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What Is El NIino

A general description of its global impacts



El Nino-Southern Oscillation (ENSO)

ENSO Neutral
Conditions

-
Egumie Fimt 1h smagline
Neutral — i i i l

El Nifio La Nina
Conditions { N/ ( ¥ Conditions

Equaterial ihermaciine

supressed upwaelling

El Nifio La Nifia

Figures from http://www.bom.gov.au/climate/enso/history/In-2010-12/three-phases-of-ENSO.shtml



El Nino in a nutshell

\ 7 > —> El Nifio Conditions:

*Warm sea surface temperatures to the east
and cold to the west

*Weakened trade winds, westerly winds over
east Pacific

*Rainfall over the Central and East Pacific
sLower than normal sea levels over the

western Pacific

Equateiial iharmocline

supressed upwaelling

El Mifio T
La Nifla Conditions:

*Cooler than normal sea  surface
temperatures to the east and warmer to the
west

«Stronger trade winds

Enhanced rainfall over the Western Pacific
*Higher than normal sea levels over the
Western Pacific

La Mifa

Figures from http://www.bom.gov.au/climate/enso/history/In-2010-12/three-phases-of-ENSO.shtml



El Nifo
development, peak and decay

- Oceanic Nino index averaged for 5 recent El Nino events
- 1963/64, 1972/73, 1982/83, 1997/98, 2009/2010

Sea surface temperature anomaly, Oct 11-Nov 7, 2015
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.
El Nifo
development, peak and decay

- Oceanic Nino index averaged for 5 recent El Nino events
- 1963/64, 1972/73, 1982/83, 1997/98, 2009/2010

Developing Year Decaying Year ——2015/16

—1972/73/74

= 1982/83/84

1997/98/99

= == |RI Forecast April 21
2016

Oceanic Nifio Index (Deg C)




El Nifno and
Rainfall
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ENSO and Tropical Cyclones

corr Jul=Jun averaged NINO3.4 index
with Jul=Jun averaged MIT §T5 trocks 18586:2004

GOH A
El Nifo shifts TC genesis
- Eastward over the North

and South Western Pacific
* Less TC activity

Australia
Philippines

* More TC activity
Tropical Pacific
Hawaii
American Samoa
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From the Royal Netherlands Meteorological Institute
http://www.knmi.nl/research/global_climate/enso/effects/



GENERAL SYNOPSIS

This section will give a quick overview of the
coming topics



Synopsis

ENSO Alert System Status: El Nifio Advisory/ La Nifia Watch

Current Conditions

- Current ENSO status is EI Nifio

- Sea Surface Temperature warmer than normal over the Eastern
Pacific

- Atmospheric conditions consistent with weakening EI Nino

Observed Impacts

- Severe dry conditions over the Western Pacific

- Tropical cyclone activity shifted
- Below average sea levels over the Western Pacific

General ENSO Forecast

- ENSO expected to transition to Neutral conditions during spring or
early summer 2016
- Increasing chance of La Nifia during the second half of the year



Current Conditions

General State of the Ocean and Atmosphere



During the last 4 months, equatorial SSTs were well
above average across the Eastern Pacific Ocean

Average SST Anomalies
3 APR 2016 — 30 APR 2016

2 )\
; o Average sea surface temperature
<4 £y S
-

L (SST) anomalies (° C).

Vg

Over the past month, Warm SST
anomalies where still present over
the Equatorial Pacific but
weakened strongly over the past
month.

170x159
(Slide 6)

http://www.cpc.noaa.gov/products/analysis_monitoring/lanina/enso_evolution-status-fcsts-web.ppt#356,6,SST Departures (oC) in the Tropical Pacific During the Last 4 Weeks



OLR and Wind Anomalies for Past 30 Days

OLR Anomalies
03 APR 2016 to 28 APR 2016

25N y lﬁ * Above average deep convection (- OLR anomalies)
20N 40 .

