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Executive summary 
This report explores projections for a range of extreme climate indices in the Wellington Region 

(temperature and rainfall), comparing the recent past to modelled future conditions, and considers 

implications of changes in extremes on different sectors. It is a companion report to the climate 

change projections for Wellington Region produced by NIWA for the Greater Wellington Regional 

Council in 2017.  

Historic temperature trends in Wellington and Masterton show that warm night-time extreme 

temperatures have increased and cold extremes (day and night) have decreased, consistent with 

increasing atmospheric greenhouse gas concentrations globally. Changes to extreme rainfall are less 

pronounced across the region, but the amount of extreme rainfall recorded in short periods has 

increased at Kelburn over the past 90 years. Wellington and Masterton were chosen for historic 

analysis as both sites have the longest records in the region and are part of the New Zealand Seven 

Station Temperature Series. 

In the future, more warm extremes are expected in the Wellington Region (e.g. hot days, heatwave 

days, warm nights) and fewer cold extremes will occur (e.g. frosts, cold days, cold nights). These 

trends are amplified under higher greenhouse gas emission scenarios. These temperature changes 

ŀǊŜ ƭƛƪŜƭȅ ǘƻ ŀŦŦŜŎǘ ǘƘŜ ǇǊƻŘǳŎǘƛǾƛǘȅ ƻŦ ²ŜƭƭƛƴƎǘƻƴΩǎ ǇǊƛƳŀǊȅ ǎŜŎǘƻǊǎΣ ǘƘǊƻǳƎƘ ƛƳǇŀŎǘǎ ƻƴ ǎǘƻŎƪ ƘŜŀǘ 

stress, plant water use, pests, and changing plant growth cycles and harvest times. Species in the 

natural environment may be pushed to their thermal limits and pests may become more prevalent. 

Urban environments will also be affected through heat stress on people and infrastructure. 

For rainfall, the future trajectories are less straightforward, with some areas projected to experience 

increases in the numbers of rain days and others decreases in rain day totals. However, there is a 

clear trend towards increasing lengths of dry spells and decreasing lengths of wet spells at both 

Wellington and Masterton. Increasing prevalence of drought across the region, particularly in the 

Wairarapa, is likely to impact plant growth, water supply (for both urban and rural uses), and low 

river flows affecting instream habitat availability. 

Extreme, rare rainfall events are likely to increase in intensity due to more moisture being held in a 

warmer atmosphere. The amount of rain that falls during short duration extreme events (e.g. 1-hour, 

100-year return period) is likely to increase disproportionately compared with longer events (e.g. 

120-hour). Increasing extreme rainfall is likely to have impacts on slips and landslides, transport 

networks (important for primary sectors getting products to market), soil saturation, urban drainage 

systems, and natural environments through sedimentation and reduction in instream habitat quality. 

²ŜƭƭƛƴƎǘƻƴΩǎ Ŏƻŀǎǘŀƭ ȊƻƴŜ ƛǎ ŀǘ Ǌƛǎƪ ŦǊƻƳ ƻƴƎƻƛƴƎ ǎŜŀ-level rise and extreme storm tide events. 

Considerable areas of built up areas, as well as important transport infrastructure, are exposed to 

rising seas. At present sea levels, 4084 buildings and 36.2 km of roads in the Wellington region are 

exposed to a 1% annual exceedance probability storm-tide event, which rises to 14,336 buildings and 

173 km of roads under 1 m of sea-level rise and 21,755 buildings and 319 km of roads under 2 m of 

sea-level rise. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ 
Climate change is already affecting New Zealand with downstream effects on our natural 

environment and communities. In the coming decades, climate change will increasingly pose 

challenges to Neǿ ½ŜŀƭŀƴŘŜǊǎΩ ǿŀȅ ƻŦ ƭife. NIWA provided climate change projections and impacts 

information to Greater Wellington Regional Council in 2017 (Pearce et al., 2017), which can be 

accessed from www.gw.govt.nz/climate-change. That report concentrated on projected changes to 

average annual and seasonal climate conditions (e.g. average temperature, rainfall, wind speed, and 

so on). Changes to climatic extremes (e.g. heatwaves, extreme rainfall, and drought) may have a 

more significant impact on people, economies and the natural environment than changes to the 

average climatic conditions. In light of this, Greater Wellington Regional Council has commissioned 

this report, which provides projections of future changes for climatic extremes and their implications 

for the Wellington Region. 

This report contains information about extreme temperature and rainfall changes for the Wellington 

Region between the historic period (1986-2005) and the mid and late 21st Century. Projections have 

ōŜŜƴ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ; output of which has been downscaled to a 

resolution of 5km x 5km. Recent updates to the High Intensity Rainfall Design System (HIRDS v4) have 

produced information on extreme rainfall events. Other work on extreme climate indices has been 

carried out using the weather@home climate model, and results are presented here for extreme 

temperature changes. Additional analyses of temperature extremes are covered (summer 2017/2018 

temperature records and historical trends in station temperatures in the Wellington Region). An 

extreme index of drought and implications of extreme storm tide events are also considered. An 

updated section on sea-level rise projections following the publishing of coastal hazards guidance 

from the Ministry for the Environment is included in the Appendix. Finally, three sections on 

implications of changes in extremes are presented (based on literature) ς for insurance, agriculture 

and horticulture, ecosystems, and the urban environment. 

http://www.gw.govt.nz/climate-change
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2 aŜǘƘƻŘƻƭƻƎȅ 
Downscaled cƭƛƳŀǘŜ ƳƻŘŜƭ Řŀǘŀ ŦǊƻƳ bL²!Ωǎ wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ ǿŀǎ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ŎƭƛƳŀǘŜ 

indices presented in section 3 and section 4. The data and downscaling methodology are consistent 

with those stated in Pearce et al. (2017) for the climate change assessment for Greater Wellington 

Regional Council.  

Scenarios from the Intergovernmental Panel on Climate Change (IPCC) were used to understand 

potential climate futures based on economic, political and social developments during the 21st 

century.  

2.1 Representative Concentration Pathways 

Key messages 

¶ Future climate change projections are considered under four greenhouse gas concentration 

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 

2100, and RCP8.5 is a high concentration scenario with greenhouse gas emissions continuing 

at current rates.  

