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Executive summary 
The global climate system is changing and with it New ZealandΩǎ climate and environment. These 

changes will have implications not only for Neǿ ½ŜŀƭŀƴŘΩǎ climate and weather systems but also for 

freshwater availability for downstream users and for hazard exposure (inland and coastal). Due to 

the nature of climate change, trends will vary across the country, over the course of the century, and 

among scenarios of climate ŎƘŀƴƎŜΦ .ǳƛƭŘƛƴƎ ƻƴ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŦǳǘǳǊŜ ŎƘŀƴƎŜǎ ƛƴ bŜǿ ½ŜŀƭŀƴŘΩǎ 

climate (based on six model projections), this report addresses potential impacts of climate change 

on a range of components of climate, hydrology and coastal processes across Southland using 

downscaled Global Climate Model (GCM) outputs from 1971-2099 under different global warming 

scenarios. The combination of six GCMs and four warming scenarios allows us to consider a plausible 

range of future trajectories of greenhouse gas emissions and climatic responses.  

It is impossible at this stage to attribute the modelled differences between two time periods (in this 

report, mid-century and end of century) solely to climate change, as natural climate variability is also 

present and may add to, or subtract from, the climate change effect. The resulting potential impacts 

of climate change are presented through averaging of the six model projections, which does reduce 

the underlying natural variability to some extent. With these caveats in mind, the potential effects of 

changing climate over this century are summarised as follows: 

1. The projected Southland temperature changes increase with time and emission 

scenario. Future annual average warming spans a wide range: 0.5-1°C by 2040, and 

0.7-3°C by 2090, largely dependent on scenario. Seasonally, autumn is the season 

where most of the warming occurs across all time periods and scenarios. Diurnal range 

(i.e., difference between minimum and maximum temperature during the day) is 

expected to increase with time and emission scenarios. 

2. Changes in extreme temperatures reflect the changes in the average annual signal. The 

average number of hot days is expected to increase with time and scenario spanning 

from 0-10 days by 2040 to 5-55 days by 2090. Consequently, the number of heatwave 

days (i.e., number of consecutive days where the temperature is higher than 25°C) is 

projected to increase (largest increase with elevation). As expected, the number of 

frost days is expected to decrease by 0-5 days by mid-century, and by 10-20 frost days 

by the end of the century. 

3. Projected changes in rainfall show a marked seasonality and variability across the 

Southland region. Annual rainfall is expected to slightly increase by mid-century (0-

5%), while the increase spans 5-20% (with a larger increase in the northern part of the 

region) at the end of the century. Seasonally the largest increases are projected during 

winter, while summer precipitation is expected to decrease in the Waiau catchment 

(by up to 10% at the end of the century).  

4. By mid-century, the number of wet days is expected to decrease by up to 10 days 

across most of the region. However, wet days are expected to increase by the end of 

the century for most of the region, except the Waiau where 10-20 fewer wet days are 

expected.  

5. The number of heavy rain days (i.e., days where the total precipitation exceeds 50mm) 

is projected to increase throughout the Southland region at all time slices and RCPs, 
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except for a small area in the eastern Waiau catchment where a small decrease in the 

number of heavy rain days is projected for mid-century. 

6. By mid-century, decreases in annual maximum 5-day rainfall are projected for the 

centre of the Southland region (up to 15 mm) and increases are projected for the rest 

of the region, with Fiordland facing the largest increases of 15-30 mm in some parts. At 

the end of the century, almost the whole Southland region (except the eastern Waiau 

under mid-range emission scenario) is projected to experience increases in annual 

maximum 5-day rainfall of up to 15-30 mm. 

7. By mid-century the number of dry days are expected in increase up to 10 more days 

for much of the region except the central part of the region and northern and western 

Fiordland, for which up to 10 fewer dry days are expected. By the end of century, a 

decrease in dry days (up to 10-20 days) is projected for most of the region except for 

the Waiau catchment (increase up to 10-20 days), eastern Fiordland, and Stewart 

Island/Rakiura. 

8. Changes in meteorological drought (assessed using Potential Evaporation Deficit or 

PED) indicate that the central-northern part of the Southland region is projected to 

experience the largest increases in PED in the future across both time slices and all 

emission scenarios. By mid-century, PED is expected to increase by 40-80mm per year 

for most of the regions, rising to over 100 m per year for the highest emission scenario 

by 2090. 

9. Changes in sea level-rise are expected to be between 0.2-0.3 m by 2040 and increasing 

to 0.4-0.9 m by 2090. Using a present 1% annual exceedance probability (AEP) coastal 

flood event (i.e., a 100-year event presently), such an event will become much more 

frequent as seas continue to rise, with such large events occurring on average on a 

yearly basis once sea-level rise reaches 0.45 m (expected between 2055-2060 and 

2100 (depending on global emission reductions and polar ice-sheet response to 

warming). Further, moderate and ƴǳƛǎŀƴŎŜέ Ŏƻŀǎǘŀƭ ŦƭƻƻŘƛƴƎ ŜǾŜƴǘǎ ǿƛƭƭ ōŜŎƻƳŜ ŜǾŜƴ 

more common, occurring several times a year for that same sea-level rise. Note: 

0.45 m sea-level rise is just an arbitrary value for when a 1% AEP event becomes an 

annual occurrence (e.g., in Wellington it is only a 0.3 m rise as the tide range is low) ς 

however the adaptation threshold for low-lying parts of Southland may well occur at 

considerably lower rises in sea level, due to the increasingly regular damage from 

flooding events (direct or via groundwater) in low-lying pockets, Considering tides 

only, putting aside storm events, the rising sea level will result in an increasing 

percentage of normal high tides exceeding given present-day design for coastal 

infrastructure and roads.  

10. Provisional results from a national coastal risk exposure study (Deep South Science 

Challenge) demonstrate the crucial benefit of having available accurate LiDAR surveys 

of the topography. The replacement costs of buildings exposed in the LiDAR areas 

where such surveys are already available (mainly low-lying parts of Invercargill City) is 

considerable at ~$0.6ς1.2B (2011 NZ$) for a range from present exposure to 1% AEP 

coastal floods up to a 1.2 m sea-level rise (not counting other infrastructure such as 

roads, 3-waters, rail, airport etc). 



 

Southland climate change impact assessment  11 

 

11. The effects of climate change on hydrological characteristics were examined by driving 

bL²!Ωǎ ƴŀǘƛƻƴŀƭ ƘȅŘǊƻƭƻƎƛŎŀƭ ƳƻŘŜƭ ǿƛǘƘ ŘƻǿƴǎŎŀƭŜŘ Dƭƻōŀƭ /ƭƛƳŀǘŜ aƻŘŜƭ όD/aύ 

outputs from 1971-2099 under different global warming scenarios. Using a 

combination of six GCMs and four warming scenarios allows us to consider a plausible 

range of future trajectories of greenhouse gas emissions and climatic responses. The 

changing climate over this century is projected to lead to the following hydrological 

effects: 

Á Annual average discharge is expected to remain stable or slightly decrease by mid-

century (except North Fiordland). By the end of the century and with increased 

emissions, average annual flows are expected to increase across the region (up to 

50% in nǊŜǘƛ and aŀǘņǳǊŀ catchments). From a seasonal aspect, spring flows are 

expected to be slightly higher, summer flows are expected to slightly decrease, 

while autumn and winter flows are expected to increase.  

Á Low flow (expressed as Q95% flow) changes are expected to be variable across 

the Southland region. Low flows in Fiordland and the headwaters of the Waiau 

catchment are expected to increase with time and emission scenario. Low flows 

for the remainder of the region are expected to decrease, except for the coastal 

areas of the nǊŜǘƛ and aŀǘņǳǊŀ catchments. 

Á Floods (characterised by the Mean Annual Flood) are expected to become larger 

everywhere. 

Á Change in water supply reliability are characterised by little appreciable change 

across Southland by mid-century, with most parts of the region exhibiting slight 

increases and some with slight decreases. Late-century, however, the decreases 

become slightly more accentuated, particularly under a high emissions scenario. 

Table 1-1 summarises the key findings of this report for each administrative region by the end of the 

century.  

Table 1-1: Main features of change projections per administrative region by the end of century.  

Region Authority Summary of change 

Waiau Average temperatures are expected to increase above 3.00°C in Northern Waiau 
while minimum temperatures are expected to increase by more that 1.75°C for 
most of the Waiau. 

Hot days are expected to increase by up to 30 days, while cold nights are expected 
to decrease by around 25-30 nights per year 

Heatwave days are expected to increase largely for the Northern Waiau valley. 

Annual precipitation, annual maximum daily and maximum 5-day rainfall are 
expected to increase by 5 to 20% across the catchment with summer precipitation in 
coastal Waiau expected to decrease by up to 10%. 

Number of wet days is expected to decrease for most of the catchment, while 
number of dry days is expected to increase for most of the catchment except an 
area north of the Aparima catchment where the number of dry days is expected to 
decrease.  

Headwater of the Waiau are expected to experience increase in mean annual low 
flow (MALF), resulting in increased water supply reliability for this part of the Waiau. 
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Aparima Average temperatures are expected to increase up to 2.50°C in Northern Aparima 
and minimum temperatures are expected to increase by up to 1.7°C. 

Hot days are expected to increase by up to 30 days, while cold nights are expected 
to decrease by around 20-25 nights per year. 

Heatwave days are expected to increase largely for most of the Aparima with 
orography. 

Annual precipitation, annual maximum daily and maximum 5-day rainfall are 
expected to increase by up to 10%, with summer precipitation expected not to 
change. 

Number of wet days is expected to increase except on the Northern Aparima while 
number of dry days is expected to increase by up to 10 days across the catchment. 

MALF is expected to decrease across the Aparima. 

nǊŜǘƛ Average temperatures are expected to increase by up to 3.00°C in Northern nǊŜǘƛ 
with minimum temperatures are expected to increase by up to 1.75°C . 

Hot days are expected to increase by up to 30 days per year, while cold nights are 
expected to decrease around 20-25 nights per year (note strong orographic effect). 

Heatwave days are expected to increase largely for most of the nǊŜǘƛ with 
orography. 

Annual precipitation, annual maximum daily and maximum 5-day rainfall are 
expected to increase by 10-15% (mainly in winter) while summer precipitation is not 
expected to change. 

Number of wet days is expected to increase except on the Northern nǊŜǘƛ, while 
number of dry days are expected to increase by up to 10 days  

Large increase in mean annual flow, while summer flows are variable across the 
catchment. However, mean annual low flows are expected to decrease across the 
nǊŜǘƛ. 

aŀǘņǳǊŀ Average temperatures are expected to increase above to 3.00°C in northern 
aŀǘņǳǊŀ with minimum temperatures are expected to increase by up to 1.75°C. 

Hot days are expected to increase by up to 55 days per year in Northern aŀǘņǳǊŀ. 
Cold nights are expected to decrease in an average of 20-25 night per year, with a 
strong orographic gradient between the coast and the Northern aŀǘņǳǊŀ.  

Heatwave days are expected to increase largely for most of the aŀǘņǳǊŀ with 
orography. 

Annual precipitation, annual maximum daily and maximum 5-day rainfall are 
expected to increase up to 15 % (mainly in winter) with summer precipitation is not 
expected to change, 

Number of wet days per year is expected to increase for most of the catchment as 
per the number of dry days (up to 10 days). 

Large increase in mean annual flows, while summer flows are variable across the 
catchment. However, mean annual low flows are expected to decrease across the 
aŀǘņǳǊŀ catchment. 

Fiordland Average temperatures are expected to increase above 3.00°C in Northern Fiordland. 
With minimum temperatures are expected to increase by more than 1.75°C for 
Northern Fiordland. 

Hot days are expected to increase by 10 days per year except for the northern part 
where the increase is expected to be around 20 days/year. Number of cold nights 
are expected to decrease by up to 25 nights per year in Northern Fiordland.  

Heatwave days are expected to increase largely in northern Fiordland. 
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Precipitation, annual maximum daily and maximum 5-day rainfall are expected to 
increase above 15% (northern Fiordland precipitation increasing by 30%). Largest 
increase in precipitation in winter (above 40%) with summer precipitation (mainly in 
winter). 

Heavy rain days is expecting to increase for most of Fiordland.  

Number of dry days is expected to increase for most of Fiordland except orthern and 
western Fiordland. Mean annual low flows and water supply reliability are expected 
to increase 

 

At this time, it is uncertain as to which of the four climate change scenarios New Zealand and the 

world is heading for. Current global and New Zealand temperatures are within the ranges of 

uncertainty for all scenarios. The future trajectory of climate change will depend on geopolitical 

decisions in terms of reducing greenhouse gas emissions. 

Based on a review of existing literature, the potential implications of the projected climate change 

impacts are briefly discussed for the following industry sectors pertinent for the Southland region: 

council infrastructure, agriculture, fishing and aquaculture, forestry, tourism, and also to understand 

potential changes in coastal erosion processes.    
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1 LƴǘǊƻŘǳŎǘƛƻƴ 
The climate is changing and it is accepted internationally that further changes will result from 

increasing amounts of greenhouse gases in the atmosphere. In addition, climate will also vary from 

year to year and decade to decade due to natural processes such as El Niño. Climate change effects 

over the next decades are predictable with some level of certainty, and will vary from place to place 

throughout New Zealand (Ministry for the Environment, MfE 2016).  

Environment Southland, in collaboration with Invercargill City Council, Southland District Council and 

Gore District Council (the Councils), commissioned NIWA to produce a regional assessment of the 

impacts of climate change for Southland. This assessment aims to provide regional information on 

the impacts of climate change which can be used to support strategic planning and adaptation by the 

Councils and their communities.  

Based on the climate change information generated as part of the Climate Change Projections for 

New Zealand (MfE 2016), and the recent coastal guidance for local government (MfE 2017), NIWA 

has developed a technical climate change report (including a climate change data output library) 

based on downscaled global climate change projections for the Councils to support detailed regional, 

district and community planning. The base report first provides a background on modern climate 

variability and change to enable meaningful interpretations of the future climate change simulation 

results across the region (Figure 1-1). As part of the report, changes in different precipitation 

thresholds are reported at specific locations to reflect potential change in rain risk profiles at those 

locations (see Figure 1-1). 

