
Water & Atmosphere 14(2) 2006

NIWA24

Climate Variability

The Southern Annular Mode (or SAM) is a ring of climate 
variability that encircles the South Pole and extends out 
to the latitudes of New Zealand. (Its counterpart, the 

NAM, centres on the North Pole and affects climate in the 
northern hemisphere.) The SAM involves alternating changes 
in windiness and storm activity between the middle latitudes, 
where New Zealand lies (40–50˚ S), and higher latitudes, over 
the southern oceans and Antarctic sea ice zone (50–70˚ S). In 
its positive phase, the SAM is associated with relatively light 
winds and more settled weather over New Zealand latitudes, 
together with enhanced westerly winds over the southern 
oceans. In the opposite (negative) phase, the westerlies 
increase over New Zealand, with more unsettled weather, 
while windiness and storm activity ease over the southern 
oceans. 

How the SAM works
The form of the SAM in its positive phase is shown below. The 
colours show where pressures are either lower (blue) or higher 
(red) than normal. In between high and low, wind changes 
follow the contours, blowing more strongly than normal over 
the southern oceans in the positive phase. In the negative 
phase, pressures are higher than normal over Antarctica, and 
the westerly winds are weaker than normal over the southern 
oceans.

The Southern Annular Mode 
and New Zealand climate
We certainly know it when a southerly from Antarctica blows across New Zealand; Jim Renwick 
and David Thompson are investigating how the South Pole affects our weather in more subtle ways.

We see a red blob of high pressure over the South Island 
in the positive SAM, which is associated with relatively light 
winds over the country. The negative SAM would show a blue 
region of low pressure over the South Island, with unsettled 
weather and stronger than normal westerly winds over most 
of the country, north of the low centre.

The SAM was first identified in the 1970s. On a week-to-
week basis, it flips between states – causing either windier 
or calmer weather over New Zealand latitudes – in an 
unpredictable way, apparently at random. Though these 
phase changes of the SAM cannot be predicted more than a 
few days in advance, once changed, the phases tend to persist 
for several weeks.

In recent years, scientists have noticed a trend in the SAM 
towards more periods of the positive phase, with a tendency 
towards strong westerlies over the southern oceans and 
lighter winds over the middle latitudes. The trend appears to 
be related to the Antarctic ozone hole, and the influence of 
the stratosphere on the weather lower down. The question 
is: what effect is this having on weather and climate in New 
Zealand?

Tracking down trends in New Zealand
During the summer of December 2005–February 2006, we 
examined rainfall and temperature data from stations around 
New Zealand, looking for days when the SAM was strongly 
positive or strongly negative. Then we compared daily climate 
statistics over New Zealand for the two extremes of the SAM.

Ringing in the changes
The Southern Annular Mode (SAM) is one of 
the biggest players in southern hemisphere 
climate.
The SAM controls where and how strongly 
the westerly winds blow.
SAM effects are visible in New Zealand 
climate, in winds, rainfall, and temperature.
The SAM has been trending ‘upwards’ 
lately, with long-term implications for New 
Zealand.
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Pattern of the pressure variations associated with the positive phase 
of the SAM. Blue shading indicates below-average pressures and red 
shading indicates above-average pressures. 
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Our initial results suggest some striking effects on New 
Zealand climate, consistent with the kinds of wind and pressure 
changes outlined above. The maps above show the average 
difference from normal in precipitation and temperatures 
measured at weather stations during the positive SAM phase. 
The data reveal lower than normal rainfall and higher than 
normal temperatures throughout western parts of the North and 
South Islands; these rainfalls and temperatures are consistent 
with the weaker than normal westerly winds in those regions. 
We found precipitation was as much as 5 mm less per day over 
the west coast of the South Island, and temperatures were at 
least 0.5 ̊C higher in a broad region stretching from Auckland 
to the western fiords. The negative SAM phase would show 
the opposite picture, with cooler and wetter conditions in 
the west of both islands. These temperature and precipitation 
anomalies in the western half of the country are statistically 
significant, but the effects along the east coast of the country 
are weak and are not statistically significant.

Seeking connections
This research will continue during 2006 as part of a new study 
supported by the Marsden Fund on connections between the 
SAM, the ozone hole, and El Niño. A key aspect of the project 
will be to assess the role of the SAM and the Antarctic ozone 
hole in recent trends in New Zealand climate.  W&A

Further reading  and useful link
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climate impacts of the northern hemisphere annular 
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For more articles about SAM and NAM, visit Dave 
Thompson’s website:  
horizon.atmos.colostate.edu/ao/Popular/index.html 

Dr Jim Renwick studies climate variability and is based at NIWA 
in Wellington. Dr David Thompson came to NIWA as a Visiting 
Scientist from Colorado State University in Fort Collins. He has 
carried out extensive studies of the annular modes and their effects 
in both hemispheres. 

Average effect of the positive SAM on New Zealand daily rain-
falls. Orange and red shading shows where daily rainfall is at 
least 5 mm per day less than normal, while blue shading shows 
where daily rainfall is at least 0.5 mm per day less than normal. 
Colour changes indicate increments of 0.5 mm per day, up to a 
5-mm-per-day reduction. 

Average effect of the positive SAM on New Zealand daily 
maximum temperatures. Orange and red shading shows where 
maximum temperature is at least 0.2 ̊ C higher than normal. 
Colour changes indicate increments of 0.2 ̊ C, up to a 1.4 ̊ C 
increase. In each of these maps, the negative SAM would 
show the same pattern of change, with the colours reversed.
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