon before event
* Magnitude of event not realized until
evening news — April 3




14 April 2012 Great Plains Out
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60 Tornadoes (1 EF4, 3EF3 & 3 EF2)

* 6 Fatalities in Woodward, OK near midnight

« QOutlook first issued 7 days in advance; Moderate Risk 3 days in
advance; High Risk 2 days in advance (only 2"d time)

* Preliminary NWS average warning lead time (Tornadoes) :
20.1 minutes.
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5 Presidents’ Day Storm 18-20 February, 1979 %@}
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1200 UTC 19 FEBRUARY 1979

18307 19 Feb 1979

« 22 inches of snow buries Washington D.C. area
 Rapid cyclogenesis off the coast
 Not predicted even hours in advance 1



A
2/ February 4-11, 2010: “Snowmageddon

« February 4-7, 2010: massive winter storm paralyzes mid-Atlantic region
— Locations in Maryland, Pennsylvania, Virginia, and West Virginia recorded more than 30 inches of snow.
—  Washington DC’s two-day total of 17.8 inches ranked as the fourth highest total storm amount in history.
—  Philadelphia’s 28.5 inches ranked as the second highest amount
— Baltimore’s 24.8 inches ranked as its third highest storm total amount
« Strong blizzard during February 9-11 affects same areas still digging out from earlier
storm.

—  Produced as much as 14 inches in the D.C. area, 20 inches in Baltimore, 17 inches in New Jersey, more than 27
inches in Pennsylvania, and 24 inches in northern Maryland.

«  Storm system predicted 7+ days in advance; potential for heavy snow 3-5 days in advance
«  States implement COOP plans, airlines cancel flights, retail industry pre-stocks shelves
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Note: The cone contains the probable path of the storm center but does not show

the size of the storm. Hazardous conditions ca

n occur outside of the cone.

White cone —{2003
Blue cone - 2010
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Hurricane Isabel

Suinrday September 13, 2003

5 PM EDT Achwisory 31

MNWS TPCiMational Hurricane Center

Current Information: @
Center Location 226 N 826 W
Max Sustained Wind 160 mph
Movement WHNW at 12 mph

Forecast Positions:

@ Tropical Cyclone () Post-Tropical
Sustained Winds: D <39 mph

3 3973 mph H 74110 mph M = 110mph

Pnt%ngal Track Area:

1:38 PM
(. Day 13 ¢Z€ Day4s

Watches:

Hurricane Trop.Storm

Warnings:

- Hurricane - Trop.Storm




Hurricane Prediction Skill

National Hurricane Center
Atlantic 72 Hr Track Forecast Errors
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Hurricane Irene Track Forecast

August 20, 2011 — August 27, 2011
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Hurricane Irene Precipitation

Precipitation Forecast Loop

Precipitation Verification Loop
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August 26 — 29, 2011
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Background: The Transformation of Weather
Prediction from an Art to a Science
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P R
Forecasting in the 30s, ‘40s, *50s ;’@g
w%,mmcf#

When Forecasting was an “Art”

Data

- Surface — every six
hours
* Regional to global
extent

Forecast Process

 Subjective — based
on analogs, experience
« Manually intensive
 Based on data from

one level
18

| 1941, Random House, NY




Data
 Multi-faceted

 Increasingly
remotely-sensed

Forecast Process
* Objective

 Based on
numerical models

e [Initialized with a
“cube” of data

- Forecast made out  ~== A - i _
to week 2 127 Satellite Temp/Hum Soundings 12Z Satellite Ocean/Surface Winds

Ongoing OpportunitiesEEEEEEEEEs

« Public-Private

« Earth System
Model approach

) gﬁgllmgagﬁg of 127 Global Rawinsondes 12Z DMSP Microwave
Precipitable Water/Sfc Winds




STares OF

The Essential Components of the Numerical
Prediction Enterprise
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Everything you read, see or hear about weather, climate
and ocean forecasts is based on NCEP numerical
prediction models

Three Essential Components
of the Numerical Prediction
Enterprise

1 ‘;\“‘°; o u} “”"A;. u'.' Pittsburgh Post-Gaseite
Global Observing System AR

Computers E"M ‘SNOWMAGEDDON ,
(supercomputers, work ﬁm,r i -
stations)

1(""(
.. -b -

Data Assimilation &
Modeling/Science



Three Essential Components of Today’s
\ 527

Operational Numerical Prediction Enterprise =

e QObservations
— ~2 billion/day

— 99.9% remotely sensed, mostly
satellites

* Model
— Earth System model; coupled
— Global resolution (27km)
— North American resolution (4km)

« Computer

— 2012

* Primary/backupl5 minute switchover
« 73 trillion calc/sec — IBM Power 6

— 2013

e 146 trillion calc/sec — IBM iDataPlex
Intel/Linux

Sea

Land
Earth Systems Modeling

N




Global Observing Critical
for Successful Numerical Weather Prediction

Geostationary
A% _ Satellite Polar Orbiting
"\ Satellite =

Satellite

Satellite
Ground

Satellite
Soundings

Services
- -
-

WMO / The COMET Program
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Nonhydrostatic Multiscale Model (NMM-B) {v
-

