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Earth Networks Energy Weather Seminar:
Summer/Hurricane Outlook 2012

Mark Jelinek — Lead Forecaster
CFAN




Today's Topics
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¢ Advancing Tropical Cyclone Forecasts

» Seeing them sooner
» Maximizing track and intensity forecasts
» Extending the risk exposure envelope

Tropical Cyclone Dashboard
Supporting Energy Trading Decisions

Extreme Temperature Events

» Seeing out to month
» Extending lead-time and performance

CFAN’s OmniCast™ Solution

4/12/2012



Medium Range (Days 1-15) raseas ys 11-32) Seasonal (Months 1-7)
Ensemble Prediction System ast Syst System 4 Ensemble ast
51 ensembles mi

Horizontal Resolution: 30 km

FAN:
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Extending Genesis Prediction

Current: CFAN NHC Previous: CFAN NHC
2011 30% (60%) 30% (60%) 2010 30% (60%) 30% (60%)

AllTCs | 6.2(2.1) 1.6 (0.6) AllTCs | 4.1(1.8) 1.6 (0.8)

 TC genesis has been more predictable in 2011 compared to 2010

e Stronger systems, particularly hurricanes and major hurricanes
have longer lead time predictability

* Lead times in excess of traditional 48 proven viable

 CFAN moderate risk forecasts exceeded NHC in 29 of 35 tropical
cyclonesin 2010 and 2011

e 2010-2011 CFAN False Alarm Ratio
= 29% using moderate (30-60%) risk
= 12% using high (60%+) risk
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(2 Days Pre-Genesis
MHR Ike 2008 15 Days Pre-Landfall)

Ike Tracks 08/30/2008 12Z

50°N[——
™

4/12/2012

* Clear ability to capture tropical
cyclone track behavior in pre-
genesis state

e Captures not only cross-track
but along-track error which can

represent up to 66% of track
errors



Tropical Cyclones: Forecast Performance
ECMWEF Intensity Forecasts == CFAN Improvement

a) North Atlantic Ocean Tropical Cyclones: 2010-2011 b) North Atlantic Ocean Tropical Cyclones: 2010-2011
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¢ Ranked probability scores for max winds using Saffir-Simpson
scale: Tropical Depression, Tropical Storm, Hurricane, Major Hurricane

¢ CFAN'’s intensity correction yields significant improvement

¢ 3 additional days of consistent performance beyond NHC
forecast window
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Tropical Cyclones: Regional Outlook Skill
Brier Skill Scores 2008-2011

CFAN TC Probabilities << (09/08s) >>

Regions Days 1-5 Days 6-10

Production Region

Production Region 0.45 (0.47) 0.27 (0.14) Gulf of Mexico

Gulf of Mexico 0.56 (0.39) 0.19 (0.19) . _°:"°°I““ t
Caribbean 0.55 (0.42) 0.25(0.21) ARgR:mp:p RIS
Main Develop. |  0.52 (0.38) 0.14 (0.22) e
Region
All Regions 0.52 (0.42) 0.21 (0.19)

Format: CFAN (ECMWF); Statistically Significant Values at 90% level
Note: Values > 0 Forecast Skillful Relative to Climatology

¢ CFAN has outperformed ECMWF and climatology during the past four
years 1or a majority or regions auring Days 1-10

¢ CFAN performance relative to ECMWEF is attributed to appropriately
identifying periods of higher (lower) than normal predictability while
_accounting for systematic model tendencies/errors

4/12/2012 7



Tropical Cyclones: Monthly Outlooks

Bias-track Determine prob. Output:
Input: ECMWF . : . :
adjustment for TCs bias-correction from Bias-corrected track
Monthly Forecast . > > . e
: forming in the model and obs. density probabilities
and Hindcasts . : :
eastern Atlantic climate and anomalies
ECMWEF Forecast - Climatology Hindcast Calibrated Forecast
Forecast Date: 08/05/2010 00Z Forecast Period: 08/16 — 09/06 Forecast Date: 08/05/2010 00Z Forecast Period: 08/16 — 09/06
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Observed Tropical Cyclones in Black
* Contours show bias-calibrated probability of a tropical cyclone for

specified forecast period and shading denotes anomaly relative to climate

- * Forecast confidence assigned based on phase and amplitude of the
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MJO Influence
TC Anomaly: 11-32 Days
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When active MJO (>1 SD) is centered in the
(Western Hemisphere) at model initialization, TC activity in
the North Atlantic is (suppressed).
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maly Relative to Model Climate

