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Executive summary 
¢ƘŜ .ŀȅ ƻŦ tƭŜƴǘȅΩǎ ŎƭƛƳŀǘŜ ƛǎ ŎƘŀƴƎƛƴƎΣ ŀƴŘ ǘƘŜǎŜ ŎƘŀƴƎŜǎ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ŦƻǊ ǘƘŜ ŦƻǊŜǎŜŜŀōƭŜ ŦǳǘǳǊŜΦ Lǘ 

is internationally accepted that human greenhouse gas emissions are the dominant cause of recent 

global climate change, and that further changes will result from increasing amounts of greenhouse 

gases in the atmosphere. The rate of future climate change depends on how fast greenhouse gases 

increase.  

Bay of Plenty Regional Council commissioned NIWA to analyse projected climate changes for the Bay 

of Plentȅ wŜƎƛƻƴ ŀƴŘ ǇƻǘŜƴǘƛŀƭ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƻƴ ǎƻƳŜ ƻŦ .ŀȅ ƻŦ tƭŜƴǘȅΩǎ ŜƴǾƛǊƻƴƳŜƴǘǎ 

and sectors. This report addresses expected changes for 24 different climate variables out to 2100 

and draws heavily on climate model simulations from the Intergovernmental Panel on Climate 

Change (IPCC) Fifth Assessment Report. The following bullet points outline some key findings of this 

report: 

Á The projected Bay of Plenty temperature changes increase with time and emission 

scenario. Future annual average warming spans a wide range: 0.5-1.0°C by 2040, and 

1.0-3.5°C by 2090. Diurnal temperature range (i.e., difference between minimum and 

maximum temperature of a given day) is expected to increase with time and emission 

scenarios. 

Á The average number of hot days (days >25°C) and extreme hot days (days >30°C) is 

expected to increase with time and scenario, with the largest increases in the central 

part of the region and the least in the eastern hill country. The area between Maketu, 

²ƘŀƪŀǘņƴŜΣ ŀƴŘ aǳǊǳǇŀǊŀ Ƴŀȅ ƻōǎŜǊǾŜ нл-25 more hot days per year by 2040 (both 

scenarios) and 70-80 more hot days per year by 2090 (RCP8.5). Extreme hot days for 

this area may increase by 1-2 days per year by 2040 (both scenarios), and 10-14 more 

days per year by 2090 (RCP8.5). 

Á Projected changes in rainfall show variability across the Bay of Plenty region. By 2040 

under both scenarios, annual rainfall is not expected to change much, but the 

seasonality of rainfall is expected to change with spring and summer generally 

becoming drier and winter and autumn becoming wetter than the historic period. By 

2090, annual rainfall totals are projected to decline under both scenarios. Similar to 

2040, summer and spring rainfall is projected to decline, and winter and autumn 

rainfall is projected to increase.  

Á Extreme, rare rainfall events are projected to become more severe in the future. Short 

duration rainfall events have the largest relative increases compared with longer 

duration rainfall events. The depth currently projected for a 1-in-100-year rainfall 

event (e.g. 248 mm in Tauranga) is projected to become a 1-in-34-year event by 2090 

under RCP8.5, i.e. a rainfall event of this magnitude may occur three times as often 

under this scenario. 

Á Drought potential is projected to increase across the Bay of Plenty, with increasing 

accumulated Potential Evapotranspiration Deficit totals with time and increasing 

greenhouse gas concentrations. The coastal areas around Tauranga and Te Puke are 

expected to observe the largest increases in PED, and the hill country areas of the 

Urewera and Raukumara Ranges the smallest increases in PED.  
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Á There is good evidence that storms originating from the sub-tropics in the summer 

that impact on the Bay of Plenty have more intense circulation that is likely to lead to 

stronger winds, greater storm surge and higher rainfall accumulations. Evidence for 

such changes in other seasons is less clear. However, there is also good evidence that 

heavy rainfall intensity associated with storms increases in all seasons with global 

warming, particularly in winter, likely associated with the increased moisture carrying 

capacity of a warmer atmosphere. 

A changing climate will have impacts on different sectors and environments in the Bay of Plenty.  

Á Sea-level rise information from Ministry for the Environment (2017) is presented, as 

well as sea-level rise projections for the Bay of Plenty, which is rising slightly faster 

than the New Zealand average. Overall, the Bay of Plenty coastline has moderate-high 

sensitivity to erosion and inundation. 

Á Increasing temperatures are likely to result in higher biosecurity risks in the Bay of 

Plenty, through pest incursions (both animal and plant pests). This is because pests 

that cannot survive in the region over winter currently (because it is too cold) may be 

able to survive year-round in the future. This may have implications for the primary 

sector and the natural environment. 

Á It is likely that the region will experience more drought conditions in the future, with 

implications for pasture growth and crops.  

Á Hayward kiwifruit is particularly dependent on winter chilling. As air temperatures in 

the region continue to rise, the potential for years with marginal or poor winter chilling 

conditions steadily increases. This could make kiwifruit production marginal or 

unviable in parts of the Bay of Plenty (this is assuming no use of chemical agents to 

break dormancy). 

Á There may be opportunities for diversification of crop type in the Bay of Plenty, where 

new varieties that are unviable in the current climate may be able to be grown in the 

region in the future.  

Á Exotic forestry (Pinus radiata) is projected to increase in productivity in the future due 

to increasing temperatures and increased CO2. However, increased fire risk may cause 

issues in the forestry industry. 

Á Human health is likely to be impacted by a changing climate, through both direct and 

indirect impacts. Direct impacts include injury from floods, extreme heat, and storms, 

and indirect effects include microbial contamination, mosquito-borne diseases, algal 

blooms, mental health, and air quality. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ 
Climate change is already affecting New Zealand and the Bay of Plenty with downstream effects on 

our natural environment, the economy, and communities. In the coming decades, climate change is 

highly likely to ƛƴŎǊŜŀǎƛƴƎƭȅ ǇƻǎŜ ŎƘŀƭƭŜƴƎŜǎ ǘƻ bŜǿ ½ŜŀƭŀƴŘŜǊǎΩ ǿŀȅ ƻŦ ƭƛŦŜΦ  

Bay of Plenty Regional Council commissioned the National Institute of Water and Atmospheric 

Research (NIWA) to undertake a review of climate change projections and impacts for the Bay of 

Plenty Region (Figure 1-1). This work follows the publication of the Intergovernmental Panel on 

Climate Change (IPCC) Fifth Assessment Report in 2013 and 2014, and the New Zealand climate 

change projections report published by the Ministry for the Environment (updated 2018) (Ministry 

for the Environment, 2018). The contents of this technical report include analysis of climate 

projections for the Bay of Plenty Region in greater detail than the national-scale analysis. Regional-

scale climate projection maps have been provided for 24 different climate variables, and GIS data 

files have been provided to the Council.  

This technical report describes changes which may occur over the 21st century to the climate of the 

Bay of Plenty Region. Consideration about future change incorporates knowledge of both natural 

variations in the climate and changes that may result from increasing global concentrations of 

greenhouse gases that are contributed to by human activities. Climatic variables discussed in this 

report include temperature, rainfall, potential evapotranspiration deficit (a measure of drought 

potential), soil moisture, storminess, wind, solar radiation, and humidity. Projections for sea-level 

rise are also discussed. Commentary on climate change impacts and implications for some of the Bay 

of PlentyΩǎ different environments and sectors are provided, including biosecurity, horticulture, 

agriculture, forestry, and health.  