15N 30 » East of the dateline

lg: 20 * Not extending as far east as during the past three
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SST DEPARTURES AND UPPER OCEAN (0 - 300m)
HEAT CONTENT ANOMOLY

SST Anomalies

};E The latest weekly SST departures are:
i3 Nifio 4  0.9°C
o8 Nifio 3.4  0.8°C
E Nifio 3 0.4°C

Nifio 1+2 -0.3°C

EQ. Upper—Ocean Heat Anoms. (deg C) for 180—100W

http://www.cpc.noaa.gov/products/analysis_monitoring/lanina/enso_evolution-status-fcsts-web.ppt#356,6,SST



EL NINO/SOUTHERN OSCILLATION (ENSO) DIAGNOSTIC
DISCUSSION

ENSO Alert System Status: El Nifio Advisory/ La Nifia Watch
Synopsis:

- Sea surface temperature anomalies were between 1.0° and 1.5° C across most of
the central and eastern equatorial Pacific Ocean during early April, having weakened
appreciably over the last month.

-The latest weekly values for all of the Nifio indices dropped to below 1.5° C.

-The subsurface temperature anomaly in the central and eastern Pacific decreased
to negative values.

-Low-level westerly wind anomalies and upper-level easterly wind anomalies
weakened compared to February.

-The equatorial Southern Oscillation Index (SOI) remained negative but weakened,
while the traditional SOl was near zero.

-Enhanced convection continued over the central tropical Pacific but weakened east
of the Date Line, and was suppressed over northern Indonesia and the Philippines.

-Collectively, these anomalies reflect a weakening El Nino.

Issued by
CLIMATE PREDICTION CENTER/NCEP/NWS
and the International Research Institute for Climate and Society
Diagnostic Discussion: 14 April 2016
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/ensodisc.doc



Impacts

Rainfall, Sea Level, Tropical Cyclones and
Societal Impacts



Rainfall impacts:

» Global Precipitation Climatology Center GPCC satellite derived Standardized
Precipitation Index

* Represents the 12 month accumulated rainfall deficit

« Darker colors represent larger rainfall deficits

At the end of April 2016, El Nino continues to exert its influence with severe droughts across

the globe

From the Global Drought Information System (http://www.drought.gov/gdm/content/welcome)



Rainfall impacts:
Drought

* In Europe:
« Drought conditions intensified
around the Mediterranean Sea
* In Africa
* Drought intensified in the
northern portions of the continent
 Remains intense in the south
« Zambezi River flowing at a 30-
year low. Hydroelectric power is
expected to be reduced or
stopped in the next six months
* In Morocco, drought has reduced ,
the Wheat harvest by ha|f https://www.drought.gov/gdm/current-conditions

* In South America
« strong drought continues to impact the northern part of the continent
* Venezuela facing severe power shortages
» Drought in Cuba is being characterized as their worst in 115 years




Rainfall impacts:
Drought in Asia and the Pacific

* InAsia ~
« drought remains entrenched l‘i'\ S \, a2
across the Indian sub- g
continent, around Mongolia,
and in the West. .

- In Vietnam, the Mekong River %
is at its lowest level since o
1926.

» Reduced water supplies and
water-borne disease has led
to the death of 16 children in
the Thar district of Pakistan

 In Oceana
« drought continues in
Southern Australia and
Papua New Guinea.
* Intensified over New Zealand

L

https://www.drought.gov/gdm/current-conditions



Drought impacts to the USAPIs

State of Emergency due to
drought declared for

- Republic of Palau

- Federated States of
Micronesia

- Federal and State levels

- Republic of the Marshall
Islands

Water Rationing Implemented on
bigger islands

Drinking water likely to become a
serious issues for smaller islands

Damage to food crops likely for
smaller islands

Lack of fresh water may lead to
deterioration in health.

U.S. Drought Monitor

U.S. Affiliated Pacific Islands

April 19, 2016
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US Affiliated Pacific Islands

PEAC Center Rainfall forecast performance
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Borneo fires

- Sep 14 2015

- Top MODIS Terra true
color and thermal
anomalies

- Bottom MODIS Terra
Aerosol Optical Depth

- This type of widespread
fires was also seen
during 1997




Borneo fires

Costliest singular event of

2015

Estimated 16 billion in
economic cost

1.9% of Indonesia’s GDP

Source:

AON Benfield

2015 Annual Global Climate
and Catastrophe Report

Global Economic Losses

Exhibit 1: Top 10 Global Economic Loss Events

Date(s) Event Location Economic Loss Insured Loss
(USD) (USD)