Analyses are provided through summary maps describing the differences between the historical 

period 1986-2005 and two future periods: mid-century (2031-2050) and late-century (2081-2100), as 

per MfE (2016). Using a combination of six downscaled Global Climate Model (GCM) outputs from 

1971-2099 under four global warming scenarios (referred hereafter as Representative Concentration 

Pathways or RCPs) allows consideration of a plausible range of future trajectories of greenhouse gas 

emissions and climatic responses.  

Those changes were estimated for all RCPs, and are provided as netcdf gridded information to 

Environment Southland. For the sake of clarity only two emissions scenarios are presented in the 

analysis (RCPs 4.5 and 8.5) in regards to change in climate characteristics and hydrology. 
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Figure 1-1: Map of the Southland region.  Red dots indicate location specific projections presented in this 
report.  

 

To reflect a precautionary approach, and considering a range of available climate change scenarios, 

the report considers four RCPs: 2.6 (peak and decline GHG concentration scenario), 4.5 and 6.0 (GHG 

stabilization scenarios) and RCP 8.5 (representing very high GHG emissions).1 These four RCP 

scenarios are considered ǎǘŀƴŘŀǊŘ ŎƻƴǘŜƴǘέ ŦƻǊ ōǊƻŀŘƭȅ ƻǳǘƭƛƴƛƴƎ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŜŦŦŜŎǘǎ όǎŜŜ 

Figure 1-2).  

 

                                                           
1 Representative Concentration Pathways represent different climate mitigation scenarios from very low greenhouse gas concentrations to 
very high.   
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Figure 1-2: Bias-adjusted SSTs, averaged over the RCM domain, for 6 CMIP52 global climate models over 
the historical period (1960-2005), and the future period (2006-2120). Individual models are shown by thin 
dotted or dashed or solid lines (as described in the inset legend), and the 6-model ensemble-average by thicker 
solid lines, all of which are coloured according to the RCP pathway. 

 

                                                           
2 CMIP5: Coupled Model Intercomparison Project version 5 is a standard experimental protocol for studying the output of coupled 
atmosphere-ocean general circulation models (AOGCMs). CMIP provides a community-based infrastructure in support of climate model 
diagnosis, validation, intercomparison, documentation and data access. Analysis of CMIP5 dataset provides much of the new material 
underlying the Intergovernmental Panel on Climate Change version 5 (IPCC5) 

http://www.ipcc.ch/
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2 LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ƴŀǘǳǊŀƭ ǾŀǊƛŀōƛƭƛǘȅ 
This section describes the present-day climate and climate changes which may occur over the coming 

century in the Southland 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 

section include temperature (mean, mean minimum, hot days, frosts, and heatwave days), rainfall 

(total rainfall, wet days (> 1 mm), heavy rain days (> 50 mm), annual maximum 1-day rainfall, annual 

maximum 5-day rainfall, dry days (< 1 mm) and potential evapotranspiration deficit (annual PED 

accumulation, probability of annual PED > 200 mm). 

Future climate change projections for Southland are based on scenarios for New Zealand that were 

generated by NIWA from downscaling of global climate model simulations from the latest 

assessments by the Intergovernmental Panel on Climate Change (IPCC, 2013b, IPCC, 2014b, IPCC, 

2014c). The climate change information presented in this report is consistent with recently-updated 

national-scale climate change guidance produced for MfE (Mullan et al. 2016), but this report 

contains additional analysis that was not included in the MfE report ς such as analysis of heatwaves 

and annual maximum 5-day rainfall.  

The remainder of this chapter includes a brief introduction of global climate change, based on the 

IPCC Fifth Assessment Report. It also includes an introduction to the climate change scenarios used in 

this report. The methodology that explains the modelling approach for the climate change 

projections is presented in Appendix A. Climate drivers, such as the El Niño-Southern Oscillation, are 

also considered as they provide context on year-to-year climate variability experienced in Southland. 

2.1 Global climate change: The physical science basis. 

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, 

2013a). 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, for example extreme rain events and heatwaves. Even small shifts in average 

temperatures will result in proportionally large increases for extreme temperatures, represented 

schematically by the area under the bell curve shown in (Figure 2-1)Φ ¢ƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ has 

warmed by 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. Over the period 1901-2010, global mean sea level rose by approximately 0.19 m (IPCC 

2013a).  
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Figure 2-1: Schematic showing how small shifts in average temperature result in large changes in extreme 
temperatures. From www.climatecommission.gov.au. 

 

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

levels unprecedented in at least the last 800,000 years (Lüthi et al. 2008). Carbon dioxide 

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

and secondarily from net land use change emissions (IPCC 2013a). 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 2013a). 

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

climate system, and limiting climate change will require substantial and sustained reductions of 

greenhouse gas emissions. The most recent set of future climate change scenarios utilised by the 

IPCC are called RCPs. 

2.1.1 Representative Concentration Pathways 

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

climate projections depend strongly on estimates for future greenhouse gas concentrations. Those 

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

economic activity, population changes, technological advances and policies for sustainable resource 

use. In addition, for a specific future trajectory of global greenhouse gas emissions, different climate 

model simulations produced somewhat different results for future climate change. 

This range of uncertainty has been dealt with by the IPCC ǘƘǊƻǳƎƘ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ΨǎŎŜƴŀǊƛƻǎΩ ǘƘŀǘ 

describe the radiative forcing and are associated with indicative concentrations of greenhouse gases 

in the atmosphere. The wide range of scenarios are associated with possible economic, political, and 

social developments during the 21st century, and beyond. In the 2013 IPCC Fifth Assessment Report, 

the atmospheric greenhouse gas concentration components of these scenarios are called RCPs. 

http://www.climatecommission.gov.au/
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These are abbreviated as RCP2.6, RCP4.5, RCP6.0, and RCP8.5, in order of increasing radiative 

forcing3 by greenhouse gases (i.e., the change in energy in the atmosphere due to greenhouse gas 

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

removal of CO2 fǊƻƳ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΣ ŀƭǎƻ ŎŀƭƭŜŘ ǘƘŜ ΨƳƛǘƛƎŀǘƛƻƴΩ ǎŎŜƴŀǊƛƻύΣ w/tпΦр ŀƴŘ w/tсΦл ŀǊŜ 

ǘǿƻ ΨǎǘŀōƛƭƛǎŀǘƛƻƴΩ ǎŎŜƴŀǊƛƻǎ όǿƘŜǊŜ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǊŀŘƛŀǘƛǾŜ ŦƻǊŎƛƴƎ 

stabilises by 2100) and RCP8.5 has very high greenhouse gas concentrations (the ΨōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭΩ 

scenario with no effective mitigation). Therefore, the RCPs represent a range of 21st century climate 

policies.  

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

(relative to 1986-2005), which takes into account the range of projections from about 40 different 

climate models, is 0.3 to 4.8°C (Figure 2-2). Warming will continue beyond 2100 under all RCP 

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

not be regionally uniform. As global temperatures increase, it is virtually certain that there will be 

more hot and fewer cold temperature extremes over most land areas. It is very likely that heatwaves 

will occur with a higher frequency and duration. Furthermore, the contrast in rainfall between wet 

and dry regions and wet and dry seasons will increase. Along with increases in global mean 

temperature, mid-latitude and wet tropical regions will experience more intense and more frequent 

extreme rainfall events by the end of the 21st century. The global ocean will continue to warm during 

the 21st century, influencing ocean circulation and sea ice extent. 

 

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 forcings. The mean 

and associated uncertaintiŜǎ ŀǾŜǊŀƎŜŘ ƻǾŜǊ нлумҍнмлл ŀǊŜ ƎƛǾŜƴ ŦƻǊ ŀƭƭ w/t ǎŎŜƴŀǊƛƻǎ ŀǎ 

coloured vertical bars to the right of the graph (the mean projection is the solid line in the middle 

of the bars). The numbers of CMIP5 models used to calculate the multi-model mean is indicated 

on the graph. From IPCC (2013). 

                                                           
3 A measure of the energy absorbed and retained in the lower atmosphere. More technically, radiative forcing is the change in the net 
(downward minus upward) irradiance (expressed in W/m2, and including both short-wave energy from the sun, and long-wave energy from 
greenhouse gases) at the tropopause, due to a change in an external driver of climate change, such as, for example, a change in the 
concentration of carbon dioxide or the output of the sun. 
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Global MSL will continue to rise during the 21st century. All scenarios project that the rate of sea-

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

higher loss of mass from glaciers and continental ice sheets. For all four RCP scenarios, the range of 

projected global-mean sea-level rise by 2100 (relative to 1986-2005) is 0.28-0.98 m (Church et al. 

2013), with a 33% chance that SLR could still lie outside this range. The IPCC Assessment also added a 

caveat that if the polar ice sheet instabilities eventuated, then there is medium confidence that the 

additional increase in SLR would not exceed several tenths of a metre by 2100 (Church et al. 2013). It 

is virtually certain that global mean sea-level rise will continue beyond 2100, with sea-level rise due 

to thermal expansion and polar ice-sheet melt expected to continue for many centuries. However, 

while the rise will continue beyond this century, the future magnitude and rate of SLR is strongly tied 

to the degree to which global carbon emissions can be reduced in the next several decades (MfE 

2017).  

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

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

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

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

At this time, it is uncertain as to which of the four climate change scenarios New Zealand and the 

world is heading towards, as current global and New Zealand temperatures are within the ranges of 

uncertainty for all scenarios. The future trajectory of climate change will depend on geopolitical 

decisions in terms of reducing greenhouse gas emissions. The Paris climate change agreement4 aims 

to limit global warming to less than 2°C above pre-industrial global mean temperature by 2100, and 

ideally less than 1.5°C above pre-industrial levels. This level of warming is approximately equivalent 

to the RCP4.5 scenario. 

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

downscaled to produce future projections of climate for Southland. The rationale for choosing these 

ǘǿƻ ǎŎŜƴŀǊƛƻǎ ǿŀǎ ǘƻ ǇǊŜǎŜƴǘ ŀ ΨōǳǎƛƴŜǎǎ-as-ǳǎǳŀƭΩ ǎŎŜƴŀǊƛƻ ƛŦ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ŎƻƴǘƛƴǳŜ 

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

climate change (RCP4.5). GIS files for all four RCPs, for all climate variables considered in this report, 

have been provided to Environment Southland. 

2.2 Impacts, adaptation and vulnerability (IPCC Working Group II) 

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

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

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

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

the distribution and migration patterns of terrestrial and marine ecosystems, the incidence of 

wildfire, food production, livelihoods, and economies.  

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

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

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

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

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

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

                                                           
4 http://www.mfe .govt.nz/climate-change/why-climate-change-matters/global-response/paris-agreement  

http://www.mfe.govt.nz/climate-change/why-climate-change-matters/global-response/paris-agreement
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increased warming of around 1°C, the number of such systems at risk of severe consequences is 

higher, and many species with limited adaptive capacity (e.g., coral reefs and species reliant on Arctic 

sea ice) are subject to very high risks with additional warming of 2°C. In addition, climate change-

related risks from extreme events, such as heatwaves, extreme precipitation, and coastal flooding, 

are already moderate/high with 1°C additional warming. Risks associated with some types of 

extreme events (e.g., heatwaves) increase further with higher temperatures. 

At present, the worldwide burden of human ill-health from climate change is relatively small 

compared with effects of other stressors and is not well quantified. However, there has been 

increased heat-related mortality and decreased cold-related mortality in some regions because of 

warming. Local changes in temperature and rainfall have altered the distribution of some water-

borne illnesses and disease vectors. 

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

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

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

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

level rise from ice sheet loss.  

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

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

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

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

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

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

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

and mitigation responses. This has been observed during recent climate-related extremes, such as 

heatwaves, droughts, floods, cyclones, and wildfires, where different ecosystems and human 

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

economic damages accelerate with increasing temperature. 

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

sector and within communities. Adaptation is becoming embedded in governmental planning and 

development processes, but at this stage there has been only limited implementation of responses to 

climate change. Engineered and technological options are commonly implemented adaptive 

responses, often integrated within existing programs such as disaster risk management and water 

management. There is increasing recognition of the value of social, institutional, and ecosystem-

based measures and of the extent of constraints to adaptation. Adaptation options adopted to date 

continue to emphasise incremental adjustments and co-benefits and are starting to emphasise 

flexibility and learning. Most assessments of adaptation have been restricted to impacts, 

vulnerability and adaptation planning, with very few assessing the processes of implementation or 

the effects of adaptation actions. 

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

climate change.  
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2.3 Mitigation of climate change (IPCC Working Group III) 

The IPCC AR5 Working Group III Summary for Policymakers (IPCC, 2014c) noted that total 

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

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

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

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

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

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

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

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

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

These scenarios are consistent with different levels of mitigation. 

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

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

temperatures. Mitigation scenarios where temperature change caused by anthropogenic greenhouse 

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

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

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

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

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

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

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

included the range becomes broader from 2.5 to 4.8°C (IPCC, 2014a). 

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

have a likely chance to keep temperature change below 2°C relative to pre-industrial levels), 

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

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

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

changes in energy systems and land use.  

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

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

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

in 2100.  

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

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

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

industrial levels. Global surface temperature for the end of the 21st century is likely to exceed 1.5°C 

relative to 1850-1900 for all RCP scenarios except RCP2.6, and it is likely to exceed 2°C for RCP6.0 and 

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

2.4 New Zealand climate change 

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

and assessed in the Australasia chapter of the IPCC Working Group II assessment report (Reisinger et 
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al. 2014) as well as a report published by the Royal Society of New Zealand (Royal Society of New 

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

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

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

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

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

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

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

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

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

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

extremes have become more common. 

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

Zealand mean annual temperature has increased, on average, by 0.09°C (± 0.03°C) per decade since 

1909. 