Some of the information that underpins portions of this report resulted from academic studies based 

on the latest assessments of the Intergovernmental Panel on Climate Change (IPCC, 2013, IPCC, 

2014c, IPCC, 2014a, IPCC, 2014b). Details specific to Bay of Plenty were based on scenarios for New 

Zealand that were generated by NIWA from downscaling of global climate model simulations. This 

effort utilised several IPCC representative concentration pathways for the future and this was 

achieved ǘƘǊƻǳƎƘ bL²!Ωǎ ŎƻǊŜ-funded Regional Modelling Programme. The climate change 

information presented in this report is consistent with recently-updated national-scale climate 

change guidance produced for the Ministry for the Environment (2018), and sea-level rise 

information is consistent with the coastal hazards guidance manual published by Ministry for the 

Environment (2017). 

The remainder of this chapter includes a brief introduction of global and New Zealand climate 

change, based on the IPCC Fifth Assessment Report. It includes an introduction to the climate change 

scenarios used in this report, and the methodology that explains the modelling approach for the 

climate change projections that are presented for Bay of Plenty.  
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Figure 1-1: The Bay of Plenty Region administered by the Bay of Plenty Regional Council.  
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1.1 Global and New Zealand climate change 

 

Key messages 

¶ The global climate system is warming and many of the recently observed climate changes are 

unprecedented. 

¶ Global mean sea level has risen over the past century at a rate of about 1.7 mm/year and has 

very likely accelerated to 3.2 mm/year since 1993. 

¶ Human activities (and associated greenhouse gas emissions) are estimated to have caused 

approximately 1.0°C of global warming above pre-industrial levels. 

¶ Estimated human-induced global warming is currently increasing at 0.2°C per decade due to 

past and ongoing emissions. 

¶ Continued increases in greenhouse gas emissions will cause further warming and impacts on 

all parts of the global climate system. 

 

Warming of the global climate system is unequivocal, and since the 1950s, many of the observed 

climate changes are unprecedented over short and long timescales (decades to millennia) (IPCC, 

2013). 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 in the atmosphere. Climate 

change is already influencing the intensity and frequency of many extreme weather and climate 

events globally. Shifts in average temperatures will result in proportionally large increases in the 

ƻŎŎǳǊǊŜƴŎŜ ƻŦ ŜȄǘǊŜƳŜ ǘŜƳǇŜǊŀǘǳǊŜǎΦ ¢ƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ Ƙŀǎ ǿŀǊƳŜŘ ōȅ лΦурϲ/ ƻƴ ŀǾŜǊŀƎŜ 

over the period 1880-2012. The rate of sea-level rise since the mid-19th century has been larger than 

the mean rate of change during the previous two millennia. Over the period 1901-2010, global mean 

sea level rose by 0.19 m.  

The atmospheric concentrations of carbon dioxide have increased to levels unprecedented in at least 

the last 3 million years (Willeit et al., 2019). Carbon dioxide concentrations have increased by at least 

40% since pre-industrial times, primarily from fossil fuel emissions and secondarily from net land use 

change emissions (IPCC, 2013). In May 2019, the carbon dioxide concentration of the atmosphere 

reached 415 parts per million. The ocean has absorbed about 30% of the emitted anthropogenic 

carbon dioxide, causing ocean acidification. Due to the influence of greenhouse gases on the global 

climate system, it is extremely likely that human influence has been the dominant cause of the 

observed warming since the mid-20th century (IPCC, 2013, IPCC, 2018). 

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 
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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 

atmosphere 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 

ZealandΩǎ mean annual temperature has increased, on average, by 1.00°C (± 0.25°C) per century 

since 1909 (Figure 1-2). 

 

Figure 1-2: New Zealand national temperature series, 1909-2018. More information about the New Zealand 
seven-station temperature series can be found at https://www.niwa.co.nz/our-science/climate/information-
and-resources/nz-temp-record/seven-station-series-temperature-data 

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 hazard 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. 

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 recent New Zealand climate change can be found in Ministry for the 

Environment (2018). 

https://www.niwa.co.nz/our-science/climate/information-and-resources/nz-temp-record/seven-station-series-temperature-data
https://www.niwa.co.nz/our-science/climate/information-and-resources/nz-temp-record/seven-station-series-temperature-data
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1.2 Year to year climate variability and climate change 

 

Key messages 

¶ Natural variability is an important consideration in addition to the underlying climate change 

signal. 

¶ El Niño-Southern Oscillation is the most dominant mode of inter-annual climate variability and 

it impacts New Zealand primarily through changing wind, temperature and rainfall patterns. 

¶ The Interdecadal Pacific Oscillation affects New Zealand through drier conditions in the east 

and wetter conditions in the west during the positive phase the opposite in the negative 

phase. 

¶ The Southern Annular Mode affects New Zealand through higher temperatures and settled 

weather during the positive phase and lower temperatures and unsettled weather during the 

negative phase. 

¶ Natural variability will continue to affect the year-to-year climate of New Zealand into the 

future. 

 

Much of the material in this report focuses on the projected impact on the climate of the Bay of 

Plenty over the coming century due to increases in global anthropogenic greenhouse gas 

concentrations. However, natural variations will also continue to occur. Much of the variation in New 

½ŜŀƭŀƴŘΩǎ ŎƭƛƳŀǘŜ ƛǎ ǊŀƴŘƻƳ ŀƴŘ ƭŀǎǘǎ ŦƻǊ ƻƴƭȅ ŀ ǎƘƻǊǘ ǇŜǊƛƻŘΣ ōǳǘ ƭƻƴƎŜǊ ǘŜǊƳΣ ǉǳŀǎƛ-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, 2008). Those involved in (or planning for) 

climate-sensitive activities in the Bay of Plenty Region will need to cope with the sum of both 

anthropogenic change and natural variability. 

1.2.1 The effect of El Niño and La Niña 

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, 2008). ENSO involves a movement of 

warm ocean water from one side of the equatorial Pacific to the other, changing atmospheric 

circulation patterns in the tropics and subtropics, with corresponding shifts for rainfall across the 

Pacific.  

During El Niño, easterly trade winds ǿŜŀƪŜƴ ŀƴŘ ǿŀǊƳ ǿŀǘŜǊ ΨǎǇƛƭƭǎΩ ŜŀǎǘǿŀǊŘ ŀŎǊƻǎǎ ǘƘŜ ŜǉǳŀǘƻǊƛŀƭ 

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

opposite effects and is typified by an intensification of easterly trade winds, retention of warm ocean 

waters over the western Pacific. ENSO events occur on average 3 to 7 years apart, typically becoming 

established in April or May and persisting for about a year thereafter.  

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, including the Bay of Plenty 

(Salinger and Mullan, 1999) (Figure 1-3). During La Niña conditions, the strengthened trade winds 

cause New Zealand to experience more north-easterly airflow than normal, higher-than-normal 
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temperatures (especially during summer), and wetter conditions in the north and east of the North 

Island, including the Bay of Plenty (Figure 1-3). 