Yearlong Forest Fire Indonesia 16.1 billion 250 million
April 25 & May 12 Earthquake(s) Nepal 9,120 8.0 billion 200 million
October 1-11 Flooding United States 27 5.0 billion 700 million
October 2 -4 Tropical Cyclone China, Philippines 22 4.2 billion 100 million
Nov. — Dec. Flooding India, Sri Lanka 386 4.0 billion 650 million
May 23 — 28 Severe Weather United States 32 3.8 billion 1.4 billion
February 16 — 22 Winter Weather United States 30 3.3 billion 2.1 billion
August 2 -9 Tropical Cyclone China, Taiwan 34 3.2 billion 100 million
December 26 — 30 Severe Weather United States 46 3.0 billion 1.4 billion
December 22 — 31 Flooding United Kingdom N/A 2.5 billion 1.3 billion

All Other Events 70 billion 27 billion

Totals 123 billion’ 35 billion'2




Global crops

From GEOGLAM Early Warning Crop Monitor Mat 2016
http://www.geoglam-crop-monitor.org/
Latest information up to April 28th 2016.

7 N
Conditions:

- Exceptional %

” = LN
Watch = i k b 4
I Poor Countries: Drivers: l@
I out-of-season [ ] AmIs Countries i :%:
| . @ GEOGLAM
- No Data 5. e Wet Dry Hot Cool  Extreme Event & cairsoaniiums

- China

- Good conditions over the eastern portion

- Southern regions seeing watch and poor conditions for wheat and rice
- India

- Watch conditions over the south for rice crops
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Crops in Africa and South East Asia

From GEOGLAM Early Warning Crop Monitor Mat 2016
http://www.geoglam-crop-monitor.org/
Latest information up to April 28th 2016.

Africa: Synthesis

(= (E0GLAV | |Southeast Asia: Rice

‘f( S GOSN

Conditions:
-Ex:eptiorm
- [ Favourable
: Watch
; oo
B K 3
4 chPS- -leure
5 \ ]
Conditions: ' D I ou+-of-season
-Exzop lllll = Maize  Sotghum -No Data
I Favourabie : “ f‘ Countries:
S |
Watch : Milet  Bears [ ewem east asta Cou
Non-E M Ea:
- N § e
- Drivers:
- Wheat Rice
- \ e mlll
Bl o 0ata A | o wet  Dry
‘ Cassava  Barley
Countries: b 1
- 138
[] ewcem African Countries ] ’ ]
U KA & & St&  Socio- Del /ed
nnnnnnnnnnn Teff  Groundnut Evenl Dmaw political  Onset
- Africa

- Severe drought over the southern portion of the continent producing poor
conditions for most crops

- South East Asia

- Large portions of continental South East Asia and the Philippines seeing poor crop
conditions due to drought
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= 2013 Storms through 315t : S \

Tropical Cyclones

- West Pacific = \‘\7
- 2013, 33 TCs, 5 Super Typhoons R 1% } “-“%M
- 2014, 23 TCs, 8 Super Typhoons ‘ % »7/ T 1T
- 2015, 29 Cyclones, including 8 \\T ik P
Super Typhoons ‘ I
- Tropical Cyclone genesis region .
has shifted eastward well to the | i zons o

east of Guam
- East/Central Pac.

- 2013, 6 TCs form or move over
the Central Pac, none of hurricane
intensity

- 2014, 6 TCs form or move over
the Central Pac., 5 of which attain : e — s
Hurricane intensity | 2015Stormsthrough 31 £ |||

- December 2015 — T i T T

- 2015, 9 Cyclones form in the * p
Central Pacific basin and 8 more
moved into the basin from the
east, 8 attained or maintained
Hurricane intensity in the Central
Pacific basin

e 2

=

Images from JTWC, Courtesy of Robert Falvey.



Southern Hemisphere Tropical cyclones
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e | U =] v A
- Central Pacific 15 =)
2 early season Central Pacific 5 3 :\Q
cyclones...possible extension of Y
the 2015 season \.’__
- Increased activity in e :::%\\}% ot
the Southern Pacific S e
basin | o4 )
- No winter/spring . g Q
cyclones in the - Image from JTWC, Courtesy of RobertFalvey. 4444441 I

western North Pacific

- Very little activity near
Australia



Coral Bleaching
Alert Areas

. From Coral Reef Watch
NCAA/NESDIS Bleaching Alert Area, 5/5,/2016 http://coralreefwatch.noaa.gov/satellite/baa.php