 

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 possible future 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 

ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΣ ŀƭǎƻ ŎŀƭƭŜŘ ǘƘŜ ΨƳƛǘƛƎŀǘƛƻƴΩ ǎŎŜƴŀǊƛƻύΣ w/tпΦр ŀƴŘ w/tсΦл ŀǊŜ ǘǿƻ ΨǎǘŀōƛƭƛǎŀǘƛƻƴΩ 

scenarios (where greenhouse gas emissions and therefore radiative forcing stabilises by 2100) and 

w/tуΦр Ƙŀǎ ǾŜǊȅ ƘƛƎƘ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ όǘƘŜ ΨƘƛƎƘ ŜƳƛǎǎƛƻƴǎΩ scenario). Therefore, the 

RCPs represent a range of 21st century climate policies. Table 2-1 shows the projected global mean 

surface air temperature for each RCP. 
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Table 2-1: 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 Likely range Mean Likely range 

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 
High emissions 

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 2-1). 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 spatially uniform across New Zealand.  

 

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 ǎŎŜƴŀǊƛƻs as coloured vertical bars to the right of the graph (the mean 
projection is the solid line in the middle of the bars). The number 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 

frequency and duration. Furthermore, the contrast in rainfall between wet and dry regions and wet 
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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. Regions that are typically consiŘŜǊŜŘ άŎƭƛƳŀǘƛŎŀƭƭȅ ǎǘŀōƭŜέΣ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ 

infrequent extremes or benign impacts from episodic droughts or deluge, may also experience 

conditions that have not been observed during the instrumental record. 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 three RCPs (RCP2.6, RCP4.5 and RCP8.5) have 

been downscaled to produce future climate projections for the Wellington Region. The rationale for 

choosing these three scenarios was to present a high emissions scenario if greenhouse gas emissions 

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

towards mitigating climate change, for example the Paris Climate Change agreement (RCP4.5), and a 

ΨōŜǎǘ ŎŀǎŜΩ ǎŎŜƴŀǊƛƻ ƛŦ ǎǘǊƻƴƎ ƳƛǘƛƎŀǘƛƻƴ ŀŎǘƛƻƴ ǘŀƪŜǎ ǇƭŀŎŜ όw/tнΦсύΦ 
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2.2 bL²!Ωǎ wŜƎƛƻƴŀl Climate Model 

Key messages 

¶ 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 climate of 1986-2005 (termed ΨмффрΩύ.  

 

NIWA has used climate model simulation data from the IPCC Fifth Assessment to update climate 

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

downscaling processes. The downscaling processes are described in detail in a climate guidance 

manual prepared for the Ministry for the Environment (2018a), but a short explanation is provided 

below. Dynamical downscaling results are presented for all variables in this report (excluding the 

weather@home section). 

Global climate models (GCMs) are used to make future climate change projections for each future 

scenario, and results from these models are available through the Fifth Coupled Model Inter-

comparison Project (CMIP5) archive (Taylor et al., 2012). Six GCMs were selected by NIWA for 

dynamical downscaling, and the sea surface temperatures (SSTs) from these six CMIP5 models used 

to drive an atmospheric global model, which in turn drives a higher resolution regional climate model 

(RCM) nested over New Zealand. These CMIP5 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. In addition, they were chosen because they were as varied as possible 

in the parent global model to span the likely range of model sensitivity. For climate simulations, 

dynamical downscaling utilises a high-resolution climate model to obtain finer scale detail over a 

limited area based on a coarser global model simulation. 

The six GCMs chosen for dynamical downscaling were BCC-CSM1.1, CESM1-CAM5, GFDL-CM3, GISS-

E2-R, HadGEM2-ES and NorESM1-M.  The NIWA downscaling (GCM then RCM) produced simulations 

that contained hourly precipitation results from 1970 through to 2100. The native resolution of the 

regional climate model is 27 km and there are known biases in the precipitation fields derived from 

this model. The daily precipitation projections, as well as daily maximum and minimum 

temperatures, have been bias-corrected so that their statistical distributions from the RCM matches 

those from the Virtual Climate Station Network (VCSN) when the RCM is driven by the observed 

ǎŜǉǳŜƴŎŜ ƻŦ ǿŜŀǘƘŜǊ ǇŀǘǘŜǊƴǎ ŀŎǊƻǎǎ bŜǿ ½ŜŀƭŀƴŘ όƪƴƻǿƴ ŀǎ ΨǊŜ-ŀƴŀƭȅǎƛǎΩ ŘŀǘŀύΦ ²ƘŜƴ ǘƘŜ RCM is 

driven from the free-running GCM, forced only by CMIP5 SSTs, there can be an additional bias in the 

distribution of weather patterns affecting New Zealand, and the RCM output data for the historical 

climate will therefore not match the observed distributions exactly.  
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The RCM output is then downscaled statistically (by interpolation from the model 27 km grid) to a 

~5 km x ~5 km resolution with a daily time-step. The ~5 km grid corresponds to the VCSN grid1. 

Figure 2-2 shows a schematic for the dynamical downscaling method used in this report. 

 

Figure 2-2:  Schematic showing dynamical downscaling method used in this report. 

The climate change projections from each of the six dynamical models are averaged together, 

creating what is called an ensemble-average. The ensemble-average is mapped in this report, 

because the models were chosen to cover a wide range of potential future climate conditions. The 

ensemble-average was presented as this usually performs better in climate simulations than any 

individual model (the errors in different models are compensated). 

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

ΨнлплΩύ ŀƴŘ нлум-2100 (terƳŜŘ ΨнлфлΩύΦ All maps show changes relative to the baseline climate of 

1986-2005 όǘŜǊƳŜŘ ΨмффрΩύΣ ŀǎ ǳǎŜŘ ōȅ Lt//. Hence the projected changes by 2040 and 2090 should 

be thought of as 45-year and 95-year projected trends. Note that the projected changes use 20-year 

averages, which will not entirely remove effects of natural variability. The baseline maps (1986-2005) 

show modelled historic climate conditions from the same six models as the future climate change 

projection maps. 

 

                                                 
1 Virtual Climate Station Network, a set of New Zealand climate data based on a 5 km by 5 km grid across the country. Data have been 
ƛƴǘŜǊǇƻƭŀǘŜŘ ŦǊƻƳ ΨǊŜŀƭΩ ŎƭƛƳŀǘŜ ǎǘŀǘƛƻƴ ǊŜŎords (TAIT, 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.) 