55 MJO phasing and intensity modulates 10-30% of TC
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CFAN TC Probabilities << (09/08s) >>

Production Region
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3%
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Gulf of Mexico

y Relative to Model Climate
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OmniCast — Decision Support

Z Dats & Time
| Graphics | Forecasts | Glossary| Reset 2012 o

Forecast Summary << (09/03w) >>

Weekend Update

CFAN TC Probabilities << (09/03w) >>

Alert Level Color Key

>

1 item of Interest Production Region
Tropical Storm Lee - Currently creeping toward landfall 25 !
miles off the Louisiana coast, Lee continues to slowly

intensify and is bringing torrential rains to the eastem Gulf

Gulf of Mexico

m

Coast. Lee should move inland tonight, but will remain very Active Systems

near the coast until Monday when it will be steered farther Katia Caribbean

inland and weakened. Winds of at least tropical storm force Lee

will persist over much of the Production Region through Maria Main Development

Sunday, but will remain in portions of the central and eastem Nate Region

Production Region into Tuesday. ARegion
Summary text | Fitceo o

Track Forecasts ( Switch to Days 16 -32 ) hide TC rISk table
fo recast for Region | Full Atlantic Basin =] << >> Forecast Period | All Days ] << >> Forecast Created | 2011 [»] [ SEP [+][02 [&][0z [<] update . .
Forecast Date: 09/03/2011 00Z Forecast Period: 09/03 - 09/17 _ Forecast Date: 09/03/2011 00Z Forecast Period: 09/03 - 09/17 o p rOV|d es q u |Ck-
. 50°N S =

key system QT T Y

and regions. = | glance TC

. ¢| probabilities.
Also provided j:% oivided by

via email.

» | region,

20 t'
. . s . Ll imeframe and
?:)0°W 90°W 80°W 70°W 60°W 50°wW 40°wW 30w 20°W 10°W ?;0°W 90°W 80°W 70°W 60°W 50°W 40°w 3w 2°W 10°W!' 10 e a e a

Gulf of Mexico Caribbean Sea Main Development Region rlsk Ievel
MHR [ /] \ )
HR
TS
™

10°NF 10°NF

123456789 101112131415 1 2345678 9101112131415
10 <= x < 30%

[ClCLICK TO ANIMATE  Forecast Slider >>> All Days Day 1 Day2 Dal 3 Day4 Day5 Day 6 Day7 Day8 Day9 Day10 Day 11 Day12 Day 13 Day 14 Day 15

1 2 3 4 5 6 7 8 9 101112131415

Basin-wide and regional zoom track/intensity projections as well as
probability based projections.
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OmniCast — Active System Detall

Focused Tropical Cyclone Area Will Become Available With 2011's 1st Active System (Select 2010 Archive) (Reset)

| CFANA | HRAlex | TD2 | TSBonnie | TSColin | CFANG | TD5 | HR Danielle | MHREarl | TSFiona | TS Gaston | Wave M | MHR Igor | TS Hermine | MHR Julia |
| MHR Karl | HR Lisa | TS Matthew | TS Nicole | HROtto | HR Paula | HR Richard | HR Tomas | (Reset)
MHR Igor Extended Discussions - Available Dates: 09/16 | 09/15 | 09/14 | 09113 | 09/10 | 09/09 | 09/08 | 09/07 | 09/03 | Comparison Table

Tropical Storm Igor - Late Wednesday morning, CFAN N became Tropical Storm Igor due to persistent convection. However, since yesterday afternoon convection has been
waning as the storm continues to battle high vertical wind shear. The National Hurricane Center went as far as saying that their morning intensity of 35 kts was generous, indicating that
Igor is likely only of depression strength at this time. However, over the next 24 hours the shear is expected to weaken, and by the weekend is forecast to be very low.