  

Figure 1-3: 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. © NIWA. 

According to IPCC (2013), ENSO is highly likely to remain the dominant mode of natural climate 

variability in the 21st century, and that rainfall variability relating to ENSO is likely to increase. 

However, there is uncertainty about future changes to the amplitude and spatial pattern of ENSO.  

1.2.2 The effect of the Interdecadal Pacific Oscillation 

The Interdecadal Pacific Oscillation (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. During the positive 

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

winds stronger, resulting in drier conditions for eastern areas of both North and South Islands 

(including the Bay of Plenty). The opposite occurs in the negative phase. The IPO can modify New 

½ŜŀƭŀƴŘΩǎ ŎƻƴƴŜŎǘƛƻƴ ǘƻ 9b{hΣ ŀƴŘ ƛǘ ŀƭǎƻ ǇƻǎƛǘƛǾŜƭȅ ǊŜƛƴŦƻǊŎŜǎ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ 9ƭ bƛƷƻ όŘǳǊing IPO+ 

phases) and La Niña (during IPO- phases).  

1.2.3 The effect of the Southern Annular Mode 

The Southern Annular Mode (SAM) represents the variability of circumpolar atmospheric jets that 

encircle the Southern Hemisphere that extend out to the latitudes of New Zealand. The SAM is often 

ŎƻǳǇƭŜŘ ǿƛǘƘ 9b{hΣ ŀƴŘ ōƻǘƘ ǇƘŜƴƻƳŜƴŀ ŀŦŦŜŎǘ bŜǿ ½ŜŀƭŀƴŘΩǎ ŎƭƛƳŀǘŜ ƛƴ ǘŜǊƳǎ ƻŦ ǿŜǎǘŜǊƭȅ ǿƛƴŘ 

strength and storm occurrence (Renwick and Thompson, 2006). In its positive phase, the SAM is 
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associated with relatively light winds and more settled weather over New Zealand, with stronger 

westerly winds further south towards Antarctica. 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.  

The phase and strength of the SAM is influenced by the size of the ozone hole, giving rise to positive 

trends in the past during spring and summer. In the future other drivers are likely to have an impact 

on SAM behaviour, for example changing temperature gradients between the equator and the high 

southern latitudes would have an impact on westerly wind strength in the mid-high latitudes. 

1.2.4 The influence of natural variability on climate change projections 

It is important to consider human-induced climate change in the context of natural climate 

variability. An example of this for temperature is shown in Figure 1-4. The solid black line on the left-

hand side represents the observed annual average temperature for New Zealand1, and the dashed 

black line represents the 1909-2014 trend of 0.92 °C/century extrapolated to 2100. All the other line 

plots and shading refer to the modelled air temperature averaged over the New Zealand region. 

Post-2014, the two line plots show the annual temperature changes for the New Zealand region 

under RCP8.5 (orange) and RCP2.6 (blue); a single model is selected to illustrate the inter-annual 

variability. The shading shows the range across all IPCC AR5 models for both historical and future 

periods. 

Over the 1900-2014 historical period, the New Zealand observed temperature curve lies within the 

simulations of all models (purple shading). For the future 2015-2100 period, the RCP2.6 models (blue 

shading) show very little warming trend after about 2030, whereas the RCP8.5 models (orange 

shading) ΨǘŀƪŜ ƻŦŦΩ ǘƻ ōŜ ŀƴȅǿƘŜǊŜ ōŜǘǿŜŜƴ Ҍнϲ/ ŀƴŘ Ҍрϲ/ ōȅ нмллΦ  

Figure 1-4 should not be interpreted as a set of specific predictions for individual years. However, it 

illustrates that although we expect a long term overall upward trend in temperatures (at least for 

RCP8.5), there will still be some relatively cool years. For this particular example, a year which is 

ǳƴǳǎǳŀƭƭȅ ǿŀǊƳ ǳƴŘŜǊ ƻǳǊ ǇǊŜǎŜƴǘ ŎƭƛƳŀǘŜ ŎƻǳƭŘ ōŜŎƻƳŜ ǘƘŜ ƴƻǊƳ ōȅ ŀōƻǳǘ нлрлΣ ŀƴŘ ŀƴ άǳƴǳǎǳŀƭƭȅ 

ǿŀǊƳέ ȅŜŀǊ ƛƴ ол-рл ȅŜŀǊǎΩ ǘƛƳŜ όǳƴŘŜǊ ǘƘŜ ƘƛƎƘŜǊ ŜƳƛǎǎƛƻƴ ǎŎŜƴarios) is likely to be warmer than 

anything we currently experience.  

                                                           
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 1-4: New Zealand Temperature - historical record and an illustrative schematic projection 
illustrating future year-to-year variability.  (See text for full explanation). From Ministry for the 
Environment (2018). 

For rainfall, multi-decadal variability associated with the IPO can enhance or counter the impacts of 

anthropogenic climate change. This influence may generate either slightly above normal or below 

normal rainfall for parts of New Zealand during summer. For the historic period, IPO-negative 

conditions coupled with more frequent La Niña episodes could increase rainfall during spring and 

summer, essentially in the opposite direction as expected from anthropogenic factors (i.e. a potential 

reduction in spring and summer rainfall). A subsequent further reversal of the IPO in 10-20 ȅŜŀǊǎΩ 

time could have the opposite effect, enhancing part of the anthropogenic (drying) trend in rainfall for 

a few decades. The message from the section is not that anthropogenic trends in climate can be 

ignored because of natural variability. In the projections, we have discussed these anthropogenic 

trends because they become the dominant factor locally as the century progresses. Nevertheless, we 

need to bear in mind that at some times natural variability will be adding to the human-induced 

trends, while at others it may be offsetting part of the anthropogenic effect. 
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1.3 Representative Concentration Pathways 

 

Key messages 

¶ Future climate change projections are considered under four emission scenarios, called 

Representative Concentration Pathways (RCPs) by the IPCC. 

¶ The four RCPs project different climate futures based on future greenhouse gas 

concentrations, determined by economic, political and social developments during the 21st 

century. 

¶ RCP2.6 is a mitigation scenario requiring significant reduction in greenhouse gas emissions, 

RCP4.5 and RCP6.0 are mid-range scenarios where greenhouse gas concentrations stabilise by 

нмллΣ ŀƴŘ w/tуΦр ƛǎ ŀ ΨōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭΩ ǎŎŜƴŀǊƛƻ ǿƛǘƘ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ŎƻƴǘƛƴǳƛƴƎ 

at current rates.  

¶ Projections for the future climate in the Bay of Plenty are presented for RCP4.5 and RCP8.5 in 

this report. 

