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Executive summary 

This report describes changes that may occur over this century in the climate of the Wellington 

Region, and outlines some possible impacts and implications of these changes.  

Global climate change 

To set the context, we summarise key findings of the recent (2013-2014) global climate change 

assessment undertaken by the Intergovernmental Panel on Climate Change.  

¶ ²ŀǊƳƛƴƎ ƻŦ ǘƘŜ ŎƭƛƳŀǘŜ ǎȅǎǘŜƳ ƛǎ ΨǳƴŜǉǳƛǾƻŎŀƭΩΣ ŀƴŘ Ƴƻǎǘ ƻŦ ǘƘŜ ƻōǎŜǊǾŜŘ ƛƴŎǊŜŀǎŜ ƛƴ 

globally averaged temperatures since the mid-20th century is very likely due to the increase 

in greenhouse gas concentrations caused by human activities.   

¶ Recent global warming is already having physical and biological effects in many parts of the 

world.  

¶ Work assessed by the IPCC indicates that limiting future global warming to targets which are 

currently being discussed internationally would require substantial reductions in global 

greenhouse gas emissions from human activities.  

¶ Continued emissions of greenhouse gases will cause further warming and changes in all parts 

of the climate system. There are four scenarios named RCPs (Representative Concentration 

Pathways) used by the IPCC. These RCPs represent different climate change scenarios ς one 

(RCP2.6) leading to very low anthropogenic greenhouse gas concentrations (requiring 

removal of CO2 from the atmosphere), two stabilisation scenarios (RCP4.5 and RCP6.0), and 

one (RCP8.5) with very high greenhouse gas concentrations. Therefore, the RCPs represent a 

range of 21st century climate policies. 

New Zealand climate change 

Next, information is summarised about expected New Zealand national and regional impacts of 

climate change, from the IPCC chapter on Australia and New Zealand.  

¶ New Zealand has warmed by 0.09 ± 0.03°C per decade since 1909, with more hot extremes, 

fewer frosts, more rain in the south and west of New Zealand, less rain in the north and east 

of the North and South Islands, and a rise in sea level since 1900 of 1.7 ± 0.1 mm/yr.  

¶ Ongoing vulnerability in New Zealand to extreme events is demonstrated by substantial 

economic losses caused by droughts, floods, fire, tropical cyclones, and hail. During the 21st 

ŎŜƴǘǳǊȅΣ bŜǿ ½ŜŀƭŀƴŘΩǎ ŎƭƛƳŀǘŜ ƛǎ ǾƛǊǘǳŀƭƭȅ ŎŜǊǘŀƛƴ ǘƻ ǿŀǊƳ ŦǳǊǘƘŜǊΣ ǿƛǘƘ ƴƻǘƛŎŜŀōƭŜ ŎƘŀƴƎŜǎ 

in extreme events.  

¶ Precipitation changes are projected to lead to increased runoff in the west and south of the 

South Island and reduced runoff in the northeast of the South Island, and the east and north 

of the North Island.  
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¶ Heat waves and fire risk are virtually certain to increase in intensity and frequency. Floods, 

landslides, droughts, and storm surges are likely to become more frequent and intense, and 

frost is likely to become less frequent.  

¶ The potential impacts of climate change on industry are likely to be substantial. New 

½ŜŀƭŀƴŘΩǎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƘȅŘǊƻŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ǾǳƭƴŜǊŀōƭŜ ǘƻ ǇǊŜŎƛǇƛǘŀǘƛƻƴ 

variability, and pasture production may be impacted by changing rainfall patterns, warming 

and elevated CO2. 

²ŜƭƭƛƴƎǘƻƴ wŜƎƛƻƴΩǎ ǇǊŜǎŜƴǘ ŎƭƛƳŀǘŜ 

The present climate of the Wellington Region is then described.  

¶ The present climate across the Wellington Region is strongly influenced by the Cook Strait 

and rugged local topography. The Wairarapa area experiences more temperature and rainfall 

extremes than western parts, and wind conditions are strongest around the southwestern tip 

of the region. 

¶ Upward trends in historical temperature are evident in the Wellington Region. There is a 

large range of temperature variability from year to year, with some years having mean 

temperatures over 2.5°C different to other years. 

¶ ¢ƘŜ ²ŀƛǊŀǊŀǇŀ ŎǳǊǊŜƴǘƭȅ ƻōǎŜǊǾŜǎ ƳƻǊŜ ǘƘŀƴ нп Ƙƻǘ Řŀȅǎ ό¢ƳŀȄ Ҕнрɕ/ύ ǇŜǊ ȅŜŀǊ ŀƴŘ ǘƘŜ ǿŜǎǘ 

of the region experiences less than 6 hot days per year. The highest elevations of the Tararua 

wŀƴƎŜǎ ŜȄǇŜǊƛŜƴŎŜ ƻǾŜǊ ол ŎƻƭŘ ƴƛƎƘǘǎ ό¢Ƴƛƴ ғлɕ/ύ ǇŜǊ ȅŜŀǊΣ ŀƴŘ ƭƻǿŜǊ ŜƭŜǾŀǘƛƻƴǎ ǘȅǇƛŎŀƭƭȅ 

observe less than 12 cold nights per year. 

¶ There is substantial year to year variation in rainfall within and between sites in the region. In 

Wellington city, some years record almost 900 mm more than other years.  

¶ Potential Evapotranspiration Deficit (PED, a measure of climatic drought) varies over time. 

Annual PED is generally higher at Masterton than at Wellington city. 

¶ Extreme daily rainfall statistics are presented for Wellington city and Masterton. Year-to-year 

variability is high for both the maximum daily rainfall per year (Rx1day) and the number of 

days per year with high rainfall (R20mm), but there are no long term trends observed. 

¶ Three natural fluctuations leading to year-to-year variations in climate are the El Niño-

Southern Oscillation (ENSO), the Interdecadal Pacific Oscillation (IPO), and the Southern 

Annular Mode (SAM). These factors also lead to fluctuations in sea level. 

Future climate of the Wellington Region 

Projections of future climate changes for the Wellington Region are presented. Mapped projections 

are presented for RCP4.5 (one of the stabilisation emissions scenarios) and RCPуΦр όǘƘŜ ΨōǳǎƛƴŜǎǎ ŀǎ 

ǳǎǳŀƭΩ ǎŎŜƴŀǊƛƻ ǿƘƛŎƘ ƻŎŎǳǊǎ ŀǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ƴƻ ǊŜŘǳŎǘƛƻƴ ƛƴ ŜƳƛǎǎƛƻƴǎ ƛƴǘƻ ǘƘŜ ŦǳǘǳǊŜύΣ ŀƴŘ ǘŀōǳƭŀǊ 
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projections are also presented for the low-end RCP2.6 and middle-ground RCP6.0. The complete 

range of model results for temperature and precipitation are presented in graph format for all 

regions of New Zealand. These graphs demonstrate the difference with season and RCP, and also the 

range of model sensitivity.  

¶ Mean temperature: All future projections of mean temperature for the Greater Wellington 

Region show a warming signal. Warming is most pronounced for inland areas, and summer 

and autumn exhibit the most warming. By 2090, annual mean temperature is projected to 

increase by 1.2°C for RCP 4.5 and 2.7°C for RCP 8.5, compared with 1995 (dynamical 

downscaled projections). 

¶ Maximum and minimum temperature: The positive maximum temperature trends are larger 

than the minimum temperature trends, resulting in an increase in the diurnal temperature 

range for the Wellington Region.  

¶ Growing degree days: Consistent with the regional warming trend, the number of growing 

degree days όмлɕ/ ōŀǎŜ ǘŜƳǇŜǊŀǘǳǊŜύ is projected to increase across the region. Generally, 

eastern parts of the region experience a larger increase in growing degree days. 

¶ Hot days: Hot days (Tmax >25°C) are expected to increase throughout the region, but hot 

days in the area to the east of the Tararua and Rimutaka Ranges are expected to increase 

more than in the west. At 1995, most of the Wairarapa observed more than 24 hot days per 

year and the west of the region experienced less than six hot days per year. At 2090 under 

RCP4.5, about 30 more hot days are expected per year for central Wairarapa, and 70 more 

hot days under RCP8.5, compared with 1995. For the west of the region, about 10 more hot 

days are expected under RCP4.5 at 2090 and about 30 more hot days under RCP8.5.  

¶ Cold nights: Cold nights (Tmin <0°C) are projected to decrease in all areas, but the largest 

decreases are for high elevation areas of the Tararua Ranges. At 1995, the higher elevations 

of the Tararua Ranges observed over 30 cold nights per year and lower elevations 

experienced less than 12 cold nights per year. At 2090, the Tararua Ranges is projected to 

experience about 20 fewer cold nights per year under RCP4.5 and up to 40 fewer cold nights 

under RCP8.5, compared with 1995. 

¶ Total rainfall: In general, rainfall is projected to increase in the west of the Wellington Region 

and decrease in the east of the region. The amount of change increases with time and RCP. 

Compared with present, Paraparaumu is projected to experience a 6% increase in autumn 

rainfall under RCP8.5 at 2040, and up to 10% increase under RCP8.5 at 2090 for winter. 

Masterton is projected to experience minimal change in rainfall at 2040 but a 10% decrease 

in summer rainfall and an 8% decrease in autumn rainfall at 2090 under RCP8.5 (dynamical 

downscaled projections). 

¶ Rain days: The number of rain days (daily rain > 1 mm) is projected to decline across the 

Wellington Region for both scenarios and at 2040 and 2090, compared with 1995. At 2040 

under RCP4.5 and RCP8.5, up to 10 fewer rain days per year are expected for the Wairarapa. 
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By 2090, 5-10 fewer rain days are expected across most of the region per year for RCP4.5, 

but RCP8.5 shows 15-20 fewer rain days per year for the eastern Rimutaka and Tararua 

Ranges, as well as eastern Wairarapa. 

¶ Heavy rain days: Small increases and decreases in heavy rain days (daily rain > 25 mm) are 

evident in different parts of the region at the seasonal time scale. However, most parts of the 

region project an increase in heavy rain days at the annual time scale. 

¶ Dry days: In general, dry days (daily rain < 1 mm) are expected to increase in the east of the 

Wellington Region and decline or stay approximately the same as present in the west, 

compared with the present. By 2090, over 12 more dry days per year are projected for 

RCP4.5 in the south Wairarapa region, and most parts of the region experience increases in 

the number of dry days. For RCP8.5 at 2090, over 12 more dry days per year are projected for 

virtually the entire region, with the largest increase projected for the winter season. 

¶ Snow days: The number of snow days reduces everywhere in the Wellington Region, with 

the largest decreases in the highest elevations of the Tararua Ranges (this is the area that 

currently experiences the highest number of snow days). 

¶ Extreme rainfall events: Some scenarios for changes in rainfall depth/duration/frequency 

statistics are provided for Wellington city and Masterton. Rare, large extreme events are 

likely to increase in intensity due to more moisture being held in a warmer atmosphere. 

¶ Projections for the Wellington Region for the coming century show an increase in the 

magnitude of very heavy rainfall (99th percentile daily rain, which approximately equates to 

an annual recurrence interval of 1 year) across the region, with the largest increases in 

magnitude of approximately 25% around Wellington city and coastal areas under RCP8.5 at 

2090, compared with 1995.  

¶ There is a significant variability in the different models used to project precipitation. The 

average across all models used in the study (ensemble-average) is often less than ± 5% 

change, with the model range (the 5th and 95th percentile values) varying between quite large 

(>10%) increases and decreases. By 2040, winter is the season with the most precipitation 

change, with larger increases for Paraparaumu and some decreases for Masterton. This is the 

same at 2090, albeit with larger increases and decreases. 