There has been very little change in forecast track and intensity amongst the models. All statistical models and non-ECMWF dynamical models continue to predict that Igor will
become a hurricane in about 72 hours. The ECMWF deterministic and mean predict a slower intensification but do call for Igor to become a hurricane in 5-6 days. Models also
continue to be fairly well clustered in terms of tracks. The consensus is that Igor will track to the WNW through the next 5 days before turning more to the NW as it heads out of the

m

1

Main Development Region (MDR) between 45 and 55W. NGPS is the exception in terms of the WNW track in the short term. NGPS continues to show a track that is nearly due
west, however the turn to the north is more abrupt and actually on the eastern side of guidance beyond day 5. The ECMWF ensembles and deterministic run are on the southern end
E t d d MDR and eventually north into the open Atlantic. H ig h I i g htS
X e n e Our forecast for Tropical Storm Igor is in agreement with the ECMWF deterministic and ensemble mean. Over the next 5 day days Igor will continue moving west or WNW through I
d I S C u SS I O n hemre wa avnact Tane tn harama 2 hrricans hafars aviting tha MR Tt rantinac tn annear that Tanr will haad intn tha narthern Atlantic lraks nnt aating wact nf Remmda At thic d Iffe re n Ce S fro l I l
MHR Igor Track and Intensity Graphics
« = » = ’
d etai IS With ¥ ECMWF ¥ ECMWF Ensembles [~ Statistical Models [~ Dynamic Models [~ Consensus Models
H e Y Shell Assets Are GOLD 140
reg IO n a I a n d e ., e - > : BN, ndlcates Major Production Facillty 130} CAT5

of the guidance at this point, showing a more westward track once Igor reaches the northern MDR. However, all of the ensembles continue to predict that Igor will turn NW out of the
the MDR. By September 14th, Igor will be positioned near 20N x 50W and begin turning to the NW out of the MDR. Due to bl Il conditions after the next 24
Cove rS System <] =] -] el SetFrame (30) oo [stat] __ SetAnimation Speed Retrsh N HC
o Tropical Depression Igor Tracks 09/10/2010 12Z Tropical Depression Igor Intensity
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Tropical cyclone graphics provide layer driven, multi-model forecasts for track and
forecasts with animations.
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OmniCast — Meteorologist Support

Critical
meteorology
fields at 6
hour intervals
for both EPS
and
Deterministic

Map Fields ( Switch to Extended Range ) hide
Variable | 850mb Vorticity [=] << >>Forecast Period | 000 ] << >>Forecast Created 2011 [+| [AUG [+][23 [+][0z [+] Update
B 850 hPa Relative Voniciy: Mean (x10°s™ 850 hPa Relative Vorticity: Deterministic (x10°s™
nitial Date: 08/23/2011 00Z ____ Hour: 00 Valid Date: 08/23/2011 00Z Hour: 000 Valid Date: 08/23/2011 00Z
- 2vs R ol 0 410 - = = U
x St 10 = AT

TN e N A 10

B
LB Ay

oy

\ T4
N S gt
ST 1Y
ey 5 ‘
SR AN \
0 T f t f
90w ~ eow 30W 90w 60W 30W

| | P . L __ I

\ J
6 45 -3 15 0 156 3 45 6 9 12 15 18 21 24 27 6 45 -3 156 0 15 3 45 6 9 12 15 18 21 24 27

1000 | 006 | 012 | 018 | 024 | 030 | 036 | 042 | 048 | 054 | 060 | 066 | 072 | 078 | 084 | 090 | 096 | 102 | 108 | 114 | 120 | 126 | 132 | 138 | 144 | 150 | 156 | 162 | 168 | 174 | 180 | 186 | 192 | 198 | 204 | 210 | 216 | 222 | 228 | 234 | 240 |

Forecast Slider (+ Hours) A Above with Deterministic v Below without Deterministic [T click to Animate [Tl click to DeActivate Slider

| 246 | 252 | 258 | 264 | 270 | 276 | 282 | 288 | 294 | 300 | 306 | 312 | 318 | 324 | 330 | 336 | 342 | 348 | 354 | 360 |