 

Assessing possible changes for our future climate due to human activity is difficult because climate 

projections depend strongly on estimates for 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 range of uncertainty has been dealt with by the IPCC ǘƘǊƻǳƎƘ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ΨǎŎŜƴŀǊƛƻǎΩ ǘƘŀǘ 

describe concentrations of greenhouse gases in the atmosphere. The wide range of scenarios are 

associated with 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 components of these 

scenarios are called Representative Concentrations Pathways (RCPs). These are abbreviated as 

RCP2.6, RCP4.5, RP6.0, and RCP8.5, in order of increasing radiative forcing by greenhouse gases (i.e. 

the change in energy in the atmosphere due to greenhouse gas emissions). RCP2.6 leads to low 

anthropogenic greenhouse gas concentrations (requiring removal of CO2 from the atmosphere, also 

ŎŀƭƭŜŘ ǘƘŜ ΨƳƛǘƛƎŀǘƛƻƴΩ ǎŎŜƴŀǊƛƻύΣ w/tпΦр ŀƴŘ w/tсΦл ŀǊŜ ǘǿƻ ΨǎǘŀōƛƭƛǎŀǘƛƻƴΩ ǎŎŜƴŀǊƛƻǎ όǿƘŜǊŜ 

greenhouse gas concentrations and therefore radiative forcing stabilises by 2100) and RCP8.5 has 

ǾŜǊȅ ƘƛƎƘ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ όǘƘŜ ΨōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭΩ ǎŎŜƴŀǊƛƻύΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ RCPs 

represent a range of 21st century climate policies. Table 1-1 shows the projected global mean surface 

air temperature for each RCP. 
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Table 1-1: Projected change in global mean surface air temperature for the mid- and late- 21st century 
relative to the reference period of 1986-2005 for different RCPs. After IPCC (2013). 

Scenario 
Alternative 

name 

2046-2065 (mid-century) 2081-2100 (end-century) 

Mean (°C) 
Likely range 

(°C) 
Mean (°C) 

Likely range 

(°C) 

RCP2.6 
Mitigation 

scenario 
1.0 0.4 to 1.6 1.0 0.3 to 1.7 

RCP4.5 
Stabilisation 

scenario 
1.4 0.9 to 2.0 1.8 1.1 to 2.6 

RCP6.0 
Stabilisation 

scenario 
1.3 0.8 to 1.8 2.2 1.4 to 3.1 

RCP8.5 
Business as 

usual scenario 
2.0 1.4 to 2.6 3.7 2.6 to 4.8 

 

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

(relative to 1986-2005) is 0.3 to 4.8°C (Figure 1-5). Warming will continue beyond 2100 under all RCP 

scenarios except RCP2.6. Warming will continue to exhibit inter-annual-to-decadal variability and will 

not be regionally uniform.  

 

Figure 1-5: 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 ǘƻ ǘƘŜ ǊƛƎƘǘ ƻŦ ǘƘŜ ƎǊŀǇƘ όǘƘŜ ƳŜŀƴ 
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. From IPCC (2013). 

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 



  

Climate change projections and impacts for the Bay of Plenty Region  23 

 

frequency and duration. Furthermore, the contrast in rainfall between wet and dry regions and wet 

and dry seasons will increase. Along with increases in global mean temperature, mid-latitude and 

wet tropical regions will experience more intense and more frequent extreme rainfall events by the 

end of the 21st century. The global ocean will continue to warm during the 21st century, influencing 

ocean circulation and sea ice extent. 

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

century and beyond. Even if emissions are stopped, the inertia of many global climate changes will 

continue for many centuries to come. This represents a substantial multi-century climate change 

commitment created by past, present, and future emissions of CO2. 

In this report, global climate model outputs based on two RCPs (RCP4.5 and RCP8.5) have been 

downscaled to produce future climate projections for the Bay of Plenty Region. The rationale for 

choosing these two ǎŎŜƴŀǊƛƻǎ ǿŀǎ ǘƻ ǇǊŜǎŜƴǘ ŀ ΨōǳǎƛƴŜǎǎ-as-ǳǎǳŀƭΩ ǎŎŜƴŀǊƛƻ ƛŦ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ 

emissions continue at current rates (RCP8.5) and a scenario which could be realistic if global action is 

taken towards mitigating climate change, for example the Paris climate change agreement (RCP4.5). 

1.4 Climate modelling methodology 

The following bullet Ǉƻƛƴǘǎ ǎǳƳƳŀǊƛǎŜ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ǳǎŜŘ ōȅ bL²! ŦƻǊ ƳƻŘŜƭƭƛƴƎ bŜǿ ½ŜŀƭŀƴŘΩǎ 

future climate. 

¶ Climate model simulation data from the IPCC Fifth Assessment has been used to produce climate 

projections for New Zealand. 

¶ Six climate models were chosen by NIWA for dynamical downscaling. These models were chosen 

because they produced the most accurate results when compared to historical climate and 

circulation patterns in the New Zealand and southwest Pacific region.  

¶ Downscaled climate change projections are at a 5 km x 5 km resolution over New Zealand. 

¶ Climate projection and historic baseline maps and tables present the average of the six 

downscaled models.  

¶ Climate projections are presented as a 20-year average for two future periods: 2031-2050 

όǘŜǊƳŜŘ ΨнлплΩύ ŀƴŘ нлум-нмлл όǘŜǊƳŜŘ ΨнлфлΩύΦ All maps show changes relative to the baseline 

historic climate of 1986-2005 (termed ΨмффрΩύ.  

More details about the methods used in climate change modelling are found in Appendix A. 
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2 /ǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜ ƻŦ ǘƘŜ .ŀȅ ƻŦ tƭŜƴǘȅ wŜƎƛƻƴ 
The topography of the North Island has a profound effect on the weather of the Bay of Plenty 

Region. The sheltering provided by high country on three sides produces a climate that is one of the 

sunniest and least windy in New Zealand. The annual rainfall is quite plentiful compared with some 

eastern parts of the country, although there is considerable rainfall variability. Most of the rainfall in 

the region, and especially heavy rain, occurs when northerly airstreams of tropical origin are forced 

to ascend over the land. Temperatures too are subject to considerable variability. The seas in the Bay 

of Plenty, because of the presence of a warm ocean current and sheltering provided by the North 

Island, are among the calmest and warmest in New Zealand. More information about the historic 

climate of the Bay of Plenty, outside of the information in this report, can be found in Chappell 

(2013). 

The following sections (3-6) present climate change projections for the Bay of Plenty Region. 

3 ¢ŜƳǇŜǊŀǘǳǊŜ 

3.1 Mean temperature 

Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps for 

mean temperature are shown in this section. The historic maps show annual and seasonal mean 

temperature in units of degrees Celsius (°C) and the future projection maps show the change in mean 

temperature compared with the present day, in units of °C. Note that the historic maps are on a 

different colour scale to the future projection maps. 

For the historic period, the coastal Bay of Plenty has the warmest annual and seasonal mean 

temperatures in the region (Figure 3-1), with 14-15°C mean annual temperature, 18-19°C in summer 

and 9-11°C in winter. The areas furthest inland have the coolest mean temperatures, with 10-11°C 

mean annual temperature, 15-16°C in summer and 5-6°C in winter. 

In the future, mean temperature is projected to increase by 0.5-1.0°C for all seasons (and annual) by 

2040 under RCP4.5 (Figure 3-2). The same is projected for 2040 under RCP8.5, except autumn is 

projected to warm by 1.0-1.5°C (Figure 3-3). By 2090, most of the region is projected to warm by 1.0-

1.5°C under RCP4.5 for all seasons and at the annual scale (Figure 3-4). Under RCP8.5 (Figure 3-5), 

warming is projected to be around 2.5-3.0°C for most of the region at the annual scale (with some 

isolated areas projecting 3.0-3.5°C of warming, and eastern areas projecting 1.5-2.5°C of warming). 

