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Executive summary 
The climate of Marlborough is changing, and these changes will continue for the foreseeable future. 

It 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 concentrations of 

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

atmospheric greenhouse gas concentrations continue to increase. 

Envirolink and Marlborough District Council commissioned NIWA to undertake a review of climate 

change projections and impacts for the Marlborough region. This report addresses expected changes 

for a range of 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 temperature changes increase with time and greenhouse gas 

concentration pathway. Future annual average warming spans a wide range: 0.5-1.5°C 

by 2040, and 0.5-2.0°C (medium concentration pathway) or 2.0-3.5°C (high 

concentration pathway) by 2090.  

Á Annual average maximum temperatures are expected to increase by 0.5-1.5°C by 2040 

under RCP4.5. By 2090, maximum temperatures are projected to increase by 1.0-3.0°C 

(medium concentration pathway) or 2.0-5.0°C (high concentration pathway). 

Á The average number of hot days is expected to increase with time and increasing 

greenhouse gas concentrations. The largest increases are projected for low elevation 

locations, where 1-15 more hot days are projected by 2040 (medium concentration 

pathway), and 15-65 more days are projected by 2090 (high concentration pathway). 

Á Annual average minimum temperatures are expected to increase by up to 1.0°C by 

2040. By 2090, minimum temperatures are projected to increase by 0.5-1.0°C (medium 

concentration pathway) or 1.0-2.5°C (high concentration pathway). 

Á The average number of frost days is expected to decrease with time and greenhouse 

gas concentrations. The largest decreases are projected for high elevation and inland 

locations, where 1-20 fewer frost days are projected by 2040, and 10-60 fewer days by 

2090 (high concentration pathway). Smaller decreases are generally projected for 

coastal locations because fewer frosts currently occur in these locations. 

Á Projected changes in rainfall show variability across Marlborough. By 2040 under both 

medium and high greenhouse gas concentration pathways, annual rainfall is expected 

to change by only a small amount for most of the region (±5%). By 2090, larger and 

more extensive changes to rainfall are projected at the seasonal scale. For some parts, 

summer decreases of up to 20% and winter increases of up to 40% are projected (high 

concentration pathway).   

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. 

Á Drought potential is projected to increase across Marlborough, with annual 

accumulated Potential Evapotranspiration Deficit (PED) totals increasing with time and 
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increasing greenhouse gas concentrations. By 2040, PED totals are projected to 

increase by 50-150 mm. By 2090, PED totals are projected to increase by 50-200 mm 

(medium concentration pathway) or 75-250 mm (high concentration pathway). 

¢ƘŜ ŜŦŦŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƻƴ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ōȅ ŘǊƛǾƛƴƎ bL²!Ωǎ 

national hydrological model with downscaled Global Climate Model outputs from 1971-2099 under 

different greenhouse gas concentration scenarios: 

Á Annual average discharge is projected to remain stable or slightly increase across both 

greenhouse gas concentration pathways and future time periods. 

Á Mean annual low flow (MALF) magnitudes are expected to decrease across both 

greenhouse gas concentration pathways and future time periods for most catchments. 

A decrease in MALF is expected to exceed 50% for most of the river systems in the 

region with increased greenhouse gas concentration and time. 

One of the most certain consequences of increasing concentrations of atmospheric greenhouse gases 

and associated warming is the rising sea level. Rising sea level in past decades has already affected 

human activities and infrastructure in coastal areas is New Zealand, with a higher base mean sea 

level contributing to increased vulnerability to storms and tsunami. 

Á Rising sea level has already been observed in Marlborough. Absolute sea-level rise 

(SLR), calculated from satellite altimetry, shows the region is trending at an increase of 

around 4 mm/year (trend for 1993-present), which is close to the New Zealand-wide 

average of 4.4 mm/year (calculated up to the end of 2015). 

Á As sea levels rise, so will the probability of current high-water marks being exceeded, 

while the average recurrence interval of rare storm-tide event will become smaller. A 

0.65 m SLR (estimated to be reached by 2070-2155) would mean that any coastal 

location currently affected by the present-day mean high water spring (MHWS-10 

level), which is exceeded by only 10% of all high tides (tide only), will be exceeded by 

all high tides (under high greenhouse gas concentrations). 

The following points summarise ongoing and potential future impacts of a changing climate on 

different sectors and environments in Marlborough: 

Á Increasing temperatures due to human-induced climate change will likely impact 

primary sector activities through increasing the incidence of pests and diseases. 

Increasing temperatures affect the rate of plant growth, which may affect the quality 

and quantity of harvested fruit and vegetable crops, as well as the productivity of 

forestry and pasture. Human health will also be affected by a changing climate due to 

the increasing prevalence of hot conditions and heatwaves. Warmer temperatures in 

the future may provide opportunities for new crops to be grown. 

Á A warmer atmosphere in the future is expected to result in increases to rainfall 

intensity. Increased rainfall intensity increases the risk of reduced quality of fruit and 

vegetables, as well as causing soil saturation issues for horticulture and agriculture. It 

also increases the risk of flooding events which have associated adverse impacts such 

as damage to infrastructure. 
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Á Future reductions in rainfall and increases in drought severity may cause fire risk to 

increase in Marlborough, affecting forestry and the natural environment. With ongoing 

risk of wildfire, smoke taint may be an issue for crops such as wine grapes. 

Á Ongoing sea-level rise is likely to increase exposure of infrastructure and primary 

sector activities to extreme coastal flooding, as well as cause habitat loss at the coastal 

margins where ecosystems are not able to move further inland (coastal squeeze). 

Exposure is likely to increase over time in response to higher sea levels. 

Á Warming oceans will induce pressures on the distribution and abundance of marine 

species, and ocean acidification will affect species with carbonate shells (e.g. paua, 

oysters). In aquaculture, heatwaves can lead to reduced growth and yields, increased 

mortality, and an associated loss in revenue.  

Á Increased concentrations of atmospheric carbon dioxide should increase forest, 

pasture, crop, and horticulture productivity, if not limited by water availability. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ 
Climate change is already affecting New Zealand and the Marlborough region with downstream 

effects on our natural environment, the economy, and communities. In the coming decades, climate 

ŎƘŀƴƎŜ ƛǎ ƘƛƎƘƭȅ ƭƛƪŜƭȅ ǘƻ ƛƴŎǊŜŀǎƛƴƎƭȅ ǇƻǎŜ ŎƘŀƭƭŜƴƎŜǎ ǘƻ bŜǿ ½ŜŀƭŀƴŘŜǊǎΩ ǿŀȅ ƻŦ ƭƛŦŜΦ 

Envirolink and Marlborough District Council commissioned the National Institute of Water and 

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

the Marlborough region (regional extent shown in 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 (Ministry for the Environment, 2018). The contents of this technical report include 

analysis of climate projections for the Marlborough region in greater detail than the national-scale 

analysis. Regional-scale climate projection maps have been provided for 15 different climate and 

hydrological variables and indices. 

This technical report describes changes which are likely to occur over the 21st century to the climate 

of the Marlborough 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 and potential evapotranspiration deficit (a measure of drought 

potential). Projections for sea-level rise and river flows are also discussed. Commentary on climate 

change impacts and implications for some of the different environments and sectors of Marlborough 

are provided, including horticulture, human and ecosystem health, and forestry. 

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; 2014c; 

2014a; 2014b). Details specific to Marlborough were based on scenarios for New Zealand that were 

generated by NIWA from downscaling of global climate model simulations. This effort utilised several 

Lt// ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǇŀǘƘǿŀȅǎ ŦƻǊ ǘƘŜ ŦǳǘǳǊŜ ŀƴŘ ǘƘƛǎ ǿŀǎ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ bL²!Ωǎ 

core-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 to 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 the Marlborough region. 
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Figure 1-1: Marlborough regional boundary.   Sourced from Chappell (2016). 
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1.1 Global and New Zealand climate change 

Key messages 

Á The global climate system is warming and many of the recently observed climate 

changes are unprecedented. 

Á 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. 

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

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

Á Estimated human-induced global warming is currently increasing at 0.2°C per 

decade due to past and ongoing emissions. 

Á 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. Increases in average temperatures will result in related increases in the occurrence 

ƻŦ ŜȄǘǊŜƳŜ ǘŜƳǇŜǊŀǘǳǊŜǎΦ ¢ƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ Ƙŀǎ ǿŀǊƳŜŘ ōȅ approximately 0.85°C on average 

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. CǊƻƳ ǘƘŜ ǎǘŀǊǘ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ǊŜŎƻǊŘǎ 

(1901) to 2018, national mean coastal sea levels have risen 1.81 (±0.05) millimetres per year (MFE & 

STATS NZ, 2019). 

Global 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 January 2020, the global carbon dioxide concentration of 

the atmosphere was 415.5 parts per million (NOAA, 2021). 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 

and decreases in the north of the North Island (MFE & STATS NZ, 2020). Some heavy rainfall events 
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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). Frosts 

have become less common, while the number of warm days and heatwaves days is increasing (MFE 

& STATS NZ, 2020). 

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

on observations, bŜǿ ½ŜŀƭŀƴŘΩǎ ƳŜŀƴ ŀƴƴǳŀƭ ǘŜƳǇŜǊŀǘǳǊŜ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ōȅ an average of 1.04°C (± 

0.25°C) per century since 1909 (Figure 1-2). 

 

Figure 1-2: New Zealand national temperature series, 1909-2020. 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 line elevations, more frequent hot extremes, 

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

Annual average rainfall is projected to decrease in the north and east of the North Island, and to 

increase in southern and western parts of the South Island (Ministry for the Environment, 2018). Fire 

hazard is projected to increase in many parts of New Zealand, especially on the eastern coast in the 

southern half of both islands (Watt et al., 2019). Regional sea level rise will very likely exceed the 

historical rate, consistent with global mean trends (Ministry for the Environment, 2017). 

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 

Á Natural variability is an important consideration in addition to the underlying 

climate change signal. It will continue to affect the year-to-year climate of New 

Zealand into the future. 