African Easterly Waves ( Switch to Days 16-32 )

=
@

<< >> Forecast Created | 2011 [+] [AUG [+][23 [¢][0z [+] update
Latitude Band: 05-15°N Latitude Band: 05-15°N Latitude Band: 10-20°N
‘orecast Date: 08/23/2011 002 orecast Date: 08/23/2011 00 :

\

Latitude Band: 10-20°N

i

2%

\

Sliders and
animation as
well as
customizable
four panel
version

LA

P\

h

-80 -60 -40 -20 -80 -60 -40 -20 -80 -60 -40 -20 -80 -60 -40 -20
850 hPa Relative Vorticity x10°s™ Probability of AEW > 3x10s” 850 hPa Relative Vorticity x10°s" Probability of AEW > 3x10°*s™

-0.6-0.45-0.3-0.15 0 0.15 0.3 0.45 0.6 20 30 40 S50 60 70 80 90

-0.6-0.45-0.3-0.15 0 0.15 0.3 0.45 0.6 20 30 40 50 60 70 80 90

Sophisticated African Easterly Wave forecasting system captures positioning and
intensity of primary source of most basin major hurricanes

4/12/2012
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CFAN Forecasts: Tropical Cyclones — Trading Decisions

8/23 9am CDT
CFAN Forecast Team

daily forecast confirms
East Coast with likely
flooding, power outages
and cooler temps

NHC still calling for
Southeast landfall

8/22 1om CDT

ECMWEF solidifies
forecast for East Coast
track

$4.05

$4.00

$3.95

$3.90

$3.85

$3.80 -

Natural Gas September Futures 8/22 -8/29

- Earthquake scare 8/23 4pm CDT
NHC moves track along coast and

finally has enough lead time to show
NYC possibility - AFTER
I'.I NG floor trading hours

A

A |
W W\M
8/23 10am CDT
NHC still calling for
Southeast landfall but
with some possible

motion farther up coast

Market drop due to Irene

— induced power outages
and cooler temps

Wind Speed (kts)

8853833888358
88883388838

“...price declines resulted from forecasts for cooler

weather and continued power outages from

ECMWF ENS#: 5

8 72 96 120 144 168 192 216 240 264 288 31
Hours Forward from Initial Time

2 336 360

Hurricane Irene...” EIA Natural Gas Weekly
Update

4/12/2012
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CFAN Forecasts: Tropical Cyclones — Trading Decisions

Natural Gas October Futures 8/30-9/2

8/30 9am CDT 2415 9/1 1pm CDT
CFAN goes to high risk 8/31 1pm CDT . Tropical Cyclone
levels for Production sa10 - NHC moderate risk (30%) - \\-/\/\‘ Formation
I;(e:?\;l(\)/r\;lzb ?Sed Or][ $4.05  8/31 7am CDT

orecas NHC only 10% V\/‘”’

$2.00  risk ,

NHC has NO f? V
assignment of risk $3.05

,f:_\ NJ 8/31 7pm CDT
$3.90 2 ~ NHC high risk (60%)

>3.85 ’,\‘ Market surge due to Tropical Storm

CFAN Invest O Tracks 08/30/2011 00Z - (gFAN Invest O Intensity Lee red u CI n g p rOd u Ctlo n
S 7 : \\VVU /2%;*:?_/ 1  StelAseets e GOLD 1 —

Major Production Facility

" “Energy producers...have begun evacuating
non-essential personnel from offshore
platforms.” “...jumping last Thursday in

10 ECMWF ENS#: 46

24 48 72 9 120 154 168 192 216 240 264 288 312 336 360 response to the threat imposed by SIOW-

ECMW Ensemble Bi
PR: 75% GoM: 90% CAR: %MDH 0%~
Ts: 65% HR: 29% MHR: 8

NS, - p
110°W 100°W oW 80°W 70°W 60°W 50°W Hours Forward from Initial Time

moving Tropical Storm Lee...” EIA Natural
Gas Weekly Update
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U.S. Daily Temperature Forecasts