¶ Potential Evapotranspiration Deficit: Potential Evapotranspiration Deficit (PED) projections 

vary across the Wellington Region. The smallest increases in PED are projected for the high 

elevation areas of the Tararua and Rimutaka Ranges (up to 40 mm/year increase under 

RCP4.5 and RCP8.5 at 2040 and 2090). Western areas are projected to experience increases 

around 60-100mm/year under both scenarios at both time periods. The inland Wairarapa 

region is expected to change the most, with up to 120mm/year increase projected for 2040 

under both scenarios but over 160mm/year increase by 2090 under RCP8.5. This means the 

inland Wairarapa is likely to become more drought prone in the future. 
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¶ An increase in drought frequency is projected for all of the Wellington Region except for the 

Tararua Ranges, by about 10% by 2070-2090. These projections were calculated from the 

IPCC Fourth Assessment Report emissions scenarios and will be updated in due course.  

¶ Air pressure: Mean sea level pressure (MSLP) is projected to increase in summer, resulting in 

more northeasterly flow and anticyclonic conditions. MSLP is projected to decrease in winter, 

especially over and to the south of the South Island, resulting in stronger westerlies over 

central New Zealand. 

¶ Wind speed: There is no change projected for annual and seasonal mean wind speed 

compared with present for the Wellington Region. 

¶ Windy days: The number of windy days (daily mean wind speed > 10 m/s) is projected to 

increase across the region with the largest increases projected for the south of the region. 

Over eight more windy days per year are projected for much of the central and southern 

Wellington Region at 2090 under RCP8.5, compared with 1995. 

¶ Extreme winds: Most of the Wellington Region is likely to experience stronger extreme 

winds (99th percentile) into the future, although the magnitude of these changes are small, 

with a maximum of 4% increase projected for the eastern Wairarapa hill country at 2090 

under RCP8.5, compared with the present.  

¶ Storms may become more intense, but there is significant uncertainty surrounding 

projections of tropical and extra-tropical storms into the future.  

¶ Solar radiation: Solar radiation changes the most in spring and summer. Northern parts of 

the Wellington Region are projected to experience 3-4% more solar radiation in spring under 

RCP4.5 at 2090 and RCP8.5 at 2040 and 2090, and for summer at 2040 for RCP4.5 and 2090 

for RCP8.5, compared with the present. Decreases in solar radiation of up to 4% are 

projected for summer under RCP4.5 at 2090 and RCP8.5 at 2040 and 2090, particularly for 

eastern coastal areas. Changes to solar radiation are consistent with increases and decreases 

in rainfall (and therefore cloudiness) for the Wellington Region. 

¶ Relative humidity: Relative humidity is projected to slightly decline by a few per cent into 

the future, under both scenarios at both time periods. 

Three climate change case studies are presented. 

¶ Maps showing the historic climatology of growing degree days (500m resolution) were 

combined with the lower resolution projections (5km) of future changes to growing degree 

days, to produce higher resolution maps of the future projected climatology of growing 

degree days.  

¶ Analysis was undertaken on the variability in seasonal rainfall projections across a transect 

from west to east of the Wellington Region. This was done to better understand the 

uncertainty in rainfall projections and the effect of complex mountain terrain. 
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¶ Maps showing projections of three different measures of drought were generated (change in 

annual PED, number of days per year in soil moisture deficit, and number of days per year 

with PED accumulation >300mm). All three measures of drought show that the Wairarapa 

region remains the most drought-prone part of the region into the future. 

Information has been compiled from existing literature about climate change impacts for different 

sectors that are important to Greater Wellington Regional Council. Those sectors are: biodiversity, 

drought impacts on agriculture and horticulture, sea level rise, biosecurity, river flows, wildfire, and 

soil temperature.  

¶ Biodiversity is already at high risk from predation and human impacts. Many species are at 

risk from climate-related impacts such as river water abstraction for irrigation and 

hydroelectric power schemes. Changes to climate will exacerbate the impacts and risks on 

bŜǿ ½ŜŀƭŀƴŘΩǎ ŀƴŘ ²ŜƭƭƛƴƎǘƻƴ RegionΩǎ ōƛƻŘƛǾŜǊǎƛǘȅΣ ǿƛǘƘ ǘƘŜ ƳŀƧƻǊ ƛƳǇŀŎǘ όŀǎƛde from 

pests, under biosecurity below) being on habitat changes due to air temperature changes, 

river flow changes, and sea level rise. 

¶ The pH of the oceans around New Zealand is projected to decrease, consistent with global 

trends (i.e., less alkaline or relatively more acidic). The variability and rate of change in pH 

will differ in coastal waters as these are also influenced by terrestrial factors and run-off. 

Changes in ocean pH may have significant impacts on New Zealand fisheries and aquaculture 

into the future. 

¶ It is likely that much of the Wellington Region, particularly in the east, will experience more 

climatic drought conditions in the future than at present. Drought causes lower plant yield 

and slower growth, and prolonged dry periods can cause permanent wilting of plants. The 

timing of drought is critical ς drought in late summer when plants have largely completed 

growth does not have the devastating impact of late winter/early spring drought that 

prevents achievement of full productive potential. 

¶ Sea-level rise is already having impacts on human activities and infrastructure in coastal 

areas. Sea-level rise will have a greater influence on storm inundation and rates of coastal 

erosion in the Cook Strait/Wellington area, due to its small tidal range. Coastal sand dune 

systems are more susceptible to coastal erosion, and it is likely that these may migrate 

landward as sea level rises. It is likely that global sea-level will rise by between 0.28m and 

0.98m by 2100, compared with present. 

¶ As sea levels rise, total storm inundation levels will threaten low-lying areas of Wellington 

central city, potentially large areas of Petone and Seaview, and to a limited extent Evans Bay 

and smaller areas of the Miramar Peninsula. Along the Kapiti Coast, total storm inundation 

levels will begin to threaten Otaki Beach, low-lying areas of Waikanae, and narrow margins of 

the Porirua Harbour. 

¶ Climate change (particularly increases in temperature) will allow establishment of new exotic 

pests, weeds and diseases which arŜ ŎǳǊǊŜƴǘƭȅ ǇǊŜǾŜƴǘŜŘ ōȅ bŜǿ ½ŜŀƭŀƴŘΩǎ ŎƭƛƳŀǘŜΦ ¢ƘŜ 
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potential establishment of subtropical pests and current seasonal immigrants are of greatest 

concern, along with taxa that are already recognised as high risk. Another concern is for 

ΨǎƭŜŜǇƛƴƎΩ ǇŜǎǘǎ ǿƘƛŎh currently reside in New Zealand but await some perturbation, such as 

climate change, which will allow them to spread and flourish. 

¶ Masting events are years with high seed production, particularly in beech forests. Using 

climate change scenarios to predict future masting events to 2100, it was concluded that 

ΨƳŜƎŀ-ƳŀǎǘǎΩ όƛƴŦǊŜǉǳŜƴǘ ǿƛŘŜǎǇǊŜŀŘ ŜǾŜƴǘǎύ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ƻŎŎǳǊ ǎǇƻǊŀŘƛŎŀƭƭȅ ŀƴŘ ŀǘ ŎƭƻǎŜ 

to historic levels. 

¶ River flow changes are presented for RCP4.5 and RCP8.5. Variables presented are mean 

discharge, mean annual low flow, and mean annual flood and changes are represented in 

term of change in the median of the variable. 

o For mean discharge, there is generally a drying signal in the east of the Wellington 

Region, and a slight increase in mean discharge in the west. This is most prominent 

at end-century under RCP8.5. 

o Mean annual low flow (the mean of the lowest 7-day average flows in each year of a 

projection period) is projected to decrease under both scenarios at both time slices, 

across the region. The most extreme decreases in mean annual low flow are 

projected for the eastern half of the region at end-century for RCP8.5. 

o Mean annual flood (the average of the maximum flood discharges experienced over 

20 years centred time period) increases at both time slices under both emissions 

scenarios for parts of the Wellington Region outside the Tararua and Rimutaka 

Ranges (where mean annual flood decreases at mid-century for RCP 4.5 and RCP 

8.5). The largest increases in mean annual flood are in the southwestern part of the 

region near Wellington city, at end-century under RCP 8.5. 

o There is high uncertainty in flood projections, and in river flow projections in general. 

Modelling these is very complex and an on-going area of research investigation. 

However, while the signal is unclear, the risk of significant changes to flood flows is 

high. Given the potentially high risk, users of flood flow information should take a 

precautionary and adaptive approach to management. 

¶ Increases to hill country erosion due to changes in extreme rainfall may have impacts on the 

Wellington Region in terms of agricultural productivity and river sedimentation, which may 

affect water quality and biodiversity. 

¶ Wildfire risk is projected to increase in the Wellington Region. The number of Very High and 

Extreme forest fire danger days is projected to increase from 16.8 days per year at 

Wellington Airport at present to 32.4 days per year by the 2050s. The Seasonal Severity 

Rating is projected to increase by about 50% for the entire region by the 2090s. Afforestation 

with exotic tree species, one of the most popular climate change mitigation strategies, may 

increase the fire hazard in the Wellington Region. 
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¶ Projections of soil temperature have received relatively little attention compared to air 

temperature, although this is crucial in determining seed germination and plant growth. Soil 

temperatures are projected to warm into the future, albeit at a slower rate than air 

temperatures. The relationship between soil and air temperatures is complex, therefore the 

atmospheric warming trend cannot be simply applied to project soil temperature change. 

Impacts of soil warming are likely to include accelerations of germination timing, impacts on 

rates of decomposition of soil organic matter and nutrient assimilation by plants. This in turn 

will impact Wellington RegionΩǎ ǇǊƛƳŀǊȅ ǎŜŎǘƻǊǎΦ 

The anthropogenic trends in climate have been presented in this report because they will become 

the dominant factor as the century progresses. However, natural variability also needs to be factored 

in, realising that at some times natural variability will be adding to the human-induced trends, while 

at other times it may be offsetting part of the anthropogenic effect. 

Some current large climate change research projects are identified. One major body of work 

currently being undertaken to address some of these gaps is the Deep South National Science 

Challenge, which aims to better understand climatic changes in Antarctica and the Southern Ocean, 

and how this impacts New ZealandΩǎ ŎƭƛƳŀǘŜ. Another major project is the Weather@home project 

ǿƘƛŎƘ Ǌǳƴǎ ŎƭƛƳŀǘŜ ƳƻŘŜƭ ŜƴǎŜƳōƭŜ ƳŜƳōŜǊǎ ƻƴ ǾƻƭǳƴǘŜŜǊǎΩ ŎƻƳǇǳǘŜǊǎΣ ǘƘŜǊŜōȅ ŀƭƭƻǿƛƴƎ ƳƻŘŜƭǎ ǘƻ 

be run many thousands of times. The results of these exercises are used for attribution studies, to 

understand how specific events are changing over time and the relative influence of anthropogenic 

climate change on extreme events. ¢ƘŜ Ψ/ƭƛƳŀǘŜ /ƘŀƴƎŜ LƳǇŀŎǘǎ ŀƴŘ LƳǇƭƛŎŀǘƛƻƴǎΩ ǇǊƻƧŜŎǘ ǿƛƭƭ 

provide new climate change projections and advancements in understanding their impacts and 

ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ bŜǿ ½ŜŀƭŀƴŘΩǎ ŜƴǾƛǊƻƴƳŜƴǘΣ ŜŎƻƴƻƳȅ ŀƴŘ ǎƻŎƛŜǘȅΦ Climate change-related reports 

that are currently underway at NIWA are mentioned. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ 
Greater Wellington Regional Council (GWRC) approached NIWA to undertake a review of climate 

change projections for the region they administer, following the publication of the 

Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report in 2013 and 2014, and 

the New Zealand climate change report published by the Ministry for the Environment in 2016 

(Mullan et al., 2016).  