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

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

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

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

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

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

consistent with global mean trends. 

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 Mullan et al. 

(2016). 

2.5 Natural factors causing fluctuation in climate patterns over New Zealand 

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

surrounding, Southland over the coming century of increases in global anthropogenic greenhouse gas 

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

½ŜŀƭŀƴŘΩǎ ŎƭƛƳŀǘŜ ƛǎ ǊŀƴŘƻƳ ŀƴŘ ƭŀǎǘǎ ŦƻǊ ƻƴƭȅ ŀ ǎƘƻǊǘ ǇŜǊƛƻŘΣ ōǳǘ ƭƻƴƎŜǊ ǘŜǊƳΣ ǉǳŀǎƛ-cyclic variations 

in climate can be attributed to different factors. Three large-scale oscillations that influence climate 

in New Zealand are the El Niño-Southern Oscillation, the Interdecadal Pacific Oscillation, and the 

Southern Annular Mode (Ministry for the Environment, 2008). Those involved in (or planning for) 

climate-sensitive activities in Southland will need to cope with the sum of both anthropogenic 

climate change and natural climate variability. 

2.5.1 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 
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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 and mean sea 

level across the Pacific.  

5ǳǊƛƴƎ 9ƭ bƛƷƻΣ ŜŀǎǘŜǊƭȅ 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, and 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 (Figure 2-3). The 

longer Interdecadal Pacific Oscillation (IPO, Section 2.5.2) is associated with different phases of 

ENSO, with more El Niño events occurring in positive IPO phases (e.g. 1978-1998) and more La Niña 

events occurring in negative IPO phases (e.g. 1950-1977). 

 

Figure 2-3: Time series of NINO3.4 sea surface temperature from 1950-2017. Values >1 correspond with El 

Niño and values <1 correspond with La Niña. Data source: 

http://www.cpc.ncep.noaa.gov/data/indices/ersst5.nino.mth.81-10.ascii. 

 

During El Niño events, the weakened trade winds cause New Zealand to experience a stronger than 

normal south-westerly airflow. This generally brings lower seasonal temperatures to the country and 

drier than normal conditions to the north and east of New Zealand, and wetter than usual conditions 

for parts of Southland (Salinger and Mullan, 1999) (Figure 2-4). Mean sea level around New Zealand 

can be several centimetres (up to 12 cm) lower than ƴƻǊƳŀƭέ ŘǳǊƛƴƎ ǇŜŀƪ El Niño events (Ministry 

for the Environment 2017). During La Niña conditions, the strengthened trade winds cause New 

Zealand to experience more north-easterly airflow than normal, higher-than-normal temperatures 

(especially during summer), and drier conditions for much of the South Island, including Southland 

(Figure 2-5). Mean sea level is generally higher than normal. 

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

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

there is uncertainty about future changes (over the next 50 to 100 years period) to the amplitude 

and spatial pattern of ENSO.  

 

El Niño 

La Niña 

http://www.cpc.ncep.noaa.gov/data/indices/ersst5.nino.mth.81-10.ascii


 

Southland climate change impact assessment  25 

 

  

Figure 2-4: Average summer percentage of normal rainfall during El Niño (left) and La Niña (right) in New 
Zealand. 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. 

 

2.5.2 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 wetter conditions for Southland (Figure 2-5). Mean sea level around New 

Zealand tends to be lower than ƴƻǊƳŀƭέ ƻǊ ǘǊŜƴŘǎ ƛƴ sea-level rise reduced. The opposite occurs in 

the negative IPO phase (e.g. the Pacific has been in this phase since ~ 1989). The IPO can modify New 

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

during IPO+ (-) phases, and of La Niña during the opposite IPO phases.  
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Figure 2-5: SST anomaly spatial pattern (Empirical Orthogonal Function, or EOF) associated with the 

positive phase of the Interdecadal Pacific Oscillation. The pattern shown, with positive SST 

anomalies in the eastern tropical Pacific, is IPO+. The IPO- phase has anomalies of opposite sign 

everywhere. Data source: ERSST version 5 dataset. 

2.5.3 The effect of the Southern Annular Mode 

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

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

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

strength and storm occurrence (Renwick and Thompson, 2006). In its positive phase, the SAM is 

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

westerly winds further south towards Antarctica (Figure 2-5 and Figure 2-6). In Southland, the 

positive SAM phase is generally associated with higher than normal daily maximum temperatures 

and lower than normal rainfall in the west of the region. In contrast, the negative phase of the SAM is 

associated with unsettled weather and stronger westerly winds over New Zealand, whereas wind and 

storms decrease towards Antarctica. In Southland, lower than normal daily maximum temperatures 

and higher rainfall in the west are commonly observed during the negative phase of the SAM. 
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Figure 2-6: Pattern of the pressure variations associated with the positive (left) and negative (right) phases 

of the SAM. Blue shading indicates below-average pressures and red shading indicates above 

average pressures. Monthly composites were made using the PC associated with the first EOF of 

Southern Hemisphere monthly geopotential anomalies at 850 hPa from the NCEP / NCAR 

reanalysis (Section 2.3.3) using a threshold of +/- 1 std. Data source: 

http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html. 

2.5.4 Interactions between natural climate cycles and climate change 

El Niño-Southern Oscillation 

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 (Huang and Xie, 2015, IPCC, 2013a). 

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

According to Cai et al. (2014)Σ ǘƘŜǊŜ Ƴŀȅ ōŜ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ΨŜȄǘǊŜƳŜΩ 9ƭ bƛƷƻ ŜǾŜƴǘǎ όƭƛƪŜ ǘƘŜ мфунκуоΣ 

1997/98 and 2016/17 El Niño events) with increasing concentrations of greenhouse gases in the 

atmosphere, due to faster warming over the eastern equatorial Pacific Ocean.   

Interdecadal Pacific Oscillation 

The IPO influences global mean temperatures through its influence on Pacific sea surface 

temperatures (Meehl et al. 2013). When the IPO is in its negative phase, Pacific SSTs are cooler than 

usual, which has led to observed hiatuses in global warming (for example, the shift from the positive 

to negative IPO in the early 2000s). In contrast, a positive IPO exhibits above normal SSTs in the 

Pacific, leading to an acceleration in global mean temperatures (e.g. the shift from the negative to 

positive IPO in the 1970s). The future behaviour of the IPO is uncertain but Meehl et al. (2013) 

suggests that hiatus periods (associated with negative IPO periods) may become slightly longer. 

Southern Annular Mode 

With the recovery of the ozone hole and reduction of ozone-depleting substances projected into the 

future, the trend of summertime SAM phases is expected to become more negative and stabilise 

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

negative phases). However, increasing concentration of greenhouse gases will have the opposite 

effect, of an increasing positive trend in summer and winter SAM phases, i.e., there will be more 

http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html
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positive phases than negative phases into the future. The net result for SAM behaviour, as a 

consequence of both ozone recovery and greenhouse gas increases, is therefore likely to be 

relatively little change from present by 2100 (Thompson et al. 2011). However, other drivers are 

likely to have an impact on SAM behaviour into the future, particularly changes to sea ice around 

Antarctica as well as changing temperature gradients between the equator and the high southern 

latitudes which could have an impact on westerly wind strength in the mid-high latitudes. 

2.6 Natural variability versus anthropogenic impacts 

Much of the material in the following Sections 5 and 6 focuses on the projected impact on the 

climate and oceans of, and surrounding, the Southland region over the coming century of increases 

in global anthropogenic greenhouse gas concentrations. But natural variations, such as those 

described in Section 2.5) (associated with for example El Niño, La Niña, the Interdecadal Pacific 

Oscillation, the Southern Annular Mode, and ŎƭƛƳŀǘŜ ƴƻƛǎŜέύΣ ǿƛƭƭ ŀƭǎƻ ŎƻƴǘƛƴǳŜ ǘƻ ƻŎŎǳǊΦ ¢ƘƻǎŜ 

involved in (or planning for) climate-sensitive activities in the Southland region will need to cope with 

the sum of both anthropogenic change and natural variability. 

An example of this for temperature (from an overall New Zealand perspective) is shown in Figure 2-7. 

This figure shows annual temperature anomalies relative to the 1986-2005 base period used 

throughout this report. The solid black line on the left-ƘŀƴŘ ǎƛŘŜ ǊŜǇǊŜǎŜƴǘǎ bL²!Ωǎ т-station 

temperature anomalies (i.e., the average over Auckland, Masterton, Wellington, Nelson, Hokitika, 

Lincoln, and Dunedin), and the dashed black line represents the 1909-2014 trend of 0.92°C/century 

extrapolated to 2100. All the other line plots and shading refer to the air temperature averaged over 

the region 33-48°S, 160-190°W, and thus encompasses air temperature over the surrounding seas as 

well as land air temperatures over New Zealand. Post-2014, the two line plots show the annual 

ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜǎ όŦƻǊ ǘƘŜ ΨōƻȄΩ ŀǾŜǊŀƎŜύ ǳƴŘŜǊ w/t 8.5 (orange) and RCP 2.6 (blue); a single 

ƳƻŘŜƭ όǘƘŜ WŀǇŀƴŜǎŜ Ψmiroc5Ω model, see Mullan et al. 2016) is selected to illustrate the interannual 

variability. (Note that a single illustrative model (miroc5) has been used in Figure 2-7 rather than the 

model-ensemble, which would suppress most of the interannual variability). The shading shows the 

range across all AR5 models for both historical (41 models) and future periods (23 for RCP2.6, 41 for 

RCP8.5). 

Over the 1900-2014 historical period, the 7-station curve lies within the 41-model ensemble, in spite 

of the model temperatures including air temperature over the sea, which is expected to warm 

somewhat slower than over land (Mullan et al. 2016). For the future 2015-2100 period, the RCP2.6 

ensemble shows very little warming trend after about 2050Σ ǿƘŜǊŜŀǎ ǘƘŜ w/tуΦр ŜƴǎŜƳōƭŜ ΨǘŀƪŜǎ ƻŦŦΩ 

to be anywhere between +2°C and +5°C by 2100. The miroc5 model is deliberately chosen to sit in 

the middle of the ensemble, and illustrates well how interannual variability dominates in individual 

years: the miroc5 model under RCP8.5 is the warmest of all models in the year 2036 and the coldest 

of all models in the year 2059, but nonetheless has a long-term trend that sits approximately in the 

middle of the ensemble. 

Figure 2-7 should not be interpreted as a set of specific predictions for individual years. But it 

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

RCP8.5), there will still be some relatively cool years. However for this particular example, a year 

which is unusually warm under our present climate could become the norm by about 2050, and an 

ǳƴǳǎǳŀƭƭȅ ǿŀǊƳέ ȅŜŀǊ ƛƴ ол-рл ȅŜŀǊǎΩ ǘƛƳŜ (under the higher emission scenarios) is likely to be 

warmer than anything we currently experience.  
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Figure 2-7: New Zealand Temperature - historical record and an illustrative schematic projection 
illustrating future year-to-year variability. (See text for full explanation). After Mullan et al. (2016). 

 

For rainfall, the fact that we may have recently moved into a positive phase of the Interdecadal 

Pacific Oscillation may depress the impacts of anthropogenic climate change over the next decade or 

so. Section 2.5.1), showed that periods of positive SOI (e.g., La Niña) may on average experience 

slightly below normal rainfall in Southland during summer, pushing rainfall in the opposite direction 

as expected from anthropogenic factors (Section 6.1). A subsequent further reversal of the IPO in 20-

ол ȅŜŀǊǎΩ ǘƛƳŜ ŎƻǳƭŘ ƘŀǾŜ ǘƘŜ ƻǇǇƻǎƛǘŜ ŜŦŦŜŎǘΣ enhancing part of the anthropogenic (wetting) trend in 

rainfall for a few decades. 

As discussed in Section 2.5), the IPO and the El Niño/La Niña cycle have an effect on New Zealand sea 

level. So, the sea levels we experience over the coming century will also result from the sum of 

anthropogenic trend and natural variability. 

The message from this section is not that anthropogenic trends in climate can be ignored because of 

natural variability. In the projections we have discussed these anthropogenic trends because they 

become the dominant factor locally as the century progresses. Nevertheless, we need to bear in 

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

others it may be offsetting part of the anthropogenic effect. 
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3 aŜǘƘƻŘƻƭƻƎȅ 

3.1 Atmospheric modelling 

NIWA has used climate model simulation data from the IPCC Fifth Assessment (Taylor et al. 2012) to 

produce updated climate change scenarios for New Zealand (Mullan et al. 2016). Six GCMs were 

selected by NIWA from the IPCC archive for dynamical downscaling; this involves taking the sea 

surface temperatures from each model to drive an atmospheric global model, which in turn drives a 

higher resolution regional climate model (RCM) over New Zealand. The six climate models were 

selected on the basis of how accurately they represented historical climate in the New Zealand 

region.  

Figure 1-2 shows the bias-corrected sea surface temperatures in the New Zealand region from the six 

models, for each of the four RCP scenarios. For this report, the climate change projections from each 

of the six dynamical models are averaged together, creating what is called an ensemble-average, in 

ƻǊŘŜǊ ǘƻ ǊŜŘǳŎŜ ǘƘŜ όƛƴŘŜǇŜƴŘŜƴǘύ ƴŀǘǳǊŀƭ ǾŀǊƛŀōƛƭƛǘȅ ƻǊ ΨƴƻƛǎŜΩ ƛƴ ǘƘŜ ƳƻŘŜƭ ǎƛƳǳƭŀǘƛƻƴǎ Results are 

presented at the 5 km x 5 km pixel scale over Southland, to match the resolution of NL²!Ωǎ 

observational VCSN (virtual climate station network) data. 

3.2 Hydrological modelling 

To assess the potential impacts of climate change on agricultural water resources and flooding, 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.  