140 160 183 —160 —140 —120 100 —-80 —&0 —40 2 —24 i

18 —160 =140 —120 —100 -B0 —60 —40 =20 o

[ I ]
No Stress Watch Warning blert Lewsl 1 blart Lewel 2

The Central an Eastern Pacific show large areas of Level 2 alert (mortality likely)
Indian Ocean under severe stress

Alert level areas collocated with warmest SST anomalies

Low sea levels may also be playing a role over the southwest Pacific

Great Barrier Reef area which saw widespread bleaching in early 2016 may be
seeing some relief



How ENSO affects global health

THE LANCET * Published online May 20, 2003 = http://image. thelancet.com/extras02art5 336web.pdf

REVIEW

Review

@ El Nino and health

R Sari Kovats, Menno J Bouma, Shakoor Hajat, Eve Worrall, Andy Haines

El Nino Southem Oscillation (ENSO) is a climate event that originates in the Pacific Ocean but has wide-ranging
consequences for weather around the world, and is especially associated with droughts and floods. The irregular
occurrence of El Nino and La Nina events has implications for public health. On a global scale, the human effect of natural
disasters increases during El Nino. The effect of ENSO on cholera risk in Bangladesh, and malaria epidemics in parts of
South Asia and South America has been well established. The strongest evidence for an association between ENSO and
disease is provided by time-series analysis with data series that include more than one event. Evidence for ENSO's effect
on other mosguito-borme and rodent-borme diseases is weaker than that for malaria and cholera. Health planners are used
to dealing with spatial risk concepts but have little experience with temporal risk management. ENSO and seasonal
climate forecasts might offer the opportunity to target scarce resources for epidemic control and disaster preparedness.




How ENSO affects global health

THE LANCET * Published online May 20, 2003 = http://image. thelancet.com/extras02art5 336web.pdf

REVIEW

Review

@ El Nino and health

R Sari Kovats, M
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Figure 2: Potential health effects of drought in developing countries
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Observed Health impacts during 2015-16

Tanzania

« Cholera epidemic of more than 12
000 reported is likely to spread to
other countries

« This Tanzanian cholera outbreak is
the largest since 1997-1998, which
had over 40 000 reported cases

In Ethiopia
« Number of people in need of

emergency health interventions
nearly doubled in three months

In southern Africa

« Increasing malnutrition and disease
risks

- Growing concerns about the
interruption to anti-retroviral therapy

South America
- Above-average rainfall

- Floods and increased diseases
spread by mosquitoes

In Guatemala and Honduras,
- 2 years of drought and EI Nifio

+ 2.8 million people in need of
humanitarian assistance

- 1-5 households will face critical food
consumption gaps and acute
malnutrition

©0® 000

MALNUTRITION VECTOR-BORNE WATER-BORNE COMMUNICABLE DISRUPTION OF  RESPIRATORY MENTALHEALTH DIRECT INJURIES
DISEASES DISEASES DISEASES HEALTH DISEASES AND AND FATALITIES
SERVICES HEATSTRESS  PSYHOSOCIAL

THE CARIBBEAN 7_ 3

El Salvador

6 aAsm-pAﬂm B
k Indonesia .
Marshall Islands
@ Micronesia
Palau
Papua New Guinea
@ Solomon Islands
Tonga
g @ Vanuatu

http://iwww.who.int/hac/crises/el-nino/who_el_nino_and_health_global_report_21jan2016.pdf

Papua New Guinea
+ Drought

«  Major immediate public health threats include the interruption of critical
infrastructure

Vanuatu, Fiji, Solomon Islands

+  Water shortages

+ Increased incidence of diarrhoeal diseases
Indonesia

- Fires

- Likely cause respiratory disease, food insecurity



EL NINO-RELATED DISASTERS

How USAID’s Office of U.S. Foreign Disaster
Assistance is Preparing and Responding

WHERE WE’RE WORKING




A GLOBAL RESPONDING TO

CALL FOR EL I ~ 7

SUPPORT
& ACTION:
It is expected that there will be
- 52 million food-insecure people in Southern and
Eastern Africa

- 4.7 million people at risk from adverse weather in
the South Pacific

- 4.2 million people affected by drought in Central
America and

- Millions affected by drought and extreme weather
conditions across Asia

Governments and the international community did
prepare for this El Niflo event and employed
preparedness and response actions, but funding has
been limited.

Islands across the Pacific have been coping with the
impacts of changed EI Nifio weather patterns. Many
countries were able to mitigate the most serious
impacts before most situations reached crisis point.