This report describes climate changes which may occur over the coming century for the Wellington 

Region. The report does not address the issue of mitigation (reducing greenhouse gas emissions, or 

ƛƴŎǊŜŀǎƛƴƎ άǎƛƴƪǎέ ǎǳŎƘ ŀǎ ŀǊŜŀǎ ƻŦ ƎǊƻǿƛƴƎ ŦƻǊŜǎǘύΣ ŀǇŀǊǘ ŦǊƻƳ ŀ ōǊƛŜŦ ǎǳƳƳŀǊȅ ƻŦ ǊŜŎŜƴǘ ŦƛƴŘƛƴƎǎ ƻŦ 

the IPCC. 

Consideration is given to both natural variations in the climate and to changes that may result from 

increasing global concentrations of greenhouse gases caused by human activities. Climatic factors 

discussed include temperature, precipitation, wind, evaporation, soil moisture, storminess, wind, 

solar radiation, and humidity. River flow variables are also considered, as well as possible changes in 

sea level. Commentary on climate change impacts and risks on different sectors is provided, including 

biodiversity, biosecurity, wildfire, and agriculture. Figure 1-1 shows the Wellington Region. 

The funding for this report did not cover new data analysis and modelling, but enabled us to draw on 

pre-published information from various sources. Much of this information resulted from academic 

studies based on the latest assessments of the Intergovernmental Panel on Climate Change (IPCC, 

2013, IPCC, 2014c, IPCC, 2014b). Some of the information was also based on scenarios for New 

Zealand generated by NIWA scientists that emerged from downscaling of global climate model runs 

for several IPCC representative concentration pathways for the future όǳƴŘŜǊǘŀƪŜƴ ǘƘǊƻǳƎƘ bL²!Ωǎ 

core-funded Regional Modelling Programme). The climate change information presented in this 

report is consistent with recently-updated guidance produced for the Ministry of the Environment 

(Mullan et al., 2016). Hydrological analyses were funded through Climate Change Impacts and 

Implications program as well as MPI- SLMACC Project 408657 (Impacts of climate change on river 

flows for agricultural use). 
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Figure 1-1: The Wellington Region governed by the Greater Wellington Regional Council.  
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2 .ŀŎƪƎǊƻǳƴŘΥ Dƭƻōŀƭ ŀƴŘ bŜǿ ½ŜŀƭŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 

2.1 Global climate change 

This section summarises some key findings from the 2013 and 2014 IPCC Fifth Assessment Reports 

(AR5) as contextual information for the discussion of past and future climate changes in the 

Wellington Region to follow in this report. 

2.1.1 The Physical Science Basis (IPCC Working Group I) 

The Summary for Policymakers of the IPCC AR5 Working Group I Report (IPCC, 2013) emphasises the 

following points regarding changes to the climate system: 

Á Warming of the climate system is ΨǳƴŜǉǳƛǾƻŎŀƭΩΣ ŀƴŘ ǎƛƴŎŜ ǘƘŜ мфрлǎΣ Ƴŀƴȅ ƻŦ ǘƘŜ 

observed climate changes are unprecedented over short and long timescales (decades 

to millennia). These changes include warming of the atmosphere and ocean, 

diminishing of ice and snow, sea-level rise, and increases in the concentration of 

greenhouse gases. 

Á The atmospheric concentrations of carbon dioxide, methane, and nitrous oxide have 

increased to levels unprecedented in at least the last 800,000 years. Carbon dioxide 

concentrations have increased by 40% since pre-industrial times, primarily from fossil 

fuel emissions and secondarily from net land use change emissions. The ocean has 

absorbed about 30% of the emitted anthropogenic carbon dioxide, causing ocean 

acidification. 

Á Climate change is already influencing the intensity and frequency of many extreme 

weather and climate events globally. 

Á It is extremely likely that human influence has been the dominant cause of the 

observed warming since the mid-20th century. 

Continued emissions of greenhouse gases will cause further warming and changes in all parts of the 

climate system. There are four scenarios named RCPs (Representative Concentration Pathways) by 

the IPCC. These RCPs represent different climate change mitigation scenarios ς one (RCP2.6) leading 

to very low anthropogenic greenhouse gas concentrations (requiring removal of CO2 from the 

atmosphere), two stabilisation scenarios (RCP4.5 and RCP6.0), and one (RCP8.5) with very high 

greenhouse gas concentrations. Therefore, the RCPs represent a range of 21st century climate 

policies. 

By the middle of the 21st century, the magnitudes of the projected climate changes are substantially 

affected by the choice of scenario. Global surface temperature change for the end of the 21st 

century is likely to exceed 1.5°C relative to 1850-1900 for all scenarios except for the lowest 

emissions scenario (RCP2.6). 

In contrast to the Fourth IPCC Assessment Report which concentrated on projections for the end of 

the 21st century, the Fifth Assessment Report projects climate changes for earlier in the 21st century 

as well in its Summary for Policymakers. As such, the global mean surface temperature change for 

the period 2016-2035 (relative to 1986-2005) will likely be in the range of 0.3 to 0.7°C. This assumes 

that there will be no major volcanic eruptions (which may cause global cooling) and that total solar 
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irradiance remains similar. Temperature increases are expected to be larger in the tropics and 

subtropics than in the southern mid-latitudes (i.e. New Zealand). 

The full range of projected globally averaged temperature increases for all scenario for 2081-2100 

(relative to 1986-2005) is 0.3 to 4.8°C (Figure 2-1). As global temperatures increase, it is virtually 

certain that there will be more hot and fewer cold temperature extremes over most land areas. It is 

very likely that heat waves will occur with a higher frequency and duration. Furthermore, in general, 

the contrast in precipitation between wet and dry regions and wet and dry seasons will increase. 

With increases in global mean temperature, mid-latitude and wet tropical regions will experience 

more intense and more frequent extreme precipitation events by the end of the 21st century. 

 

Figure 2-1: CMIP5 multi-model simulated time series from 1950-2100 for change in global annual mean 
surface temperature relative to 1986-2005. Time series of projections and a measure of uncertainty (shading) 
are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical 
evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over 
нлумҍнмлл ŀǊŜ ƎƛǾŜƴ ŦƻǊ ŀƭƭ w/t ǎŎŜƴŀǊƛƻǎ ŀǎ ŎƻƭƻǳǊŜŘ ǾŜǊǘƛŎŀƭ ōŀǊǎ to the right of the graph (the mean 
projection is the solid line in the middle of the bars). The numbers of CMIP5 models used to calculate the multi-
model mean is indicated on the graph. After IPCC (2013). 

The global ocean will continue to warm during the 21st century. Eventually, heat will penetrate the 

deep ocean and affect ocean circulation. Sea ice is projected to shrink and thin in the Arctic. Some 

scenarios project that late summer Arctic sea ice extent could almost completely disappear by the 

end of the 21st century, and a nearly ice-free Arctic Ocean in late summer before mid-century is likely 

under the most extreme scenario (RCP8.5). Northern Hemisphere spring snow cover will decrease as 

global mean surface temperature increases. The global glacier volume (excluding glaciers on the 

periphery of Antarctica) is projected to decrease by 15-85% by the end of the 21st century under 

different scenarios. 

Global mean sea level will continue to rise during the 21st century. All scenarios project that the rate 

of sea level rise will very likely exceed that observed during 1971-2010 due to increased ocean 

warming and higher loss of mass from glaciers and ice sheets. For all scenarios, the total range of 

projected sea level rise for 2081-2100 (relative to 1986-2005) is 0.26-0.82m. It is virtually certain 

that global mean sea level rise will continue beyond 2100, with sea level rise due to thermal 

expansion expected to continue for many centuries. The range for mean sea level rise beyond 2100 

for different scenarios is from less than 1 m to more than 3 m, but sustained mass loss by ice sheets 

would cause larger sea level rise. Sustained warming greater than a critical threshold could lead to 

the near complete loss of the Greenland ice sheet over a millennium or more, causing a global mean 
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sea level rise of up to 7 m. Current estimates place this threshold between 1 and 4°C global mean 

warming with respect to pre-industrial mean temperatures. 

Cumulative CO2 emissions largely determine global mean surface warming by the late 21st century 

and further into the future. Even if emissions are stopped, most aspects of global climate change will 

persist for many centuries.  

2.1.2 Impacts, Adaptation and Vulnerability (IPCC Working Group II) 

The IPCC AR5 Working Group II Summary for Policymakers (IPCC, 2014c) concludes that in recent 

decades, changes in climate have caused impacts on natural and human systems on all continents 

and across the oceans. Specifically, these include impacts to hydrological systems with regards to 

snow and ice melt, changing precipitation patterns and resulting river flow and drought, as well as 

terrestrial and marine ecosystems, the incidence of wildfire, food production, livelihoods, and 

economies.  

Changes in precipitation and melting snow and ice are altering hydrological systems and are driving 

changes to water resources in terms of quantity and quality. The flow-on effects from this include 

impacts to agricultural systems, in particular crop yields, which have experienced more negative 

impacts than positive due to recent climate change. In response to changes in climate, many species 

have shifted their geographical ranges, migration patterns, and abundances. Some unique and 

threatened systems, including ecosystems and cultures, are already at risk from climate change. With 

increased warming around 1°C, the number of such systems at risk of severe consequences is higher, 

and many species with limited adaptive capacity (e.g. coral reefs and Arctic sea ice) are subject to 

very high risks with additional warming of 2°C. In addition, climate change-related risks from extreme 

events, such as heat waves, extreme precipitation, and coastal flooding, are already moderate/high 

with 1°C additional warming. Risks associated with some types of extreme events (e.g. heat waves) 

increase further with higher temperatures. 

There is also the risk of physical systems or ecosystems undergoing abrupt and irreversible changes 

under increased warming. At present, warm-water coral reef and Arctic ecosystems are showing 

warning signs of irreversible regime shifts. With additional warming of 1-2°C, risks increase 

disproportionately and become high under additional warming of 3°C due to the threat of global sea 

level rise from ice sheet loss.  

Global climate change risks are significant with global mean temperature increase of 4°C or more 

above pre-industrial levels and include severe and widespread impacts on unique or threatened 

systems, substantial species extinction, large risks to global and regional food security, and the 

combination of high temperature and humidity compromising normal human activities, including 

growing food or working outdoors in some areas for parts of the year. 

Impacts of climate change vary regionally, and impacts are exacerbated by uneven development 

processes. Marginalised people are especially vulnerable to climate change and also to some 

adaptation and mitigation responses. This has been observed during recent climate-related 

extremes, such as heat waves, droughts, floods, cyclones, and wildfires, where different ecosystems 

and human systems are significantly vulnerable and exposed to climate variability. In addition, 

aggregate economic damages accelerate with increasing temperature. 

In many regions, climate change adaptation experience is accumulating across the public and private 

sector and within communities. Adaptation is becoming embedded in governmental planning and 
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development processes, but at this stage there has been only limited implementation of responses to 

climate change. 

The overall risks of climate change impacts can be reduced by limiting the rate and magnitude of 

climate change.  

2.1.3 Mitigation of Climate Change (IPCC Working Group III) 

The IPCC AR5 Working Group III Summary for Policymakers (IPCC, 2014b) notes that total 

anthropogenic greenhouse gas emissions have continued to increase over 1970 to 2010 with larger 

absolute decadal increases toward the end of this period. Despite a growing number of climate 

change mitigation policies, annual emissions grew on average 2.2% per year from 2000 to 2010 

compared with 1.3% per year from 1970 to 2000. Total anthropogenic greenhouse gas emissions 

were the highest in human history from 2000 to 2010. Globally, economic and population growth 

continue to be the most important drivers of increases in CO2 emissions from fossil fuel combustion. 

Limiting climate change will require substantial and sustained reductions of greenhouse gas 

emissions. The IPCC report considers multiple mitigation scenarios with a range of technological and 

behavioural options, with different characteristics and implications for sustainable development. 