Á El Niño-Southern Oscillation is the dominant mode of inter-annual climate variability 

and it impacts New Zealand primarily through changing wind, temperature and 

rainfall patterns. 

Á The Interdecadal Pacific Oscillation affects New Zealand through drier conditions in 

the east and wetter conditions in the west during the positive phase and the 

opposite in the negative phase. 

Á 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. 

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

Marlborough region 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 

bŜǿ 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 Marlborough region will need to cope with the 

combination 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 ǘǊŀŘŜ ǿƛƴŘǎ 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 usually 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 

Marlborough region (Salinger and Mullan, 1999; Figure 1-3). During La Niña conditions, the 

strengthened trade winds usually cause New Zealand to experience more north-easterly airflow than 

normal, higher-than-normal temperatures (especially during summer), and wetter conditions in the 

north and east of the North Island, as well as coastal Marlborough (Figure 1-3). 
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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 due to 

increased moisture availability. 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 Marlborough). 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 όŘǳǊƛƴƎ LthҌ 

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 Ŏƭimate in terms of westerly wind 
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strength and storm occurrence (Renwick and Thompson, 2006). In its positive phase, the SAM is 

associated with relatively light winds and more settled weather over New Zealand, with stronger 

westerly winds further south towards Antarctica. In 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 annual average temperature for New Zealand based on the average of a 

number of climate simulations forced by historic greenhouse gas concentrations. All the other line 

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

individual simulations. Post-2005, the coloured line plots show the annual temperature changes for 

the New Zealand region under four different scenarios of future greenhouse gas concentrations, with 

the heavier lines showing the six-model average temperature projections for each concentration 

scenario, and the lighter lines showing the results for each of the six downscaled climate models for 

both historical and future periods. 

For the future 2006-2100 period, the models show very little warming trend after about 2030 under 

the low greenhouse gas concentration όάw/tнΦсέΣ ōƭǳŜ ǎƘŀŘƛƴƎύ ǎŎŜƴŀǊƛƻΣ ǿƘŜǊŜŀǎ temperature 

changes between +2.0°C and +3.5°C by 2100 are projected under the high concentration όάw/tуΦрέΣ 

red shading) scenario. 

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 continuing upward trend in temperatures 

(other than for the RCP2.6 scenario), there will still be some relatively cool years. For this particular 

example, a year which is unusually warm under our present climate could become the norm by about 

205лΣ ŀƴŘ ŀƴ άǳƴǳǎǳŀƭƭȅ ǿŀǊƳέ ȅŜŀǊ ƛƴ ол-рл ȅŜŀǊǎΩ ǘƛƳŜ όǳƴŘŜǊ ǘƘŜ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǎŎŜƴŀǊƛƻǎύ 

is likely to be warmer than anything we currently experience. The strength of future anthropogenic 

trends in other climate variables will be smaller in relation to their large year-to-year variability, with 

the notable exception of sea-level rise. 
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Figure 1-4: New Zealand air temperature - historical (black) and future projections for four RCPs and six 
downscaled climate models, illustrating  future year-to-year variability.  (See text for full explanation). From 
Ministry for the Environment (2018). 
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2 aŜǘƘƻŘƻƭƻƎȅ 

2.1 Climate modelling 

NIWA has used global climate model simulations from the IPCC Fifth Assessment to generate climate 

change projections for New Zealand using both dynamical (regional climate modelling, RCM) and 

statistical downscaling procedures. These are described in more detail in a climate guidance manual 

prepared for the Ministry for the Environment (2018), but a short explanation for the dynamical 

procedure is provided below. All climate variables and indices presented in this report are based on 

the dynamical downscaling approach. 

Coupled global atmosphere-ocean general circulation models (GCMs) are used to generate climate 

change projections for prescribed future greenhouse gas concentration scenarios, and results from 

these models are available through the Fifth Coupled Model Inter-comparison Project (CMIP5) 

archive (Taylor et al., 2012). Simulations from six GCMs were selected by NIWA for dynamical 

modelling, and the bias corrected sea surface temperatures (SSTs) from these six CMIP5 models were 

used to drive a global atmosphere-only GCM, which in turn drives a higher resolution regional 

climate model (RCM) for the New Zealand domain. These CMIP5 models were chosen because they 

produced the most consistent results when compared to historical climate and circulation patterns in 

the New Zealand and Southwest Pacific region. Additional selection criteria for the parent global 

models was that they were the least similar to each other such that they spanned the likely range of 

model differences. The dynamical downscaling procedure involves forcing a higher-resolution 

regional climate model (RCM) with data from a coarser global model (GCM) at the lateral boundaries 

to obtain finer scale detail over a limited area. 

The six GCMs chosen for the sea surface temperatures were BCC-CSM1.1, CESM1-CAM5, GFDL-CM3, 

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

contain daily climate variables, including precipitation and surface temperature, from 1971 through 

to 2100. The native resolution of the regional climate model is approximately 30 km (0.27 degrees). 

However, climate models are known to have considerable biases due to inadequate representation 

of some critical processes and features (e.g. clouds, precipitation). The daily precipitation projections, 

as well as daily maximum and minimum temperatures, were bias corrected so that the probability 

distributions from the RCM were aligned with those derived from the Virtual Climate Station 

Network (VCSN) data on the model resolution when the RCM is driven by the observed large scale 

ŎƛǊŎǳƭŀǘƛƻƴ ŀŎǊƻǎǎ bŜǿ ½ŜŀƭŀƴŘ όƪƴƻǿƴ ŀǎ ΨǊŜ-ŀƴŀƭȅǎƛǎΩ ŘŀǘŀΣ w9!b; Sood, 2015). When the RCM is 

driven from the free-running GCMs, forced by CMIP5 sea surface temperatures (SSTs), additional 

biases occur due to biases in the large-scale circulation in the global model without data assimilation. 

Therefore, the climate variables from the RCM nested in the free running GCMs forced by historic 

greenhouse gas concentrations (RCPpast) are expected to have larger biases than where the lateral 

boundaries of the RCM are forced by reanalysis (REAN) data derived from observations. 

The RCM output is then downscaled using interpolation and physically based models from ~30 km to 

a ~5 km grid at a daily time-step. The ~5 km grid corresponds to the VCSN grid1. Figure 2-1 shows a 

schematic for the dynamical downscaling method used in this report. 

 
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 Ŏlimate station records (Tait et al., 2006). 



 

Climate change projections and impacts for Marlborough  21 

 

Figure 2-1:  Schematic diagram showing the dynamical downscaling approach. 

The change in the mean climatologies of climate variables averaged from the six model simulations, 

the 6-model ensemble mean, is presented for the climate simulations rather than for any individual 

model. The model ensemble mean climatology of climate variables is a better representation of the 

corresponding climate change signal (also termed signal), since the averaging process reduces the 

internal variability of the climate system (also termed noise). This is particularly relevant where the 

signal to noise ratio is small. Though only a small number of model simulations (six) were possible 

due to large computing resources required for running climate model simulations, they were very 

carefully selected to cover a wide range of the larger CMIP5 model ensemble. 

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

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

1986-нллр όǘŜǊƳŜŘ ΨмффрΩύΣ ŀǎ ǳǎŜŘ ōȅ Lt// όнлмоύΦ 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 represent and smoothen the natural variability of the 

selected period. The baseline maps (1986-2005) show modelled historical climate conditions from 

the same six models as the future climate change projection maps. 

2.1.1 Representative Concentration Pathways 

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

climate projections strongly depend on estimates for future greenhouse gas concentrations. In turn, 

those concentrations depend on global greenhouse gas emissions that are driven by factors such as 

economic activity, population changes, technological advances and policies for mitigation and 

sustainable resource use. This range of uncertainty has been dealt with by the IPCC through 

ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ΨǎŎŜƴŀǊƛƻǎΩ ǘƘŀǘ ŘŜǎŎǊƛōŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ 

The wide range of scenarios are associated with possible economic, political, and social 

developments during the 21st century. In the 2013 IPCC Fifth Assessment Report, a selection of these 

scenarios were called Representative Concentrations Pathways (RCPs). 

These representative pathways are abbreviated as RCP2.6, RCP4.5, RCP6.0, and RCP8.5, in the order 

of increasing radiative forcing in Watts/m2 of area from increasing greenhouse gases (i.e. the change 

in net energy in the atmosphere due to greenhouse gas concentrations). RCP2.6 requires net global 

emissions to reduce to zero around the 3rd quarter of this century, leading to low anthropogenic 

greenhouse gas concentrations (also requiring removal of carbon dioxide from the atmosphere), and 

Global Climate Model: ~140 km 
 
 
 
 
Regional Climate Model ~27 km 
 
 
 
 
Bias corrected/downscaled RCM: ~5 km 
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ŎŀƭƭŜŘ ǘƘŜ ΨƳƛǘƛƎŀǘƛƻƴΩ ǇŀǘƘǿŀȅ όŀƴŘ ǘƘŜ ǎŎŜƴŀǊƛƻ ŎƭƻǎŜǎǘ ǘƻ ǘƘŜ ŀǎǇƛǊŀǘƛƻƴŀƭ Ǝƻŀƭ ƻŦ ǘƘŜ нлмр tŀǊƛǎ 

Agreement of reducing global temperature rise below 2°C above pre-industrial times). RCP4.5 and 

w/tсΦл ŀǊŜ ǘǿƻ ΨǎǘŀōƛƭƛǎŀǘƛƻƴΩ ǇŀǘƘǿŀȅǎ όǿƘŜǊŜ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ǎǘŀōƛƭƛǎŜ ōȅ нмллύΣ 

and RCP8.5 represents continuing high global emissions without effective mitigation, which will lead 

ǘƻ ƘƛƎƘ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ όŀ ΨƘƛƎƘ ŜƴŘΩ ǇŀǘƘǿŀȅύΦ 

Therefore, the RCPs represent the outcomes of a range of 21st-century climate policies. 

Table 2-1 shows the projected global mean surface air temperature for each RCP. The full range of 

projected globally averaged temperature increases for all pathways for 2081-2100 (relative to 1986-

2005) is 0.3 to 4.8°C (Figure 2-2). Warming will likely continue beyond 2100 under all RCPs except 

RCP2.6. Warming will continue to exhibit inter-annual-to-decadal variability and will not be regionally 

uniform. 