Regional Domain (12 km)
-84 hrs
Embedded Mesoscale
(6,4 & 3 km)
—-60 hrs
Incident Directed-[Fire Wx]
(1.5 & 1.33 km)
- 36 hrs

| Lake Superior




Cryosphere

 Predictions Driven by Global Observing Systems
* Real-time operations require world’s largest computers
* BIOLOGY/CHEMISTRY NOW BEING INCLUDED 25



Climate Forecast
System

GFS MOM4
NOAH Sealce

~2B Obs/Day

Global Data Forecast

Assimilation

Space

Weather Forecast System

Hurricane Coupled

North American Ensemble

GFS, Canadian Global Model
ENLIL

GFDL - - —>

Regional NAM
WRF NMM

Short-Range
Ensemble Forecast

WRF: ARW, NMM
ETA, RSM

§ roor zone
8 SUBROOT ZOHE

§ MOISTURE BUDGET
g sUBSU

26

| NOAH Land Surface Model |

NOS - OFS

¢ Great Lakes
¢ Northern

Pl
Gulf of

T |
Mexico

WaveWatch 1 Bays
1] - * Chesapeake
. * Tampa

¢ Delaware

Oceans
HYCOM

Dispersion

ARL/HYSPLIT

Severe Weather

WRF NMM/ARW
Workstation WRF

Air Quality

NAM/CMAQ

Rapid Refresh

for Aviation




Current computers

— Guaranteed switchover in 15 <

minutes "
Next generation computer: ¢ -
by Oct 2013 :
— IBM iDataPlex Intel/Linux £ .-
— 143 trillion calc/sec "
— Primary: Reston, VA :55
— Backup: Orlando, FL .

IBM Power6

73.1 trillion calculations/sec
2 billion observations/day
27.8 million model fields/day
Primary: Gaithersburg, MD
Backup: Fairmont, WV

"

Product Generation Summ:arj,ir

Computing Capability

“reliable, timely and accurate”
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The Future is Now!
Extending Prediction Capabilities into
Decision Support Services

* Need to Quantify Uncertainty

* Introduction of Ensemble Forecasting
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#=x, Numerical Weather Models (NWP)
and Ensemble Systems

- Numerical weather models...

- All forecasts contain errors (either in
physics or initial analysis) that increase
with time
Doubling time of small initial errors
~1 to 2 days
Maximum large-scale (synoptic)
predictability ~10 to 14 days

- Ensembles...

- A collection of models providing
information on a range of plausible
forecasts, statistical measures of
confidence, and extend predictability

Ensemble Model runs provide a range or
“envelope” of solutions

Weather forecasting: It's impossible - The spread of solutions can be used to

to be certain all of the time! provide probabilities or “confidence”
' limits for any forecasts

29



Initialization

Forecast Possibility #1

The Forecaster’s Dilemma

Forecast Possibility #2

A o L

4 \NW‘ ‘:‘

Four Days Later

30




An Ensemble of Possibilities

Ensembles provide an envelope of solutions (and probable “best solutions™)
representing possible storm tracks, storm intensity and precipitation amount/type

Storm Tracks Predicted Over a 4 Day Period
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Impacts

« States declare emergency
days before snow

* Airlines cancel thousands of
flights at least a day In
advance

« Stores adjust to optimize
retail sales entire week
before the storm

— Low to no impact on GNP?

 Federal disaster declared:
facilitates snow removal, and
faster recovery!

“Snowmageddon”

ae SOQUTH
)

4 LX >4 ashington ™"

1Some studies (Liscio Reports from 1993-1996) show that major

NE snowstorms in the 1990s negatively impacted economic
indices for months after the event, including GNP. 33



Extending Prediction Models into @&
\&/ Nontraditional Areas i

Coupled Models: Atmosphere — Ocean — Land
-> provide opportunities for ecosystem

prediction: beach/water quality, health,
critters”

o Regional Earth System Modeling
Precipitation forecast

o§%Runoff forecast

. and linking products
W Nutrient loading forecast

“ l"- m pitaton | /‘/“\
;ri\- Solar Radiation \\\E (

Coupling models

D" s )Coastal hypoxia forecast/
Wind V River Flow TN\ 5“ " health & safety warnings
%%| atflux ____— and Load =
Sediment 3 =) -
04 ’-z Tz'mspm = : ) Ecological impact/ resource mgmt,
-»*"‘A.-In«,-«w oepsto productivity/stock assessments
and v i 3

I\rammsmo,uw

c (NP} Tidal Harmonics vV %
Gswm

) Economic impact
o/ coastal management,
»  stewardship & planning




Surface Water Salinity Forecast Guidance
Tampa Bay Operational Forecast System

-83.10 -82.30 —82.70 —82.50

Water Salinity

N

28.00
008z

>36.0

n 25.2
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[
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~B310 —8280 =82 70 “R2 50 '

Valid at 2000 (EDT) 09/20/12 b



NOAA Harmful Algal Bloom Operational Forecast System
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Satellite:
AOA
Sensor
MOnls
Diate:
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Start time:
18:25:09 UTC
End time:
18:30:07 UTC
Projection type:
M AFFED
Map projection:
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Latitude bounds:
23 MN-=31N
Langitude bounds:
B -= FOW

[

Satellite chlorophyll image with possible HAB areas

shown by red polygon(s).