These scenarios are consistent with different levels of mitigation. 

The IPCC report examines mitigation scenarios that would eventually stabilise greenhouse gases in 

the atmosphere at various concentration levels, and the expected corresponding changes in global 

temperatures. Mitigation scenarios where temperature change caused by anthropogenic greenhouse 

gas emissions can be kept to less than 2°C relative to pre-industrial levels involve stabilising 

atmospheric concentrations of carbon dioxide equivalent (CO2-eq) at about 450 ppm in 2100. If 

concentration levels are not limited to 500 ppm CO2-eq or less, temperature increases are unlikely to 

remain below 2°C relative to pre-industrial levels.  

Without additional efforts to reduce emissions beyond those in place at present, scenarios project 

that global mean surface temperature increases in 2100 will be from 3.7 to 4.8°C compared to pre-

industrial levels. This range is based on the median climate response, but when climate uncertainty is 

included the range becomes broader from 2.5 to 7.8°C. 

In order to reach atmospheric greenhouse gas concentration levels of about 450 ppm CO2-eq by 2100 

(in order to have a likely chance to keep temperature change below 2°C relative to pre-industrial 

levels), anthropogenic greenhouse gas emissions would need to be cut by 40-70% globally by 2050 

(compared with levels in 2010). Emissions levels would need to be near zero in 2100. The scenarios 

describe a wide range of changes to achieve this reduction in emissions, including large-scale 

changes in energy systems and land use.  

Estimates of the cost of mitigation vary widely. Under scenarios in which all countries begin 

mitigation immediately, there is a single carbon price, and all key technologies are available, there 

will be losses of global consumption of goods and services of 1-4% in 2030, 2-6% in 2050, and 3-11% 

in 2100.  

Delaying mitigation efforts beyond those in place today through 2030 is estimated to substantially 

increase the difficulty in obtaining a longer term low level of greenhouse gas emissions, as well as 

narrowing the range of options available to maintain temperature change below 2°C relative to pre-

industrial levels. Global surface temperature for the end of the 21st century is likely to exceed 1.5°C 
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relative to 1850-1900 for all RCP scenarios except RCP2.6, and it is likely to exceed 2°C for RCP6.0 and 

RCP8.5, and more likely than not to exceed 2°C for RCP4.5 (IPCC, 2014a). 

2.2 New Zealand climate change 

Published information about the expected impacts of climate change on New Zealand is summarised 

and assessed in the Australasia chapter of the IPCC Working Group II assessment report (Reisinger et 

al., 2014) as well as a report published by the Royal Society of New Zealand (Royal Society of New 

Zealand, 2016). Key findings from these publications include: 

The regional climate is changing. The Australasia region continues to demonstrate long-term trends 

toward higher surface air and sea surface temperatures, more hot extremes and fewer cold 

extremes, and changed rainfall patterns. Over the past 50 years, increasing greenhouse gas 

concentrations have contributed to rising average temperatures in New Zealand. Changing 

precipitation patterns have resulted in increases in rainfall for the south and west of the South Island 

and west of the North Island, and decreases in the northeast of the South Island and the east and 

north of the North Island. Some heavy rainfall events already carry the fingerprint of a changed 

climate, in that they have become more intense due to higher temperatures allowing the air to carry 

more moisture (Dean et al., 2013). Cold extremes have become rarer and hot extremes have become 

more common. 

The region has exhibited warming to the present and is virtually certain to continue to do so. New 

Zealand mean annual temperature has increased by 0.09°C (± 0.03°C) per decade since 1909. 

Warming is projected to continue through the 21st century along with other changes in climate. 

Warming is expected to be associated with rising snow lines, more frequent hot extremes, less 

frequent cold extremes, and increasing extreme rainfall related to flood risk in many locations. 

Annual average rainfall is expected to decrease in the northeast South Island and north and east of 

the North Island, and to increase in other parts of New Zealand. Fire weather is projected to increase 

in many parts of New Zealand. Regional sea level rise will very likely exceed the historical rate, 

consistent with global mean trends. 

Uncertainty in projected rainfall changes remains large for many parts of New Zealand, which 

creates significant challenges for adaptation.  

Impacts and vulnerability: Without adaptation, further climate-related changes are projected to 

have substantial impacts on water resources, coastal ecosystems, infrastructure, health, agriculture, 

and biodiversity. However, uncertainty in projected rainfall changes and other climate-related 

changes remains large for many parts of New Zealand, which creates significant challenges for 

adaptation. 

Additional information about past New Zealand climate change can be found in Mullan et al. (2016). 

2.2.1 Sectoral Impacts 

Some New Zealand sectors have the potential to benefit from projected changes in climate and 

increasing CO2, including reduced winter plant and stock mortality, reduced energy demand for 

winter heating, and forest and pasture growth in currently cooler regions. The information in this 

section is from Reisinger et al. (2014). Key impacts identified by Greater Wellington Regional Council 

are discussed in Section 6. 
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Freshwater resources: In New Zealand, precipitation changes are projected to lead to increased 

runoff in the west and south of the South Island and reduced runoff in the northeast of the South 

Island, as well as the east and north of the North Island. Annual flows of eastward-flowing rivers with 

headwaters in the Southern Alps are projected to increase by 5-10% by 2040 in response to higher 

alpine precipitation. Most of the increases occur in winter and spring, as more precipitation falls as 

rain and snow melts earlier. Climate change will affect groundwater through changes in recharge 

rates and the relationship between surface waters and aquifers.  

Natural ecosystems: Existing environmental stresses will interact with, and in many cases be 

exacerbated by, shifts in mean climatic conditions and associated changes in the frequency or 

intensity of extreme events, especially fire, drought, and floods. Ongoing impacts of invasive species 

and habitat loss will dominate climate change signals (i.e., environmental changes attributed to 

climate change) in the short to medium term. The rich biota of the alpine zone is at risk through 

increasing shrubby growth and loss of herbs, especially if combined with increased establishment of 

native species. Some cold water-adapted freshwater fish and invertebrates are vulnerable to 

warming and increased spring flooding may increase risks for braided river bird species. 

Coastal and ocean ecosystems: The increasing density of coastal populations and stressors such as 

pollution and sedimentation from settlements and agriculture will intensify non-climate stressors in 

coastal areas. Coastal habitats provide many ecosystem services including coastal protection and 

carbon storage, which could become increasingly important for mitigation. Variability in ocean 

circulation and temperature plays an important role in local fish abundance, and this could change 

with climate-related oceanic changes. A strengthening East Auckland Current in northern New 

Zealand is expected to promote establishment of tropical or subtropical species that currently occur 

as vagrants, potentially changing the production and profit of both wild fisheries and aquaculture. 

Estuarine habitats will be affected by changing rainfall or sediment discharges, as well as connectivity 

to the ocean. Loss of coastal habitats and declines in iconic species will result in substantial impacts 

on coastal settlements and infrastructure from direct impacts such as storm surge, and will affect 

tourism. Changes in temperature and rainfall, and sea level rise, are expected to lead to secondary 

effects, including erosion, landslips, and flooding, affecting coastal habitats and their dependent 

species, for example loss of habitat for nesting birds. 

Forestry: Warming is expected to increase Pinus radiata growth in the cooler south, whereas in the 

warmer north, temperature increases can reduce productivity, but CO2 fertilisation may offset this. 

Dothistroma blight, a pine disease, has a temperaturŜ ƻǇǘƛƳǳƳ ǘƘŀǘ ŎƻƛƴŎƛŘŜǎ ǿƛǘƘ bŜǿ ½ŜŀƭŀƴŘΩǎ 

warmer, but not warmest, pine growing regions; under climate change, its severity is, therefore, 

expected to reduce in the warm central North Island but increase in the cooler South Island where it 

could offset temperature-driven improved plantation growth. 

Agriculture: Projected changes in national pasture production for dairy, sheep, and beef pastures 

range from an average reduction of 4% across IPCC AR4 climate scenarios for the 2030s, to increases 

of up to 4% for two scenarios in the 2050s. Studies modelling seasonal changes in fodder supply 

show greater sensitivity in animal production to climate change and elevated CO2 than models using 

annual average production, with some impacts expected even under modest warming. New Zealand 

agro-ecosystems are subject to erosion processes strongly driven by climate - greater certainty in 

projections of rainfall, particularly storm frequency, are needed to better understand climate change 

impacts on erosion and consequent changes in the ecosystem services provided by soils. 



  

Climate change and variability - Wellington Region  27 

 

Energy supply, demand, and transmission: bŜǿ ½ŜŀƭŀƴŘΩǎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƘȅŘǊƻŜƭŜŎǘǊƛŎ ǇƻǿŜǊ 

generation is vulnerable to precipitation variability. Increasing winter precipitation and snow melt, 

and a shift from snowfall to rainfall will reduce this vulnerability as winter/spring inflows to main 

hydro lakes are projected to increase by 5-10% over the next few decades. Further reductions in 

seasonal snow and glacial melt as glaciers diminish, however, would compromise this benefit. 

Increasing wind power generation would benefit from projected increases in mean westerly winds 

but face increased risk of damages and shutdown during extreme winds. Climate warming would 

reduce annual average peak electricity demands by 1-2% per degree Celsius across New Zealand. 

Tourism: Changes in snow cover are likely to have a significant impact on the ski industry, but tourist 

numbers from Australia to New Zealand may increase due to the rapid reduction in snow cover in 

Australia, and the greater perceived scenic attractiveness of New Zealand. Warmer and drier 

conditions mostly benefit tourism but wetter conditions and extreme climate events undermine 

tourism. A large part of the tourism industry in New Zealand is dependent on river flow (e.g. fishing, 

jet boating, rafting) so changes to flows will have a direct effect on these tourism operations (Becken 

et al., 2014). 
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3 tǊŜǎŜƴǘπŘŀȅ ŎƭƛƳŀǘŜ ƻŦ ǘƘŜ ²ŜƭƭƛƴƎǘƻƴ wŜƎƛƻƴ 

3.1 Spatial climatic patterns 

The climate and weather of the Wellington Region is characterised by strong spatio-temporal 

variation that is influenced by the presence of Cook Strait and the rugged local topography. In 

general, the climate of the region reflects the general prevailing westerly flow, which includes west-

to-Ŝŀǎǘ άƭƻǿǎέ interspersed ǿƛǘƘ άƘƛƎƘǎέ (anticyclones) weather systems. The local impacts from 

variabile weather is modified in specific places by the local topography. To the east of the Tararua 

and Rimutaka Ranges, the Wairarapa area, which is sheltered from prevailing westerlies, experiences 

more temperature and rainfall extremes than the western part of the region. Wind conditions are 

the strongest around the southwestern tip of the Wellington region. The region as a whole is 

generally sunny and windy compared with other New Zealand locations. 

The spatial variation in annual average temperature over the Wellington Region is shown in Figure 3-

1. Figure 3-2 shows the annual number of hot days (Tmax >25°C) in the Wellington Region, and 

Figure 3-3 shows the number of frosts (cold nights, Tmin <0°C)) in the region. Figure 3-4 shows the 

spatial pattern of annual rainfall and the median seasonal total rainfalls. Temperature varies with 

elevation, with the coolest mean annual temperatures of the Wellington Region experienced at the 

highest elevations in the Tararua and Rimutaka Ranges. Mean annual temperatures are highest 

closer to the coast and inland around Martinborough. There is a significant difference between the 

number of hot days for the east and west of the Wellington region. Most of the Wairarapa 

experiences more than 24 hot days per year while the western part of the region mostly experiences 

less than six hot days per year. The highest elevations in the Tararua Ranges experience over 30 cold 

nights per year, but lower elevations typically observe less than 12 cold nights per year. The area that 

receives the most annual rainfall are the Tararua Ranges and Rimutaka Ranges, along with the 

southeastern part of the Aorangi Ranges, which receive over 2000 mm per year. The driest area is in 

the lee of the Tararua and Rimutaka Ranges, in particular around Martinborough, which receives less 

than 800 mm rainfall per year on average.  