¢ƘŜ ƘȅŘǊƻƭƻƎƛŎŀƭ ƳƻŘŜƭ ǿŜ ǿƛƭƭ ǳǎŜ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ƛǎ bL²!Ωǎ ¢ƻǇbŜǘ ƳƻŘŜƭ ό/ƭŀǊƪ Ŝǘ ŀƭΦ нллуύΣ ǿƘƛŎƘ ƛǎ 

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

semi-distributed, time-stepping model of water balance. 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).  
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For the development of the national version of TopNet used in 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. 2000). 

Á Soil data based on the Fundamental Soil Layer information (Newsome et al. 2000). 

Á Hydrological properties (based on the River Environment Classification version 

one (REC1) (Snelder and Biggs 2002)5.  

¢ƘŜ ƳŜǘƘƻŘ ŦƻǊ ŘŜǊƛǾƛƴƎ ¢ƻǇbŜǘΩǎ ǇŀǊŀƳŜǘŜǊǎ ōŀǎŜŘ ƻƴ DL{ Řŀǘŀ ǎƻǳǊŎŜǎ ƛƴ bŜǿ ½ŜŀƭŀƴŘ ƛǎ ƎƛǾŜƴ ƛƴ 

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

scales, some soil parameters (namely catchment scale hydraulic conductivity at the surface, 

catchment scale Green and Ampt wetting front suction and catchment scale Clapp-Hornberger c 

exponent) 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 network aggregated up to Strahler6 catchment order 

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

scale assessments (Pearce et al. 2017a, b); residual coastal catchments of smaller stream orders 

remain included. The simulation results will comprise hourly time-series of various hydrological 

variables for each computational sub-catchment, and for each of the six GCMs and four 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.  

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

catchment 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 be an approximation of conditions across land uses.   

3.3 Sea-level rise, change in extreme storm-tide and coastal risk exposure 

Environment Southland have asked for projected sea-level rise and variation across the Southland 

region, for a range of RCP scenarios. NIWA will assess the relevant local variations to apply to the 

three New Zealand-wide sea-level rise (SLR) scenarios to 2120 that NIWA developed for the MfE 

Coastal Hazards and Climate ChanƎŜ DǳƛŘŀƴŎŜ όaŦ9 нлмтύΦ bƻǘŜ ǘƘŜǎŜ ǎŎŜƴŀǊƛƻǎ ŘƻƴΩǘ ƛƴŎƭǳŘŜ 

                                                           
5 Due to time constraints associated with this project, it is not possible to assess the potential impact of climate change on the Digital River 
Network 3 available for the Southland region. 
6 Strahler order describes river size based on tributary hierarchy. Headwater streams with no tributaries are order 1; 2nd order streams 
develop at the confluence of two 1st order tributaries; stream order increases by 1 where two tributaries of the same order converge. 
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RCP6.0, as the SLR by the end of this century under that scenario is very similar to RCP4.5. The 

assessment of local variations includes an appraisal of vertical land movement (based on available 

continuous GPS data and publications) and an updated check on the sea-level trend from the Bluff 

tide-gauge record (the most recent study by Hannah and Bell (2012) indicated a trend of 1.8 mm/yr, 

which is very close to the New Zealand-wide average). Any significant local variations in sea-level 

trends would be provided as a local adjustment to the national projections. Note: sea-level change at 

decadal scales is quite similar across New Zealand, so no large variations are expected. 

Three tide-gauge records from Port of Bluff, Dog Island and Stead Street Bridge (Invercargill) were 

used in this report to variously summarise mean sea level (MSL) trends, seasonal cycles and extreme 

storm-tide levels (Figure 3-1). Monthly and annual MSL from the Port of Bluff for 1999 onwards were 

used to ascertain the seasonal cycle in MSL and update the trend in annual MSL up to the end of 

2017. The record from the nearby NIWA gauge at Dog Island, which has been operating since 

February 1997, was analysed for tidal characteristics and recent MSL to compare with Bluff.  

Extreme storm-tide level results for New River Estuary are available from a project completed 

recently by NIWA for Invercargill City Council on a storm-tide analysis of the Stead Street gauge in 

Invercargill (Gorman et al. 2018). These updated storm-tide levels for various annual exceedance 

probabilities (AEP) are critical for improving design levels for coastal stopbanks, roads, stormwater 

and drainage systems and assessing coastal flood risks in the New River Estuary. Further work will be 

needed (and probably longer records) to establish storm-tide levels for the open coast around 

Southland ς with the open-coast Dog Island gauge registering lower storm-tide levels (excluding 

wave setup and runup) than the estuary gauge at Stead Street Bridge. Storm-tide and wave 

overtopping events will become much more prevalent in low-lying areas with only a modest rise in 

sea level. This aspect is covered in more detail in Section 8. 
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Figure 3-1: Locations of the three tide gauges used in this report. Stead St is operated by Environment 
Southland, Bluff by South Port and Dog Island by NIWA. 

 

A high-tide exceedance curve for present-day will be produced from the Bluff record, which can be 

used to quantify the distribution of all high tides from tide predictions over many decades (excluding 

weather and climate effects) and then assess the change in frequency of high-tide markers being 

exceeded by high tides with two example values of SLR (0.4 and 0.8 m).  

Environment Southland also requested some commentary on impacts on coastal erosion processes 

(e.g., /ƻƭŀŎ .ŀȅκnǊŀƪŀ, Riverton/Aparima, Bluff, New River Estuary). Unfortunately, erosion processes 

are complex and highly localised, so even an assessment of the erosion dynamics up to present 

would be a significant piece of work that cannot be completed for the present report. However, 

some material around likely generic impacts of SLR on coastal erosion and flooding is provided ς 

particularly for coastal flooding, where specific sea-level rises can be provided for Southland when 

the present 1% AEP storm-tide level becomes an event that occurs on average once every year.  

NIWA is also currently undertaking a national coastal risk exposure study (funded by the Deep South 

Science Challenge) to update the work NIWA did for the Parliamentary Commissioner for the 

Environment (PCE 2015; Bell et al. 2015). The bL²! ǎǘǳŘȅ ŦƻǊ ǘƘŜ t/9 ŘƛŘƴΩǘ Ŧǳƭƭȅ ŘŜǎŎǊƛōŜ ǘƘŜ Ǌƛǎƪ 

exposure for Southland as no LiDAR survey data were available; instead for Southland Bell et al. 

(2015) used the coarser national topographic digital elevation model (DEM), which we now know 

underestimates the risk exposure by around half. Invercargill City Council and Environment 
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Southland have recently provided NIWA with the LiDAR data for the City and Waituna Lagoon 

catchment to include in the update project currently in progress with funding from the Deep South 

Science Challenge. Provisional aggregated results for buildings and replacement costs in the LiDAR 

survey areas from this study are provided in this report in summary form. For the rest of Southland, 

the existing national DEM results are summarised from Bell et al. (2015) for key assets (buildings, 

roads, jetties and the airport) and population (2013 Census) exposed in the coastal margin up to 3 m 

above MHWS across the coastal margin of the Southland region and in each of the two coastal 

territorial authorities.     

  

3.4 Climate change impact assessment 

A brief description of each variable to be reported on is provided hereafter, as well as current 

limitations associated with the analysis. Aƭƭ ŎƘŀƴƎŜǎέ ǊŜŦŜǊ ǘƻ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ 

period 1986-2005 and two future periods: mid-century (2031-2050) and late-century (2081-2100), as 

per MfE (2016). 

Á Precipitation:  

ī Average precipitation: change in the annual-average and seasonal-average 

precipitation for each time slice.  

ī Maximum daily: change in the annual-average maximum daily precipitation for 

each time slice7.  

ī Maximum 5 days: change in the annual-average maximum 5 days precipitation 

for each time slice. 

ī Dry day projections, characterised by the change in annual average number of 

days where total daily precipitation is less than 1 mm/day. 

ī Wet day projections, characterised by the change in annual average number of 

days where total daily precipitation is equal to or larger than 1 mm/day. 

ī Heavy rain day projections, characterised by the change in annual average 

number of days where total precipitation is equal to or larger than 50 

mm/day). 

Á Sub-catchments: Analysis of change in precipitation will be reported graphically on each 

Freshwater Management Unit (FMU) from Environment Southland (i.e., aŀǘņǳǊŀ, 

Aparima, nǊŜǘƛ, Waiau and Fiordland). 

Á Temperature: 

ī Number of hot days: change in the annual number of days where temperature 

is 25 °C or above. 

                                                           
7 Changes in maximum daily precipitation at annual time scales are similar to changes in the annual average 99th percentile daily rain 
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ī Heatwave: change ƛƴ ΨƘŜŀǘǿŀǾŜ ŘŀȅǎΩΦ ¢ƘŜ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ 

heatwave will be carried out over the year July to June in order not to break 

up any heatwaves that cross the December-January period. 

ī Frost days: change in annual number of days where average daily temperature 

is 0 °C or below. 

ī Overnight minimum: represented by change in minimum daily temperature. 

Á Projected sea-level rise: 

ī Projected change in average annual sea level around Southland based on 

national scale assessment (Coastal Hazards and Climate Change Guidance, MfE 

2017) as sea-level change at decade scales is quite similar across New Zealand, 

so no large variations are expected.  

ī Local variation of sea-level rise: Due to existing data limitations, these changes 

will be limited to an appraisal of vertical land movement (based on available 

continuous GPS data and publications) and an updated check on the sea-level 

trend from the Bluff tide-gauge record. 

Á Hydrology: change in annual and seasonal characteristics: 

ī High flows: change in the Mean Annual Flood (representing the change in the 

mean largest peak flow for each year). This typically represents flows that are 

exceeded less than one percent of the time and have a return period between 

two and three years8. This statistic cannot be interpreted as robustly describing 

the effect climate change will have on rare flood event9s. 

ī Average flows: change in river flow averaged over the period of analysis. 

ī Low flows: change in the Q95% metric, which represents river flows exceeded 

ninety-five percent of the time.  

ī Water supply reliability: change in the fraction of time that the flow is equal to 

or above the minimum flow threshold stated in the proposed National 

Environmental Standard for Ecological Flows (MfE 2008) without any water 

takes. Water supply reliability varies between 0 and 100 percent and is often 

between 90% and 100% for New Zealand rivers. Reliability of supply of X% 

indicates that water is not available for agricultural uses (as surface water 

takes) for (100-X) percent of the time over the period considered.  

Á Weather events10:  

ī Drought change in frequency: Following discussion with Environment 

Southland (Gavin McCullagh, 22 March 2018), change in drought frequency 

                                                           
8 MAF corresponds to a magnitude of flood that is of a similar magnitude to the flow necessary to fill a river up to the top of its banks, 
which is rarely a nuisance or a hazard but can be used as a reference for the size of floods that could occur.  
9 Change in flood risk and flood hazard would need to address the more extreme floods, in terms of both size and frequency, and both 
discharge and inundation extent. Translating the hazard into a risk would require the further consideration of social, cultural, economic, 
and environmental vulnerability of flood-prone areas. 
10 Flood return period and frequency: due to the time to complete the analysis and current methodology development (within the Deep 
South National Science Challenge), no analysis of flood return period and frequency will be provided as part of this report 
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will be reported as change in frequency above a specific threshold of potential 

evapotranspiration deficit (PED) (to be agreed with Environment Southland at 

the start of the project). However please note that large uncertainties exist in 

the derivation of the downscaled driven climate variables (solar radiation, 

relative humidity, wind) so results are likely to have a large uncertainty. 

ī Change in precipitation events11 (see subsection on change in rainfall events) 

in tabular format for the following locations:   

Gore, aŀǘņǳǊŀ, Waikawa and Riversdale townships (aŀǘņǳǊŀ 

catchment). 

Otautau and Riverton/Aparima township (Aparima catchment). 

Tuatapere township (Waiau catchment). 

Te Anau and Milford Sound Airport (Fiordland catchment). 

Winton and Lumsden (nǊŜǘƛ catchment). 

Waihõpai Dam (Waihõpai River). 

New River Estuary. 

Oban (Stewart Island/Rakiura). 

The change in all variables between the baseline and projection periods is represented in either 

percentage or absolute terms depending on the variable in question. The results for the six GCMs are 

combined into either a multi-model average (for climate variables) or a multi-model median (for 

hydrological variables), and the results of the RCPs are kept separate. This approach will provide 

annual and seasonal maps for each statistic, representing average/median changes in that statistic 

between baseline and mid-century and baseline and late-century. Changes in hydrological statistics 

will be reported for the lower end of river reaches while changes in climate statistics will be reported 

on the Virtual Climate Station Network grid (0.05°C) across Southland.  

 

                                                           
11 As per communication with Environment Southland (Gavin McCullagh, 22 March 2018), change of precipitation intensity is to be 
provided for specific locations only. 
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4 tǊŜǎŜƴǘπŘŀȅ ŀƴŘ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜ ƻŦ {ƻǳǘƘƭŀƴŘ 
Southland is both the most southern and western part of New Zealand and generally is the first to be 

influenced by weather systems moving onto the country from the west or south. It is well exposed to 

these systems, although western parts of Fiordland are sheltered from the south and the area east of 

the western ranges is partially sheltered from the north or northwest. The region is in the latitudes of 

prevailing westerlies, and areas around Foveaux Strait frequently experience strong winds, but the 

winds are lighter inland. Winter is typically the least windy time of the year, as well as for many but 

not all areas, the driest. The western ranges, with annual rainfall exceeding 6000 mm in some parts, 

are among the rainiest places on Earth. The drier eastern lowlands and hills form a complete 

contrast, with annual rainfall predominantly between 500 mm and 1000 mm. Dry spells of more than 

two weeks are not uncommon. Temperatures are on average lower than over the rest of the country 

with frosts and snowfalls occurring relatively frequently each year. On average, Southland receives 

ƭŜǎǎ ǎǳƴǎƘƛƴŜ ǘƘŀƴ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƻŦ bŜǿ ½ŜŀƭŀƴŘΦ CƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ {ƻǳǘƘƭŀƴŘΩǎ ǇǊŜǎŜƴǘ-

day climate other than the information presented in this report, the reader is directed to Macara 

(2013). 