Variable Averaging
Bias Correction
Using Last 45 Days

Output:
Deterministic &
Probabilistic Daily

Input: ECMWF Q-to-Q Mapping

Variable Ensemble Developed from

Hindcast Products

o
MmN

Prediction System

of Forecasts

Max & Min Temp

Minimum/Maximum / Anomalies Tables - New England Northeast Mid West Plains Southeast Miss. Valley South Central Mountains West All hide
<<iDy <i2hr  2011/10/2800Z 12hr> 1Dy>>
Temperature Anomaly Legend NA
South Central 10/28 10/29 10/30 10/31 11/01 11/02 11/03 11/04 11/05 11/06 11/07 11/08 11/09 11/10
KABI (Abilene, TX) 4 6 T 48 “'x“g\ 4 8 50 43 FON LN 79 KU 48 6 0 9 9 75
" . KACT (Waco, TX) 46 64 9 6 4 45 Nl St i 54 48 50 BN 51 51 9 8
D a I I M a X / M I n KADS (Dallas/Addison, TX)  [TINFRIFTVIN i+ EZ1ss 56 68 48 & 4 49 1 55 56
KAMA (Amarillo, TX) 6 6 61 [BNEQ 68 67 | L KZ
KAUS (Austin ,TX) 4 68 9 8 52 | 52 |
KBRO (Brownsville, TX) 6 6 86 6 2] 63 2] 63 [
emperature Forecasts tor KeRP Corpus christ 1) ETRETRRT 85 2 86 &2 86 (63
KDAL (Dallas - Love, TX) 46 6 40 6 46 v 73 | 54 6 6 4
o KDFW (Dallas-Fort Worth, TX) [Tl 9 67 46 |51 713 74 BN 75 73
105 U.S. Cities Based on - s e
L] L] KELP (El Paso, TX) 9 6 0 4 8 |46 9 46 N 45 6
KFWD (Fort Worth, TX) 6 6 S 72|51 [k |53 72
T = = KGLS (Galveston, TX) 74 6 63 9 66 8 6 8 6 8 6 9
E n e rgy ra I n g Reg I O n S KHOU (Houston/Hobby, TX) 4 64 8 0 0 4 9 60 9 9 6 9 6 0
KIAH (Houston/Intl., TX) 6 0 4 48 4 80 79 8 80 ‘N 79
KLCH (Lake Charles, LA) 47 {4 40 40 44 00 78 | 00 78 52 78 |53 [
KLIT (Little Rock, AR) 9 6 6 6 66 9 40 67 K 68 JEZN 69 I 0
KMSY (New Orleans, LA) L 76 0 0 75 78 |55 78 |55 78| 56 [k
KOKC (Oklahoma City, OK) 8 6 66 Exf 6 40 L 68 [ 70 LN 69
KSAT (San Antonio, TX) ! 68 0 46 79 8 8 8 8
KSGR (Hou/Sugarland, TX) 6 6 47 KEJ 50 3 57
US City Temperature Time Serles - New England Northeast Midwest Plains Southeast Miss. Valley South Central Mountains West hide
<< >>Forecast Created (2011 3) (OCT %) 0Z %) Update
75 Date: 10/28/2011 00Z Hou Period: 10/28 - 11/10 o~ Date: 10/28/2011 00Z HOu Period: 10/28 - 11/10
. .
Daily Max/Min P N X .
c c
0 N ggl N W AR
g g
emperature 2 w3 n
® ®
j 5 51 FF N\ AR g
8 a
. E E
Interpercentile Plumes for :
E sl NoZer 47 AV SEEEm s0 € 50
E E
. ‘t x
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U.S. Monthly Forecasts

Input: ECMWF
Monthly Forecast
and Hindcasts

Theoretical Extreme Value

Distribution from
Hindcast Products

v [\ ; \ &=

CFAN Monthly Heat Wave Probability

<Heat Wave Definition>

Week2 | Week3 | Week4
0412 - 04/19 - 04/26 -
0418 04725 05/02

Probability Color Codes:
Colors represent the highest probability in each given week.

Temperature Anomaly [F]

| 10-30% |
Move cursor over a city to load city specific risks below.