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 (°C) Likely range (°C) Mean (°C) Likely range (°C) 

RCP2.6 Mitigation pathway 1.0 0.4 to 1.6 1.0 0.3 to 1.7 

RCP4.5 Stabilisation pathway 1.4 0.9 to 2.0 1.8 1.1 to 2.6 

RCP6.0 Stabilisation pathway 1.3 0.8 to 1.8 2.2 1.4 to 3.1 

RCP8.5 High end pathway 2.0 1.4 to 2.6 3.7 2.6 to 4.8 

 

Figure 2-2: 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 forcing. 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). 
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Cumulative greenhouse gas emissions will largely determine global mean surface warming by the late 

21st century and beyond. Even if emissions are stopped, the inertia of many changes in global climate 

will continue for many centuries to come, with the longest lag effect being sea-level rise. This 

represents a substantial multi-century climate change commitment created by past, present and 

future emissions ς particularly for coastal areas facing ongoing sea-level rise. 

In this report, the downscaled results of the selected global climate models based on two RCPs 

(RCP4.5 and RCP8.5) are presented. The rationale for choosing these two scenarios was to present a 

ΨƘƛƎƘ ŜƴŘΩ ǎŎŜƴŀǊƛƻ ƛŦ ŀǘƳƻǎǇƘŜǊƛŎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŎƻƴǘƛƴǳŜ ǘƻ ǊƛǎŜ ŀǘ ƘƛƎƘ ǊŀǘŜǎ 

(RCP8.5) and a scenario which could be realistic if moderate global action is taken towards mitigating 

greenhouse gas emissions (RCP4.5). Including all four RCP scenarios within the body of this report 

would make it unwieldy, but GIS datasets for climate projections of the four RCPs were provided to 

the Council. For sea-level rise, all four scenarios from the Ministry for the Environment (2017) coastal 

guidance, comprising RCP2.6, RCP4.5 and RCP8.5 (with a second high-end H+ scenario to cover the 

potential for runaway polar ice sheet instabilities), are covered by the sea-level rise increments used 

for the exposure assessment. 

2.2 Maps and tabulated climate projections 

Downscaled climate projection data is presented as 5 km x 5 km square pixels over New Zealand. 

Data were downscaled only where low-resolution cells in the climate model consisted of land 

coverage and where they overlapped high-resolution cells on land. For display purposes, NIWA has 

undertaken interpolation to continue the climate projections to the coast for the climate change and 

historic climate maps presented in Section 4 to Section 7. The nearest neighbour interpolation 

method was used to do this, where the value of the empty coastal cell was estimated using the value 

of the nearest neighbouring cells. Because the values at these locations are estimates generated 

simply for presentation purposes (i.e. not a direct output of the climate change model), mapped 

climate change values at these coastal locations may go unmentioned in this report.  

At the start of each subsection in Section 4 to Section 7, summary tables present an overview of the 

projected changes across Marlborough.  These span the entire range of projections illustrated in the 

associated maps. As such, only isolated portions of the region may observe projected changes at the 

lower and upper limits of the range presented in the summary tables. The reader is referred to the 

maps for detailed projections, and also referred to the limitations (Section 2.4) associated with the 

interpretation of these maps. 

Note that the historic maps are not provided for mean wind speed, surface solar radiation and 

relative humidity as these have not been bias-corrected, and therefore do not provide a reliable 

representation of the observed magnitude of these variables. 

2.3 Hydrological modelling 

To assess the potential impacts of climate change on agricultural water resources, a hydrological 

model is required that can simulate soil moisture and river flows continuously and under a range of 

different climatic conditions, both historical and future. Ideally the model would also simulate 

complex groundwater fluxes but there is no national hydrological model capable of this at present. 

Because climate change implies that environmental conditions are shifting from what has been 

observed historically, it is advantageous to use a physically based hydrological model over one that is 

more empirical, with the assumption that a better representation of the biophysical processes will 

allow the model to perform better outside the range of conditions under which it is calibrated. 
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The hydrological model used ƛƴ ǘƘƛǎ ǎǘǳŘȅ ƛǎ bL²!Ωǎ ¢ƻǇbŜǘ ƳƻŘŜƭ (Clark et al., 2008), which is 

routinely used for surface water hydrological modelling applications in New Zealand. It is a spatially 

semi-distributed, time-stepping model of water balance, that is used commonly in New Zealand for 

catchment, regional and national scale hydrological modelling. It is driven by time-series of 

precipitation and temperature, and of additional weather elements where available. TopNet 

simulates water storage in the snowpack, plant canopy, rooting zone, shallow subsurface, lakes and 

rivers. It produces time-series of modelled river flow (without consideration of water abstraction, 

impoundments or discharges) throughout the modelled river network, as well as evapotranspiration, 

and does not consider irrigation. TopNet has two major components, namely a basin module and a 

flow routing module. 

The model combines TOPMODEL hydrological model concepts (Beven et al., 1995) with a kinematic 

wave channel routing algorithm (Goring, 1994) and a simple temperature based empirical snow 

model (Clark et al., 2008). As a result, TopNet can be applied across a range of temporal and spatial 

scales over large watersheds using smaller sub-basins as model elements (Ibbitt and Woods, 2002; 

Bandaragoda et al., 2004). Considerable effort has been made during the development of TopNet to 

ensure that the model has a strong physical basis and that the dominant rainfall-runoff dynamics are 

adequately represented in the model (McMillan et al., 2010). TopNet model equations and 

information requirements are provided by Clark et al. (2008) and McMillan et al. (2013). 

For the development of the national version of TopNet used here, spatial information in TopNet was 

provided by national datasets as follows: 

Á Catchment topography based on a nationally available 30 m Digital Elevation Model 

(DEM).  

Á Physiographical data based on the Land Cover Database version two and Land 

Resource Inventory (Newsome et al., 2012). 

Á Soil data based on the Fundamental Soil Layer information (Newsome et al., 2012). 

Á Hydrological properties (based on the River Environment Classification version one 

(REC1) (Snelder and Biggs, 2002). 

¢ƘŜ ƳŜǘƘƻŘ ŦƻǊ ŘŜǊƛǾƛƴƎ ¢ƻǇbŜǘΩǎ ǇŀǊŀƳŜǘŜǊǎ ōŀǎŜŘ ƻƴ DL{ Řŀǘŀ ǎƻǳrces in New Zealand is given in 

Table 1 of Clark et al. (2008). Due to the paucity of some spatial information at national/regional 

scales, some soil parameters are set uniformly across New Zealand. 

To carry out the simulations required for this study, TopNet was run continuously from 1971 to 2100, 

with the spin-up period 1971 excluded from the analysis. The climate inputs were stochastically 

ŘƛǎŀƎƎǊŜƎŀǘŜŘ ŦǊƻƳ Řŀƛƭȅ ǘƻ ƘƻǳǊƭȅ ǘƛƳŜ ǎǘŜǇǎΦ !ǎ ǘƘŜ D/a ǎƛƳǳƭŀǘƛƻƴǎ ŀǊŜ ŦǊŜŜ-ǊǳƴƴƛƴƎέ όōŀǎŜŘ 

only on initial conditions, not updated with observations), comparisons between present and future 

hydrological conditions can be made directly (as each GCM is characterised by specific physical 

assumptions and parameterisation), but this also means that simulated hydrological hindcasts do not 

track observational records. 

Hydrological simulations are based on the REC 1 digital river network aggregated up to Strahler 

catchment order three (approximate average catchment area of 7 km2) used within previous national 

and regional scale assessments (Pearce et al., 2017; 2018); residual coastal catchments of smaller 

stream orders remain included. The simulation results comprise hourly time-series of various 

hydrological variables for each computational sub-catchment, and for each of the six GCMs and two 
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RCPs considered. To manage the volume of output data, only river flows information was preserved; 

all the other state variables and fluxes can be regenerated on demand. 

Hydrological projections are presented as the average for two future periods: 2036-2056 (termed 

ΨƳƛŘ-ŎŜƴǘǳǊȅΩύ ŀƴŘ нлус-нлфф όǘŜǊƳŜŘ ΨƭŀǘŜ-ŎŜƴǘǳǊȅΩύΦ !ƭƭ ƳŀǇǎ ǎƘƻǿ ŎƘanges relative to the baseline 

climate (1986-2005 average). The periods analysed are slightly different from the corresponding time 

slices of the atmospheric modelling because the modelling was done before this project was 

initiated. We do not expect that the conclusions drawn would be substantively different if the 

periods were aligned. Hydrological projections were analysed for the following hydrological statistics:  

Mean annual discharge and Mean annual low flow (MALF). 

Because of TopNet assumptions, soil and land use characteristics within each computational 

subcatchment are homogenised. Essentially this means that the soil characteristics and physical 

properties of different land uses, such as pasture and forest, will be spatially averaged, and the 

hydrological model outputs will approximate conditions across land uses. The data used in the 

hydrology section of the report is consistent with Collins and Zammit (2016). 

2.4 Limitations 

As with any modelling exercise, there are limitations on the results and use of the data. This section 

outlines some of these limitations and caveats that should be considered when using the results in 

this report. 

Á The maps and tables presented in this report show the average of six dynamically 

downscaled global climate models. This is a relatively small number of models for a 

quantitative probability assessment. 

Á The average of six models is used in this report, however data from individual models 

is available for further assessment if required in the future. The six models chosen 

represented historic climate conditions in New Zealand well, and span a range of 

future outcomes. The climate signal is better represented by ensemble averages since 

the uncertainty due to climate models and internal variability is much reduced. 

Á The time periods chosen for historic and future projection span 20-year periods. This is 

seen as a relatively short timeframe to understand average conditions in the historic 

period and in the future, as there is likely an influence of underlying low frequency 

climate variability (e.g. decadal signals from climate drivers like the Interdecadal Pacific 

Oscillation etc.). As climate data is subject to significant trends, a short period is more 

homogenous and representative. Moreover, the IPCC uses 20-year periods, so we have 

followed that approach for consistency. 