The future climate of Southland will be influenced by a combination of the effects of anthropogenic 

climate change (increasing global concentrations of greenhouse gases) plus the natural year-to-year 

and decade-to-decade variability (also referred to as ŎƭƛƳŀǘŜ ƴƻƛǎŜέύ resulting from activity from 

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

and the Southern Annular Mode (SAM) as discussed in Section 2.5). The following sections outline 

the present-day climate of Southland and projected changes due to anthropogenic climate change. 
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5 ¢ŜƳǇŜǊŀǘǳǊŜ 
Temperature variables presented here include mean temperature, mean minimum temperature, hot 

days (maximum temperature >25°C), cold nights/frosts (minimum temperature <0°C), and heatwave 

days. For all climate variables, present-day conditions are summarised and future projections are 

presented for RCP4.5 and RCP8.5 at 2040 and 2090. 

5.1 Mean temperature 

5.1.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ŀƴŘ ǎŜŀǎƻƴŀƭ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ {ƻǳǘƘƭŀƴŘ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ 

Figure 5-1. This map shows a 20-year average of mean temperature over 1986-2005. Note that this 

map presents modelled present-day climate, i.e., six global climate models are run in hindcast mode 

and this map is the average of the six models. 

 

Figure 5-1: Modelled annual and seasonal mean temperature for Southland (1986-2005). Based on the 
average of six global climate models. Catchments are (west to east): Fiordland, Waiau, Aparima, 
nǊŜǘƛ, aŀǘņǳǊŀ. 
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The lowest mean annual temperatures are recorded at the highest elevations in the Southland region 

(3-6°C), and the warmest temperatures are recorded in the lowlands (9-12°C). In summer, mean 

temperatures reach 15-18°C in some parts of the aŀǘņǳǊŀ catchment, but most of the region has a 

summer mean temperature of 12-15°C. In winter, most of the region experiences a mean 

temperature of 3-6°C with cooler temperatures at higher elevations. 

5.1.2 Future 

Projected changes in annual and seasonal mean temperatures are presented in this section, for 

RCP4.5 and RCP8.5. Mean temperature is documented for all seasons and two future periods (2040 

and 2090) in Figure 5-2 to Figure 5-5. 

Changes in mean temperature are positive under both time slices and RCPs, with larger increases 

with time and emissions scenario. For annual mean temperature, RCP4.5 projections show increases 

of 0.50-0.75°C across most of the Southland region by 2040, and 0.75-1.00°C in northern areas 

(Figure 5-2). By 2090, most of the region projections increases in annual mean temperature of 1.00-

1.25°C, with for the northern areas projection to increase by 1.25-1.50°C (Figure 5-3). For RCP8.5 at 

2040, increases of 0.50-1.00°C are projected (Figure 5-4). At 2090, a 2.00-2.50°C increase in annual 

mean temperature is projected for most of Southland, with projections for some northern areas to 

increase of up to 3.00°C (Figure 5-5).  

For seasonal mean temperature, autumn is the season where the most warming is projected to 

occur, for all time periods and scenarios. The least warming is projected to occur in spring at 2040 

under RCP4.5 and RCP8.5, in summer at 2090 under RCP4.5, and winter at 2090 under RCP8.5. 
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Figure 5-2: Projected annual and seasonal daily mean temperature changes at 2040 (2031-2050 average) 
for RCP4.5. Relative to 1986-2005 average, based on the average of six global climate models. 
Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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Figure 5-3: Projected annual and seasonal daily mean temperature changes at 2090 (2081-2100 average) 
for RCP4.5. Relative to 1986-2005 average, based on the average of six global climate models. 
Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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Figure 5-4: Projected annual and seasonal daily mean temperature changes at 2040 (2031-2050 average) 
for RCP8.5. Relative to 1986-2005 average, based on the average of six global climate models. 
Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 



 

Southland climate change impact assessment  43 

 

 

Figure 5-5: Projected annual and seasonal daily mean temperature changes at 2090 (2081-2100 average) 
for RCP8.5. Relative to 1986-2005 average, based on the average of six global climate models. 
Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

5.2 Minimum temperature 

Minimum temperatures (Tmin) are generally recorded in the early hours of the morning, and 

therefore are also known as night time temperatures. 
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5.2.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ŀƴŘ ǎŜŀǎƻƴŀƭ ƳŜŀƴ ƳƛƴƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ {ƻǳǘƘƭŀƴŘ ƛǎ 

presented in Figure 5-6. This map shows a 20-year average of mean minimum temperature over 

1986-2005. Note that this map presents modelled present-day climate, i.e., six global climate models 

are run in hindcast mode and this map is the average of the six models. 

The lowest annual mean minimum temperatures are recorded at the highest elevations in the 

Southland region (0-2°C), and the warmest mean minimum temperatures are recorded along the 

coastal margins (6-8°C). In summer, mean minimum temperatures reach 6-8°C in most parts of the 

Southland region, but higher elevations experience lower summer mean minimum temperatures of 

2-6°C. In winter, most of the region experiences a mean minimum temperature of 0-2°C with cooler 

temperatures at higher elevations. 

 

Figure 5-6: Modelled annual and seasonal mean minimum temperature for Southland (1986-2005). Based 
on the average of six global climate models. Catchments are (west to east): Fiordland, Waiau, 
Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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5.2.2 Future 

Projected changes in minimum temperatures (Tmin) are presented in this section, for RCP4.5 and 

RCP8.5. Tmin is documented for all seasons and two future periods (2040 and 2090) in Figure 5-7 to 

Figure 5-10. 

Changes in Tmin are positive under both time slices and RCPs, with larger increases with time and 

emissions scenario. For annual Tmin, RCP4.5 projections show increases of 0.25-0.50°C across most of 

the region by 2040 (Figure 5-7). By 2090 under RCP4.5, the increases in annual Tmin of 0.50-1.00°C are 

projected (Figure 5-8). For RCP8.5 at 2040, increases in annual Tmin of 0.25-0.75°C are projected 

(Figure 5-9). At 2090, a 1.25-2.00°C increase in annual Tmin is projected for Southland (Figure 5-10). 

For seasonal changes in Tmin, autumn is when the most warming occurs for each RCP and time period, 

and the least warming generally occurs in spring or summer. 

 

Figure 5-7: Projected annual and seasonal mean minimum temperature changes at 2040 (2031-2050 
average) for RCP4.5. Relative to 1986-2005 average, based on the average of six global climate 
models. Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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Figure 5-8: Projected annual and seasonal mean minimum temperature changes at 2090 (2081-2100 
average) for RCP4.5. Relative to 1986-2005 average, based on the average of six global climate 
models. Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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Figure 5-9: Projected annual and seasonal mean minimum temperature changes at 2040 (2031-2050 
average) for RCP8.5. Relative to 1986-2005 average, based on the average of six global climate 
models. Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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Figure 5-10: Projected annual and seasonal mean minimum temperature changes at 2090 (2081-2100 
average) for RCP8.5. Relative to 1986-2005 average, based on the average of six global climate 
models. Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

5.3 Hot days and frosts 

¢ŜƳǇŜǊŀǘǳǊŜ ŜȄǘǊŜƳŜǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ΨƘƻǘ ŘŀȅǎΩΣ ǿƘŜǊŜ ǘƘŜ Řŀƛƭȅ ƳŀȄƛƳǳƳ ǘŜƳǇŜrature exceeds 

нрϲ/Σ ŀƴŘ ΨŎƻƭŘ ƴƛƎƘǘǎΩΣ ǿƘŜǊŜ ǘƘŜ Řŀƛƭȅ ƳƛƴƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ƛǎ ƭŜǎǎ ǘƘŀƴ лϲ/Φ /ƻƭŘ ƴƛƎƘǘǎ ŀǊŜ ŀƭǎƻ 

classified as frosts, as a screen frost occurs when air temperature is below 0°C at 1.2 m above the 

ground. Hot days are defined as 25°C or more because temperatures above this threshold are 



 

Southland climate change impact assessment  49 

 

ŎƻƴǎƛŘŜǊŜŘ ΨƘƻǘΩ ƎƛǾŜƴ bŜǿ ½ŜŀƭŀƴŘΩǎ ǘŜƳǇŜǊŀǘŜ ƳŀǊƛǘƛƳŜ ŎƭƛƳŀǘŜΦ !ƭǎƻΣ ŎŀǘǘƭŜ ōŜƎƛƴ ǘƻ ŜȄƘƛōƛǘ ƘŜŀǘ 

stress symptoms over 25°C. 

5.3.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ Ƙƻǘ Řŀȅǎ όŘŀȅǎ ǿƛǘƘ ƳŀȄƛƳǳƳ temperature > 25°C) in 

Southland is presented in Figure 5-11, and for cold nights/frosts (days with minimum temperature < 

0°C) in Figure 5-12. These maps show a 20-year average of hot days and frosts over 1986-2005. Note 

that these maps present modelled present-day climate, i.e., six global climate models are run in 

hindcast mode and these maps are the average of the six models. 

The current annual average number of hot days varies throughout the Southland region, with the 

highest number observed in the northern aŀǘņǳǊŀ catchment - over 30 hot days per year in isolated 

areas - and 15-20 hot days per year in larger parts of the northern aŀǘņǳǊŀ and nǊŜǘƛ catchments 

(Figure 5-11). Much of the lowland part of Southland as well as northern Fiordland experiences 5-10 

hot days per year, and the remainder of the region experiences less than five hot days per year. 

  

Figure 5-11: Modelled average annual number of hot days in Southland (Tmax >25°C), 1986-2005. Based on 
the average of six global climate models. Catchments are (west to east): Fiordland, Waiau, 
Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

In terms of cold nights or frosts, most are currently observed in the high elevation alpine areas in the 

northwest of the region (> 150 cold nights per year) (Figure 5-12). Many of the remaining high 

elevation areas experience 100-150 cold nights per year. The lower elevation areas inland from the 

coast currently observe 25-50 cold nights per year, and the coastal margins generally experience 0-25 

cold nights per year. Note that this map is at a 5 km resolution so a larger number of local scale frosts 

may occur, for example on valley floors and mountain tops. 
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Figure 5-12: Modelled average annual number of cold nights (frosts) in Southland (Tmin <0°C), 1986-2005. 
Based on the average of six global climate models. Catchments are (west to east): Fiordland, 
Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

5.3.2 Future 

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

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

temperature extremes is expected. The projected increase in the number of hot days per year at 

2040 and 2090 relative to 1995, for RCP4.5 and RCP8.5 is shown in Figure 5-13.  

At 2040 under both scenarios, most of the Southland region is projected to experience 0-10 more hot 

days per year. A small area in the northern aŀǘņǳǊŀ catchment is projected to experience 10-15 

more hot days per year (this area is slightly larger under RCP8.5 than RCP4.5). By 2090 under RCP4.5, 

most of Fiordland and the western Waiau catchment, as well as Stewart Island/Rakiura, are projected 

to experience 0-5 more hot days per year, the southern part of the region is projected to experience 

5-10 more hot days per year, and the northern-central part of the region as well as northern 

Fiordland is expected to experience 10-15 more hot days per year. For some parts of the northern 

aŀǘņǳǊŀaŀǘņǳǊŀ catchment, projections indicate 15-20 more hot days per year. At 2090 under 

RCP8.5, however, the number of projected hot days is significantly higher, with the northern 

aŀǘņǳǊŀaŀǘņǳǊŀ catchment expecting up to 55 more hot days per year. Much of the northern-

central part of the region, as well as northern Fiordland, is expecting increases of more than 30 hot 

days per year. 
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Figure 5-13: Projected increase in number of hot days per year (Tmax >25°C) at 2040 (2031-2050) and 2090 
(2081-2100) for RCP4.5 (left panels) and RCP8.5 (right panels), for Southland. Projected change 
in hot days is relative to 1986-2005. Results show the average of six global climate models. 
Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀaŀǘņǳǊŀ. 

 

The projected decrease in the number of cold nights (i.e., frosts) per year at 2040 and 2090 relative 

to 1995, for RCP4.5 and RCP8.5 is shown in Figure 5-14. By 2040 under both RCP4.5 and RCP8.5, the 

number of frosts is projected to decline by 0-5 frosts per year for most of the region, and by up to 20 

frosts per year at high elevations. By 2090 under RCP4.5, lowland areas are expected to experience 

10-15 fewer frosts per year, and up to 25 fewer frosts at higher elevations. Under RCP8.5 at 2090, 

the majority of the region is expected to experience at least 20 fewer frosts per year, with high 

elevations expecting a decrease of at around 50 fewer frosts.  
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Figure 5-14: Projected decrease in number of cold nights (frosts) per year (Tmin <0°C) at 2040 (2031-2050) 
and 2090 (2081-2100) for RCP 4.5 (left panels) and RCP8.5 (right panels), for Southland. 
Projected change in cold nights is relative to 1986-2005. Results show the average of six global 
climate models. Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, 
aŀǘņǳǊŀaŀǘņǳǊŀ. 

 

5.4 Heatwaves 

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

the maximum daily temperature (Tmax) exceeds 25°C. In this section, the heatwave climatology and 

projections are presented as average annual heatwave days. This calculation is an aggregation of all 

days per year that are included in a heatwave (i.e., җ ǘƘǊŜŜ ŎƻƴǎŜŎǳǘƛǾŜ Řŀȅǎ ǿƛǘƘ ¢max > 25°C), no 

matter the length of the heatwave. The annual heatwave days are then averaged over the 20-year 

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

future projections. 