More detailed information about the climate of the Wellington Region can be found in Chappell 

(2014). 
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Figure 3-1: Annual average temperature for the Wellington Region (median for 1981-2010).   
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Figure 3-2: Annual number of hot days in the Wellington Region (Tmax >25°C). Climatology period 1986-
2005. This map shows modelled data (from RCM simulations) and therefore may not be directly comparable to 
station data. 

 

Figure 3-3: Annual number of cold nights (frosts) in the Wellington Region (Tmin <0°C). Climatology period 
1986-2005. This map shows modelled data (from RCM simulations) and therefore may not be directly 
comparable to station data. 
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Figure 3-4: Details on following page. 
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Figure 3-4: Annual and seasonal rainfall totals for the Wellington Region. Climatology period 1981-2010. 
Note that some climate stations in the Tararua Ranges managed by GWRC record well over 7 metres of rainfall 
per year. Only climate station data in the NIWA National Climate Database was used to generate this map. 
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3.2 Temporal climatic variability 

3.2.1 Temperature 

There is significant year-to-year variability for the climate of Wellington. For example, Figure 3-5  

shows the average annual temperature for Wellington (Kelburn) from 1909 to 2016, and Figure 3-6 

shows the same for Masterton from 1912 to 2016. There are substantial differences between years, 

with some having mean temperatures over 2.0°C different to others. 

There is a trend toward increasing mean annual temperature at both Wellington (Kelburn) and 

Masterton. Figure 3-7 shows the number of hot days (when Tmax >25°C) per year since 1931 at 

Kelburn and Figure 3-8 shows the same for Masterton. There is no long-term trend in the number of 

hot days per year at Kelburn, but there has been an increase in the number of hot days per year at 

Masterton. However, the length of record between these two sites is very different, and the positive 

trend at Masterton over this short time frame is due to the record beginning in cooler years during 

the 1990s as a result of the Mt Pinatubo eruption and numerous El Niño events. A large number of 

hot days were recorded in the 1930s and 1970s at Kelburn, thus keeping the long-term trend more 

subdued at that site. The annual variability in the temperature records is due to a combination of 

natural causes, such as the El Niño-Southern Oscillation, together with random year-to-year 

ŦƭǳŎǘǳŀǘƛƻƴǎ όάŎƭƛƳŀǘŜ ƴƻƛǎŜέύ, as well as anthropogenic influences (e.g. greenhouse gases).  

 

Figure 3-5: Mean annual temperature for Wellington, Kelburn site. ¢Ƙƛǎ ǎƛǘŜ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ΨǎŜǾŜƴ ǎǘŀǘƛƻƴΩ1 
series, so data homogenisation has been carried out. Trend is approximately +0.09°C/decade, which is 
significant at p < 0.05.  

                                                           
1 https://www.niwa.co.nz/our-science/climate/information-and-resources/nz-temp-record/seven-station-series-temperature-data 
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Figure 3-6: Mean annual temperature for Masterton. This site is parǘ ƻŦ ǘƘŜ ΨǎŜǾŜƴ ǎǘŀǘƛƻƴΩ ǎŜǊƛŜǎΣ so data 
homogenisation has been carried out. Trend is approximately +0.09°C/decade, which is significant at p < 
0.05.  

 

Figure 3-7: Number of hot days (Tmax >25°C) per year at Wellington (Kelburn). Data pre-2005 are from 
agent number 3385, including 2005 and post-2005 from 25354 (located at same site). Although these data 
have not been homogenised, they are all from a single site in the Kelburn botanical gardens. Trend indicates 
a decrease of 0.01 hot days per decade, which is not significant at p < 0.05. 

y = 0.0087x - 4.8017

R² = 0.2285
10.00

10.50

11.00

11.50

12.00

12.50

13.00

13.50

14.00

1900 1920 1940 1960 1980 2000 2020

M
e
a

n
 a

n
n

u
a

l t
e

m
p

e
ra

tu
re

 (°C
)

Year

y = -0.0012x + 3.1584
R² = 1E-04

0

2

4

6

8

10

12

14

1
9

3
1

1
9

3
4

1
9

3
7

1
9

4
0

1
9

4
3

1
9

4
6

1
9

4
9

1
9

5
2

1
9

5
5

1
9

5
8

1
9

6
1

1
9

6
4

1
9

6
7

1
9

7
0

1
9

7
3

1
9

7
6

1
9

7
9

1
9

8
2

1
9

8
5

1
9

8
8

1
9

9
1

1
9
9
4

1
9

9
7

2
0

0
0

2
0

0
3

2
0

0
6

2
0

0
9

2
0

1
2

2
0

1
5

D
a

y
s 

p
e
r 

y
e
a

r 
T

m
a

x
 >

2
5

°C

Year



  

Climate change and variability - Wellington Region  35 

 

 

 

Figure 3-8: Number of hot days (Tmax >25°C) per year at Masterton (combined record from Te Ore Ore 
(agent number 7578) and Te Ore Ore CWS (agent number 37662)). Trend shows an increase of approximately 
1.9 hot days per year, which is significant at p < 0.05. 

3.2.2 Rainfall 

Total annual precipitation is presented for Wellington (Kelburn) in Figure 3-9 and for Bagshot Station 

(12 km northeast of Masterton) in Figure 3-10. There is year-to-year variability in the data, with some 

years recording almost 900 mm more than other years at Wellington. There is a minimal positive long 

term trend in rainfall at Wellington and Bagshot Station shows a small declining trend in annual 

rainfall. 

 

Figure 3-9: Total annual precipitation at Wellington (Kelburn), 1928-2016, combined record from agent 
numbers 3385 and 25354. Trend indicates an increase in rainfall of approximately 6 mm per decade, which is 
not significant at p < 0.05. Note that there is 1 day of data missing in 2013, 2 missing in 2014, and 4 in 2015. 
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Figure 3-10: Total annual precipitation at Bagshot Station (12 km northeast of Masterton), 1922-2009, agent 
number 2446. 2010-2014 data are from Masterton, Te Ore Ore CWS station (agent number 37662). Note that 
data have not been homogenised. Years with no bars have too much missing data to calculate annual total 
rainfall. Trend indicates a decrease in annual rainfall of approximately 17mm per decade, which is significant at 
p < 0.05. 

3.2.3 Climatic drought 

Parts of the Wellington Region are particularly prone to climatic drought conditions. Due to the 

importance of primary production to bŜǿ ½ŜŀƭŀƴŘΩǎ ŜŎƻƴƻƳȅ, the occurrence of drought is of major 

concern. The measure of climatic drought that is used in this report ƛǎ ΨǇƻǘŜƴǘƛŀƭ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ 

defƛŎƛǘΩ όt95ύΦ 9ǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ ƛǎ ǘƘŜ ŎƻƳōƛƴŜŘ ƭƻǎǎ ƻŦ ǎƻƛƭ ǿŀǘŜǊ ōȅ ǘǊŀƴǎǇƛǊŀǘƛƻƴ ǘƘǊƻǳƎƘ Ǉƭŀƴǘǎ 

and evaporative loss from the soil and other surfaces. Days when water demand is not met, and 

pasture growth is reduced, are often referred to as days of potential evapotranspiration deficit. PED, 

in units of mm, can be thought of as the amount of rainfall needed in order to keep pastures growing 

at optimum levels. 

The following plots (Figure 3-11 and Figure 3-12) show PED accumulations over growing years (July-

June) through the historical record for Wellington and Bagshot Station (near Masterton). The higher 

the PED accumulation, the drier the soils were during that year. 

Wellington (Kelburn) has highly variable PED from year to year. The highest PED accumulation for 

Wellington (Figure 3-11) occurred in 2015-2016, with a secondary maximum in 1997-1998. 

Accumulated PED was approximately 500 mm in 2015-2016. For Bagshot Station, the highest 

accumulated PED on record was during 1997-1998 when over 450 mm was recorded (Figure 3-12). 

There does not appear to be a long-term trend in PED at either site. 
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Figure 3-11: PED accumulation from 1939/40-2016/17 (July-June years) for Wellington (Kelburn).   Light blue 
bars indicate years where there are missing data, and small red numbers indicate the amount of months in that 
year that are represented (months with full data). 

 

Figure 3-12: PED accumulation from 1942/ 43-2013/14 (July-June years) for Bagshot Station (12 km 
northeast of Masterton). Light blue bars indicate years where there are missing data, and small red numbers 
indicate the amount of months in that year that are represented (months with full data). 

3.2.4 Extreme rainfall events 

Extreme rainfall may be expressed as the maximum daily rainfall per year at a location (Rx1day) and 

the number of days per year when rainfall occurs over a certain threshold (R20mm, here the 

threshold used is 20 mm).  

Extreme rainfall statistics are presented for 1928-2016 for Wellington (Kelburn) and for 1924-2009 

for Bagshot Station (near Masterton). There is no long-term trend in maximum daily rainfall at 

Kelburn, which has an average of around 70 mm (Figure 3-13). However, year-to-year variability is 

high. This is also true for the number of days per year with rain over 20 mm (Figure 3-14), which has 

an average of about 16 days. For Bagshot Station, the year-to-year variability is also high for 

maximum daily rainfall (Figure 3-15) and the number of heavy rain days (Figure 3-16). For both sites, 

maximum daily rainfall and the number of heavy rain days has very slightly declined over the 

historical period. 
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Figure 3-13: Maximum daily rainfall for Wellington (Kelburn), 1928-2016 (Rx1day). Trend indicates decrease 
in Rx1day of approximately 0.8mm/decade, which is not significant at p < 0.05. 

 

Figure 3-14: Number of days per year with >20 mm rainfall for Wellington (Kelburn), 1928-2016 (R20mm). 
Trend indicates an increase of heavy rain days of approximately 2 days per century, which is not significant at p 
< 0.05. 
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Figure 3-15: Maximum daily rainfall for Bagshot Station (12 km northeast of Masterton) ς agent number 
2446, 1924-2009 (Rx1day). 2012-2014 data are from Masterton, Te Ore Ore CWS station (agent number 
37662). Note that data have not been homogenised. Trend indicates decrease in Rx1day of approximately 
2mm/decade, which is significant at p < 0.05. 

 

 

Figure 3-16: Number of days per year with >20 mm rainfall for Bagshot Station (12 km northeast of 
Masterton) ς agent number 2446 (R20mm). 2010-2014 data are from Masterton, Te Ore Ore CWS station 
(agent number 37662). Note that data have not been homogenised. Trend indicates a decrease of heavy rain 
days of approximately 2 days per century, which is not significant at p < 0.05. 

3.2.5 Growing degree days 

The departure of mean daily temperature above a base temperature, which has been found to be 

critical to the growth or development of a particular plant, ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ǇƭŀƴǘΩǎ ŘŜǾŜƭƻǇƳŜƴǘ 

on that day. The sum of these departures above the base temperature then relates to the maturity 

or harvestable state of the crop. Thus, as the plant grows, updated estimates of harvest time can be 

made. These estimates have been found to be very valuable for a variety of crops with different base 
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temperatures. Degree-day totals indicate the overall effects of temperature for a specified period, 

and can be applied to agricultural and horticultural production.  

Growing degree-days (GDD) express the sum of daily temperatures above a selected base 

temperature όмлɕ/ύ that represent a threshold of plant growth. The average amount of growing 

degree-days in a location may influence the choice of crops to grow, as different species have 

different temperature thresholds for survival. Figure 3-17 shows the median annual growing degree-

day totals for base 10°C for the Wellington Region.  

The daily GDD total is the amount the daily average temperature exceeds the threshold value (e.g. 

10°C). The annual GDD total is usually accumulated over the period 1 July to 30 June. 