Á Care needs to be taken when interpreting grid-point-scale projections such as those 

presented in this report. The data have been bias-corrected, downscaled and 

interpolated from the 30 km regional climate model grid to the 5 km grid across New 

Zealand using physically based models and interpolation. Therefore, the data from 

these grid points does not correspond to on-the-ground observations. It is more 

appropriate to consider relative patterns rather than absolute values, e.g. the 

magnitude of change at different time periods and scenarios. 
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Although there are some limitations and caveats in the approach used here, considerable effort has 

been made to generate physically consistent climate change projections for New Zealand at 

unprecedented spatial and temporal resolution. A considerable research effort has also been 

dedicated to validating simulated climate variables, and thus the projections provide a good basis for 

risk assessments and adaptation plans. 
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3 /ǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜ ƻŦ aŀǊƭōƻǊƻǳƎƘ 
The main characteristic of the Marlborough climate is its dryness. Summer droughts are frequent, 

and the region is often swept by warm, dry northwesterlies. However, northern and elevated parts of 

Marlborough receive ample rainfall, with annual totals of more than 1500 mm common in these 

areas. The climate type is rather continental, with warm, dry summers and cool winters. However, 

this effect is significantly moderated in coastal areas. Snow lies throughout the winter on the 

mountain tops but is very rare in the main cropping areas near the east coast. Hail is not common, 

with eastern coastal areas being more susceptible. The main windflow over much of the region is 

from the northwest, while southwesterlies and northeasterlies predominate in the east. The most 

severe rain and wind conditions occur when the region is affected by intense depressions (low 

pressure systems) of tropical origin, but these occurrences are relatively rare. A feature of the 

climate, especially in the northeast of the region, is the relatively large amount of sunshine: Blenheim 

is one of the sunniest towns in New Zealand. 

More information about the historic climate of Marlborough, outside of the information in this 

report, can be found in Chappell (2016). 
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4 ¢ŜƳǇŜǊŀǘǳǊŜ 

4.1 Mean temperature 

Projected mean temperature changes (°C) 

Annual: 

Period RCP4.5 RCP8.5 

2040 +0.5-1.5 +0.5-1.5 

2090 +0.5-2.0 +2.0-3.5 

Seasonal: 

 RCP4.5 RCP8.5 

 2040 2090 2040 2090 

Summer +0.5-1.5 +0.5-2.0 +0.5-1.5 +1.5-4.5 

Autumn +0.5-1.5 +1.0-2.0 +0.5-1.5 +2.0-4.0 

Winter Up to +1.0 +0.5-1.5 +0.5-1.0 +1.5-3.0 

Spring Up to +1.5 +0.5-2.0 +0.5-1.5 +1.5-4.0 
 

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 modelled historic period, coastal and low elevation portions of Marlborough have the highest 

annual and seasonal mean temperatures whereas areas further inland have the lowest mean 

temperatures, particularly those at high elevations (Figure 4-1 and Figure 4-2). 

Representative concentration pathway (RCP) 4.5 

By 2040, annual and seasonal mean temperatures are projected to increase by up to 1.5°C under 

RCP4.5 (Figure 4-3 to Figure 4-4). Only isolated inland areas to the southwest of the region see 

projected temperature increases of 1.0-1.5°C in summer, autumn and spring. 

By 2090, annual mean temperatures are projected to increase by 0.5-2.0°C (Figure 4-3). At the 

seasonal scale, projected increases to mean temperature range from 0.5-2.0°C (Figure 4-5). The 

highest projected increases by 2090 under RCP4.5 are in the range of 1.5-2.0°C, and are restricted to 

the southwestern portions of Marlborough during summer, autumn and spring. 

Representative concentration pathway (RCP) 8.5 

By 2040, annual mean temperatures are projected to increase by 0.5-1.5°C (similar to RCP4.5; Figure 

4-3). This is also the case for majority of the region at the seasonal scale, with southwestern parts of 

the region are projected to increase by 1.0-1.5°C during summer, autumn and spring (Figure 4-6). 

By 2090, annual mean temperatures under RCP8.5 are projected to be around 2.0-3.5°C higher for 

Marlborough (Figure 4-3). At the seasonal scale, projected increases to mean temperatures are 

generally higher for summer (up to 3.5-4.5°C in southwestern high elevation inland areas) and 
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autumn, with the majority of the region projected to increase by 2.0-3.5°C (Figure 4-7). Conversely, 

projected warming is generally lower for winter, with most of the region projected to increase by 1.5-

3.0°C. 

 

Figure 4-1: Modelled annual 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 4-2: Modelled 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 4-3: Projected annual mean temperature changes by 2040 and 2090 under RCP4.5 and 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 4-4: Projected seasonal mean temperature changes by 2040 under 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 4-5: Projected seasonal mean temperature changes by 2090 under 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 4-6: Projected seasonal mean temperature changes by 2040 under 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 4-7: Projected seasonal mean temperature changes by 2090 under 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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4.2 Maximum temperature 

Projected mean temperature changes (°C) 

Annual: 

Period RCP4.5 RCP8.5 

2040 +0.5-1.5 +0.5-2.0 

2090 +1.0-3.0 +2.0-5.0 

Seasonal: 

 RCP4.5 RCP8.5 

 2040 2090 2040 2090 

Summer +0.5-2.0 +0.5-3.0 +0.5-3.0 +1.5-7.0 

Autumn +0.5-1.5 +1.0-3.0 +0.5-2.0 +2.0-5.0 

Winter +0.5-1.5 +0.5-2.0 +0.5-1.5 +2.0-4.0 

Spring +0.5-2.0 +1.0-3.0 +0.5-2.0 +2.0-6.0 
 

Maximum temperatures are generally recorded in the afternoon hours of the day, and therefore are 

known as day-time 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 maximum 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, coastal and low elevation portions of Marlborough have the highest annual 

and seasonal mean maximum temperatures (16-18°C at the annual scale; Figure 4-8), particularly 

about Blenheim (18-20°C at the annual scale). Inland high elevation areas have the lowest mean 

maximum temperatures.  

Representative concentration pathway (RCP) 4.5 

By 2040, annual mean maximum temperatures are projected to increase by 0.5-1.5°C under RCP4.5 

(Figure 4-10). At the seasonal scale, winter and autumn maximum temperatures are projected to 

increase by 0.5-1.5°C, while increases for the remaining two seasons range from 0.5-2.0°C (Figure 4-

11). 

By 2090, projected changes to annual mean maximum temperatures are slightly higher than 2040, 

with increases of 0.5-2.0°C for the region (Figure 4-10). Autumn and spring maximum temperatures 

are projected to increase by 1.0-3.0°C, while summer is projected to have maximum temperature 

increases ranging from 0.5-3.0°C.  

Representative concentration pathway (RCP) 8.5 

By 2040, annual mean maximum temperatures are projected to increase by 0.5-2.0°C under RCP8.5 

(Figure 4-10). At the seasonal scale, projected increases are similar to RCP4.5 by 2040, although 

summer maximum temperatures are projected to increase by 0.5-3.0°C with greatest projected 

change occurring in the southwest of the region (Figure 4-13). 
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By 2090, projected increases to maximum temperatures are considerable, and much greater than 

under RCP4.5, with annual increases of 2.0-5.0°C projected for Marlborough (Figure 4-10). At the 

seasonal scale, summer maximum temperatures are projected to increase by the most across the 

region, with increases of 1.5-7.0°C (Figure 4-14). Winter is projected to generally experience the 

smallest increases, although they are still considerable, with projected increases of 2.0-4.0°C. 

Greatest increases in maximum temperature are projected over southwestern parts of Marlborough. 
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Figure 4-8: Modelled annual 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 4-9: Modelled 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 4-10: Projected annual mean maximum temperature changes by 2040 and 2090 under RCP4.5 and 
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 4-11: Projected seasonal mean maximum temperature changes by 2040 under 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 4-12: Projected seasonal mean maximum temperature changes by 2090 under 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 4-13: Projected seasonal mean maximum temperature changes by 2040 under 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 4-14: Projected seasonal mean maximum temperature changes by 2090 under 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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4.3 Minimum temperature 

Projected minimum temperature changes (°C) 

Annual: 

Period RCP4.5 RCP8.5 

2040 Up to +1.0 Up to +1.0 

2090 +0.5-1.0 +1.0-2.5 

Seasonal: 

 RCP4.5 RCP8.5 

 2040 2090 2040 2090 

Summer Up to +1.0 +0.5-1.0 Up to +1.0 +1.0-2.0 

Autumn Up to +1.0 +0.5-1.5 +0.5-1.0 +1.5-3.0 

Winter Up to +1.0 Up to +1.0 Up to +1.0 +0.5-2.0 

Spring Up to +1.0 +0.5-1.5 Up to +1.0 +1.0-2.0 
 

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, coastal portions of Marlborough have the highest annual and seasonal mean 

minimum temperatures (8-10°C at the annual scale; Figure 4-15). Winter mean minimum 

temperatures between 0°C and -4°C are observed for inland and high elevation parts of Marlborough 

Figure 4-16. 

Representative concentration pathway (RCP) 4.5 

By 2040, annual and seasonal mean minimum temperatures are projected to increase by up to 1.0°C 

under RCP4.5 (Figure 4-17 and Figure 4-18). 

By 2090, increases to annual mean minimum temperatures of 0.5-1.0°C are projected for 

Marlborough (Figure 4-17). Autumn and spring minimum temperatures are projected to increase by 

0.5-1.5°C, while summer is projected to have minimum temperature increases ranging from 0.5-1.0°C 

(Figure 4-19). 

Representative concentration pathway (RCP) 8.5 

By 2040, annual mean minimum temperatures are projected to increase by up to 1.0°C under RCP8.5 

in Marlborough (Figure 4-17). At the seasonal scale, projected increases are similar to RCP4.5 by 

2040, with autumn minimum temperatures projected to increase by 0.5-1.0°C for the region, and 

remaining seasons projected to increase by up to 1.0°C (Figure 4-20). 
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By 2090, projected increases to minimum temperatures are greater than under RCP4.5, with annual 

increases of 1.0-2.5°C projected for Marlborough (Figure 4-17). At the seasonal scale, autumn 

minimum temperatures are projected to increase the most compared with the other seasons (+1.5-

3.0°C; Figure 4-21). Increases of 1.0-2.0°C are projected for summer and spring. 