Table 5-1 shows the 20-year average number of heatwave days for the present climate (1986-2005) 

and for RCPs 4.5 and 8.5 at two future times, for 14 locations within the Southland region. The three 

sites of Te Anau, Riversdale and Lumsden have the most heatwave days, varying from about 3 days 

under the present climate up to about 25 days at the end of the century under RCP8.5. Each 

heatwave event is a whole number of days, with a minimum length of at least 3 days. Counts less 

than three in Table 5-1 (or Figure 5-15) indicate that a 3-day heatwave, for example, does not occur 

every year in every model.   
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Figure 5-15 illustrates how heatwave days, and its changes, have been calculated for Lumsden 

(selected because it lies within a sub-region of Southland with very high number of current and 

future number of heatwave days). In the present climate (blue histogram bars), the number of 

heatwave days for 8-day events at Lumsden is 0.133; summing over 20 years and six climate models, 

this converts to 16 days (=0.133*20*6), or two 8-day events in total. Similarly, the number of 

heatwave days for 6-day events is 0.100, also corresponding to two 6-day events. On the other hand, 

there were no 7-day events simulated by any of the six models in the 20-year period 1986-2005. The 

total of all the present-day counts (the blue bars) comes to 2.6 days, as given in Table 5-1. The 

present-day totals, and the changes, are mapped over the Southland region in the following Figure 5-

16 and Figure 5-17. 

Table 5-1: Heatwave days for the present climate, and for two future time-slices under RCPs 4.5 and 8.5, 
shown for 14 locations in the Southland region.   

Heatwave days 

Period RCP Gore aŀǘņǳǊŀ Riversdale Winton Lumsden Waihõpai NewRiver 

Present   2.1 1.2 3.7 1.3 2.6 0.3 0.4 

2031-2050 RCP4.5 4.0 2.9 7.4 3.4 6.2 0.8 0.9 

  RCP8.5 4.7 3.3 7.7 4.2 7.1 1.2 1.0 

2081-2100 RCP4.5 7.0 5.0 11.5 6.5 10.6 1.8 1.9 

  RCP8.5 16.6 13.6 24.6 16.5 25.2 6.3 6.2 

Heatwave days 

Period RCP Te Anau 
Milford 
Sound 
airport 

Riverton/ 
Aparima 

Tuatapere Otautau 
Catlins-

Waikawa 
Halfmoon 

Bay 

Present   3.0 0.6 0.5 1.0 1.0 0.2 0.0 

2031-2050 RCP4.5 8.0 1.8 1.1 1.4 2.1 0.9 0.0 

  RCP8.5 7.4 1.8 1.3 2.2 2.5 1.2 0.1 

2081-2100 RCP4.5 12.0 3.8 2.3 3.3 4.0 2.0 0.3 

  RCP8.5 28.2 10.9 8.1 9.2 11.4 6.8 0.8 
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Figure 5-15: Average number of heatwave days per year for Lumsden, plotted as a function of the length of 
the heatwave in days.   Colour bars represent counts under the historical climate (blue) and for 2090 under 
RCP4.5 (green) and RCP8.5 (red). The last column shows all accumulated heatwave days of 11 days and longer. 

 

5.4.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ heatwave days (a count of all days during periods with 

at least three consecutive days with a maximum temperature > 25°C) in Southland is presented in 

Figure 5-16. These maps show a 20-year average of heatwave days over 1986-2005. Note that these 

maps present modelled present-day climate, i.e., six global climate models are run in hindcast mode 

and these maps are the average of the six models. 

At present, most of the Southland region experiences no or very few heatwave days (less than five 

per year) (Figure 5-16). The only part of the region to experience a larger number of heatwave days is 

in the northern nǊŜǘƛ catchment, which experiences 5-10 heatwave days per year, and the northern 

aŀǘņǳǊŀ catchment, which experiences up to 20 heatwave days per year.  
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Figure 5-16: Modelled average annual number of heatwave days in Southland (Tmax >25°C), 1986-2005. 
Based on the average of six global climate models. Catchments are (west to east): Fiordland, 
Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

5.4.2 Future 

The future projections for the change in the annual number of heatwave days is presented in Figure 

5-17, for 2040 and 2090 under RCP4.5 and RCP8.5. The maps show the ensemble average of the six 

dynamically downscaled global climate models. At 2040 for both RCPs, most of the region is expected 

to experience a negligible increase in the number of heatwave days of 0-5 days per year, on average. 

For northern parts of the nǊŜǘƛ and aŀǘņǳǊŀ catchments, projections are expected to increase in 

heatwave days of 5-15 days per year. By 2090 under RCP4.5, a large swath of the inland Southland 

region is projected to experience 5-10 more heatwave days per year. For parts of the northern 

aŀǘņǳǊŀ catchment projections are expected to increase by 15-20 heatwave days per year. By 2090 

under RCP8.5, most inland parts of the region, except for the Fiordland catchment, are projected to 

experience at least 10 more heatwave days per year, with projected increases of over 35 heatwave 

days per year for the northern aŀǘņǳǊŀ catchment. 
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Figure 5-17: Projected increase in average annual heatwave days at 2040 (2031-2050) and 2090 (2081-2100) 
for RCP4.5 (left panels) and RCP8.5 (right panels), for Southland. Projected change in heatwave 
days is relative to 1986-2005. Results show the average of six global climate models. Catchments 
are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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6 wŀƛƴŦŀƭƭ 
Rainfall variables presented include total rainfall amount, number of wet days (> 1 mm), number of 

heavy rain days (> 50 mm), maximum 1-day rainfall (Rx1day), maximum 5-day rainfall (Rx5day), dry 

days (< 1 mm) and potential evapotranspiration deficit. For all variables, present-day conditions are 

summarised and future projections are presented for RCP4.5 and RCP8.5 at 2040 and 2090. 

6.1 Total rainfall 

6.1.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ŀƴŘ ǎŜŀǎƻƴŀƭ ǘƻǘŀƭ ǊŀƛƴŦŀƭƭ ƛƴ {ƻǳǘƘƭŀƴŘ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ Figure 6-1. 

This map shows a 20-year average of total rainfall over 1986-2005. Note that this map presents 

modelled present-day climate, i.e., six global climate models are run in hindcast mode and this map 

is the average of the six models. 

The rainfall patterns in Southland clearly show the influence of elevation and exposure to the main 

rain-bearing airflows from the west. The area that receives the most annual rainfall in Southland is 

the mountainous area of Fiordland (> 6000 mm per year). This part of the region is among the 

wettest in New Zealand and the world. The orographic effect caused by the western mountains is 

reflected in the lower rainfall totals to the east of Fiordland. The driest part of the region is in the 

centre and east, where 500-1000 mm is recorded per year. There is a strong gradient in the western 

Waiau catchment where the amount of annual rainfall increases from 1000-2000 mm to > 6000 mm 

with increasing elevation. Spring is the wettest season and winter is the driest, on average. 
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Figure 6-1: Modelled mean annual and seasonal total rainfall for Southland (1986-2005). Based on the 

average of six global climate models. Catchments are (west to east): Fiordland, Waiau, Aparima, 

nǊŜǘƛ, aŀǘņǳǊŀ. 

 

6.1.2 Future 

The ensemble averages for dynamically downscaled projections of total rainfallΣ ǳǎƛƴƎ bL²!Ωǎ 

Regional Climate Model, are presented in this section. Figure 6-2 to Figure 6-5 show the projected 

seasonal and annual patterns of rainfall change over Southland at 2040 and 2090 for RCP4.5 and 

RCP8.5. 



 

Southland climate change impact assessment  59 

 

By 2040, for most of the Southland region, annual rainfall is projected to increase by 0-5% under 

both RCP4.5 (Figure 6-2) and RCP8.5 (Figure 6-4). There are areas which project annual rainfall 

increases of 5-10% under RCP8.5, particularly in the north of the region. Under RCP4.5 at 2090, most 

of the region is projected to experience increases in annual rainfall of 5-10% (Figure 6-3), with some 

areas in northern Fiordland expected to experience increases of 10-15%. At 2090 under RCP8.5 

(Figure 6-5), much larger increases are projected for annual rainfall. The area around Milford Sound 

is projected to experience 30-40% more annual rainfall, while most of the rest of Fiordland is 

expected to experience increases of 20-30%. Most of the remainder of the region is projected to 

experience 10-20% more annual rainfall.  

In terms of seasonal rainfall changes, the largest increases in rainfall are projected for winter. The 

amount of rainfall increases with time period and RCP, with the largest increases projected for 

RCP8.5 at 2090 ς increases of over 40% in winter rainfall are projected for Fiordland and other 

northern parts of the region during that time period. Decreases in seasonal rainfall are projected in 

summer in the central and lower Waiau catchment under both scenarios and future time periods. 

The largest decreases are projected for summer at 2090 under RCP8.5, when up to 10% less rainfall is 

projected. 
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Figure 6-2: Projected annual and seasonal rainfall changes (in %) at 2040 (2031-2050 average) for RCP4.5. 
Relative to 1986-2005 average, based on the average of six global climate models. Catchments 
are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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Figure 6-3: Projected annual and seasonal rainfall changes (in %) at 2090 (2081-2100 average) for RCP4.5. 
Relative to 1986-2005 average, based on the average of six global climate models. Catchments 
are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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Figure 6-4: Projected annual and seasonal rainfall changes (in %) at 2040 (2031-2050 average) for RCP8.5. 
Relative to 1986-2005 average, based on the average of six global climate models. Catchments 
are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 
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Figure 6-5: Projected annual and seasonal rainfall changes (in %) at 2090 (2081-2100 average) for RCP8.5. 
Relative to 1986-2005 average, based on the average of six global climate models. Catchments 
are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

6.2 Wet days (>1 mm) 

Lƴ ǘƘƛǎ ǊŜǇƻǊǘΣ Ψwet daysΩ ŀǊŜ Řŀȅǎ ǿƘŜƴ ƎǊŜŀǘŜǊ ǘƘŀƴ м ƳƳ ƻŦ ǊŀƛƴŦŀƭƭ ƛǎ ǊŜŎƻǊŘŜŘΦ 
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6.2.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ wet days (> 1 mm) in Southland is presented in Figure 6-

6. This map shows a 20-year average of wet days over 1986-2005. Note that this map presents 

modelled present-day climate, i.e., six global climate models are run in hindcast mode and this map 

is the average of the six models. 

At present, the highest amount of wet days per year is recorded in Fiordland, where 200-250 wet 

days per year are experienced on average (Figure 6-6). There is a small area in southern Fiordland 

which experiences 250-300 wet days per year. Most of the region experiences 150-200 wet days per 

year, with some parts of the northern aŀǘņǳǊŀ catchment experiencing 100-150 wet days per year. 

 

Figure 6-6: Modelled mean annual number of wet days (days with > 1 mm rain) for Southland (1986-2005). 

Based on the average of six global climate models. Catchments are (west to east): Fiordland, 

Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

6.2.2 Future 

Projections of changes to annual wet days (where daily rain >1 mm) are presented for 2040 and 

2090, compared to 1995 under RCP4.5 and RCP8.5 in Figure 6-7.  

The projections for RCP4.5 and RCP8.5 at 2040 are similar, with 0-10 fewer wet days per year 

expected for much of the Fiordland and Waiau catchments, as well as the southern aŀǘņǳǊŀ and 

nǊŜǘƛ catchments and Stewart Island/Rakiura. Up to 10 more wet days per year are expected for the 

central part of the region and northern and western Fiordland. At 2090 under RCP4.5, an increase in 

wet days is projected for most of the region outside the Waiau catchment and Stewart 

Island/Rakiura. An increase of 10-20 wet days per year is projected for northern Fiordland. Under 

RCP8.5 at 2090, increases in the number of wet days are projected for most of the region, with the 
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largest increases in western and northern Fiordland. The largest decreases are projected for the 

eastern Waiau catchment, where 10-20 fewer wet days per year are expected. 

 

Figure 6-7: Projected annual wet day changes (days where rain > 1 mm; in number of days), for RCP4.5 
(left panels) and RCP8.5 (right panels), at 2040 (2031-2050) and 2090 (2081-2100).   Relative to 
1986-2005 average, based on the average of six global climate models. Catchments are (west to 
east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

6.3 Heavy rain days (> 50 mm) 

Numerous measures can be used to describe heavy rainfall. The threshold used in this section is 50 

mm of rain per day, following consultation with Environment Southland. Following sections use 

different measures of heavy and extreme rainfall to consider different ways rainfall changes over 

time in Southland. 

6.3.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ ƘŜŀǾȅ Ǌŀƛƴ Řŀȅǎ όҔ рл ƳƳύ ƛƴ {ƻǳǘƘƭŀƴŘ ƛǎ presented in 

Figure 6-8. This map shows a 20-year average of heavy rain days over 1986-2005. Note that this map 

presents modelled present-day climate, i.e., six global climate models are run in hindcast mode and 

this map is the average of the six models. 

The annual average number of heavy rain days varies significantly across the Southland region 

(Figure 6-8). Most of the northern half of Fiordland experiences 30-50 heavy rain days per year, 

whereas much of the southern half of Fiordland observes less than 20 heavy rain days per year. Most 
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heavy rain events come from the west and therefore fall on the mountains in Fiordland, which 

shelter the lower elevations to the east. Most of the Southland region east of Fiordland experiences 

less than one heavy rain day per year, on average. There is a strong gradient in the western Waiau 

catchment where the number of heavy rain days increases from 1-10 days to 40-50 days with 

increasing elevation. 

 

Figure 6-8: Mean annual number of heavy rain days (days with > 50 mm rain) for Southland (1986-2005). 

Based on the average of six global climate models. Catchments are (west to east): Fiordland, 

Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

6.3.2 Future 

Projections of heavy rain days are presented for 2040 and 2090 under RCP4.5 and RCP8.5 in Figure 6-

9, derived from the ensemble average of six dynamically downscaled models.  