 

 

Figure 3-17: Median annual growing degree-days όōŀǎŜ млɕ/ύ  in the Wellington Region, 1981-2010.  See text 
for explanation. © NIWA. 

Air temperatures in the Wellington Region have increased over the past century (Section 3.2.1). As 

the calculation of growing degree-days is inherently dependent on temperature, there is also an 

upward trend in the number of growing degree-days (Figure 3-18). This will likely influence the types 

of crops that can be grown at a particular location, and also harvesting times for crops into the future 

ς one would expect to see crops only suitable for warmer northern climates at present move further 

south as the climate warms, and harvesting times may shift to an earlier time in the season. 



  

Climate change and variability - Wellington Region  41 

 

 

Figure 3-18: Annual growing degree days (base 10°C) at Wellington (Kelburn). This trend indicates an 
increase of approximately 3 GDD per year, which is significant at p < 0.05.  
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3.3 Natural factors causing fluctuation in climate patterns over New Zealand 

aǳŎƘ ƻŦ ǘƘŜ ǾŀǊƛŀǘƛƻƴ ƛƴ bŜǿ ½ŜŀƭŀƴŘΩǎ ŎƭƛƳŀǘŜ ƛǎ ǊŀƴŘƻƳ ŀƴŘ ƭŀǎǘǎ ŦƻǊ ƻƴƭȅ ŀ ǎƘƻǊǘ ǇŜǊƛƻŘΣ ōǳǘ 

longer term, quasi-cyclic variations in climate can be attributed to different factors. Three large-scale 

oscillations that influence climate in New Zealand are the El Niño-Southern Oscillation, the 

Interdecadal Pacific Oscillation, and the Southern Annular Mode (Ministry for the Environment, 

2008a).  

3.3.1 The effect of El Niño and La Niña 

The El Niño-Southern Oscillation (ENSO) is a natural mode of climate variability that has wide-ranging 

impacts around the Pacific basin (Ministry for the Environment, 2008a). The oscillation involves a 

movement of warm ocean water from one side of the Pacific to the other, and the movement of 

rainfall across the Pacific associated with this warm water.  

During 9ƭ bƛƷƻΣ ŜŀǎǘŜǊƭȅ ǘǊŀŘŜ ǿƛƴŘǎ ǿŜŀƪŜƴ ŀƴŘ ǿŀǊƳ ǿŀǘŜǊ ΨǎǇƛƭƭǎΩ ŀŎǊƻǎǎ ǘƘŜ tŀŎƛŦƛc towards the 

east, accompanied by higher rainfall than normal in the central-east Pacific. La Niña is essentially the 

ƻǇǇƻǎƛǘŜ ƻŦ ǘƘƛǎ ŀƴŘ ƛǎ ŀƴ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴ ƻŦ ΨƴƻǊƳŀƭΩ ŎƻƴŘƛǘƛƻƴǎΣ ǿƘŜǊŜ ǘƘŜ ǿŀǊƳ ƻŎŜŀƴ ǿŀǘŜǊǎ 

remain over the western Pacific and the trade winds strengthen.  

El Niño events occur on average 3 to 7 years apart, typically becoming established in April or May 

and persisting for about a year thereafter. The Southern Oscillation Index, or SOI, uses the pressure 

difference between Tahiti and Darwin to determine the state and intensity of ENSO. Persistence of 

about -1 signifies El Niño events, whereas +1 signifies La Niña (Figure 3-19). 

 

Figure 3-19: Time series of the Southern Oscillation Index from 1930 to 2016.Blue shades are indicative of La 
Niña periods and red shades are indicative of El Niño periods.  

The effects of El Niño and La Niña are most clearly observed in the tropics, but impacts are well-

recognised in New Zealand also. During El Niño events, the weakened trade winds cause New 

Zealand to experience a stronger than normal south-westerly airflow. This generally brings lower 

seasonal temperatures to the country and drier than normal conditions to the north and east of New 

Zealand. 

During La Niña conditions, the strengthened trade winds cause New Zealand to experience more 

north-easterly airflow than normal, higher temperatures, and wetter conditions in the north and east 

of the North Island. In the South Island higher pressures are often dominant, which can cause 
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drought conditions there. Therefore, drought conditions can persist in either El Niño or La Niña 

phases in the South Island. Figure 3-20 shows average summer rainfall anomalies in New Zealand 

associated with El Niño and La Niña conditions. However, individual ENSO events may have 

significantly different rainfall patterns to those pictured. 

 

Figure 3-20: Average summer percentage of normal rainfall during El Niño (left) and La Niña (right). El Niño 
composite uses the following summers: 1963/64, 1965/66, 1968/69, 1969/70, 1972/73, 1976/77, 1977/78, 
1982/83, 1986/87, 1987/88, 1991/92, 1994/95, 1997/98, 2002/03. La Niña composite uses the following 
summers: 1964/65, 1970/71, 1973/74, 1975/76, 1983/84, 1984/85, 1988/89, 1995/96, 1998/99, 1999/2000, 
2000/01. This figure was last updated in 2005 and will be updated for the GWRC climate drivers project in 
2018. © NIWA. 

From Figure 3-20 it is evident that on average summer rainfall for the Wairarapa and around 

Wellington City is near or below normal during El Niño periods and near or above normal during La 

Niña periods. The Kapiti Coast and the ranges receive near or above normal rainfall during El Niño 

periods and near or below normal rainfall during La Niña periods.  

According to the IPCC Assessment Report from Working Group I (IPCC, 2013), precipitation variability 

relating to ENSO will likely intensify due to increased moisture availability in the atmosphere. There is 

high confidence that ENSO will remain the dominant mode of natural climate variability in the 21st 

century. However, variations in the amplitude and spatial pattern of ENSO are large and therefore 

any specific projected changes in ENSO remain uncertain at this stage. 

3.3.2 The effect of the Interdecadal Pacific Oscillation 

The Interdecadal Pacific Oscillation, or IPO, is a large-scale, long period oscillation that influences 

climate variability over the Pacific Basin including New Zealand (Salinger et al., 2001). The IPO 

operates at a multi-decadal scale, with phases lasting around 20 to 30 years (Figure 3-21). During the 

positive phase of the IPO, sea surface temperatures around New Zealand tend to be lower, and 

westerly winds stronger, with the opposite occurring in the negative phase. 
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Figure 3-21: The Interdecadal Pacific Oscillation (IPO) index. Positive values indicate periods when stronger-
than-normal westerlies occur over New Zealand, with more anticyclones than usual over northern New 
Zealand. Negative values indicate periods with more northeasterlies than normal over northern regions of the 
country. Vertical axis is the IPO index, and horizontal axis is the year. The IPO index used in this report is 
calculated as the 2nd Principal Component (PC) of time-filtered (low-pass filter, keeping only low frequency 
oscillations over 11 years) monthly sea surface temperature anomalies in the Pacific domain (50°S- 50°N, 
120°E- 295°E) over the January 1920 ς February 2017 period. The Dataset used is the Extended Reconstructed 
SST (ERSST) Dataset (Version 4) developed by the US National Oceanic and Atmospheric Administration (NOAA) 
and made available by the US National Climate Data Centre (NCDC). 

 

bŜǿ ½ŜŀƭŀƴŘΩǎ ŎƭƛƳŀǘŜ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜ ƭƻƴƎ-term IPO cycle. The increase in New 

Zealand-wide temperatures around 1950 occurred shortly after the change from positive to negative 

phase of the IPO. In addition, the switch from negative to positive IPO phase in 1977-78 coincided 

with significant rainfall changes (Ministry for the Environment, 2008a). 
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Figure 3-22: Percentage change in average annual rainfall, for the 1978-1998 period compared to the 1960-
1977 period. (Note: From 1978-98 the IPO was in its positive phase, compared to the previous 18 years when 
the IPO was negative. Any local rainfall response due to global warming would also be contained within this 
pattern of rainfall trends). ©NIWA. 

As suggested by Figure 3-22, periods of positive IPO (which generally coincide with increased El Niño 

activity) tend to be drier, on average, for the eastern parts of the Wellington Region (as well as 

Wellington City) and wetter for western parts of the region and the ranges. The IPO has recently 

switched to the positive phase.  

During the period 1950-2004, a trend to increases in mean and extreme 1-day rainfall was generally 

observed in the west of both the North Island and South Island2 (Griffiths, 2006). These results 

suggest a trend to increased westerly circulation across New Zealand between 1950 and 2004. This 

trend is consistent with enhanced warming since 1950 (as predicted by climate change modelling); 

the stronger IPO westerly phase since 1977; the increased frequency of El Niño events since 1977; or 

a mixture of all these considerations. 

3.3.3 The effect of the Southern Annular Mode 

The Southern Annular Mode (SAM) is a ring of climatic variability that encircles the South Pole and 

ŜȄǘŜƴŘǎ ƻǳǘ ǘƻ ǘƘŜ ƭŀǘƛǘǳŘŜǎ ƻŦ bŜǿ ½ŜŀƭŀƴŘΣ ǿƘƛŎƘ ŀŦŦŜŎǘǎ bŜǿ ½ŜŀƭŀƴŘΩǎ ŎƭƛƳŀǘŜ ƛƴ ǘŜǊms of 

westerly wind strength and storm occurrence (Renwick and Thompson, 2006). In its positive phase, 

the SAM is associated with relatively light winds and more settled weather over New Zealand, with 

stronger westerly winds further south towards Antarctica. In the Wellington Region, the positive 

SAM phase is associated with higher than normal daily maximum temperatures in central and 

western parts. In contrast, the negative phase of the SAM is associated with unsettled weather and 

stronger westerly winds over New Zealand, whereas wind and storms decrease towards Antarctica. 

In the Wellington Region, lower than normal daily maximum temperatures are observed for central 

and western parts during the negative phase. 

                                                           
2 The opposite behaviour ς i.e. a trend to decreases in mean and extreme rainfall ς was observed in the east of the North and South 
Islands. 
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In contrast to the longer-lived oscillations of ENSO and the IPO, each phase of the SAM may only last 

for a few weeks before switching to the opposite phase. The phase and strength of the SAM is 

influenced by the size of the ozone hole, with the past increase in ozone depleting substances giving 

rise to a positive trend in the phase of the SAM (Thompson et al., 2011). However, with the recovery 

of the ozone hole and reduction of ozone-depleting substances projected into the future, the trend 

of summertime SAM phases is expected to become more negative and stabilise slightly above zero 

(i.e., it is expected that there will be slightly more positive SAM phases than negative phases. Note 

that the phases of the SAM are defined relative to the historical climate). However, increasing 

concentration of greenhouse gases in the atmosphere will have the opposite effect, of an increasing 

positive trend in summer and winter SAM phases, i.e. there will be more positive phases than 

negative phases into the future (Figure 3-23). The net result for SAM behaviour, as a consequence of 

both ozone recovery and greenhouse gas increases, is therefore likely to be relatively little change 

from present by 2100. However, other drivers are likely to have an impact on SAM behaviour into the 

future, particularly changes to sea ice around Antarctica as well as changing temperature gradients 

between the equator and the high southern latitudes which could have an impact on zonal (westerly) 

wind strength in the mid-high latitudes. 