Global Climate Model: ~140 km 
 
 
 
Regional Climate Model 27 km 
 
 
 
Bias corrected/downscaled RCM: 5 km 
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3 IƛǎǘƻǊƛŎ ŀƴŘ ŦǳǘǳǊŜ ǘŜƳǇŜǊŀǘǳǊŜ ŜȄǘǊŜƳŜ ƛƴŘƛŎŜǎ 
 

Key messages 

¶ Increasing numbers of warm extremes and decreasing numbers of cold extremes are 

projected for the Wellington Region. 

¶ The changes are more pronounced through time and with increased greenhouse forcing. 

¶ For warm nights (Tmin >15°C), a 50-day increase is projected for Wellington and a 36-day 

increase for Masterton, under RCP8.5 by 2090. 

¶ For cold nights (Tmin <5°C), a 24-day decrease is projected for Wellington and a 54-day 

decrease for Masterton, under RCP8.5 by 2090. 

¶ For cold days (Tmax <10°C), a 20-day decrease is projected for Wellington and a 12-day 

decrease for Masterton, under RCP8.5 by 2090. 

¶ For hot days (Tmax >25°C), a 29-day increase is projected for Wellington and a 70-day increase 

for Masterton, under RCP8.5 by 2090. 

¶ For extreme hot days (Tmax >30°C), a 20-day increase for Masterton, under RCP8.5 by 2090. 

For Wellington, there is a climate shift from the absence of extreme hot days in the historic 

period to 3 per year by 2090 under RCP8.5. 

¶ For heatwave days (җ3 consecutive days with Tmax >25°C), a 15-day increase is projected for 

Wellington and a 67-day increase for Masterton, under RCP8.5 by 2090. 

¶ For extreme heatwave days (җ3 consecutive days with Tmax >30°C), there is a climate shift from 

the absence of extreme heatwave days in the historic period for Masterton to 11 per year by 

2090 under RCP8.5. There are still no extreme heatwave days projected for in Wellington in 

the future. 

 

Indices of temperature extremes are considered in this section. These indices are the average 

number of days per year with temperatures above or below certain thresholds (Table 3-1). Averages 

are taken over 20-year time spans: 1986-2005 for the historic period, 2031-2050 for the mid-century 

άнлплέ ǇŜǊƛƻŘΣ ŀƴŘ нлум-2100 for the late-ŎŜƴǘǳǊȅ άнлфлέ ǇŜǊƛƻŘΦ tǊƻƧŜŎǘƛƻƴǎ ŦƻǊ Ŝach index are 

shown as maps for these three time periods, and for the future time periods projections for four IPCC 

Representative Concentration Pathways (Section 2.1) are given. In addition, projections for 

Wellington and Masterton are given for these same time periods and RCPs. 
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Table 3-1: Temperature extreme indices and thresholds.  

Temperature extreme indices Threshold 

Warm nights Daily minimum temperature > 15°C 

Cold nights Daily minimum temperature < 5°C 

Cold days  Daily maximum temperature < 10°C 

Hot days  Daily maximum temperature > 25°C 

Extreme hot days Daily maximum temperature > 30°C 

Heatwave days Days in a period җ 3 days with maximum 

temperature > 25°C  

Extreme heatwave days Days in a period җ 3 days with maximum 

temperature > 30°C 
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3.1 Warm nights (minimum temperature > 15°C) 

The area around Wellington City experiences the largest number of warm nights in the Wellington 

Region in the historic period (40-45 warm nights per year) (Figure 3-1). The high elevations of the 

Tararua Ranges experience the least warm nights (<1 per year).  

In the future, the number of warm nights is projected to increase throughout the region (Figure 3-2), 

with the largest increases in coastal areas and particularly the northeast of the region. Under the 

lowest concentration scenario (RCP2.6), about 4-10 more warm nights are projected for most of the 

region. By 2090 under the highest concentration scenario (RCP8.5), at least 30 more warm nights are 

projected for most parts of the region (excluding high elevation areas). The increase in the number of 

warm nights is larger with time and greenhouse forcing (i.e. larger increases under higher RCPs and 

at the end of the century). Table 3-2 shows projected changes in warm nights for Wellington and 

Masterton. A doubling in the number of warm nights is projected for Wellington by 2090 under 

RCP8.5, and a tripling is projected for Masterton. This notable change over the coming several 

decades, even under moderate concentration scenarios, represents a climatic shift in terms of 

temperature experienced at these two locations.  

 

Figure 3-1: Modelled annual number of warm nights (minimum temperature > 15°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 3-2: Projected annual warm night changes (minimum temperature > 15°C) at 2040 and 2090.   
Relative to 1986-2005 average, for four IPCC scenarios, 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 warm nights (minimum temperature > 15°C) at Wellington and Masterton for 
the historic period and future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two 
future time periods. Time periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-century: 2081-
2100 "2090"; based on the average of six global climate models. 

 Wellington Masterton 

Historic 46 16 

2040 

RCP2.6 56 (+10) 22 (+6) 

RCP4.5 57 (+11) 22 (+6) 

RCP6.0 57 (+11) 22 (+6) 

RCP8.5 59 (+13) 23 (+7) 

2090 

RCP2.6 55 (+9) 22 (+6) 

RCP4.5 67 (+21) 29 (+13) 

RCP6.0 70 (+24) 31 (+15) 

RCP8.5 96 (+50) 52 (+36) 
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3.2 Cold nights (minimum temperature < 5°C) 

The highest elevations of the Tararua Ranges experience the largest number of cold nights in the 

historic period, which is about 160 cold nights per year on average (Figure 3-3). The northeast coast 

of the region experiences the lowest number of cold nights (<50 per year).  

In the future, the number of cold nights is projected to decrease throughout the region (Figure 3-4), 

with the largest reductions in the high elevations of the Tararua Ranges (at least 60 fewer cold nights 

by 2090 under RCP8.5). The reduction in the number of cold nights is larger with time and 

greenhouse forcing (i.e. larger decreases under higher RCPs and at the end of the century). Many 

locations are projected to experience about half the number of cold nights by 2090 under RCP8.5 as 

they experience in the historic period. Table 3-3 shows projected changes in cold nights for 

Wellington and Masterton. This notable change over the coming several decades, even under 

moderate concentration scenarios, represents a climatic shift in terms of temperature experienced at 

these two locations. 

 

Figure 3-3: Modelled annual number of cold nights (minimum temperature < 5°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 3-4: Projected annual cold night changes (minimum temperature < 5°C) at 2040 and 2090.   Relative 
to 1986-2005 average, for four IPCC scenarios, 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 3-3: Modelled annual cold nights (minimum temperature < 5°C) at Wellington and Masterton for 
the historic period and future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two 
future time periods. Time periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-century: 2081-
2100 "2090"; based on the average of six global climate models. 