 

Figure 4-15: Modelled annual 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 4-16: Modelled 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 4-17: Projected annual mean minimum temperature changes by 2040 and 2090 under RCP4.5 and 
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 4-18: Projected seasonal mean minimum temperature changes by 2040 under 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 4-19: Projected seasonal mean minimum temperature changes by 2090 under 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 4-20: Projected seasonal mean minimum temperature changes by 2040 under 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 4-21: Projected seasonal mean minimum temperature changes by 2090 under 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. 



 

Climate change projections and impacts for Marlborough  53 

4.4 Diurnal temperature range 

Projected diurnal temperature range changes (°C) 

Annual: 

Period RCP4.5 RCP8.5 

2040 Up to +1.0 Up to +2.0 

2090 Up to +2.0 Up to +3.0 
 

Diurnal temperature range is the difference between the daily maximum temperature and the daily 

minimum temperature. Diurnal temperature ranges are largest in dry desert areas and smallest in 

humid tropical areas of the world. Diurnal temperature range may change over time due to land use 

change, cloud cover, urban heat effects, and greenhouse gases. 

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

diurnal temperature range are shown in this section. The present-day maps show annual average 

diurnal temperature range and the future projection maps show the change in diurnal temperature 

range compared with present. Note that the present-day maps are on a different colour scale to the 

future projection maps. Units are degrees Celsius (°C). 

The historic diurnal temperature range is highest at low elevation and inland locations, and lowest 

about coastal areas (Figure 4-22). This is largely a result of the moderating influence of the sea on 

daily maximum and minimum temperatures. The annual diurnal temperature range varies from 11-

12°C about Blenheim and Wairau Valley, to 7-9°C near Ward and other coastal areas. 

Representative concentration pathway (RCP) 4.5 

By 2040, increases in diurnal temperature range of up to 1.0°C are projected throughout 

Marlborough (Figure 4-23). By 2090, increases of up to 2.0°C are projected for Marlborough, with 

greatest increases towards the southwest of the region. 

Representative concentration pathway (RCP) 8.5 

By 2040, increases in diurnal temperature range of up to 2.0°C are projected throughout 

Marlborough (Figure 4-23). By 2090, diurnal temperature range increases of up to 3.0°C are 

projected for Marlborough, with largest increases of 2.0-3.0°C for the inland area around 

Molesworth. 

The projected increases in diurnal temperature range (under both RCP4.5 and RCP8.5) are due to 

higher projected increases in maximum temperatures compared to minimum temperatures. Further 

research is needed to establish the robustness of these differences in projected maximum and 

minimum temperatures, and the consequent effect on diurnal temperature range (MFE, 2018). 
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Figure 4-22: Modelled annual diurnal temperature range (Tmax minus Tmin), 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 4-23: Projected annual diurnal temperature range (Tmax minus Tmin) changes at 2040 (2031-2050 
average) and 2090 (2081-2100) for RCP4.5 and RCP8.5. Relative to 1986-2005 average, based on the average 
of six global climate models. Results are based on dynamical downscaled projections. Resolution of projection 
is 5km x 5km.  
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4.5 Frost days 

Projected frost day changes (days) 

Annual: 

Period RCP4.5 RCP8.5 

2040 Up to 20 fewer 1-20 fewer 

2090 Up to 40 fewer 1-60 fewer 
 

A frost day is defined in this report when the modelled daily minimum temperature is equal to or 

lower than 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. 

For the modelled historic period, coastal portions of Marlborough (where minimum temperatures 

are generally higher) have the lowest number of frost days (Figure 4-24). This is largely the result of 

the influence of the sea, which moderates daily extreme temperatures compared to inland locations. 

Inland and mountainous parts of the region have the highest number of frost days, with 50-150 days 

per year typical about and west of Molesworth. Wairau Valley observes between 25-50 frost days per 

year on average for the modelled historic period, with 10-25 frost days per year about Blenheim. 

Representative concentration pathway (RCP) 4.5 

By 2040, decreases to frost days are projected throughout Marlborough (Figure 4-25), with highest 

decreases of 10-20 days projected towards the southwest of the region. Decreases of 5-10 days are 

projected about Wairau Valley, with decreases of 1-5 days projected about Blenheim, Seddon and 

Ward. 

By 2090, decreases of 5-20 frost days are projected for most of the region. Decreases of 1-5 days are 

projected about Seddon and Ward (Figure 4-25). Larger decreases are projected for southwestern 

parts of the region, with isolated decreases of 20-40 days projected. 

Representative concentration pathway (RCP) 8.5 

By 2040, the projected pattern of change under RCP8.5 is very similar to that projected for the same 

time period under RCP4.5 (Figure 4-25). 

By 2090, decreases of 1-60 frost days are projected for Marlborough (Figure 4-25). This would result 

in frosts becoming an uncommon occurrence for many areas of Marlborough near the coast. 

Decreases of 40-60 days are projected west of Molesworth. 
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Figure 4-24: Modelled annual number of frost days (daily minimum temperature Җ0°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 4-25: Projected annual number of frost days (daily minimum temperature Җ0°C) changes by 2040 and 
2090 under RCP4.5 and 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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4.5.1 Frost season length 

This section provides an analysis of the changing length of frost seasons for a specific location in 

Marlborough (-45.525, 173.775: approximately halfway between Blenheim and Wairau Valley). Daily 

climate model data between 1972 and 2100 were analysed to understand trends in frost occurrence 

and seasonality of frosts. Data from six dynamically downscaled global climate models (the same 

models used for the other projections in this report) were used, for RCP4.5 and RCP8.5. 

The number of frost days as well as the length of the frost season (first to last frost date per year) 

declines under both RCPs in the future (Figure 4-26). By 2100 under RCP8.5, the location in 

Marlborough is projected to experience approximately 15 frost days per year ς about half 

experienced there currently. Beyond about 2060 the RCP4.5 decreasing trend in number of frost days 

flattens off, whereas the RCP8.5 trend in number of frost days continues to decline. Both RCP4.5 and 

RCP8.5 series exhibit high inter-annual variability. 

 

Figure 4-26: Frost season changes for a Marlborough location.   Top-left: frost season duration; top-right: 
number of frost days; bottom-left: date of the first frost of the season; bottom-right: date of the last frost of 
the season. Bold lines show the average of six global climate models for two RCPs, dynamically downscaled to 
New Zealand (5km x 5km resolution). The blue line is the historic period (pre-2005). The shading is the 
minimum and maximum model result. Location selected: -41.525, 173.775 (WGS84). 

To further illustrate the changing dates of the frost seasons in Marlborough, Figure 4-27 shows the 

distribution of model results for the start date of the frost season for 2040 (2031-2050) and 2090 

(2081-2100), under RCP4.5 and RCP8.5. This result clearly shows the movement of the start of the 

frost season to be later in the calendar year (moving from early May, on average, in the historic 

period to early June, on average, by 2090 under RCP8.5). Note, however, that there is a large degree 

of variability in the historic start dates of the frost season (ranging from as early as early March to as 

late as mid-June) as well as the future projected frost season start dates (mid-April to early July 

under RCP8.5 at 2090). 
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Figure 4-27: Projections for the start date of the frost season at a Marlborough location, for the historic 
period 1986-2005, RCP4.5 and RCP8.5 at 2040 and 2090.   Box plots show the 5th and 95th percentile frost 
season start dates (end whiskers), the 25th and 75th percentile range (box bounds), and the median (line in 
middle of the box). The blue dots are the individual model results and the vertical blue line is the average of all 
results. Location selected: -41.525, 173.775 (WGS84). 

Figure 4-28 shows the distribution of model results for the end date of the frost season for 2040 

(2031-2050) and 2090 (2081-2100), under RCP4.5 and RCP8.5. The end date of the frost season is 

projected to move earlier in the calendar year (from early October, on average, in the historic period, 

to early September, on average, by 2090 under RCP8.5). There is high variability around the average 
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for the end dates, ranging from as early as mid-August to as late as early December for the historic 

period, and mid-August to late October for RCP8.5 at 2090. 

 

Figure 4-28: Projections for the end date of the frost season at a Marlborough location, for the historic 
period 1986-2005, RCP4.5 and RCP8.5 at 2040 and 2090.   Box plots show the 5th and 95th percentile frost 
season end dates (end whiskers), the 25th and 75th percentile range (box bounds), the median (line in middle of 
the box). The blue dots are the individual model results and the vertical blue line is the average of all results. 
Location selected: -41.525, 173.775 (WGS84). 
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4.6 Hot days 

Projected hot day changes 

Annual: 

Period RCP4.5 RCP8.5 

2040 Up to 15 more Up to 25 more 

2090 Up to 25 more Up to 65 more 
 

In this report, a hot day is considered to occur when the maximum temperature is 25°C or higher. 

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 number of hot days and the 

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

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

For the historic period, hot days occur most regularly about Blenheim. Here, the annual number of 

hot days averages 30-40 days per year (Figure 4-29). Other coastal and low elevation areas typically 

observe 10-30 hot days per year. Iƻǘ Řŀȅǎ ŀǊŜ ǳƴŎƻƳƳƻƴ ƛƴ aŀǊƭōƻǊƻǳƎƘΩǎ ƘƛƎƘ ŜƭŜǾŀǘƛƻƴ ǘŜǊǊŀƛƴΦ 

Representative concentration pathway (RCP) 4.5 

By 2040, increases to hot days are projected throughout Marlborough (Figure 4-30), with highest 

increases of 5-15 days projected for most coastal and lower elevations of the region. 

By 2090, increases of 5-25 hot days are projected for most of the region. Largest increases of 15-25 

hot days are projected about Blenheim and Wairau Valley (Figure 4-30). 