At the seasonal scale, widespread warming of 3.0-3.5°C is projected for autumn, with the least 

warming projected in winter (2.0-3.0°C for most of the region).  

The area closest to East Cape warms the least (e.g. annual warming of 1.5-2.0°C compared with 2.5-

3.5°C for most of the region under RCP8.5 by 2090). This is an area with complex topography close to 

the coastline with changes modulated by maritime influences. As such, the magnitude of 

temperature and precipitation changes are more uncertain. 
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Figure 3-1: Modelled annual and seasonal mean temperature, average over 1986-2005.   Results are based 
on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-2: Projected annual and seasonal mean temperature changes by 2040 for RCP4.5.   Relative to 
1986-2005 average, based on the average of six global climate models. Results are based on dynamical 
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km. 
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Figure 3-3: Projected annual and seasonal mean temperature changes by 2040 for RCP8.5.   Relative to 
1986-2005 average, based on the average of six global climate models. Results are based on dynamical 
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km. 
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Figure 3-4: Projected annual and seasonal mean temperature changes by 2090 for RCP4.5.   Relative to 
1986-2005 average, based on the average of six global climate models. Results are based on dynamical 
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km. 
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Figure 3-5: Projected annual and seasonal mean temperature changes by 2090 for RCP8.5.   Relative to 
1986-2005 average, based on the average of six global climate models. Results are based on dynamical 
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km. 
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3.2 Maximum temperature 

Maximum temperatures are generally recorded in the afternoon, and therefore are known as 

daytime temperatures. Historic (average over 1986-2005) and future (average over 2031-2050 and 

2081-2100) maps for mean maximum temperature are shown in this section. The historic maps show 

annual and seasonal mean maximum temperature in units of degrees Celsius (°C) and the future 

projection maps show the change in mean temperature compared with the present day, in units of 

°C. Note that the historic maps are on a different colour scale to the future projection maps. 

For the historic period, the central and coastal Bay of Plenty has the warmest annual and seasonal 

mean maximum temperatures (Figure 3-6), particularly west of ²ƘŀƪŀǘņƴŜ and around Kawerau. 

Mean annual maximum temperatures are 19-20°C, 24-25°C in summer and 14-15°C in winter. The 

areas furthest inland have the coolest mean maximum temperatures, with 15-16°C mean annual 

temperatures, 20-22°C in summer and 10-11°C in winter. 

In the future, mean maximum temperature is projected to increase by 0.5-1.0°C for most parts of the 

region in all seasons (and annual) by 2040 under RCP4.5 (Figure 3-7). More warming occurs further 

inland in summer (1.0-1.5°C). Under RCP8.5 by 2040, most of the region experiences warming of 1.0-

1.5°C during autumn and spring, as well as inland areas during summer (Figure 3-8). By 2090, most of 

the region is projected to warm by 1.0-1.5°C under RCP4.5 at the annual scale, with 1.5-2.0°C of 

warming for inland areas (Figure 3-9). Under RCP8.5 (Figure 3-10), warming is projected to be around 

3.0-3.5°C for most of the region at the annual scale (with less warming for coastal areas of 2.5-3.0°C. 

At the seasonal scale, widespread warming of 3.0-3.5°C is projected for autumn and spring, as well as 

isolated inland areas experiencing 3.5-4.0°C of warming. The least warming is projected in winter 

(2.5-3.0°C for most of the region). 
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Figure 3-6: Modelled annual and seasonal mean maximum temperature, average over 1986-2005.   Results 
are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection 
is 5km x 5km. 
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Figure 3-7: Projected annual and seasonal mean maximum temperature changes by 2040 for RCP4.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-8: Projected annual and seasonal mean maximum temperature changes by 2040 for RCP8.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-9: Projected annual and seasonal mean maximum temperature changes by 2090 for RCP4.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-10: Projected annual and seasonal mean maximum temperature changes by 2090 for RCP8.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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3.3 Minimum temperature 

Minimum temperatures are generally recorded in the early hours of the morning, and therefore are 

known as night time temperatures. Historic (average over 1986-2005) and future (average over 2031-

2050 and 2081-2100) maps for mean minimum temperature are shown in this section. The historic 

maps show annual and seasonal mean minimum temperature in units of degrees Celsius (°C) and the 

future projection maps show the change in mean minimum temperature compared with the historic 

period, in units of °C. Note that the historic maps are on a different colour scale to the future 

projection maps. 

For the historic period, the coastal Bay of Plenty has the warmest annual and seasonal mean 

minimum temperatures (Figure 3-11), particularly in the west of the region. Mean annual minimum 

temperatures are 9-11°C, 13-14°C in summer and 5-6°C in winter. The areas furthest inland have the 

coolest mean minimum temperatures, with 5-6°C mean annual temperatures, 9-11°C in summer and 

1-2°C in winter. 

In the future, mean minimum temperature is projected to increase by 0.5-1.0°C for most parts of the 

region in all seasons (and annual) by 2040 under RCP4.5 (Figure 3-12). Under RCP8.5 by 2040, most 

of the region experiences warming of 1.0-1.5°C during autumn, but at the annual timescale warming 

is around 0.5-1.0°C (Figure 3-13). By 2090, most of the region is projected to warm by 1.0-1.5°C 

under RCP4.5 at the annual scale, as well as for summer, autumn and spring. For winter, 0.5-1.0°C of 

warming is widespread (Figure 3-14). Under RCP8.5 (Figure 3-15), warming is projected to be around 

2.5-3.0°C for most of the region at the annual scale (with less warming for eastern areas of 1.5-

2.5°C). At the seasonal scale, widespread warming of 3.0-3.5°C is projected for autumn and western 

areas in summer. The least warming is projected in winter (2.0-2.5°C for most of the region). 
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Figure 3-11: Modelled annual and seasonal mean minimum temperature, average over 1986-2005.   Results 
are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection 
is 5km x 5km. 
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Figure 3-12: Projected annual and seasonal mean minimum temperature changes by 2040 for RCP4.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-13: Projected annual and seasonal mean minimum temperature changes by 2040 for RCP8.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-14: Projected annual and seasonal mean minimum temperature changes by 2090 for RCP4.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-15: Projected annual and seasonal mean minimum temperature changes by 2090 for RCP8.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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3.4 Diurnal temperature range 

The diurnal temperature range is the average of the difference between the daily minimum and daily 

maximum temperatures over the seasons and years of the 20-year baseline (1986-2005) and future 

(2031-2050 and 2081-2100) periods. Historic (average over 1986-2005) and future (average over 

2031-2050 and 2081-2100) maps for mean diurnal temperature range are shown in this section. The 

historic maps show annual and seasonal mean diurnal temperature range in units of degrees Celsius 

(°C) and the future projection maps show the change in mean diurnal temperature range compared 

with the historic period, in units of °C. Note that the historic maps are on a different colour scale to 

the future projection maps. 

For the historic period, the central Bay of Plenty has the largest diurnal temperature range (Figure 

3-16), particularly the area around Murupara. Mean annual diurnal temperature range is 11-12°C, 

12-13°C in summer and 10-11°C in winter. Western areas have the lowest diurnal temperature range 

temperatures, with 8-9°C mean annual diurnal temperature range, 9-10°C in summer and 7-8°C in 

winter. 