 Wellington Masterton 

Historic 55 115 

2040 

RCP2.6 49 (-6) 102 (-13) 

RCP4.5 47 (-8) 99 (-16) 

RCP6.0 48 (-7) 100 (-15) 

RCP8.5 48 (-7) 97 (-18) 

2090 

RCP2.6 49 (-6) 103 (-12) 

RCP4.5 44 (-11) 91 (-24) 

RCP6.0 42 (-13) 85 (-30) 

RCP8.5 31 (-24) 65 (-50) 
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3.3 Cold days (maximum temperature < 10°C) 

The highest elevations of the Tararua Ranges experience the largest number of cold days in the 

historic period, which is at least 90 cold days per year (Figure 3-5). The Wairarapa Plains and the 

coastal area north of Paraparaumu experience the lowest number of cold days (<15 per year).  

In the future, the number of cold days is projected to decrease throughout the region (Figure 3-6), 

with the largest reductions in the high elevations of the Tararua Ranges (at least 50 fewer cold days 

by 2090 under RCP8.5). The number of cold days reduces in frequency with time and greenhouse 

forcing (i.e. stronger reductions under higher RCPs and at the end of the century). Many locations are 

projected to experience almost no cold days by 2090 under RCP8.5. Table 3-4 shows projected 

changes in cold days for Wellington and Masterton. This notable change over the coming several 

decades, even under moderate concentration scenarios, represents a climatic shift in terms of 

temperature experienced at these two locations. 

 

Figure 3-5: Modelled annual number of cold days (maximum temperature < 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 3-6: Projected annual cold day changes (max temperature < 10°C) at 2040 and 2090.   Relative to 
1986-2005 average, for four IPCC scenarios, 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 3-4: Modelled annual cold days (maximum temperature < 10°C) at Wellington and Masterton for 
the historic period and future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two 
future time periods. Time periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-century: 2081-
2100 "2090"; based on the average of six global climate models. 

 Wellington Masterton 

Historic 20 13 

2040 

RCP2.6 12 (-8) 7 (-6) 

RCP4.5 11 (-9) 6 (-7) 

RCP6.0 10 (-10) 6 (-7) 

RCP8.5 9 (-11) 6 (-7) 

2090 

RCP2.6 12 (-8) 8 (-5) 

RCP4.5 6 (-14) 4 (-9) 

RCP6.0 3 (-17) 3 (-10) 

RCP8.5 0 (-20) 1 (-12) 
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3.4 Hot days (maximum temperature > 25°C) 

In the historic period, the largest number of annual hot days is experienced in the Wairarapa, 

particularly the area between Masterton and Martinborough as well as the hill country to the east 

and southeast of Martinborough (Figure 3-7), where 30-35 hot days per year are experienced. The 

remainder of the Wairarapa generally experiences 15-30 hot days per year. In contrast, the western 

part of the region experiences far fewer hot days, with Wellington and Paraparaumu experiencing an 

average of 6-8 hot days per year. The high elevations of the Tararua and Remutaka Ranges 

experience less than two hot days per year. 

In the future (Figure 3-8), the number of hot days is projected to increase throughout the Wellington 

Region, with larger increases with time and greenhouse forcing (i.e. larger increases under higher 

RCPs and at the end of the century). Under RCP2.6 at both 2040 and 2090, 10-15 more hot days per 

year are projected for the Wairarapa and 2-4 more hot days per year are projected for much of the 

western Wellington Region. Under RCP8.5, changes are more marked, with increases of 15-20 hot 

days per year for the Wairarapa at 2040 and increases of 60-70 hot days per year at 2090. For 

Wellington, 6-8 more hot days per year are projected by 2040 and 25-30 more days by 2090. Table 

3-5 shows projected changes in hot days for Wellington and Masterton. This notable change over the 

coming several decades, even under moderate concentration scenarios, represents a climatic shift in 

terms of temperature experienced at these two locations. 

 

Figure 3-7: Modelled annual number of hot days (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 3-8: Projected annual hot day changes (max temperature > 25°C) at 2040 and 2090.   Relative to 
1986-2005 average, for four IPCC scenarios, 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 3-5: Modelled annual hot days (maximum temperature > 25°C) at Wellington and Masterton for the 
historic period and future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two future 
time periods. Time periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-century: 2081-2100 
"2090"; based on the average of six global climate models. 

 Wellington Masterton 

Historic 6 31 

2040 

RCP2.6 11 (+5) 45 (+14) 

RCP4.5 12 (+6) 50 (+19) 

RCP6.0 10 (+4) 46 (+15) 

RCP8.5 13 (+7) 52 (+21) 

2090 

RCP2.6 11 (+5) 45 (+14) 

RCP4.5 16 (+10) 61 (+30) 

RCP6.0 20 (+14) 72 (+41) 

RCP8.5 35 (+29) 101 (+70) 
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3.5 Extreme hot days (maximum temperature > 30°C) 

In the historic period, extreme hot days mainly occur in the Wairarapa (Figure 3-9), with a maximum 

of 2-3 days per year in the eastern hill country and 1-2 days per year on the plains between 

Masterton and Martinborough. Less than one extreme hot day per year is experienced in the area 

surrounding Wellington Harbour.  

In the future (Figure 3-10), the number of extreme hot days per year is projected to increase, 

particularly for the Wairarapa. Up to four more extreme hot days per year are projected for the 

Wairarapa at 2040 under all four concentration scenarios, with less than two more extreme hot days 

per year projected for the area around Wellington Harbour at the same time period. However, by 

2090, 15-20 more extreme hot days are projected for much of the Wairarapa under RCP8.5 and 2-4 

more hot days per year for the area around Wellington Harbour. The lower concentration scenarios 

show smaller increases (with RCP2.6 expecting the same increase at 2090 as at 2040; up to two more 

extreme hot days per year for the Wairarapa). Table 3-6 shows projected changes in extreme hot 

days for Wellington and Masterton. This notable change by 2090 under RCP8.5 represents a climatic 

shift in terms of temperature experienced at these two locations. 

 

Figure 3-9: Modelled annual number of extreme hot days (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 3-10: Projected annual extreme hot day changes (max temperature > 30°C) at 2040 and 2090.   
Relative to 1986-2005 average, for four IPCC scenarios, 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 3-6: Modelled annual extreme hot days (maximum temperature > 30°C) at Wellington and 
Masterton for the historic period and future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 
8.5) at two future time periods. Time periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-
century: 2081-2100 "2090"; based on the average of six global climate models. 