The current funding gap stands at over $2.2 billion,
of which approximately one third is for Ethiopia.

From the United Nations Office for the

Coordination of Humanitarian Affairs (OCHA)

http://www.unocha.org/el-nino

Government Plans

Lesotho

Malawi

Marshall Islands
Mozambigque
Palau
Swaziland®
Zimbabwe*
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Joint Government and HCT Plans

El Salvador
Ethiopia®
Sudan
Timor Leste
Madagascar®

Vietnam

HCT Plans

Guatemala

Haiti

Honduras

Lesotho

Papua New Guinea
Mongolia
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Somalia

Zimbabwe
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El Nifio — Current Funding Status! (in million US$)
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$2276 M




Forecast

ENSO forecasts

Rainfall, Sea level, Tropical Cyclones and
Coral Bleaching



CPC/IRI ENSO Forecast

Mid—Nov IRI/CPC Plume-Based Probabilistic ENSO Forecast Mid—Apr IRVCPC Model-Based Probabilistic ENSO Forecast
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CPC/IRI ENSO Forecast

Mid-Apr 2016 Plume of Model ENSO Predictions
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Tropical SST Forecasts (May 2016-Oct 2016)

Sea Surface temperature for May-July 2016 Sea Surface temperature for August-October 2016
Unit:deg K f A _ Unit:deg K
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From: http://www.apcc21.org/ser/outlook.do?lang=en

- This particular model ensemble
- Produces a reasonable La Nina “horse shoe” spatial pattern
- Develops La Nina conditions by July 2016

- Ensemble predictions for NINO3.4 index are around -0.8C (moderate La
Nifia)



Tropical Rainfall Forecasts (May 2016-Oct 2016)

Precipitation for May-July 2016
Unit:mm/day
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Precipitation for August-October 2016
Unit:mm/day
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® M ay'J u Iy From: http://www.apcc21.org/ser/outlook.do?lang=en
- Current dry conditions over the Western Pacific start to extend east past the dateline
- Dry conditions subsist over South America

- Strong wet conditions over the Indian Ocean
- August-October
- Wet conditions over the Indian Ocean intensify

- Dry conditions over the equatorial tropical Pacific extend to far along equator
- Dry conditions over South America persist



Precipitation for May-July 2016

Asla Pacific
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- Eastern China and the Korean
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Precipitation for May-July 2016

Australia - Pacific _—
- Maritime Southeast Asia will start =+ : -
getting more rain and relief from ] \f“z A |
severe drought
- South Pacific Islands likely to see w4 - - -
continuing dry conditions T T T T . T

Precipitation for August-October 2016

- Australia ,

- Likely above average rainfall for the
next 6 months

- Could make for severe floods 205 -
- 2010-2011 Queensland floods
- TC + Enhanced wet conditions
- Produced ~2.4 Billion in damages “*-
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US Affiliated Pacific Islands

Rainfall

L7°22N,
A134°32'E

April - May - June (AMJ) 2016

ECMWE

NCEP CA

L8°"43 N,

Yap AL19;83%5NI'E Below Below Avg Avg Avg-Below | Below Below |Avg-Below Below 45:30:25
L7°28 N, ) , . . . ) .35

Chuuk 15151 E Below |Avg-Below | Above |Avg-Above|Avg-Below| Below Below Below Below 40:35:25
P . | L6°59 N, . el Ay " :30:

'ohnpei A158° 12 E Below Below |Avg-Above|Avg-Below| Below Below Below Below Below 45:30:25
L5°21" N, , . ()

Kosrae ) 162° 57' E Below Avg Avg Avg-Below | Below Below Below Below Below 45:30:25

L13°29°N,

Kwajalein A 167" 44 E Below Below |Avg-Below |Avg-Below| Below Below Below Below Below 50:35:15
Mai L7°04'N, o
ajure | o7 E Below Below Avg Avg Below Below Below Below Below 45:35:20

Guam  144° 48' E Below Below Below Below Below Below Below Below Below 50:30:20
Saipan Lz L Below Below Below Below Below Below Below Clim Below 50:30:20
A 1457 48'E o

Lihue k%;g’DSgD.NE, Below Below Below Avg Avg Below Below Below Below 40:35:25

Honelulu L] i Below Below Below Avg Avg Below Below Clim Below 40:35:25
A 157° 56" W e