In the future, diurnal temperature range is projected to increase by 0-0.5°C for most parts of the 

region in all seasons (and annual) by 2040 under RCP4.5 and RCP8.5, with some small parts of the 

region projecting decreases of 0-0.5°C (Figure 3-17 and Figure 3-18). By 2090 under RCP4.5, much of 

the region is projected to experience increases in diurnal temperature range of 0-0.5°C, with some 

eastern high elevation region expecting increases of 0.5-1.0°C (Figure 3-19). Under RCP8.5 by 2090, 

the western and coastal parts of the region are expected to increase by 0-0.5°C and the eastern and 

southern hill country is expected to increase by 1.0-1.5°C (annual) (Figure 3-20). During autumn and 

summer, parts of the region are projected to decrease by 0-0.5°C. During summer, winter and spring, 

diurnal temperature range is projected to increase by 1.0-1.5°C in the hill country in the east and 

south. 
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Figure 3-16: Modelled annual and seasonal mean diurnal temperature range, average over 1986-2005.   
Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of 
projection is 5km x 5km. 
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Figure 3-17: Projected annual and seasonal diurnal temperature range changes by 2040 for RCP4.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-18: Projected annual and seasonal diurnal temperature range changes by 2040 for RCP8.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-19: Projected annual and seasonal diurnal temperature range changes by 2090 for RCP4.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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Figure 3-20: Projected annual and seasonal diurnal temperature range changes by 2090 for RCP8.5.   
Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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3.5 Hot days 

In this report, a hot day is considered to be when the maximum temperature is above 25°C. Hot days 

ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ǎǳŎƘ ōŜŎŀǳǎŜ ǘŜƳǇŜǊŀǘǳǊŜǎ ƻǾŜǊ ǘƘƛǎ ǘƘǊŜǎƘƻƭŘ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ΨƘƻǘΩ ƎƛǾŜƴ bŜǿ 

½ŜŀƭŀƴŘΩǎ ǘŜƳǇŜǊŀǘŜ ƳŀǊƛǘƛƳŜ ŎƭƛƳŀǘŜΦ This threshold is consistent with Ministry for the Environment 

(2018). Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps 

for hot days are shown in this section. The historic maps show annual average numbers of hot days 

and the future projection maps show the change in the annual number of hot days compared with 

the historic period. Note that the historic maps are on a different colour scale to the future 

projection maps. Table 3-1 and Figure 3-23 shows the historic and future projected numbers of hot 

days for the model grid square closest to specific locations in the Bay of Plenty region. 

For the historic period, the annual number of hot days is highest in the area around Kawerau (Figure 

3-21), with >45 hot days per year. Areas around Maketu, Murupara, and coastward of Kawerau 

experience 40-45 hot days per year. The area around Tauranga experiences 25-30 hot days per year. 

The high elevations of the Raukumara Ranges experience 0-2 hot days per year in the historic period.  

In the future, the number of hot days per year shows similar patterns under both RCP4.5 and RCP8.5 

by 2040 (Figure 3-22). Hot days in the central part of the region between Maketu and ²ƘŀƪŀǘņƴŜ 

and inland to Murupara have the largest projected changes and are projected to increase by 20-25 

days per year. Other coastal areas and slightly higher elevations are projecting increases of 15-20 hot 

days per year. The inland borders of the region are projected to experience increases of 5-10 hot 

days per year, with fewer in the eastern hill country (1-5 more hot days per year). By 2090, the 

projected magnitude of changes in hot days are quite different between the two scenarios, although 

the spatial pattern is similar. Under RCP4.5, 30-40 more hot days per year are projected between 

Maketu and ²ƘŀƪŀǘņƴŜ, and inland to Murupara, whereas under RCP8.5 70-80 more hot days per 

year are projected for this same area. Increases are smaller for other areas, but still substantial under 

RCP8.5 ς most of the region outside of the highest elevations of the Raukumara Ranges is projected 

to experience at least 40 more hot days per year than for the historic period. 
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Figure 3-21: Modelled annual number of hot days (days with maximum temperature >25°C), average over 
1986-2005.   Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. 
Resolution of projection is 5km x 5km. 
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Figure 3-22: Projected annual hot day (maximum temperature >25°C) changes for RCP4.5 and RCP8.5, by 
2040 and 2090. Relative to 1986-2005 average, based on the average of six global climate models. Results are 
based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 
5km x 5km. 
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Table 3-1: Modelled annual average number of hot days (maximum temperature >25°C) for the historic 
period and two climate change scenarios (RCP4.5 and RCP8.5) at two future time periods. Future projections 
are shown as the total future projected number of hot days outside the parentheses, and future change inside 
the parentheses. Time periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-century: 2081-2100 
"2090"; based on the average of six global climate models. 

Location Historic 

 

Waihi Beach 37 

Tauranga 24 

Te Puke 27 

Rotorua 10 

Kawerau 43 

²ƘŀƪŀǘņƴŜ 39 

nǇǁǘƛƪƛ 30 

Katikati 34 
 Future change 

Location RCP 2040 2090 

Waihi Beach 
RCP4.5 54 (+17) 66 (+29) 

RCP8.5 57 (+20) 107 (+70) 

Tauranga 
RCP4.5 38 (+14) 48 (+24) 

RCP8.5 40 (+16) 85 (+61) 

Te Puke 
RCP4.5 42 (+15) 53 (+26) 

RCP8.5 44 (+17) 91 (+64) 

Rotorua 
RCP4.5 21 (+11) 30 (+20) 

RCP8.5 23 (+13) 72 (+62) 

Kawerau 
RCP4.5 65 (+22) 78 (+35) 

RCP8.5 67 (+24) 123 (+80) 

²ƘŀƪŀǘņƴŜ 
RCP4.5 59 (+20) 70 (+31) 

RCP8.5 60 (+21) 113 (+74) 

nǇǁǘƛƪƛ 
RCP4.5 48 (+18) 58 (+28) 

RCP8.5 49 (+19) 99 (+69) 

Katikati 
RCP4.5 50 (+16) 63 (+29) 

RCP8.5 54 (+20) 66 (+29) 
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Figure 3-23: Historic and future projected numbers of hot days for locations in the Bay of Plenty.  

3.6 Extreme hot days 

In this report, an extreme hot day is considered to be when the maximum temperature is above 

30°C. Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps 

for extreme hot days are shown in this section. The historic maps show annual average numbers of 

extreme hot days and the future projection maps show the change in the annual number of extreme 

hot days compared with the historic period. Note that the historic maps are on a different colour 

scale to the future projection maps. 

For the historic period, there are only small occurrences of extreme hot days in the Bay of Plenty 

Region. The annual number of extreme hot days is highest in the coastal areas between Maketu and 

²ƘŀƪŀǘņƴŜ, and inland towards Kawerau (Figure 3-24), with 0.5-1 extreme hot days per year on 

average. The rest of the region has negligible extreme hot days in the historic period. 

In the future, the number of extreme hot days per year shows similar patterns under both RCP4.5 

and RCP8.5 by 2040 (Figure 3-25). Extreme hot days in the central part of the region between 

Maketu and ²ƘŀƪŀǘņƴŜ and inland to Murupara have the largest projected changes of 1-2 more 

extreme hot days per year. Other coastal areas and slightly higher elevations are projecting increases 

of 15-20 hot days per year. Negligible change is apparent for other parts of the region at 2040. 