Representative concentration pathway (RCP) 8.5 

By 2040, the projected pattern of change under RCP8.5 is similar to that projected for the same time 

period under RCP4.5. The main difference is a higher projected increase of 15-25 hot days about 

Blenheim (Figure 4-30). 

By 2090, considerable increases of up to 65 hot days are projected for Marlborough (Figure 4-30). 

Largest increases of 45-65 days are projected about Blenheim, Wairau Valley and other low elevation 

locations. This is the equivalent of approximately 6-9 additional weeks of hot days compared to the 

historic climate. 
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Figure 4-29: Modelled annual number of hot days (days with maximum temperature җ25°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 4-30: Projected annual hot day (days with maximum temperature җ25°C) changes by 2040 and 2090, 
under RCP4.5 and RCP8.5. Changes 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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4.7 Growing degree days 

Projected growing degree day (base 10°C) changes 

Annual: 

Period RCP4.5 RCP8.5 

2040 Up to +200 Up to +300 

2090 +50-400 +150-800 
 

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 ƎǊƻǿƛƴƎ 

degree-days 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. The daily GDD values are accumulated 

over the period 1 July to 30 June to calculate an annual GDD value. 

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 GDD and the future 

projection maps show the change in GDD compared with the historic average. Note that the historic 

maps are on a different colour scale to the future projection maps. 

The number of historic growing degree-days follows the same spatial pattern as mean temperature, 

with the highest number along the coastal and low elevation areas (1200-1400 GDD), and the lowest 

number of 100-400 GDD in aŀǊƭōƻǊƻǳƎƘΩǎ higher elevation terrain (Figure 4-31). In the historic 

period, Blenheim experienced about 1200-1400 GDD per year with base 10°C. 

Representative concentration pathway (RCP) 4.5 

By 2040, increases to GDD are projected throughout Marlborough (Figure 4-32), with highest 

increases of 150-200 GDD projected for most coastal and lower elevations of the region. 

By 2090, increases of 200-300 GDD are projected for most of the region. Largest increases of 300-400 

GDD are projected about Blenheim (Figure 4-32). 

Representative concentration pathway (RCP) 8.5 

By 2040, the projected pattern of change under RCP8.5 is similar to that projected for the same time 

period under RCP4.5. The main difference is a higher projected increase of 200-300 GDD about 

Blenheim (Figure 4-32). 

By 2090, considerable increases of 150-800 GDD are projected for Marlborough (Figure 4-32). The 

largest increases of 600-800 GDD are projected about Blenheim and Wairau Valley. The increase in 

GDD will likely influence the types of crops that can be grown at a location, and harvesting times for 

crops into the future ς one would expect to see crops only suitable for warmer northern climates at 

present move further south as the climate warms, and harvesting times for crops presently grown in 

Marlborough may shift to an earlier time in the season. 
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Figure 4-31: Median annual Growing Degree-Days (GDD) base 10°C.   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 4-32: Projected increase in number of growing degree days per year (base 10°C) at 2040 (2031-2050) 
and 2090 (2081-2100) for RCP4.5 (left panels) and RCP8.5 (right panels). Projected change is relative to 1986-
2005. Results are based on dynamically downscaled projections and show the average of six global climate 
models. Resolution of projection is 5km x 5km. 
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5 wŀƛƴŦŀƭƭ 

5.1 Rainfall totals 

Projected rainfall total changes (%) 

Annual: 

Period RCP4.5 RCP8.5 

2040 -5% to +15% -5% to +10% 

2090 -10% to +15% -10% to +30% 

Seasonal: 

 RCP4.5 RCP8.5 

 2040 2090 2040 2090 

Summer -10% to +15% -10% to +20% ± 10% -20% to +30% 

Autumn -5% to +10% ± 10% -5% to +10% -10% to +30% 

Winter -5% to +20% -20% to +30% -10% to +20% -20% to +40% 

Spring -5% to +10% ± 10% -10% to +5% ± 10% 
 

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. 

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

and about the Marlborough Sounds (1500-2000 mm/year) (Figure 5-1). In the Richmond Range north 

of Wairau Valley, annual rainfall totals of 2000-3000 mm are recorded. The lowest annual rainfall 

totals are recorded in low elevation areas about Blenheim, Seddon and Ward, and heading 

southwest along the Awatere Valley towards Molesworth (500-750 mm). Rainfall is mostly evenly 

distributed throughout the year, where summer is typically the driest season (Figure 5-2). 

Representative concentration pathway (RCP) 4.5 

By 2040, projected change to annual rainfall ranges from -5% to +15% throughout the region (Figure 

5-3). Greater changes are projected seasonally, with decreases of up to 10% projected for 

southwestern parts in summer, and increases of up to 20% projected for parts of Marlborough in 

winter (Figure 5-4). Smaller changes of -5% to +10% are projected in autumn and spring throughout 

the region. 

By 2090, projected annual change is not dissimilar to that projected for the 2040 period, with most 

locations projected to experience small changes to rainfall of ±5% (Figure 5-3). Again, there are more 

noticeable changes projected at the seasonal scale (Figure 5-5). Changes of ±10% are projected for 

autumn and spring, whilst decreases of up to 20% are projected in winter. Increases in winter rainfall 

of 5-15% are projected for most of the northern half of Marlborough. 
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Representative concentration pathway (RCP) 8.5 

By 2040, the projected pattern of change to annual rainfall is similar to that projected for RCP4.5, 

with changes ranging from -5% to +10% (Figure 5-3). Seasonal projected changes are also similar to 

RCP4.5, with the exception of winter and spring where a decrease of up to 10% is projected for parts 

of Marlborough.  

By 2090, a stronger pattern of change is evident, especially seasonally. At the annual timeframe, 

projected rainfall changes range from a decrease of 10% to an increase of 30% (Figure 5-3). Seasonal 

changes project a summer reduction and winter increase for most of Marlborough.  For much of the 

region, summer reductions of 5-20% are projected, with winter increases of 10-40% projected (Figure 

5-7). Spring sees a projected decrease in rainfall of up to 10% for many parts. 
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Figure 5-1: Modelled annual 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. 
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Figure 5-2: Modelled 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. 
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Figure 5-3: Projected annual rainfall changes (%).   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 5-4: Projected seasonal rainfall 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 5-5: Projected seasonal rainfall 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 5-6: Projected seasonal rainfall 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 5-7: Projected seasonal rainfall 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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5.2 Dry days 

Projected dry day changes (days) 

Annual: 

Period RCP4.5 RCP8.5 

2040 -5 to +10 -1 to +15 

2090 -1 to +15 -5 to +30 

Seasonal: 

 RCP4.5 RCP8.5 

 2040 2090 2040 2090 

Summer -1 to +5 ± 5 -1 to +5 -5 to +10 

Autumn -1 to +5 -1 to +5 -1 to +5 -5 to +10 

Winter -± 5 ± 5 ± 5 -5 to +10 

Spring -1 to +5 -1 to +5 -1 to +5 -1 to +10 
 

A dry day considered here is when less than 1 mm of rainfall is recorded over a 24-hour period. 

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

days are shown in this section. The historic maps show annual and seasonal average numbers of dry 

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

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

maps. 

Historically, the largest annual number of dry days is experienced in eastern parts of Marlborough 

about Blenheim, Seddon and Ward (250-300 days per year; Figure 5-8). Many remaining areas of 

Marlborough average around 200-250 dry days per year. Southwestern areas of the region 

experience the fewest annual dry days for the region, averaging 150-200 dry days per year.  The 

seasonal distribution of dry days in Marlborough is relatively even, although there tends to be fewer 

dry days in winter and spring compared to summer and autumn (Figure 5-9). 

Representative concentration pathway (RCP) 4.5 

By 2040, northeastern parts of Marlborough see relatively little change in dry days, with projections 

of ±1 day per year (Figure 5-10). For central and southern parts of the region, increases of 1-10 days 

per year are projected. Seasonal changes of ±5 days are projected in winter, with projected changes 

ranging from -1 to +5 days for remaining seasons. 

By 2090, annual increases of 5-15 dry days are projected for the southwestern half of the region 

(Figure 5-10), with minimal change projected about Blenheim and Seddon (±1 day). Seasonal 

patterns of change are much the same as those projected by 2040, although an increase of 1-5 days 

in spring is projected for most of the region (Figure 5-12). 

Representative concentration pathway (RCP) 8.5 

By 2040, the projected pattern of annual change under RCP8.5 is similar to that projected for the 

same time period under RCP4.5 (Figure 5-10). This is also the case seasonally, with the main 

difference being a projected increase of 1-5 dry days in spring for a larger proportion of the region 

(Figure 5-13). 
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By 2090, increases of 10-30 dry days per year are projected for the southwestern half of 

Marlborough (Figure 5-10). Projected patterns of seasonal change are varied, but within the range of 

5 fewer to 10 more dry days. 

 

Figure 5-8: Modelled annual number of dry days (daily rainfall <1mm), 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 5-9: Modelled seasonal number of dry days (daily rainfall <1mm), 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 5-10: Projected annual number of dry day (daily rainfall <1mm) changes by 2040 and 2090, under 
RCP4.5 and RCP8.5.   Changes 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 5-11: Projected seasonal number of dry day (daily rainfall <1mm) 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 5-12: Projected seasonal number of dry day (daily rainfall <1mm) 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 5-13: Projected seasonal number of dry day (daily rainfall <1mm) 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 5-14: Projected seasonal number of dry day (daily rainfall <1mm) 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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5.3 Extreme, rare rainfall events 

Projected extreme, rare rainfall event changes in Marlborough (average of the 4 selected sites) 

50-year return period rainfalls: 

 RCP4.5 RCP8.5 

Rainfall duration 2040 2090 2040 2090 

1-hour +10% +16% +12% +35% 

6-hours +8% +14% +9% +29% 

12-hours +7% +12% +8% +25% 

24-hours +6% +10% +7% +22% 

48-hours +6% +9% +6% +19% 
 

Extreme rainfall events are often considered in the context of return periods (e.g. 1-in-100-year 

rainfall events). A return period, is an estimate of the likelihood of an event. It is a statistical measure 

typically based on historical data and probability distributions which calculate how often an event of 

a certain magnitude may occur. Return periods are often used in risk analysis and infrastructure 

design. 