Forecast Date: 04/05/2012 DC Forecast Period: 04/05-05/02

Output: Probabilistic Extreme
Temperature and Heat/Cold

Wave Forecast

05/02

Weekly Departures from
Normal and Probability of |
Exceedances

Output: Regional
Temperature Outlook w/
Forecast Confidence

CFAN US Monthly Temperature Qutiook << (03/22/2012) >> Intia Date: 03122008 008 0 0P U Anomaliee (Y e: 0401 - 0405
Regions X ~—
Weeks 14 Northeast | Southeast Midwest |South Central| Northwest | Southwest
osyzvze?z;ma High High High
Confidence | Confidence | Confidence
Week 2 _
03/29 - 04/04 C’g:f'ne!;t:e Conl:ilg:nce
0 41‘3,; f:; 4311 1 Moderate Moderate Low Moderate Low
Confidence Confidence Confi Confidence Confil e
0 4IV1V2e ?z 44’1 8 Low Moderate Moderate Low
Confi e Confidence Confidence Confid
Temperature Anomaly Legend S »28&2< s s '2 '1 J) : ; é l - 6_
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CFAN Forecasts: Monthly — Trading Decisions

Natural Gas August Futures 7/7 - 7/22 (Daily Average)
$4.60
Market rises due to
7/13 7am CDT s450 - forecast heat wave / \
CFAN Monthly Forecast / \
captures major heat 5440 ~7
wave due 7/17-7/21 “...Natural gas prices responded as
over vast area of US $4.30 a “heat dome” spread across much
. / of the United States, bringing
$4.20 , temperatures into the triple digits in
/ many areas.....” EIA Natural Gas
Weekly Update
$4.10
Initial Date: 07/07/52-O|::?¥)g‘2'.| ace Temperature Anoma“slgli(dFI)Dale: 07/17 - 07/21
i { \ 7. : - = T 7-Jul | 8-Jul | 9-Jul I10—Ju|I 11—Ju|I 12—JulI 13—JulI 11Hl,|I 15—Ju|I 1('}JulI 17—Ju|I 18=Ju|I 19—JuII20-JuI | 21-Jul | 22—JulI
40N—< A | — ¢ gt ] F
A “Since last Thursday, expectations of higher temperatures with rising
20N cooling load has likely been the chief catalyst propelling futures to a
string of four consecutive days of price gains accounting for the bulk of

————————r—==mm the week’s price increase.” EIA Natural Gas Weekly Update
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CFAN Forecasts: 15 Day — Trading Decisions

LaGuardia Station MOS Forecast

Only the CFAN MOS Days in Advance> 8 7 6 5 4 3 2 1
solution caught the VModel

tlmln and Severit CFAN MOS (ECMWF) 97 95 97 95 97 99 98 99

9 -Verity 7/21  GFS Extended 91 91 94 93 92 93 95

of the NYC vicinity Forecast GFS 88 90 91

heat wave and it did NAM 88 91 88

It CFAN MOS (ECMWF) 97 98 99 103 105 104 104 104

7/22  GFS Extended 94 96 96 98 97 98 98

Forecast GFS 93 95 93

NAM 96 97 96

Actual Temps

July 21st “Although natural gas prices fell at most points across the country,
NYC 97 likely as a result of a general lessening of the previous week’s heat
LGA 96 dome, the Northeast saw significant price spikes during the week.”
EWR 103 EIA Natural Gas Weekly Update
July 22nd
NYC 104
LGA 104 Huge local market spike in New York around heat wave
EWR 108
Spot Prices Thu Fri. Mon. Tue. B\ Thu Fri Mon
($ per MMBtu) 14 Jul 15-Jul 18Jul 19Jul 20Jul | 21Jul 22-Jul 25Jul
Henry Hub 4.42 4.49 460 460 464 453 4.46 4.45
New York 475 4.82 5.45 6.73 9.13 13.41 6.39 5.00

EIA Natural Gas Weekly Update
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OmniCast — Bringing It Together

cal Cyclones
= |

S

=n

raphics Ony | Moniny Reports| Provious Dashbowrs Rsset

easonal Outlook
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15-Day Temperatures
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