The number of heavy rain days is projected to increase throughout the Southland region at both time 

slices and RCPs, except for a small area in the eastern Waiau catchment which projects a small 

decrease in the number of heavy rain days at 2040. At 2040 under RCP4.5 and RCP8.5, and at 2090 

under RCP4.5, most of the region outside the Fiordland catchment is expected to experience an 

increase in the number of heavy rain days by 0-2 days per year. Fiordland is expected to experience 

an increase of 2-6 days per year during these times and RCPs. At 2090 under RCP8.5, most of the 

region outside of the Fiordland catchment still is expected to experience an increase of 0-2 heavy 

rain days per year, but the northern Fiordland catchment is expected to experience 12-14 more 

heavy rain days per year and most of the rest of the catchment is expected to experience 6-10 more 

heavy rain days per year. 
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Figure 6-9: Projected changes in the number of annual heavy rain days (daily rain > 50 mm) for Southland, 
for RCP4.5 (left panels) and RCP8.5 (right panels), at 2040 (2031-2050) and 2090 (2081-2100).   
Projected change in heavy rain days is relative to 1986-2005. Results show the average of six 
global climate models. Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

6.4 Maximum 1-day rainfall (Rx1day) 

The annual maximum 1-day rainfall (otherwise known as Rx1day) is calculated as the wettest day of 

each year, which is then averaged over the 20-year period (e.g., 1986-нллр ŦƻǊ ǘƘŜ ΨǇǊŜǎŜƴǘΩ ŀƴŘ 

2031-2050 and 2081-2100 for the future projections). Rx1day would be broadly comparable to a 24-

hour duration rainfall event with a return period of approximately one year. Information on rainfall 

intensity and return periods in Southland is available from Macara (2013) and www.hirds.niwa.co.nz.   

6.4.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ƳŀȄƛƳǳƳ м-day rainfall (Rx1day) for Southland is presented in 

Figure 6-10. This map shows a 20-year average of Rx1day over 1986-2005. Note that this map 

presents modelled present-day climate, i.e., six global climate models are run in hindcast mode and 

this map is the average of the six models. 

The annual average Rx1day is highest in the northern half of Fiordland, where 1-day rainfall totals of 

over 200 mm are common (Figure 6-10). Rx1day totals of 100-200 mm are observed in most of the 

rest of Fiordland. In contrast, most of the region east of the Waiau catchment experiences Rx1day 

totals of 0-50 mm, with some areas (including Stewart Island/Rakiura) experiencing totals of 50-100 

http://www.hirds.niwa.co.nz/
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mm. There is a strong gradient in the western Waiau catchment where Rx1day increases from 0-50 

mm to 200-250 mm with increasing elevation. 

 

Figure 6-10: Modelled mean annual maximum 1-day rainfall (Rx1day) for Southland (1986-2005). Based on 

the average of six global climate models. Catchments are (west to east): Fiordland, Waiau, 

Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

6.4.2 Future 

The projected change in annual maximum daily rainfall (Rx1day) is presented in Figure 6-11 for 

RCP4.5 and RCP8.5 at 2040 and 2090. The maps show the ensemble average of six dynamically 

downscaled global models. 

At 2040, the projections for RCP4.5 and RCP8.5 are similar. Decreases in Rx1day are projected for the 

centre of the Southland region (up to 10 mm) and increases are projected for the rest of the region. 

Most of the region projects increases of 0-10 mm but there are larger increases projected for 

Fiordland, particularly in the north, where 30-40 mm more rain is projected. 

At 2090 under RCP4.5, the whole Southland region is projected to experience increases in Rx1day. 

Fiordland is projected to experience 10-40 mm more rainfall, and the rest of the region is projected 

to experience 0-20 mm more rainfall. At 2090 under RCP8.5, Fiordland is projected to experience 

increases of more than 30 mm, with northern parts projecting increases exceeding 100 mm. Most of 

the remainder of the region projects increases of 10-30 mm. 
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Figure 6-11: Projected changes in the annual maximum daily rainfall (Rx1day, measured in mm) for 

Southland, for RCP4.5 (left panels) and RCP8.5 (right panels), at 2040 (2031-2050) and 2090 
(2081-2100).   Projected change in Rx1day is relative to 1986-2005. Results show the average of 
six global climate models. Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, 
aŀǘņǳǊŀ. 

 

6.5 Maximum 5-day rainfall (Rx5day) 

The maximum 5-day rainfall (otherwise known as Rx5day) is calculated as the wettest 5-day period of 

each year, which is then averaged over the 20-year period (e.g., 1986-нллр ŦƻǊ ǘƘŜ ΨǇǊŜǎŜƴǘΩ ŀƴŘ 

2031-2050 and 2081-2100 for the future projections). 

6.5.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ƳŀȄƛƳǳƳ р-day rainfall (Rx5day) for Southland is presented in 

Figure 6-12. This map shows a 20-year average of Rx5day over 1986-2005. Note that this map 

presents modelled present-day climate, i.e., six global climate models are run in hindcast mode and 

this map is the average of the six models. 

The annual average Rx5day is highest in the northern half of Fiordland, where 5-day rainfall totals of 

over 400 mm are common, and exceed 500 mm north of Milford Sound (Figure 6-12). Rx5day totals 

of 200-400 mm are observed in most of the rest of Fiordland. In contrast, most of the region east of 

the Waiau catchment experiences Rx5day totals of 50-100 mm. There is a strong gradient in the 

western Waiau catchment where Rx5day increases from 50-100 mm to 400-500 mm with increasing 

elevation. 
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Figure 6-12: Modelled mean annual maximum 5-day rainfall (Rx5day) for Southland (1986-2005). Based on 

the average of six global climate models. Catchments are (west to east): Fiordland, Waiau, 

Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

6.5.2 Future 

The projected change in annual maximum 5-day rainfall (Rx5day) is presented in Figure 6-13 for 

RCP4.5 and RCP8.5 at 2040 and 2090. The maps show the ensemble average of six dynamically 

downscaled global models. 

At 2040, the projections for RCP4.5 and RCP8.5 are similar. Decreases in Rx5day are projected for the 

centre of the Southland region (up to 15 mm) and increases are projected for the rest of the region, 

with Fiordland projecting the largest increases of 15-30 mm in some parts. 

At 2090 under RCP4.5, almost the whole Southland region is projected to experience increases in 

Rx5day, except for a small area in the eastern Waiau catchment which projects a small decrease. 

Fiordland is projected to experience 15-30 mm more rainfall, and the rest of the region is projected 

to experience 0-15 mm more rainfall. At 2090 under RCP8.5, most of Fiordland is projected to 

experience increases of more than 45 mm, with northern parts projecting increases exceeding 105 

mm. Most of the remainder of the region projects increases of 15-30 mm. 
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Figure 6-13: Projected changes in the annual maximum 5-day rainfall (Rx5day, measured in mm) for 

Southland, for RCP4.5 (left panels) and RCP8.5 (right panels), at 2040 (2031-2050) and 2090 
(2081-2100).   Projected change in Rx5day is relative to 1986-2005. Results show the average of 
six global climate models. Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, 
aŀǘņǳǊŀ. 

 

6.6 Rainfall intensity and wet day thresholds 

The tables in this section describe rainfall characteristics for fourteen locations within the Southland 

region (as selected by Environment Southland) (Figure 6-14). The site-specific changes can also be 

inferred from the maps in this report. 
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Figure 6-14: Map of the Southland region. Red dots indicate location specific projections presented in this 
report.  

 

Tables 6-1 to 6-4 show the average number of rain days per year for the 14 Southland locations, for 

progressively increasing thresholds: 1 mm, 10 mm, 25 mm and 50 mm. The lowest threshold of 1 mm 

(Table 6-1) corresponds to what is commonly referred to as a wet ŘŀȅέΣ ŀǎ ŘƛǎŎǳǎǎŜŘ ƛƴ {ŜŎǘƛƻƴ сΦнΦ 

The converse is a dry Řŀȅέ ό{ŜŎǘƛƻƴ сΦтύΣ ǿƘŜƴ ǊŀƛƴŦŀƭƭ ƛǎ ƭŜǎǎ ǘƘŀƴ м Ƴm. So, for example, for Gore in 

the present climate (as the models simulate it), there are 162.8 wet days per year on average, and 

202.4 dry days (= 365.25 ς 162.8). For the 14 selected locations, there are only small future changes 

in the number of wet days across the scenarios and time-slices. All locations show an increase in the 

average number of wet days per year by the end of the century, but even then, the maximum 

increase all sites the exception of Milford Sound Airport (MSA) is only about 5 days, at the sites of 

Riversdale, Winton and Lumsden. The change at the west coast site of MSA is an extraordinary 22 

days for the later period of the extreme RCP8.5 projection. 

For the larger 10 mm threshold (Table 6-2), the 13 locations currently experience between 20 days 

per year (at Gore) and 45 days per year (Halfmoon Bay) whereas MSA experiences 120 days. All 

locations except MSA show a future increase in the number of days with rainfall exceeding 10 mm, 

with the changes ranging from about 5 to 9 days more per year and the corresponding changes over 

MSA are up to about double average over the other sites (14 days). 

For the 25 mm threshold (Table 6-3), the frequency across the selected locations ranges from 1 

day/year (Gore) to 7 days/year (Halfmoon Bay) and 79 days/year (MSA). A rainfall of 25 mm or more 
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is thus rather uncommon in the Southland region once east of Fiordland. There is a clear signal of an 

increasing number of days above 25 mm with higher emission scenarios and later in the century. By 

2090 under RCP8.5, an additional two to five days per year have rainfall exceeding the threshold; in 

other words, the frequency of exceedance approximately doubles at most sites. On the other hand, 

the maximum increase in the number of days at the Fiordland site (MSA) is 14 days; is however the 

frequency of exceedance increases only up to 18%. 

For the highest threshold of 50 mm (Table 6-4, and see Section 6-3), such rainfall amounts are very 

rare for the selected locations, although they become quite common in Fiordland (Figure 6-8). In the 

present climate, rainfall exceeding 50 mm occurs on only about 1.5 days/decade at Gore and 7 

days/decade at Tuatapere. By 2090 under RCP8.5, this is projected to increase to 6 days/decade at 

Gore up to 19 days/decade at Catlins-Waikawa. In other words, heavy rainfall is expected to occur 3ς

4 times as often as under the present climate. At the Fiordland site (MSA) the maximum change is 

from 42 to 55 days/year corresponding to a 30% increase in annual frequency. 

Table 6-1: Average number of wet days per year, for 14 Southland locations.   Wet days are defined as 
days with rainfall greater than 1 mm. 

Period Present 2031-2050 2081-2099 

RCP  RCP2.6 RCP4.5 RCP6.0 RCP8.5 RCP2.6 RCP4.5 RCP6.0 RCP8.5 

Gore 162.80 164.70 163.10 163.80 165.10 164.20 164.30 166.00 166.60 

aŀǘņǳǊŀ 170.10 172.70 170.00 171.10 171.40 171.90 171.50 173.40 173.00 

Riversdale 148.00 149.40 149.40 148.70 149.60 149.20 150.30 152.70 152.60 

Winton 159.10 162.20 160.30 161.30 161.00 160.90 160.60 163.90 164.60 

Lumsden 153.80 155.60 155.00 155.00 155.10 155.80 156.20 157.90 158.90 

Waihõpai 169.10 170.70 168.20 168.80 169.00 169.90 170.00 171.90 170.30 

New River 175.10 177.10 174.40 175.30 174.80 176.30 176.60 178.80 176.30 

Te Anau 167.60 166.90 165.10 166.40 163.70 166.20 163.8 167.60 166.90 

Milford Sound 
Airport 

220.10 225.80 225.40 224.40 226.60 224.10 228.8 220.10 225.80 

Riverton/Aparima 170.70 171.40 170.10 170.30 170.20 170.10 171.1 170.70 171.40 

Tuatapere 164.80 168.30 166.40 166.90 165.40 167.40 168.5 164.80 168.30 

Otautau 159.00 160.10 160.10 160.60 160.30 159.90 159 159.00 160.10 

Catlins-Waikawa 183.50 185.10 184.00 185.30 183.70 185.20 185.5 183.50 185.10 

Halfmoon Bay 192.30 192.70 191.00 191.70 190.20 192.30 190.4 192.30 192.70 
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Table 6-2: Average number of days per year with rainfall greater than 10 mm, for 14 Southland locations.  

Period Present 2031-2050 2081-2099 

RCP  RCP2.6 RCP4.5 RCP6.0 RCP8.5 RCP2.6 RCP4.5 RCP6.0 RCP8.5 

Gore 19.60 21.50 22.20 21.30 21.90 20.80 22.00 24.30 24.80 

aŀǘņǳǊŀ 27.60 30.40 30.10 29.60 30.60 28.90 30.60 32.90 34.10 

Riversdale 18.10 19.90 20.30 20.10 20.10 18.90 20.50 22.30 23.20 

Winton 24.00 25.80 25.70 25.50 26.60 24.70 26.50 28.70 30.20 

Lumsden 24.10 25.30 25.20 25.50 26.60 24.70 26.20 28.70 29.00 

Waihõpai 28.80 30.20 30.50 30.20 30.40 30.20 31.20 33.60 34.90 

New River 29.70 31.60 32.20 32.20 31.90 31.10 32.50 35.30 37.20 

Te Anau 32.10 33.90 33.60 34.20 34.10 33.20 34.10 36.20 38.10 

Milford Sound 
Airport 

120.40 123.60 123.40 123.80 124.10 122.50 126.00 131.20 134.10 

Riverton/Aparima 30.10 30.90 31.70 31.20 30.80 30.40 32.10 33.10 35.20 

Tuatapere 32.20 33.70 34.00 33.00 34.10 33.40 33.70 36.10 37.00 

Otautau 31.30 31.00 31.90 30.90 31.40 30.80 31.50 32.60 33.50 

Catlins-Waikawa 43.10 45.60 45.80 45.40 45.50 45.60 47.10 49.50 51.60 

Halfmoon Bay 45.30 47.10 47.10 46.00 46.30 46.00 47.50 49.20 51.10 

 

Table 6-3: Average number of days per year with rainfall greater than 25 mm, for 14 Southland locations. 