The theoretical return period is the inverse of the probability that the event will be exceeded in any 

one year (also known as the Average Recurrence Interval, ARI). For example, a 1-in-10-year rainfall 

event has a 1/10 = 0.1 ARI or 10% chance of being exceeded in any one year, and a 1-in-100-year 

rainfall event has a 1/100 = 0.01 ARI or 1% chance of being exceeded in any one year. However, this 

does not mean that a 1-in-100-year rainfall event will happen regularly every 100 years, or only once 

in 100 years. With a changing climate, the return periods used below should be thought of only 

within the 20-year period in which they are defined.  For instance, if extreme heavy rainfall events 

are becoming a lot more frequent under climate change then the 1-in-100-year rainfall event for 

2040 as defined as the 2031-2050 period will be less than the 1-in-100-year rainfall event when 

defined under 2001-2080, because the latter is dominated by the more frequent heavy events during 

the 2070s. The events with larger return periods (i.e. 1-in-100-year events) have larger rainfall 

amounts for the same duration as events with smaller return periods (i.e. 1-in-2-year events) 

because larger events occur less frequently (on average). 

bL²!Ωǎ IƛƎƘ LƴǘŜƴǎƛǘȅ wŀƛƴŦŀƭƭ 5ŜǎƛƎƴ {ȅǎǘŜƳ όILw5{ ǾŜǊǎƛƻƴ пύ ŀƭƭƻǿǎ ǊŀƛƴŦŀƭƭ ŜǾŜƴǘ ǘƻǘŀƭǎ όŘŜǇǘƘΤ 

measured in mm) at various recurrence intervals to be calculated for any location in New Zealand 

(Carey-Smith et al., 2018). The rainfall event durations presented in HIRDS range from 10 minutes to 

120 hours (5 days). HIRDS calculates historic rainfall event totals for given recurrence intervals as well 

as future potential rainfall event totals for given recurrence intervals based on climate change 

scenarios. The future rainfall increases calculated by the HIRDS v4 tool are based on a percent 

change per degree of warming, which is averaged across New Zealand. The short duration, rare 

events have the largest relative increases of around 14% per degree of warming, while the longest 

duration events increase by about 5 to 6%. HIRDS v4 can be accessed at https://hirds.niwa.co.nz/, 

and more background information to the HIRDS methodology can be found at 

https://niwa.co.nz/information-services/hirds/help. 

HIRDS rainfall projections for selected sites in the Marlborough region are presented in this section. 

For each site there are two tables; the first table presents data for 1-in-50-year rainfall events, and 

the second table presents data for 1-in-100-year rainfall events, with each of these tables listing the 

https://hirds.niwa.co.nz/
https://niwa.co.nz/information-services/hirds/help
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modelled historical and projected rainfall depths for one to 48-hour rain events. The results for 

Blenheim, Molesworth, Picton and Rai Valley are presented in Table 5-1 to Table 5-8. 

For each of the selected locations, rainfall depths are projected to increase across all the future 

scenarios, and both return periods. For example, Table 5-1 shows that the projected rainfall depth 

for a 12-hour rainfall event at Blenheim (50-year ARI) is projected to increase under RCP4.5 from 90.1 

mm (historical depth) to 96.7 mm by 2040, and 101 mm by 2090. Under RCP8.5 and for the same 

rainfall event duration, the projected amounts are 97.6 mm by 2040, and 113 mm by 2090, which 

indicate a 11 mm and 23 mm rise respectively compared with historical depth. 

Table 5-1: Modelled historical and projected rainfall depths (mm) for Blenheim for different event 
durations with a 50-year return period (0.02 ARI)    Source: HIRDS v4. Location selected: -41.514, 173.957 
(WGS84).  

Rainfall 
event 

duration 

Historical 
depth 
(mm) 

Projected depth (mm) 

Mid-century average (2031-2050) Late-century average (2081-2100) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

1-hour 27.4 30.2 30.6 31.9 37.0 

6-hour 66.9 72.5 73.3 76.0 86.4 

12-hour 90.1 96.7 97.6 101 113 

24-hour 116 123 124 128 141 

48-hour 140 148 149 153 167 

Table 5-2: Modelled historical and projected rainfall depths (mm) for Blenheim for different event 
durations with a 100-year return period (0.01 ARI)    Source: HIRDS v4. Location selected: -41.514, 173.957 
(WGS84). 

Rainfall 
event 

duration 

Historical 
depth 
(mm) 

Projected depth (mm) 

Mid-century average (2031-2050) Late-century average (2081-2100) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

1-hour 31.4 34.5 35.0 36.5 42.4 

6-hour 75.9 82.4 83.4 86.5 98.5 

12-hour 102 110 111 114 129 

24-hour 131 139 140 144 160 

48-hour 158 167 168 172 189 
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Table 5-3: Modelled historical and projected rainfall depths (mm) for Molesworth for different event 
durations with a 50-year return period (0.02 ARI)    Source: HIRDS v4. Location selected: -42.080, 173.260 
(WGS84). 

Rainfall 
event 

duration 

Historical 
depth 
(mm) 

Projected depth (mm) 

Mid-century average (2031-2050) Late-century average (2081-2100) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

1-hour 25.5 28.0 28.4 29.7 34.4 

6-hour 60.2 65.3 66.0 68.5 77.8 

12-hour 80.7 86.6 87.5 90.3 101 

24-hour 104 110 111 114 126 

48-hour 126 133 134 137 150 

Table 5-4: Modelled historical and projected rainfall depths (mm) for Molesworth for different event 
durations with a 100-year return period (0.01 ARI)    Source: HIRDS v4. Location selected: -42.080, 173.260 
(WGS84). 

Rainfall 
event 

duration 

Historical 
depth 
(mm) 

Projected depth (mm) 

Mid-century average (2031-2050) Late-century average (2081-2100) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

1-hour 29.0 31.9 32.4 33.8 39.2 

6-hour 68.2 74.0 74.9 77.7 88.5 

12-hour 91.2 98.0 99.0 102 115 

24-hour 117 124 125 129 143 

48-hour 142 150 151 155 169 

Table 5-5: Modelled historical and projected rainfall depths (mm) for Picton for different event durations 
with a 50-year return period (0.02 ARI)    Source: HIRDS v4. Location selected: -41.291, 174.007 (WGS84). 

Rainfall 
event 

duration 

Historical 
depth 
(mm) 

Projected depth (mm) 

Mid-century average (2031-2050) Late-century average (2081-2100) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

1-hour 40.1 44.2 44.8 46.7 54.1 

6-hour 117 126 128 133 151 

12-hour 168 180 182 188 210 

24-hour 230 244 246 253 280 

48-hour 297 313 316 324 354 
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Table 5-6: Modelled historical and projected rainfall depths (mm) for Picton for different event durations 
with a 100-year return period (0.01 ARI)    Source: HIRDS v4. Location selected: -41.291, 174.007 (WGS84). 

Rainfall 
event 

duration 

Historical 
depth 
(mm) 

Projected depth (mm) 

Mid-century average (2031-2050) Late-century average (2081-2100) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

1-hour 45.5 50.1 50.7 53.0 61.4 

6-hour 132 143 144 150 171 

12-hour 189 203 205 212 238 

24-hour 259 275 278 286 316 

48-hour 334 352 355 364 399 

Table 5-7: Modelled historical and projected rainfall depths (mm) for Rai Valley for different event 
durations with a 50-year return period (0.02 ARI)    Source: HIRDS v4. Location selected: -41.230, 173.580 
(WGS84). 

Rainfall 
event 

duration 

Historical 
depth 
(mm) 

Projected depth (mm) 

Mid-century average (2031-2050) Late-century average (2081-2100) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

1-hour 52.5 57.7 58.5 61.1 70.8 

6-hour 151 163 165 171 194 

12-hour 212 228 230 237 266 

24-hour 282 300 302 311 343 

48-hour 350 369 372 382 417 

Table 5-8: Modelled historical and projected rainfall depths (mm) for Rai Valley for different event 
durations with a 100-year return period (0.01 ARI)    Source: HIRDS v4. Location selected: -41.230, 173.580 
(WGS84). 

Rainfall 
event 

duration 

Historical 
depth 
(mm) 

Projected depth (mm) 

Mid-century average (2031-2050) Late-century average (2081-2100) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

1-hour 59.2 65.1 66.0 68.9 79.9 

6-hour 170 184 186 193 220 

12-hour 239 257 259 268 301 

24-hour 318 338 341 351 388 

48-hour 394 416 420 430 471 
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6 5ǊƻǳƎƘǘ 

6.1 Potential evapotranspiration deficit 

Projected potential evapotranspiration deficit accumulation changes (mm) 

Annual: 

Period RCP4.5 RCP8.5 

2040 +50-150 +50-150 

2090 +50-200 +75-250 
 

One measure of meteorological drought2 ǘƘŀǘ ƛǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎŜŎǘƛƻƴ ƛǎ ΨǇƻǘŜƴǘƛŀƭ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ 

ŘŜŦƛŎƛǘΩ όt95ύΦ 9ǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ ƛǎ ǘƘŜ ǇǊƻŎŜǎǎ ǿƘŜǊŜ ǿŀǘŜǊ ƘŜƭŘ ƛƴ ǘƘŜ ǎƻƛƭ ƛǎ ƎǊŀŘǳŀƭƭȅ ǊŜƭŜŀǎŜŘ ǘƻ 

the atmosphere through a combination of direct evaporation and transpiration from plants. As the 

growing season advances, the amount of water lost from the soil through evapotranspiration 

typically exceeds rainfall, giving rise to an increase in soil moisture deficit. As soil moisture decreases, 

pasture production becomes moisture-constrained and evapotranspiration can no longer meet 

atmospheric demand. 