Kahului I)‘\E%,,S;G.hé Below Below Below Avg Avg Below Below Below Below 40:35:25

Hilo I)_\A]lg;"‘l[]a;hllf' Below Below Below Avg Avg Below Below Below Below 40:35:25

People line up for water in the Marshall
Islands in early 1998 to receive a ration
once every 14 days. (Photo courtesy of
Federal Emergency Management Agency)

Forecasts for the AMJ season issued on April 18 2016 available at http://www.weather.gov/peac/



Sea Level Forecasts

Forecast period: Jun - Aug, 2016, Lead time: 1 month Forecast period: Sep - Nov, 2016, Lead time: 4 months
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- Sea Level across the Western Pacific Basin has been well
below average since early 2015 and is expected to
- Start returning to normal over the next few months
- Be above average starting September 2016

http://[poama.bom.gov.au/experimental/pasap/sla.shtmi



US Affiliated Pacific Islands

Sea level forecast

Table 1 : Forecasts of MEAN and MAX sea level anomaly in inches for MAM 2016

Tide Gauge Station Forecast Anomaly for MAM 2016 (in inches)
MEAN Standard MAX Standard
Deviation(1) Deviation MAM Deviation (2) |Deviation of MAM
season season
Marianas, Guam +2 3.9 +16 3.8
IMalakal, Palau -2 4.4 +37 4.9
Yap, FSM1 -1 438 +30 5.2
Chuuk, FSM* -2 - * *
Pohnpei, FSM +2 2.5 +28 2.9
Kapingamarangi, FSM * - * *
Majuro, RMI +3 1.9 +d1 2.7
Kwajalein, RMI +3 2.7 +40 3.1
Pago Pago, American Samoa 0 4.4 +25 4.9
Honolulu, Hawaii +2 1.7 +19 1.9
Hilo, Hawaii +2 1.9 +23 2.4

(*) Data Unavailable

Values for Chuuk (**) are guesstimated based on estimates from neighboring tide stations and
observations from WSO Chuuk.

Deviations between 0~=%1 inch are considered to be negligible and are denoted by ***(+/-).
Deviations withing the range of (+/-) 2 inches are unlikely to cause any adverse climatic impact.

1: Difference between the mean sea level for the given month and the 1883 through 2004 mean sea level value at each station

(seasonal cycle remaoved), 2 : Difference between the maximum sea level for the given month and the 1983 through 2001
average maximum sea level value at each station (seasonal cycle removed)

Forecasts for the MAM season issued on March 12 available at http://www.weather.gov/peac/



Tropical Cyclone Forecast
West North Pacific Basin

Can have TCs year round, but has a minimum of activity in February and March
TC activity tends to shift eastward during EI Nino and westward during La Nifna

US Affiliated Pacific Islands (PEAC Center Forecast)

- As TC activity shifts west during La Nifa events, most USAPI will see below
normal TC activity

Central Pacific Basin
- TC season June 1 to November 30. Forecast issued May 26 by CPHC

e, TC activity during El Nifio

Image from JTWC, Courtesy of Mr. Brian Strahl.



Tropical Cyclone Forecast

- American Samoa TC season just ended (November to April)

- PEAC Center forecasts are for an average to below average 2016-2017 season
- Australia (Australian BOM Forecast)

- Below Average Cyclone season, Nov 1, 2015 — Apr 30, 2016

- Based on the BOM 2010-2011 forecast

- Australian region likely to get above average TC activity during the 2016-
2017 season

211
- 0

Peak Tropical Cyclone Intensity

<35 knots

2 35 knots to < 65 knots

2 35 knots to < 65 knots .,
ad 2 65 knots to < 130 knots
. 2130 knots

2 65 knots to < 130 knots
2130 knots

TC activity during EI Nifio TC activity during La Nifia
Image from JTWC, Courtesy of Mr. Brian Strahl.