 Wellington Masterton 

Historic 0 1.5 

2040 

RCP2.6 0 3.5 (+2) 

RCP4.5 0 4.5 (+3) 

RCP6.0 0 3.5 (+2) 

RCP8.5 0 4.5 (+3) 

2090 

RCP2.6 0 3 (+1.5) 

RCP4.5 1 (+1) 6.5 (+5) 

RCP6.0 1 (+1) 9.5 (+8) 

RCP8.5 3 (+3) 21.5 (+20) 
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3.6 Heatwave days and extreme heatwave days 

For the purposes of this report, a heatwave is defined as a period of three or more consecutive days 

where the maximum daily temperature (Tmax) exceeds a given threshold, either 25°C or 30°C. For the 

maps in this section, the heatwave climatology and projections are presented as average annual 

heatwave days (with a Tmax threshold of 25°C) and extreme heatwave days (with a Tmax threshold of 

30°C). Heatwave days are calculated by aggregating all days per year that are included in a heatwave 

(e.gΦΣ җ ǘƘǊŜŜ ŎƻƴǎŜŎǳǘƛǾŜ Řŀȅǎ ǿƛǘƘ ¢max > 25°C), no matter the length of the heatwave. Thus, a 3-day 

heatwave contributes 3 days, a 5-day heatwave contributes 5 days, etc. The annual total numbers of 

heatwave-days are then averaged over the 20-year period of interest (e.g., 2031-2050), and the six 

global models, to get the ensemble-average annual heatwave-day climatology (past) and future 

projections. The historic maps show annual average numbers of heatwave days and the future 

projection maps show the change in the number of heatwave days compared with the historic 

period.  

3.6.1 Heatwave days (җ 3 consecutive days with maximum temperature > 25°C) 

In the historic period, the highest number of annual heatwave days occurs in the Wairarapa, in the 

area broadly between Masterton and Martinborough (Figure 3-11). Between 15 and 20 heatwave 

days per year occur in this area in the historic period. Ten to 15 heatwave days per year occur for 

most of the rest of the Wairarapa. On the western side of the Remutaka Ranges, far fewer heatwave 

days are observed ς less than one three-day heatwave per year is recorded in this part of the region 

(i.e. one to two heatwave days on average per year (averaged over 20 years), where three is required 

to be defined as a heatwave). 

In the future, the number of heatwave days is projected to increase across the Wellington Region 

(Figure 3-12), and changes are amplified with time and greenhouse forcing (i.e. higher RCPs exhibit 

larger increases than lower RCPs in general). Under RCP2.6 at both 2040 and 2090, 10-15 more 

heatwave days per year are projected for the Wairarapa, whereas under RCP8.5 at 2040 15-20 more 

heatwave days are projected for the Wairarapa, and at 2090 a large increase of 60-70 more 

heatwave days are projected. For the western part of the region, the number of heatwave days 

slightly increases by about two per year under most RCPs and time periods, except for RCP8.5 which 

sees larger increases in low-lying areas of 10-20 heatwave days per year by 2090. Table 3-7 shows 

the projected numbers of heatwave days and extreme heatwave days for Wellington and Masterton 

grid points. This notable change over the coming several decades, even under moderate 

concentration scenarios, represents a climatic shift in terms of temperature experienced at these 

two locations. 

There are slightly more heatwave days projected for RCP4.5 than RCP6.0 by 2040, which may seem 

counterintuitive as RCP6.0 has higher CO2-equivalent concentrations than RCP4.5 by 2100. However, 

the concentrations of CO2-equivalent around 2040 are actually lower for RCP6.0 than RCP4.5, so 

RCP4.5 has a higher greenhouse forcing at that time, resulting in higher numbers of projected 

heatwave days. 

The projections for heatwave days (Figure 3-12) are similar to the projections for hot days (Figure 

3-8), particularly for the Wairarapa and for the more extreme scenarios at the end of the century. 

This implies that most of the increase in hot days is being translated into heatwave days ς i.e. most 

additional days >25°C are going to form in a sequence of least three consecutive days in the future, 

making heatwaves more frequent. 
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Figure 3-11: 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 3-12: Projected annual heatwave day changes (җ three consecutive days with maximum 
temperatures > 25°C) at 2040 and 2090.   Relative to 1986-2005 average, for four IPCC scenarios, 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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3.6.2 Extreme heatwave days (maximum temperature > 30°C) 

In the historic period, there are few extreme heatwave days modelled for the Wellington Region ς 

less than one extreme heatwave day per year for the Wairarapa, averaged over the 20-year period 

1986-2005 (Figure 3-13). No extreme heatwave days occur for the rest of the Wellington Region. 

In the future, the number of extreme heatwave days is projected to increase for the Wairarapa 

(Figure 3-14), and changes are amplified with time and greenhouse forcing (i.e. higher RCPs exhibit 

larger increases than lower RCPs). Under RCP2.6 and RCP4.5 at both 2040 and 2090, and RCP6.0 and 

RCP8.5 at 2040, up to two more extreme heatwave days per year are projected for the Wairarapa. 

However, the most significant change is projected for RCP8.5 at 2090 when 10-15 more extreme 

heatwave days are projected for an area south of Masterton, and 6-10 more extreme heatwave days 

are projected for most of the Wairarapa. It is only at 2090 under RCP8.5 that small increases (up to 

two extreme heatwave days per year) are projected for the western part of the region. Table 3-7 

shows the projected numbers of heatwave days and extreme heatwave days for Wellington and 

Masterton grid points. This notable change over the coming several decades in the number of 

extreme heatwave days for Masterton represents a climatic shift in terms of extreme temperature 

experienced at this location. 

 

Figure 3-13: Modelled annual number of extreme heatwave days (җ three consecutive days with maximum 
temperatures > 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 3-14: Projected annual extreme heatwave day changes (җ three consecutive days with maximum 
temperatures > 30°C) at 2040 and 2090.   Relative to 1986-2005 average, for four IPCC scenarios, 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 3-7: Modelled annual heatwave days (җ three consecutive days with maximum temperatures > 
25°C) and extreme heatwave days (җ three consecutive days with maximum temperatures > 30°C) at 
Wellington and Masterton for the historic period and future changes for four climate change scenarios 
(RCP2.6, 4.5, 6.0 and 8.5) at two future time periods. Time periods: historic: 1986-2005, mid-century: 2031-
2050 "2040", end-century: 2081-2100 "2090"; based on the average of six global climate models. 