The difference between this demand (evapotranspiration) and the actual evapotranspiration is 

ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ΨǇƻǘŜƴǘƛŀƭ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ ŘŜŦƛŎƛǘΩ όt95ύΦ Lƴ ǇǊŀŎǘƛŎŜΣ t95 ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǘƻǘŀƭ 

amount of water required by irrigation, or that needs to be replenished by rainfall, to maintain plant 

growth at levels unconstrained by water shortage. As such, PED estimates provide a robust measure 

of drought intensity and duration. Days when water demand is not met, and pasture growth is 

reduced, are often referred to as days of potential evapotranspiration deficit. 

PED is calculated as the difference between potential evapotranspiration (PET) and rainfall, for days 

of soil moisture under half of available water capacity (AWC), where an AWC of 150mm for silty-

loamy soils is consistent with estimates in previous studies (e.g. Mullan et al., 2005). PED, in units of 

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

optimum levels. Higher PED totals indicate drier soils. An increase in PED of 30 mm or more 

corresponds to an extra week of reduced grass growth. Accumulations of PED greater than 300 mm 

indicate very dry conditions. 

For the modelled historic period, the highest PED accumulation is experienced near Molesworth 

(500-600 mm). Low elevation eastern areas near Blenheim, Seddon and Ward generally experience 

300-400 mm of PED per year. PED accumulation of 100-300 mm per year is typical for the remainder 

of Marlborough (Figure 6-1). 

For all future scenarios, annual PED accumulation is projected to increase throughout the region 

(Figure 6-2).  The greatest increase is projected by 2090 under RCP8.5, with an increase of 75-250 

mm PED accumulation in Marlborough. 

 
2 Meteorological drought happens when dry weather patterns dominate an area and resulting rainfall is low. Hydrological drought occurs 
when low water supply becomes evident, especially in streams, reservoirs, and groundwater levels, usually after an extended period of 
meteorological drought. 
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Figure 6-1: Modelled annual potential evapotranspiration deficit accumulation (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 6-2: Projected annual potential evapotranspiration deficit accumulation (mm) changes by 2040 and 
2090 under RCP4.5 and 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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7 hǘƘŜǊ ŎƭƛƳŀǘŜ ǾŀǊƛŀōƭŜǎ 
Modelled wind, surface solar radiation and relative humidity data have not had bias correction 

processes applied as has been carried out for temperature and rainfall, and do not validate well with 

observations. For this reason, only the future relative changes in these variables have been reported 

here using the modelled climate data. 

7.1 Mean wind speed 

Projected mean wind speed changes (%) 

Annual: 

Period RCP4.5 RCP8.5 

2040 ± 5% ± 5% 

2090 ± 5% -5% to +10% 

Seasonal: 

 RCP4.5 RCP8.5 

 2040 2090 2040 2090 

Summer ± 5% Up to +5% ± 5% -5% to +10% 

Autumn ± 5% Up to +5% ± 5% -5% to +10% 

Winter ± 5% -5% to +10% ± 5% -15% to +20% 

Spring ± 5% ± 5% Up to +10% Up to +15% 
 

This section contains maps showing future projected change in mean wind speed. Future (average 

over 2031-2050 and 2081-2100) maps show the percentage change in annual and seasonal mean 

wind speed compared with the historic average. The change signal in mean wind speed is due to 

changes in atmospheric circulation and local variables (e.g. temperature). 

Representative concentration pathway (RCP) 4.5 

By 2040, projected change to annual mean wind speed is small, with changes of ±5% throughout the 

region (Figure 7-1). Similar changes of ±5% are projected seasonally (Figure 7-2). By 2090, projected 

change to annual mean wind speed remains small (±5%; Figure 7-1). Projected seasonal changes 

typically fall within ±5% for the region (Figure 7-3). 

Representative concentration pathway (RCP) 8.5 

By 2040, the projected pattern of change to annual mean wind speed is very similar to that projected 

for RCP4.5, with changes of ±5% (Figure 7-1). Seasonal projected changes are also similar to RCP4.5, 

with the exception of spring where an increase of 5-10% is projected about Molesworth. By 2090, a 

stronger pattern of change is evident, with annual projected changes in mean wind speed ranging 

from -5% to +10% (Figure 7-1). Seasonal changes project a winter and spring increase in mean wind 

speed of 5-10% for most of Marlborough, with projected increases of 10-20% in some areas about 

Blenheim and Molesworth (Figure 7-5). 
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Figure 7-1: Projected annual mean wind speed changes by 2040 and 2090, under RCP4.5 and RCP8.5.   
Changes 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 7-2: Projected seasonal mean wind speed 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 7-3: Projected seasonal mean wind speed 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 7-4: Projected seasonal mean wind speed 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 7-5: Projected seasonal mean wind speed 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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7.2 Surface solar radiation 

Projected surface solar radiation changes (W/m2) 

Annual: 

Period RCP4.5 RCP8.5 

2040 ± 2.5 ± 2.5 

2090 ± 2.5 -2.5 to +10 

Seasonal: 

 RCP4.5 RCP8.5 

 2040 2090 2040 2090 

Summer -5.0 to +10 ± 10 -5.0 to +10 -15 to +20 

Autumn ± 2.5 -2.5 to +5.0 ± 2.5 ± 5.0 

Winter Up to -5.0 -10 to +2.5 Up to -5.0 -10 to +5.0 

Spring ± 2.5 -2.5 to +5.0 Up to +10 -2.5 to +15 
 

This section contains maps showing future projected change in surface solar radiation (solar 

radiation received at the land surface). The solar radiation reaching the surface is not accurately 

modelled. The changes in surface solar radiation reflects modelled changes in clouds with a low 

degree of confidence. Since surface solar radiation is determined by cloud cover, it can also be 

thought of as a proxy for changes in sunshine. Future (average over 2031-2050 and 2081-2100) maps 

show the change in annual and seasonal surface solar radiation compared with the historic average, 

and the units are watts per square metre. 

Representative concentration pathway (RCP) 4.5 

By 2040, projected change to annual surface solar radiation is ±2.5 W/m2 throughout the region 

(Figure 7-6). Similar changes are projected during autumn and spring, with decreases of up to 5 

W/m2 projected in winter (Figure 7-7). 

By 2090, projected changes to annual and seasonal (Figure 7-8) surface solar radiation are similar to 

2040. 

Representative concentration pathway (RCP) 8.5 

By 2040, the projected pattern of change to annual surface solar radiation is very similar to that 

projected for RCP4.5, with changes of ±2.5 W/m2 throughout the region (Figure 7-6). Seasonal 

projected changes are also similar to RCP4.5, with the exception of spring where an increase of up to 

10 W/m2 is projected for some parts of the region (Figure 7-9).  

By 2090, a stronger pattern of change is evident, with annual projected changes in surface solar 

radiation ranging from a decrease of 2.5 W/m2 to an increase of 10 W/m2 (Figure 7-6). Seasonal 

changes project a summer change in surface solar radiation ranging from a decrease of 15 W/m2 to 

an increase of 20 W/m2 for Marlborough (Figure 7-10). Winter decreases of up to 10 W/m2 are 

projected for the southwest of the region. 
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Figure 7-6: Projected annual mean surface solar radiation changes by 2040 and 2090, under RCP4.5 and 
RCP8.5.   Changes 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 7-7: Projected seasonal mean surface solar radiation 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 7-8: Projected seasonal mean surface solar radiation 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 7-9: Projected seasonal mean surface solar radiation 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 7-10: Projected seasonal mean surface solar radiation 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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7.3 Relative humidity 

Projected relative humidity changes (%) 

Annual: 

Period RCP4.5 RCP8.5 

2040 -2 to +1 -3 to +1 

2090 -3 to +1 -10 to +1 

Seasonal: 

 RCP4.5 RCP8.5 

 2040 2090 2040 2090 

Summer -3 to +1 -3 to +1 -3 to +1 -10 to +2 

Autumn -2 to +1 -3 to +1 -3 to +1 -10 to +2 

Winter -2 to +1 -3 to +1 -2 to +1 -10 to +1 

Spring -5 to +1 -5 to +1 Up to -5 -10 to +1 
 

This section contains maps showing future projected change in relative humidity. Future (average 

over 2031-2050 and 2081-2100) maps show the percentage change in annual and seasonal mean 

relative humidity compared with the historic average. A note about relative humidity compared to 

specific humidity: Projected decreases in relative humidity are a consequence of the higher 

temperatures. The absolute water content of the air, as measured by specific humidity, increases 

with time, but the temperature effect is larger; the rate of decrease in relative humidity over New 

Zealand is mostly 1ς2% per degree increase in mean temperature. This is in line with evidence in the 

recent observations (Simmons et al., 2010) in reanalysis and station data over low and mid latitudes. 

Representative concentration pathway (RCP) 4.5 

By 2040, projected change to annual mean relative humidity is small, with decreases of up to 2% for 

most the region (Figure 7-11). Similar changes are projected seasonally, except for summer and 

spring where decreases of 2-5% are projected west of Molesworth (Figure 7-12). 

By 2090, projected change to annual mean relative humidity remains relatively small, ranging from a 

decrease of up to 3% to an increase of up to 1% (Figure 7-11). Projected seasonal decreases of up to 

3% occur in each season, with 3-5% decreases projected in the far southwest of Marlborough in 

spring (Figure 7-13). 

Representative concentration pathway (RCP) 8.5 

By 2040, annual mean relative humidity is projected to decrease by up to 3% in some parts of the 

region (Figure 7-11). Seasonal projected changes are similar to RCP4.5, with the exception of spring 

where a decrease of 2-3% is projected for a much larger portion of the southern half of the region 

(Figure 7-14).  

By 2090, annual projected decreases in mean relative of 3-10% are common throughout 

Marlborough (Figure 7-11). Seasonal changes are relatively pronounced, with projected decreases of 

3-10% common for most of Marlborough (Figure 7-15). 
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Figure 7-11: Projected annual mean relative humidity changes by 2040 and 2090, under RCP4.5 and RCP8.5.   
Changes 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 7-12: Projected seasonal mean relative humidity 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 7-13: Projected seasonal mean relative humidity 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 7-14: Projected seasonal mean relative humidity 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 7-15: Projected seasonal mean relative humidity 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. 




















































