However, by 2090, more extreme hot days are expected to occur. Under RCP4.5, low elevation areas 

between Maketu and ²ƘŀƪŀǘņƴŜ, and further inland, expect 2-4 more extreme hot days under 

RCP4.5 (negligible change elsewhere). Under RCP8.5, much of the central and coastal parts of the 

region are projected to experience at least 4 more extreme hot days per year, with some areas 

expecting 10-14 more hot days per year (around Waihi Beach, the coastal area from Maketu to 

²ƘŀƪŀǘņƴŜ, Kawerau, Murupara, and parts of Te Urewera National Park).  
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Figure 3-24: Modelled annual number of extreme hot days (days with maximum temperature >30°C), 
average over 1986-2005.   Results are based on dynamical downscaled projections using NIWA's Regional 
Climate Model. Resolution of projection is 5km x 5km. 
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Figure 3-25: Projected annual extreme hot day (maximum temperature >30°C) changes for RCP4.5 and 
RCP8.5, by 2040 and 2090. Relative to 1986-2005 average, based on the average of six global climate models. 
Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of 
projection is 5km x 5km. 

3.7 Heatwave days 

The definition of a heatwave as considered here is a period of three or more consecutive days where 

the maximum daily temperature exceeds 25°C. This calculation is an aggregation of all days per year 

ǘƘŀǘ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ŀ ƘŜŀǘǿŀǾŜ όƛΦŜΦΣ җ ǘƘǊŜŜ ŎƻƴǎŜŎǳǘƛǾŜ Řŀȅǎ ǿƛǘƘ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘure > 25°C), 

no matter the length of the heatwave. The annual heatwave days are then averaged over the 20-year 

period of interest (e.g., 2031-2050) to get the average annual heatwave-day climatology (past) and 

future projections.  

Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps for 

heatwave days are shown in this section. The historic maps show annual average numbers of 

heatwave days and the future projection maps show the change in the annual number of heatwave-

days compared with the historic period. Note that the historic maps are on a different colour scale to 

the future projection maps. 

For the historic period, the annual number of heatwave days is highest in the area around Kawerau 

(Figure 3-26), with 30-35 heatwave days per year. Areas around Maketu, Murupara, and coastward 
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of Kawerau experience 25-30 heatwave days per year. The Kaimai-Mamaku Ranges and Raukumara 

Ranges experience less than one heatwave day per year. 

In the future, the number of heatwave days per year shows similar patterns under both RCP4.5 and 

RCP8.5 by 2040 (Figure 3-27). Heatwave days around Kawerau are projected to have the largest 

changes, with increases of 20-30 heatwave days per year by 2040. The central part of the region 

between Maketu and ²ƘŀƪŀǘņƴŜ and inland to Murupara have projected increases of 15-20 

heatwave days per year. The inland borders of the region are projected to experience increases of 2-

5 heatwave days per year, with fewer in the eastern hill country (0.1-2 more heatwave days per 

year). By 2090, the projected magnitude of changes in hot days are quite different between the two 

scenarios, although the spatial pattern is similar. Under RCP4.5, 30-40 more heatwave days are 

projected for the areas around Kawerau and Murupara and 20-30 more heatwave days are projected 

for most of the central part of the region. Under RCP8.5, 70-80 more heatwave days per year are 

projected for the central part of the region (between Maketu and ²ƘŀƪŀǘņƴŜ, inland to Kawerau and 

Murupara). A small area of 80-90 more heatwave days per year is projected for Kawerau. At least 30 

more heatwave days per year is projected for the whole region aside from the Raukumara Ranges 

and the Kaimai-Mamaku Ranges. 

 

Figure 3-26: Modelled annual number of heatwave days (җ three consecutive days with maximum 
temperatures > 25°C), average over 1986-2005.   Results are based on dynamical downscaled projections using 
NIWA's Regional Climate Model. Resolution of projection is 5km x 5km. 
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Figure 3-27: Projected annual heatwave day (җ three consecutive days with maximum temperatures > 25°C) 
changes for RCP4.5 and RCP8.5, by 2040 and 2090. Relative to 1986-2005 average, based on the average of six 
global climate models. Results are based on dynamical downscaled projections using NIWA's Regional Climate 
Model. Resolution of projection is 5km x 5km. 

3.8 Frost days 

A frost day is defined in this report when the modelled daily minimum temperature falls below 0°C. 

This is purely a temperature-derived metric for assessing the potential for frosts over the 5 km x 5 km 

climate model grid. Frost conditions are influenced at the local scale (i.e. finer scale than 5 km x 5 

km) by temperature, topography, wind, and humidity, so the results presented in this section can be 

considered as the large-scale temperature conditions conducive to frosts. 

Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps for 

frost days are shown in this section. The historic maps show annual average numbers of frost days 

and the future projection maps show the change in the annual number of frost days compared with 

the historic period. Note that the historic maps are on a different colour scale to the future 

projection maps. Table 3-2 and Figure 3-30 show the present and future projected numbers of frost 

days for the model grid square closest to specific locations in the Bay of Plenty region. 

For the historic period, the largest number of frost days per year occurs in the Urewera Ranges, with 

60-70 frost days per year (Figure 3-28). Other inland parts of the region experience 30-40 frost days 

per year. In the far western and eastern parts of the region, the fewest frosts are experienced ς less 
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than five frost days per year. Through much of the central low elevation part of the region, 5-15 frost 

days per year are experienced. 

In the future, the number of frost days per year is projected to decline throughout the region, with 

larger reductions further inland (due to more frosts currently being experienced there) (Figure 3-29). 

By 2040, reductions of 6-10 frost days per year are possible for the furthest inland parts of the region 

under both RCP4.5 and RCP8.5, with the reductions getting smaller further north. By 2090, 

considerable reductions in frost days are projected for the furthest inland areas, around 15-25 fewer 

frost days for those areas under RCP8.5 and 10-15 fewer frost days under RCP4.5, with reductions 

getting smaller further north towards the coast.  

 

Figure 3-28: Modelled annual number of frost days (daily minimum temperature <0°C), average over 1986-
2005.   Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. 
Resolution of projection is 5km x 5km. 
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Figure 3-29: Projected annual frost day (minimum temperature <0°C) changes for RCP4.5 and RCP8.5, by 
2040 and 2090. Relative to 1986-2005 average, based on the average of six global climate models. Results are 
based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 
5km x 5km. 
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Table 3-2: Modelled annual average number of frost days (minimum temperature <0°C) for historic and 
two climate change scenarios (RCP4.5 and RCP8.5) at two future time periods.  Future projections are shown 
as the total future projected number of frost days outside the parentheses, and future change inside the 
parentheses. Time periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-century: 2081-2100 
"2090"; based on the average of six global climate models. 