 
Heatwave days (>25°C) 

Extreme heatwave days 
(>30°C) 

Wellington Masterton Wellington Masterton 

Historic 1 16 0 0 

2040 

RCP2.6 3 (+2) 27 (+11) 0 1 (+1) 

RCP4.5 3 (+2) 32 (+16) 0 1 (+1) 

RCP6.0 2 (+1) 28 (+12) 0 1 (+1) 

RCP8.5 3 (+2) 33 (+17) 0 1 (+1) 

2090 

RCP2.6 2.5 (+1.5) 26 (+10) 0 0.5 (+0.5) 

RCP4.5 5 (+4) 42 (+26) 0 2 (+2) 

RCP6.0 7 (+6) 53 (+37) 0 3 (+3) 

RCP8.5 16 (+15) 83 (+67) 0 11 (+11) 

 

3.6.3 Changing lengths of heatwaves 

The heatwave day and extreme heatwave day maps (Figure 3-11 to Figure 3-14) show cumulative 

heatwave days, without regard to the length of each event. Figure 3-15 and Figure 3-16 show the 

length of heatwave-day projections at the VCSN grid-points representing Wellington (Kelburn) and 

Masterton, and demonstrate the full distribution for these episodes as a function of the duration of 

each hot spell. Figure 3-15 gives an example for the Masterton grid point at 2090 with the heatwave 

day threshold of 25°C. Figure 3-16 shows all the combinations for Wellington/Masterton, 2040/2090 

and 25/30°C.  

In Figure 3-15, heatwave days are shown for the Masterton ƘƛǎǘƻǊƛŎŀƭ ŎƭƛƳŀǘŜ όΨtǊŜǎŜƴǘΩΣ ǊŜǇǊŜǎŜƴǘƛƴƎ 

the 6-model average over 1986-2005), and the Masterton late-century climate (2090, representing 

the 6-model average over 2081-2100).  In the historical period, Masterton experiences approximately 

16 days per year, on average, ƻŦ άƘŜŀǘǿŀǾŜέ ŎƻƴŘƛǘƛƻƴǎ, where at least three consecutive days of 

temperatures exceed 25°C. For heatwaves lasting 10 days or longer within in a 20-year period, 

Masterton could expect two such events in the historical climate. Not shown in Figure 3-15 are 

shorter periods which do not qualify as heatwaves under our three consecutive day criterion: in the 

historical climate, there are about eight individual days with temperatures >25°C per year, and a 

further eight days with two-day consecutive temperatures above 25°C. 

Figure 3-16 shows that prolonged heatwave events become more frequent as the climate warms, 

with a marked jump under RCP8.5 relative to the other more modest emission scenarios. For 

example, under RCP8.5 at 2090, Masterton is projected to experience 82 heatwave days per year of 

at least three consecutive days duration, of which 37 days will be part of events lasting 10 

consecutive days or more.  

For a threshold of 30°C, Masterton could experience 11 extreme heatwave days per year of at least 

three consecutive days duration by 2090 under RCP8.5. Extreme heatwaves lasting 10 days could 

occur once every 10 years, on average.  
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For the Wellington grid point, heatwaves are much less common than at Masterton, and heatwaves 

above the 30°C threshold are almost non-existent, even by the end of the century under the highest 

emission scenario of RCP8.5. However, for the 25°C threshold, Wellington could expect 16 heatwave-

days per year of at least 3 consecutive days duration by 2090 under RCP8.5. Heatwaves lasting 10 

days could occur once every 10 years, on average. 

For both locations, the projections indicate unprecedented heatwave behaviour compared to what is 

experienced at present. In particular, the projected length of heatwaves for both locations increases 

dramatically by 2090 under the higher-end scenarios of RCP6.0 and RCP8.5.  

 

 

Figure 3-15: Average number of heatwave days per year (>25°C) for the Masterton VCSN grid-point, plotted 
as a function of the minimum length of the heatwave in consecutive days.   Colour bars represent counts 
under the historical climate (white, far left bar) and for 2090 under RCP2.6 (blue), RCP4.5 (green), RCP6.0 
(orange) and RCP8.5 (red). A length of ά3έ means 3 or more daysΣ άпέ ƳŜŀƴǎ п ƻǊ ƳƻǊŜ ŘŀȅǎΣ ŜǘŎΦ The histogram 
bars rŜǇǊŜǎŜƴǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƘŜŀǘǿŀǾŜ Řŀȅǎ ŦƻǊ ŀƭƭ ƘŜŀǘǿŀǾŜǎ ƭŀǎǘƛƴƎ ŀǘ ƭŜŀǎǘ ŀǎ Ƴŀƴȅ Řŀȅǎ ŀǎ ǘƘŜ άƭŜƴƎǘƘέ 
marked on the horizontal axis.
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Figure 3-16: Average number of heatwave-days per year for >25°C and >30°C thresholds, for the Wellington (left) and Masterton (right) VCSN grid-points, plotted as a 
function of the minimum length of the heatwave in days.   Colour bars represent counts under the historical climate (white, far left bar) and for either 2040 or 2090 under 
RCP2.6 (blue), RCP4.5 (green), RCP6.0 (orange) and RCP8.5 (red). ! ƭŜƴƎǘƘ ƻŦ άоέ ƳŜŀƴǎ о ƻǊ ƳƻǊŜ ŘŀȅǎΣ άпέ ƳŜŀƴǎ п ƻǊ ƳƻǊŜ ŘŀȅǎΣ ŜǘŎΦ The histogram bars represent the 
ƴǳƳōŜǊ ƻŦ ƘŜŀǘǿŀǾŜ Řŀȅǎ ŦƻǊ ŀƭƭ ƘŜŀǘǿŀǾŜǎ ƭŀǎǘƛƴƎ ŀǘ ƭŜŀǎǘ ŀǎ Ƴŀƴȅ Řŀȅǎ ŀǎ ǘƘŜ άƭŜƴƎǘƘέ ƳŀǊƪŜŘ ƻƴ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ŀȄƛǎΦ Note that the same vertical scale has been used for 
the 2040 and 2090 plots; otherwise the scale changes between Wellington and Masterton, and between 25°C and 30°C thresholds.
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4 IƛǎǘƻǊƛŎ ŀƴŘ ŦǳǘǳǊŜ ǊŀƛƴŦŀƭƭ ŜȄǘǊŜƳŜǎ 
 

Key messages 

¶ A reduction in the number of rain days (>10, >20 and >30 mm) is projected for high elevations 

in the Wellington Region (Tararua, Remutaka and Aorangi Ranges). 