Period Present 2031-2050 2081-2099 

RCP  RCP2.6 RCP4.5 RCP6.0 RCP8.5 RCP2.6 RCP4.5 RCP6.0 RCP8.5 

Gore 1.10 1.80 1.50 1.70 1.50 1.50 1.90 2.30 2.90 

aŀǘņǳǊŀ 1.80 2.60 2.40 2.50 2.60 2.30 2.90 3.50 4.10 

Riversdale 1.50 2.00 2.10 2.30 2.10 1.90 2.30 2.60 3.00 

Winton 2.10 2.80 2.90 2.70 2.80 2.70 3.10 3.60 4.30 

Lumsden 1.90 2.20 2.30 2.20 2.10 2.10 2.30 2.50 3.20 

Waihõpai 2.40 2.80 3.30 2.90 3.20 2.70 3.30 3.70 4.40 

New River 3.10 3.50 4.00 3.40 3.90 3.40 4.10 4.80 5.40 

Te Anau 3.30 3.60 3.70 3.80 3.90 3.60 4.10 4.40 5.30 

Milford Sound 
Airport 

78.50 83.20 81.60 81.90 83.10 81.20 84.30 88.60 92.30 

Riverton/Aparima 2.70 3.00 3.40 3.00 3.30 3.00 3.40 3.90 4.30 

Tuatapere 4.20 5.20 5.20 5.00 5.10 4.60 5.40 5.90 6.60 

Otautau 3.60 4.00 3.90 4.10 3.90 3.60 4.10 4.20 4.40 

Catlins-Waikawa 6.60 8.20 8.50 8.00 8.20 7.60 9.00 10.30 11.80 

Halfmoon Bay 7.10 8.20 8.20 7.70 8.30 7.70 8.40 9.50 10.10 
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Table 6-4: Average number of days per year with rainfall greater than 50 mm, for 14 Southland locations.  

Period Present 2031-2050 2081-2099 

RCP  RCP2.6 RCP4.5 RCP6.0 RCP8.5 RCP2.6 RCP4.5 RCP6.0 RCP8.5 

Gore 0.10 0.30 0.30 0.20 0.30 0.30 0.30 0.40 0.60 

aŀǘņǳǊŀ 0.20 0.30 0.40 0.40 0.40 0.40 0.40 0.60 0.70 

Riversdale 0.30 0.60 0.50 0.50 0.50 0.50 0.60 0.70 0.90 

Winton 0.40 0.60 0.70 0.60 0.60 0.60 0.70 0.80 1.10 

Lumsden 0.20 0.40 0.30 0.20 0.30 0.30 0.20 0.30 0.50 

Waihõpai 0.30 0.50 0.50 0.50 0.50 0.50 0.70 0.70 1.00 

New River 0.40 0.60 0.70 0.60 0.60 0.60 0.70 0.80 1.20 

Te Anau 0.30 0.30 0.30 0.30 0.30 0.40 0.40 0.40 0.50 

Milford Sound 
Airport 

42.30 45.60 45.10 45.70 46.90 44.40 47.00 50.60 55.20 

Riverton/Aparima 0.40 0.60 0.70 0.60 0.60 0.60 0.70 0.80 1.10 

Tuatapere 0.70 0.90 0.90 0.70 0.80 0.80 0.90 1.00 1.40 

Otautau 0.20 0.40 0.30 0.30 0.40 0.30 0.40 0.40 0.60 

Catlins-Waikawa 0.60 1.00 1.00 0.90 0.80 0.80 1.10 1.30 1.90 

Halfmoon Bay 0.50 0.60 0.70 0.60 0.60 0.60 0.70 0.90 1.00 

 

Tables 6-5 and 6-6 show the maximum 1-day and 5-day rainfalls for the 14 locations, as described 

across Southland in Sections 6-4 and 6-5, respectively. For annual 1-day extremes rainfall, GoreΩǎ 

extreme is the smallest (about 35 mm), with Winton, Otautau, Riverton/Aparima, Waihõpai Dam and 

New River Estuary receiving about 50 mm and Halfmoon Bay and Tuatapere receiving about 60 mm. 

All future scenarios show increases in these extremes. The largest increase, of about 40% across all 

locations, occurs at 2090 under RCP8.5. The 5-day extremes (Table 6-6) are 50ς60% higher than the 

1-day extremes, and these rainfall amounts are projected to increase by about 25% by 2090 under 

RCP8.5. Gore Lumsden and Riversdale are the driest of the 14 locations, and Halfmoon Bay, 

Tuatapere and Catlins-Wakawa the wettest outside of Fiordland. 

The average rainfall divided by the average number of rain days is known as the rainfall ƛƴǘŜƴǎƛǘȅέΦ 

Table 6-7 shows the annual values of rainfall intensity for the 14 selected locations, for present and 

future climates. Under the present climate, rainfall intensity is 5 to 7 mm across the selected 14 

locations and show only modest increases with time and emission scenario. Once again, Gore is the 

driest of the 14 sites, and Halfmoon Bay , Tuatapere and Catlins-Wakawa the wettest outside of 

Fiordland. 
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Table 6-5: Average annual maximum 1-day rainfall (Rx1day, measured in mm), for 14 Southland locations.  

Period Present 2031-2050 2081-2099 

RCP  RCP2.6 RCP4.5 RCP6.0 RCP8.5 RCP2.6 RCP4.5 RCP6.0 RCP8.5 

Gore 35.40 39.60 39.30 38.10 40.00 39.90 41.20 44.60 49.80 

aŀǘņǳǊŀ 41.90 46.90 46.70 46.30 47.60 48.10 49.10 52.50 60.70 

Riversdale 39.70 44.70 43.00 42.60 44.50 44.20 47.10 48.70 51.60 

Winton 48.30 50.90 51.70 51.30 52.10 52.60 56.00 56.80 66.60 

Lumsden 37.70 42.30 42.20 39.70 42.10 42.90 42.80 44.30 46.80 

Waihõpai 47.10 49.20 52.90 54.10 51.80 54.00 57.30 58.50 66.30 

New River 47.50 49.40 53.80 53.80 51.00 52.70 57.10 59.80 66.70 

Te Anau 41.00 41.30 41.50 42.20 41.30 43.70 44.80 43.70 49.10 

Milford Sound 
Airport 

211.20 236.30 241.90 237.60 246.50 236.60 235.60 252.30 266.50 

Riverton/Aparima 52.00 55.80 58.40 54.80 55.60 56.40 61.50 62.30 71.80 

Tuatapere 60.10 68.40 69.60 66.30 67.70 67.50 73.70 78.10 87.30 

Otautau 45.10 53.00 49.70 46.90 50.70 54.60 54.90 53.60 62.20 

Catlins-Waikawa 54.40 54.00 60.20 60.30 57.80 57.80 6.80 64.20 75.40 

Halfmoon Bay 57.90 60.20 65.30 62.20 62.50 61.10 67.00 73.80 78.90 

 

Table 6-6: Average annual maximum 5-day rainfall (Rx5day, measured in mm), for 14 Southland locations.  

Period Present 2031-2050 2081-2099 

RCP  RCP2.6 RCP4.5 RCP6.0 RCP8.5 RCP2.6 RCP4.5 RCP6.0 RCP8.5 

Gore 56.20 60.00 62.00 57.20 59.40 61.20 62.10 65.80 70.20 

aŀǘņǳǊŀ 66.80 71.70 74.10 69.30 72.20 73.50 74.50 78.10 85.10 

Riversdale 59.60 64.90 63.40 60.80 63.10 63.20 66.50 70.10 70.90 

Winton 71.50 75.70 75.50 72.30 75.20 75.40 79.60 80.70 89.20 

Lumsden 58.00 63.80 62.70 58.80 62.90 64.90 64.10 67.10 68.70 

Waihõpai 73.40 77.90 79.70 80.70 78.20 80.80 84.90 85.50 94.70 

New River 76.50 80.50 83.30 82.90 79.00 82.20 87.00 89.30 98.40 

Te Anau 74.50 76.40 73.30 77.60 74.80 78.4 78.2 78.2 82.7 

Milford Sound 
Airport 

429.50 453.70 438.70 462.00 446.40 463.3 446.4 463.4 529.6 

Riverton/Aparima 77.50 81.60 84.10 80.20 80.20 81.4 88.1 89 98 

Tuatapere 88.90 97.70 98.90 99.10 94.80 96.2 102.7 105.9 119.8 

Otautau 70.20 79.50 75.10 73.50 76.30 78.8 80.2 80.4 87.8 

Catlins-Waikawa 96.90 104.20 105.90 101.40 98.80 102.9 108 109.7 120.8 

Halfmoon Bay 98.60 104.70 107.90 105.90 102.90 103.7 107 118.1 129.3 
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Table 6-7: Average rainfall intensity (in mm), for 14 Southland locations.   The rainfall intensity is 
calculated by dividing the annual rainfall total by the number of days with rainfall greater than 1 mm. 

Period Present 2031-2050 2081-2099 

RCP  RCP2.6 RCP4.5 RCP6.0 RCP8.5 RCP2.6 RCP4.5 RCP6.0 RCP8.5 

Gore 5.40 5.6 5.6 5.6 5.6 5.60 5.70 5.90 6.00 

aŀǘņǳǊŀ 6.00 6.3 6.3 6.3 6.3 6.30 6.40 6.60 6.90 

Riversdale 5.50 5.8 5.7 5.8 5.7 5.60 5.80 5.90 6.20 

Winton 6.00 6.2 6.2 6.2 6.2 6.10 6.30 6.50 6.80 

Lumsden 5.80 6 6 6 6 5.90 6.10 6.20 6.40 

Waihõpai 6.30 6.5 6.6 6.6 6.6 6.50 6.70 6.80 7.20 

New River 6.30 6.5 6.7 6.6 6.6 6.50 6.70 6.90 7.30 

Te Anau 6.50 6.90 6.80 7.00 7.00 6.90 7.10 7.20 7.60 

Milford Sound 
Airport 

27.40 29.80 29.90 30.00 30.30 29.40 30.50 31.60 33.10 

Riverton/Aparima 6.40 6.50 6.70 6.60 6.60 6.50 6.70 6.80 7.20 

Tuatapere 7.00 7.10 7.20 7.10 7.20 7.00 7.20 7.50 7.80 

Otautau 6.70 7.30 7.30 7.20 7.20 7.20 7.30 7.40 7.50 

Catlins-Waikawa 7.80 7.90 8.00 8.00 8.00 7.80 8.10 8.50 9.00 

Halfmoon Bay 7.70 7.70 7.80 7.60 7.80 7.50 7.90 8.20 8.50 

 

6.7 Dry days (< 1 mm) 

Dry days are defined in this report as days with less than 1 mm of rainfall, i.e., the inverse of wet days 

presented in Section 6.2. 

6.7.1 Present 

¢ƘŜ ƳŀǇ ŦƻǊ ΨǇǊŜǎŜƴǘ-ŘŀȅΩ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ ŘǊȅ Řŀȅǎ ƛƴ {ƻǳǘƘƭŀƴŘ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ Figure 6-15. This 

map shows a 20-year average of dry days over 1986-2005. Note that this map presents modelled 

present-day climate, i.e., six global climate models are run in hindcast mode and this map is the 

average of the six models. 

The highest amount of dry days per year is experienced in the northern aŀǘņǳǊŀ catchment, where 

225-250 dry days per year are observed on average (Figure 6-15). Much of the central part of the 

Southland region experiences 200-225 dry days per year, and 175-200 dry days per year is common 

for most of the region east of the western Waiau catchment. Southern Fiordland experiences the 

fewest dry days per year (100-150 days per year). 
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Figure 6-15: Modelled mean annual number of dry days (days with < 1 mm rain) for Southland (1986-2005). 

Based on the average of six global climate models. Catchments are (west to east): Fiordland, 

Waiau, Aparima, nǊŜǘƛ, aŀǘņǳǊŀ. 

 

6.7.2 Future 

The projected changes in dry days for the Southland region are presented for RCP4.5 and RCP8.5 at 

2040 and 2090 in Figure 6-16, derived from the ensemble average of six dynamically downscaled 

models.  

The projections for RCP4.5 and RCP8.5 at 2040 are similar, with up to 10 more dry days per year 

expected for much of the Fiordland and Waiau catchments, as well as the southern aŀǘņǳǊŀ and 

nǊŜǘƛ catchments and Stewart Island/Rakiura. Up to 10 fewer dry days per year are expected for the 

central part of the region and northern and western Fiordland. At 2090 under RCP4.5, a decrease in 

dry days is projected for most of the region outside of the Waiau catchment, eastern Fiordland, and 

Stewart Island/Rakiura. A decrease of 10-20 dry days per year is projected for northern Fiordland. 

Under RCP8.5 at 2090, decreases in the number of dry days are projected for about half of the 

region, with the largest decreases in western and northern Fiordland. The largest increases are 

projected for the eastern Waiau catchment, where 10-20 more dry days per year are expected. 



 

Southland climate change impact assessment  79 

 

 

Figure 6-16: Projected annual dry day changes (days where rain <1mm; in number of days) at 2090 (2081-
2100 average) for RCP8.5. Projected change is relative to 1986-2005. Results show the average of 
six global climate models. Catchments are (west to east): Fiordland, Waiau, Aparima, nǊŜǘƛ, 
aŀǘņǳǊŀ. 

 

6.8 Potential evapotranspiration deficit  

5ǳŜ ǘƻ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇǊƛƳŀǊȅ ǇǊƻŘǳŎǘƛƻƴ ǘƻ bŜǿ ½ŜŀƭŀƴŘΩǎ ŜŎƻƴƻƳȅΣ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ŘǊƻǳƎƘǘ 

is of major concern. The measure of meteorological drought12 that is used in this section ƛǎ ΨǇƻǘŜƴǘƛŀƭ 

ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ ŘŜŦƛŎƛǘΩ όt95ύΦ 9ǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ ƛǎ ǘƘŜ process where water held in the soil is 

gradually released to the atmosphere through a combination of direct evaporation and transpiration 

from plants. As the growing season advances (the growing season starts in July and ends in June), 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 deficit) and the actual evapotranspiration 

ƛǎ 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 cumulative difference between potential evapotranspiration (PET) and 

rainfall from 1 July of a calendar year to 30 June of the next year, for days of soil moisture under half 
                                                           
12 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. 
























































































