Tropical Cyclone Forecast

- South China Sea (City University of Hong Kong)
- Forecast issued in April and July for Junel to November 30

- Based on the forecasts for 2007/2008 & 2010/2011 La Nifa suggest TC
activity shifted westward

- Likely to see greater number of landfalling storms
- Indian Ocean

ve ity e ]
Malaysia oy OSSR I SR e R g ‘Malaysia BOR e Celebes Seb
Kuala %umpur J “‘.”U.‘ M”“n_ Kuala ;umnur /, Peak Tropical Cyclone Intensity
: ol o ~ % . A gl <35 knots
Singapore 2 35 knots to < 65 knots § F Singger &35 knots to < 65 knots
i 900, 390AR, LA iarry, DGR, 00 2 65 knots to < 130 knots R . i 10, 0K 1, My, B, 2 65 knots to < 130 knots
1Regs Lindset 2130 kot - s Landoat Ind: 2130 ka6t
YY) 1ava Sed K] -
TC activity during El Nifio TC activity during La Nifia

Image from JTWC, Courtesy of Mr. Brian Strahl.



Coral Bleaching
Outlook

2016 May 3 NOAA Coral Reef Watch 80% Probability Coral Bleaching Thermal Stress for May—Aug 2018

Experimental, v3.0, CFEvZ—bnsed, 258—member Ensemble Forecost
(] ar 1015 124 140 1EQ 180 —1E0 —140 =120 —100C

40 5] B 1ao 120 140 180 180 =160 —140 —1210 =100 —B0  —60 — 40 =20 [

Potential Stress Level: [ |Watch [ |Warning [2lert Level 1 [l Alert Level 2

- High probability of Coral Bleaching across the Indian Ocean
- Western Pacific Islands may see bleaching in the coming months
- Great Barrier Reef may see some improvement

From Coral Reef Watch
http://coralreefwatch.noaa.gov/satellite/baa.php



Synopsis
ENSO Alert System Status: EI Nino Advisory/ La Nifia Watch

Current Conditions

- Current ENSO status is EI Nifo
- Sea Surface Temperature warmer than normal over the Eastern Pacific
- Atmospheric conditions consistent with weakening El Nifio

Observed Impacts

- Severe dry conditions over the Western Pacific

- Tropical cyclone activity shifted east over the Western Pacific and enhanced over the
Central and Eastern Pacific Basin

- Below average sea levels over the Western Pacific

General ENSO Forecast

- ENSO expected to transition to Neutral conditions during spring or early
summer 2016

- Increasing chance of La Nifna during the second half of the year



Forecast Summary

- Rainfall
» Dry conditions likely to continue over the tropical Western North Pacific

» Western Pacific Islands will likely see severe drought
- Eastern China likely to receive above average rainfall for the next 3 months

- India, increasingly wet conditions

 Philippines projected to receive below average rainfall

« Mainland Southeast Asia likely to see dry conditions slightly improve over the next 6 months
« Maritime Southeast Asia will start getting more rain and relief from severe drought

- Sea Level
- Likely return to normal in the coming months and continue to increase
- TCs
- Western Pacific
- US Affiliated Pacific Islands likely below normal activity
- South China Sea likely to see increased activity
- Central Pacific Basin
« Near normal possibly below
- Philippines
« 1-3 tropical cyclones in the April to June 2016 period (PAGASA)
- Australia
- Likely above average cyclone season, Nov 1 2016 — Apr 30 2017
+ Indian Ocean
- Above average activity in the Bay of Bengal



Exhibit 13: Global Weather Catastrophe Losses (Annual Average)

Global impacts
of La Nina

La Nifia years have clearly
shown greater average
annual losses in
comparison to El Nifio and
Neutral phases.

- La Nifa USD77 billion
- El Nifio USDA45 billion

Much of the increase in
losses during a La Nifia
year surrounds

- Increased frequency of
costly landfalling
tropical cyclone events
in the Atlantic Ocean
basin

« Increased flooding
events across Asia
Pacific

[ Economic Loss (2015 USD) Insured Loss (2015 USD)

USD Billions (2015)

LaNino (21 Years)  MNeutral (21 Years)  El Nino (22 Years)

Source: Aon Benfield 2015 Annual Climate and Catastrophe report.



La Nina can linger on...

- While EI Nifio conditions rarely persist more than one year
La Nina conditions can persist many years

- 1953/1954 EI Nino followed by La Nifia conditions from AMJ1954
trough AMJ 1956

- 1969/1970 EIl Nino followed by La Nina conditions from JJA1970
trough DJF 1972

- 1972/1973 EI Nino followed by La Nifa conditions from MJJ1973
trough FMA 1976

- 1997/1998 EI Nino followed by La Nifa conditions from JJA1998
trough FMA 2001

- This makes it so that La Nifa type impacts can be present
for many years.
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