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El Nino-Southern Oscillation

El El NiñoNiño La La NiñaNiña

Sea temperature difference from average

•Warmer in tropics
•Cooler in much of SW 
Pacific

•NE movement of 
SPCZ

•Eastward extension of 
TC region

•Cooler in tropics
•Warmer in much of 
SW Pacific

•SW movement of 
SPCZ

Southern Oscillation Index (SOI)



El Nino-Southern Oscillation

• Year-to-year variability between El Niño and La Niña

• A 3 - 5 year climate cycle of global importance driven out of the 
Pacific Basin 

• Affects seasonal climate throughout the Southwest Pacific



El Nino-Southern Oscillation

El Niño Impacts
• Dec-Jan: 

• dry over SE Asia-Australian region 
to the Date Line 

• wet and warm in the central 
equatorial region

• Jun-Aug:
• dry and cool in the SW Pacific
• wet in the central equatorial Pacific



El Nino-Southern Oscillation

La Niña Impacts
• Dec-Feb:

• wet in the SE Asia-Australian 
region to Date Line 

• dry and cool in the central 
equatorial Pacific

• Jun-Aug:
• Warm in the SW Pacific
• dry in the central equatorial 

Pacific
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Pacific Decadal Oscillation

• Decadal scale variability in 
climate (20-30 yrs)

• Changes climate throughout 
the SW Pacific when phase 
changes

• Causes movement in the mean 
positions of the South Pacific 
Convergence Zone (SPCZ)



Pacific Decadal Oscillation

• SPCZ major source of 
rainfall in the wet 
season

• Extends from Papua 
New Guinea to  
Tonga and further 
southeast

• Mean position moves 
northeast in the 
positive phase PDO, 
moves southwest in 
the negative PDO 
phase 



Regional Warming

• Globally averaged surface 
temperature is projected to 
increase by 1.4 to 5.8°C 1990 to 
2100
• For the 2080s, South Pacific 
models warming of 1.0 to 3.1°C, 
drying in subtropics and wetter in 
equatorial areas 
• Australia warming of 0.4 to 
6.7°C with a tendency for 
decreased rainfall across most of 
Australia
• New Zealand warming of 0.5 to 
3.5°C, increased rainfall in the 
south west, decreased in the 
north east



Drought Risk with Global Warming

South Pacific - Extended periods of drought
Australia - Generally 20-130 mm less water available annually by 2030, and 
70-320 mm less by 2070 
New Zealand – Severe droughts in east 2 – 4 times more likely



Challenges - ENSO

Australia
• Australian rural productivity strongly linked to ENSO
• El Nino phases normally reduced crop yields and rural production
• La Nina phases increased crop yields and rural production



Fiji
• Decreases rainfall in parts of Pacific subtropics
• 1997/98 El Nino Fiji sugar production dropped by 

about half
• Export vegetables and crops reduced by 50%
• Impacts on rural subsistence, which supports 

80% of Fiji’s population severe
• Livestock fatalities as pastures destroyed and 

wild fires occurred

Challenges - ENSO



Challenges - ENSO
New Zealand

• 1997/98 El Nino very dry in 
north and east

• Reduced animal numbers, 
production down in meat, 
wool, dairy, grain by $425M

• 1998/99 La Nina unusually 
dry in the south

• Droughts, fires, 
environmental impacts; 
pests, diseases and facial 
eczema common in the north



Challenges - ENSO

Pacific fisheries
• Tuna fisheries located at the edge 

of the warm pool in the 
convergence zone

• El Nino events fisheries shift east
• La Nina events fisheries move 

west
• Effects fisheries in various 

territorial waters of Pacific Island 
states



Challenges – Tropical Cyclones

Tropical cyclones
• Particularly significant in the SW 

Pacific
• Cyclone Kina in Fiji caused 

damage of 2.4$ of the GDP
• Cyclone Heta (Cat 5) caused 

US$226 million to American 
Samoa

• For Niue devastated the island and 
destroyed crops

• In Australia Cyclone Larry 
destroyed 80% of the banana crop



Challenges – Regional Warming

Australia
• Enhanced plant growth due to more carbon dioxide may be 

offset by warmer and drier conditions
• Significant drop in wheat yield likely in south-western Australia, 

while north-eastern areas are likely to have moderate increases 
in yield

• Grain quality may decline due to reduced grain protein and 
more heat-shock proteins

• Inadequate chilling of apples and stone-fruit may reduce yield
• Reduced quality of grapes
• Queensland fruit fly moves south
• 15% drop in Australian pasture productivity and 12% drop in 

cattle weight for a 20% drop in rainfall
• More heat-stress for cattle, and less cold-stress mortality for 

lambs



Challenges – Regional Warming

New Zealand  

• Higher temperatures increase livestock pests and 
diseases

• Increased drought risk decreases pasture growth in 
dryland areas especially in the east

• Subtropical pastures spread south reducing productivity
• Conditions would become unsuitable for apple 
production in the two main areas of Hawke’s Bay and 
move south
• Later kiwifruit bud break is likely to reduce yield in the 
north with production areas moving south



Challenges – Regional Warming

Pacific  

• Extended periods of drought

• Loss of soil fertility with increased rainfall 

• Loss of both subsistence and cash cropping 
productivity

• Estimated at 2-3% of Fiji’s GDP

• Estimated at 17-18% of Kiribati GDP

• Decline in tuna fish stock and migration 
westwards leading to changes in national catches



• Large seasonal to interannual variability 
because of ENSO impacts through region

• Causes floods and droughts, and displaces 
tropical cyclone tracks

• Tropical cyclones devastating on small island 
states destroying subsistence and cash crops

• Decadal scales PDO causes changes in mean 
climate that require adjustments

Key Challenges
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Key Challenges

• Global warming will have significant impacts on 
regional climates

• Hot days, heavy rainfall, drought and fire risk 
will all increase throughout the SW Pacific

• Developed countries better able to adapt for 
agrometeorology

• For these rainfall decreases will provide 
stresses in arid and semi-arid areas, and 
increase in pests and diseases

• Developing countries, especially small island 
developing states impacts of warming on tropical 
cyclones and heavy rainfall pose largests risks to 
agrometeorology