¶ The reductions are larger with time and increased greenhouse forcing. 

¶ Some small increases in rain days are projected for the west coast (>10mm), for pockets on 

both coasts and northern Wairarapa (>20mm) and for most of the Region outside the 

Tararuas (>30mm) for high greenhouse gas concentrations by the end of the century.  

¶ The number of days over which wet spells occur is projected to decline across most of the 

region, particularly in the ranges and the Wairarapa. Small increases are projected for the 

Kapiti Coast. 

¶ Conversely, the number of days over which dry spells occur is projected to increase across the 

region, particularly in the Wairarapa. Small decreases are projected for the Kapiti Coast and 

some northern areas. 

¶ A clear trend towards longer dry spells and shorter wet spells is projected for both Wellington 

and Masterton. 

 

Indices of rainfall extremes are considered in this section. These indices are the average number of 

days per year with rainfall totals above or below certain thresholds (Table 4-1). Averages are taken 

over 20-year periods: 1986-2005 for the historic period, 2031-2050 for the mid-ŎŜƴǘǳǊȅ άнлплέ 

period, and 2081-2100 for the late-ŎŜƴǘǳǊȅ άнлфлέ period. Projections for each index are shown as 

maps for these three time periods, and for the future time periods projections for four IPCC 

Representative Concentration Pathways (Section 2.1) are given. In addition, projections for 

Wellington and Masterton are given for these same time periods and RCPs. 

Table 4-1: Rainfall extreme indices and thresholds.  

Rainfall extreme indices Threshold 

Rain days with > 10 mm > 10 mm 

Rain days with > 20 mm > 20 mm 

Rain days with > 30 mm > 30 mm 

Wet spells > 3, > 5, and > 10 consecutive days with > 1mm 

of rain on each day 

Dry spells > 3, > 5, and > 10 consecutive days with < 1mm 

of rain on each day 
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4.1 Rain days with > 10 mm 

In the historic period, the largest number of > 10 mm rain days occurs in the highest elevations of the 

Tararua Ranges (120-140 days per year), and the lowest number occurs around Martinborough (15-

20 days per year) (Figure 4-1). Most of the region experiences 20-50 days with > 10 mm of rain per 

year. 

In the future, the number of > 10 mm rain days is projected to increase for many areas by the middle 

of the century, but only by a small amount (0-2 days per year for most locations) (Figure 4-2). The 

highest elevations of the Tararua and Remutaka Ranges experience a decrease in rain days by mid-

century of 1-4 days per year (all scenarios). By 2090, most areas are projected to experience a 

reduction in > 10 mm rain days by 0-2 days per year for most lowland areas and >5 days per year for 

high elevation locations, under the two higher emission scenarios (RCP6.0 and RCP8.5).  

Table 4-2 shows projected changes in > 10 mm rain days for Wellington and Masterton. The 

magnitude of the projected changes is small compared to the historic numbers of rain days > 10 mm 

for the two locations. 

 

Figure 4-1: Modelled annual number of rain days with > 10 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. 
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Figure 4-2: Projected annual rain day changes (> 10 mm) at 2040 and 2090.   Relative to 1986-2005 average, 
for four IPCC scenarios, 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 4-2: Modelled annual rain days (> 10 mm) at Wellington and Masterton for the historic period and 
future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two future time periods. Time 
periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-century: 2081-2100 "2090"; based on the 
average of six global climate models. 

 Wellington Masterton 

Historic 36 20 

2040 

RCP2.6 37 (+1) 20.5 (+0.5) 

RCP4.5 37 (+1) 20.6 (+0.6) 

RCP6.0 37 (+1) 20.5 (+0.5) 

RCP8.5 35.9 (-0.1) 20 (+0) 

2090 

RCP2.6 36.2 (+0.2) 20.6 (+0.6) 

RCP4.5 36.4 (+0.4) 19.8 (-0.2) 

RCP6.0 36.1 (+0.1) 19.9 (-0.1) 

RCP8.5 36.3 (+0.3) 19.2 (-0.8) 
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4.2 Rain days with > 20 mm 

In the historic period, the largest number of > 20 mm rain days occurs in the highest elevations of the 

Tararua Ranges (60-100 days per year), and the lowest number occurs around Martinborough (2-4 

days per year) (Figure 4-3). Most of the Wairarapa experiences 4-8 days with > 20 mm of rain per 

year, and the western part of the region experiences 10-20 days with > 20 mm of rain per year. 

In the future, the number of > 20 mm rain days is projected to increase for most of the region by the 

middle of the century (2040), but only by a small amount (0-2 days per year for most locations) 

(Figure 4-4). By 2090, most areas are projected to experience an increase in > 20 mm rain days by 0-2 

days per year for most lowland areas, up to an increase of 2-3 days per year for the west coast 

(under RCP8.5). A decreases of > 2 days per year is projected high elevation locations, under the two 

higher concentration scenarios (RCP6.0 and RCP8.5).  

Table 4-3 shows projected changes in > 20 mm rain days for Wellington and Masterton. The 

magnitude of the projected changes is small compared to the historic numbers of rain days > 20 mm 

for the two locations. 

 

Figure 4-3: Modelled annual number of rain days with > 20 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. 
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Figure 4-4: Projected annual rain day changes (> 20 mm) at 2040 and 2090.   Relative to 1986-2005 average, 
for four IPCC scenarios, 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 4-3: Modelled annual rain days (> 20 mm) at Wellington and Masterton for the historic period and 
future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two future time periods. Time 
periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-century: 2081-2100 "2090"; based on the 
average of six global climate models. 

 Wellington Masterton 

Historic 14 4 

2040 

RCP2.6 14.5 (+0.5) 4.2 (+0.2) 

RCP4.5 15 (+1) 4.1 (+0.1) 

RCP6.0 15 (+1) 4.1 (+0.1) 

RCP8.5 14.9 (+0.9) 4.2 (+0.2) 

2090 

RCP2.6 14 (+0) 4.3 (+0.3) 

RCP4.5 14.6 (+0.6) 3.9 (-0.1) 

RCP6.0 14.6 (+0.6) 4.1 (+0.1) 

RCP8.5 16 (+2) 4.2 (+0.2) 
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4.3 Rain days with > 30 mm 

In the historic period, the largest number of > 30 mm rain days occurs in the highest elevations of the 

Tararua Ranges (50-70 days per year), and the lowest number occurs in the interior Wairarapa (0-2 

days per year) (Figure 4-5). The western part of the region experiences 4-10 days with > 30 mm of 

rain per year. 