 

Figure 3-23: Time series of the Southern Annular Mode from transient experiments forced with time-
varying ozone-depleting substances and greenhouse gases. a. Forcing with ozone-depleting substances; b. 
forcing with greenhouse gases. The SAM index is defined as the leading principal component time series of 
850-hpa Z (i.e. westerly wind flow) anomalies 20-90°S; positive values of the index correspond to anomalously 
low Z (i.e. fewer westerly winds) over the polar cap, and vice versa. Lines denote the 50-year low-pass 
ensemble mean response for summer (DJF, solid black) and winter (JJA, dashed blue). Grey shading denotes +/- 
one standard deviation of the three ensemble members about the ensemble mean. The long-term means of 
the time series are arbitrary and are set to zero for the period 1970-1975. Past forcings are based on 
observational estimates; future forcings are based on predictions. After Thompson et al. (2011). 
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4 tǊƻƧŜŎǘƛƻƴǎ ƻŦ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜǎ ǘƻ нмлл 
The future climate of the Wellington Region will be influenced by a combination of the effects of 

anthropogenic climate change (increasing global concentrations of greenhouse gases, Section 2) plus 

the natural year-to-year and decade-to-ŘŜŎŀŘŜ ǾŀǊƛŀōƛƭƛǘȅ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ άŎƭƛƳŀǘŜ ƴƻƛǎŜέ ŀƴŘ activity 

from phenomena such as El Niño-Southern Oscillation (ENSO), the Interdecadal Pacific Oscillation 

(IPO), and the Southern Annular Mode (SAM) as discussed in Section 3. This section outlines the 

projected changes due to anthropogenic climate change in the Wellington Region, and then returns 

to the issue of natural variability in Section 7. Note that the projected changes use 20-year averages, 

which will not entirely remove effects of natural variability. 

Assessing potential future changes in climate due to anthropogenic activity is difficult because 

climate projections depend on future greenhouse gas concentrations. Those concentrations depend 

on global greenhouse gas emissions that are driven by factors such as economic activity, population 

changes, technological advances and policies for sustainable resource use. In addition, for a specific 

future trajectory of global greenhouse gas emissions, different climate model simulations produced 

somewhat different results for future climate change. 

This has been dealt with by the Intergovernmental Panel on Climate Change through consideration of 

ΨǎŎŜƴŀǊƛƻǎΩ that describe concentrations of greenhouse gases in the atmosphere associated with a 

range of possible economic, political, and social developments during the 21st century, and via 

consideration of results from several different climate models for any given scenario. In the 2013 

IPCC Fifth Assessment Report, the atmospheric greenhouse gas concentration component of these 

scenarios are called Representative Concentrations Pathways (RCPs). 

In Sections 4.1 and 4.2, global climate model outputs based on two RCPs have been downscaled to 

produce future projections of temperature and precipitation for the Wellington Region. The RCPs are 

based on 21st century climate policies, and thus differ from the previous IPCC SRES emissions 

ǎŎŜƴŀǊƛƻǎ ŀƴŘ ǘƘŜƛǊ Ψƴƻ-ŎƭƛƳŀǘŜ ǇƻƭƛŎȅΩ (IPCC, 2013). RCP4.5 is a low-to-mid range emissions scenario, 

which is also referred to ŀ ΨǎǘŀōƛƭƛǎŀǘƛƻƴΩ ǎŎŜƴŀǊƛƻ ǿƘŜǊŜ ǊŀŘƛŀǘƛǾŜ ŦƻǊŎƛƴƎ ǎǘŀōƛƭƛǎŜǎ ōȅ нмллΦ RCP8.5 is 

a scenario with very high greenhouse gas emissions, and radiative forcing continues to increase 

beyond 2100. w/tуΦр ƛǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ǘƘŜ ΨōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭΩ ǎŎŜƴŀǊƛƻΦ Each RCP provides spatially-

resolved data sets of land use change and sector-based emissions of air pollutants, and it specifies 

annual greenhouse gas concentrations and anthropogenic emissions up to 2500 (although this report 

only considers changes to 2100). RCPs are based on a combination of integrated assessment models, 

simple climate models, atmospheric chemistry and global carbon cycle models.  

NIWA has used climate model simulation data from the IPCC Fifth Assessment (IPCC, 2013) to update 

climate change scenarios for New Zealand through both a regional climate model (dynamical) and 

statistical downscaling processes. The dynamical and statistical downscaling processes are described 

in detail in an updated climate guidance manual prepared for the Ministry for the Environment 

(Mullan et al., 2016), but a short explanation is provided below. Dynamical downscaling results are 

presented for all variables, and statistical downscaling results are presented for mean temperature 

and precipitation projections.  

All climate projections start as simulations from global climate models, which have coarse spatial 

resolution of the atmosphere and ocean. Dynamical downscaling utilises a high-resolution climate 

model or weather prediction model to obtain finer scale detail from a coarser global model 



  

48 Climate change and variability - Wellington Region 

 

simulation (5 km resolution in this report, which corresponds to the VCSN3 grid). Statistical 

downscaling uses statistical relationships (or sometimes simple interpolation) to relate the large-

scale climate simulation outputs (which are gridded) to the smaller scale (either regional, catchment 

or local station scale). Several different models are used to simulate future New Zealand climate (six 

for dynamical downscaling and up to 41 for statistical downscaling). The projections from each of 

these models are averaged together, creating an ensemble average (which is displayed in the figures 

in this section). See Glossary for IPCC definition of downscaling. 

Note that in the maps in the following sections there are some pixels around the coast of the 

Wellington Region where no projection data are displayed. Data is downscaled only where low 

resolution cells in the model consist of land coverage and where they overlap high resolution cells. In 

most cases, interpolating over mixed sea and land points creates artificial biases, for example lower 

temperatures. A total of 40 data points are missing from the 5km VCSN grid. In addition, some 

coastal features seen in the downscaled results arise due to coarse 5 km grid resolution. 

                                                           
3 Virtual Climate Station Network, a set of New Zealand climate data based on a 5 km by 5 km grid across the country. Data has been 
ƛƴǘŜǊǇƻƭŀǘŜŘ ŦǊƻƳ ΨǊŜŀƭΩ ŎƭƛƳŀǘŜ ǎǘŀǘƛƻƴ ǊŜŎƻǊŘǎ όTAIT, A., HENDERSON, R., TURNER, R. & ZHENG, X. G. 2006. Thin plate smoothing spline 
interpolation of daily rainfall for New Zealand using a climatological rainfall surface. International Journal of Climatology, 26, 2097-2115.) 
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4.1 Changes to temperature 

The magnitude of the temperature change projections varies with the RCP and also with the climate 

models used. In this report, temperature projections were carried out by dynamical downscaling of 

two RCPs ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ - a stabilisation scenario (RCP4.5) and a high 

emissions scenario (RCP8.5).  

4.1.1 Mean temperature projections 

The seasonal patterns of projected temperature changes over the Wellington Region for 2040 based 

on the RCP4.5 scenario are shown in Figure 4-1. Figure 4-2 shows corresponding patterns for 2090. 

Figure 4-3 shows the seasonal patterns of projected temperature increase for 2040 for the RCP8.5 

scenario, and Figure 4-4 shows the corresponding patterns for 2090. These nominal years represent 

the mid-points of bi-decadal periods: 2040 is the average over 2031-2050, and 2090 the average over 

2081-2100. All maps show changes relative to the baseline climate of 1986-2005 (1995). 
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Figure 4-1: Projected annual and seasonal mean temperature changes at 2040 (2031-2050 average). 
Relative to 1986-2005 average, for the IPCC RCP4.5 scenario, based on the average of six global climate models. 
wŜǎǳƭǘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ŘȅƴŀƳƛŎŀƭ ŘƻǿƴǎŎŀƭŜŘ ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭΦ Resolution of 
projection is 5km x 5km. ©NIWA. 
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Figure 4-2: Projected annual and seasonal mean temperature changes at 2090 (2081-2100 average). 
Relative to 1986-2005 average, for the IPCC RCP4.5 scenario, based on the average of six global climate models. 
wŜǎǳƭǘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ŘȅƴŀƳƛŎŀƭ ŘƻǿƴǎŎŀƭŜŘ ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭΦ Resolution of 
projection is 5km x 5km. ©NIWA. 
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Figure 4-3: Projected annual and seasonal mean temperature changes at 2040 (2031-2050 average). 
Relative to 1986-2005 average, for the IPCC RCP8.5 scenario, based on the average of six global climate models. 
wŜǎǳƭǘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ŘȅƴŀƳƛŎŀƭ ŘƻǿƴǎŎŀƭŜŘ ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭΦ Resolution of 
projection is 5km x 5km. ©NIWA. 
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Figure 4-4: Projected annual and seasonal mean temperature changes at 2090 (2081-2100 average). 
Relative to 1986-2005 average, for the IPCC RCP8.5 scenario, based on the average of six global climate models. 
wŜǎǳƭǘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ŘȅƴŀƳƛŎŀƭ ŘƻǿƴǎŎŀƭŜŘ ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀl Climate Model. Resolution of 
projection is 5km x 5km. ©NIWA. 
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As shown by Figure 4-1, projected future warming in the Wellington Region at 2040 under the RCP4.5 

scenario is more pronounced for inland and eastern areas, when the average result from six 

downscaled climate models is considered. Most warming is between 0.50-1.00ɕ/ ǳƴŘŜǊ ǘƘƛǎ ǎŎŜƴŀǊƛƻΦ 

Around and to the east of MastertonΣ ǿŀǊƳƛƴƎ ƻŦ ǳǇ ǘƻ мΦнрɕ/ ƛǎ ƻōǎŜǊǾŜŘ ƛƴ autumn. Figure 4-2 

shows mean seasonal temperature change under RCP4.5 at 2090. A similar pattern is shown to 

Figure 4-1, but the magnitude of warming is larger. The season with the largest change is autumn, 

with a large area around Masterton projected to experience increases of up to 1.75°C. 

Figure 4-3 shows projected warming for the Wellington Region under RCP8.5 at 2040 ς warming of 

ҔлΦрɕ/ ƛǎ ƻōǎŜǊǾŜŘ ŜǾŜǊȅǿƘŜǊŜΣ ŀƴŘ most of the region inland from the coastal margins is projected 

to warm by up to 1.25°C in autumn. By 2090 under RCP8.5 (Figure 4-4), significant warming is 

observed over the entire Wellington Region, with spring observing the least amount of warming and 

autumn observing the most. The area around and to the north and east of Masterton is projected to 

experience increases by more than 3.25°C in autumn. At the annual scale, minimum warming of 

2.25°C is projected for the region. 

Model agreement is very good for mean temperature projections as all models project an increase 

under both RCPs at both time periods. 

Some models indicate less warming while others show a faster rate of warming (IPCC, 2013). The full 

range of model-projected warming for the Wellington Region as a whole based on statistical 

downscaling methods, is given in Table 4-1, while Table 4-2 shows the results from dynamical 

downscaling methods (the maps in this report present dynamical downscaled projections). The 

temperature ranges are relative to the baseline period 1986-2005 (1995; as used by IPCC). Hence the 

projected changes at 2040 and 2090 should be thought of as 45-year and 95-year projected trends. 

The seasonal and annual ensemble average projection (the number outside the brackets) in Table 4-1 

is the temperature increase averaged over all 23 models for RCP2.6, 37 models for RCP4.5, 18 models 

for RCP6.0, and 41 models for RCP8.5 analysed by NIWA. The bracketed numbers give the range (5th 

and 95th percentile) for each RCP for each season and the annual projection. For Table 4-2, the 

ensemble average projection is given outside the brackets (six models) and the bracketed numbers 

give the range (minimum and maximum) for each RCP for each season and the annual projection. 

Table 4-1: Projected changes in seasonal and annual mean temperature (in °C) for the Wellington Region 
for 2031-2050 (2040) and 2081-2100 (2090), as derived from statistical downscaling.Changes are relative to 
the baseline period, 1986-2005 (1995). The changes are given for all four RCPs (2.6, 4.5, 6.0, 8.5), where the 
ensemble-average is taken over (23, 37, 18, 41) models, respectively. The first number is the ensemble 
average, with the bracketed numbers giving the range (5th and 95th percentile). This table is based on statistical 
downscaled projections. After Mullan et al. (2016).  