Location Historic 

 

Waihi Beach 7.8 

Tauranga 0.7 

Te Puke 1 

Rotorua 5.3 

Kawerau 5.7 

²ƘŀƪŀǘņƴŜ 10.7 

nǇǁǘƛƪƛ 9.2 

Katikati 7.9 

 Future change 

Location RCP 2040 2090 

Waihi Beach 
RCP4.5 5.7 (-2.1) 5 (-2.8) 

RCP8.5 5.3 (-2.5) 2.3 (-5.5) 

Tauranga 
RCP4.5 0.3 (-0.4) 0.3 (-0.4) 

RCP8.5 0.3 (-0.4) 0 (-0.7) 

Te Puke 
RCP4.5 0.5 (-0.5) 0.5 (-0.5) 

RCP8.5 0.5 (-0.5) 0 (-1) 

Rotorua 
RCP4.5 3.5 (-1.8) 2.7 (-2.6) 

RCP8.5 3.2 (-2.1) 0.9 (-4.4) 

Kawerau 
RCP4.5 4.2 (-1.5) 3.2 (-2.5) 

RCP8.5 3.7 (-2) 1.3 (-4.4) 

²ƘŀƪŀǘņƴŜ 
RCP4.5 8.5 (-2.2) 7.1 (-3.6) 

RCP8.5 8 (-2.7) 4.2 (-6.5) 

nǇǁǘƛƪƛ 
RCP4.5 7.3 (-1.9) 6.1 (-3.1) 

RCP8.5 6.7 (-2.5) 3.6 (-5.6) 

Katikati 
RCP4.5 5.8 (-2.1) 5 (-2.9) 

RCP8.5 5.4 (-2.5) 2.3 (-5.6) 
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Figure 3-30: Historic and future projected numbers of frost days for locations in the Bay of Plenty.  

3.9 Growing degree days 

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

ǘŜƳǇŜǊŀǘǳǊŜ όŜΦƎΦ млɕ/ύ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ ŀ ǘƘǊŜǎƘƻƭŘ ŦƻǊ Ǉƭŀƴǘ ƎǊƻǿǘƘΦ ¢ƘŜ ŀǾŜǊŀƎŜ ŀƳƻǳƴǘ ƻŦ GDD in a 

location may influence the choice of crops to grow, as different species have different temperature 

thresholds for survival. The daily GDD total is the amount the daily average temperature exceeds the 

threshold value (e.g. 10°C) per day. For example, a daily average temperature of 18°C would have a 

GDD base 10°C value of 8. Here, GDD are accumulated from July to June, and presented for historic 

(average over 1986-2005) and future change (average over 2031-2050 and 2081-2100). 

Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps for 

GDD are shown in this section. The historic maps show annual average numbers of GDD and the 

future projection maps show the change in the annual number of GDD compared with the historic 

period. Note that the historic maps are on a different colour scale to the future projection maps. 

For the historic period, the highest number of GDD is experienced in the far west and east of the 

region (1800-1900 GDD per year) (Figure 3-31). The area around Tauranga Harbour, Te Puke, and 

Maketu experiences 1700-1800 GDD per year. The number of GDD per year falls further inland and at 

higher elevations. The highest elevation areas experience only 600-700 GDD per year. 

In the future, the number of GDD in the Bay of Plenty is projected to increase under both scenarios 

(Figure 3-32). By 2040 under RCP4.5, most of the region experiences increases of 200-250 GDD per 

year. The western Bay of Plenty between Waihi Beach and aŀǘŀǘņ experiences increases of 250-300 

GDD per year. Under RCP8.5, most of the region experiences increases of 250-300 GDD per year, 

with small areas around Katikati and Te Puke experiencing increases of 300-400 GDD per year. By 

2090 under RCP4.5, most of the region experiences 300-400 GDD per year with the western Bay of 

Plenty experiencing 400-500 more GDD per year. Under RCP8.5, Waihi Beach, Katikati and Te Puke 

experience increases of 1000-1100 GDD per year, with much of the western half of the Bay of Plenty 

(including Rotorua and Murupara) experiencing 900-1000 more GDD per year. The eastern and 

southern parts of the region experience 700-900 more GDD per year under this scenario. 
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Figure 3-31: Modelled annual number of growing degree days (base 10°C), average over 1986-2005.   
Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of 
projection is 5km x 5km. 
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Figure 3-32: Projected annual growing degree-day (base 10°C) changes for RCP4.5 and RCP8.5, by 2040 and 
2090. Relative to 1986-2005 average, based on the average of six global climate models. Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 
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4 wŀƛƴŦŀƭƭ ŀƴŘ 5ǊƻǳƎƘǘ 

4.1 Rainfall 

This section contains maps showing historic total rainfall and the future projected change in total 

rainfall. Historic rainfall maps are in units of mm per year or season (average over 1986-2005) and 

future (average over 2031-2050 and 2081-2100) maps show the percentage change in rainfall 

compared with the historic total. Note that the historic maps are on a different colour scale to the 

future projection maps. Table 4-1 shows the historic and future projected rainfall for the model grid 

square closest to specific locations in the Bay of Plenty region. 

For the historic period, the highest annual rainfall totals are recorded in the high elevations of the 

Raukumara Ranges (3000-3500 mm/year) (Figure 4-1). The lowest annual rainfall totals are recorded 

along the coast and inland of Rotorua (1000-1500 mm/year). Summer is the driest season and winter 

is the wettest, with seasonal patterns of high and low rainfall generally following annual patterns.  

In the future, the seasonality of rainfall is projected to change in the Bay of Plenty. By 2040 under 

RCP4.5 (Figure 4-2), annual rainfall is not expected to change much (± 2% for most of the region). 

Some coastal areas experience increases of up to 4% and some inland areas experience decreases of 

up to 4%. However, at the seasonal scale, changes are more significant. Summer rainfall is expected 

to decline everywhere, with the largest decreases being 8-15% for far western and eastern areas. On 

the other hand, winter rainfall is projected to increase by 10-15% for some coastal areas around 

Maketu and the far eastern end of the region, with increases of 6-10% around the Rotorua Lakes and 

hill country south of ²ƘŀƪŀǘņƴŜ. Under RCP8.5 by 2040 (Figure 4-3), the annual pattern is similar to 

RCP4.5. However, spring rainfall is projected to decrease across the region in this scenario, by up to 

8-10% for the far west of the region. Winter and autumn rainfall is projected to increase for most 

areas, by 8-10% for coastal areas during autumn. 

By 2090 under RCP4.5 (Figure 4-4), annual rainfall decreases are more pronounced for inland and 

western coastal areas, with 2-4% reductions in rainfall for some locations. Small increases are 

expected for the coast. Winter rainfall is projected to increase for most areas, with 8-10% increases 

for the coast east of ²ƘŀƪŀǘņƴŜ. Spring rainfall declines throughout the region, with the largest 

reductions of 8-10% in the western Bay of Plenty and the Huiarau Ranges in the south. By 2090 under 

RCP8.5 (Figure 4-5), annual rainfall is projected to decline by 2-6% across most of the region, with 

small increases of 0-2% for coastal areas. Summer and spring rainfall is projected to decrease, with 

some areas projecting 10-15% less rainfall in those seasons. Winter and autumn rainfall is expected 

to increase for some areas ς for the west in autumn (by 10-15%) and for most of the region in winter 

(by 4-8%). 

 

 

 



  

64 Climate change projections and impacts for the Bay of Plenty Region 

 

 

Figure 4-1: Modelled annual and seasonal rainfall (mm), average over 1986-2005.   Results are based on 
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 
5km. 


























































































































































































