Gulf of Mexico
Harmful Algal Bloom
Bulletin

Region: Southwest
Florida

Monday, 27 August
2012

NOAA Ocean Service
NOAA Satellite and
Information Service
NOAA National
Weather Service

Relies on satellite
imagery, field
observations,
models, public
health reports and
buoy data to
assess and predict
bloom conditions,
location and
movements. 36



Summary

« Weather forecasting has made a revolutionary change in the past 50 years
— One of the top intellectual achievements of the 20t century

« 4 main components of the modern forecast process

— Global observations -- Numerical models/service
— Super computers -- Highly educated forecasters
« Can now routinely predict weather/extreme events days to a week (plus) in
advance

«  Linking forecasts to decision-making across a wide spectrum of users and
decision makers

— Big challenges remain — quantifying uncertainty being one of them

 Transforming weather forecasts to “impact-based forecasts” for Decision
Support Services - especially emergency management community

» Need to approach from an interdisciplinary perspective, physical and social
scientists

« Expand prediction into non-traditional areas: air/water quality, ecosystems,
health vectors — based on an interdisciplinary Earth System approach

' - | - . -
&R T N =t




THANK YOU




Appendix

e L
~ 39



&>

q

@ _.
Lo

=

Predicting Health Vectors
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Malaria Field Campaign in Niger

Ponpl near CDC Light trap
Banizoumbq

Well in Zindaro




Rainfall
Week
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Number of cases
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350004
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and Malaria

ly Cases in Niger from 2001 to 2003
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Average monthly rainfall (mm)



Predicting Meningitis in Burkina Faso

NCEP Reanalysis employed
to develop a meningitis
prediction system in
Burkina Faso

Meningitis Incidence Rate
in logarithmic form - Case of Burkina Faso
Base Period: 1968-2005

= <@~ = Predictions_BF

N —=8— Observations_BF
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Yaka et al., 2008




Relationships between high impact weather and
outbreaks of cholera

Linkages between environmental parameters and cholera outbreaks

Understand influence of weather and climate on cholera outbreaks

Develop early warning systems for water borne disease outbreaks
WHO; WMO; National Health Institutions; National Met & Hydrologic Services

There is now strong evidence that
climate variability has a major
influence on the cycles of cholera
outbreaks.

Studies have shown that cholerahasa
marked seasonality associated with
the rainfall season, especially in coastal
countries. i

The peak of epidemic outbreaks are
preceded by an increase in sea
surface temperature and rainfall.

0

2005 Cholera outbreak and Precipitation
in Dakar, Senegal

Floods began
on 15 Aug

—— Cholera in Dakar

1y
Onset of the
Rainy season l M
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Drought and Food Security Planning

Weekly Climate Risk Bulletins

USAID

Climate Prediction Center's Africa Hazards Outiook
For USAID /| FEWS-NET
April 12 - April 18,2012

« Despite s inCieme M precpiation i sarty Apeil, meisire defics continue 50 A sagihen nd sxpend
troughost much of Eastem Atnca

Lagend o sty geomrd e sew
A e deacy praans for mtaie

‘¢' FEWD L =
< s /'

Objective: Support
USAID/Food for Peace

Facilitate decision making on

Issues related to food security.

Enable USAID for other risk
management strategies, such

as humanitarian relief efforts

http://www.cpc.ncep.noaa.gov/products/fews/africa_hazard.pdf



Weekly Weather
Summary and
Outlook

For Darfur

Humanitarian
Relief Effort

Darfur Crisis: Rain Timeline

18 May 2004

Time remaining before seasonal rains cut off sites in Darfur and Eastern Chad

Number of doys until
the raims normally set In.

Daate the ruins
normsally sel in

August 1.10
July 2131

July 11-20

Use the number of days to estimate the
time remaining until the rains begin

May 19 < 16, 2004 Precipitation (mm)
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Josy June 1-10
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Onee scasonal rasns start in the region, much of castern Chad will be ot off. While large towns in Darfur may be acesssible, sur-
rousding areas will be difficult to access, Al efforts shauld be made 1o provide refugees and IDES with shelier and 10 preposition
ot dlstribuse relicf supplics 10 kst theough the ralmy season. Already ralms have begum I the southern most parts of Daefue. Nog-
mally within the next two weeks, the radns will start bn il of Sowth Darfur Noethern areas, ke B Fasber will stant o experi-
ence heavy scasonal rains by the end of Junc. By the end of July the rains will cover the entire region.

Regional Overview: Transport Corridors

A

For more imkomation phaase contact ey

EEWS Fichard Ohostrton, FEWS NET
Cortingetcy and Ruspanss Pinang Advmer Wl
A NET st ret

Crwt Schrt o Tim Lowe, NOAL

NG| { v‘,
chatschend! §ras v of S kve 0 nosa gov :

Tak 41 { 301} ME33000 » 540