Period RCP Summer Autumn Winter Spring Annual 

2040 

RCP8.5 1.1 (0.5, 1.7) 1.1 (0.7, 1.5) 1.2 (0.7, 1.6) 0.9 (0.4, 1.3) 1.1 (0.6, 1.6) 

RCP6.0 0.8 (0.3, 1.4) 0.9 (0.2, 1.2) 0.8 (0.3, 1.3) 0.7 (0.2, 1.1) 0.8 (0.3, 1.2) 

RCP4.5 0.9 (0.4, 1.4) 0.9 (0.4, 1.4) 1.0 (0.6, 1.3) 0.8 (0.4, 1.1) 0.9 (0.5, 1.2) 

RCP2.6 0.7 (0.2, 1.2) 0.8 (0.3, 1.2) 0.7 (0.3, 1.1) 0.7 (0.3, 1.0) 0.7 (0.3, 1.1) 

2090 

RCP8.5 3.1 (2.2, 4.7) 3.1 (2.2, 4.4) 3.2 (2.4, 4.2) 2.7 (1.9, 3.6) 3.0 (2.2, 4.3) 

RCP6.0 1.9 (1.0, 3.6) 1.9 (1.0, 3.1) 1.9 (1.2, 2.9) 1.6 (1.0, 2.4) 1.8 (1.1, 2.8) 

RCP4.5 1.4 (0.7, 2.6) 1.5 (0.8, 2.2) 1.5 (0.9, 2.1) 1.3 (0.7, 1.9) 1.4 (0.9, 2.1) 

RCP2.6 0.7 (0.2, 1.4) 0.7 (0.1, 1.5) 0.7 (0.3, 1.3) 0.6 (0.2, 1.2) 0.7 (0.3, 1.3) 
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By 2040 (the central year of the 2031-2050 interval, relative to 1986-2005), annual average 

temperatures are projected to increase by between about 0.7°C (RCP2.6) and 1.1°C (RCP8.5). 

Summer, autumn and winter have similar projections for warming across the regions, and the least 

warming is projected for spring. By 2090 (2081-2100, relative to 1986-2005), annual average 

temperatures are projected to increase by between 0.7°C (RCP2.6) and 3.0°C (RCP8.5). Similar to 

2040, summer, autumn and winter have similar projections for warming, and the least warming is 

projected for spring. Note that the mitigation scenario (RCP2.6) temperature change for 2090 is less 

than or the same as the change for 2040 for some seasons in all regions, whereas all other emissions 

scenarios show increased warming at 2090 relative to 2040.  

Although there is considerable variability between the ensemble members for each RCP (the 

numbers inside the brackets show the 5th and 95th percentiles), the direction of change in mean 

annual and seasonal temperature is positive for all RCPs. 

Table 4-2: Projected changes in seasonal and annual mean temperature (in °C) for the Wellington Region 
for 2031-2050 (2040) and 2081-2100 (2090), as derived from dynamical downscaling. Changes are relative to 
the baseline period, 1986-2005. The changes are given for all four RCPs (2.6, 4.5, 6.0, 8.5), where the ensemble-
average is taken over six models. The first number is the ensemble average, with the bracketed numbers giving 
the range (minimum and maximum). This table is based on dynamical downscaled projections.  

Period RCP Summer Autumn Winter Spring Annual 

2040 

RCP8.5 0.9 (0.5, 1.3) 1.0 (0.8, 1.4) 0.8 (0.6, 1.1) 0.8 (0.5, 1.1) 0.9 (0.6, 1.2) 

RCP6.0 0.7 (0.5, 1.0) 0.9 (0.6, 1,1) 0.7 (0.5, 0.9) 0.6 (0.4, 0.7) 0.7 (0.5, 0.9) 

RCP4.5 0.8 (0.3, 1.1) 0.9 (0.5, 1.2) 0.7 (0.5, 0.9) 0.7 (0.4, 0.9) 0.8 (0.5, 1.0) 

RCP2.6 0.7 (0.3, 1.1) 0.6 (0.3, 0.8) 0.6 (0.3, 0.9) 0.5 (0.3, 0.8) 0.6 (0.4, 0.9) 

2090 

RCP8.5 2.8 (1.9, 3.5) 3.0 (2.2, 3.8) 2.5 (1.9, 3.0) 2.4 (1.9, 2.9) 2.7 (2.0, 3.2) 

RCP6.0 1.7 (1.1, 2.4) 1.9 (1.2, 2.4) 1.6 (1.1, 2.0) 1.6 (1.2, 2.0) 1.7 (1.2, 2.2) 

RCP4.5 1.3 (0.6, 2.0) 1.4 (0.9, 1.9) 1.1 (0.8, 1.6) 1.2 (0.7, 1.6) 1.2 (0.7, 1.7) 

RCP2.6 0.6 (0.1, 1.0) 0.7 (0.3, 1.2) 0.6 (0.2, 1.0) 0.5 (0.3, 0.8) 0.6 (0.2, 1.0) 

 

The dynamical downscaled mean temperature projections in Table 4-2 are consistent with the 

statistical downscaled projections in Table 4-1, in that warming is projected everywhere, and the 

results for each RCP and each time period, season, and annual scale are similar. 

4.1.2 Maximum and minimum temperature projections 

Projected changes in daytime maximum (Tmax), nighttime minimum (Tmin) and diurnal temperature 

range (Trange, the difference between Tmax and Tmin) are presented in this section. These variables 

are available from the Regional Climate Model dynamical downscaling.  

The ensemble of regional climate model temperature projections is based on the six best performing 

models for the New Zealand region (Mullan et al., 2016). The temperature trends are positive over 

the whole Wellington Region for both RCP 4.5 and RCP 8.5, but are neither spatially homogeneous 

nor of equal magnitude. The minimum, maximum and the diurnal range of temperature changes are 

documented for all seasons and two future periods in Figure 4-5 to Figure 4-16. 

The positive maximum temperature trends (Tmax) (Figure 4-5 to Figure 4-8) are larger than minimum 

temperature trends (Tmin) (Figure 4-9 to Figure 4-12), resulting in an increase in the diurnal 

temperature range (Trange) (Figure 4-13 to Figure 4-16). Tmax is projected to increase by more than 

3.25°C for most of the Wellington Region under RCP8.5 at 2090 for all seasons and the annual 
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average, but the extent of Tmax increase is less for spring (less than 3.25°C). Tmin is projected to 

increase by around 2.00-2.25°C for most of the region in spring, summer, and for the year as a whole 

at 2090 for RCP8.5, but more (around 2.75°C) in autumn and less (around 1.75-2.00°C) in winter.  

The Trange increase is largest in the summer and winter seasons over eastern parts of the Wellington 

Region, with eastern parts of the region expected to experience approximately 1.50°C increase in 

Trange for the year as whole by 2090 under RCP8.5Φ Lƴ ƎŜƴŜǊŀƭ ŦƻǊ bL²!Ωǎ т-station series (including 

two sites in Wellington Region at Masterton and Kelburn), the historical warming rates have been 

higher for the minimum than the maximum temperatures at all but one site (Nelson) (i.e., Trange has 

been decreasing over time). 

Model agreement is good for maximum and minimum temperature projections, as well as 

temperature range, as all models project an increase under both RCPs at both time periods. 
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Figure 4-5: Projected annual and seasonal daily mean maximum temperature changes at 2040 (2031-2050 
average). Relative to 1986-2005 average, for the IPCC RCP4.5 scenario, based on the average of six global 
climate models. Results are based on dynamical downscaled projections ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ. 
Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-6: Projected annual and seasonal daily mean maximum temperature changes at 2090 (2081-2100 
average). Relative to 1986-2005 average, for the IPCC RCP4.5 scenario, based on the average of six global 
climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ. 
Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-7: Projected annual and seasonal daily mean maximum temperature changes at 2040 (2031-2050 
average). Relative to 1986-2005 average, for the IPCC RCP8.5 scenario, based on the average of six global 
climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ. 
Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-8: Projected annual and seasonal daily mean maximum temperature changes at 2090 (2081-2100 
average). Relative to 1986-2005 average, for the IPCC RCP8.5 scenario, based on the average of six global 
climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ. 
Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-9: Projected annual and seasonal daily mean minimum temperature changes at 2040 (2031-2050 
average). Relative to 1986-2005 average, for the IPCC RCP4.5 scenario, based on the average of six global 
climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛmate Model. 
Resolution of projection is 5km x 5km. ©NIWA. 



  

62 Climate change and variability - Wellington Region 

 

 

Figure 4-10: Projected annual and seasonal daily mean minimum temperature changes at 2090 (2081-2100 
average). Relative to 1986-2005 average, for the IPCC RCP4.5 scenario, based on the average of six global 
climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ. 
Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-11: Projected annual and seasonal daily mean minimum temperature changes at 2040 (2031-2050 
average). Relative to 1986-2005 average, for the IPCC RCP8.5 scenario, based on the average of six global 
climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ. 
Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-12: Projected annual and seasonal daily mean minimum temperature changes at 2090 (2081-2100 
average). Relative to 1986-2005 average, for the IPCC RCP8.5 scenario, based on the average of six global 
climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀl Climate Model. 
Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-13: Projected annual and seasonal diurnal temperature range (Tmax minus Tmin) changes at 2040 
(2031-2050 average). Relative to 1986-2005 average, for the IPCC RCP4.5 scenario, based on the average of six 
global climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ 
Model. Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-14: Projected annual and seasonal diurnal temperature range (Tmax minus Tmin) changes at 2090 
(2081-2100 average). Relative to 1986-2005 average, for the IPCC RCP4.5 scenario, based on the average of six 
global climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ 
Model. Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-15: Projected annual and seasonal diurnal temperature range (Tmax minus Tmin) changes at 2040 
(2031-2050 average). Relative to 1986-2005 average, for the IPCC RCP8.5 scenario, based on the average of six 
global climate models. Results are based on dynamical downscaled projections using NL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ 
Model. Resolution of projection is 5km x 5km. ©NIWA. 
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Figure 4-16: Projected annual and seasonal diurnal temperature range (Tmax minus Tmin) changes at 2090 
(2081-2100 average). Relative to 1986-2005 average, for the IPCC RCP8.5 scenario, based on the average of six 
global climate models. Results are based on dynamical downscaled ǇǊƻƧŜŎǘƛƻƴǎ ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ 
Model. Resolution of projection is 5km x 5km. ©NIWA. 
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4.1.3 Growing degree day projections 

As discussed in Section 3.2.5, the calculation of growing degree days is useful to primary industry in 

terms of monitoring plant growth and planning harvests. Projections for growing degree days using 

base 10°C are presented in Figure 4-17. The future number of growing degree days has been 

calculated from dynamically downscaled daily temperature ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aodel.  

 

Figure 4-17: Projected increase in number of growing degree days per year (base 10°C) at 2040 & 2090 for 
RCP4.5 (left panels) and RCP8.5 (right panels), for the Wellington Region. Projected change in growing degree 
days is relative to 1995. Results are based on projections ǳǎƛƴƎ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ, based on the 
average of six global climate models. Resolution of projection is 5km x 5km. © NIWA. 

By 2040, projections of growing degree days under both RCP4.5 and RCP8.5 (Figure 4-17) show the 

same pattern ς an increase of up to 300 GDD across the region, with smaller increases in GDD 

projected for high elevation areas. By 2090, RCP4.5 shows an increase in GDD of 300-400 GDD in all 

areas except high elevations, where an increase of 200-300 GDD is expected. RCP8.5 shows an 

increase of 700-800 GDD for much of the western part of the Wellington Region, and 800-900 GDD 

for the eastern part of the region. Increases of 500-700 GDD are projected for higher elevations. 

Model agreement is good for growing degree day projections as all models project an increase under 

both RCPs at both time periods. 

4.1.4 Hot day and frost projections 

As the seasonal mean temperature increases over time, we also expect to see changes in 

temperature extremes. In general, an increase in high temperature extremes, and a decrease in low 

temperature extremes is expected. Natural variability, of course, will continue to influence the 






















































































































































































































