In the future, the number of > 30 mm rain days is projected to increase for most of the region by the 

middle of the century (2040), but only by a small amount (0-1 day per year for most locations) (Figure 

4-6). By 2090, most areas are projected to experience a slight increase in > 30 mm rain days, 

especially around the coastal areas (under RCP8.5). A decrease of 1-3 days per year is projected high 

elevation locations, under the two higher concentration scenarios (RCP6.0 and RCP8.5).  

Table 4-4 shows projected changes in > 30 mm rain days for Wellington and Masterton. The 

magnitude of the projected changes is small compared to the historic numbers of rain days > 30 mm 

for the two locations. 

 

Figure 4-5: Modelled annual number of rain days with > 30 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. 
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Figure 4-6: Projected annual rain day changes (> 30 mm) at 2040 and 2090.   Relative to 1986-2005 average, 
for four IPCC scenarios, 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 4-4: Modelled annual rain days (> 30 mm) at Wellington and Masterton for the historic period and 
future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two future time periods. Time 
periods: historic: 1986-2005, mid-century: 2031-2050 "2040", end-century: 2081-2100 "2090"; based on the 
average of six global climate models. 

 Wellington Masterton 

Historic 7 1 

2040 

RCP2.6 7.6 (+0.6) 1.4 (+0.4) 

RCP4.5 8 (+1) 1.1 (+0.1) 

RCP6.0 8 (+1) 1.2 (+0.2) 

RCP8.5 7.7 (+0.7) 1.3 (+0.3) 

2090 

RCP2.6 7.3 (+0.3) 1.3 (+0.3) 

RCP4.5 7.7 (+0.7) 1.2 (+0.2) 

RCP6.0 8 (+1) 1.3 (+0.3) 

RCP8.5 9 (+2) 1.2 (+0.2) 
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4.4 Wet and dry spells 

For the purposes of this report, a wet spell or a dry spell is defined as a period of three or more 

consecutive days where the daily rainfall total exceeds 1 mm (wet spell) or is less than 1 mm (dry 

spell), respectively. For the maps in this section, the wet and dry spell climatology and projections 

are presented as average annual number of days that experience each type of event. Wet and dry 

spell days are calculated by aggregating all days per year that are included in a wet or dry spell (e.g., 

җ ǘƘǊŜŜ ŎƻƴǎŜŎǳǘƛǾŜ Řŀȅǎ ǿƛǘƘ rainfall >1mm or <1mm, respectively), no matter the length of the wet 

or dry spell. Thus, a 3-day wet or dry spell contributes 3 days, a 5-day wet or dry spell contributes 5 

days, etc. The annual total numbers of wet or dry spell days are then averaged over the 20-year 

period of interest (e.g., 2031-2050), and across the six global models, to determine the ensemble-

average annual wet or dry spell day climatology (past) and future projections. The historic maps 

show annual average numbers of wet or dry spell days and the future projection maps show the 

change in the number of wet or dry spell days compared with the historic period.  

4.4.1 Wet spells  

For the historic period, the highest number of days within 3-day wet spells (> 1 mm/day) occurs in 

the highest elevations of the Tararua Ranges, which has 160-200 days per year (Figure 4-7). The 

lowest number of days within 3-day wet spells occurs to the east of Martinborough, to the west of 

Wellington, and on the northeast coast of the region (50-60 days per year). Much of the hill country 

experiences around 100-120 days per year within 3-day wet spells. 

In the future, the number of days within 3-day wet spells is projected to decline across the region 

(Figure 4-8). This decrease is larger with time and greenhouse forcing (i.e. larger decreases under 

higher RCPs and at the end of the century). The smallest change is for RCP2.6, which is projecting 

decreases of 0-6 days within 3-day wet spells by both 2040 and 2090 for most of the region. In 

contrast, the projections for RCP8.5 suggest decreases of 6-8 days within 3-day wet spells for most of 

the region by 2040 and decreases of at least 10 days within 3-day wet spells for most of the region by 

2090 (20-30 fewer days for some central and eastern areas). The exception to this is the west coast 

which experiences reductions on the order of 4-8 days within 3-day wet spells by 2090.  

Table 4-5 shows projected changes in days within 3-day wet spells for Wellington and Masterton.  
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Figure 4-7: Modelled annual number of days within 3-day wet spells (> 1 mm rain per day), 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 4-8: Projected change in the annual number of wet days with in 3-day wet spells (> 1 mm rain per 
day) at 2040 and 2090.   Relative to 1986-2005 average, for four IPCC scenarios, 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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The spatial patterns for days within 5-day wet spells are similar to 3-day wet spells. In the historic 

period, the highest number of days within 5-day wet spells occurs in the highest elevations of the 

Tararua Ranges, which has 120-160 days per year (Figure 4-9). The lowest number of days within 5-

day wet spells occurs to the east of Martinborough, to the west of Wellington, and on the northeast 

coast of the region (10-20 days per year). Much of the hill country experiences around 30-50 days per 

year within 5-day wet spells. 

In the future, the number of days within 5-day wet spells is projected to decline across the region 

(Figure 4-10). This decrease is larger with time and greenhouse forcing (i.e. larger decreases under 

higher RCPs and at the end of the century). The smallest change is for RCP2.6, which is projecting 

decreases of 0-4 days within 5-day wet spells by both 2040 and 2090 for most of the region. In 

contrast, the projections for RCP8.5 suggest decreases of 2-8 days within 5-day wet spells for most of 

the region by 2040 and decreases of at least 8-10 days within 5-day wet spells for most of the region 

by 2090 (15-30 fewer days for some high elevation areas). The exception to this is the west coast 

which experiences reductions on the order of 2-6 days within 5-day wet spells by 2090.  

Table 4-5 shows projected changes in days within 5-day wet spells for Wellington and Masterton. 

 

Figure 4-9: Modelled annual number of days within 5-day wet spells (> 1 mm rain per day), 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 4-10: Projected change in the annual number of wet days with in 5-day wet spells (> 1 mm rain per 
day) at 2040 and 2090.   Relative to 1986-2005 average, for four IPCC scenarios, 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. 


















































































































































